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Tension in the low WIMP mass regime:
Do we understand our detector threshold
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Principle of a dual-phase xenon TPC TIPP 2014
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Background discrimination in DM experiments TIPP 2014
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Charge and scintillation yield TIPP 2014
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Dark Matter results TIPP 2014
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Scintillation pulse shape TIPP 2014
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A complementary background discrimination method?
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Scintillation pulse shape

A complementary background discrimination method?

2011:
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Goal:
Measurement and understanding of low energy
response of liquid xenon

 primary scintillation

* jonization

* S1 pulse shape

Means:
e Simultaneous measurement of light and
charge
« 3D position reconstruction

MainzTPC:
Optimized for Compton scattering with little passive material and
fast electronics.

10
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Cryogenic system with Compton setup TP 2014
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TPC inside
cryostat

pulse tube
refigerator +
LN2 emergency
cooling

Ge-detector

collimator for
y-source
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Cryogenic system with Compton setup TIPP 2014
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TPC inside
cryostat

pulse tube
refigerator +
LN2 emergency
cooling

Ge-detector
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MainzTPC: design TIPP 2014
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top PMT

8 APDs

x/y position resolution

meshes

# high transparency
fine pitch

field cage

PCB => low passive
mass

bottom PMT
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Avalanche Photo Diodes: RMD S1315
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" #°  "m ° position reconstruction:
g‘:;‘ T R  G4: resolution < 1.3 mm
-, - eusing relative amount of
T light seen by each APD

RMD S1315:
e active area: 14x14 mm?2

* no housing - little passive material
* QE~30% @ 178 nm

(P. Shagin et al 2009 JINST 4 P01005)

What are APDs?
e photo diodes with
(typically ~10°-10°)

e gain depending on temperature and
bias voltage

iInternal gain

14
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APDs: gain measurement TIPP 2014
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LED peaks at different bias voltages
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gain measurement:
 pulsed blue LED
* measure spectra at different bias voltages
 using different strength of LED pulses to cover full gain range

15
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gain vs. bias voltage - reference APD TP 2014
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Gain vs. bias voltage
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gain vs. bias voltage - reference APD TIPP 2014
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Gain vs. bias voltage
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gain vs. bias voltage - reference APD TIPP 2014
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Gain vs. bias voltage
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gain vs. bias voltage - reference APD TIPP 2014
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Gain vs. bias voltage
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gain vs. bias voltage - all APDs TIPP 2014
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Gain for different APDs

colors: APDs from wafer A
black: APD from wafer B
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gain vs. temperature: reference APD TIPP 2014
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Gain vs. temperature
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APDs: measuring QE @ 178nm TIPP 2014
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gaseous Xenon

blue LED )
s rotatable dis

source and or

QE calculation depends on:
* number of photons generated y zain-e
- solid angle OF = NG — INE
 APD galin Y Y

Nmeasured Q easured
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APD guantum efficiencies TIPP 2014
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Summary TIPP 2014
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* TPC optimized for Compton scatter experiment built

» Compton setup built up

* light detectors characterized (APDS)

* comissioning next weeks

 measurment of light/charge yield for electron recolls
this summer

 measurment of scintillation pulse shape for electron
recolls this summer

Thanks to all collaborators: Bastian Beskers
beskers@uni-mainz.de

Melanie Scheibelhut 02. june 2014

Rainer Othegraven
Christopher Hils
Dr. Cyril Grignon

Prof. Uwe Oberlack

http://xenon.physik.uni-mainz.de/
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Thanks to all collaborators:

Bastian Beskers
beskers@uni-mainz.de

Melanie Scheibelhut 02. june 2014
Rainer Othegraven

Christopher Hils

Dr. Cyril Grignon
Prof. Uwe Oberlack

http://xenon.physik.uni-mainz.de/



Readout system

Struck SI1S3316
* 16 bit FADC
Struck SIS3305 : igSCKAaSn/gels
* 10 bit FADC

&

e 2/4/8 channels &
e 5/2.5/1.25 GSI/s 3

* 1.5 GHz bandwidth &

mﬁ

digitize Ge-detector and
APDs with good energy-

digitize PMT signal with resolution

good time-resolution

26



principle dual-phase TPC

S1: primary scintillation

interaction
|
I I
excitation ionization
GND *
dimers free
xe*2 e-

Y
excimers
-15 kV Xe’,
/\ \

scintillation light ground state secondary scintillation
S1 2 Xe S2
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table of measured QEs TIPP 2014
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_ realtive QE absolute QE

426-2-7 (reference) 100 % 25.9 %
426-21 2.2 % ro% B A umsaefbgeggziet;reatment
426-2-3 125.4 % 32.5 %
426-2-4 92.6 % 24.0 %
426-2-5 109 % 28.2 %
426-2-9 102.2 % 26.5 %

393-3-10

45.8 %

11.9 %

44— (different wafer

28
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