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1. KATRIN (KArlsruhe TRItium Neutrino experiment)(1/2)
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https://crunch.ikp.physik.tu-darmstadt.de/erice/2022/sec/talks/wednesday/lokhov.pdf

The KATRIN experiment

at Karlsruhe Institute of Technology IT

Karlsruher Institut fur Technologie

Electrostatic high pass filter Analysing plane —
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& *HeT*
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i Transport and N &Yi ,,,,, - Segmented
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SRl Main spectrometer
electron gun /
P I 4 e >
Pitch angle / ..... / _____ -
: Vi TR B = 40T
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Magnetic 7 Z-axis ana
adiabatic collimation Cyclotron Field line direction

B =287 motion

6 Full system description & commissioning, JINST 16 (2021 ) T08015
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MAC-E-Filter: high-resolution -spectroscopy ﬂ(".

Karlsruher Institut fir Technologie

Magnetic Adiabatic Collimation & Electrostatic Filter:

Analyzing plane

Giant spectrometer:
“high energy resolution& acceptance

u=E, /B =const.
adiabatic conversion E, - E

Momentum tranfsormation without the E-field
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Sterile Neutrinos

The matter particles of the Standard Model consist of six quarks and six leptons (left figure). Quarks
and leptons are organize in three families. Each family consists of the particles that differ by one unit
of electric charge. For instance the "up-type" quarks have charge +2/3 and "down-type" quarks have
electric charge -1/3. Charged leptons (like the electron) have electric charge -1, while neutrinos are
neutral. In addition, all particles apart for neutrinos, exists in two chirality states: left-handed and right-
handed. The reason why neutrinos only have one chirality state is related to the fact that in the
Standard Model neutrinos are massless. However, we have now strong experimental evidences that
neutrinos have a small but non-vanishing mass.

SM nuMSM A straightforward way to complete the

‘:;;._-.a ;e.é" v.’"f“’ h”ffﬁa,a“a %‘”6‘ v Stan(_jard M(_)del isf. to add to it 3 righ_t-handed
e - ” o v~ o neutrinos (right figure). These particles are
—aml~_ _aml__ 2R , [ ok oo often called Sterile Neutrinos, Majorana
*d S P | A (RS B Neutrinos or Heavy Neutral Leptons. In
TS 7 he o Be ) fwmeee awese | amajm  addition of explaining neutrino masses, right-
Ve/ |V Vg "Ve/ Ny HVH/NZ "Ve/ handed neutrinos have also important
L [ ﬂ“f =k i =%, = &%) cosmological and astrophysical implications. If
Y (| 1. 4 Al = the lightest of these neutrinos has a mass in
E : I'E T g HEW J’i E the KeV region (about 1000 times lighter than

the electron), this particle would have a lifetime
much longer than the age of the Universe and it is a possible Dark Matter candidate. Moreover, right-
handed neutrinos would have played a key role in the early Universe. They can explain the
asymmetry between matter and anti-matter in our Universe via a process known as leptogenesys.

The SHIP experiment, of which our group has been one of the main proponents, has been designed
and optimized to search for these particles.

https://www.physik.uzh.ch/groups/serra/SterileNeutrinos.html



https://iopscience.iop.org/article/10.1088/1742-
6596/1558/1/012014/pdf#:~:text=The%20weak%20interaction%20is%20chiral,right%2Dhanded%20chirality)6. 1 5

Chirality and neutrinos, a student first approach

Hélio da Motta

Centro Brasileiro de Pesquisas Fisicas, Brazil

E-mail: helio®@cbpf.br

2. Helicity

Let’s consider a spinning body in movement and project the spinning on the direction of
movement (we only care about the spinning in the direction of movement). Helicity is the
projection of the spin along the direction of movement: it is right-handed if it is paralell to the
movement; left-handed otherwise. Figure 3 illustrates the concept of helicity.

Right-handed Left-handed

Figure 3. The direction of the spinning is defined by the right hand rule: when holding the body
with the right hand with the fingers following the spinning the thumb points in the direction of
the spinning. The left figure shows a body moving to the right (with momentum p represented
by the green arrow) and spinning in the same direction of its movement: it has right-handed
helicity. The figure on the right shows a body also moving to the right (green arrow) but with
the spinning in the opposit direction: it has left-handed helicity.
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* Asan example, Figure 2532a shows the schematic illustration of SDDs based on concentric rings.

* This device is composed of a volume of fully depleted highly-resistive silicon, in which a strong
electric transversal field (parallel to the surface) drives the X-ray-generated-electrons towards a
small collection anode.

* This transversal field is induced by a number of increasingly reverse biased strips (ring electrodes),
and causes charge carriers to 'drift' to the collection electrode.

* The collection electrode together with the integrated FET converts the current into a voltage.

* The radiation entrance window on the opposite side is made up by a non-structured shallow
implanted junction, resulting in a homogeneous sensitivity over the entire detector area.

* In this way, similar to other solid state X-ray detectors, SDDs measure the energies of the incoming
X-rays by the amount of ionization produced in the detector material.

Field effect transistor (FET)

r A Inner guard ring
. 15t drift ring (p*)
) ) .AnOde (n ) GateDrain winewi. globalsino. com/EM/
Drift rings (strips) | Source / Drift field: -V

n- (depleted)
\ Deep n
Deep p 66 ©

- Entrance window
Electron path

X-rays

Figure 2532a. Schematic illustration of silicon drift detector (SDD) for X-ray spectroscopy.
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