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NanoGRAMS

-+ Proof-of-concept study of small Compton camera using liquid argon

> We use Liquid Argon Time Projection Chamber (LArTPC)
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Atmospheric background

Neutrons make background events in observation Q . excited Ar
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Photon detector and important parameters:
v MPPC (Multi Pixel Photon Counter) as photon detector HV

« photon counting capability |

« high quantum efficiency Avalanche *
. flexible design for a compact detector Photo Diode
Quenching E? %E
ist
Important parameters of MPPC ]
. . . ixel
gain : Contributes to energy resolution tPixeloutput

O APD goes into Geiger mode
« Avalanche amplification factor of excited electrons

decay time : Contributes to
<250ns@100 photons| discrimination performance

O Geiger mode is cancelled by voltage drop in the resistor  typical waveform
« Decay time of exponential decay when recharging from MPPC

exponential decay




16-element array of MPPC 4

We developed a low noise and fast response readout circuit working at LAr temp

« transimpedance preamplifier (I-V conversion)
« feedback resistor is 3.2kQ
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v' The bottom of the sensitive volume is covered — TN L
by MPPCs

— 64 MPPCs and readout required

/  ’ Sufficient coverage
Combines all the output of t

with only 4ch readout
16 MPPCs into one channel 1l

H|V Both series and parallel connection
have pros and cons

— We choose 4 series x 4 parallel

Evaluate
performance changes
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Experimental setup 5

aluminium housing

 Liquid nitrogen temp(-196°C) A/D data acquisition
. .y - HV LPF — 16 elments preamp conversion digitizer PC
» Physical conditions are close to LAr arrayed MPPC
1G Samples/s
- Get data equivalent to a few photon event L Tooweroropamp
» Shading by blackout curtain
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MPPC array performance test ®
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« Extract most frequent waveform
« Fitting with f(t) = A exp(—t/7)




MPPC array performance test @
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HV dependence of arrayed & single MPPC

HV dependence of decay time x10° HV dependence of gain
| — : single — : single
147 — : arrayed | — : arrayed
" 6~ “

120 1 ! + + + I gain_array/gain_single_:O.3
C
£ 4
(@)

decay time [ns]
o
()]

oo
o
——

2-
f I q
7_array/7_single =0.6 .
@ 45 45 4 42 43 44 45 46 47
applied voltage per element [V] applied voltage per element [V]
« Sufficiently fast timing response for « Sufficiently high gain for
background discrimination(<250ns) photon counting

» ‘Sufficient performance as photon detecter of LArTPC




Scintillation light caused by a rays 5

Experimental setup

gas argon ~ 1 atm
room temp
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MPPC array

TPC is filled with gas argon
a ray source is installed nearby TPC

Set a trigger level above dark event voltage
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We can see slow component necessary for
background event discrimination

»

This discrimination is applicable
to each event




Summary and future 10

We are developing the first Compton camera using liquid argon
We evaluate the performance of LArTPC photon detector

We developed a low noise and fast response readout circuit working
at LAr temp for MPPC array

We determine the value of gain and decay time of 4series x 4 parallel
arrayed MPPC

future : Optimize amplifier gain to match liquid argon signal

We successfully measure a slow component necessary for
discrimination of background events from a ray events

future : Perform discrimination test using y and neutron sources
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Physical process of argon scintillation light

. 3 . R
Self trapped exciton luminescence Typical NR vs. ER waveforms seen by light collection system:
* Argon excimer is produced directly from interaction
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construction around trigger timing
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waveform processing

1 event waveform 1 event waveform
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cyclic offset caused by dlgltlzer
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good event waveform

[

many of the pileup event

4

extract average waveform
from most frequent waveform
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scintillation light caused by a rays
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HEFLEDLER
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