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lasansind@nwiniaggfeuveanedunanisaliiniluledAay (IceCube Summer Student Program) 10u
Tassnsiidntulnenusauiiovas Wisconsin lceCube Particle Astrophysics Center: WIPAC 3aillalonaliidndnu
InesedulSnnns uazsedusudindnu awinisiemand Aand uazanrineimanssssumafiieidemndisa
1A39n1309na17 & University of Wisconsin-Madison Uszinaansgeidni iuian 10 dUanvindeuszana 2 heu lny
fvildanifidn@nwlngaglddlemadhsuvdngasiduiu warldsulssmadedasmathsumeiuidaeatnuas
Tamslundsnugsaneinia meldmseusuiBsufifinig IceCube Summer School §3 WIPAC oﬁ’%ﬁumﬁﬂﬁunﬂﬂ

Wisconsin IceCube Particle Astrophysics Center: WIPAC UizL%ﬂﬂﬁ%’gam?miﬁnamﬁw 21ENUIIUIUY
8,000 WisgyanigudaiansenugnSeudn nsuaufonssmninusvgat asuusuTenEn3 Wonsesvnuun
thfnwanvimnssumans #and mmeans waganvinemanssssumaiifsdedifidisulasnsindnmae
gnsouvesadunanisal Gan3luled@dy “IceCube Summer Student Program” oy Un13NeNdeIanaudu-uuaduy
USBnAansgawsni 91uIu 2 Aumel

dm3ul w.A. 2568 Wisconsin IceCube Particle Astrophysics Center: WIPAC ‘ngaLﬂa”’M ﬂ’JWEJVWIﬂSQMi
in@nwiniaggieu Wudiuu 2 u Tae WIPAC azauayueliseseifounas iwnlugasiidndnwivinauey i
unInendeianeudu-unAdu (University of Wisconsin-Madison) dautseinelne Tnglassnmswanilassadisiiugu
wazidauiiieestunedunansaldunsiulunivweunisniing (Thai-Antarctic Neutrino Observatory: TANO) a1y
wszTwi3 arauayueldinglunnfune uddaeestulu-ndussnitaszine Andadoaaiuani wipac
aduayuenituazaldiodiuiu Ieauauifindnuiandsulasnig fe mdAnuilutul 7 34 vesnsiinw
sefuynnd vietdsdnuilussduiudndneluanfifedes weldfnulundngnslovdngnands feteludl (1)
Cosmic rays, (2) Astrophysics 138 High Energy Physics (3) Computational Astrophysics %38 Computational Physics
(4) Observational Astrophysics wag3manssuemansluaviiieites Fadasesindnwiniaggiou dmsud wa.
2568 dnTuszvinetuii 1 Tquieu - 31 NINQIAY WA, 2568 U University of Wisconsin-Madison Usgineamnigaiaisn
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2. viedanan1saiiansluledhay

4 '

lodAat (IceCube) LHudai3onognsinerasmadananisniiamsluledt (IceCube Neutrino Observatory) #sog] o
annfifisalanls osfudiou - afenst luniuueuntin@int (Amundsen-Scott South Pole Station) stedananisal w3
Tuledfaraadadlotui 18 Surew . 2553 liunsatiuayusudszanannnyaidinermansuisni (National
Science Foundation: NSF) ¥auszinaanigeininn ledAdguuuulassasianisnsiainoynmadmilud 19u
Snwmiane Fsgnaudemiensiinuasiuau 5,160 f nrasegmeluthudawuemilgnuiadilawas meld
Fuinveniudiitalanld mhensetauausazmiei fisusadunsanay vieisundt aew (Digital Optical Modules:
DOMs) GeUszneuseviasnninuuas (Photo-Multiplier Tube: PMT) wazifuiwesiionsotuuniisas sidnnsefind
Guwedmaniagymiiisuteyaaneeuudutandudyyufdadsldsssuunoufinneiiiannaeg nely
wosufuRnsalledArtuuiiuinvesiueuniinin aewianansazutsoenidusm gane 60 1 wwuoguu uan

(string) wraviduaslUl@mhudsiviliasanemeainuinieu Tussruanuananduiionii sening 1,450 89 2,450 Lns

IceCube Lab
IceTop

__— 81 Stations

- 324 optical sensors

50m —

‘ IceCube Array
| 86 strings including 8 DeepCore strings
5160 optical sensors

Amanda Il Array

1450m | (precursor to IceCube)

DeepCore

8 strings-spacing optimized for lower energies
480 optical sensors

Eiffel Tower

324 m
2450 m
2820 m

Figure 1: MWNALEAINITIAIEILMLILAEANaNYes DOM lulasenis lceCube

WANN1599UATIY 9 289 DOMs AonsnTiadusasiiinainnisudsdimsunen (Cherenkov radiation) &a.duuasdi
Lﬁmsﬁwﬁaaqmﬂﬁﬂmﬂﬁ'auﬁL%mfﬂmmL%fwmuaﬂuéhﬂma %W'ﬁ’]ﬂgm'ﬁajéw”ﬂﬂénLﬁmsﬁmﬁaﬁwﬁuﬁﬂﬁﬁ%mﬁu ih
1u§1J6uamfm%a ViliAniaumeuiiusey (charged leptons) fidenndaiuuszinvuesiwilufimany ledaadlésuns
ponuuuLiieAumaaiiinvesoymatmilu ludeungednieu a.a 2013 ledAdldusenmanisdu wudamsTudiuou
28 Famninnainuenszuuaierdnana demildudmiluidunutuiindanuiissdumagdidnnsou Tad (peta-
electron volt: PeV) Fafiuszdundanugeiianiniieinansany u nandu uarlufeungainneu a.a. 2022 lod
Avdszmaianisrunundnguiludunuiisadunisudesiimiluaniuedeannsndnsiusiug (Active Galactic
Nucleus: AGN) %84 Messier 77 virlsinedainanisalfimsluledmidunddulassnsmsiunsnsaduimiluly

seaulan
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2.1 lseaieesAnsuasngunisinauvadladfag

Tun15vheuaes IceCube Collaboration azuuan1svitauman 4 oen Wu 5 d@u ledwn Analysis, Technical Working

Groups, Detector and Simulation Wwag Research and Development Project usnainiiusagaiunaziisosnidu diu

nudoeng 9 eanly

(" University of Wisconsin—Madison . ] N s
o National Science | |
. Mnookin, Chancellor i
D. Grejner-Brzezinska, Vice Chancellor for Foundation |
Research (VCR) Y, )

I

I

/

Wisconsin IceCube Particle
Astrophysics Center (WIPAC)
D. Hooper, Director

C. Lowney, Assoc. Director

A. King-Klemperer, Communications
K. Nutting, Business IT Support

.

IceCube Neutrino
Observatory
F. Halzen, Principal Investigator
1. Kelley, Director of Operations

A. Karle, Associate Director for
Science & Instrumentation

D. Hooper, Associate Director for Memmmmmmmemee e —————

Education & Outreach

International Oversight
and Finance Group

I e

Science Advisory
Committee

B. Barish, Caltech, Chair
Software & Computing
Advisory Panel

F. Wirthwein, SD5C, Chair K

Maintenance & Operations

IceCube Collaboration Board

Spokesperson & Executive
Committee Chair, E. O'Sullivan (Uppsala)
Pub. Comm. Chair, J. Aguilar (ULB)
Speakers Comm. Chair, B. Clark (Maryland)
IceCube-Gen2 Coordination Comm. Chair,
M. Kowalski (DESY)

Detector M&O — M. Kauer (UW, Manager)

DAQ Lead J. Braun (UW)
South Pole System &
Test System R. Auer (UW)

S. BenZvi (Rochester)

E. Blaufuss (Maryland)
S. Tilav (Delaware)

M. Frére (UW)

W. Thompson (Harvard)
Calibration — D. Williams (Alabama)

Data Processing & Simulation — J.C. Diaz Vélez (UW)/
P. Desiati (UW)
Offline Data Production

Supernova DAQ
Processing & Filtering
IceTop Operations
IceCube Live

Run Ceordination

R. Snihur (UW)

South Pole Logistics, R&D Support — M. Kauer (UW)
Quality & Safety — M. Zernick (UW)

Computing & Data Mgt. — B. Riedel (UW, Manager)
Data Storage Sys. & Cybersecurity 5. Barnet (UW)

Data Transfer and Archive P. Meade (UW)
Data Management M. Preston (UW)
Distributed Computing V. Brik (UW)

Data Processing
Networking and Facilities
Production Software
Data Archive at DESY
Data Archive at LBNL

A. Sheperd (UW)
S. Barnet (UW)

D. Schultz (UW)

K. Leffhalm (DESY)
S. Klein (LBNL)

Simulation Production

K. Meagher (UW)

Software — E. Blaufuss (Maryland)

Program Coordination = L. Mercier (UW)

lceTray Framework/Development
Simulation Software

D. La Dieu [Maryland)
M. Larson (Maryland)

Collaboration Simulation Production Centers:
Belgium: IIHE-Brussels; Canada: Alberta; Japan: Chiba
Germany: DESY, Aachen, Dortmund, Wuppertal, Mainz

US: UW (NPX, GZK, CHTC, OSG), UMD, UDEL, LBNL/NERSC, PSU, Alabama

Offline Processing Software T. Yuan (UW)

Coordination Working Groups
Committee Chair . i
B. Riedel (UW) Analysis Coordinator —
Resource N. Kurahashi Neilson (Drexel)
Coordination Deputy Analysis Coordinator —
L. Mercier (UW) S. BenZvi (Rochester)
TFT Technical Coordinator -
Coordination M. Larson (Maryland)
S. Blot (DESY) Analysis Working Groups:
Real-Time D‘ﬁus.e
Oversi Neutrino Sources
ersight Beyond Standard Model
Committee Cosmic Rays
A. Franckowiak Oscillation
(Bochum) Low-Energy Astrophysics
/ Technical Working Groups:
Real-time
Calibration

Reconstruction

May 16, 2025
Analysis ‘ | Technical Working Groups | R&D projects.

Oscillations (calls) (mail)i# Reconstruction (calls) (mail) & IceCube-Gen2
Cosmic rays (calls) (mail)# Realtime (calls) (mail) & Acoustic (calls) (mail) &

Diffuse/Atmaospheric v (calls) (mail) &2 Calibration (calls)E? (mail) & AURA
Supernova (calls) (mail)&? Software (calls)i% (mail)c? RASTA (calls) (mail) &

Beyond the Standard Model (calls) (mail)&@ PINGU

Neutrino Sources (calls) (mail) @ Proton Decay Simulation
e | IceCube Extensions (mail) &

Simulation (maily&& IceAct (calls)F
‘Simulation Production
Legacy working groups

Neutrino Oscillations  (calls) (mail) &
Low-energy i» (calls) (mail) &
Extreme energies (calls) (mail) &
Tau & Composites (calls)®  (mail)&
Exotic particles (calls) (mail) &
WIMPs/Dark Matter (calls) (mail) &
Transients (calls) (mail) &
Point sources (calls) (mail) &
Cascades/Taus (calls) (mail) &
Muons  (calls) (mail) &
Verification (mail) &

Figure 2: LmumwLLamImﬂa%NaﬂﬁﬂiLLazﬂzjumsv‘imusuaa IceCube Collaboration
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2.2 IceCube-Gen2 “vautnlmivain1snsivinlwslundenuguazidndansaans”

lceCube-Gen2 \Junedunanisalimslugudaly s 9alanls Fedunuazversarnvedananisalimily lceCube Tu
Yo sidluduauiauasdrand s wemndaauaunsabiiduqudasiainaiundszasd i sesiunuidule
aINVaeNINEeY

ICECUBE

Figure 3: nW$199841A59N1% IceCube-Gen2

79 IceCube-Gen2 astiianuannsalumsnsainddluldlussiudutiungdinnseuhadfuenszsidnnsoulaad
(MeV-EeV) uariimaluladnisasaduassszian léun nsmsaduuasiaznisasadumaing duslosauiugunsal
asr9dunIAfi (surface detector array) d1msunsnsadusdneaiinasiiiudneninsauiumsideldueg1ed ns
wWanazdinsiaungunsainsedunasniludafiniwuvesgunsallinseungulusunn 8 gnudnilaiuns vilviaa
aganunsansraiueymaliwslufifndanugsduniidy uenanilunisiam iceCube-Gen2 Tuasifagtly
lceCube naneifuvedanansalivslufitivuslvafigalulan

B AUSTRALL

W sELGIUM
‘ +

K3 canaoA

THE ICECUBE-GEN2 COLLABO

L

UNITED STATES
SWITZERLAND
Uni néve

£HIcECuBE

Figure 4: @u1®nve9 The lceCube-Gen2 Collaboration
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TulAsens IceCube-Gen2 fin3nenmansuInnin 430 AY 910 61 @a1Uu3de Tu 13 Useine way 4 nIU Whsaulu
ATEUILNITINMAY Na519 waranidnauyedlaginis IceCube-Gen2 Tnsaulnaiuiusinsfiinesinnuiuogng
UsvauanudiSalulasinis lceCube sndausd 1999 uazunsdiudaiiuszaunsaianlassnsideneumituiivalan
T@dnene

lceCube-Gen2 azdpgananUszaunsalduniaunaiilasuanlasenis IceCube wionausosefinanuiiudaunss
wazidedels mnusaieszvenglugnmsysanmsmaluladlviuazlnseinisidelmi q Tnsaantuiinmees iceCube-
Gen2 fis umAnedoiansudu-uuadu ansgeusni fudugduilasenns lceCube Funsnuazlasanis lceCube
Upgrade s¢agnans Snvsdadug¥uRnvounsdnfiuaulszdrfuvomedaunansaitmiluiitlanls dsannii
Wusﬁms%uﬁwmﬂ"ﬂaﬂé’q%’uﬁmaumiﬁaﬁwﬁ%ﬁ'mﬁu fognagu DESY asnanauweslminilsluaumiommn dadu
L19anTI9IALAIMUUATYIA (digital optical modules) dmsuinsemaiafivenglugtu TuglsUiiiesegaufien dunis
18 nguAfefdnsalunsnsumudmiulasinig IceCube-Gen2

Figure 5: nMMnisuLnasauifveslasanisvens lceCube-Gen2 119uuuld Ing lceCube-Gen2 Usgneaunigeisisdlulaiuszuu taun
9151dnsaaTasewadlududs (in-ice optical array), 815158 ULNURY (surface array) wazensisgnyainmenduingszezlng (extensive
radio array) J1aggIeiinTanuannsavemedunansailavslu IceCube Tullagtu (sAnnm: IceCube Collaboration)

wedunanisaluisetnaniazsesannauauisulanwuvesunuiwlueuninin - Tunisesadudyguuauas
dyaaingiinnnujduiusiarnisindouniuvetounandanugs  enufsihesunnidaeaiinduiuumiena
waztwslunnniwlidwiwel  Tenanaglansnduiwiludiwunneull  Asdengndseneunuinisves
Uningnemanslilanuay @9 IceCube-Gen2 gniaunulid1539 “dnsnaanty” Tuiunndsldnedlasduny denisled
a ay & A L A = I v oa A v Y] S = v =
Twsluludenans  TuiuifiiukasSonsisifundiddeasdnsnassianduasdeasld  uwasiudeiuiindes
Insnssadeinmiaad 1l Maulamenmyeseiniadniinudnuazasiduniu IceCube-Gen2 giUaviensguiianm
finflafigavesdnsna drdwmdwsduwarauuudwaniiivenniuwdnd wewnsudilndnalnnmsinunmeluremay
o | A o L4 @ a = P 1 & 1% o a a a
ANINNTIIMAY WazaINNITERNANISAINWaNTLaN?iW NGC 1068 Weliuuunil islanundngiuvesnisiinfianiiuly
svozlifmilefesialivnsiefadanauduiainds wazndmslundsnugeandungualuuaarinieiigdliuide
vosfidnealinfiindsnuaeiian windunfuluaiesdlefiavdmsunmeaeudadrinvesiidndeunia uazerailug
NsAUNUBLAIAYTEUIINGNSRINBEWTHENTaUVRILUUTABINATTIUBNGY
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2.3 Optical Modules Candidate @1%5UlA59015 IceCube-Gen2

NN15NATINT IceCube-Gen2 fidmanefagfnnslugansiaduieas (Optical Modules) §1u3undn 10,000 wiaely
Wdweussnin wieifiuaullunisesiaduislundnugessdu Pev-Eev nisideniugaiivianzaudigndadudin

d1Ary InensnadeusuwuuIzgnAniun1slulasanig IceCube-Upgrade (W.f. 2568-2569) #vaziiluganaisuuuly
Anssasalafniuds WeSeudleudsgdnsamuasmdusuuiuvngaudmsunmsnandtuuannlueuan

Tugadiuuuudmiu IceCube-Gen2

2.3.1 LOM-16

/ 4'PMT x 16
Penetrator Cable —

Assembly (PCA) ’I 4 inch PMT 313mm

s / /e pa

Dest
\ < ._\ olde

Waveform

LED flasher / !‘E microBase

Mini-Mainboard /

Pressure vessel

Support structure

Fanout board

Figure 6: nM1AT98519999 LOM-16 (LATARAINAIN Yuya Makino)

LoM-16 ulugansiadunasiesnuuuuiieifindszansnwnsiuTnneunaznsueniiamsvesdayaaivisunem
Tneld vaennsaadunasmun 3 T §1uau 16 viaen Tasesegneludideuniussiugmsanay n1sld PMT vunaidn
wa1edununsld PMT vwialvgjiieadaien Felvlugadl yusuuas (angular coverage) flaziBentu ansasiuun
femavedneuiinszidduiudaldfini DOM wuusadin uenandmsld multi-PMT Saeandayaaisuniu (dark
noise) eluga waztiinanuannsalunsIamansaifisidnnulineugs tngliian1s saturation 918 9aUszasdves

LOM-16 fian1sfigauinluga multi-PMT Aflanududoutiunans aunsaliaunaiivavausening Usednsamnis
ATIRIVUALAIUANATIUNTHER

ey : inuanunsalunis Wulnmeu (photon counting) Miawtden saudssANaEnsalunsAAMvadliineu
(angular resolution) uaxan dark noise falugaliloiieuiu DOM WUULAY

unumlun1snagay IceCube-Upgrade: vl ol lulugaduuuudmsunisasiaduimsluludeyu (directional
sensitivity) kaga1u3T8909 gL UNTTALY Ineasudledteauniidasain iieduduuseniainns

nauauaivedluna (charge response, noise, coincidence behavior)
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2.3.2 LOM-18

4"PMT x 18

305mm

Figure 7: nnlA598519909 LOM-18 (LASARNINAN Yuya Makino wae lceCube Detector Gallery: IceCube Wiki)

LOM-18 gnimusasanain LOM-16 Ineifiuduau PMTs nelusaiewdu 18 nasn iiolwldfuiivddanis
nndulineuiiunniu uwnAndedudiusiuiu PMT dos fazanunsaifvadinnansaadulnneulduniu dewalfnng
iz‘qﬁﬂmqLLazwé’qmuﬂJmmegmiaiﬁmwmmué’wgﬁyu Talamzdmiudwdlundsnugs egrlsiomu nsiiindnou
PMTs osshliszuudinnsedinduagnisussnaududoudu sununissdesolugafgeduduiu dafu Lom-18 Faf
unumdriylu IceCube-Upgrade Tunsnageudn maiiusiuiu PMT agdudriuanudutdeunazailddnoifiaia
vivoll WeiSsuifisudiu LOM-16

gaUsasAnan : uiuinifnnisnsadulnneu (photon coverage) uaz ivadAlduiugunniu nswnmzmanisel
NAUGS (Bright Event)

o
¥ ¥ I3

Favimendn : Sruau PMTs Tunnduiliszuudidnnsednddudeutu uazaildislunmsudnselugagenii LOM-16

unumlun1smegau IceCube-Upgrade : THUSsuisudeUsunaiu LOM-16 11n15eid PMTs agdanalvifudniu
sunuLarAududeuunTuse il
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read-out & power supply cable
illumination LED

connector
camera

8 / flasher LED
rﬁ
support structure

PMT base

reflector

205 mm

Figure 8: NMNLASI@319U89 MDOM (1ASARATINATN IceCube Detector Gallery: IceCube Wiki)

mpoM undlslulugaiifiniseenuuy “multi-PMT” Aifnawthilge Taeussy PMTs suiadndiuousnn (Ussanas 24-
31 viaen) nefluiFounimssnadlufien undndduneanainiasans KM3NeT luglsy fesvauanudnialuns
WaszAvsnmiunssryiirnavestiaeu gaudeues mDOM Aeawnsaly deyaieuilaziden (fine directionality)
uazdl dynamic range N1 annsansraduldiinneuwdsuanmmsaififisuineuiuiy egslsfioy qaseu
Aoaududaulunisusznaugs deddszuudidnnsednduuunaiedemis (multi-channel readout) wagfifuyuse
MIEEUIN UNUIMIDs mDOM Tu IceCube-Upgrade 39/an151gatidn n13aaua1uaudutauauisnasnenig

ImUSeudainenmansuinneviselil

auau : Iidayaideiianisvesinneu (directionality) Awdugannuagzd dynamic range n319 au1sansi9dulana
doyaalinauieiuazimansainddnuulineugs

Fadfin : nMsUsEneulanududouas wavdedddssuuudayaiiiivaietemi (multi-channel readout)

unumlun1magaay IceCube-Upgrade : ldi3gsuiiudssansamiulugaild PMTs deendn uagnaaeuinisaemu

AupudutouIzANATUANRINE T NI uTS o b
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2.3.4 pDOM (precision DOM 38 T-DOM)

Penetrator

PMT Base
HV Supply

Flasher Board
Main Board
Delay Board
Waist Band
Pressure Sphere

Mu-metal cage
Silicone Gel
PMT Photocathode

Figure 9: nMlAT98519799 pDOM  (1ASARAINAIA IceCube Detector Gallery: IceCube Wiki)

pDOM gnesnwuunilu “suiiwnsesen” v8a DOM wuusainildly IceCube Tneginauuafnnsly PMT suinlve)
Wissuilavaen (10-12 ) uiifisdszAnsnmeszuudidnmseindsulvaifianansals enuusiugdiuna (precision
timing) uay TIeNsTILTingIaT (dynamic range) 9udwae pDOM AoruiFeudny WIS wazAUALLAYABNIS
UuRnunAauy LwﬂuﬁumzLﬁmﬁ’uﬁLLﬁ'{Jz:ymé’ﬁgzymi‘umuqﬁ DOM guusnin@ey aedlsfiniu nsld PMT Weavh
Tildaunsalideyaidairnislaagidonsiniu multi-PMT design waifu pDOM ag¥imiiiidu baseline comparison
TunsUssidiudh multi-PMT design idudouduliamulfiuievinntosifiedadodfisufunsusuuss DOM uuudafs

oLy : 1A9as1uSaudny wdauss nunu W NYIan15%19U (dynamic range) wazA Lkl ug1vean1sinnan

(precision timing) kazdeygy1usunIus (low noise)
o309 : M15lY PMT aunalngiiesaonineavinlifianiswesdinouliisliugiviadu multi-PMT design

unumuN1sNAEaY IceCube-Upgrade: \Uu baseline comparison fiu DOM wuuiiy iiefigainmelulaginiide
Ta3suasamselyl
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2.3.5 D-Egg (Dual Optical sensor in an Ellipsoid Glass)

Lower glass Harness
Lower PMT Camera ring Magnetic shielding
Mainboard Upper PMT
Gel
Upper glass
Penetrator y
y

Flasherring | qwer Upper S
HV board HV board

Figure 10: D-Egg (1A5AnN1Ma1N IceCube Detector Gallery: lceCube Wiki)

D-Egg LUuI:umawwwuwuimawmwmﬂ University of Tokyo (ICEHAP) Tngliiniseenuuuilifuendnusifeussq PMT
P09 8 2 mmu 2 vaen FutuwarvadluinFeuntmsnd nsfeatuitoglilugad manseurquia (angular
coverage) aduuuLarua Faduuslesiegnadadenisnsadudyauanuaneiemamiontu wasdumng
dw¥uns veto events iitoandarasuniuaineymadildlydwsiy wihmefonsudauimsasiideddinade
w1z uagn1sdalasluddoyanin PMT aeadafideenisaanuuntudigs unumves D-Egg Aonsfigatian nsuiiu
coverage Tudafiamneazannsaiinyszansaminesinvesnisasiaduimsliuldaswield

ALAU: LUNNTATOUARILTILY (angular coverage) ATBUMIVULATAN Uazningd1miun1sii veto events (N84

win1salsunaudilailefamsiu)

P39 : NITNARLAIISHAZN1TUTENRUTULOULIN LaTNITINERe PMTs dasldszuudidnnsafindnadslasiudusiue

(High-Accuracy Synchronization)

UNUMIUN1NAaaU IceCube-Upgrade: nnaauinnisiiiy coverage 2g918liuUss@nsninlags1u989n15n5199U

Tslulaunnidseiiedla
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Figure 11: ATWY8sHALAY Pencil Beam 7if&wih Module Testing E)gJJ"ﬁ Freezer Tu IceCube Lab, Chamberlin Hall

Pencil Beam Module LﬁuiuqaﬁmwuﬁiﬂﬁaaﬂLLUUMLWammsm%’uﬁw%hhama wadunumaiAgluniu
nsfnvagyiaudilaguanifivosiudeidlanld lugatgnasedufieliannsn Udesuanduduauny
(pencil-like beam) aslUlutudslalagnss LLaaﬁQﬂUdaaﬁw‘Lﬁi’ﬂumsi’m 13152439 (scattering length), N159ANAY
(absorption length) uay analdifuidewien (anisotropy) vesiuds %’auﬂaméwﬁﬁi’%ﬁummiﬂ%'uﬂqq Tuwnathuda
(ice model) FadududAiignarunisvainsirassmafumesedinounazmsinudeyalu lceCube uif Pencil
Beam 2¢la/l4 baseline design @13 Gen2 umu wn3esile calibration Weinemans Avieifinauusiuglunis
Aasgideyatmsly

gauszavavan: TddnwnuauiRveaihudafidalanlsdl (South Pole Ice Properties) leiun A1N13n32139 (scattering

length) A1N13RANEY (absorption length) was awldiluiiewdien (anisotropy) vesiuddluusaziian

Ay Teyadildavgmiludiuus lumadude (ice model) Fudumilavesnisirasuaznisfinnudoyaly
lceCube uag PelinsAIumuriuaznauvesmslulianuuiuggedu

unumlun1snaaau IceCube-Upgrade: 16i0u wa3asfia calibration dwsuvhenudileguandiviuds Tully
baseline optical module dniunsradulaens
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3. IceCube Summer School 2025

CECURBE

'i SUMMER SCHOOL:

JUNE 2-6, 2025 - MADISON, WI

NM30UTITIHURNT IceCube Summer School Beriliun1sdnTuynUlag WIPAC Wuniseusidalfifiniswanans
Wity Mifgdesivinemansvastledfing enfiu wsewdleindwsluledfid msmansnymiveg nann1slainssud
Wigades add war ulvdsmslieneideyavemedunanisalimsluledaay a dalanld n1seusu@aufdfinig

lceCube Summer School daduriavun 5 Ju Ineisusauwsiun 2 dguiew 89 6 Tguieu 2568

=

Figure 6: nwane Wn3de tnivermans wastin@nw Md1smAanssu lceCube Summer School 2025

v aw

oy va v o v 4 w44 4o acw ga cdES avas 4
nseusdluaseil WalsndlildiSsuivateatie wu anuiiugruisiduaiediefaimiluledAinidalanld 3 8n1sidendeyasn
wsnsdlofauarnsdanistivdoya suluasismsmeadiaildlunisdanisteyavemedunanisalimsluledday a 9alanld uenanildsld
8 vd o o ca o o ¢ & v = 1Y L ¢ ¢u
Seudiieafuununisluewanvesvedunanisaiimiluledad a dalanld FeazdnisdninsngunialiduledAiidmnsa (IceCube

upgrade) UaLLAULUBLTTU 2 (IceCube-Gen2) Tnafnuanisausuiiseasidennmaluil
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3.1 ATIUAAITIEAZIBEANTITOUTY IceCube Summer School 2025 5eWdNeTum 2-6 RUIBY W.A. 2568

Jui 1: Fudunsn 2 Squreu 2568

Date Time Details Categories Contributors
09:10 - 09:50 IceCube Science Physics Prof. Francis Halzen
09:50 - 10:30 IceCube Detector Detector and Calibration Dr. Jim Braun
11:00 - 11:40 Neutrino Physics Physics Dr. Baha Balantekin
Monday
2 June 2025 13:00 - 13:40 Cosmic rays Physics Dr. Paras Koundal
Beyond Standard Model Physics
13:40 - 14:20 Physics Prof. Dan Hooper
with IceCube
14:50 - 15:50 Introduction to Python Workshop Alicia Mand
Fuit 2: Susemnsii 3 fquiou 2568
Date Time Details Categories Contributors
09:00 - 09:40 Winterover: Life at the South Pole Detector and Calibration Dr. Yuya Makino
09:40 - 10:20 Cosmic Ray Anisotropy Physics Perri Zilberman
10:50 - 11:30 Diffuse neutrinos - from TeV to EeV Physics Prof. Lu Lu
Tuesday
Prof. Justin
3 June 2025 13:00 - 13:40 Detector Physics Detector and Calibration
Vandenbroucke
13:40 - 14:20 GitHub Talk Software and Computing Jessie Thwaites
14:50 - 15:50 JupyterHub, NPX, Grid, GitHub Workshop Jessie Thwaites
Fuit 3: Suwsil 4 iqusu 2568
Date Time Details Categories Contributors
09:00 - 09:40 Multi-messenger Astronomy Physics Angelina Partenheimer
Nicholas Chamberlain
09:40 - 10:20 Astrophysics of Compact Objects Physics
Stone
SNe Progenitors as Sources of GeV-PeV
Wednesday 10:50 - 11:30 s Physics Mukul Bhattacharya
4 June 2025 Neutrinos
13:00 - 13:40 Neutrinos in Radio Waves Physics Michael DuVernois
13:40 - 14:20 IceTray Talk Software and Computing [ Hannah Erpenbeck
14:50 - 15:50 13 File Tools & Steam Shovel Workshop Hannah Erpenbeck

13
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U 4: JunQIEUAT 5 Nuey 2568

Date Time Details Categories Contributors
09:00 - 09:40 IceCube Event Selections Data and Analysis Zoe Rechav
09:40 - 10:20 IceCube Analyses Data and Analysis Emre Yildizci
Detector and
Thursday 10:50 - 11:30 IceCube Upgrade Talk Prof. Albrecht Karle
Calibration
5 June 2025
13:00 - 14:30 Machine Learning and Neural Networks Workshop Josh Peterson
Charge Collection, Digitization, Detector and
15:00 - 15:40 Miles Garcia
and Processing / Filtering at the Pole Calibration
Fuilt 5: SuwaViaudni 6 fquieu 2568
Date Time Details Categories Contributors
09:00 - 09:40 IceCube Simulation Data and Analysis Juan Carlos Diaz Vélez
Detector and
Friday 09:40 - 10:20 IceCube Calibration & Ice Models Dmitry Chirkin
Calibration
6 June 2025
10:50 - 11:30 Event Reconstructions Data and Analysis Tianlu Yuan
13:00 - 14:00 Diffuse Exercise Workshop Jesse Osborn

14
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4. 1uATuiivingauiv IceCube
4.1 W uITY
Design and Validation of a Cosmic Muon-Based Testing Method for IceCube-Gen2 Optical Modules

NRNKUUKALATIIABUANYNFBIBUNAIISNAARUMEARalinitsaudmsUlugauadlulasan1g IceCube-Gen2

4.2 srgazduanaznisildiusiuluuiae

v
v Ao

lasinsideiiinguszasdiiiosenuuunasnT1aaeuisnsmaaeulugansiaduuasal lceCube-Gen2 #ig
aunAlIeuNTdaeaiin (cosmic muon-based testing) Wisldidunnsgiunisusaifiunnnmlugalussaunisude
UL NUITBUI98108YAITIINNINAROUTUTBITUAATINY (Final Acceptance Test: FAT) 484 LOM-16 %14 6

Tugausn (Muneiaw 01, 02, 05, 06, 07, 08) FuTugalugaunsnvadlaniifdazgnaddlufnga a Palanlin eludil

nsfiunulsznauiiemsUssnanauasiinasideya waveform 210 PMT 11 16 vasasioluga Tng
T4+st0s High-Gain (Ch1) wa¥ Low-Gain (Ch2) famnszuaunisdteyaannissurey ADC Tummnisalatedaves
Ch1 shemsilndasainusyq Ch1/Ch2 tiooyuny gain ves Ch2 Ailsiausadn SPE ldlagmss iameinsnszaeves
U529 (charge distribution) sluanaiduduuarasniifiy fiosryandnuvasvesdyguiitesu asadoun
allausuAzNIABUALBIUBY PMT Usiazdasiiumsitasesitngnsalnieudu (coincidence) seminag PMT aneld
W Himednisnsaiuaza threshold Manesesu wazai1auwuil coincidence loszywmansaiinesuiifidnuas

v
v

“vertical-like” uduf@inaruanysalveduga

uenaniiflfaduazldnunissaesifindsae GEANTE vuluiaa LOM-16 a1ga ieasramnnisald
290uT1a0s USundndnudeyaunsgiu (PDG) uazindiengiiuisuiisuiudeyasiaitofudunnugnieswes
st Ui nadwsiiniansznevesszuargUuuy coinddence ndayadiauarnissiaesdianuaonades
Auogelitidfgy

UNUIMVBIEITEATOUARUNITORNKUULLIAANITNAARY NISHAILIISNINGINSUsSIaNakasATIER
Foyarausfuanau maad1asatTngainim (QC/QA metrics) filuldldasduatonisnan sudmsfidmdnludunon
UsEnouLaEMAZDY LOM-16-09 11 PSL ifleTnfouym LOM-16 fimun kaswidldmasnguresisneasuiinesufiduny

v
a o

M Yeneanale vingnle kasiauuLTete 5895UNSHARLALRARY IceCube-Gen2 Tusuianagalluse@nsan
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Design and Validation of a Cosmic Muon-Based Testing Method
for IceCube-Gen2 Optical Modules

Thammarat Yawisit'?", Yuya Makino?, Christopher Wendt?
! School of Engineering, King Mongkut’s Institute of Technology Ladkrabang (KMITL), Thailand

2 Wisconsin IceCube Particle Astrophysics Center (WIPAC), University of Wisconsin—Madison, United States

*Corresponding author: tyawisit@icecube.wisc.edu

Abstract

The IceCube-Gen2 Neutrino Observatory plans to deploy approximately 10,000 optical modules
to enhance sensitivity to high-energy astrophysical neutrinos, particularly in the TeV—PeV regime.
Accurate reconstruction of neutrino-induced Cherenkov light in Antarctic ice demands robust and
scalable quality control during module production. In this study, we present the design and
validation of a muon-based testing method for IceCube-Gen2 optical modules using naturally
occurring cosmic muons. The procedure integrates waveform inspection, charge distribution
profiling, and inter-channel charge correlation of micro-base electronics to identify deviations
from nominal performance. The protocol was applied to six LOM-16 modules, including the very
first batch scheduled for deployment at the Amundsen-Scott South Pole Station. These results
demonstrate the protocol’s capability to identify subtle hardware issues and validate detector
performance without reliance on external calibration sources, enabling large-scale, physics-
informed quality assurance that supports the next-generation search for PeV neutrinos and beyond,
including cosmogenic signatures.

ﬁ. ICECUBE ‘z’. ICECUBE ICECUBE ¢

\ UPGRADE NEUTRINO OBSERVATORY g 4
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Introduction

IceCube Neutrino Observatory has pioneered the detection of high-energy neutrinos using a cubic-
kilometre array of photomultiplier-based Digital Optical Modules (DOMs) embedded in Antarctic
ice. With the upcoming IceCube Gen2 upgrade, new-generation optical modules such as the LOM-
16 are being developed to enhance detection efficiency and expand energy coverage. Ensuring the
performance and reliability of these modules is critical to the success of the observatory.
Conventional testing and validation of optical modules often rely on controlled laboratory setups
or dedicated calibration beams, which are not scalable for screening large numbers of units under
realistic deployment conditions. Cosmic muons, as ubiquitous and well-characterized particles,
provide a natural and effective calibration source that can be leveraged for in-situ testing.

B s i o (O O

Figl: Schematic drawing of the IceCube-Gen2 facility, including the optical array (blue shaded region) that contains
IceCube (red shaded region) and a more densely instrumented core that will have additional sensors added in the
next few years as part of the IceCube Upgrade project underway (green shaded region). Credit: IceCube
Collaboration

v Gen2-Radio ® Gen2-Optical ® IceCube o IceCube Upgrade

Fig2: Top view of the envisioned IceCube-Gen?2 facility at the South Pole. From left to right: The radio array
consisting of 200 stations. IceCube-Gen2 strings in the optical high-energy array, with 120 new strings (shown as
orange points) spaced 240 m apart and instrumented with optical modules over a vertical length of 1.25 km. The total
instrumented volume in this design is 7.9 times larger than the current IceCube detector array (blue points). On the
far right, the layout for the seven IceCube Upgrade strings relative to existing IceCube strings is shown. Credit:
IceCube Collaboration
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Penetrator Cable ///
Assembly (PCA) " 4 inch PMT

Gel pad
I

PMT holder

Pressure vessel

Support structure {

LED flasher =~ i i
\\

Mini-Mainboard / \

- Waveform
microBase

Fanout board

Fig3: The IceCube-Gen2 Optical Module Candidate (LOM-16), a next-generation photodetector array comprising 16
photomultiplier tubes (PMTs) enclosed in a transparent pressure-resistant sphere. The module is designed for
enhanced photon detection and dynamic range, enabling the efficient observation of Cherenkov light in Antarctic ice.

This study focuses on the development and validation of a protocol for assessing the performance
of the LOM-16 (mDOM: Multi-PMT Digital Optical Module), a next-generation optical sensor
designed for the IceCube-Gen2 neutrino observatory. The LOM-16 comprises sixteen 4-inch
photomultiplier tubes (PMTs) mounted within a transparent, pressure-resistant glass sphere
capable of withstanding the extreme environment of the Antarctic ice sheet. The internal structure
includes essential electronics such as the mini-mainboard, microBase, fanout board, and a
calibration LED flasher system, all integrated to ensure reliable signal acquisition and module
calibration. Compared with earlier single-PMT designs, the LOM-16 offers enhanced photon
collection, greater angular coverage, and improved redundancy, thereby playing a crucial role in
advancing the sensitivity of IceCube-Gen2 to astrophysical neutrinos.

To ensure quality and reliability prior to large-scale deployment, this study introduces a
performance verification protocol specifically designed for the LOM-16 optical module,
employing a comprehensive framework that integrates charge correlation analysis, waveform
inspection, and charge distribution profiling. By analyzing correlations of detected charge across
multiple PMT channels, the protocol identifies consistent signal behavior and highlights deviations
that indicate hardware irregularities such as unstable PMT gain, faulty connectors, or calibration
mismatches. Complementing this, detailed inspection of digitized PMT waveforms (ADC traces)
enables precise evaluation of pulse shape, triggering behavior, and distortions, with particular
attention to noise, afterpulses, undershoot or overshoot effects, and baseline stability, thereby
detecting subtle malfunctions that may not be visible through conventional statistical checks.
Finally, statistical profiling of integrated charge distributions across large datasets provides a
further diagnostic layer by revealing long-term performance issues through characteristic
deviations such as extended tails, skewed slopes, or shifts in the peak response, ensuring
comprehensive validation of module performance.
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Methodology

The Long Optical Module (LOM-16) is a next-generation photodetector designed candidate for
the IceCube-Gen. It comprises 16 photomultiplier tubes (PMTs) arranged symmetrically within a
transparent, pressure-resistant spherical housing.

The PMTs are distributed equally between the upper hemisphere and lower hemisphere, with eight
PMTs in each section. In the upper hemisphere, the PMTs are further organized into two layers [1]
Upper Polar (4 PMTs): PMT Nos. 08, 10, 12, and 14 [2] Upper Equatorial (4 PMTs): PMT Nos.
00, 02, 04, and 06

Similarly, the lower hemisphere is structured as [3] Lower Polar (4 PMTs): PMT Nos. 09, 11, 13,
and 15 [4] Lower Equatorial (4 PMTs): PMT Nos. 01, 03, 05, and 07 This configuration provides
nearly uniform angular coverage and enhances the module’s capability to detect Cherenkov
photons across a wide solid angle.

PMT Numbering and Flasher locations

Upper hemisphere (PCA side) Lower hemisphere 12
MM fcontral);

Fanout A

g =3 o) 1) 3

5[l = slig! 3 g Y

£ | Y R I g 8! 8 i i
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Fig. 4. Photomultiplier tube (PMT) numbering and flasher LED locations in the IceCube-Gen2 Long Optical Module
(LOM-16). The module comprises 16 PMTs arranged symmetrically in a transparent spherical housing. The upper
hemisphere (left) contains PMTs 00—07, divided into equatorial (PMTs 00, 02, 04, 06) and polar layers (PMTs 08,
10, 12, 14). The lower hemisphere (center) contains PMTs 01-07 in a similar configuration, with equatorial (PMTs
01, 03, 05, 07) and polar layers (PMTs 09, 11, 13, 15). Flasher boards (Flasher #1—#4) are distributed across the
module for in-situ calibration. The right image shows the physical arrangement of PMTs and associated electronics
within the module.
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Each PMT in the LOM-16 optical module is equipped with a wuBase micro-base circuit, an
advanced high-voltage (HV) and readout system adapted from the MDOM design. The wuBase
integrates

The LOM-16 optical module integrates a compact yet efficient electronics architecture designed
to ensure precise signal acquisition and reliable operation under extreme environmental conditions.
A Cockcroft—-Walton high-voltage generator with 13 stages and power consumption below 5 mW
provides the PMTs with a stable and low-noise supply, while a dual-channel readout system
combining Anode and Dy8 outputs extends the dynamic range for accurate charge measurements.
Signal digitization is handled by an LTC21411UP-12 analog-to-digital converter operating at 12-
bit resolution and 60 MSPS with a low power footprint of approximately 90 mW, enabling high-
fidelity waveform capture. These data are subsequently processed by a Lattice iCE4 0 UP FPGA,
which manages waveform buffering, coarse and fine timestamping, and local processing directly
at the module base, while an STM32L552 microcontroller (ARM Cortex-M33) coordinates serial
communications, triggering, and distributed data handling. Together, this integrated system
balances performance, power efficiency, and functional versatility, providing a robust platform for
large-scale deployment of IceCube-Gen2 optical modules.

log® ~ Aiha)
A ¢ B UL

2
1% ]

Fig. 5. The micro-base circuit integrated into each PMT of the LOM-16 optical module. Key components include: the
Cockcroft-Walton high-voltage (HV) generator for PMT biasing; dual-channel readouts (Anode and Dy8) for
extended dynamic range; an ADC (12-bit at 60 MSPS) for waveform digitization; a Lattice iCE40UP FPGA for on-
base processing; and an ARM Cortex-M33 microcontroller (MCU) for communication and trigger management. This
design enables distributed signal processing and facilitates efficient module testing in IceCube-Gen2.

While the previous figure illustrates the overall structure of the LOM-16 optical module, including
the PMTs, pressure vessel, and mechanical support, a closer examination of the module’s
electronics is necessary to understand how signals are processed at the base. The detailed design
is shown in Fig. 6, which highlights the micro-base architecture responsible for amplification,
digitization, control, and data transfer, forming the foundation of reliable module performance.
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Fig. 6. Block diagram of the wuBase micro-base electronics used in the LOM-16 optical module. Signals from the
PMT anode and Dy8 dynode are first amplified and shaped before being digitized by a 12-bit, 60 MSPS ADC
(LTC21411UP-12). A Lattice iCE40UP FPGA performs waveform buffering, timestamping, and data transfer
management. An STM32L552 ARM Cortex-M33 microcontroller handles serial communication, trigger logic, and
distributed control. The Cockcroft—Walton high-voltage generator provides biasing for the PMT, while a resonant
generator supplies clock and synchronization signals.

wuBase data flow

(/t;" AnC [»] Froa Je——] mcu 202,
- SPI UART

60MSPS 15Mbits/sec 3Mbaud

Fig. 7. Simplified data flow in the wuBase micro-base electronics. Signals from the PMT are digitized by a 12-bit
ADC operating at 60 MSPS, buffered and processed by a Lattice iCE40UP FPGA, and transferred to the STM32L552
ARM Cortex-M33 microcontroller via SPI at 15 Mbit/s. The MCU communicates with the mainboard using a UART
serial interface at 3 Mbaud for data transmission and control.

6. This design enables distributed signal processing within each PMT, improving scalability for
mass production and testing of IceCube-Gen2 optical modules. The micro-base also provides self-
monitoring capabilities for HV stability, electronic noise, and PMT time resolution. Thus the
micro-base also maintains transmission rate of self-monitoring for and signal conversion between
PMTs and FPGA signal processing module significantly.
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7. Final acceptance testing (FAT) of the LOM-16 optical modules was performed at the Physical
Sciences Laboratory (PSL), University of Wisconsin—Madison, under environmental conditions
representative of the South Pole deployment. Each module was mounted within a temperature-
controlled environmental chamber set to —40 °C, matching the expected in-ice operating
temperature. The cosmic muon testing runs were integrated into the FAT sequence following gain
calibration and baseline functional checks, enabling additional physics-informed validation
without modifying the standard production workflow.

Fig. 8 Two LOM-16 optical modules inside the temperature-controlled environmental chamber at the Physical
Sciences Laboratory (PSL), prepared for final acceptance testing at —40 °C. Each module is sealed within a protective
bag to prevent frost accumulation and connected to the data acquisition and power systems via external cabling.
Cosmic muon runs were conducted under these conditions to evaluate detector performance prior to South Pole
deployment.

For each module, a dedicated muon run was executed with a duration of approximately 10-30
minutes, corresponding to an average of 6—18 k events per photomultiplier tube (PMT) given a
nominal single-PMT trigger rate of ~10 Hz. The high-gain (Ch1) and low-gain (Ch2) channels of
each PMT were digitized in parallel at 60 MSPS using the onboard 12-bit ADCs. This dual-channel
readout ensured adequate sensitivity to both single photoelectron (SPE) signals and high-charge
waveforms from through-going muons.
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e

| camera 2

Fig. 9. Left: Dual-camera setup for monitoring the LOM-16 optical module during environmental chamber tests at —
40 °C. Camera 1 provides a top-down view while Camera 2 captures a side profile, both illuminated by a fixed-
position LED lamp inside the freezer. Right: Images from Camera 1 (top) and Camera 2 (bottom) during operation,
used to visually inspect PMT status, detect possible condensation, and verify cabling integrity without opening the
chamber-.

The trigger configuration for muon runs employed a dynamic charge threshold tuned to yield an
overall module trigger rate in the range of 150-200 Hz, equivalent to ~10 Hz per PMT. This
threshold setting, combined with a fixed waveform readout window of 1.5 us, maximized muon
signal capture while suppressing noise-dominated triggers. All triggered events were recorded with
full waveform information for both channels of the struck PMT, as well as timing metadata
necessary for coincidence analysis across PMTs.

PMT No. Total Events Livetime (s) Trigger Rate (Hz)
0 3392 601.16 5.642
1 4603 601.39 7.654
2 5321 601.56 8.845
3 4668 601.48 7.761
4 5803 601.4 9.65
5 6352 601.6 10.558
6 4649 601.13 7.734
7 3670 601.23 6.104
8 5634 601.83 9.362
9 8576 601.54 14.257
10 5100 601.36 8.481
11 5104 601.73 8.472
12 5484 601.84 9.112
13 5642 601.88 9.374
14 6303 601.87 10.473
15 6127 601.75 10.182

Table 1. This table summarizes the performance of each PMT in the tested LOM-16-01 module during a cosmic muon
run. For each PMT (numbered 0—15), the Total Events column shows the number of triggered waveforms recorded
within the run. The Livetime column indicates the effective data-taking duration for that PMT in seconds, and the
Trigger Rate column shows the corresponding trigger frequency in Hz (calculated as Total Events / Livetime).
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Muon runs were conducted for the first six production LOM-16 modules—serial numbers 01, 02,
05, 06, 07, and 08—which represent the inaugural deployment batch for IceCube-Gen2 and are
scheduled for installation at the Amundsen—Scott South Pole Station in late 2025. Each module
had previously passed standard electrical, optical, and communication tests; the muon-based
measurements described here provided an additional performance layer targeted at identifying
subtle anomalies, such as gain mismatches, atypical charge distributions, or inactive channels, that
may not be detectable in conventional acceptance checks.

All data were stored in raw binary format on the module’s onboard flash before being transferred
via the UART communication interface to a local acquisition computer for offline analysis.
Metadata recorded alongside each run included environmental conditions, firmware version, and
calibration constants, ensuring reproducibility and traceability for subsequent data processing
steps.

Stiek_of_Butior fiabon_ Watchar

@9

Fig 10. Six LOM-16 optical modules used in this study: LOM16-01 (Nyx), LOM16-02 (Stick_of Butter), LOM16-05
(Westfallen Watcher), LOMI16-06 (Starspawn), LOMI16-07 (Hutch), and LOMI16-08 (Colossal Squid). These
modules represent the first production set of LOM-16 scheduled for deployment at the South Pole as part of the
IceCube-Gen?2 expansion in December 2025.

LOM16- ozm m t oms—os 5-»

Charge Distribution Analysis for Single Photoelectron and Cosmic Muon

To characterize the responses of photomultiplier tubes (PMTs) within the LOM-16 modules, we
analyzed charge distributions obtained from both Single Photoelectron (SPE) and cosmic muon
events. The primary objective was to understand the intrinsic signal properties and to determine
how different data visualization scales—linear and logarithmic—affect interpretation of the charge
spectra. Initial charge distributions for both SPE and Muon datasets were first generated using a
linear scale on the Y-axis (counts) to provide a preliminary overview of the event frequencies
across different charge values.
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Fig 11. Charge Distribution of Single Photoelectron (SPE) Events. The plots display event counts versus charge in
picoCoulombs (pC) and Photoelectrons (PE) for various PMT channels, using a linear scale on the Y-axis (left) and
logarithm scale on the Y-axis (right)

—
1500
1000
o X
o
— ]

1300
1250
1000
™
s00
0

0
Crarge ipc

Fig 12: Charge Distribution of Muon Events. These plots show event counts versus charge in picoCoulombs (pC) and
Photoelectrons (PE) for various PMT channels, using a linear scale on the Y-axis (left) and logarithm scale on the Y-
axis (vight)

Figures 11 present the charge distributions using a linear scale on the Y-axis. Figure 11 shows SPE
events, where distinct peaks corresponding to single photoelectron charges can be identified across
multiple PMT channels. Figure 2 shows cosmic muon events, where the charge spectrum extends
to higher values due to multiple photoelectron production. While figures 12 display the same
datasets using a logarithmic Y-axis scale, which enhances visibility of low-probability events and
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tail structures in the charge spectra. The logarithmic scale allows for a more precise comparison
between the SPE and muon distributions, highlighting subtle differences in gain and noise
characteristics across PMT channels.

This analysis underscores the necessity of selecting appropriate visualization techniques for
interpreting PMT charge spectra. The linear scale facilitates identification of peak positions and
relative amplitudes, whereas the logarithmic scale reveals the full dynamic range of the signal,
including low-intensity components. Together, these perspectives provide a more comprehensive
characterization of PMT performance in both calibration (SPE) and operational (cosmic muon)
conditions.

From Charge Distributions to Event-Level Analysis

While charge distribution analysis provides valuable statistical insight into the overall performance
and sensitivity of each PMT channel, it does not reveal the detailed spatial-temporal characteristics
of individual particle interactions. To investigate specific high-energy events particularly those
consistent with cosmic muon signatures, it is necessary to examine waveform data from all PMTs
on an event-by-event basis. By correlating the charge amplitude and timing patterns across the 16
PMT channels in the LOM-16 module, one can identify distinct topological patterns that indicate
the passage of relativistic charged particles. Among these, through-going muons are of special
interest, as they produce characteristic localized high-charge responses along a straight trajectory
through the module. The following example demonstrates how such patterns emerge in the raw
waveform data, allowing us to identify potential muon event candidates for further analysis.

Identification of Muon Event Candidates

Fig 13. Schematic top-view layout of the LOM-16 optical module showing the relative positions and numbering of the
3-inch PMTs. The highlighted red arrow illustrates the inferred trajectory of a through-going particle candidate,
passing from PMT 08 through PMTs 00, 01, and 09, consistent with a vertically aligned muon track. This spatial
correlation between consecutive high-charge PMT responses forms the basis for identifying potential muon event
candidate
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Fig 14. Example waveforms from all 16 PMTs in the LOM-16 optical module for a representative muon candidate
event. PMTs 08, 00, 01, and 09 (highlighted in red) show significantly higher charge deposits (85—118 pC) and sharp,
prompt peaks compared to other PMTs, consistent with the expected Cherenkov light pattern from a vertically
traversing muon. The temporal alignment and localized high-charge responses along the inferred track path provide
strong evidence for classifying this as a muon event candidate.

Waveform data from all 16 PMT channels for a single recorded event, alongside the corresponding
physical arrangement of PMTs within the LOM-16 module. Four PMTs (PMT 08, PMT 00, PMT
01, and PMT 09) exhibit significantly higher integrated charges (ranging from approximately 85
pC to 117 pC) compared to the remaining channels, which mostly register below 20 pC.

These waveforms were acquired from the high-gain channel (Chl) of a 12-bit ADC system (0—
4095 counts) with a baseline of ~300 counts. In this event, the high-charge PMTs approach or
reach the ADC’s dynamic range limit, a common occurrence for muon events that can cause signal
overflow in the high-gain channel. Such saturation underscores the importance of complementary
information from the low-gain channel, which preserves pulse shape and amplitude for high-
energy deposits, although tools for low-gain data analysis are not yet fully developed.

The spatial correlation of these high-charge PMTs forms a vertical alignment along one side of the
module (see schematic on the right), suggesting a possible through-going muon traversing the
optical module in a nearly straight trajectory. The temporal profiles of the corresponding
waveforms display sharp, well-defined pulses with minimal afterpulsing, consistent with high-
energy particle passage rather than background noise or single-photoelectron events.
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This spatial temporal signature that localized high charges in adjacent PMTs aligned with a
plausible particle track supports the hypothesis that the recorded event is a muon event candidate.
Such candidate events can be further validated by cross-referencing with coincidence data from
other modules or by applying reconstruction algorithms to determine the particle’s direction and
velocity.
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Fig 15. Example waveforms from the high-gain channel (Chl) of selected PMTs during a recorded high-energy event.
The ADC system employed is a 12-bit digitizer, with a maximum representable count of 4,095 and a baseline level at
approximately 300 counts (green arrow). PMTs that register peaks exceeding the ADC limit experience waveform
truncation at the top, as illustrated by the red-circled examples. This effect—known as ADC overflow—occurs when
the input signal amplitude surpasses the digitizer’s dynamic range, leading to underestimation of the true pulse height
and, consequently, the integrated charge.

ADC G
ADC G
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In contrast, other PMTs in the same event (green circle) remain below the ADC limit, retaining
their complete pulse profiles. Such differences are critical for accurate charge reconstruction:
overflowed pulses require either correction via calibration models or reliance on data from the
low-gain channel, which is designed to accommodate higher-amplitude signals without saturation.
However, in this analysis, low-gain channel processing tools are still under development, and thus
the high-gain data are used with careful consideration of these limitations.
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Transition from ADC Overflow to Gain Calculation

While the raw ADC waveform analysis provides insight into pulse shape and saturation effects,
interpreting these signals in physically meaningful terms—such as the number of photoelectrons
generated at the PMT’s photocathode—requires an additional conversion step. This process
bridges the measured charge in picoCoulombs to the fundamental photoelectron scale by
incorporating the PMT’s gain calibration.

Conversion from Charge (pC) to Photoelectrons (PE)

In Photomultiplier Tubes (PMTs), the detected signal is fundamentally related to the number of
photoelectrons (PEs) generated at the photocathode by incoming photons. These initial
photoelectrons are then multiplied through a series of dynodes, resulting in an amplified current
pulse. The integral of this current pulse over time yields the total charge, typically measured in
picoCoulombs (pC).

To convert the measured charge (Q ) back to the number of photoelectrons (Npg), the gain

measured
of the PMT and the elementary charge of an electron are utilized. The fundamental relationship is

based on the charge produced by a single photoelectron passing through the PMT's amplification
stages.

The charge generated by one photoelectron (Q, ) can be calculated as

Qipp =G xe
Where

Q, pg 18 the charge corresponding to one photoelectron (in Coulombs).

- G 1is the gain of the PMT, representing the average number of electrons produced at the
anode per initial photoelectron (dimensionless, or electrons/PE).

- e is the elementary charge of an electron (1.602x 10" Coulombs/electron).

Since the measured charge is typically in picoCoulombs (pC), and 7 C = / 0" pC, the charge per
photoelectron in pC is

0,5 PC) =G x e x 107

Consequently, the number of photoelectrons Npz for a given measured charge O - . is

determined by dividing the measured charge by the charge equivalent of a single photoelectron

3y Qi0s 0O
r Qmeasured (pC)
G xex 10"

N,
r Qmeasured (pC)
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In this analysis, a PMT gain (G) of 5x 10° electrons/PE was used. Therefore, the charge equivalent
for a single photoelectron was calculated as

0,5y PO =(5x10°)x(1.602x10™"° C)x10" pC/C

0, PO) = 0.801 pC

This conversion factor was then applied to all measured charge distributions, enabling the
interpretation of signal strength in terms of fundamental photoelectron counts. The precision of
this conversion is critically dependent on the accuracy of the PMT gain value.
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Fig 16. presents the ADC waveform traces for Ch2 from all 16 PMTs under test. Each panel displays the signal
amplitude in ADC counts over time (0—600 ns) for a representative event, with the measured integrated charge shown
in parentheses (in pC). The blue line marks the baseline level, while the green dashed line indicates the ADC cut
threshold used in event selection.

Once the gain of Channel 1 (Chl) is accurately determined using the method described in previous
section, this value can serve as a reference for estimating the gain of Channel 2 (Ch2). The
approach relies on the intrinsic correlation between the integrated charges recorded on both
channels for coincident photon events.
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In the testing setup, Ch1l and Ch2 correspond to two readout paths from the same photomultiplier
tube (PMT), typically differing in preamplifier settings or cable routing. While both channels
respond to the same physical signal, their absolute gains may differ due to variations in electronic
amplification. To quantify this difference, we compute the charge ratio correlation between Ch2
and Ch1 for a large sample of events.

The integrated charge on Ch2, Q. , is plotted against the corresponding charge on Chl, Q,, for

coincident events. A linear fit to this distribution yields a slope Rcyp,cn; representing the average
ratio of Ch2 to Chl charge response. The gain of Ch2 can then be obtained as

Geno = Renzient % Genn

In this dataset, several Ch1l waveforms suffered from ADC overflow due to high-amplitude signals,
making direct charge integration from Chl unreliable. To address this limitation, the
corresponding Ch2 signals acquired through an alternate readout path with reduced gain were used
as a substitute for charge measurement. This approach requires determining the Ch2 gain by
correlating its measured charges with those from Chl in non-saturated events. Most Ch2 channels
exhibit flat baselines without significant signal excursions for the shown events, except for a few
cases where clear pulses are visible. These waveforms confirm the operational status of Ch2 and
provide the necessary dataset for charge ratio correlation analysis with Chl.

Transition to Ch1/Ch2 Charge Ratio Analysis

During normal operation, Channel 1 (Ch1l) of each Photomultiplier Tube (PMT) in the LOM-16
modules is configured as the high-gain readout path. This channel is optimized for detecting low-
amplitude signals with high resolution. However, in certain high-energy events—such as those
caused by cosmic muons the Chl waveform amplitude can exceed the dynamic range of the
Analog-to-Digital Converter (ADC), leading to ADC overflow and, consequently, an
underestimation of the true integrated charge To address this limitation, Channel 2 (Ch2), which
operates at a lower gain, is used as an auxiliary measurement path. Because of its reduced gain,
Ch2 remains within the ADC range even in cases where Chl saturates, allowing for accurate
charge extraction. Figure X demonstrates that the Ch2 readout path is fully functional across all
tested PMTs, showing clear waveform pulses in events where Chl suffered from overflow.

In order to use Ch2 charges as substitutes for Chl charges in overflow cases, a calibration factor
between the two channels must be determined. This is achieved by analyzing events in which both
Chl and Ch2 record unsaturated waveforms from the same PMT. For each PMT, the integrated
charges Q,, and Q,, from coincident events are plotted against each other

Ocpny =M - Qgpte
Where

- m is the gain ratio between Chl and Ch2.
- cis the intercept, which ideally approaches zero in a properly calibrated system.
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The gain ratio “m” provides the scaling factor required to convert Ch2 charges into their Chl-
equivalent values

Gen et =m +Gepg

Figure 17 as following below shows an example correlation plot between Q. ,and Q,, for LOM-

16-01: PMT 00. The data points follow a near-linear trend, confirming a stable and predictable
relationship between the two channels. A linear fit yields:

m=12.47 and ¢=0.05 pC

with a coefficient of determination R? > 0.98, indicating excellent linearity. This calibration
procedure was repeated for every PMT across all six LOM-16 modules, producing a total of 96
correlation plots. The resulting gain ratios were compiled into a summary table (Table Z), enabling
the conversion of Ch2 measurements into Chl-equivalent charges for all tested modules. This
approach ensures that even in events where Chl is saturated, accurate charge reconstruction
remains possible.

10 data_muon_run_lom16-01: PMT 00

le+03

Fit: Q2 = 0.05*Q1 + 0.04 pC .
-—-- (R2=0.98) '
Fit Range: [5.0-67.2] pC []

Fit range

le+02

Charge Ch2 (pC)
Number of Events (Log Scale)

le+01

le+00

0 20 40 60 80 100
Charge Chl (pC)

Fig 17. correlation between Channel 1 (Chl) and Channel 2 (Ch2) integrated charges for LOM-16-01: PMT 00
during the cosmic muon run. Each point represents a coincident unsaturated event recorded by both channels. The
color scale indicates the number of events in logarithmic scale. The linear fit (red dashed line) was performed within
the defined fit range [5.0,67.2] pC of Q,,,, vielding a slope of 0.and intercept of 0.04 pC with R’ > 0.98 This slope

represents the gain ratio between Chl and Ch2 for this PMT.

The fitting range was restricted to 5-67.2 pC (=4—-84 PE), with the upper limit determined by the
ADC dynamic range (Y-baseline =300 ADC, Y-max = 4095 ADC), corresponding to ~3795 ADC
counts. Using the measured single-PE amplitude (~45 ADC counts), the maximum non-saturated
charge was estimated at ~84 PE. This ensures the linear fit is applied only within the detector’s
unsaturated response region. After determining the gain of Channel 2 using Channel 1 as the
reference, the next step is to model the relationship between the integrated charges of Ch2 and
Chl. This enables cross-calibration and the correction of any non-linearities in the system.
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- Data aggregation — For each PMT, aggregated mean charge values of Chl were computed
for different Ch2 charge intervals, along with the corresponding standard deviations to be
used as error bars.

- Polynomial regression — A second-degree polynomial fit was applied to capture the
curvature of the Ch2—Ch1 relationship

QChzza'QZChz +b-Qp, Te

- Non-linear modelling extensions — For PMTs exhibiting pronounced non-linearities (e.g.,
due to saturation effects or electronic response characteristics), this approach can be
extended to advanced regression methods such as Gaussian Process Regression (GPR) or
Neural Networks to improve accuracy across a wider dynamic range.

The figure below shows the fits for all 16 PMTs in the LOM16-01 module. Red markers represent
the aggregated mean + standard deviation values, while the blue dashed lines indicate the results
of the second-degree polynomial fits.For most PMTs, the coefficient of determination (R?) is high,
indicating that a second-degree polynomial is sufficient for modelling the Ch2—-Chl charge
relationship in this context.
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Fig 18: Charge ratio modelling results for all 16 PMTs in the LOM16-02 module. Red markers represent
aggregated mean charge values of Chl for each Ch2 charge bin, with error bars indicating +1 standard
deviation. Blue dashed curves show second-degree polynomial fits applied to capture the non-linear Ch2—
Chl relationship. The fitted models demonstrate high consistency across PMTs, with minor deviations at
higher charges likely due to saturation effects.
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After performing the fit within the defined charge range, the gain of Channel 2 (Ch2) relative to
Channel 1 (Chl) was obtained for each PMT. This calibration step ensures that both channels are
properly cross-referenced, minimizing systematic deviations in the charge measurements. With
the experimental gain calibration established, the next step is to describe the simulation setup used
to model the same muon interactions under controlled conditions. This simulation, implemented
in Geant4 with the latest LOM-16 geometry, enables a direct comparison between measured and
simulated responses, and provides a deeper understanding of the detector’s performance under

' \ N/
XN

444mm

LOM16

Fig 19: Schematic diagram of the simulation geometry for cosmic muon events. A 4 m x 4 m horizontal plane was
defined above the LOM-16 module to serve as the muon generation surface. Muons were generated with random
incident positions on the plane and isotropic angular distributions within the upper hemisphere. The vertical distance
between the plane and the top of the LOM-16 module was set to 300 mm, with the module height of 444 mm from top
to bottom. The diagram illustrates various possible muon trajectories intersecting the LOM-16 module.

Fig 20: 3D model of the LOM-16 optical module implemented in the simulation framework. The module consists of
sixteen 3-inch photomultiplier tubes (PMTs) arranged in two hemispherical arrays (yellow) and supported by an
internal mechanical structure (magenta). The black horizontal band represents the external support frame. This
geometry was used in Geant4 to accurately model the optical and physical interactions of cosmic muon events with
the detector.

To validate the analysis chain and to interpret the measured muon signatures in a controlled setting,
we generated a dedicated LOM-16 muon dataset in Geant4 (developed in collaboration with Nobu,
Chiba University). The most recent LOM-16 geometry comprising sixteen 3-inch PMTs mounted
in two hemispheres and the internal mechanical support was implemented and used throughout the
study.
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A planar generation surface of 4 m X 4 m was placed 300 mm above the top of the module (Fig.
Y). Primary muons were sampled isotropically over the downward hemisphere (uniform in solid
angle) with random impact points on the plane. The module height is 444 mm, and the detailed
detector solids were included for proper particle transport and interactions. And we generated
100,000 down-going muon events; simple geometric acceptance yields =3,000 events intersecting
the module. To relate the simulation to physical rates, events were weighted to the Particle Data
Group (PDG) muon flux, i.e., the per-event weight reproduces the PDG-reported muon intensity
integrated over the simulated solid-angle window and plane area. This normalization allows direct
comparison of simulated hit rates and topology with the experimental dataset. Standard Geant4
processes for penetrating muons (energy loss and multiple scattering) were enabled. For each
event, we recorded, for each PMT, the arrival time, detected photoelectron count, and deposited
energy, allowing subsequent analysis of timing correlations, charge distributions, and coincidence
rates across the module.

- integrated charge proxy (or PE estimate) consistent with the analysis units used for
Ch1/Ch2 calibration,

- hit/topology information (PMTs above threshold, maximum channel, and multiplicity)

- basic kinematics (entry point and direction cosines) for track-pattern studies.

The same reconstruction and selection pipeline used for data—charge integration, quality cuts, and
coincidence building—was applied to the simulated events. This ensures apples-to-apples
comparison when validating (i) the muon-candidate topology seen in data, (ii) the expected
multiplicity and charge distributions across PMTs, and (iii) the stability of the Ch2—Chl scaling
under realistic muon trajectories.

300
[ Upper Polar PMTs
Upper Equatorial PMTs
250 [ Lower Equatorial PMTs
[ Lower Polar PMTs
200 1
(%2}
2
5 150 1
c
)
100 +
i —El%l
0

0 50 100 150 200
Observed PEs per PMT
Fig 21: Distribution of observed photoelectrons (PEs) per PMT from the Geant4 LOM-16 muon simulation, separated

by PMT location category: upper polar, upper equatorial, lower equatorial, and lower polar. All four categories show
a broadly similar distribution shape.
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The plot shown as above characterized by

- A pronounced peak around 140 PEs, corresponding to muons that traverse the module with
trajectories producing near-maximum light yield in the directly illuminated PMTs.

- A steep drop toward low PE values (< 20 PEs), dominated by peripheral or grazing trajectories.

- A similar fall-off at high PE values (> 170 PEs), reflecting the geometric and optical limits of the
module.

The close agreement in distribution shape across PMT groups indicates that the implemented
geometry and optical response in simulation reproduce the symmetry and uniformity observed in
experimental data. This validates the simulation’s fidelity for subsequent rate and topology studies.
To further confirm this consistency, the simulated charge distributions for individual PMTs were
directly compared with those from real calibration data (e.g., Channel 2), revealing a similar peak
position around 130 PEs, broader distributions in the lower hemisphere, and overall matching
shapes with only minor deviations.
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Fig 22: Simulated charge distributions (in photoelectrons, PEs) for all 16 PMTs in the LOM-16 geometry, generated
from the Geant4 muon simulation. Each panel corresponds to an individual PMT, showing the frequency of recorded
charge per event. The majority of PMTs exhibit a primary peak near 130 PEs, consistent with direct muon illumination
and maximal light collection, and a broad low-charge component arising from peripheral or grazing trajectories.
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When compared with the charge distribution from Channel 2 (Ch2) in real calibration data, the
simulation reproduces key qualitative features

- Peak position: ~130 PEs in both data and simulation.

- Hemisphere asymmetry: Broader distributions in the lower hemisphere PMTs, attributed
to module geometry and optical coupling differences.

- Shape similarity: Overall distribution shapes closely match those in the experimental data,
with only minor deviations in relative amplitude and tail width.

This agreement supports the validity of the simulation setup for modeling muon-induced charge
responses in the LOM-16 modules. Following the gain calibration and the study of single-channel
charge spectra, where the simulated distributions were shown to closely match the experimental
data in both shape and peak position, we extend our analysis to probe correlations between multiple
PMTs within the same module. While the single-channel spectra capture the local response of
individual sensors, they do not directly reveal how photons from the same physical event propagate
through the module and are shared among different PMTs. Inter-PMT coincidences provide a
powerful way to study these correlations. By examining the frequency at which two or more PMTs
detect large signals within a short time window, we gain sensitivity to the module’s optical
geometry, the angular acceptance of each PMT, and the light scattering and absorption properties
of the surrounding medium. These coincidence patterns are strongly influenced by the relative
positioning of PMTs and by the photon propagation model used in the simulation, making them a
stringent cross-check of our detector model. In this work, we quantify the coincidence rate between
all PMT pairs by requiring that both channels register signals above a given charge threshold
within a coincidence window of AT = 100 ns. For example, the pair PMT 15 and PMT 07 located
adjacently in the lower hemisphere shows one of the highest coincidence rates (~0.3 Hz) for events
exceeding 50 PEs in both channels. Such results reflect not only their geometrical proximity but
also shared light paths for photons produced in typical cosmic muon events. The resulting
coincidence maps, shown in the following figure, serve as an additional benchmark for validating
the simulation’s geometry and photon transport against real detector data.

Coincidence rates (data, threshold = 50 PE, AT = 100 ns) Definition and construction.

For each event we formed the list of PMTs whose calibrated charge exceeded S0 PE (we use the
Ch2—Chl conversion derived earlier to avoid saturation). For every unordered pair (i,j) in that
list, if the pulse times satisfied

|ti-tjl < AT = 100 ns,

the pair was counted as a coincidence. The per-pair rate was obtained as
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where Nj; is the number of coincidences and Ty, is the data livetime. Statistical uncertainties are
Poisson,

o (ry) =L

T live

The heat map is a symmetric 16x16 matrix (diagonal omitted), with PMT IDs on both axes and
color indicating coincidence rate (Hz). The black horizontal/vertical lines divide the module into
upper (top-right block) and lower (bottom-left block) hemispheres; the off-diagonal blocks
correspond to cross-hemisphere pairs which have key observations as

- Nearest-neighbor enhancement. The largest rates appear along bands near the diagonal within
each hemisphere, reflecting geometrical proximity and shared photon paths.

- Example pair. The PMT 15-PMT 07 pair in the lower hemisphere reaches ~ 0.3 Hz for the 50
PE threshold consistent with them being adjacent in the layout.

- Cross-hemisphere suppression. Pairs that span the hemispheres generally show lower rates due
to reduced mutual acceptance and internal shadowing.

- Module symmetry. The matrix pattern is approximately symmetric between the two hemispheres;
rows/columns with noticeably higher or lower rates would flag potential channel issues (timing
offsets, gain mis-calibration, or partial occlusion).

Coincidence mapping complements single-channel charge spectra by probing spatial and temporal
correlations of photons from the same physical event. The observed structure agrees with
expectations from the module geometry and with the Geant4 photon-transport model, providing
an additional validation of both the detector and the simulation. In practice, this diagnostic is also
useful for channel-mapping checks, relative timing calibration, and QC: anomalous PMTs would
appear as broken symmetry or outlying rows/columns in the matrix.
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Fig 23: Coincidence rate matrix for LOM-16-01
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Shows the coincidence rate between all 16 PMT channels of LOM-16-01, using a threshold > 50
PE and a time window AT = 100 ns. The X and Y axes correspond to PMT IDs. Darker colors
indicate higher coincidence rates (up to ~0.35 Hz), while lighter colors represent lower rates.

Black lines divide the upper hemisphere (top-right block) and lower hemisphere (bottom-left
block) of the module. Higher values near the diagonal correspond to PMT pairs that are physically
close, making them more likely to detect photons from the same event within the coincidence
window. A clear example is PMT 15 — PMT 07, which shows a rate of ~0.3 Hz due to their close
proximity and shared light paths.

Fig 24: PMT layout within the module

This layout illustrates the physical arrangement of all 16 PMTs across the module’s two
hemispherical sides, providing spatial context for the coincidence matrix in Fig. 22. Each
hemisphere hosts eight PMTs arranged to maximize angular coverage. Comparing this geometry
with the coincidence patterns above reveals how physically adjacent PMT pairs—such as PMT 15
and PMT 07 on the left hemisphere—exhibit higher coincidence rates due to their proximity and
shared light paths.
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Fig 25: Coincidence rate matrices for six LOM-16 modules
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Coincidence rate matrices are shown for six tested LOM-16 modules (LOM16-01,
LOM16-02, LOM16-05, LOM16-06, LOM16-07, and LOM16-08). Each matrix displays the
coincidence rate between all possible PMT pairs, calculated using a threshold of >50 PE and a
time window of AT = 100 ns. The X and Y axes correspond to PMT IDs, with darker colors
representing higher coincidence rates. Black lines divide the matrix into the upper hemisphere
(top-right block) and lower hemisphere (bottom-left block) according to the physical PMT layout.

Higher coincidence rates are typically observed between PMTs that are physically adjacent
or share overlapping light paths, producing values near the matrix diagonal. For example, several
modules show strong coincidences between PMT pairs such as (15, 07) or (02, 03). Variations
across modules reflect differences in optical coupling, PMT sensitivity, and assembly tolerances.
Notably, LOM16-06 exhibits an unusually high coincidence (~0.7 Hz) for the (15, 07) pair,
suggesting exceptionally strong optical cross-talk or higher localized photon yield in that
configuration.

After establishing the coincidence matrices for all tested modules, we selected specific
PMT pairs of interest particularly the polar pairs with the largest angular separation to further
investigate the dependence of coincidence rate on detection threshold. By varying the integrated
charge threshold (in PE) and recalculating the coincidence rate for each setting, we transformed
the two-dimensional coincidence information into a one-dimensional functional relationship
(Threshold vs Coincidence Rate).

This transformation allows for direct comparison between data and Geant4 simulation,
providing a quantitative validation of both the PMT optical alignment and the overall module
response to vertical muons. In addition, the resulting curves highlight performance consistency
among selected PMT pairs, reinforcing the reliability of the coincidence-based testing approach
for large-scale mass production.
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Fig 26: Coincidence rate as a function of photoelectron threshold for selected polar PMT pairs in LOM-16-01.
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The four colored curves represent measured coincidence rates for different PMT pairs located on
opposite poles of the module: PMTs 14 & 15 (blue), PMTs 12 & 13 (orange), PMTs 10 & 11
(green), and PMTs 09 & 08 (red). The black curve shows the corresponding Geant4 simulation
under vertical muon illumination, incorporating standard energy loss and multiple scattering
processes. Error bars indicate statistical uncertainties from the event counts. Across the threshold
range, the measured coincidence rates of all polar PMT pairs are close to one another, reflecting
the expected symmetry of the optical module response. The simulation results show reasonable
agreement with the data, particularly at low to moderate thresholds, where the muon-induced
Cherenkov light yield is high. At higher thresholds, the rates for all pairs drop sharply due to the
reduced number of high-PE events, a trend also reproduced in simulation. These results confirm
that the coincidence-based vertical muon detection method can serve as a practical and reliable
diagnostic for module performance in the mass production phase.

Fig 27: PMT pair configurations in the LOM-16 module used for coincidence analysis. Colored dashed lines indicate
the pairs selected for vertical muon coincidence measurements (red and blue) and other geometrical pairings (orange
and green). PMT numbering follows the standard IceCube LOM-16 scheme.

ata_muon_run_lom16-01

LOM data_muon_run_lom16-08

Fig 28: PMT pair configurations in the LOM-16 module used for coincidence analysis. Colored dashed lines indicate
the pairs selected for vertical muon coincidence measurements (red and blue) and other geometrical pairings (orange
and green). PMT numbering follows the standard IceCube LOM-16 scheme
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Vertical-muon coincidence rates: from layout to threshold curves - Geometry & vertical pairs: The
PMT layout drawings (upper panels) show the two hemispheres of the LOM-16 and the four polar
PMT pairs that are approximately aligned with a vertical track through the module. The dashed
guides indicate the two vertical meridians on each side. For the left hemisphere the relevant pairs
are (08,09) and (14,15); on the right hemisphere they are (12,13) and (10,11). These pairs are
chosen because a vertically down-going muon that intersects the module is most likely to
illuminate both PMTs in a pair with comparable light yield and timing.

From matrices to rates: Starting from the coincidence matrices (AT = 100 ns) introduced earlier,
we extract the elements corresponding to each polar pair and evaluate their rate as a function of
threshold. For a given threshold T in photoelectrons (PE), a coincidence is counted if both PMTs
in the pair record an integrated charge > T within the 100-ns window. The rate is then

Ny (T)
L

Rij(T) =

Where N;; (T) is the number of qualifying coincidences and L is the live time after dead-time and
data-quality cuts. Charges are expressed in PE by applying the Channel-1 gain (from SPE
calibration) and the Ch2 gain obtained from the Ch1-Ch2 charge-correlation fits; saturated Chl
events are therefore recovered via Ch2. Events with pathologies (e.g., ADC overflow in both
channels, or waveform quality failures) are removed.

Threshold scan & uncertainties: We scan thresholds from 20 to 160 PE. Statistical uncertainties
are computed from Poisson errors on N;; (T) and propagated to rates. The error bars shown on the
Geant4 prediction also include a systematic band from the flux normalization (PDG), the muon
angular spectrum, and photon transport uncertainties.

What the curves show: The lower panels plot R;(T) for each polar pair and for each of the six
LOM-16 modules. Several robust features appear

- Monotonic fall with T. Rates decrease as the minimum required light yield increases, as expected
for a steeply falling energy / light-yield tail of through-going muons.

- Pair-to-pair consistency. The four polar pairs per module track one another closely across
threshold evidence that the two hemispheres are optically and electronically balanced after the Ch2
cross-calibration.

- Module-to-module repeatability. Curves from different LOMs are similar within uncertainties,
indicating stable assembly and calibration across the first-deployment batch.

- Data vs simulation. The black curve (Geant4) reproduces the overall shape and normalization
from ~20-120 PE.

Small deviations at the highest thresholds are consistent with residual modeling differences (e.g.,
idealized surface optical properties, unmodeled electronic noise, or conservative data quality cuts).

Why this diagnostic matters: Compressing a full 16x16 matrix into four vertical-pair rate curves
turns the coincidence topology into a production-friendly metric. For FAT/QA you can define

a2



&l

‘,’ék‘ 518974 TasanstinAnwiniaggfauvawedunansaliiamsluledfay Uszdnt 2568
A (@ - T " =
N Yo-aina s3suini e13Reg

‘ 41491981 FUd 31 nauA1AY - U 1 Bewnau 2568

simple acceptance checks—e.g., rate at 50 PE, slope in the 40-100 PE region, and a ¥* (or
fractional deviation) to the Geant4 template—to rapidly flag modules with optical asymmetries,
mis-gains, or underperforming PMTs. The agreement among the polar pairs and the reasonable
data—simulation match demonstrate that (i) the Ch2 gain determination via charge-correlation
works in practice, (ii) the coincidence timing and charge thresholds are behaving as designed, and
(ii1) this measurement is a strong candidate for a mass-production QC checkpoint for IceCube-
Gen2 LOM-16 modules.

Discussion

The muon-based validation method for LOM-16 demonstrated in this work shows strong potential
as a reliable and scalable quality assurance process for the IceCube-Gen2 optical modules. The
coincidence matrix analysis, derived from data collected in controlled laboratory conditions,
exhibited clear patterns consistent with the geometry of vertical muon tracks. The polar PMT pairs
produced nearly identical coincidence rates, while the agreement between measured and simulated
rates was within acceptable margins, indicating accurate modeling of both the module geometry
and the muon angular distribution. One notable advantage of this approach is its practicality for
production environments. Unlike calibration methods requiring specialized light sources, the
muon-based test utilizes naturally occurring cosmic muons, eliminating the need for complex
hardware setups. This enables testing at any location and time, with minimal operational
downtime. The method also scales effectively — the same procedure can be applied to tens of
thousands of modules in a large-scale production scenario, aligning with the anticipated
deployment requirements for IceCube-Gen2.

From a detector physics perspective, the sensitivity of this method to vertical muons is particularly
valuable. The geometry of the coincidence matrix enables the identification of signal symmetry
across opposite PMT pairs, providing a strong indicator of module integrity. Furthermore, the
charge correlation analysis between PMT channels allows for precise cross-validation of gain and
dynamic range, enhancing diagnostic capabilities during production.

However, certain limitations should be acknowledged. The method relies on ambient muon flux,
which may vary with altitude and environmental shielding, potentially affecting data acquisition
time in heavily shielded environments. Additionally, while effective at identifying major defects
or asymmetries, this test may not detect subtler optical or electronic instabilities that do not
significantly alter muon coincidence rates. Complementary tests, such as controlled LED pulsing,
may still be required for full characterization.

Looking forward, integrating this muon-based validation into the IceCube-Gen2 mass production
workflow could provide a standardized, low-cost, and scalable quality assurance procedure.
Combining this with automated data processing pipelines could enable real-time module
validation, reducing bottlenecks and ensuring consistent detector performance in the field.
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Conclusion

In this work, we developed and validated a muon-based testing method for the IceCube-Gen2
LOM-16 optical modules. By exploiting naturally occurring vertical cosmic muons and analyzing
coincidence rates between polar PMT pairs, we established a practical, non-invasive approach to
evaluate module performance without the need for specialized beam facilities. The method
integrates both experimental data from multiple LOM-16 units and Geant4-based simulations,
demonstrating consistent coincidence rate behavior across modules and good agreement between
measurement and model predictions. This testing framework offers several key advantages

- Anywhere / Anytime operability: The method requires only basic shielding and triggering,
allowing deployment in laboratory, production, or field environments without dependence on
geographic location.

- Scalability to mass production: The procedure is efficient, repeatable, and adaptable to large-
scale module validation, making it suitable for the quality control of over 10,000 optical modules
anticipated for IceCube-Gen2.

- Early fault detection: Coincidence rate deviations can be used to identify PMT or electronics
anomalies before deployment, reducing operational risks and maintenance costs.

The demonstrated agreement between data and simulation confirms the robustness of the approach
and its potential as a standardized quality-assurance step in the production pipeline. Beyond
LOM-16, the methodology can be adapted to future module designs, such as LOM-18, and to other
large-scale neutrino detection arrays. This work thus represents a significant step toward ensuring
the long-term reliability and performance of the next-generation IceCube detector.

Future Work

Building upon the demonstrated feasibility of the muon-based validation method for LOM-16
modules, several directions for future development are identified

- Optimization of Coincidence Threshold Settings: Further refinement of coincidence threshold
values can improve signal purity and detection efficiency, particularly for modules deployed in
high-background environments.

- Extended Simulation Studies: Conduct higher-statistics Geant4 simulations incorporating full
ice/optical scattering models to better replicate South Pole deployment conditions and validate the
robustness of the method under varying noise and muon flux scenarios.

- Integration with Automated Test Benches: Develop a fully automated data acquisition and
analysis pipeline to enable continuous, hands-off module validation during mass production,
reducing turnaround time for >10,000 modules planned for IceCube-Gen?2.

- Application to Other Optical Module Designs: Adapt the method for next-generation optical
modules with different PMT layouts or electronics, ensuring the approach remains flexible for
future detector upgrades.

- On-site Deployment Trials: Conduct field tests at the South Pole and other relevant sites to
verify the “Anywhere / Anytime” capability, including performance in extreme temperature and
pressure conditions.
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- Long-term Stability Monitoring: Extend the method to periodic post-deployment checks,
enabling early detection of module degradation over years of operation.
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Day 3: June 2, 2025 (Monday)

NL3UEY IceCube Summer Student Program 2025 a28n150UTU IceCube Summer School 2025

Date Time Details Categories Contributors
Prof. Francis
09:10 - 09:50 lceCube Science Physics
Halzen
Detector and
09:50 - 10:30 lceCube Detector Dr. Jim Braun
Calibration
Monday 2 , . ) Dr. Baha
11:00 - 11:40 Neutrino Physics Physics
June 2025 Balantekin
13:00 - 13:40 Cosmic rays Physics Dr. Paras Koundal

Beyond Standard Model Physics

13:40 - 14:20 Physics Prof. Dan Hooper
with lceCube

14:50 - 15:50 Introduction to Python Workshop Alicia Mand

Topic %dn 9 ve33uiiAan1s Introduction Wigifu IceCube Neutrino Observatory Tagi3usiaus
WFaEnsues lceCube 1ay Professor Francis Halzen, Principal Investigator 984 IceCube Neutrino
Observatory, Detector and Calibration U84 IceCube e lawwamnsluns applied Engineering
Conceptual AU Instrumentation Engineering Tun15n91930 Astroparticle 1m® Jim Braun, Neutrino
Physics 1ae Dr. Baha Balantekin waz Cosmic rays lag Dr. Paras Koundal, Beyond Standard Model

Physics with IceCube lngl Professor Dan Hooper, Director of WIPAC, wazUavinasig workshop:
Introduction to Python Iag Alicia Mand
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Day 4: June 3, 2025 (Tuesday)

Date Time Details Categories Contributors
Winterover: Life at the Detector and
09:00 - 09:40 Dr. Yuya Makino
South Pole Calibration
09:40 - 10:20| Cosmic Ray Anisotropy Physics Perri Zilberman
Diffuse neutrinos - from
10:50 - 11:30 Physics Prof. Lu Lu
TeV to EeV
Tuesday 3
Detector and Prof. Justin
June 2025 [13:00 - 13:40 Detector Physics
Calibration Vandenbroucke

Software and

13:40 - 14:20 GitHub Talk Jessie Thwaites

Computing

JupyterHub, NPX, Grid,
GitHub

14:50 - 15:50 Workshop Jessie Thwaites

SuthduTunanaus lceCube Summer School 2025 LipnnTudazisuadniuniniunsn lng
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WAz Monitor N13vn9uaes Field Station aaeavisl Fead1s Inspiration Tiiuaulueg1aun msgaae

ASTUIUNSAALADNTLIUTY UFeLaztng ATl UNISRAITUN ANUTINIEYDIENINDINIATEINARDTING

1%
=

[ 1 a a N 14 = fa 1 ' ¥ [
MELazNISNY - laglangegwgy  dudendilants o MIYLIUAISAN VlﬂEJEJNEJ@ﬂJﬁ?UL‘U‘U

ANINLINGOUNFNTALALUNATY
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Vandenbroucke wazlanianian1s Workshop a1u Software 9814 GitHub / JupyterHub / NPX / Grid
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Day 5: June 4, 2025 (Wednesday)

Date Time Details Categories Contributors
Angelina
09:00 - 09:40 Multi-messenger Astronomy Physics
Partenheimer
Nicholas
09:40 - 10:20 | Astrophysics of Compact Objects Physics
Chamberlain Stone
Wednesday 4 SNe Progenitors as Sources of
4 10:50 - 11:30 : Physics Mukul Bhattacharya
June 2025 GeV-PeV Neutrinos
13:00 - 13:40 Neutrinos in Radio Waves Physics Michael DuVernois
Software and
13:40 - 14:20 IceTray Talk Hannah Erpenbeck
Computing
14:50 - 15:50 I3 File Tools & Steam Shovel Workshop Hannah Erpenbeck

Y
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Day 6: June 5, 2025 (Thursday)

Date Time Details Categories Contributors
09:00 - 09:40 lceCube Event Selections Data and Analysis Zoe Rechav
09:40 - 10:20 lceCube Analyses Data and Analysis Emre Yildizci
Detector and
10:50 - 11:30 lceCube Upgrade Talk Prof. Albrecht Karle
Calibration
Thursday 5
) 2025 Machine Learning and Neural
une 13:00 - 14:30 Workshop Josh Peterson

Networks

Charge Collection, Digitization,
Detector and
15:00 - 15:40 and Processing / Filtering at the Miles Garcia
Calibration

Pole

Fui 4 w84 IceCube Summer School ey Talk Jutlagiiu applied 1nu Ingazyadsluil Data and
Analysis tJundn

lceCube Event Selections a8 Zoe Rechav eSuiefianszuiumsidenvinnisal (event
selection) A nUayaduiileain Field Station ¥89 IceCube iionsadlviviiowd signal Mitaula 1y
neutrino candidate wagdn background eonlU (WU mMuons 970 cosmic rays %38 Dark Noise 911

Signal Background) lagld filter wag reconstruction algorithm Lialunueg signal iU noise

ceCube Analyses lag Emre Yildizci WueSungifeafuuunaansmsinsgideyaisdn
Na41N event selection 1Y AITMAANNUATWAIIUVDY neutrino TulAaztIsang / A13a318 sky
maps teldlunsmeuduiusiuuvasiuia (point source, diffuse flux) K1UN1FIATIERLLLLIMNG
$19 ¢ WU Search for astrophysical neutrinos 38 Multi-messenger coincidence analysis (32311U

gravitational waves %398 gamma-ray bursts)

IceCube Upgrade Talk 1 Professor Albrecht Karle Fadu Director v9 IceCube Upgrade
Project Bsaziduns Talk 1fignfiu IceCube Upgrade #adiun1sinss hardware Il (1 LOM-16, LOM-
18, mDOM, DEgg) Lﬁ@ﬂ%'uﬂ‘;ﬂ detector sensitivity lnggauiunns calibrate DOMs sulus (light yield,
timing resolution) shufisnsinga Long-Optical Module (LOM) W1 16-Series uaz 18-Series 39a¥UTy
analunsnsadn Low-enerey neutrinos tinmnlugasaned 2025 ialanld sawfunswseuszuuln

9uiU software pipeline ihnlaag1eiiuse@nsninuindu (Integration)
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Machine Learning and Neural Networks Tag Josh Peterson &u8u 1 Tu Part fid1dqydnsu
nsldimatianiesnu Al 1 neural networks Tunsiiasigvidesa IceCube nganunsauszgnaldlaaeng
nanay M UIUNANN 9 WU 1UESU event classification (11U Len neutrino flavor) / Regression
Analysis (Uszanamndany, firma) videusingzsta Anomaly detection (Fumimmmsaimenn)

Charge Collection, Digitization, and Processing / Filtering at the Pole 1ag Miles Garcia R
\unsesuisiieaiunsyiuves DOMs fitalanld loiun meudszaain PMT (photo-multiplier

tube) , nsuUasdeygral analog — digital (digitization) $2u09015%11 signal filtering LUssAULBARLEDN

o w 1 1 [y

dyayreu / Teyaddynaudandului North data center

<

A9n353 Social Event 929.§ufl The terrace
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Day 7: June 6, 2025 (Friday)

Date Time Details Categories Contributors
Juan Carlos Diaz
09:00 - 09:40 lceCube Simulation Data and Analysis
Velez
Friday Detector and
09:40 - 10:20 | IceCube Calibration & Ice Models Dmitry Chirkin
6 June 2025 Calibration
10:50 - 11:30 Event Reconstructions Data and Analysis Tianlu Yuan
13:00 - 14:00 Diffuse Exercise Workshop Jesse Osborn

Jufl 5 993 IceCube Summer School 2025 &auilaziduniseusuluiugavineves Summer School

lceCube Simulation lag Juan Carlos Diaz Vélez tusdu1eigniu N1531a8wman1Tel
(simulation) {Wudwddglunsvhanudilanisnevausses IceCube Detector AOBUNIANGIUEY
Wy Twislusaziiteay legld Monte Carlo methods tieas1amnnisaldnaeantnalAesiuAINas

iwsesllalitglviannsaimuuasnageudanesiudmsunsin e iteyadsdlaatnauniugn

lceCube Calibration & Ice Models Tag Dmitry Chirkin L ua§ unein 87Aun1s calibrate

detector uazn15WauI Ice Models twilavaanisiinrudeyasnn IceCube DOMs Udstlante

Lilddudediaduane (anisotropic medium) nmstdrlanisnszidwaznisganiuvesuasnigluuiuds

(using models such as SPICE) §aidudedndu 1esandeswmsiagounisuassnasvad light source
| ~ 5 v a A Y a I3

A8ty module wazN1TLNINIZIBVBILNADULNE A LUAAUBIUILT IETIDUNANTIUAWNDTI Bzl

sINgudAYreNTIMTEitayaly IceCube-Upgrade Project %30 IceCube Gen2 sialulusinan

Event Reconstructions Iag Tianlu Yuan @39zuiunisvensnnuifientu Process 183a1nn1g
Audeyauaz calibrate gUnsal N3 reconstruction ey finlasdyiui DOMs asraduldidu
Toyan1aWdnd LWy MAN1e a1y wazvinvedaunia 35113 reconstruction ATy 1y
SplineMPE wag Paraboloid fit ¥3glviaunsaszufianisnisuivesimilulaegrauiugn n1susulss
DOMs sulysiogna LOM-16 §9il photomultiplier tubes (PMTs) uagszuu calibration nelu azdaean
uncertainty T reconstruction wazgnszAUAMUEINITOVD algorithm T9YI91Us 23U U Module 1a

28198Us AN N NUIND 9T

Uavi1ea2e Diffuse Exercise 1ag Jesse Osborn 1un1s workshop Wi gaiudiasiey diffuse

neutrino flux \ugunilaves multi-messenger astrophysics daiuluinisdinwnisuassdmiluain
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wiasnilansgane (diffuse sources) luenan 1319wy supernova remnants %38 active galactic
nuclei N15 workshop ﬂ%ﬂﬁ%[ﬁff IceCube data tools 1l 8314 sky maps kazanN15nU background
events Wislianunsauendayaaaieonyild Tusserenanig calibrate LOM-16 wagnns integrate 1
dazvuaseliiannsonsaduimgnsaifovlundsnuasldos s avsnmiy

M&R1neUsY Summer School w@8adu ruwaziion 9 lu Summer School léuenéhefunduds
fivn (esarnvane 1 audoafumendulutugety udnuldaefuns Dr. Karle Tezegsoiiosenuriu
Advisor / Supervisor fimanuuagdpadilutisnusenasnyae Summer §3p371 4 Dr. Karle Aldudainy
98¥M9U5WAU LOM-Team 91 IceCube Lab, Chamberlin Hall m&ﬂéfﬂﬁ@JLLasum Christopher Wendt

ke Yuya Makino

n&anntaselaiuuin Or. Karle Aldnmalunudy Dr. Wendt (@searniazvooygnifendy
Chris) 1l discussed iigrfunufinuazaiunsa support LOM-Team lélunaentas 2 ioundani
LazteannNLLIRIn background #1u Mechatronics and Automation Engineering fiaunse support
Aulsvarnvanggduuu ldiamgludiu Hardware waigssaudis Software, Data Analysis Wag System
Integration 1114 Dr. Karle 3alvinuly discuss afunis Chris wag Yuya g1 direction YoIWURADN
summer 1 asidululufianielngsazaiuisaass Benefits way Impact 18U LOM-Team uaz
lceCube I¥undiga Tag Chris lefansndlu discuss 20U Yuya i sndsluudunsa 9 June 7
Chamberlin Hall Litellédoagusanriu

Ingndsainaseuiu Chris w59 Tudndunuldnduiedluivaeuyn uazldeaniseanidanig
Tugraduiiiodsiadios lngldidunis West Campus 813luauiisuau Dudgeon-Monroe wagluauil
James Madison Park ndundusnmueumsifun Terrace lngseaen1esad q 517 10 — 15 km. Fevile

HuAuLAULEUNIangly Campus wag Downtown 1MNE4UY

NiLay Dr. Wendt
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Day 8: June 7, 2025 (Saturday)

Sufilutuians uamaaoslumuemsisuemnsauusna State Street Lﬁaqmﬂaeﬁﬁm 1
week wardslildmusmsussanefionaouiudiiomer  Sdldvmaosiunu  @ssranfldunaun
930y Tuddlieezsie) wasnd@InmIuEse MufRunduss Memorial Union Lilewsseusaii
Presentation Tun1sinausUszaun1saifilésuain lceCube Summer School 2025 wioslulenadiviny
DNNSUR UNINYIEBLTLSINL A.AT.UN. WYY ASUAUTAALNAR (81915INIWUSNY) LAaTANE FELAUNIIUNT
asAusiletiu University of Wisconsin-Madison uwaziBesmuaanuiiing q aeluawiinerde
BN IceCube war WIPAC #ie 39lutngwesn1sussensaes IceCube asinisussensiisniiu
IceCube Summer Student Program wazdl Short-Session finugiasdnsinusseneuasuszaunsaiiiuies

[~ Y §al £ o o o = & o
LUUIULEITN Terrace (%ﬂullﬂ‘\]SSJTLN‘WﬂN@u‘UiL'JZUULUUQ’m’J‘UN'm N
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Day 9: June 8, 2025 (Sunday)

o X A v Y a a a ! a 19 o o A
'JUUNNG]ULLG]LﬂquLagbL‘UVnu@'TVi'ﬁHﬂ‘V] Four-Lakes Market (AUDUMWAN ADULAULIINUIUININIUN

Memorial Union tiauU3ulf Presentation ntdntiognauddiiunienanseisinsal amsunistiaus

Tutungell Inegarsurelipumadnluds Downtown Usaas Mifflin West iiiedevasdldifiuiantes nou

WUNAUNNTIYN9UN Terrace Anlut19U18 LNBLASUAMUNS DUAMSUNSSUNUTUAUAAT 2

NICHOLS
STATION \

FOR RENT

3040

UT38111ATO9 Madison (37U Jazz Man, College of Engineering, Nicholas Station & Camp Randall)

59



31897 TasanstinAnwiniaggfauvawedunansaliiamsluledfay Uszdnt 2568

= v ¢ a ¢
Ya-gna 535301 81Fey)

41491981 FUd 31 nauA1AY - U 1 Bewnau 2568

Day 10: June 9, 2025 (Monday)

Fuina3usuusidunmudng Four-Lakes Market iosndesiumslunansd Buanluag
U Chris waz Yuya 71 IceCube Lab, Chamberlin Hall %33 10.00 w. uay 13.00 . dosllinSons
present lugaaunesadl WIPAC Tnendsannmuenmsidiads maduduluds iceCube Lab wudl uwazldny
iU Yuya Wwag Chris Ingan discussion Lﬁ'a’i’uﬁﬂ%ﬂin 5 Chris W8 Yuya lﬁLdﬂﬁmmﬂﬂﬁiaﬁmmuﬁﬁag
naull

1. 3ufia1uusn Ao LOM-16 %1 10 &1 Tndazuseneuadadund) ua 6 52 (LOM-16 00-05) nau

Mawgnasly deploy 71 South Pole TutisUaneUil waga1nnis Testing ¥ed Yuya Tu Freezer wuanlasu

=

Data LAenfiu Parameters 14 9 999 Testing Results 1ntdus1uauann 1y Single Photoelectron (SPE),

Cosmic Muon 8% dNTIUIUNIN

2. 9381 data 7il§5Ua N validated waz calibrated Waveforms Signal L‘ﬁaﬂismaﬁmﬁyﬁm
(Signal Processing) wae Status n15v191uwes Electronics Board nnglu LOM-16 dsasiiendadinensy
iU components #14 €| laidnazdu DAQ System, Analog-to-digital converter (ADC), FPGA, Micro-
Base $1u8l4 High-Voltage Power Supply (HVPS) Ing Data ﬁﬂﬂdngﬂlﬁéjgﬂﬁﬂﬂ Analyze Wi $au
n3Useiiu Performance ¥a4 Hardware &alanddng 9 dwsunaas Ao sewing 11 Data Wiasievise
U TALiN159IUee Hardware 1174 Electrical & Electronics uagidenduluu? ffelanddl Chris

% o 13 ] | [y P I & [y o Y v
e Yuya UOULYNY LAZAINBUTDINLALEUBLTUNY A lEONTIdBIeUASY (W‘J@LLa']W]Lﬁ'W 5555)

3. Miumuese Chris vendunudt uldldenniingyvisaesnuliiasaauysallussesiaid

S

ARt edALEY 2 1haw wiludionuasniil wsizariuniianudululafiazass Integration Mvapasu
dWeneiu eedanulanunidadu Main Jsdmeurefiannfs nudenyin Data Analysis Wusiuman
(Y} a ¢ < a P 1 Y v (%} v
AIUATUNITIATIEN Hardware Wuauasy Tngnengnumanuienlossening 2 vudhmeiulile
W91% Yuya & Muon Data Wuduauanndilasuainnns Testing LOM-16 set wsnlu Freezer §1uauann
wazu1azAnUsElevguINnNI1a Dataset 31uUINNlASUNITIAIIEALAY Classified pg1adussuy Wi
Uszlllulseansnmneun lceCube azastiuly deploy # South Pole Tugudil

4. uagdn 1 wnfeulasyu Assigned Aamsludie Yuya Useneu LOM-16-09 fgavingves

Series IceCube Upgrade Project 71 Physical Science Lab (Wauaiwuan) 3adudsmsiimunziais sz
< a (Y] . =3 a (Y] v .

97U assembly LWWUNLYANIZAY Engineer LUUNLNNN ¢ LAZNULOINARNAADYNU stuff A1 Mechanical,

Electrical, Electronics {unuidneguas nsfinuldidundudrumilsves Project # §311ag support uaz

o w

IULUIUINITEAN Yuya Uay Engineer Team 91 IceCube Lab, PSL laegsiitiadfgy
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waneeuEsaseuios waglddeasy nualamaunidlundoudu Yuya weluga WIPAC dmsunis

w3ew present Tugasuie Inelsseladnin m19e19159951050] 019159RTNA LAz A9.99a51 NlATWIN

€4 WIPAC wiaufiuanansdnadinuduasinauumine1duedvg uaziing Delegation Ceremony

uupn sauasaaulutsszana 15.00 w. wazynegananiululiedsnuiuiaziiuluimes

Wana1nLE59 Delegation Ceremony Faatfiu 155waa Teimn wu wagdl 9 vinuduluvuemsidud

Taste of Sichuan fMA1AN5E1NTIU USIINY State Street Falu Original Food Tuuuulaniu Lazesey

1A 9 wasnududuguindmdaznataduiulssivemunasaind
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ANUTTENIANISUEURUSTAUNITR IceCube Summer School 2025
Day 11: June 10, 2025 (Tuesday)

Suthiuuidnninfudntosfionmudng 4 Lakes Market uazse Yuya induiiioidumaly
&1 Physical Science Lab lutsUszanas 10.00 u. ifiosaniuil meeasdnsdidnduazrae sziums
TUonw PSL waz Yuya dedly setting IceCube Lab ilasafousu Inefinundugnile Tnefuiimaenaw
winendededlmlandouay Lab s 9 anglu PSL #i support experiment wag Project #ng ¢
Usznaunie IceCube Upgrade, IceCube Gen2, Deep Underground Neutrino Experiment (DUNE),
Wisconsin HTS Axisymmetric Mirror (WHAM), Askaryan Radio Array (ARA) wasdoum Drilling
Operations 93104 Utilities Systems #1199 Aua16U

vinEdEunsiTiugud faetnensldiumandurndeniu Yuya Tneisndeis LOM-16
$11U 2 FAnduin testing WMALT IceCube Lab, Chamberlin Hall wag Yuya léd@ssegns Data Files
%84 Single Photoelectron wag Cosmic Muon W5ay Prototype 183 Python Script fildfdnsuiiasz
data flananulvinuaesiinw wieuiuteyadiag1an1sAnen Factory Acceptance Test (FAT) 484 LOM-
18 lpy Professor Nobuhiro Shimizu 910 International Center for Hadron Astrophysics (ICEHAP),
Chiba University Lﬁ@lﬁﬁL“fﬁJuLLuawMuﬂwﬁmeﬁaga

N s L\\\\

NURU Yuya waz LOM-16 fitdaviinasld Cabling flouasludi South Pole #i Physical Science
Laboratory (analng Professor Albrecht Karle)
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Day 12: June 11, 2025 (Wednesday)

[y

FuiJuTuusninusueu Tnewsd Chris uag Yuya aguaninliddl Schedule aaflunisidnay ue
muden set 130 09.30 u. asdunansuaudmsuadlunn q Fu Wiesnnuudesnsldiaannier
contribute fuiin waz project Muulasunaunungliilauniian uwaziulivudyduiun Members vos

yn7iulu IceCube Lab agiuniount laglu Lab nuaun@nivinaueglugie Summer i viaviun 8 au

Tein

- Christopher Wendt = Senior Scientist IceCube Lab Supervisor

- Yuya Makino Assistant Scientist lceCube Gen2 DOM R&D

- Hannah Erpenbeck Ph.D Student in Physics lceCube Pencil Beam Project

- Britta Thompson Post-Grad Student IceCube Optical Module Project

- Jay Tang Undergraduate Student lceCube Pencil Beam Project

- Finn Novac Undergraduate Student IceCube Optical Module Project

- John Rader Undergraduate Student Cosmic Rays Summer Program (Chris)
kaeiNd Pound Thammarat Undergraduate Student lceCube Gen2 DOM R&D

Imaw:uL'%Mé]’uawﬂﬂﬁﬁﬂwﬁauﬂalﬂmamﬁ'mﬁu Cosmic Muon , Structure of Python Scripts ,
Data Structures & Frame lnggnsdsannnisanyues Prof. Nobu wae Simon Pick dandsanntulévinnis
18 Program HmetuluUszananauy Platform Google Colab Wag JupyterNotebook LWs1zABINS
NadauUsEaNSnINLay Workload veslusinsuluaniizsis 1 Analysis Function, Plotting Function
safen1sfinw Reader Classes Alilunseulwd data Fafuliidguuuy hdf lagannisvaaes run
orogram Ifdesduadoudy  Sownuliiesldnassnn 35 Su lunsfinwuazvedeu

environment A4 ¢ NBUALYIINT insight wag design experiment 8u ¢ W lUNLRLEIGU
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Day 13: June 12, 2025 (Thursday)

TuSuirnududrmiiowdn wazlumuemmsdni 4-Lakes Market Aewasiiumsluyhauniaund
whfiuiuAenaasseniuilii Peet’s Café 71 Discovery Hall wieynaowu wardsiinuseuuin 9 fe
Dark Roast Coffee (muwdaitiu) flanssil texture fidunn 1 duwazviude wihedududy aindud
dundluviausiedl Chamberlin Hall snuunf wazdefindsiidaunaléfe aufiidadunn o slafinuluds
10.00 w. , 11.00 awioudissiuds Ssldillasunvhaiu (@1adeay Un-Scheduling) Sewilinnsidna
veenAY flexible 111N 9 (@ufunnuaeainiasnszroIuiazaL) LSRN HuTBY IceCube Lab 7
Chamberlin Hall 30 9 ws1zussenmeatumiioutu Lab finadvwesmuiiannnseds fnduensves
Ay Workshop Space wuugiay 9 wawll mechanics devices 9nog9AsUSIU WINzAU Engineer
BENHUUIN 9] (WAKAINTE 555) Fawuftazyhanureadeatuiu Jay NN Tuvauedl Jay lUTswdie
U§ulss Pencil Beam wuflaziissuldnagnsedumuiiatng uasvdannidnauiul drafu mee1ansé:
5sal uaz ennstasana levusilumuemnsiduiituryusnalnd 9 #u Lake Monona fhefu
weineluiuandi 16 Do, § meenstinnsal e9sdRsand wariluuminendodedy few

AUNIINAUKA

wosoene ||
T

|
E T
sy,
. ”; S ™,
0O | ke Cube: Extreme En, ]
— ‘ er
N hnm(ud,fmeme Scr?r{‘(e'

US3INIANISY91UT 4206 IceCube Laboratory, Chamberlin Hall
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Day 14: June 13, 2025 (Friday)

fuinafiuaednios osnndusnluraadniln vhiomumdumau Wardusauniinivan 5555)
uilumue il d-Lakes Market mwdn@ 91niufiwazde Power Drink ves Starbucks #ilé
Chamberlin Hall wazuSuiAduluna Planning Al HUUSUUSE Script Auanansasulig wag
anans0fetoyann Dataset ponuLfienAad plot Parameters #1a 9 lémmd Yuya leuuztiun favdn
7 WHALISUAUINNNIANET Charge Distribution ¥a9 Single Photoelectron titelidnlangfinssuves
aumﬂma"nfmﬂﬁu feuawisuAnw Cosmic Muon e8199398s uenndudsfesinanudlafiss
\Aefu Hardware Layer wag Effect 983 Electronics #nd 9 03 LOM-16 sfudianudenlasiiu

WgANIIUVR4 Single Photoelectron (M3auiingevia Muon lueunan) aeels?

Tnendannasaalugandu Jay Twwada Uber TUds TJ Mall Usias West Town w5140
sioamsludeuideinlmilagldveliuluriedon Twdmnsiiudeutuey 2 42las dmoufe wlalld
usnaldny 5555 Tnenalddenainanifin mneunfagioontdimenntu waswieugaiinantes (@
laianansadnmauiouldviu Sedes deln lonsu yuiisuas q Lifiia) vianiu suvenritesinaes
U Walmart uazifilisedh wissiduain T Mall U Walmart szegvnendn 5 km Tdaanludaluend
wiszrIemafldazue s duil Popeyes Fafunlrinendiesesuvusinfiimuthalradausian
usn... sudumnuidnnsovuen yalu waglieuidnveardeameanuvousiy wanuauduunsin
gou 9 wuuwindiu neasenuilul 9 ldin3euauiuly Sou o qu 9 Faierudnnuade 4 ndshuay

PR WarAIUMsIUINAYIDLADINGULNAUDN LA

LA IITENINMNNVDY West Side § Good Vibes 110 9 Badutisiainaumiinwdiuisenia
“Kataware Doki” fegnuausemsvefindanesgen 9 Indauveuin Badssuiaiiounuvanlveglu
fvimilufiensdledaiu uazluiganuids Walmart wazlisethazaienimiu Walmart Tidufisyan

va Mo < a o o Havw %\ a ' & a
wszlagunnlnenaenudlinenniuresnss (waglungaiuinlauw) Bddvy veusey anlulingay

=Y

° a o o a U VYo 1 @V v = o v adou a o
1378831 9 AU LLa%‘Viﬁ\‘mqﬂLﬂu%aﬂﬂutﬂv\lﬂiﬁﬁy ] WHAS Jay ﬂlﬂlﬁﬂﬂ Uber iWanauugannn Uniu

s

A
ANS 13 MENIT LAY LAY wazlAy (saunan <)
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Day 15: June 14, 2025 (Saturday)

Tiduiuwens winudanuuadluniu Breakfast 71 d-Lakes Market Wuldiu nasainniuasa 1o
ndureaiioluiowemaznssueanlUiwinnusien Terrace lng Juilddladnazusuuss Script dmsuld
Tunsenulid data WAL WazeeInass plotting parameters au ¢ Nslilavinneuniini laeitesain

nudan1sAunSenvessaesednaon IekirseidynsesBudes wazludiuveanisuium Areutiaey

Y Ay J 1 [ 6 1% o = Aal PN < 1 1 [y
LUVIAGLLAUTEUUTIEUANALINRAT NN5IN9ULAEN Flow 116 Iuﬁumwwmmmmu,mnaﬂumqum

Tupanmdsneiuduladneie

}g G

ORDINGINPROGRESS |

Eem—— e

Y

A Jay IwwuluiRutieussldn Walmart
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Day 16: June 15, 2025 (Sunday)

o KXo a L4 2o A oy oA d' ] a [ ]
TJUUIUBINRY NZJﬂEJQWULLWL‘U’]LW@lUVI’m Breakfast 91 4-Lakes tULAN LAZUAIIINNIULEIIN

PUNIUNTIIIUADINIEUN Terrace lngmuukuiui Ao nsaasssulisunsuunsdiulu Jupyter

MnRNGesulu Google Colab Faweundeuil Frameworks way Library e 9 Areudisiinnuniou

woauAds wazn1sulusunsuriy Jupyter Tae Tunneling #1u IceCube Cobalt &adu High-

Performance Computing M13tin338wed IceCube 1dlun1sfunusiig o Yrelinuaiunsauiulsams

MUY Function Ae 9 lanBeaiu

AU State Capitol (AMUUUVBY State Capitol)
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Day 17: June 16, 2025 (Monday)

Suilfuduns fU Breakfast  4-Lakes wuiiiu Tnefuilnuiiin Update fiu Yuya iiisndinlutghsie
7 WIPAC usindsa1nvu Breakfast taSafiuvmadiluviendl Chamberlin Hall oy Zsdlng)
Tusunsusuldauysaifiou 100% wdouAusuussileddusg 4 18 workflow Aty Tuvaugfinisdne
Charge Distribution %84 Single Photoelectron fiaelvinadlangAnssuves Particle Tuan1izsng 9 &
effect lnum35997n Hardware lﬁagﬁu

=

Taondsanlaoiu Yuya w@3alutisune Yuya I#ds HDF Reader Module snlvinsiisniis Ssay
Hu Reader Module filddw3ustu hdf files dusuliaresitoyaues Cosmic Muon ndsant deu
aednenduluvhamuuy platform Visual Studio Code tewmun Python Script dwsuldlunisiasies
Cosmic Muon Dataset usn @l Dataset fild1nns Testing LOM-16-06 (LOM-16 %ugtaw 06) Tu
Freezer 483 Chamberlin Hall §sn153n51zviveanansiasniunsnufianeiu Single Photoelectron
Jeneunth uazazeey 1 eenuuUUNSANY vdemsiesedu q Windnluniudidu W Event
Coincidence  Analysis (ms‘imiwﬁmamiaii'amﬁﬁm%ﬂu LOM-16-06) #30n15fAnw1  Charge
Correlation W& Photomultipliers Tube (PMT) Tuwsiaz Channel #vwzvensanufinduludulaseny

fvi97unU IceCube dabl

ER o

AU RUTR9YIN1UYBe IceCube Lab (Audreazidu Shelf 989 Pencil Beam Project)
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Day 18: June 17, 2025 (Tuesday)

Wesnnduanviliruldinailunisiiunisain Dejope Hall 1Uds Chamberlin wiunituni
@ 2/ [ = < Vv dg'*’ 1 1 [ 1 4 1 a 5 1 %
WNntiey uagnaanndie Lab nuidesds mszlifiegas Toasu Lifliae wiwiawfen... anntdulaunin Jay
& a v = 4 & < ! <, a a 8 A A v o ° 1l al
AW nudonuwsesil wasinivendienadulninaniennialifvsedily gaulinagyiauedini
WNYDIAU WINNTEBNDN Lab agua usdmsugnmyseiay o wuus1 auieasu isedldnailvny
dmsu Summer 91 wudsuiuAuMTuTesHuegslised  warTulifdaussipumienisnaaes
plotting parameters A4 9 A1elu Cosmic Muon Data L1 Charge Distribution 484 PMT 16 Number
Tuusiaz Channel — (Channel 1 @ 43U High-gain channel uag Channel 2 d15U Low-gain Channel)
Juwiu Bawadwsneoninfduluaud Yuya e brief 13 uifidsnsdinanegadidosdsuugaiiuieli

YOULYRVBINTIATIENHUATEUAGUUIN AN

Faafurdminidneny  wusudwenduldfiviives  wsrfuiddlaiegluisesnidmnie
n&rnldliiamvasty Tastudnuderldidumeianifudntos Taesdlune East Town sy
Terrace §ou State Capital warlUga 1% Settlement wazluaudl Lake Monona waznduuniae Jay ag
ﬁﬂ@ﬂﬁ Terrace mﬂﬁ?u Jay F9l@Wmun1u Dinner i Raising Cane's Chicken Fingers Fadudu Fast
Food #ilwnuanitenveusn (lalaflald wsinadn Popeyes 8508n97 191939 9 WA 55555) uifideson

U dall v ] Aa 1% U I k4 1
AU LNNINUIDLAINIUINIUNTU Terrace MUNU NBUILLENYIBTIIANUTELINU 22.00 U.

ANUTTIINANSUTEYLNUIINAUAY Yuya, Chris uag Jack
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Day 19: June 18, 2025 (Wednesday)

Sulrunnuadn uinsRSsuumduitolun1u Breakfast A d-Lakes usisl AI8AIILLATTN 181
A4 9 American Breakfast Shiluenmsfinuvounazlusausiuann 4 LfJuLLwﬁé?qLwiaﬁaaeujﬁlmuﬁa way
ﬁmﬂumawaﬁ’hﬁﬂumuﬁammiamuﬁﬂé’nﬂﬁ”al,wulaiLﬁaLaaa‘%a 9 5555 n1zesey gnuInKy wag
staff vae 4-Lakes fth$nuazdsenderiunn 1 slinueoznaon vlduuauisaiuiiewdewazdu ety

wazfosnntuiltunndnuda uslsiviinanyilfmanansaduludl Chamberlin Hall ¢ Faazd
Fiavos 1 foer..) wazndmwindefilanouuniiadfia Function Tunsiasesi data win sauds Verified
ANGNADY script oy 9 1t %mﬂasmﬁ%’ulﬂmwﬂa warluthaiios mufdulugenuan Peet’s
Cafe ndunuit Lab Tnendudnnulutiafuiiluandnads nudduiumenduiosiud

AWENRY 9] VBINUNANGINUBET IceCube Lab

(Jay AU Pencil Beam Tunwdgne way John fiu Cosmic Rays Project luninwan)
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Day 20: June 19, 2025 (Thursday)

SutnaUasuan 1unyinaIuan Chamberlin Hall 1ndufl Terrace 1i0991n@aatdnunfnse

Wnthilisesweameideu Guest WiFi Way Printing Card wiid saudlaiUdsulumue1msiiny Taste of

Sichuan wnu  Feuiinufssfianududouiuaniudndes  losinuudosiinisuuuiuuuuves

Plot 7il#ioanun91n Charge Distribution vas PMT Tuusias Channel $a4a error a1 Dataframe i3y

nsimualignees wasiitensavdeuAugnees kuIaldiinismeass plot Event Coincidence aanin

iensiadeuaugniedlunmsIn wasiinuiugafidesusund Tnendannyhouasaluginiu 1ol

Feeanmdsneauund Ineldidunia South End TUd9 Lake Monona wulf

Y5587111ANTTUYIN9IUSA Memorial Union Terrace
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Day 21: June 20, 2025 (Friday)

’3’u§5’uﬂn§ wasidutuinvesmm Asu 21 Yu3ysal wasiawuin 9 Ae John waviiiou 9 7 Lab
¥ surprise Wnuinuliny adenldindundusnludinaeitinudedntuiau surprise wal fud
Uszatula uazidnfesosann 4 saudaie John, Jay, Chris, Britta wag Finn nsfsiuaasuazensnsliiy
Nl uazvidInaaenade nufvhauseniaund Tnefuinaldvesenutuiauil Terace willowiu
dewndedansises WiFi fu Printing Card TilBeudes TneSuildudly script seamdlenudndes
welassailnssufiohauysaiuda ogfisiin Function exlsdnluifietinsesiiiiu Inelandvantuil
Ao nuazdoulassdmsusiing plot Event Coincidence 89 Cosmic Muon lu LOM-16-06 dwsutdu
Prototype TUAnwwisludunvini Fesmdsannldinalsnufideu Function uazda Classes i@Faauysal
Tududu waznnass plot senunly ndwwrndudeduiandneu Jay Tenundlunulinendisnilvidin
fu South Campus Fefisawnilideneezann o uisawnsnesinese antiluraee John Tdwu
N188N1N Hangout 7 Terrace fefuiiiadunisanesiuinliuing @Sauszanas 00.00 u. Hufiiunis

v = ¥
AAUINBN

Pyther peddunge

/
V&
\
0w

%

=~ A v ! . v a
Awiteu 9 Tu Lab faeAnuln surprise Juinvesw
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Day 22: June 21, 2025 (Saturday)

fuilfuans mufiuaneda 4 mszdosmsindeu uasndmniulddunsunueimad gl
a1 fi5mlusavesy Taste of Sichuan tasanniuildvaz@eniurann Peet’s Café wvnuuazails
¥edl Terrace muund Tnenalldihauiiddlainassluddansini undususiuiaediolilvntas
Tnendn 9 fenisveaauns plotting Event Coincidence we4 Cosmic Muon T LOM-16-06 Fandsann
I§anmeaaufinuin &l error lu Dataframe 93¢ 9 na1AeN155U Input Tneds Data 911 files Wiouaniua
Output enunty Plot ldlasunisudasteyaegregnies dwaliveyaiinanuinnaialunisiansua

v & =

a5 Feanasanfiansuuarinnisinlvagldinainedunls nudssuseau Yuya islineu nieugauaiu
f1999n1599NUWUU Dataframe Liefaglaanansaluvimelaluiuduns

NUWAE Jay 7 Popeyes Luisiana Restaurants
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Day 23: June 22, 2025 (Sunday)

o X A v Y A % & ! A a a U o PN % P 1
'JUUNNG]ULLG]Lﬁ'fL‘UW']UEUTJV] 4 Lakes ﬂ'JEJGNiQ'J']QSiUﬂuLLaZiUIUUQWWQWUWﬂWIQQWﬂLll@')']u LL§)

windsdnduladnasinaulivinluiungell udaluiiu West Town Mall few Tneuuazissadadin Stop

7 Chamberlin U TdnatUsyana 30 widl disludisAinudn West Mall duluajunn 9 wavddnwuzidu

VsasInauivane 9 Ussinvegsauiu wu isllenedert nsllseaunsal IT wstlangetms WWu

au wdldhanfunmuns 9 3-4 alus Andunnfedsiinnaissana 18.00 . ¢ Uber Lile

a ¥ o U o ! U ! dg’
Lmswwsaummumsmmumalﬂimu‘wgau

ANUTTEINALIBY Madison (8831091 Memorial Union)

AIMNUITEINAUSINE Lake Mendota (Ranu Fisher Pier)
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Day 24: June 23, 2025 (Monday)

Sutufiuusidnunn q wariuimuensd ¢ Lakes sz Suigedludisay Yuya @ PsL Tag
Yuya Wanal37 10.00 . 7i Chamberlin Hall wazaenyuaT 10.10 w. TaSuil Yuya #eath PMT waz
Micro-Base 910 Chris TURaudiu Gel-Pad iewn3eundondmsunisuseneu LOM-16-09 dadu LOM-
16 ﬁ?ﬁﬂﬁﬁﬁ%ﬂﬂﬁgﬂﬂuﬂ 10 #2 w34 dmsuldlu IceCube Upgrade Project Tnendn 9 e 1 set
wisenlidmiun1svi Sub Assembly ludUaminii wuuas Yuya Téaauszanaesety auussanaie
2-3 fAnduands Downtown Tae Yuya lemasluassdu Matcha Latte 71 Cafe $ufsluuau Monona
(South Campus) ins1zrsveniumeusisansy unuline Cafe $1ulvuwe Matcha Latte e Suil
welddnUsspnduiuusn wasndaniufindulush Chamberlin titevinns discuss gnfunadnsi
asdeifienfunns plot event coincidence a4 Cosmic Muon 210 LOM-16-06 wagdaain discuss L5
Yuya lainlvinaie3en present Progress Iuijuwj\‘lfsl’ (93A13 24 June)

e
L ™

;!
= ™

AnaniunsInesey PMT Tunisusenau LOM-16-09 (faavine)
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Day 25: June 24, 2025 (Tuesday)

Suisiuusidnmuund lUnu Breakfast 71 4 Lakes sy wazdudumaludaiaud
Discovery Center w5z uiltaatnenan 15.00 u. i Present Tnsavilaandnlufiy LOM léun Yuya, Chris
war Delaney avanudnilawarliuusdnioatunuvesy  Tnonsivaeulusunsudu  Presentation
fifnnouaziEutiaue ufwiaiUsyana 14.30 Adun1dluss IceCube Lab 7 Chamberlin Tngsy
oSUIBUYRIHIUTTING 25-30 W7l REITUNUvin Snguszasd 3Bmsiild wednd wagarwAumh
paen 2-3 dUnmiTiHIuIN dan q euventAsinsdunulunsinwadediuifdhinalauazaisaun
mMsfnwLfiseazann 9 ImaLQWﬂzwqaﬂ’iimﬁLﬁm High-Events of Cosmic Muon 7 Lower-Hemisphere
w99 LOM-16-06 Tug1uwes Lower-Charge Threshold lagvasainyuauaiasa Ia Discussion fufadn
Uszanas 45 it Aideuses nulddu suggestion wax ideas $113UANAYRIN Chris waz Delaney &Sy
dufuasluruvesy Jsannarlunmsanadniewenuadluiees wazwdnn Present 1@5a Alduen
frefundu Tae 1 1u Achivernent vaalufuiiie Chris tduenly Yuya aases Muon Data ivdenmiue
l#¥uU91n3 Testing LOM-16 nnéilu Freezer snlvinsans@ne Ainsgyt uagdrsiauianiy deo1anamn
Taandunis Scale Up suvesasly Summer Hiuegramena eswn Data figesdansiiumnduan
AU 5-6 Wi Femuneadiinanunsadanislalionn wasduidesd wszagldidunis validate nns

MUY LOM-16-06 seingnaessniesiali?

AN Yuya ANa305U8UTWIARANIUIIUY Black Hole Meeting Room
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Day 26: June 25, 2025 (Wednesday)

o & .:4' A o o o a a o v v ay v
'JuuwilLﬂaﬂuaﬂ']UVWl'N']ubLquiVnV] Terrace 90U LWINLHNBDINT recap ‘UBLauaLLuzwlﬂﬂﬂﬂﬂﬁi

° P caM Yo A kA 4:4' a . . . .
ULHUBDLHDINU Iﬂﬁiﬂﬂﬁmlﬂi‘UN%WﬂJﬂﬂ@ bHBLITINTIUNERNITHIINNTT plOt distribution W89 Cosmic

Muon wan fnsialufienisgin s qn Peak w83 Charge dufiwinnisalozlsfin@udne Feumdudsiuy

Yuya wag Chris leemnenlinuaula Jedsinudesyinfens plotting parameters 81 & aonuLiiy LW

ANMUFUNUSYY Waveforms Tu Channel 1 wag Channel 2 wWiguniuwian / correlation ¥1319 muon

charge lu channel 1 way channel 2 \Wudu @ss1wazidenludnazvenaniludiunduileniannis

w84 Project lugdudaly) windsanaSaduauluiui suldnduieaiounivvesasll Gym se (B0

Aualuan Jay lanaluadasiau Gym Wenuil vliseaininudlafisentidenie waglmnsuidady

Soadus1iudn) auusyanal 20.00 w. Chris Avinuuenlu Slack 3 Group ¥8Y Cosmic Ray Summer

Program 9¢lU visiting Yerkes Observatory fiuluiungsil uaz Dr. Karle Tinuhsaumels aedes

Wwumalugusan Chamberlin Tufungeilioan 11.30 w.

o
M

e

A

l
i

mp—————
3

——

o

Matcha Latte 71 Eldo’s Café uaz nuf Buckey Recreation Center
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Day 27: June 26, 2025 (Thursday)

Fulsiuliidinann waglumudndl 4 Lakes nowasidusonluioniuii Aldo’s Cafe iileagly
Fusodl Charter Street lunan 11.30 w. Tngldmufusiiou q 910 Cosmic Ray Surnmer Program 1
11 (Assume TiAautianun) Tnedufiads uufivharnegf IceCube Lab, Chamberlin Hall wuiieafuiu
ifieu 9 2 Cosmic Ray Program viilildmumihasimiuegnasaunuaznniuegudn Uszauiuly
duduseduil Terace aguen 9 Tuiliaintudsudidly Tngtuiisasifiumaiie School Bus 70
Madison lUga Yerkes Observatory luneiield (ﬁ?ﬂa&“iﬁl,ﬁaﬂ Williams Bay wazidudunilses University
of Chicago Tuefn THaUszunadiluersefids Isenimeiameiuvazusseremilowdunsy wazwe
A muesfivugnan 9 1Wusnnudimismamanfifasy Bmansdlddunsendesindu “undsiuia
voamamansilAndasisla” nesarulud wa. 2440 (a.a. 1897) Insuvinendedailn meldnmiives
Mans1913899357 1eatas’ 1ea (George Ellery Hale) Hnasenanstiiderdos uazldsumualivayuain
1150d 7. WwesAa (Charles T. Yerkes) thyshaglaygy Tnsvegarauwisiduiideesndednamssaiinm
wasiilngfigalulan Sediudiaguuin 40 @1 (1 wee) fedunasmdmnssuiiddlngfianduoeuindly
geaeamssuil 19 ndedlnmssaiildidalemaliinanmansvinnisdanansaififinnuasdonuay
Andandniiee  viliAemsfunuiiddnlusuilEndvesnignduaznudng  uasaaeavatenesud
ruan egangesAalsulzininemanstBsluamanevitu 1wy 18aiu Fuila (Edwin Hubble)
AunuMIVEFesinT AT iRensdngnainer uar awswifudu dumsiavs (Subrahmanyan
Chandrasekhar) %38 “3uns1” 1WvaesedaluuagAnAulndnindunsiarsiudinmunisvesnnigny 8n
s aflandlunswaumaiianistaugs (Photometry) wavaninsalnd (Spectroscopy) dadu
snguddyrasmamansadelml  wihuniinerdedelnazgAmasidumideivenniuiilud
WA, 2561 (A.A. 2018) usitaqgtuneganieesialssunisqualneyad’ Yerkes Future Foundation Lile
vt idugudmsfnndmivassny  mseuindussiimans  LazAanssuiHoungANINIn

manssaly ieduaunsanmineimansdudalvgiilvined wazndrdgnan muldilenatiued a 90

1 IS

aReaiufl Albert Einstein wazanzininenamanslusfinaeiued e 100 Jnew duindunsdwinu

'
=

WaLNsualNIugIunaswsstuanalaliwanaduegann

(% gj @ a [y LY cilld a al 1 I~ 1%
nasntusIARunenaulunaUsea 16.00 u. lagfuddanuiiAedneg1efe 19598 lawn
& Ay a = o v = o i a = ada
uulunuemsBunduemsine usiiu State Street FaluasausnlusoutfounsuanuTuanien was
Lilsvmuemsiveaswdiualodey Fuduinfednduni 9 Juneu 9 (aing waz Ydee : lceCube
Summer Student 2024) LAgduuAiNIY Fuuyinudshednnsuinslnlin1 Faesesuin 9 wasd
v ud uind NN Bnme Aouasuene M UNAURB I IMIULES]
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Day 28: June 27, 2025 (Friday)

Tutlnulanaudnluvinaumuun@a IceCube Lab, Chamberlin Hall Wievinnns tesing data au
ANUUSHILAY sueeestion TLASUAIN Yuya wag Chris 1agn1nsudun1sn91980Un15Y9IUT0IsE U
89 Y

WAz Reader Module Wisdy (Hawnazdinaifin Function Tumsiiasiendeyasiie 9 isdlude

Program ns1gaztu  39eeiinsdnseildeoulassadslusunsuiududuun  Tngdulnuaslainaging

1A59a5190U 9 wuuas 9 Wetdunsmisuauniendniunis Upgrade Analysis Function lu week

i wazvasnasanuluiuilalioaniidanie® Nicholas Gym auuni

AMUITEINIAUIEIN Terrace kae Lake Mendota luginduiuens
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Day 29: June 28, 2025 (Saturday)

Suilfuans warnossianlgluuadu? Tinsu dUninounsilu West Town Mall in $uduniiges
1U East Town Mall afu agldasunnilsnuislalifingn 13.00 u. 9 Dejope Hall uaziiumslugusadinii
Chamberlin wiauiu TdaUszauna 30 undl Aumsils East Town manseniuliu lagainnisésia
YoIny East Mall ffufindne 9 West Mall 1ae Lm'Gmmaﬁﬁmzﬁmmqﬂvjaﬂimﬂaa %) 555555555 K3l
wneds.... Jugasudou 9 deasu Suduavlasainenedie o du uilaediudiddndt West Mall 2ed
mnaluiiannniy uinafveutsaeciind 4 A3U ndeniiudeldussnnas 3-¢ $alus wansfAume
ndu Tned 4 Anduiiestiu drunuwentl Gym semuszdou

U498 East Side 499 Madison

81



378974 TasanstinAnwiniaggfauvawedunansaliiamsluledfay Uszdnt 2568

o v ¢ a ¢
¥o-ana 535uSAY 813Re)
41491981 FUd 31 nauA1AY - U 1 Bewnau 2568

Day 30: June 29, 2025 (Sunday)

o & A a a v A a a ! a ° PN A 1 a

Tullnuauans o da 9 warluAutna9 4 Lake wdloudn nouagidunieluyinaun Terrace LA
a % [ Qs‘/ < a . 1 o YY) [ & 1 [ 4 . [
Wi vian 9 Tudlazdunisieseu Environment A9 9 dmsusunuludavidaly wu Usuud Script 9n
Files Path 52189M52980UANIEUS08URS Terminal 6ine 9 19991 wunee Ui INLTaN YU
Baneu Tudsanunsasulalunn Platform 1ad19z10u Local Host %38 Could-Based Af wazaiam o Alg
\9811U Ray Spenser 1auan Cosmic Ray Program Hallagianinuinsedniantiesneuasuendrendu
wisuyinulutusely

U ! q:; (% d‘ ¥
AMNAYTENNNNNAALAULNDUY 9 Ray Spenser (¥18) Jay Tang (Na9) way Wil (327)
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Day 31: June 30, 2025 (Monday)

Suilfiuusidnlunu Breakfast 71 4 Lakes uasiiumsluyinainii Chamberlin anuund TaeSuil
WHaINNNT setting 1nszeedls Wsunsuveswud plotting dndauazyhauldegsanysal @mse plot
Charge Correlation 8anin wiaufiu parameters 3u 9 Wanufideants wazlandselufodesndeniy
dulnumandugaianzdndilu - Jamsazadamadnsiiauysal  vilvinudesdoundulufinsdmuinma
wqw@ﬁmﬁu Fandn 1 AENIAWINENTIEINYDIUTEY UagnsuUas parameters 614 9 Faznanlay
azSunluduvodascdivin TnevdmnaSanuluiuil wildl Gym wdeu Jay uasvdminesnings
mewads Jay Tawnuluassu Dinner 71 Naf Naf da8uduemnsalad mediterranean food 8¢31A
douen warldigeznn sudvesesun 1513elutmiu Terrace defu Rouasusndrefunduiomas

<
NIULEI

NIANINUNMNG B UTENBUNWIILVRINY (BRTIdIUTENINNUTEVRI PMT 919 2 channel)
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Day 32: July 1, 2025 (Tuesday)

nEsFnamMamguiiiunasdy mldiuilduing g Asududlviulusunsy wazanse
plot charge correlation senunlsmuiduaield lnssmuteyairauladiuiuann uaznuldSuddly
891U Yuya fU Chris Vil Getsaecviy GmﬁLﬁumqﬁ’u’jfmaé’wéﬁiﬁ%’azﬂaﬁmau%mﬂ 9| LAZANATT
wAns Insight Walusn wasndsnls suggestion anieaoevitusiin mudeviinns list 1indeadiadia
asdlvy warldunulideny Womindiandimievesinigesiuiie Yuya v Sub-Assembly v
LOM-16-09 7 PSL Tufunssil Tne fuilmssldwrz Uil Madison East Side Market Bndnendaiaianu uas
viniuAlaldeanfdsned GYM wdeufu Jay audnd Aeusriunduresueuiniiiewsunien
dmsuandl PSL Tutumgsil

L
and fruit. The price is
down, and the quality

is still high.

Fast Side Market Fafunilou Supermarket vunalug) (1n) dvesldneiwes wazsandulinggn o
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Day 33: July 2, 2025 (Wednesday)

a

Suilnutn Yuya 13 09.30 w. w@e3ueutussiieenlumu Breakfast # d-Lakes lugaad
vidniilaiu Yuya fande waviiumsluds PSL wieuru Suloumemuienisuszney Sub-
Assembly Site (flowFEumsdmiuns Assembly LOM-16-09 famvineluduavind Fsnuiutiagld
natUszanm 3-6 9l wagnisandstiseane 4 fu lnendandsuyaiaiaSeuies liseth nufuu
309N Yuya way Brian Weafunuiinudesiniull uavSuasdionudl sgdldidouliinduinnuvemuie
13UsZNaU Sub-Assembly Site Fadua1u shop inaunauszing Mechanical fu Electrical nanfie
Fowaflasiwes Machine wazyiinig Wiring mukuu Liteisseundondmsunns Assembly LOM-16-09
Tudawivih Tasvdaanisuadlofldnaliuiuin Ussanar 23 Halus ynegwfiGoudes nuseld
auysaimuuuy tnelififeRamainas durlinuvessuas Yuya luiuiiasaliminfunawely Yuya
Feweilunu Ice-Cream Shake lutsune neundusndsii Chamberlin Hall uagnaisswvaldtnnane
fUfid (Linipun Phuttitam) iuﬁmnlmﬁﬁwé’ﬁnmﬂ%agmL’em agjﬁ Department of Physics, UW-
Madison i Quantum Computing & Information Group tnefidasn1 visiting lab ViﬁL‘mﬁ’]é’\‘lﬁNmag
Faldtlomalunsyane / discuss Uszaunsaldu 9 Wudaieaiunsiide / msBou uazmsie
warlutadunufiuAsuyauaglueeniidainied Gym sudnd

A15UsENBYU Sub-Assembly Site 489 LOM-16-09 7i PSL
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Yuya iwmuluniu Milk Shake 91 Calver (nwdne) wagianinnumazi  ludeuvuy Quantum

Computing Laboratory (E]"gjsﬁzu 5 494 Chamberlin Hall Tnd & fiu Lab w9na)

US581N1AV04 Riverside Brewery House 7 Yuya lawiaaluieuas
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Day 34: July 3, 2025 (Thursday)

FuiluAuLAENIMIY Breakfast 71 4 lake muUn® wazidumsluyinnu willasainiungsll (4

July) 92:0u Independence day w3aiunifansgewsn ynligerudiulngSunganuiuuds sauddy

Lab e F9iudiiuang Jay wag Hannah 911911914 Tagtudauyinnswmuiengun1svinauees

Wswnsuentvg) Tnewfiuns plot Charge Correlation Wluislugia Log-Scale uaz Linear Scale Unf

IneUsuugsluniveants plot Event Coincidence lilanuazidununnduielinsunguvaney

Threshold  Fuilesanillassasiswadusunsuinioumnnouniind  Joibildiailduudn yneged

Seuses vasanlanadnsninaulasenuiisiiu Ssus1euluss Yuya uwag Chris wagiilesannuidu

\Wunaw Long-Weekend vinlsimnaundutulunuawds nudssindulainneas Pause Ul uaznduiias

luinuvesiieagleaniidainied Gym wieuiu Jay lnganusiide Gym Unend 3 Tu Jay Jawiusly

174 Noodles tugavadldiiu@iug Fast Side Store antutaAImINSIANaULINluoaazuandne

AUNSUTDY

|

1
|

A

N

K3La Saigon Sandwich #a.lu Food Truck Tneneuaumivsialndiisnuiy
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Day 35: July 4, 2025 (Friday)

i’uwiﬂuifumaaw%'gam%m %39 Independence Day lny Fin \fioudl Lab vewmuazda Party
Tughadu wagldmunuiu Jay Wie Suseminetu nufldesnddesaninedisluian q Seduiuluniu
Breakfast 71 Four Lakes Market wazluifavhaudl Terrace Wiy Tnelu 3 Juil seladragldinanlunis
Recap suiiviulugasnanneuntiiussana 3-6 Weeks way planning iudiwiutiana 1 deufiwde
%aéauimﬁwfﬁ Terrace AWaIN Hieaa1ndu Long-weekend LLazﬁﬂuﬁﬁﬂ%mﬁﬂaiiﬁﬁ Terrace
Hundn vilindminuuedesinuaia Junduiondiellomniidsugaifiowdeulu Party meudy

ndINTUNNTAn U Jay 9118 Apartment veaan wagis1nlaly Party 0 uves Fin wiey 9 M 150

FasUszun 19.00 4. haztasauseunn 23.30 4. NTUNINSIARENEuTUNSUT D

ANUIIEINIANITRRRILIUYIRaNSTaSNT (Independence Day)
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Day 36: July 5, 2025 (Saturday)

fuihdutuand uasnuiuaneiin o Weolunuemnadil Taste of Sichuan Taeifusumainay
Wiy antufivizluTenund Peet’s Cafe waglutduiend Terrace Wiy esmnuniinuasndou
Diary nnfu uazduillsiflomerlsvindufiens Juwdluunsniududnles wasufuusddaves FPGA:
Icarus Verilog tsgneuninigesmsiilaszuunisinauwes FPGA Tu Micro-Base ¥83 LOM-16 T¥ann
Fu 3eleRniTeu FPGA Wudnusnumileainmsvnaulni ndwerndehaululginlng « wazod 9 Huf
ANV Terrace auteotluiiiay nasanwuUsuLAlAnLY Icarus Verilog laSadnin Alanauies lwsy

U 4

Vidpamsiudninlugiemn

AnUTIEINeluiIu Noodle Bowl’s Faiiuiuuuidnidu 1y Spagetthi isadnlne 1usu

89



378974 TasanstinAnwiniaggfauvawedunansaliiamsluledfay Uszdnt 2568

= v ¢ a ¢
Ya-gna 537U3AU 813RYY

41491981 FUd 31 nauA1AY - U 1 Bewnau 2568

Day 37: July 6, 2025 (Sunday)

Suiluorfing nuAuusidumu Breakfast 7 Four Lake Market wuiin anndusslainay s
¥a1udl Terrace muund Tnedleludefinuinlusunsufisunaaeulfun JupyTer fiu Back-end Script Uu
VS-Code #i#oan3 Plot Events Hufitlym Faldvhnsudlodfisndy wazaguaudmsu 5 weeks i
Snata Inendunis Plan Windniafieatu Plan msvheaudmsu 1 ieuiivdondianni Tnenudalaiily
FraaTindediosns Exploring Event 8u 9 uenwiloaniiléviiu Cosmic Muon Data Aeumtiiien
A28 1WUNI5L Machine Learning / Deep Learning Techniques Tun1sdnlundnuazed Event 139
7539911 Anomalous Detection tfia Validate n15vi191uves LOM-16 wagla 9 Ae3nsnes Consistency

YDIEIUAN 9 113 Hardware wag Electronics System nuldegnsgnaesegaiveddnunniesualvu?

'
Y

Tngndannuavhaululdliug Jay Adunmmud Terrace nudsnsdionnanuluinindnag waziing
| Y & XY i o = - = v
wagliuunaIINtY Yuya nvinuly Slack FATUITUNUWFIULALT IR 08.00 U. bUBIINNLIININUVIADY

egsumaalutungelii PSL Fauffonis Assembly LOM-16-09 fgnvinglu Series iuies

ANUTIEINAUSLI Terrace Tua9AT (€18) ey AMnUsLIas Memorial Library (337)
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Day 38: July 7, 2025 (Monday)

Fulfwewinn wneksiudfigalusouAtuilaid (euanudt 2030 $u) a1 06.00 u. uariy
outhusieia Uy Breakfast 7 Four-Lakes uazfaanuog1ain speed W3181n Yuya Linou 08.00 u.
Fandnmuadaliuiwdn Yuya fundioned wazdumslusa PSL e Yuya Wwnaluwag Cafe finfu
Lake Monona el PSL wawidlefis PSL ué Adugeaueehslised Tnstulimvensmdn o Aedl
MaBegININ 9 FURIUANITUSENEY PMT wiazdaidng Metal Frame wofa LOM-16 lasdaaidinm
Suaveuludiuwes Mechanics Structures ¥83n153UlASIv8 LOM-16 uae Yuya 9£3nN15115 Built-In
PMT ilo937n PMT wsiagdiauiia connected €1 Micro-Based uazil Fragile ﬁgqmﬂ 5 905N TN
GIRRGR wazSuilayil Brian 7unvaeisn Assembly $re ndsnasalutiadh Yuya Tedusanmudilss
Stoughton Town Fanudesfiafudsiiviu wsesfufe Popeyes Sueammssmlusavesws wasduiu
TUsewes Yuya wuieniy Tnendsanniumanisildmeiuituiidmsu Lunch nudsseu Popeyes 1Ju
Nuinegudy wagldldvuanuuunn 9 Fe¥amninans war Yuya Aiasswdnudy ewannstlamin 9
T T usl Yuya veniiua hardworking 3y uAiskhdulsiees nufunaueliiuiossm yuya W
Fosomslnenduisa 9 i wdnad mnsftsanduinuszneuih Cover Shielded Wiy
Mechanics Frame #afu Process Mfodldinauazauszsinszagann Taewanisviiu 3 e S
Yuya way Brian @sldinanusznausia Upper waz Lower Hemisphere 517 9 3-¢ 3lua Aewazthluiin
Vacuurn Freezer yisiliaadl PMT wuuadindu Shielded nds1niasa Yuya fundanuil Phillips Hall uag

nufasugaiislUsanmainien Gym audnf

AMNUTIEINIAUSLIUAIURLN Physical Science Laboratory
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Day 39: July 8, 2025 (Tuesday)

Suiinil online meeting @nteslutiadh Salalldeanumu breakfast Fsieu meeting Indax
U Masswsaldinladunviunsluniuiuemsive Rising Star) fefu mszasniiendn 2 auain
University of Delaware 1vusig #udwinluziu Jay uag Fin %ﬂﬁgqgjﬁuaﬂiam N8 meeting @39 W
F9Auan Phillips Hall Uy Chamberlin WiaSuidesnunow uaziiiesan Jay waz Fin Mdwuiuile
panfossednag windarniulduwiiataFeuosussiulunundoutu Sudwinsldlflvgimae
1 5 au ldud wu 259998 Yuca, Ahood, Jay uae Finn Gsdulvigjfiasdasnluiy dud semii
uNATemU wguw falne wagdudids wasvdsminmuiata wanisfuendefundy desainissvea
fosnauluyinaume mufu Jay Auuiu mntuilenduintwihnused Lab suesaludradu 9 WUAU Jay
Alueanmdaniedt Gym mauni ntusieadarlunuemsiudl Terace wazldwuiu John fitiis
w@Suned wins3elddannu Dinner ety deufiizuenérenduiunuund Tae Yuya livinuven
sailu Slack 1¥umgsil idfeanduly PSL iilevi Backfilling Tu PMT fimanusnfisdszneufuaialuidle
il (s 48 Falus Tun1siidh Vacuum Machine Lﬁa@m%’ummmaaﬂiﬁwm)

x>

.

ANRINUBIMSLESAN51UDNTINY Rising Star Taedl wu Finn, Jay, Ahood, Yuca wag 15568
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Day 40: July 9, 2025 (Wednesday)

Suiinuduudidluniy Breakfast 71 4 Lake auund Tne Yuya indursUszanas 09.00 wans1ly
nanliuufiiumsluis PsL Tae swfuilfivarsedreiigesin wdn 9 aiun1s Backfilling ¢7 Gelpad
mely AirGap wes PMT usiazsn luvieos Hemisphere fluuufinfu Cover wieinrmasou lne
Snquszasd fie leld Optical Gel 1usfinans WlenafloynAndaanugs 1vu Muon Jsnvunaziadeud
Tushnansauains Cherenkov Light ¥1nLAA Air-Gap #17199¢/3331114 Surface 983 PMT AU Cover 81991
1% Lisht inmsnszidaiteasiiouldluiirmdildaenndosiunmsnsatn fufufdeadinisia Optical
Gel fananfielSouiaiiountsaiiadinanshunisnsiada Cherenkov Light 1A PMT e tng3snns
Backfilling Suil AavAaudrsdudoudntios Budusnisyenuazein Sling lumsiy Gel Tnesias
annsadlamdontunsias 4 Sling / 4 PMT tumneaudn deafiurieomn 4 seu Tneisuain Lower
Hemisphere fiou 2 Sling wag Upper Hemisphere 8n 2 sling asa1nviiAnnuayenn Sling 1a3a Adeei
Gel lith Vacuum Cleaner Litegadu Air sanlviviun rouazih Gel Aildunidvastu Sling usazvasn waz
N3 Backfilling muuausely lnemuunay Yuya vonihegldnanieuiei wasasaune W
dlesa1nns Backfiling sdiululglninund Seildmnsmintugnauadaraomasaususzana 13.00
u. uarldi LOM-16-09 ¥ 2 Hemisphere nduluigh Vacuum Cleaner 8nadsils uazdosldinandszana
a-5 ¥u Tumsgadu Air :nusiaz Module waglsk Gel Pad aunuflifud Jsnusioluazfunsuszney
w38 Combining 719 2 Hemisphere e iumsUaumamdnisuszneu LOM-16 YAwsn lag
v nEEauit PSL Jull gaeune Yuya lewirslunudiudu dadu Grill Bar B Q Tne Yuya léds Pork
BBQ "uAfU Hamburger wilviy Tagezann 9 uavesesun ¢ Mntuilenuasafinduunds
Chamberlin Tngraléiin Yuya Asauseatyszann 15.30 u. Insuldve present uay discuss lAgafy
results 7inalda1nn153AsIz Cosmic Muon a'ﬂqm Imala plot Charge Correlation eonulag
Parameter 3u 9 muimaIniaula G913 present uveIITMNALYTAADU 80% WA YVIndY
Bududy 9 Snidntes M9 Yuya Seldiauelinuaesiiy Parameter s19 q fisudusonisieseiuas
ponuuunsinuluadsilifiaruauysainndedy  mnduluriafunsdldnduiodundeuguayly
ganmdinied Gym muunf Tnendsainesntidenied Gym w@saluian 20.00 . muldlumuemsidu
7l Terrace Mniiudsldiunduindaies eflaveruihuasiwhausesndnin @slddnitn) murhinludn
nau 23.00 U. waviSuasiesolAnuarUsunilusunsudausiaan 23.30 auilaaan 03.30 w.
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AMUsENBUNNSYIN Back Filling Wiialt Gel Pad viwthiidusudon PMT
wazn15UsEnaU Shielded WAULAAE Hemisphere

%

NSINESNU Yuya lenwalluniu Bar BQ 9157uua7 9 Lake Monona
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Day 41: July 10, 2025 (Thursday)

Ok A%y sfuenaguian 7 uildasu Aearwiiiudr ulminuuaeifissdunnud fusaedudu
fulmlasaziundu 5555 AannsudlAnuazyfuganmshauda 23.30 u. veudlonu muftdiiuides
9 WauUTENIad 03.30 . vorull Nnegeiasaseusey waznuld Update AR Yuya Tt s
Suiluutioen present Muselugiaine wdsaniuaednteslutul mildlunu Breakfast 71 4 Lakes
Market IWs13nAEIfesth Presentation Wisidy wagndsannyiiaiatasng wlstdn Present fu
Yuya 8nads Gamnegrefidululfogad Results vosuiimnngnies Asufiu wavauysaitunil 90-95%
Fuinanmsfindlinalunsianudileny weeiilinuiledu assicned indstaaiioy f.o. 1@se
Aourtwiun Tnesuld discuss U Yuya dsfsdiansnsodiuiudiusing q Whluleuesnunauysaidu
gl &4 Yuya fiuanan 1114 Prof. Nobu #i Chiba University 16v1n15 Simulation n15 Testing LOM-
16 #1u Freezer Tnedl setting WuUREATUA Chamberlin Hall 3aguszasAfiiterfiuns validate A
gndesesdeyailldannns testing Tu freezer larUSouiisudumsduiniuas Generating 13wau
g Yuya leuendnassiusiudeya  wavdwibinglutisdamivin  uaslvinuwSeuvih  Final-
Presentation dmiuduieudlid iy 9 Fondrnadanuiuil mulgluoanmdmnied Gym auuni

AMNITUAAS Plot AMEINNININFUAENUIUSUAUALFLA DU U UTHTLIN
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Day 42: July 11, 2025 (Friday)

Suidmalallgluniuemsi 4 Lakes Market inszesnnluaamnu Subway 3aiuainvelude
Subway 7iUSia0 South Campus 1nd 9 fu Discovery LLasiﬁ%aVlﬂu@:ﬁU Iced-Matcha Latte #i Peet’s
Café nouaziuluieiu Finn Tnedudey Fatduiulurhaugs Lab wudeatun WinSsTe Matcha
a5 weds Finn arantildrew wdnudaiunuly Suiluwaunsiauvemaazduns draft outline
94 Final Presentation dwiuauieuiinoundulne uazud Bug 8n 5% nelu Program fdlonuil Yuya

a [

17 suggest 11 LABINUNTASI9ENNNT Fit Curved LiHBATMUANITASIY Linear Regression @1wsudlAsIei

)=

Correlation 984 Charge Ratio 5$%313 Channel 1 tag Channel 2 H491n 96 Plots fiwenun i1 1 Plot
970 LOM-16-06 lu PMT-02 fiflntinanwes Fitting Curved Equation @w5U Linear Regression fiauuan
fian1391n3n 95 Plots Bu q egreiiediy (viafinuosisrininezlstu 222) daeureFdldiin Yuya un
discuss WuAnAeaTU results danass 1 Yuya Iausltassusuuilusunsuludiuvesnisans Fitting
Curved 3nafa Tnewiia Syntax Avrelunisiuatiseridesnsliiauemsayasnndy s
U¥usuuslulusunsuunsaindeenaly effect fu part fdu Event Coincidence Matrices w&sanniasa
awiuil meuusnalléiin Yuya wileasmiluasmnu Rising Sons $uewnsine uatuilsudenila e
wnlndu T T uasdnBnil July 21 Yuya 3eléwmsluaesd1udl American 91 9 unu afifie Great
Dane Pub & Brewing dadufutiidadvasaulevhoudia Tng Yuya léwinuunassnu Steak 18 Dinner
waraesdudesiiy Sienature vos¥1u Janeldanunduerlsiiiiu Americans 91 q Sufldfaludnuuy
wilouffundu wilounils Marvel fisgiueglsuuiiudzasu 5555 daniadatae 21.00 aa Leah

A3381984 Yuya Nledusaansuming waswrulasiive un1sUn Week 6 7 fantastic g 9 555

AMUTT8INAN Subway Tutaadn
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$1u McDonald Tutsr 9 fsfiwydnlvgunnnitvesanviivedudiwaumin
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Day 43: July 12, 2025 (Saturday)

(% '
v A

Fuflfuans nuoenuauin Wuaedntios wazlun1u Mala Noodles 7 Ruyi Hand Pulled

= &

Noodle Fafifudn 1 SuusziinudonnsisundUniazass ndsanasa Wosanide UW Badgers
Sulgmsadlulanuuinlnauds nadeinduiudiluds Book Stores iioidenienasdlddns Jefaui
funsdadu Signature ntuddldlutsihouseadniesdl Terrace Tnewflosnin Yuya venimavie
Anmanuun 40 ninTuAaLuulifidn qmé’ﬂmﬁﬁwﬁaamﬂiﬁwmﬁﬂw'aut,wuﬁa q 49 9 #n7 @aade 9 nu
fivin + iousaeneguds Wedusesasyeurhaundunfmsizaun 5555) nudalalAnun testing we
o

Juis wavldlaufegladin mswmeasusunalandy Yuya Tiledean andudiadu q dslusen

o w PN < & e Y% o & v o v Y O . '
fdane9 Gym weSaantudenduriesn wmsgiull plan Wnavddiludnuasantdadeu Diary neuusuy

A9 Nicholas Recreation Center WisufiuLde Wisconsin Badgers (Wiogn )
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Day 44: July 13, 2025 (Sunday)

dosntuiithadmsitaussruiuneneinfiamansediduiind  wasaiadicUsvana 11
Tus eldenumueimsidn + s #50lUse Taste of Sichuan Tnefuilnalaily Mala Soup auUnd
uiaBAELUTIIINAABINIU Spicy Sichuan Chicken Wag Gyoza Wiy Bsifeluyiniinliiaaiuinyoa
@srindonntos uwanifioann dsfeternn q Wuarussens (dfunszenaarliiresldiusyin
Iy 5555) winfnsaedomuimegnstion 1 e Tuustesiu uasdusutogitanssfldlfreslénn
o duyinuesvinluitn $uilse Good Taste usidh 5555 wazmaduRlvaiezann 9 @S
AT walldlumurualisineed Kang Fu Tea Usnailnd 9 the Square wagidauAldndnluosd fou
Uszn84929 16.00 azloanfdsnied Gym waglunulefudu Dinner i Terrace wasndusiosunaiam

Wiawmseusamsuvinauluduanua 7 dealu...

4178m Spicy Sichuan Chicken W3a3LAE%
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Day 45: July 14, 2025 (Monday)

TUUHLAULALEILUMIUY Breakfast 91 4 Lakes Market WWulfn 9ntutians ¢ aaudnluvieud
Chamberlin Hall laguwsnunuiuiifeszdiuuse 2 dmdn 9

- A9 Curved Fitting 989 Correlation of Charge Ratio between Ch1 vs Ch2 483 PMT-02, LOM-
16-06

- Syrmetry of Event Coincidence Matrices 34 Coincidence Rate 7ilaiunfiinlnstin (plotting
floonunfuusiAenauing)

TngFuAuINNISIA Curved Fitting AowW FalonuNA1TaR 9 WAITanuan “9ulng” mioudu ieoain
AogeAan1sAIuaIn Model neadiaAansvos PMT waagsadnluifiuse Jaldosniuums Plot 1u 2
sUBUU e uuulnasdsandndu Fsimeuiuaudie... fie Auiud o ey 555

ndsntunlaTenuluf Yuya ImdsRedemidntoasesnisud Plotting wagAeensuSiiiy mn9
Yuya 3ldiauadnfeangatiazningluyin Pre-Combining of LOM-16-09 # PSL agudy Juiaiaann PSL
WenApew discuss fumail Chamberlin Ald wuaenausuA LTl

Tutrafu nduadaay Jay Wnumiluiiudovesil West Town Mall mudafdsoudaiusgmed
uaifitsesnlude Felisedh SuveurenTuda uazluil West Town Mall (Wa%u Saufamuuse + 1
faudiideudey wieudovedludne — vildlaildd 5555) wilwedtan nufiaianioundeudmsu
Discussion Tutunsgsll warldioves uddldvaaamiuiueimsdu China Experiences dsasosgnun
N3N 9 WaNSIANEENENBNGY Teuen Jay Tneundu Wenarandn 555 910t wanks1fils Bus nduu

839 Nicholas Center wiaaanfdsnislusiadusaly

ANVRIHY Jay tag Finn Tumieeingui lceCube Lab
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MY JC Penney Wag China Experience 11 West Town Mall uagayiu Jay Mauiueg
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Day 46: July 15, 2025 (Tuesday)

Suilauudumu Breakfast 7 4 Lakes uiis uay Yuya 1niunsmauUsyanas 09.30 . Liie
U PSL uwauSuiirensifiusieazidenreuiiisnasyin Combining 2 Hemispheres Whsefuly Week
wih mswastuiuifenist LOM-16-09 Tuusiaz Hemisphere 99011310 Vacuum Cooler hagyinnis
nszifiou wire s q Tnelnailium FauAussun 12,00 u. ynogefiasedu uas Yuya winudusald
11U Taco 7 Los Perez Supermarket uaililosnnusuiy 1 g FalaiAu survey Lilgsegfed Wavle 9
fansdda Yuya #he aswwmdlUdesiosmnn ) @Sentumnsindua discuss fusted
Chamberlin Ing Yuya eaweidanisusuuse Curved Fitting Tyinusen1suus Partition ved Charge Tu
Ch1 Tneld Piecewise Linear Regression i@y Sub-Fitting 784 Charge luusiasane udrresidouusas
Part 1hdefy 33havdeltistld Curved 7§l Precision qﬁu 5710917 Range 289 Correlation
Equation a@wnsafnualdietudngae ntausally discuss fU Yuya seludeswasnisud Symmetry
983 Coincidence Matrices sudasuudniiniAsfunismaassfiviun Charge Tu Channel 2 uildidie
WAAS Bright Event 59184013 plot \fiauans trends 521319 Coincidence Rate (Hz) - Threshold (PE)
Yousiay PMT Pairs fendsanniuuivhata Aisunns Plan Hmnegnsasiaianoutuansd Taondsau
Ul wufluoenfdaniei Gym LguLAl

AMENLEY LOM-16-09 Tis3aundondm3unisin Hemisphere Integration (s1elag Yuya Makino)
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Day 47: July 16, 2025 (Wednesday)

Sutllumnmtinuedn nusulunu Breakfast 7 4 Lakes wusiu Tned] Tornado Watch usiilasann
NUDBNLNINTDIUED TuAuvnslUTavhaIud Discovery unu waziland 2 Brief usnaudilésuunann Yuya
Fadlosmndumnuiinaaearieiu audldldl e weiwinnued Discovery dauduszana 11.00 -
19.00 u. Tnendeanadanulugrndu 39ddn Jay lueenfdened Gym auuni

nasunla - n.iihseds
Madison, #iin1sudatiau nasunla
n.LE5239 U4 16 nIngran 17:00

A7 Madison (U3t3es South Campus) TuSufiil Tornado Watch ("ﬁﬂqmﬁwﬁiam!)
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Day 48: July 17, 2025 (Thursday)

Fuildrstenanin Yuya 0593 Brief 71 Chamberlin Tutastng Tasksshnisufudsets Curved
Fitting L@Sadu saudslénting Coincidence Plot 7 Symmetry aonun 3slétn discuss fuU Yuya Aaudl
wiing brief gavine Ganegratilulumuiinansiaamialy uasdululufiensiignifes wiesllu step
sl Tne Yuya lesUinmnaiiinfisfentunis Simulation 489 Prof. Nobu 1 setting LOM-16 1 Setting
Feafuil Chamberlin anildvhednsiauduiudvousas PMT Pairs Tilasundadluny
Event Coincidence Rate (Hz) wag Charge Threshold (PE) ag Yuya lalvidayasiie < fisndu sauds
Wi Plot 71 Prof. Nobu Aiasigvianndeyalu Simulation

maldiaalaitie 1 43ludlun1s improve code nWillegiAu lngauuAgILIvEIMINIIIAD 157
v < gy & Y 4 = <
AoIN9LN Trends Nildnwaie curved Uudenndedfiu visonadfesIae1InWiu curve ¥a3 Polar PMT
Pairs dnaudnuaiziineuausssie parameter Aldsuluadnaiuunnd (a 9 Aeddunanadudusieniu
I udswrRssdinn 9 setumaneay g PMT Tu Polar Section @nsaneuausssia Event
Coincidence ldogneliusgansnn) wadre 9 8nfe N13n5193A3 Reliability 7ige wszkadnsiieans &

PIAIULNLINTILAL LU UG IHULDIATU

v &a . o % = Y [ a a
LagNaaNsNeanu191n Plotting vadwy vinlvmanisitasnn o insedululumuauufgiuing
way Yuya aadel) @znanleagazidealuilomadiuiannis) lnenuls plot ¥e9 Equatorial PMT Pairs
8n 4 giiuiiilensavdeuanugnaes wagsusuwaluld Yuya antunduassauludindu wuldlusen

1Y

MAIN87 Gym W3ouAU Jay LUuLAY

amﬂ’umnTuTaﬁwemaumﬁ'ﬁﬂqmwmiaﬁmns:ﬁq

AEAMNISIPANANT <2/ 16/ 5 15
g )
20 e L

N T 6,002 evers

auURFIUTNLAEAIANT T IRIUALDATATUAWIATIEARU Yuya UIn 9
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Rate (1/s]

LOM data_muon_run_lom16-05

LOM data_muon_run_lom16-06

- PMT14&15
PMT 12613

°
&

°
s

°
e
&

LOM data_muon_run_lom16-07

Yuya Makino
haha crazy

R

@

HAGNSEAENAa1NMT plot Teyadseeanii
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Day 49: July 18, 2025 (Friday)

Suindnlusaniseuil Chamberlin Tnedl Plan 31927l desion template wea Final-
Presentation fagldluiusunsii 28 nIng1AY e Idea A9 recap ufinggmiu Yuya, Chris waw
LOM-Team naennanedunmiiidnuun fuitedsey “Design and Validation of a Cosmic Muon-Based
Testing Method for IceCube-Gen2 Optical Modules” 521849 Assembly of LOM-16-09 tiusuingands
N13 Improving NsANWIKAXN1TIATIZVIYeLauaiNLly Software & Data Analysis Part Tvidlaasgneas
waramnaeuiiinilldse Tnendnadanuluinduldlueeniidinied Nicholas Center Wiy
wSonfunilanuenmsBu wazla Recap vusefi Terrace TuwasUseanas 19.00 - 23.00 w.

AMUSHSUKiveRnYaNs (Vel Phillips Residence Hall)
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Day 50: July 19, 2025 (Saturday)

o X a <@ 2/ £% v 1% P o Y
FUUNUAUSA LA NUDYLNINIEABINTITIWNINDINITAN (LU’EN?U']ﬂI‘VIiN’]u%UﬂN']‘Via’]EJ’J‘N 555) LﬁEJl‘U

'
tY

MuBM39T Ruyi Chinese’s Noodle U3tass Main Street Tursane o arntuldnduindenuluaz:
¥ausedt Peet’s Café, Terrace Tneutinullévin Recap Way Draft 494 Report + Presentation eSady
wazidlanaeth Draft Slutinm Yuya iudsluiudunsneuduh msganuumesremanis) s
Usioldan 5555 wdaniulutiadu q Ussana 16.00 v nufldaunisd@enun @i 2) warlleen
fadamedl Nicholas Center aufistszana 19.00 u. léndusesnen uanddouyn osniuild
ABWASA Coldplay Tour 7 Camp Randall (@ Official Ticket MM@%&LLﬁiﬂaﬁﬂmﬂﬁLLﬁ’J 5555) wy3sla
dwLﬁm%lﬂﬁu@mﬁmmﬂagjﬁw q Stadium FeRlAnnTae3e q iseliAunmusserniasg q sauds
TS smeAin1a29/18s shown Iconic Song 8814 Viva la Vida, A sky full of stars, Yellow 52184 Fixed
You wag Performance wazideafidmauann q 5555 uuis enjoy iufl wagndininuauasausyana

22.00 aslaaulumensmiui South Campus @ntipeneunduies

AUsIEINIAN1Ely Madison wag Camp Randall #3lEAudnwInsn (115evs Coldplay Tour)
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Day 51: July 20, 2025 (Sunday)

Suilfindre 9 iu Aonufuaaidnies Lwi?iumﬁwmmﬁﬁﬂﬂswmm 5 19 ¢ AvBELINNIU Shabu
110 9 wazidledounoumsenarsdasnsalldwiailuides Hot Pot  Number 10 Hot Pot Sufinasa
Udlsusuuseindn agvnenseidmienanuieavnetnaiaiu Tagduwidia Downtown samszeynIendy
3 krn (ldrteglnawinlvgiin...) Tumu shabu #3510l Fefldnaliuvuinfluds Tn q fo Andedloduils
Fast Side semszsiumenn 9 fn Lake Monona uazvdsainfefdmuiesny Step uazldiag
winauiduin@nunIufiFeusiu Chemistry agjﬁﬁ WIINHINTIENIAWTEY Southeast Asian (19 LAN
3l Vietnamese i Thai — 84l lwuangn 555) wdsanmuiase mildvnassntoniunyuil Cafe
iyl aguds Capital State warlUinhauegil Terrace Wiy wdsnduliuufidunduaii HIT
Workout #1 Nicholas Center (shgannuiansm suinwsldnnumynansdians Gym Tudusnn 9 mse
w3 wagldnausazTuil Gym 1-2 Faluvdaadanuluusiayiu SsuuiduvasAeindaduiivigly
pannsosynuiasedulddusssznaumsnnniungudund - 555)  anduisldndunvhansied
Terrace faUszana 22.00 fAunduvioaiiofninFeuvhanluiugsiu

b

B 6 e = R

ARARR

Number 10 Hot Pot / East Side / State Capitol way Café (B 5555)
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Day 52: July 21, 2025 (Monday)

[y

wilnufudluniu Sandwich 7 Subway s1#iIR Yuya AEURBUUTEIN 14.00 U. Iny Key Topic

[y

ulifon s myAningUa1en1avemant NI tazladeagusil
1. Undou LOM-16-09 Tviauysalfeundu

- luts 12 Yull awisudigduneums Combining w83 LOM-16-09 Fadulugasanineves
LOM-16 Series irn&aavdsly South Pole aeluld wazifiosnnn Yuya I8lvnaiidiudanluy
193 LOM-16-09 udusitnafuiinumnfia Madison msrzardunudsidlatiazdelinfeuls
auysaifaundy Lielfauyn LOM-16 i 6 filnutuvideiasauysalluguusnuedantds 1

2. Gli?ﬁ]ﬁ@‘l.lﬂ’a’mgﬂéfawaﬂ Muon Coincidence Rate wagAuIad Error 881981080

w&a91ndinule Plot N1 Muon Event Coincidence Rate (Hz) iiauiu High Charge Threshold
(PE) w99 LOM-16 %1 6 ¢ (@autiseanidiu 2 nda Polar Pair: North uaz South Hemisphere)
warddluduinm Yuya loduansifinan Usinginaanseanunaieway “ideal” \iumia Yuya
JuugthiAeseiluddndudy e make sure Tnetnagndesss Tnefinisthusn 3

drunan o laun

- fusas Error Range 78dusiag Data Point wield Error Bars flusiuguuns

~ AwInRanIzNueIn Dead Time 83550V S4AANTI42877 PMT Guiindeyalula Ao
Fananunauan Dilation Time wiielild Event Rate fiutiass

-y Histogram 1ng Plot A1vas Nevents (Sruaumnnisal) Wisudu Loglo(Time Interval) Lile
9 distribution 99987 Muon iunnsenulundaztie ssnanuniavdaglins o sumi

Anugneeslusyiunanunsadsdduseauivinmslaegegniesdady

3. mailudnmilavedluga LOM-16 gausnveslaniiayluuszdinisit South Pole 931 9 Tag LOM-16 i
6 siruidiusalunmsiiased leun LOM-16-01, 02, 05, 06, 07 ua 08

- Iesumstuduudiinasdugauinies LOM-16 MaggnaslUuuAinisassft Amundsen-Scott
South Pole Station Mmeluaudil Ingavisuvudimasaluiountii uay Yuya wefagidunislu
ANzELAUNLU Deploy fmeditas

ada v [ U =

- mMslavihusudulugawaivniy Adfduiuiumiouauagnuasiates wasne3inminduag

gnilednaslulituiudaiesinufifinsfessenilumsludiaundnsma  Swiliuns
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79 9fila wazednan o lunfoudu wmszyniiausumegeumewionidin waznaneu

Y

“Wion” vaawulludegliimn

4. WSeus Final Presentation Mlngjuazedsnsngnaludin

(%
= A

d1%3U Final Presentation Tuiudumsiiaziall Yuya lavagliuuimnaiitauas Framework finseungy
170 9 I YausINuAD

“Design and Validation of a Cosmic Muon-Based Testing Method for IceCube-Gen2 Optical Module”

[y

FaazUsznaumeansydiAsyau “dnsa” fsil

- AMNFINVDY IceCube Gen2 wazdTaIuIN15aIN IceCube Upgrade

- TAssa319unuan (Deep Core) Uas LOM-16

- NOANTIUNIINBUAUDIVY PMT Usiaziuuaziden (micro-based PMT behavior)

- NNFDDNLUULAY integration '17?0 Hardware, Electronics, FPGA, Signal Processing wai¢ Data Acquisition
- NSWAILY Python Script LAz sUTTInanameLA3osilests ROOT, Jupyter, s2u59n151Y Cobalt
Computing Environment

- MIAUIUNIARINFAERS 191 Coincidence Rate, Charge Threshold Scaling, uag Error Modeling

- maideslostoyaiBsmauism QED wag Interaction Aunadwsatn Cosmic Rays Muon

WQMM@UIMT“ULL?]WW ‘WwualUsiang” LLG\L‘Uuﬂ'ﬁ fneNeAUITAUNITINBINTTIINES19USETRAERS WU
l!lliJEJQ‘UENUF]ﬂﬂ‘iﬂ']’]ﬂ?]ﬂ‘iim/lw*éﬂﬂ’mL“U’ﬂ,"i]LLa“L?IE]&JIaﬂGZJEN’Jﬁ’]ﬂiﬁJLSU’WﬂU"i]ﬂiT]aGZJENWQﬂ Y UUQN Lﬁ’é]

ﬁmamwm&uﬂﬁmwsmuau i ‘VlE]'F\]LfﬂwmllLﬁu%’lﬂm&l’]ﬂ‘lﬂu&uqﬂﬁl

paantasanunulaRunislusanidenglutiadun Nicholas Center WuULAY wazlAuNILNTadey

Daily Report atuiifl Terrace auAYTRTUTZE1TU WioNAULINIU Ice-Cream 70 Daily Scoop

¥
=]

AMMN1T Meeting S¥I19WNLAE Yuya 11 Discussion 1l
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Day 53: July 22, 2025 (Tuesday)

Suilupfiuusidnumy Breakfast 71 4 Lakes Wiy uasiiiwmissfetiadhavdaduils
Lecture 7l WIPAC Agnfiuau Drilling 983 “BigRAID: Drilling on the Greenland glacier” Img Jason
Chan Ssasanferfunmsyaaizdiiudedl North Pole w3 BigRAID Project dsraudnanzdnuas insight
wnuilosanld utilities Tuane instrumentation engineering Aouduees Fswdaau talk nuflddlena
1V discuss U Jason wae team Tuvane 9 topic waaw1nasa Talk eldindunvieused Chamberlin
foaudarandu waziunialueanmdsniefl Nicholas Center Wiy

AN Talk Session 994 Jason Chan Lﬁimﬁu BIGRAID & Green Land
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Day 54: July 23, 2025 (Wednesday)

Sutlfiuusidnunniu Breakfast 71 4 Lakes wWuii uasiifiaudnud fe Suenduiuiinuues
Yuya 2¢¥1 combination LOM-16 Wi 2 hemisphere \@Sadu 71 PSL Aouiiazaiun testing 7 Chamberlin
Hall nanlaedefide 15azdsznay LOM-16-09 fanineiaaduudy Sesuuansiidnann 1 e start
fou 08.30 u. tneaxdl Brian way Andy Wgieminiat msusznauldinauszina 3 $alusdin 9 Suan
cleaning wavsurnTg assembly W1 site machine U89 sub-assembly mﬂﬁuﬁﬂimauﬂzﬂ 2
hemisphere 111sheffu wazsing Pressure testing Alusuaiaauysal uaziflesannmefiuviiiuania
9 gpreunthiiuda d1m3u module gavinedadldnaldunnnuilngiin #dminiadanis assembly Tu

Juil 157filend 09 nduun testing 1 Chamberlin wazgasunanuAle discuss MUY Yuya solugasgaiing

Faanulyad Ao L51@1L15060 part Deadtime Correction Analysis aanlula lws1z Muon Signal Pulse

2

TanwausUnd  warananndeseilamuiutiues  wassuduaiungsll Yuya ledanuldvinisdes
presentation uagyi1 slide 91 WIPAC aufiaiuniousd iaw3suanundoulinnign wdsainasanu
Tutradu wudlalusanidanied Nicholas Center amuundndauiu Jay

1839171 Hemisphere Combining LOM-16-09 fgnvineiasadu
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Day 55: July 24, 2025 (Thursday)

fuilatia Yuya Tiaan 14.00 7 Black Holes ilafivg validate suvesmlutumeuaniing way
Buu slide fu TngSuiinulduazto sandwich 7 Subway ilesnmudiu breakfast mugiu black coffee
7l Aldo’s Cafée mntuldlAuluss WIPAC sla tilosannsilédavin draft sesnunaenaikiumnly Favi
TinsdandoualadidullfesnsdussanBnmuniy  muddunsii Yuya mesladuuamdlumsgen
domifarududeuseninmeneslasie Fedwlinn flow TUlRBEY udmnadauinludiady
Yuya lalsikuaes plot Charge Distribution Tu Ch2 Taglt PMT Gain fildnnniseuam Charge Ratio
Snafe wanidlesninuudoanis recheck nnagdliFeudosdou final brief wisianads Fdlévinuste
uilsszanal 23.00 u. fsldoaninain WIPAC iilendusies

\

MsIALASENAlanLaTdaNULEWN WIPAC
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Day 56: July 25, 2025 (Friday)

Yuflnuidn Yuya 131287 14.00 WAy wallasanWiiuni1sundenou 15139l aununslagi

a [ Qs‘/ & < . . % 4 5
Wge JUUnunevreInINsIABaTIdsINIg  review presentation LLﬁBiJiUUEN’WUIM?{ﬂJyﬁﬂﬂusﬂu{ﬂ@u

gavine lneiilesnniuildesnisusulse plot lndlauauysel wazgndednass winisddddiailunis

USulusunsudntios lag Yuya iy d@dusdandunsanuusd wazanntiuludisussann 17.00 w.

= o a v ) = o I A a & A
Wesnynnuiaduunalstilug Yuya Julumutnidy Jafiesanuuinfiagn Yuya ISR

Rising Son Thai Restaurant &3 Yuya lovnaaasds “Augie” uaz “s1amin” Faduaiwusnves Yuya 9

lonaaeanu waginlaviuf 555 dwunulads “nssinsmydu” wieudu “siavin” Wwuiy uasu1ad

&350 Madison “s19%t1” 199znaneilu Thai Food Signature TUWaIALA 555 wagndsanniuass

Tuthadu muway Yuya Moinduly brief presentation uag validate adwanysalvesudnasy aud

Uszanad 23.00 u. Alduendredunauiiin wieudunudadieaUsulss Presentation Bniantosluas

weekend U

HUAU Yuya AIAN8IWAIUT Presentation tagdouiiiaus

FIUNINATE WUWT Yuya 219U IMSAS U5 INe The Rising Son
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Day 57: July 26, 2025 (Saturday)

SutnuAulsg NIy Breakfast M 4 Lake Liesannddlalmdwwasaaylutatiu slide 9

Terrace sio wanouvttulutsune o wulddn Jay lUidudevesiuiudnidnties Trader Joe’s 1ng

ndanEsa Jay Indusndehauduiiounsd Terrace Femanisifavinauiuauiisuseann 16.00 -

17.00 u. AU Dinner 7 the post hotel ey et Jay léwrumiasamu Ribeye Grills 400e

Faudalimenuunnewludin uasnaanldausarusn Aliviuindesnduinaednlililiineylsee

\ARTU 555 lng1ziiuesen 9 un ¢ wazil texture Tuluy American’s Steak 934 9 9 ntunudsUszUNL

21.00 Y. WINSINAUNINAUTDS Tneserinemne Jay tannsluiig@ia McDonald ndntiey (Wuoen

17U Shake IIl) 3ntiuAlakendafunduieg

Trader Joe’s Tunmwuu wag wu AU Jay AUy Steak aenuly Dinner
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Day 58: July 27, 2025 (Sunday)

Tudnupunaidn we... Aldiduiiluinsenasu hahaha lun1u Mala Soup % Ruyi Noodles

Pntufldiuluassnuind Colectivo Café UShamas State Street @514 medium-light blend ase8

slide AausiUszann 13.00 fauszanm 17.00 Inglufigansiliiuasulanin White tone Tuii Black tone

WY 199NNeId18RaN1581UYeY audience 11NN MEIINIETINITUSUUSS presentation waziiula

Fauysalua nuleida draft W Yuya 9iensiadeudnase wasiiumslusenmdiniedinduil Nicholas

Center Wwuwdy antudlatasalutiadulaluniu dinner #1 Terrace auUnR

Colectivo Café USLIuMas State Capitol
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Day 59: July 28, 2025 (Monday)

Suihfutu Final Presentation lnenaldtin Yuya luwdsuuivrewd presentation luts
Usgaas 12.00 7 Black Holes Tneiflosannmanissiensa douuin wasfineu presentation wndeudng
7 waeldApeRugiuiin Avesuuszana 14.30 . Tnenaldiian present Uszanas 30 Wil waznausony
Snuszanas 15-20 Wi Tneuszanas anladle o wsiedesnnidu Group Meeting 103 WIPAC Faviloid
PI, Scientist Way Grad Students 91994 meeting wazHIN1T presentation vosnudusuauinn
s9uds Jay way Finn @wilik Dr. Karle Safudiasniudnun joined meeting .2 55555 @ewanuanf
vonludnunilsuy present) Juflosandousndendrad waeviilinig presentation Wuldldagnasuiu
Tnends present 1@59 Al audience auAAINSIWILNIN FalwaRTimeIon Back Up wnAeudaieeyis
yhliansnsoneuldrouiinseunquuarauysaiinnian dmisisdngilafte muddlatuauiinnaaon
svpgaTiiiuIn warlddunns support 8geRann Yuya, Chris saudainddeuaziininermansaes
lceCube Viliauiloonunogaauysaifiadvinfasdululaly 2 Weudisrind saufvldsufmaumnuans
q auia talk I nice eSunedladne Weudae power uag content Aeudns useful uag practical \u
oghann ln 9 ARenuduiduedsBeiazdwionnunsuaiivaoluiu LOM-16 vk 6 fafifdse shipping
U south pole luiiouniit Tnendsaniasanis present walld discuss s1useiu Chris, Yuya, Tianlu uag
Albrecht 3nfiaifeafiuay sauddldduualy discuss fu Will way Kiara @adu Grad Students a7n
Harvard University #iun¥i1 project 1Agafu PDoms 1 PSL wagsiudu 1 lu 4 detector fiazgndaly
deploy 7 pole Wuiiefu LOM-16 vanuiiuied mﬂﬁ?umulﬁﬂé’uﬁaﬂﬂmﬁauﬂqm uazluoanidinig

da.8uriu Jay 91 Nicholas Center fiamuun saudialU@e dinner i Mooya wagluniuil Terrace

UF38111ANTT Presentation U83Nu7 Supernova ¥1NiAa19 Researcher Wag Scientist 1049 IceCube
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Day 60: July 29, 2025 (Tuesday)

Suiinuduudidn wswida Jay 137 the discovery mszavii keycard WAL WIPAC saudsth
nayualUAudl Chamberlin Hall wagndusn rendering files $1uf1e 9 asliiy Yuya newAunisesnain
Madison Tufumsstl Taendsanyhanludsasussann 17.00 s Chris way Jay WWAunsly Terrace
AufrIYes Albrecht Lilasan nnaudssnisaassnounduliumninnounduiues Tnevdsaniada
Uszanad 20.00 1. Yuya, Sean uaz Jessie lnnulumudnised Buffalo Wild Wings uaz lan’s Pizza
nthudsvana 23.00 usildmaunal Yuya, Sean Uag Jessie figuanunaon 2 ieuiiniuan uazvemindu

v P a a v & a a & v
VDI UBIITNUYBDINADILNUNDULAUNINBALANUBY

T g
'EN;

» A
O ik hw
i BwEn

AMNHNA18IINAU Professor Albrecht Karle, Sean Griffin, & Yuya Makino

Wag lan’s Pizza (Pizza ASIINIUANSE VBIHY)
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Day 61: July 30, 2025 (Wednesday)

Sutlfiudsyanas 06.00 . uazlunu Breakfast 7 4 Lakes Wi dewsznduvesnifivues
LarAsIvdeUAIEsUSasdnEntes anduldiumaludinalng 9 Nicholas Recreation Center
\la5030 Coach Bus aniis Usvanas 11.00 58 Coach AiSuunaense wax Jay AldAusdsrauazdenul
910 Aldo’s Café wnrhnaeutusa Tnenaldrnvosunsdiuiu Jay 13 iilosonliianansainduiiomunld
iy Wiinude vie qunsaiverwazetn antulssna 1130 . wildfusouasiiunseanain
Madison MaanUszanas 3 Falusiia 9 Aiuniaania Chicago O’Hare International Airport wazlelsen
Taxi anawuduiieluslssusuiinn (Sonesta Simply Suites Hotel) Tnendsann Check In wilsausud
Wn wanfivvesdunissSeudes wufldiAumadiluss Chicaso Downtown ngld Metro City Link @4
AANY 9 AU Airport Rail Link vedlng

Timeline & L&un14 30 July 2025 — Pound’s Chicago Night

1. 91310 Sonesta Simply Suites LAUNIATLEes Chicago Downtown ¢18 Metro (CTA Blue Line)

way asannil Clark/Lake (@enanaunidu/uieaig, lanats Loop)

2. 5ud1579 Chicago Downtown - Wueonunils Clark St. 61U Grand Ave, Lower Wacker, uazleu

business district

3, Suuglth Chicago Riverwalk waza1wgy 37 landmark #ngs Suwhh @#n Marina City, 81A13
Britannica, Wacker Dr., fin Wrigley, Trump Tower) tazang Selfie Suagwiu Clark Street Bridge
(rana@nunn) Taedein/Audnaudthiid Chicaco Brewhouse Ineilewduldiulinen Popeyes +
Chicago Beer ¥inunanausseneLiu q‘%uﬁﬂ WilLSaLAuH u,azl,mg]ﬁw “BEER — A part of Chicago’s

History”

4. Landmark Zone lagiaulufafn Marina City (nnas 9 iconic) uag@n Wrigley Building (w17
WOABEUNNANT) 53T Trump Tower (81A1584I1g))

(%

5. Millennium Park & The Bean (Cloud Gate) Ingwfiusndi The Bean (Cloud Gate) dwgﬂﬂfiﬁﬁ Foyanwal
Usgdidlos nSeufinuin “Legacy at Millennium Park” wazilinzSueanves Grant Park

6. Jay Pritzker Pavilion (lu Millennium Park) dufuldaurunalug/auauns Jay Pritzker Pavilion
WAL orchestra NMAITN/LaUAR LaglatainEaunNawiing UssennIAdas
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7. Landmark anewtia: “The Dark Knight Route” Tneghefinils Millennium Park / Wacker Dr. (finfildf
Jue1Ans Wayne Enterprises Tu The Dark Knight) uagiiusndiauudy Lower Wacker Drive (1050
leag1ve9 Joker “Like a dog chasing cars!”) saufanesulauldaswiw/auuldaungnldanevidmaiaises

8. WiSuuait — Magnificent Mile/Trump Tower wagagsuiu “Wrigley Building + Trump Tower”
ymeoisiuetanel (lafunn 9) uwaziiuduluauu Michigan Ave Tgusiuan waslwaney

9. Navy Pier uagifiuin13n Downtown fMakaitdl Chicago HIULEWNI9ER (98 Lower Wacker 8n50u)
wazdla Navy Pier (Mi3eluejgn iconic Hangiaanu Michigan) 9 wa Suti1/Chicago Shakespeare Theater
wazlza1e3U Chicago Children’s Museum (Tnglnuag) wagiiuidusungiaaiu Michigan

10. foundu Downtown — eruen & fin esindunnwiin Safunduunlau Michigan Ave / State St.
LazwIz31U Potbelly Sandwiches (S¥#ing State & State Lake) 1@ “Banana Pudding” snfiusedsies

wazesaruvEn NBULAUNIIAD

11. Chicago Theatre Unvine) Ineifuluvnii Chicago Theatre (Uell “CHICAGO” dnadlaniaw) anegy
thelwlusiunu nansfundstunn agvieuituauu dfe landmark Uavhe “auysaluuy” Yeensviesses
1u Chicago

[ v W

Togagy... nulafillonaiu landmark d1Aeyan 9 + dudaussennia Chicago wuu day-to-night Tu 1 Aiu

=

i Ievisuesiudn, street experience, faviltgeadyn, Savnzng, street life 939 9, waz iconic e
Chicago Theatre AsUkazANINAMSU 1 Auly Chicago!

AMRLT Millenium Park, Wrigley Building wag Chicago Bridge (W Ohio St)
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Day 62: July 31, 2025 (Thursday)

NuIALUTZIN 08.00 wawils Shuttle Bus vaslsawsuly Check in 7 Counter 483 O’Hare Airport

ntulaiulUie Black Coffee f Dunkin Donut 1MUSIBN0UTULATEY kaskilaaannuuiiuseaunisal

P1uwa ldnatliuulunisdedunazilssedl Gate waziilasa1nnie Korean Air 98¥i1n15i3snenmis

2 delug) + 9119379 vliuselumuuueIes uaziiesanldnailunisiiunieiis 14 alus 3ela

ForuwazrunuediunsenlinusewinsuwAas Ussanu 12.15 ninaunisuusenali boarding load

Wndin3es wazUseuna 12,55 a3l Take off wagdmiuny svegnarieguuniosiidugisienum

AUUDIUNTBUAIY 5555 U neunsauld 6-7 1509 tawn

- Sherlock Holmes
- Frozen 1 & 2

- Megamind

- Mission Impossible 4: the Ghost protocol

- Untold Melody (nmweunsinua)

- The Dark Knight

= dl U ! 1 U v U = Y !
ADAUBUNAU WANlanay PNTENAINTUGILVADAUDYNN ) 55555

AMMNNABU On Boarding AULATY Lag Chicago O’Hare International Airport
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Day 63: August 1, 2025 (Friday)

wazUszanad 17.00 W. a4 LIANYeIDUTDEIsITUSTNIME (NELS) mufAuniewn Landing

a

Incheon International Airport Ll transit flight Tnedinaruszanu 2 Talus Fanaainasiadunise 1o

Haud nuAldiauluomnsmnui Food court Bamuaurivenm tuhfeguindwnvieoudsnniond uay

ndwuasanlmaulute Frappe Matcha Latte 91 Starbucks y1U LaganilaseTuiA3osd Gate 1#8991N

tuldwntnninauiisy boarding dlasansidn waziileswn traffic vesauwduiin error dntey Favh
1915 take off 1in delayed Tuuszaa 1 Falas aniAufageanUsyanas 19.25 Ananaidu 20.25 uild
wawAlszan 5 Pkl 9 AAunin landing degnssugliegnsUaendy HewnrunITAUNNg

PaeAUTlaLaNIa185aU 5 TlusiidanatsiduEaadntosdmsuny 55555 unnazasu wasnufmull

o + a v A o a YK
sunseUn LLaSLﬂu@aﬂﬂJqﬂqﬂmuq NU1595UUTEUN 00.30 U. LLaZlAuNINNauuIu

waznouarlaain Diary Report uavtuiinnisiiiunieatuil nuveundyai General Douglas MacAthur

nanlut 1942 naussnanWauludnuAdvesUses1u1sud Flankin D. Roosevelt 1391

LSULULAT. ..

“Dear United States, Pound Thammarat Shall Return!”
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6. NANUIN

6.1 Overview of LOM-16-09: The Final Module Construction

Figure 6.1: nMW3I1Y8Y LOM-16-09 Construction I‘U‘Vgﬂﬂizmumi

LOM-16-09 Julugad1dunl 10 wazidu lugagavinevedsd LOM-16 fignasiatunieldlasinis iceCube-
Upgrade windlunaaaunipawin a 4alanls (South Pole) lugasuiltiedunyavuneddey 1ilosainnisuszneud
auyselres LOM-16-09 Luldiduiissuanisudnlugaiianfuminiu wadudunisaluazasauesininuiainnisasne

luganeuntiina 9 ¥a Fafindensuarinidelaiseuiandemanain USuusanssuiums wagiinun3snisvieulid

UsEAVENINUINTULEDY 9

muu LOM- 16 09 ﬁ]ﬂaﬂm\n%‘du NaaWﬁ‘mﬂaLﬂENﬂUﬁ,nm%mﬂ”liNam (semi-standard operating procedure
SOP) w8 LOM-16 eanen1suan nse mumsﬂﬁ”ﬂa‘uwLﬂsﬂﬂma’]mu’luimausﬂ 1 gnusulvisivin 4 ummwumauw
TaLau LLazﬁmmsmimuqmmmwmLmummmm ﬂsaUﬂQNWQLLmmsmsaumuﬂssﬂaumnauazwﬂﬂﬂw nshnde
ViaennsI9duLas (PMTs) ashunsulany nisuseneushaseusaziiuanslnl nsldansesufidaiaa (optical gel) Wouin
FULAITENINN PMT uag cover ii0ann13nIeL39w09uas N3YgaaYeyINA (vacuum processing) iardanesainia
wazylaaauIuAl nasnIUNITUIEee hemisphere UNUTENBULTIAIAULAZVIINITNAGDUAIIUNUNIUADLTIAU

(pressure test)

i oHIUNTEUINNITNNALAENIATITABUA AN IMuALED Tugadegnaslugh Chamberlin Hall ie
nsavaeudagranddniuazymsiinseiidosiuredygruanoymaitesu fededutunouanienouns
deploy & IceCube-Upgrade Tuauisass nsiasaEuves LOM-16-09 laiiitequansdsnnumiouvosdunuy multi-PMT
optical module dmsunisnaaauluan1zuIngoudTe LLm'E‘]’al,f]wé'ﬂgwwumﬂ1iUisqmmmmmiumiwﬁmsgﬂ
(reproducibility) wagn1sdavinanasgiunsasalugaiianansavenslugssdumsadndiuiuannd niu iceCube-Gen2
Tuauran
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6.2 Component Preparation

Figure 6.2: Mwnstaseams assembly Tnelunmidiuniswsen PMTs i 16 &
6.2.1 PMT + Micro-Base Coupling

waeAnIAaLEs (Photomultiplier Tubes; PMTs) 31 4 i Qmi‘iamﬁaﬁu micro-base electronics fioaniuy
WWzdInsu LOM series Iag micro-base ﬁmﬁwﬁﬂzﬂummﬁaLLiqﬁuqﬂﬁ PMT waznsenudaanadliiiniiinantsl
oY N3 coupling fiffiAudAyeged ilesainnsuszneuligndesenmiliAndymaruaiosvosusiu
(voltage stability), dark noise Lﬁuqasﬁu, PSaLLWANTSIELEVDY PMT Tusyazen?

6.2.2 Optical Gel Pad Attachment

dlo PMT wag micro-base gNwTELLESY Sefndadniu optical gel-pad Tng cel-pad ¥iwhildudananad
Wwas (optical interface) 51319RISULAIYBY PMT Uag protective cover v8dluga Gel e Wuuszansamnsamy
was (optical coupling efficiency) annsazviau (reflection losses) wazanlean1afiuas Cherenkov auLdBaiuuan
#iAm9ase maideniaguaranuvilnvesvaiinalagnswionisnevausvedluga

6.2.3 Sub-Assembly Jig

wialiliuladn PMTs s 16 naeagnininslusunisasyufigndes ladinsasne sub-assembly jig Fadu
fixture fiAuATIlATIES19lane (metal frame) wagszuulniln (wiring haress) 1isenu Jig deaelinisinns PMT &
repeatability g4 aa error MLAA1N human factor wagyhinssuiumsansavdlaluynluga
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\

Figure 6.3: Sub-assembly jig &5 LOM-16-09 1@ jig QNeankuuutiesessunsinas PMTs wag wiring hamess
Wil alignment fusiugn am human error lun1suseney wasvibianunsavidlalunnluganigld sop

6.3.1 PMT Installation

ynUsznau PMT (Usgnousag PMT + micro-base + gel-pad) gniindaiing metal frame vaslugaluusiagils
¢l upper hemisphere waz lower hemisphere MsAnasRatade alignment fixture AoenUULILANY Wlaenuay
fuvitls gufuuas kagn1sdnideadusnadnues PMTs favun 16 naonesausug) mmﬁwﬁ'zymaa%gumauﬁaﬁﬂﬁ
Fnfirmsfigndesues PMTs ilosanarmidsnvuiisadntosanunsadmalasnsseniuainnsaveslugalunis
reconstruct AirN1aYosuANTLTUABY LAZTNET gnAoAsLLuSweINTIEyTiansdamilu (neutrino directional
reconstruction) faumsfindsynuaendsiosinunmsnsa alignment sgaiuszuy TdnisnsisdeumLILYeY
iaiieannisduazifieuniensnanefiszninenis deploy

6.3.2 Shielded Cover Integration

dlemsiinds PMT asuéanluusias hemisphere Tumausioluiienisia shielded cover sauimiluga lny cover
fivimiifiaesusznisfie Josiudana (mechanical protection) A1NUTINTLUNNLAYLIIFUGS UAE AALAITUNILIIMN
Aewen (optical shielding) 7ieaviliiAndyayrauianann (spurious hits) n13Anaa cover fasld torque control
tools AiUFuAmsdnegsaziBen ileliuseduves fasteners agluinaminnsgiu mnussdasiAuluenavili cover
Lillnadn vaziusadngaiuldozneliiin stress points vulassasiauis Fedmnuidssgeionisuaniniloogneld
LLidﬁuluﬁﬁLL‘ﬁﬂ A3 integrate shielded cover ?NﬁaLﬂu%umauﬁﬁaﬂmﬁmmmammwd’m mechanical integrity Way

optical cleanliness ‘U@ﬂI&J@a

6.3.3 Wiring and Cable Management

wdnsAnRe PMTs wae cover Jumaudinlufiemsinszideu wiring harness ¥09e8&ayayna4a1n PMTs 9067
aemaniifonn Sautuuardniieseseisndou ioanuseia (strain) Aenuiinduseninninadoudevienis
deploy Whuds wonanil mssaidesaned fosilsiinisan electrical cross-talk 521313 channel Zsenvdanase
Anugniesvesdyy i vuiinld nsnsszuvansgnesnuuulaglindnng strain relief wag vibration tolerance
el withstand slaussduasiiton usaugs uazgamgiishantiluaniizuindeuadswes South Pole AMNELSTT0S
nsdamsszuuaneiiiinalnenswio arunadesvesdayan (signal stability) uas audetiovedlugaluszeren
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Figure 6.4: Tunouns backfilling optical gel N151An gel H1u sling system A3tay 4 PMTs vildnszaneiaiiaus ananulEswes

micro-gaps Mi9adsnase optical coupling Wag photon detection efficiency
6.4.1 Backfilling

M3 backfill Wuduneudrdglun1sidntesinminie (air-gap) 5¥%IN9RW0e PMT wagaasau (protective
v . Aa wa Y Y A o v a g « . »
cover) lngld optical gel NAuaudRlnAAgaiUAINA1LES WevihntTlu “optical coupler” Tlvnauanuassy
AoaInsadsEinutng PMT laeg1aiiuseansain minUdesldl air-gap agnnglu Trneudiuiuunazgnasviounse
nszidseanueaniiania vilinnulveddugaanadegian

TumsURUR fiuedld sling system Sseonuuunlianunse backfill iaSsas 4 PMTs 33idtaelinnslvaves
waihdusazdeslinnuainane anmudsaiinauisdnuaznszaglivis woNTINt NMIALLUY batch-wise §i%78
TiuausanIvANAMNNUBLIRLAZYALALNATA 1nelin1nTI9aeUUsHNN AUNTR WATNIINITEANLRINBULAL AT
mMafamnads mamuauiifarudidyuin Wesn optical gel MAulsianysaionaadns “micro-gaps” funusoslsl
Wil uslazdanasie calibration wazmsindaaalussazen

6.4.2 Degassing

wielinis backfill fUszavEnIngegn optical gel léluusiaz batch azferiunszuIuns degassing Anelu
vacuum cleaner fouthluldau dunouifiyausrasdiietdanasennasunaidn (micro-bubbles) fionailsagluiilo
L34 mnvxlaamehﬁé’famagj sgyhmiifiidugugnananisnszids (scattering centers) siliuaumisunewgaydofianis
warluuansdorsihmihiidugeasioumeluiisumunmsianaivedaeu
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NS¥UIUNIT degassing Aasddunisedsszainsz Tudoliiiuladn el Fnsnmantininanaznisuasi
wanzan Liinn1s polymerization W3ONSUENTUTEIEIUNAY UBNINT M degassing gel Azdiosgnldaruiug
melunafisanun (working time) Lﬁai’]aaﬁﬂﬂﬁmqmﬂﬁﬂiﬂﬂzjﬁaﬁaﬁuismwmiLﬁw%aﬁ’]aanmnaquzymﬂmﬂ
nsmuautuneuidedunililu o fiflauddnyge iesanaunInues gel usiay batch fnalagmssio sensitivity
wag stability veslugaluszezen

6.4.3 Vacuum Processing

Figure 6.4.3: Tunaun1511 LOM-16-09 1504 Hemisphere 191g vacuum chamber

1&sn13 backfill 1a¥afu hemispheres fisaasazgniudng vacuum chamber ifunayszanm -5 Yu gl
optical gel figy 9 dunuiadAURuRY PMT way cover e ANy T nsvuIUnsiidadaerda residual bubbles fiona
andnseglu gel udansidy usfgidunoswuindninuyudunuliannsoueadiuld winndnsegazvinlilugad
waRnssunsawiuuasiiliafios uardsmadelnonsaionuusiuglunisvih detector calibration

o w

N¥UIUNTT vacuum hold fadiunumdAgluitena Tnedieli gel dnanismsluns “settle” wazasienis

o

o o a

gamileaniuasivinves PMT elugadosndnivanitzussiugauazaumgianands (~-40 °C) ATalantd Junoudl
foudu critical step lunsa$e optical module isnzuiivissnisnsegves air inclusion Usunandntes Aduisaan
Uszdndnmvasluganted1adaau vl photon detection efficiency (PDE) LUgaiuu wagvinefigansenusanis

AAsIi@NdszaU high-energy neutrino
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6.5 Hemisphere Combination and Sealing

Figure 6.5: 175 combine hemispheres %94 LOM-16-09 14 alignment jig waz sealing compound wietloaty leakage uazAY alignment

Fualugh duneuilhlu critical step 9040158514 optical module 7 deploy #2354

789910 hemispheres MED AU vacuum processing unamaneTusiierdanosenniauazyi
19 optical gel aunudiogneauysol FumeudnluAon1su Upper Hemisphere uaz Lower Hemisphere 1uUsenay
saddeitu (combination) iteas1aduluga LOM-16-09 fiauysal nsvurunisiideifuniduduneuil dudeunas
critical ﬁqﬂ YDINTHER LﬁaqmﬂL‘?;JuﬂﬁwmunﬂdauﬂszﬂauLﬂﬁw’haﬁu wadenaln (mechanical), Wil (electrical),
warliteaURfa (optical coupling)

TumaU i n1s combine hemispheres #asld alignment jig FsgnoonuuuniionIuAumULILALYLVDS
hemispheres Tnsagug (coaxial alignment) g13usiugh wiazdiauaanndouiisadnioslunisuszneu fiens
denasemnuudausieslanaduaznisnszneusafuvesniuiioviailuanns maauainssiugann fuanudld
fixture kALl oUsyABs hemispheres Tawiuuegvadiaue wiourtensaadou alignment s mateasarouidy

ATLUIUNT sealing

'
[

n13 sealing 14 sealing compound LawwﬁmmmwuﬁaLmé’uLLasqmmﬁﬁ 31 -40°C gl Iﬂamiﬁﬁmgﬂ
MegsaaNeTEUTOERBYY hemispheres Honmaitetesiun1sda (leakage) Ao1auind uszninenns deploy 18
¥uds Usunaswes compound fewmed limniuluausussnunduasu warliviaivlusuingosine vdwinm
\@¥a fuauagld torque wrench AuuanliaziBen ety fasteners Tildusedn (torque) auaiUnuinsgiu nsld

torque MsnniiulueavilviuiaLAn stress fracture lal waueit torque aiuluenavilinsdalaiauysal
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seminetuney combination Suilsteasidunddyie nsnsavaeuszuulnin (cable feedthroughs uaw
wiring harness) 1flesa7n1ile hemispheres gninsauidnseiuuds agliannsaudlonmsiduameniglulddn windane
Tnaneniislnsevionariulngladldisla enaneliiin short circuit viedaarnuamelideldnuaie fufu dewle
hemispheres #11971U3%%11N13 inspect WAuaeNLEY 53184 strain relief ¥a3 connector TiseuTay

A3¥UINNT combine LOM-16-09 Miaansiudszanas 3 43lus Fedunirfiananisalliluneuusn daunils
stwzﬁmmlé’ﬁaamixaummimﬂmiﬂisnauimaadawﬁwﬁﬂgq 9 9 FeanansnanauRanaakazudunounis
endlifinetu (streamlined process) iy N353 WUEUURNY, M3ld jig $3uriu marking system Fau uwazns
¥ checklist QC seninsdumaunisuseney nadwsdensusznauiimnuiulageduuayldinardosadlashianmou
AN

W8an13 sealing 159U LOM-16-09 agniitlui1u pressure test viuil lnadraesanmziiadeiunisgnnariv
Tuthudefimnuanunnnin 1.5-2 Alawmns n13WIU pressure test 1UFUe@I1 sealing uazlassaiisisnuaanunsanu
AousINARULAYOMNTARTITeY South Pole lapgneiula

"3 combine hemispheres 484 LOM-16-09 3alilifiaue “Funsunsusznou” wildunsaguuniseuann
lugansuntiuavenseAunszuIunishug semi-standard operating procedure (semi-SOP) ﬁawmmmmwalﬂqjﬂ'ﬁ
Wan optical modules S1uruInlusuIAR (IceCube-Gen2) mudSavesiunouiiswmennanundeudunaia
wazdnennlunsnandiogeinnsgu

6.6 Quality Control and Pressure Test

Figure 6.6: NMWKWaz LOM-16-09 fieisesivi testing flauvh 2-Hemisphere Combining (437) wazn13vh Pressure testing (§18)

diglifuladiluga LOM-16-09 fiuszneuiadafinnundonsisdulassadrouarnisviinu sndudesiiunssuaunis
nI9EEUARINIM (Quality Control; QC) manedunsunsiluldnuas manmaseumaigneonuuuliinsounquyn
osfUsznaundnvasluna wadsna (mechanical), W34l (electrical), waztdsoaUfda (optical) aufisnsnaaey
AUNUNIULTINIBAIN (pressure test) fiaosaanzndonvesnsldanuiitalants
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6.6.1 Mechanical QC

NINTIVFOULTINAUTENOUAILAITIA alignment U89 hemispheres #8901 combine Wionsavaeuiinig
\Housvagluwuaunuifenfuualsifin offset Svanaadnsariuidu (stress) ifinlugaans uonanidafinsmaaous
torque ¥4 fasteners NAI9IE torque wrench firiunns calibrate Lﬁaguﬁu’hLLiﬁﬁmaiﬂuﬁiNﬁﬁwum wnsAull
o1avilinsdalsiauysal vaziussdafiguiuluonsairsanudemeliuimielasdans gavnefiuauldvi visual

inspection a¥ mechanical stress check \iems79a8U structural integrity ‘Uaﬂu@aiﬂai’m
6.6.2 Electrical QC

syuulniinnglugnasiaaeuegaaziden ngyiinisin continuity vesnnidudyainain PMT LUgs
connector Aguen Wieduduinliinsuianen sudmaasy insulation resistance sewinsanslnluaglnsilangiiie
Jasfunssmeausaiugs (HV leakage) Mansaaapuiuiifimuddyosnads osnasfiswasudifoandniosay
thluglaymayanasumu (noise) e short circuit Adlulsfldndanns deploy

6.6.3 Optical QC

PupaURfa NINUYIINIIRTI9a0UTASdDILENHIURISULAS (PMT face) wag cover LNaAUMINEIDINIANTD
anuldaeiileslu optical gel Insianizqaiiaglu critical optical path wanwu air inclusion wiliieudniioeena
nellAn scattering waz reflection Ndwwalinsin Cherenkov photons finuialfisu nsnsiageuassiduduin ld

wurlesenAlugningm wag optical coupling agluannauysal
6.6.4 Pressure Test

dleriu QC Heaugu lugagniidng pressure chamber # PSL LﬁaﬁmﬁmaawnmwumwiaLLiaéfuqa
mimaauﬁﬁhamamwLLiaﬁuﬁImaa%ﬁaqLm%mLﬁaﬁm&u’ﬂﬁﬂaﬁﬂLL%&iuizﬁUﬂawuﬁﬂaJWﬂﬂ'jw 1.5-2 Alatwns wWhnne
AoBuduIlATIas 1LY M58 Lag feedthroughs suaﬁa’]EJIW‘N’]é'famamwamymmaﬂajLﬁmﬂﬁ%’ﬁw‘%aLﬁsmw HANTS
VnaeuBuduin LOM-16-09 r1un1nsgnu field deployment waznsaudmsunislgauailu iceCube-Upgrade
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