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unfl 1 GSI & Surmer Student Program

1 M3ilausIenY

2 MsLBuEn T
3 N1SUNAUBNAIU
4 Aanssudue

uni 2 aguanidenvinsiuiu GSI

1 GSI Pulsed gas stripper
lnguneIviegey Wwed
2 fudinleseuamwesaaduas (HILITE)

lngwangaia ULy

uni 3 JuiinUszaunisal
1 WWIRYRY Yuas
2 WENHANA ULDE

AARNUIN (SIPNUTIYINIG)

A Assembly and commissioning of a test stand for
pulsed gas valve for a new UNILAC gas stripper
lnguneIviegey Wwed

B Electron Beam lon Trap Preparation For The HILITE
Penning Trap Experiment
Tnewengada udeu
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Unn 1

GSI & Summer Student Program

anduidelosauntin GSI ( 8angw : GSI Helmholtz Centre for Heavy lon Research ) uaaniu
flFnuatonssoynavslvgdmiunsineidedulesuntn degfidies aduadn Ussmmeosui
gﬂfﬁaé}’jﬁmﬁaﬂ A.A. 1969 flyrains 1,350 Ay tnardutdndnenamansuazieanssiu 750 Ay dausiuile
fuantusingg vhlanUseana 400 @a1du an 50 Usewa fin1s3delu 5 anvwdn lud nuclear and
particle physics, atomic physics, plasma physics, bio physics and medical science Wag materials

research

159115 Summer Student Program 71 GSI Saduegnwsiaifiosnds 37 ¥ Wulassmsidalenaly
tnfnudaanessiutigges  wastinAnviTyyiinanumingdvlanldidundudaiuiinnisdu
inivesnadutudunaasaiou Tnsannsndenamesuideiifosnisildnauwimuadingly
pousiy  uardiaunsaldonguuuunmsvinnuldlinnasduinimeass vihdumgu] wEeadisuuudiaes
newfiune$ TnstnAnwifildsudndenussina 30 - 35 au asgnueumnsnuliruasvildusazusazay
szeglurnuguavestinidoniliny Bonin Aunes nasaszeznasyvindasins dhAnwagliidrsiuay
oglnddnfuianosvesiales ievhnmeass iiudeya Tinsevinauaztiauesersiulasnis

Aenssunelulassnnsiifenisiteussens msevvuaauiivarmsvinu  Ingluduaiusnas
Hunsilissenenomn  vdminiuazSuanuusseaavdodndar 12 Susasivdeduiurho
dudaudduasiil 4 Husuluasdunaesnisisuiome dmsuunsiuaziinmsaeunaufua loun n1s
Anlilusunsu ROOT wlelilumsinsevideyavnalnguasmsinldlin Latex dmunsideussauids
WEans uaﬂmﬂﬁé’qﬁﬁﬂﬂﬁmé’wmmiaammﬁﬂagjmaamzammsuaﬂmami lidasfunudeds
19 (grill party) iensedumnuduiusseninainAnnauiunesuarseninetindnednefues msutady
Woveaneludaiesada %aﬁﬁy’mﬂmmmm GSI wazln@n®¥13a1n Summer Student Program aduUd
Aanssuusadneludesaiuadniitionuzthanuiivineg Wisdnladuedied dellasfunmsiiauese
aviBunvasusazianssuiilddnsiunasnaeniiou

1. nsWeussens

(%
= v Y

nsilausseedaduintens 1.5 Talus Inglunilsiuagiinsussereunnianananinte Aeniaiaes

v

idauaznautenileinge ensiulinnuiduduinidenely GSI Tnewidonsusseneaunsauus
auavlanail



1.1 Accelerators Usznaumenisussengluideselull
Accelerators : from the source to the target

Jurtdeusnvesnisusssieranun  nendndwdniidndvesnisisseyniausinsivlessusen
Mnunasiidnauluiamsteduliutmine weedimuishulsznousazmsinuvesaioassoyna
i GSI findpassoymadaduvuielug) Bonin UNILAC 1nan Universal Linear Accelerator Lilpsannsiu
annsndldauslosauneglusnouluauiivlesountneggmieuld Tnewdinugaanvosdiaynine
ponogl 11.4 MeV/u nds91ns1umsissit UNILAC uda deyniaazgndsseludomhedaliiiieliluns
yaaes o szuu SIS 18 Faduaiesiudauasdulasnseuanlossuniinuazszuy ESR Faduraumudin
udreynedmsuldlunisnaasdsngg

1.2 Nuclear and Particle Physics Usznaumeanisussenslumdenallil

Compressed Nuclear Matter | ( Collision Dynamics and Flow )
Compressed Nuclear Matter Il ( Dilepton & Strangeness Production )
Compressed Nuclear Matter Il ( Results from ALICE at LHC)

Hadron Physics with Anti-Protons | ( Hadron Spectroscopy )

Hadron Physics with Anti-Protons Il ( Instrumentation )

Nuclear Structure and Astrophysics |

Nuclear Structure and Astrophysics |l

Nuclear Structure and Astrophysics Il

sddelumanidyatiulufinmsfnulasadsiuedoavomiguiaing  uasduedeaiisuu
Tusmouumaa (exotic nuclei) Frazilugarudlalusminuldluamgns shieidnindinisussesun
fian esaniduannnuiseves Gl andausiodn Taglutasd a.a 1980 - 1996 nsduassvisuiin 6
YUADNAVOTABY 112 ”Léfﬁ GSI @@ bohrium (Bh), Hassium (Hs), Meitnerium (Mt), Darmstadtium (Ds),
Roentgenium (Rg) Way Copernicium (Cn) wazfadidn 5 ﬁmﬁlﬁ%’ums@ué’u’jﬂﬁagﬁ]‘%ﬂmam%qﬁamm GSI
Tug9U A.6. 2009 - 2012 oA nihonium (Nh), flerovium (FU), moscovium (Mc), livermrium (Lv) wag
tennessine (Ts)

1.3 Plasma Physics Usgnaumenisussenaluimtensludl

Plasma Physics with Intense lon Beams

Plasma Physics with Intense Laser Beams

\Junisnaniaitaianusnanaulaenisanedilossundsugmsediawesasuudhmneidu
wia sddgluavtignihluldlunsaianneaiiongluaieseivuinlvg



1.4 Biophysics and Medical Science Usgnoumeanisussengluiitenaluil
Biophysics & Cancer Therapy with Heavy lons

ATl Efaindudnuiiananiiaisdededitu 6sl Wueghann dufensAndumsdnw
uziSelaenisaioynireinsou Bondn hadron therapy dagnianidununisane¥edidndmaiiiaiy
Hoanneymesinseuarlivhaedoderlegiounthwadunds  shlvunndannsnidengaiivioanmssne
Igaghsanznizas wazayningnsoudilimduanudiugaindnssdiandunn Foilinissnulinadingd
uislagiuillasunisshulaegds hadron therapy TUuduinndt 40 Ay warlifisngaunisidedinwse
theiflesanmaansnundeisi

15  Atomic Physics Usgnaumeanisussenslumdenaluil
Atomic Physics at GSI : current and future research

GumsyadamAdesnuiiandoznend Sl sudsuuiliiwesAdeluouan aguldinitinumnd
msAnedulaseade (structure) Wi aunds

- nfinagiunan quantum electro dynamics (QED)

- [ Junsfnwravesdusimsninselaseainernou

- Insfnwndnueaizaesdianasoulu strong field

~ AULREITEINN atomic wag nuclear physics

dmsunnliilusuian 6l anuaulaluiinsfnuwain (dynamics) veseznauds
- ANWINANYBINISAANTEUIUNNTTLAUDE AL
- ANWIOURTNILITTNINUAILATAAT
- ANWINAVDY strong field

1.6 Materials Research Usznaumignisussengluindenalull
Material Research

nsfnwluanndagiilunmsunsdaamesiBouns (membrane) uaznisdaudadassaiatan
(modification of materials) lnsnsaiealossuniinaslusastan dlesouilfasdfuuundinuguay
wdsui  msanelessundsnugezyinliiussiafiundinvesiaggniinatsuaziudsunyasinlid
AuantAfUAsully  dunsanglosundinuimaziunsdaaseiasusneuilminifinanleseuly
Fuiulasiaisvesianiy ilinuandRlasmvesiagudsuntadluldivuiu sddemetanmandiiun
aulafemsadrmaenualanifidnunnsesuluasouestudy aray Yssnoufududy membrane iold
Juilawmesnsesanzansidesniseanainaisuszneu



1.7 3u9 Uszneumenisussengluiite

Scientific Presentations Tutorial
Fundamental Research and Impact to the Society

a s A

nsussenelushdedliifedestuidndvioinemansloonse udduduussnoudfisfuiiosyil
FAnnsJuinidenvu vhdeusnlunmsyedaisiauenuiimsih  lamnudfynanisnsiseas
mndralegfinninaue Tasnstauetulififedninvesdodld weayatnua Weunseauriosn
gunsalasanuandlifrugfld asumiiisiannsafennuadleanguls uimnyefasiiduiideians
fonslialadaron mszanudaznevaussienmlsfinimsilafivsediaden fyanasaudeniiozld
FomnuisnuaiilludladifientasliiseaziBonnsuiian Tsudumsnszsyiiin medvuaglsiann
aulafumssruderulngliaulaflefyauazsilimsiiauegunde  waginensédlalidouuzinientu

nsyanazdsanslaeg1aiuseanianAedesaungvy wasnaliduwziingle

shiefiaeadumayragulaThedumsusseneiomn  fdoniAsitunsairusatunalaliud
minsmnaufagsimignniuinide faluhdefiGenldiffiaavesianssudint  mmssldious
Tlanduaginemansiuinmnudy manadswansenusedamsnduaiiounaiumds shlmindnindsiids
eglanudAgyniiedle waveuanvesimMdeiuiidumdilulfinnmeafiodunddundoudeny

2. NISLEYUYNANIUN

Tulassmstin@nuniaggfeudianitu Gl Idinsdnlindnwlilonalditndouvuaniuiisag
meluaardu GSI %ﬂﬁamuﬁﬁm%’umsmamaq'wmaﬁmn yaantudwaliinAnwd s uiivindey
aliin@nwlddnly wanluanuiifiinismaaesiilaneiu Tnsaniudidne Aldludeuss 1éun UNILAC,
Material Science Cave, SHIP-SHIPTRAP, Green Cube, Medical Cave, CRYRING, HADES, Llag ESR

2.1 UNILAC

UNIversal Linear ACcelerator (UNILAC) fuipdousseymauuuidunss grifiduedenssoyniad
Fudmiunisissoymafiiuszaiignaiisluuvasindalesey (on source) Fslovausanangnisdlid
PuEIUsEana) 20 Weslwusvasnnuiduas deulazgnadiiswisluluiaieasseynauuuinaniiGen

(a) (b) (0)

U 1.1 () Inensidausseneiiendiu UNILAC wihe3eadidalessu (b) sumewlus
11%83 UNILAC () ieaaiunsl UNILAC



5

71 SIS18 Uﬂﬂﬂ‘iz}ﬂiﬂﬂﬁﬂﬂ?iﬂﬂﬂﬂ‘l&ﬂﬂ?ﬂi}ﬂi@ﬂlﬂL"U']LEJEJ?J‘U?JIU&’]U‘U@\‘ILL‘IﬂaQﬂ’WLuG]VLE]E]E]u Ummuamﬂsaﬂ
LNE]‘Uﬂ’]ﬂ UNILAC LLauMaQﬂ’JUﬂN‘Wﬁﬂ‘U’@QLﬂiENL'iQ’e]Uﬂ’]ﬂu

2.2 Material Science Cave

Material Science Cave (uanuiidmivisesnuianmanifogindriuinioassouma UNILAC @
Huundeinglosouililumsidel #dfinisvanesey 3 mamaaes nisvaspusn fo Msvnaesanlaza-
Ta? WHunisvanosiidnunisuissdvestaniauls msvnaesinun Ao msfinviniadenuuresisdidng
diefnwlnssainewesian uasnismeassaniing fo nsinuiuiinvestagdiendesanssmididnaseu

(0)

JUN 1.2 (a) ussemieluvioamaassil Material Science Cave (b) gunsain1snaaesaiunlasalad

(c) druvaamsnaassnsinuiiuiyTassendesqanssaudidnasou (d) aunsaln1snaasinig
Anwn1sideauuvessdiond

2.3 SHIP-SHIPTRAP

Separator for Heavy lon reaction Products (SHIP) ua3asflefldlunsadrslossunsnunn (su-
perheavy  ion) fe3Ensiideniinssurunsiadudu (Cold Fusion) Tngluedaldfinisassiandeaiil
La‘UE]”C‘]E]EJC‘NLLGI 107 99 112 LLﬁ“’IU{j"ﬂ'ﬂUUENJJﬂ')WQJWEﬂEﬂiJFLUﬂ’]iaiNu'JLﬂaEJaV]lILﬁ‘UE]”C‘IE]ﬂJaQSUU



6

SHIPTRAP Jufudnlessuiidudiuiisfvvesnmaass SHIP islinsinaudfveslosountn
1N Wy W38 anesu nmsiieufizeneiileosu waznisaauiivesiuafed a1unsovinlasgnauiugiuin
Ju yennildldlunsdeiiiafeavessiguasgisillen (ransuranium nucleus) WuAnsnaaesauy lane

(0)

JUN 1.3 (a) 3UvaaA309 SHIP (b) vimsmauay SHIP (c) Inensusseneiglivaunsel
SHIPTRAP (d) Inennsussenslureamaasaneinuadniasalatiawes

2.4  Green Cube

Green Cube \JudeBunvesormsiiiuguinardumafiverianiaeuiinmes Wuemsiiaie
Penouiumetuelng Sunlfilurudnamesguiosrouinumevasanitu Gsl ormshivaun 6 Hu
widuilinAnululasamsinAnuiniaggfeudenvuaz iAo adswnesiiduuvanivmeUszana
HANANY LAZIBIAIUANTEULTINAILEUYBI01ATS

2.5 Medical Cave

Medical Cave 1Juauiiidensldssdsnuwilunianisunmg Tnedadsnan fe diloseuntn lay
ms%’ﬂwﬁw'ﬁ%ﬁqﬂa'nu“jJuﬁ%ﬁlﬁ%’ummﬁammﬂﬁﬁuﬁaaG] wazlupeui binmsiseReatunssnuiidesen
LazuzEsIstinnneTlulsemmensu ez senas e



(a) (b) ()

U 1.4 (a) 8115 Green Cube (b) Ingnsmasusseneiiednuieadsniaes (o) aelu
WOIAIUANTTUUIIIAIILEY

U7l 1.5 (a) ¥ieamuaunelu Medical Cave (b) meluvioanaasslu Medical Cave

2.6 CRYRING

CRYRING Jursuwmunniiulessu Qﬂiﬁi’ﬂumsﬁ’mﬁuLLazaﬂwé’mumaﬂaaawﬁm‘fimmnmi
yaaesdy leseuiiindanugsazgnanndsnuasaumdeUszanas 100 keV/oyna wazdsinlongluvesd
Tosouriiniusnge

- ; -
R

2™ T-

(a) (b)

JUN 1.6 (a) Inensmasusseneiediuianmiy CRYRING (b) Ineinsmluieugueiu
719 YB4UMIU CRYRING Cave



2.7 HADES

HADES Huawnlasiimesfiumihdanie Wlunisamnaineyniafiiaainmsaaes wosniiu-
fwiidniiduunalvg dlameineynafiflomanueinlénntu HADES Usznaudegunsaivansdau v
nosouiilniBienn suUnTIaTAsed Cherenkov wawszuudue fivieiiinuszansamlunsiauves
HADES

1.7 drunilaveaadios HADES

CaN
[l
=2

2.8 ESR

ESR Wuwawmuiniivleseuiianansadnunssudlilihvesdlossuldundign ursumudnifu
lopouienfianmsafnivoynialdnassinduiinadoavesdidouluuiegaion  uazanudives
oumalutdad 10 Wedwudds 90 Wedwudvesmuduas dufu ESR Wurswmuitansnsovinis
naaesivlessuninvialnila

JUN 1.8 Wensefuneingfiugunsnlaiumingg vedauwniu ESR



3, ANSUNEUINAY

unAnwnidnulasinsindnwiniaggieunnauazdesdavinasllassnunsiuyiiuid minives
an1du GSI lugduuuresnenuuwazmsiiauenimes

euagilasnuveasiasaudiosnuenliiiu ¢ winseams Taslifuluuveaonasmulwdd
T lumiUlsduesdasimsianunsadndsldanmeluaatu Gsl windu wWetndnwusazaudnyiise-
nuEsseUSosudn alzﬁaaﬁﬁmﬁwﬂu’lﬂiqmsaamuLﬂuﬂim'smwmmﬁgmm WAZRONLUUFULUUYRY
LEAUAULDS ﬁgwﬂmﬁa?iasw&muuazgﬂmwﬁﬂméu dlofanandismunvzdesdeuaculilssiiifofusiay
enanshidnAnwnnau

uenNi Tudumvigarhevedasinisziinnsinaveaillassnudngn Wunsiiausluguiuy
nsussens tagliiaan 20 uifilunsussens uasfivasnu-neuvhenisusseneduna 5 wiil dhAnuiid
suilasnsnauazdesiananiuies uasluwdas uaedesiitin@nwmisnuymiiluusesm (chairman)
yossdunnn viuihiiussmahdeuarsrnsamazmnliitusseneieunoGumsusses

(a) (b)

SUN 1.9 mstauananuuesindnwilng (a) wengana widey (b) Weieuey Wwas

q. AANTTUDUA

UBNINNINTIUNINIVINITUD N0 GSI alifanssuaue) TinAnwnidisiulasinistindng
nagaseulalinTw fall

4.1  fanssunesausad
a ¢ a . & a Yo = a v v o Yo o
AanssuiesAwsad (Pedestrian rally) Wufanssulidnd@nwindnsulasinisynaulaviainuidndu
anuiengg aelwdies Darmstadt wagliindnwlaBeusineaduuseifmansuasannuluvesaniui
99 Fnvuluiun 29 nsngiau we. 2560 lnawdatindnwesndungudes wiaznguazlisuienaisnguas



10

wilsgn Wwenarsiifidussenedeivanuiinig uwilivesindidnd@nulumeiney wenainiluenans

fassunnsfaiisewihdmsuudazngy  naufianunsamameuliuniigauazujufnisialaduseezlasu
EN e ERGRRITEEN

42  Aanssudlng

Pudestens Grill party) WuRnssuiitndnlulasnsdndnmaeggdounnaududiamly
nMsdnudsunstin Tnefuwnswnuduiivinulasanu fusssrianiveieingg  mihiikazedn
dndnwilulasinistinfnmaegefou Aanssuddnduluiudl 10 Awneu wa. 2560 Wunudssdinneud
duswiuitefudameudeia fnswdafuhuitn uardreudsnivandeaindfovesaaiu cs|

4.3  nswUadunnuea

Tufuil 26 Bamen wa. 2560 Lifinsdnutsduraueavesanitu Gl Tu Taefidudsuinetnids
Wit waztndnwlulassmstnAnwannggeu dadmluussdmnd anuidansutstusgluauim
iﬂé’ﬁ’umumﬁ'ﬁmzﬁaq'laj‘w'wmﬂ Arheilgen 11ntin

= A

wenNAINsIUNnANwImNAuIiITlasINsinAnwnaggSeuldmsudlananuug
YusuivUsEianeeg NinEnwanansadngiuls wu vusuledla ausueves Wusu dn@nwanunsald
awwpuealdlaeinisewiall] wenvniidsdivusunmewnsntdndnwlulasinsduiouwa  Inednsvy

AMEURsLarSUUTENIUeIMSIEUTINAUY N TUNG
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UNn 2

HIBNN159NAD GSI

1. GS| Pulsed gas stripper lag wgvigey wwas

Tnssnsan1fiseueuilusneunarlessu (Facility for Antiproton and lon Research : FAIR) il
fdarteadns a an1tu GSI tudesnsdeunialessuminiiianudigs Tasedoassoynafady UNILAC
oignanunulidussuutiou (injector system) anayniaun FAIR nsiazlufadoulutily gas stripper 549
aniunildseuudneniawuuag Senii pulsed gas stripper

WaNN5Y9UYes  pulsed gas stripper AenishedlanasouLNELERNaNloReulnglinSTY
sevinlesauiuluanavesuia SendNseuiuns charge stripping ﬁﬂﬁlaaauﬁmﬂizqqﬁu sl
lovoufidszgatuinlvidugnissiiiety  esmnusssasudssrivauuudmdnlaiuazeyniaden
wsiumsnnuvuaUsEy naRemsisseyaUsrgslufmasnuasiinmiaslingsnuiitosniteynadil
Useash vifeFendnegneinysyAnEnImnsiss (acceleration efficiency) fAnifintu Woanus sz ity

fnguszasdvasniIdefidimdliAnvdfensiuieuiioulssansnmeesndiuiaassyin
iles91n nslianu pulsed gas stripper U UNILAC fisinusnldgnasianuiniinisiilvaveufalalasiau
sundifeganely Fafudelfgunsaiifinddonuldtu FAR Sedndudesdnunishaumemduian
Tyl uazdomnil mieeaeundldgnasdunsdudiiunsmaasshouialulasauluduusn @
7lildlalnswunsznisldaulalaseudesnisssuudndssfioonuuuifufiruiiolllfinnsszdadle
sufueanaulueinmea) Taedithunefesiassdoulunmsinuasein UNILAC udihsnsnisivaves
whanudaifundmninSeudiouty fulsivhnsine liun Penandand) anuduas
AUAUUUIIN

S8aZLDUATBINITIANITNAADILALNANITNABDIAIUITODNUNUAULAINT WU VNS b uEU
YBDINIANUIN B
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( d#og”
S _‘{. _ /, ‘_' -
L i
1‘/»4 I Py ey
Sowownd ad .H—MI >,
O g —
JUN 2.5 153715 FAIR ifdaneasne Funs) disdia U7 2.6 n i stripper chamber 98wy
932U UNILAC uagszuuininuayniaiiogudd ARNIZUIUNIT charge stripping
GIRISH)
2. fudnlesauawasaulings (HILITE) lag wengasda uides

Tassomdidmiddinsnlulassnstndnuiaiaggfouiianitu  6sl udiunilsves
Iﬂsami‘ﬁ'L’%am"]mﬁmamﬁ’uﬁﬂlaaaumLszia%m'ml,%’uqa (High Intensity Laser lon Trap Experiment,
HILITE) umsnaassiidnundunsisonsewitslossunazoymealiiney luanneilessuagluusnaiillyl
pouagdudauun lutagiu maveaesiuvseenduassdiugen damusn fo nsUszneududninuil
(Penning Trap) Fadugunsalflilunmsinifveyaaiidesnsaginaveaedly uazdudiaes Ae nsai
wasi-finloseufiGenintusnlessusdidnaseu (Electron Beam lon Trap, EBIT)

JUN 2.1 yagunsalnisnaaesiuininuily
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U7 2.2 gagunsaiiudnlessuddidnnsou

T leiaiusinlunIsmeassine@esdiu @ruundIwanlasuLa gl RFNBILaZYinN1INAa DY
Wefuiusnlossuddianaseu  asandusnmuisdslundenldau  uddudnleosua1didnasauilianing
w3oulunsldauninnin Tuniaznanidensiaiusineesd I AuNsNAaeIisanddiu sasalull

1. fudnleseuddidnnseu
fudnloseuddianaseu fe gunsalililunmsndauaziniivleseulinigly Tnevnlugnldanuly

fAuN1suanleaukaznsAnwaulRvedlessulusuaunlasalal 1He991nANUAaRIsIluNISTUENY way
Tinunlunisdaiuties dudnleseuddidnaseudgnltlunisveassi

cEnooe ANR DOE MeIooe elecson o m CXUACHION CrCTUooes
L ]
I 1
—e
d L | \ 1
puteriiel (V)
s
elenad)
j ":1 \ / \
vu \ (ooer) 3
0 e e - - __._.___'_._.- I—————.—-—_.—nulnmhmfn
’ Id" \ :'
a— \ ) [ Vs
v(d'odl L'—r' v. 2
v,

JUT 2.3 sUpgsirevadassadiiuinlossuddidnasounasdndlihiiliundalniusas
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Assembly and commissioning of a test stand for
pulsed gas valves for a new UNILAC gas stripper

Watanyu Foosang

Plasma and Beam Physics Research Facility
Department of Physics and Materials Science, Faculty of Science, Chiang Mai University
Chiang Mai 50200, Thailand
email : watanyu_f @ cmu.ac.th

The pulsed gas stripper has been used in the previous operation of the GSI UNILAC
and a leakage flow of hydrogen gas through a valve was observed. To be able to imple-
ment the pulsed gas stripper setup into the UNILAC permanently, the use of a new
type of gas valve is envisaged. For this, a test stand was built and first measurements
with nitrogen gas were conducted. The aim was to test the operation with pulsed gas
valves and reproduce the behavior, observed at the UNILAC. The flow rates from a
heavy-utilized valve were compared to that of an unused identical one to check for a
leakage flow, varying the opening time, frequency, and back pressure on the valve. The
results showed that the valves cannot be distinguished by measuring the flow or the
pressure, using nitrogen. During these measurements, an error in the flow measure-
ment was found around frequencies of 16-20 Hz at 70 bar back pressure.

1 Introduction

The project Facility for Antiproton and Ion Re-
search (FAIR) is under construction at GSI and
it requires high-intensity heavy-ion beams. The
current UNIversal Linear ACcelerator (UNI-
LAC) is planed to be a part of injector system.
In order to meet the high requirements, an up-
grade of the gas stripper is ongoing.

An overview configuration of UNILAC is
shown in Fig. 1. The gas stripper is located
between the high current injector (HSI) and the
Alvarez-type Drift Tube Linac (Alvarez-DTL).
It is used to enhance the acceleration efficiency
by utilizing charge-changing processes. In colli-
sions between neutral gas molecules and heavy
ions, electrons are stripped off the ions, resulting
in an increased charge of the ions. The conse-
quence of a stripping process is the distribution
of ions over different charge states. Only one
specific charge state is selected before being ac-
celerated further.

The improvements achieved with the pulsed
gas stripper are, a more narrow charge state dis-
tribution, which allows for higher beam intensi-
ties utilizing the populated charge states, and a
slightly increased mean charge state.

The pulsed gas stripper setup has been pre-
viously used for UNILAC operation and a great
improvement of the beam intensity was made
with a hydrogen gas target. Nevertheless, a
leakage of hydrogen through the gas valve has
been observed. One of the solutions is to replace
the broken valve with a new one. The objective
of this work is to construct and commission the
test stand for testing the functionality of the
new valve.

2 Experimental Setup

The overview of the test stand setup that has
been built is shown in Fig.2. The pulsed gas
stripper which is shown in Fig.3 consumes Ny
from the gas storage tank and power supply
for valves from the valve control device. The
gas, injected into the chamber by the valves, is
pumped out by a Roots Vacuum Pump (RVP).
It is attached at the bottom of the chamber.
To measure the rate of gas intake, a flow meter
is installed on the gas track between the stor-
age tank and the stripper. The back pressure
gauge next to the gas tank is used as a readout
of the pressure inside the chamber. The follow-
ing sections will provide further details of each
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Fig. 1: Schematic of the UNILAC configuration. A heavy-ion beam is accelerated by the HSI up to 1.4
MeV /u before reaching the gas stripper and is boosted to 11.4 MeV /u by the post stripper (Alvarez-
DTL) before being delivered to experimental stations.
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Fig. 2: Schematic of the test stand (status
September 2017); The solid lines indicate
the gas pipe track, while the arrows show the
connection of control or measuring devices.

apparatus.

2.1 Gas Stripper

Fig. 3 shows the graphic of the gas stripper
setup. Two pulsed gas valves are used as a gas
inlet. The nozzle of each valve is pointed to the
interaction zone in the middle of the stripper
chamber. They both are hung with the flange
which is put on top of the chamber and are also
connected to the gas supply and valve control
unit.

Three types of valve were used throughout the
experiment :
1. a previously utilized valve, which will be re-
ferred to as the old valve in this report.
2. A new valve of identical design, which will be
referred to as the new valve.
3. A gas valve of new design, which is designed
for operation with gaseous fuel, will be referred

Gas supply
Pulsed gas
valves
Interaction zone
1 =44 mm
@ =21 mm
Power supply

Fig. 3: The setup of the pulsed gas stripper

to as the new gas valve.

All valves were used with nitrogen gas in this
study and only one valve was operated at a time.
The measurements with hydrogen gas, to vali-
date the performance of the valves for the ap-
plication in the gas stripper, will be conducted
after commissioning. The purpose of retesting
the old valve is to examine whether a leakage
will also occur with nitrogen or not. Therefore,
the gas’s behavior through the new valve is nec-
essary as it can be a reference of a leakage-free
system.



2.2 Power Supply and Valve Control

2.2 Power Supply and Valve Control

For valve operation, the opening time deter-
mines how long a valve’s nozzle is opened. It
comprises two parts : lead time is the time it
takes to get the nozzle fully opened and hold-
ing time is the duration that the nozzle is held
opened. The opening time will be expressed it
the form lead time + holding time hereafter.

The opening time and the frequency of gas
injection are governed by the valve control unit.
The power supply is fed to open or to close the
valves following the trigger signal generated by
a pulse generator. However, the maximum total
opening time that provided by this control unit
is only 4,500 us. Meanwhile, The valve itself is
capable of extremely short opening time from a
few microseconds to milliseconds and high rep-
etition rate of 10 kHz which are much beyond
the requirements for FAIR (<200 us-long beam
pulses, <3 Hz repetition rate)[2].

2.8 Flow Measurement

A flow meter was used to measure the flow rate
of the gas from the storage tank to the stripper
chamber. Its precision and the maximum limit
is 0.01 I/min and 20.00 1/min, respectively. The
flow rate is displayed on a real-time readout de-
vice which is very sensitive so that it is difficult
to take only one value from the measurement.
Thus, at any circumstance, the data was man-
ually recorded in a range from the minimum to
the maximum. The mid-range is used as the
representative value and the error is the size of
that range. Flow behavior through both valves
was studied by varying opening time, valve fre-
quency and back pressure.

3 Measurements and Discussion

Before the first measurement was performed, we
had observed that the flow rate at the frequency
of 1 Hz was too fluctuated to secure an accurate
readout. Therefore, every measurement were
made starting from 5 Hz to increase the pre-
cision.

The functionality test of the old valve was
done after the frequency check and the result
is shown in Fig.4. The flow has a positive lin-
ear correlation to back pressure. At a longer
opening time or a higher frequency, the flow also
increases. However, the errors are much larger

at high opening times. Therefore, further mea-
surement series after this were performed at the
fixed opening time of 2704100 ws, which is also
closer to the opening times used in the applica-
tion at the UNILAC.

The flow behavior of both valves are well con-
sistent as shown in Fig.5. The flow rate per
unit frequency (i.e., the rate of change in gas
flow with respect to frequency) increased with
the power of two as a function of back pressure
for both valves. The slight difference between
them occurs in the quadratic term at the order
of 10~ which is at least 1000 times smaller than
the precision of the flow meter and, therefore, is
negligible. It can be implied that, for nitrogen,
the old valve is still operational and is compa-
rable to a new one of the same type.

Despite the well-agreed data of both valves,
we noticed that at high back pressures > 60 bar
the flow seemed to be significantly dispersed.
So, we repeated the experiment at 70 bar and
finely adjusted the valve frequency. The results

5 1 The flow behavior due to opening time and frequency
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Fig. 7: The pressure inside the chamber that was
recorded along with the flow measurement in
Fig.6

are presented in Fig.6 with dash lines. The flow
rate approximately drops by 77% of the previ-
ous value around 19 Hz for both valves. This be-
havior could be caused by turbulence in the gas
flow. This effect should be influenced by the vol-
ume of gas between the valve and the flow meter.
To verify that, a 1 m long pipe was augmented
to the system as a buffer volume and the mea-
surement series were repeated. The results are
also shown in Fig.6 with solid lines. It is clearly
seen that the effect is still observable exist but
is shifted from 19 Hz down to 16-17 Hz. After
checking with the pressure inside the chamber
which is shown in Fig. 7, it became clear that
the flow through the valve is increasing linearly
with the frequency and the flow measurement
is wrong. To be able to measure the flow ac-
curately, which is required for the test of the
new gas valve, this has to be investigated more
in details and the flow measurement has to be

improved.

4 Conclusions

The test stand for the new pulsed gas valve
was built. Yet, only measurements with the old
and the new valve were performed. The results
showed that the old valve is functional for ni-
trogen gas comparable to the new one since no
leakage of nitrogen was observed. Furthermore,
a problem with the measurement of the flow me-
ter was discovered.
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Electron Beam lon Trap Preparation For The HILITE
Penning Trap Experiment
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An FElectron Beam Ion Trap (EBIT) is under commissioning as an ion source for
the HILITE experiment. The setup uses a Wien filter to select different q/m ratios
of passing particles according to their velocity. The working principle, experimental
setup, as well as the first measurements and results are presented.

1 Introduction

The High Intensity Laser Ion Trap Experiment
(HILITE) is a Penning trap experiment, which
is currently under construction at the HITRAP
facility at GSI Helmholtzzentrum fiir Schwerio-
nenforschung GmbH. The scientific purpose of
the HILITE is to study laser-ion interactions in
extreme laser fields - for instance multi-photon
ionization processes. A Penning trap, in gen-
eral, is used as a tool for precise measurements
of physical properties of charged particles. It
combines an electrostatic field with a superim-
posed magnetic field to confine those particles
in axial, as well as in radial direction [1]. A
schematic view is shown in Fig. 1.

—

]

N\

Fig. 1: Schematic view of a Penning trap.

In most cases, the production of such ion tar-
gets cannot be realized within the Penning trap
itself. This leads to the necessity of having ei-
ther a beamline attached to the setup, or using
an “offline” ion source close by. In order to be
flexible and independent from external sources,
a compact ion source is applied and realized by
a commercially available Dresden EBIT [2].

2 EBIT operating principles

2.1 EBIT structure

An EBIT usually consists of five main parts.
An electron source (cathode), an ionization area
(drift tube electrodes), an electron collector, an
extraction system (extraction electrodes), and a
magnet system. Fig. 2 shows a schematic view
of those components.

The cathode material of the electron source,
in our case, is made out of IrCe and has a di-
ameter of 0.5 mm. By applying a heating cur-
rent, electrons are emitted from the surface by
thermionic emission. Due to the applied nega-
tive potential of the surrounding electrode, the
electrons are accelerated towards the first drift
tube electrode and enter the ionization area.
While the beam passes the drift tubes, it is com-
pressed due to the magnetic field of the perma-
nent magnets. Because of that, the overlap of
the electron beam and the gas target, and there-
fore the cross section for ionization is increased.

The two outermost drift tubes, i.e. the first
and third one, have a higher positive potential
than the center drift tube. By that, the pro-
duced ions are confined axially. A typical pa-
rameter set of potentials applied to the different
electrodes can be seen in Fig. 2. The potential
of the third drift tube can be switched quickly in
order to extract the ions out of the drift tubes.

Right behind the third drift tube, the electron
collector is placed, which is set to ground poten-
tial. The setup ends with the electron repeller
followed by two extraction electrodes. The elec-
tron beam passes the drift tubes and the elec-
tron collector, and is reflected by the applied
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Fig. 2: Schematic diagram of the essential parts of an EBIT and their potential. The horizontal dashed

line indicates the ground of the system.

negative potential of the electron repeller. By
that, the electrons hit the collector and are ab-
sorbed. In the meantime, the extracted ions
are accelerated by the potential difference of the
drift tube in comparison to ground and leave the
EBIT.

Beside the above mentioned components,
other minor parts are essential for a successful
operation of an EBIT. For example, a gas in-
jection system is needed for providing different
(gas) targets. A beryllium window can be used
in order to carry out x-ray spectroscopy of the
created ions.

2.2 Ion creation

When electrons are removed from or added to
a neutral target atom, an ion is created. For
a positive charged ion, the most important pro-
cess for ionization inside an EBIT is the electron
impact ionization, in which an electron from the
beam hits and knocks out an electron of the tar-
get atom/ion. This process can be described by
the following equation,

AT pem o AlatDE 4 oe—,

When the electron beam is emitted from the
cathode, it is accelerated by the potential dif-
ference between the cathode and the anode
(the first drift tube), and enters the ionization
area. There, the ionization takes place due
to electron-atom/ion collision. Depending on
electron energy (electron current density) and
breeding time, which is defined as the time du-
ration in which the ions are confined in the po-
tential well before they are released from the

EBIT, highly charged ions can be produced.

The created ions are confined inside the drift
tube, axially due to the potential of the first
and third drift tube, and radially due to the
negative space charge generated by the electron
beam. While the ions are trapped inside the
chamber, their energy is increased (heated up)
due to plasma instabilities and elastic collision of
electrons and ions [3]. Thereby, they can escape
from the trap as soon as they have reached a
sufficiently high energy level (higher than the
depth of the well).

It is predicted that the ion confinement inside
the drift tubes is stable, if either the resonance
region is small enough to prevent the instabil-
ities to grow, or the Debye length, the length
in which the electric potential of the ions is de-
creased by 1/e, is larger than the electron beam
radius [3].

In order to create an equilibrium state of the
ion cloud inside the trap, ions’ energy must be
limited. The so-called “evaporative cooling” is
purposed [3]. This method describes the loss of
energy due to the loss of the low charged ions
from the trap. The boiling temperature, the en-
ergy at which ions can escape from the trap,
depends on the charge of the ions [3]. Because
of that, the low charged ions escape first, and
the leftovers are highly charged ions. By this
method, the total number and the trapping life-
time of the highly charged ions can be increased
[5].

Although the ion cloud satisfies the conditions
stated above, its energy can, nevertheless, rise
by electron-ion collision. As the electron energy
increases, the accessible charge state, which can
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be produced within the EBIT, becomes higher.
The final state depends mainly on the ioniza-
tion factor, the product of electron beam current
density j., and breeding time 7. This factor can
be calculated by the following equation,

. 1
JeT = € )
Oq

(1)

q

where e is the elementary charge and o, is the
ionization cross section of charge state q. The
higher the ionization factor, the higher charge
states can be created [3, 4].

2.8 Ion extraction

Ton extraction occurs as soon as one of the po-
tential walls is opened, i.e. the potential of the
third drift tube is lower than the second one (see
Fig. 2). The ions, which have a positive charge,
are accelerated by the potential difference be-
tween the center drift tube and the extraction
electrodes and leave the drift tube area. The
last two extraction electrodes can be used as a
kind of Einzel lens, an element in ion optics to
focus the ion beam. The electrons, on the other
hand, are repelled due to the negative poten-
tial of the electron repeller and hit the electron
collector.

3 lon classification method and
results

3.1 Ion classification

The extracted ion cloud consists of many differ-
ent charge states due to competing effects of sev-
eral atomic processes, causing an ionization or a
recombination. Therefore a selection of charge
states after the EBIT extraction is needed. A
block diagram of the principle setup is shown in
Fig. 3.
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Fig. 3: Block diagram of the q/m measurement
setup.

The means of choice is the so-called Wien fil-
ter, which selects the passing charged particles
by its velocity. The Wien filter consists of a pair
of parallel electrodes and a permanent magnet,
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Fig. 4: Schematic diagram of the Wien filter.

which are creating the static electric and mag-
netic field, respectively. They are assembled in
a way that the fields are perpendicular in re-
spect to each other, as it is shown in Fig. 4.
Once charged particles (ions, in our case) en-
ter the filter, they experience an electric force
F.; = qF, where ¢ is the charge of the particle
and F is the electric field, as well as an magnetic
force Finqg = quB, where v is the velocity of the
particle and B is the magnetic field. In order
to pass the filter on the opposite site, a specific
velocity

o= )
is needed, which is dependent on the electric and
magnetic field.

From conservation of energy in the non-
relativistic case, the potential energy of an ion is
converted to kinetic energy when it is extracted
from the EBIT. The charge per mass ratio ¢/m
of the ion can be calculated as follows,

qg n (e) P
== = =5 .
m a U Va2

9.65x107C/kg

(3)

Thereby, g/m can be expressed in terms of
charge state n over mass unit a, times the ratio
of elementary charge e and atomic mass unit u.
Va,2 is the potential difference between the cen-
ter drift tube and ground potential, accordingly.
After passing the Wien filter, the ions will
hit a Faraday cup, a detection system designed
to collect charged particles. At this point, the
beam is neutralized and the charge is converted
into an electric current. By passing this current
to a current-to-voltage amplifier, the signal can
be read out and displayed on an oscilloscope.
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In this setup, the potential difference between
the two electrodes of the Wien filter, and there-
fore the g/m ratio of passing ions, can be con-
trolled. The distance between the two electrodes
is 2 mm, while the magnetic field has a strength
of 0.5 T. By inserting these values in equation
(2), one can calculate the velocity of passing
particles and afterwards with equation (3) their
specific ¢/m ratio.

3.2  Measurement and results

The measurements have been carried out with
a gaseous argon target and the EBIT settings
shown in Tab. 1, specified for the creation of
several argon charge states.

Parameters value

Breeding time 170 ms
Electron current -9.64 mA

Cathode potential -802 V
Center drift tube potential | 4.016 kV

Tab. 1: Parameters set for Ar creation.

A set of time of flight, signals and correspond-
ing Wien filter potentials is shown in Fig. 5.
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Fig. 5: Faraday cup signal.

One can see an increase in the electrode po-
tential leads to a decrease in time of flight. Ac-
cordingly, the velocity of the ions increases.

However, since the parameters of the EBIT
haven’t been changed, this implies that the g/m
value is different. This can be either caused by a
different charge state, or a different ion species.

On the other hand, the signal amplitude is
related to the number of ions of a specific g/m
ratio. The most pronounced peak, for example,
belongs to a Wien filter potential of 618 V and a
q/m ~1/2x (9.65 x 107) C/kg. This rather fits

with O or N than with any Ar charge state,
which is surprising, although argon was injected.
A possible explanation could be an uncertainty
of parameters, such as the electrode distance of
the Wien filter or the strength of the magnetic
field, leading to a difference in assumed and real
velocity.

4 Conclusion and outlook

An EBIT ion source was introduced, to create
ions for the HILITE Penning trap experiment.
A key part, in order to provide ion charge states
of interest, was the installation of a Wien fil-
ter. First ion extractions have been performed.
Unfortunately, the measured signals are not in
agreement with theoretical predictions, regard-
ing species and ¢/m ratio. Further effort has to
be invested to address this issue.
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