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Neutrinos and the KATRIN Experiment

* [(3-decay of tritium

\

3He q

* ¢~ and v share energy

* Eo- = Eporar — Ey

* Measurement of effective neutrino mass

*m, < 0.9eV(90% CL)

KATRIN Collab. Nat. Phys. 18, 160-166 (2022)
26.06.2022
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TRISTAN Project — Detector Upgrade for KATRIN

* keV sterile neutrino search

 Dark matter candidate

TRISTAN

* Minimal extension to SM
* Tiny kink-like imprint in f-decay

e Target sensitivity |U,4|? = 107°
- High rates required 0 (108 e/s)

» After v-mass campaign completed

» TRISTAN Project = high precision

electron spectroscopy detector
upgrade for the KATRIN experiment }
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Challenges for TRISTAN Detector

* High electron rates 0(10° e/s) .~
- 3500 Pixel (100 kcps per pixel)
« Flux-tube @ 20 cm -> @ 3mm pixels

* Energy resolution <300 eV (@20 keV)
- Small anode (90 um)

* Low energy threshold < 2 keV

- Thin entrance window (< 100 nm)

WMIPG)
» Silicon Drift Detector

7L L
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Design Considerations

* Maximize detection area
» Hide electronics behind SDD

* Good energy resolution
> Short distance to amplifier
> Operate detectors at -50 °C

* Modularity
»> Manufacturing & repair

POLITECNICO

> Easier to upscale ASIC board o

Rigid flex N
» 21 Modules with each 166 pixel spop | b

/VIPG)

26.06.2022 Daniel Siegmann 40 .
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Staged Approach %
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Proof of concept Module (166 pix) Phase 1 (1500 pix)

Sterile search with
9 modules

Understanding the Apply and test detector in Phase 2 (3500 pix)
SDD technology L :
, realistic environment
(7 pix)

» Monitor spectrometer

Sterile neutrino search

/ with KATRIN (21 moduley

26.06.2022 Daniel Siegmann 6




Staged Approach %
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Sterile search with
9 modules

Understanding the

Appl d test detector i
SDD technology pply and test detector In

realistic environment
» Monitor spectrometer

Sterile neutrino search

) wth KATRIN (21 moduley

Daniel Siegmann 7
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* 166 independent pixel
o 400 connections required
o High density PCB
> Upscaling of electronics

* Maximize detection area
o Hide electronics behind SDD

> Assembly/gluing of 3D design
Bonds 2x 200

C-Shape Flex

ASIC Board
4x 100 Lines

* Detector performance
o Resistance against external noise sources
o Compatibility with vacuum and EM-fields
> Performance in real environment

26.06.2022 Daniel Siegmann 8



First step - 47 Pixel Detector (March 2021) %

Max ll kltl(llk

* Assembly of 3D 47 Pixel detector

* Successful installation in MoS
- Electrons visible in detector
« FWHM34kep aus = 345 eV (cold)
- FWHM(@ 20 keV) = 290 eV
- Compatible with magnetic fields
- Vacuum acceptable (Main vessel 2.4e-9 mbar )

* Good check for teething problems
- Assembly and vacuum shield
- Slow control and calibration

| H‘HII‘IH\

» Used materials/geometry suitable




Upscaling Electronics to 166 Pixel e

166-PIXEL SDD DETECTION EXPERIMENTAL SETUP FOR MILANO 1563
MODULE: X-RAY CHARACTERIZATION:

SbD j Athena
matrix data ‘ i -
A aggregator SN S TN e
A 4x Kerberos ) black Kapton
| 45-CH pulse e

s 200-pin
’——_P.CB to-PCB

connector

4x 100-pin
dual-layer
FPCs

- Development of a new 166-pixel SDD board

- Compact 166-channel bias board @ RadLab

. POLITECNICO
- Athena 192-channel pulse processing platform MILANO 1863

26.06.2022 10
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g Planar 166 Pixel Detector Characterization WA
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Planar 166 Pixel Detector Characterization EHIA
POLITESI::SO

Energy resolution at 5.9 keV Energy resolution vs

(6 s filter shaping time, 0°C SDD):

Count rate map
(> 5 keV °°Fe events):

filter shaping time:
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Building a 166 Pixel 3D Module a2 %

* Difficulties during glue step likely to be solved

R

* Firsts 3D 166 Pixel detector assembled
- Two functional modules produced

* Detector installed in laboratory test bench ol
- Source: *°Fe (y @ = 5.9keV) | |
- Vacuum down to 1e-6 mbar
- Detector cooled down to -50°C
- Only minor optimizations preformed




166 Pixel Detector Performance

104

FWHM of Fe55 peak

137 B
* Detector S0-166-02 > 133 o A
220
-+ All 166 pixels show Fe55 & 309 _
~ 10 85
- RTS noise on Pixel 160 £ I3 & 0
3 49 180
- FWHM,,, = 195 eV S 31
(y @ = 5.9keV) 100 13 el | 160
Chiller @ -50°C
* Detector SO-166-03 FWHM of Fe55 peak
157
- 165 pixels show Fe55 S 125 240
)
. Pixel 108 / Pixel 164 1 195 720
connection problems > 83 g 200
- FWHM,,, =194eV 5 85 180
(y @ ~ 5.9keV) O 25 o0
10° 1 .

Energy (keV)
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Preparation of Monitor Spectrometer Integration %

(Werner-Heisenberg-Institut}

* New detector currently under assembly
- Next batch of waver -> FWHM will be better

* Characterization measurements stated
- Optimizing detector bias voltages
- Understanding long time stability of system

>

* Upgrading MoS with additional ¥ souce
- Comparison of e~ and y detector response

» Detector requirements likely to be fulfilled
» MoS integration expected in the nex;c, months
to test in real world environment

26.06.2022 Daniel Siegmann 15
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Sterile search with
9 modules

Understanding the
SDD technology

Apply and test detector in
realistic environment
» Monitor spectrometer

Sterile neutrino search

) wth KATRIN (21 moduley

Daniel Siegmann 16




Towards the Final TRISTAN Detector %
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"TRISTAN Module ) (Full TRISTAN Detector A
> 166 Pixels Detector » 21 x 166 Pixels = 3500 Pixels
\> Commissioning 2022 ) » Integration after completion of
_ V-mass measurement Y.

‘ T

More than scaling up the

detector

» Detector chamber

» QOutgassing

» High density electronics

26.06.2022 > oo Daniel Siegmann
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... and many more!
26.06.2022






