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Why use waveform data
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Waveform data

Domino Ring Sampler (DRS) Developed by Stefan Ritt

NIM A 518(2004) 470
Analog sampling chip, switching capacitor circuits
« Max sampling speed 4.5GHz (required 2.5GHz)
« Sampling cells 1024
« 8 data ch, 2 calibration ch(voltage and time) / chip
 Read out speed 40MHz, 12bits
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Domi « Domino wave runs continuously, only stopped by
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the trigger
 DRS Waveform[0] ch5 | D 5(5H 7 samp ing
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Xe waveform data were E | u
already taken successfully | ™ | -
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X 1024 bins 600 l /
Data analysis is going on.| |
~¥10,000/chn | reported at last meeting... [~ ¢
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Waveform simulation




Waveform

Pulse shape is a consequence of various effects like,
»x Scintillation process

x Light transport in the scintillator
x PMT response
x Shaping from circuit —
% Cables H\‘x_, . tL.Z;:ISeC
x Receiver (DRS) _R T,y Slectron
5 ™ o st
‘1 Xe scintillation process for y E A\ e T
| Decay time 45nsec | 3 | ™~ "
= ! W_(-\_\#- \“-\
; o
PMT TTS 0.75nsec (Typ.) | A
TTS : Transit time spread of PMT =
for individual photoelectrons e S s
Time (maec)
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Waveform simulation

1. Sum up single electron pulses for all photoelectrons
» Single electron response spread by TTS (Gaussian).
« Arrival time of each scintillation photon tracked by MC simulation.
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Simulated waveform

Now we can simulate waveform pulse by pulse.

A \l » O “w I Pulse shapes are not
/ o w W constant especially for small
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After this, use these simulated waveform for analysis




Pile-up rejection




Pile-up event

Lg. Xe
How to reject pile-ups ?
x distribution of PMT output
| ® pulse shape |
x AT =t,-t;

x E, + E, =1 (signal energy)
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Pile-up rejection

How to find pile-ups ?
Peak search method simplest way but powerful in case of large AT

Eventl5 SDRS

— Take moving average

l\ g | - and count peaks
SPass I SR

| |
o R

x10°® 5“‘6.05‘”‘0.1”‘6.15‘ ‘&‘/‘o.zmd.zsmbs
AT=75ns, 2000p.e + 400p.e.
Differential method powerful in case of AT around rise time
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Pile-up rejection

Difficult to find pile-up by looking at individual PMT output.
« # of photons for each PMT is small
o # of PMTs which can observe event as a pulse is

small
* Noise such as microstructure in pulse shape for small
Signal [ Simulated 0 Pile-up Event0 |
S600[- ]
E f 3 |
o | W‘WW
-500E |
Take sum of PMT outputs o
e Larger pulse -
* Microstructure in pulse shape sm.
disappear o 6

000501 018 02 028 03 08 5.?"
Sum of all PMTs for signal y
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Pile-up rejection

e Taking all PMTs sum is not good from S/N viewpoint.
e Sum in order of PMT output

« How many PMTs to be summed ?
npmt70 | htemp npmt90[0] | htemp

Entries 10000 Entries 10000

F Mean 39.78 C Mean 128.7
220 RMS  22.87 250/ RMS  40.29
2001 C
180 B

F 200
160 - 90%

140 C
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S/N can be improved considerably
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Rejection efficiency

Pile-up rejection efficiency AT,,=15ns

optimization
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Rejection efficiency

pile-up efficiency

0.1 0.2 0.3 04 0.5

[Plle-up rejection efficlency AT1‘=15ns ]

Weak point
* AT less than 10nsec
« Small pulse after large one

pile-up efficiency
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Summary

* \We Succeed In simulating waveform
from LXe detector.

e It Indicates the detector response Is
well understood.

 Algorithm for pile-up rejection is
studied and is being optimized.
* Pile-ups can be separated If ,
Ey: >5MeV, AT: >10ns
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Next step

* Rejection spatially separated pile-up
using distribution of PMT outputs

* Rejection efficiency against
u > ey background
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End of slides




DRS principle

0.2-2 ns h
Inverter “Domino” chain
/_H
IN
I
— | — | -~ \Waveform stored
EADC 40MHz
Clk O— Shift Register
“Time stretcher” GHz — MHz
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