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Silicon Pixel Telescope (SPT)

Measurement of two neutrinos double electron capture (2vEC/EC) in 1%Cd
2e +0°Cd — WPd + 2v, + (7, X —rays) Qg ec =2778keV, ROI: 19keV <E, <23keV

Signature of the process:- 2 Pd X-rays (~21 keV) in coincidence
Main background: Cd KX-rays (~23 keV)
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What makes pixel detectors attractive for 3 ?

Backside electrode 20 . 2
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Illustration of hybrid pixel detector Timepix on chip-carrier PCB P

A frame with coincident events acquired with
Timepix pixel detector

O Timepix pixel detector from Medipix collaboration
O Hybrid pixel detectors (possibility to have different sensor materials)
O 256x256 pixels, 55 pum pitch.
O Each pixel is a spectroscopic channel

X-ray interaction

O P_|xel detectors can give both energy and D(‘Bl:;S“if__f‘?f.’?_t).t.......l.{.i___‘__”m / “ -}-{;-S.__',fjf'*‘(f;;';)Fvem
signature of the event O Ié'_i‘l e T

0 Spatial information can distinguish the sl 7 ——— 7 — 7
coincident events in the same detector : ,/ \

O Both Single-Side-Events and I 'kZI \I I' HEEEER

Double-Side-Events can be utilized

Decay vertex

SPT detection unit



Intrinsic background measurements

0 Measured by low-background setup in the LSM underground lab, France
O HPGe planar detector, 150 cm?, range 20 keV — 1.5 MeV

Intrinsic contamination in Timepix pixel detector constituent materials

it
§i~r

Material, mass and time Radioactive Impurities (mBg/Kg)
of measurement
228Th 234Th 40K 60Co 137Cs
Bump-bond material (In), | <245 < 3642 <3909 <270 <151
1.1 g, 601882 s . .
: Single Pixel Detector (SPD)
Bump-bond material <471 <4141 < 3593 <413 <350
(Sn), 0.725 g, 593200 s . . .
Readout ASIC (Si), <428 <2312 | <16000 | <1300 | <716 4 Timepix partg (Si sensor,_ bump bonds, )
0.398 g, 329770's etc.) are relatively clean in terms of radio-
Intrinsi ination in PCB ial ing FR4 sub impurities
t t t t trat .
ntrinsic contamination |n- . mé erlfa.s (using substrate) O Standard PCB material (FR4) has
Radioactive impurities (mBg/kg) Significant Contamination
28T 24T 40K 28Rq 210ppy 226Rq O CuFlon and Flexible PCB were found to
be the best material for low background
21308 + 13611 + < 2025 17660 + 10693 + 14177 + 486 setu
648 891 972 1620 p .
O These materials were selected for the
r ion of coincidence pr
intrinsic contamination in CuFlon and Flexible PCB (mBg/kg) P oduction of coincidence PIONEITEIEE
PCB material Radioactive impurities (mBg/kg)
228Th 40K 228Ra 210pb 226Ra
Flexible PCB 170 £ 76 <1760 <215 < 3200 207 £ 76
CuFlon PCB <16 <280 <39 <134 <16




Hardware developments |
'D' Flex-Rigid chip-carrier PCB DElfml nuts and screws

O A Flex-Rigid Pixel Telescope was prepared Stucking j —r—
using CuFlon and flexible PCB —:| ———=
O Advantage of varying the detector-foil distance L] e Rigid PCR,
O Functional tests were performed with natural t

Cd foil in between.

Delrin Support

Motherboard PCB

Pixel Telescope- Flex-Rigid version

:
= = r

A Delrin screws nuts to fix the chip carrier boards i ?3 .

O Delrin support structure to hold the SPT < a .

QFour units of Flex-rigid SPT were fabricated and installed \ —

in the underground laboratory (LSM France)
LTwo units with 500 pm Si sensors, 55 pum pitch Timepix

UTwo units with 1 mm Si sensors, 55 pm pitch Timepix Four units of Flex-rigid SPT arranged
with Delrin support structure



Background measurement results

O 8 detectors, 0.5 and 1 mm thick Si sensors
O Shielding used: 8 cm BPE, 10 cm Pb and 2 cm electrolytic copper

O Location: LSM underground laboratory
Kl

1425 h of data | All events/h In ROI/h D_-\|| [T T T 11
Total 32234015 |081+002 |CI T T T B T T 1]

K, ) o :
SSE with dist. 0.05 + 0.0059 < 9.09 x 104 Double Side Event (DSE) View of full shielding partially opened
DSE 0.06 + 0.0067 | <9.09x 10+
* Calculated using Feldman-Cousins method

O Distance between coincident events can be used as additional 4or . éSE ;DSE

noise suppression criteria. 351 *
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Distance distribution of SSE and DSE events Scatter plot of SSE and DSE events
from measurement with full shielding



Conclusion

O Pixel detectors for measurement of 2vEC/EC in 10Cd

O Intrinsic and external radiation backgrounds studied for the setup

U Designed, implemented and optimized the Si Pixel Telescope (Flex-Rigid SPT)
O Four units of SPT prototype already installed, more on the way

O Current background levels of SPT prototype are comparable with TGV-II setup

Future prospects

0 Background measurement with natural Cd foils in SPT prototype
O Increase the number of SPT units

O Finally use the enriched Cd foil in SPT for the half-life limits measurements
(2 g of Cd enriched up to 99 % with 1%Cd available for SPT)



Thank you

5/25/2015 Joshy M. Jose, IEAP CTU in Prague.



Silicon Pixel Telescope
-calculations-

Simulations using the GEANT 4 and the DECAYO0 generator. 0
Detector dimensions: 1.408 cm x 1.408 cm x 2 mm : B0 el
Number of pixels: 256 x 256 (pixel size: 55 x 55 pm) A
Detector material: Si ool O R
Source foil: 1.2 cm x 1.2 cm x 50 pm 100 1 H —————————————————————————————————————————————————————————————————————————
Closely packed geometry (1 um between foil and detector) T

Cluster size

o The distribution of cluster sizes (hnumbers of fired pixels)
full efficiency for SPT = 8,54 % for [19-23] keV X-rays detected by a 300 um thick
Timepix detector with pixel size of 55 pm.

tgv [SrcDetDist=0.0 nm] 2 fired pixels of one detector

SPT advantages: i e
O Distinguishing coincident X-rays on single detector il
QO “Distance of events” information could reduce background ]
O Better identification of signature events by Cluster size ool

0 Room temperature operation of detectors

Yo 1 2 3 4 5 3 7 8 9
Distarnce between pixels fired, mm

Simulated distances between pixels hit by 2vEC/EC X-rays

See for details



