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In the MEG experiment
every PMT will be read by
a fast waveform digitizer u—ey p—oevv +y

for the best use of '
. . . / ﬁ
= reject pile-up of y-rays / / @

= timing and energy measuremer] e

= particle identification

Crucial for the MEG experiment
and very difficult without waveform image

Major background
Prompt background

GA\CCidental background spatially if > 2 PMTs apart (15 cm)

Without waveform separate only

pulse sha&e separation :
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Requirements

e TDC resolution 40ps = 2.5GHz(400ps)
 ADC resolution 12bits
» 3000 channels

(Xe calorimeter, Timing counter, Drift chamber)

Cheap & fast waveform digitizer
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Domino Ring Sampler (DRS)

tfpdatatadsonmmer,

“Vanmmmnany °

Developed by Stefan Ritt
NIM A 518(2004) 470

Analog sampling chip, switching capacitor circuits

Max sampling speed 4.5GHz

Sampling cells 1024

8 datach, 2 calibration ch(voltage and time) / chip
Read out speed 40MHz, 12bits

Domino wave runs continuously, only stopped by
the trigger

0.2-1 ns : : Rotating
: Inverter “Domino” chain signal

10 channels
X 1024 bins
Waveform stored
~¥10,000/chn out
Shift Reqister 40MHz
“Time stretcher” GHz - MHz
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Two DRS chips
Installed and data taken in the beam test last autumn
for the first time

e 2.5GHz sampling (400ps bin width)
«6x2 ch : Xedetector PMTs
center 12PMTs on Front Face

LY SO anti-counter

for timing reference
Short decay time (48ns)

Xe detector
(Large Prototype)

Anti-counter | TDC Time resolution ~64ps

LYSO

P =>nnY

4
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Waveform

| Event27 DRS1 Ché4 | | Event55 DRSO Ch0 |
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spike noise Can be fixed
related to the reference clock > Redesign mezzanine board
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How to analyze these waveforms ?

Fitting takes so much CPU-time
Need some kind of devised way or different fast method

Averaged waveform

Assuming constant pulse shape

]
-0.05

02
[sec]

Now, ableto use thistemplate for fitting, for testing algorithm
and for Simulating pile-up



the Template

EE o = & =
AAA S — b k2 3 ° L row0

| TR TV PP o PPITPPTIT PPN TP FRPPT TP PRPPL TP L
006 a1 016 02 026 b2 038 04 o 006 04 045 02 036 03 036 04

Well fitted
Constant Pulse shape
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Time resolution

e LYSO timeresolution obtained by waveform fitting
No time-walk correction is heeded

= 037 x10%
E « Uncalibratad DRSO
& o 2sF s Uncalibrated DRS1
g :_ . +» Calibrated DRSO
E —i— « Calibrated DR51
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01— — i
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LYS0 pulse helght sum [mV]

e LYSO time resolution is comparable
to TDC analysis

24/Mar/2005 10



Pulse Shape Discrimination

Decay time of scintillation light depend on the incident particle
because of the difference in interaction way

=107 I =107
0 0.05 0.1 0.15 0.2 0.25 0.3 oatr, 0]4 0 0.05 0.1 0.15 0.2 0.25 0.3 03? 0]4
secC

Pulse shape of alpha is much shar per
Decay time 45ns Decay time 4.2ns, 22ns

o Adopt Pulse Width method for PSD

— simply measure time width at the half
maximum of the pulse height.
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Event 12 DRS1 Ch7

Pulse Width

Pulse Width e
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Pile-up rejection

_ For example..
Previous study by MC “s0 '
2y, >2.5MeV, >10nsec W | MM
- Al 1l
- T “\
Now, real data areavailable -sof )./
: ]
* Fitting by '1005_
superposition of two 1500
templates AT=33ns
+ Ableto separatetwoy %9 28%
-250

- ¥ -6
_IlllllllllIIII|IIII|IIllllllllllllllllllX10

n A AF A 4 N AF AN A N AF NAA ANAF N A

Towhat time difference and energy 2y’s can bereconstructed ? |

Studying by ssimulation using template and real baseline
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Summary

 Inthe MEG experiment, all PM Tswill be
read out by waveform digitizer

e \Waveform data wer e successfully taken with
DRSIn = beam test @ PSlI autumn '04

* Analyses have been madein several way

— Maketemplate

— Comparabletimeresolution to TDC

— Succeed in fast powerful PSD

— Study for pile-up rgection now started
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END OF SLIDE




Apply Pulse Width Method
for Trigger

* Thinned data point 10ns apart (one point
every 25points).
Virtual” FADC Data (100MHZz)

i
1 i

Look still separated enough.
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Xe time resolution

Xe time resolution measured by waveform fitting
No cut and no correction

hdiff2
(L1+R2)/2-(L2+R1)/2 e —
mi_ o ot sE5ar18
- & Sigma  A5%8e-10= 79966
200
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;_L AP i-él_-g_[‘li—"rl—?-"—_i.-l-- 107
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(Teagt Teph 2Tyt Ty po)2 [se]

Comparable to TDC analysis
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[ Event56 drs0[0] Ch5_| [ Event56 drs0[0] ChO |

hd V!
Entrl: 10:
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Raw data

*Random start point
* Non-flat response
e Spl ke noise
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Time calibration
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Simple fitting

| Event55DRSOCh0 | (lIndf  5.226e+05/996
e p0 1247 £13.34
° F| tt| ng SN pl 1085007+ 6.812-11
o "V R mese.w
: - 3.9026-08 + 3.259%-10
way 200"
. : 300/
Simple double exponential g
function seem to good 3

V (t) = Adg ) e g (1

m -TOOE
'800 ' ' ' ' ' ' and

But fitting takes so much CPU-time!
Need some kind of devised way or different fast method
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Nolse Reduction

o Still noisy after calibrated.

* We have to reduce noise by means of
some kind.

¥ Moving Average .
= = E spikeremoval

RMS  8.167
Event 0 DRSO Ché | — . m—
- omatr
Lo
“0F
S = N TN DU D P DS P B x10¢ Entries
01 015 02 025 03 03 04 e
7.810-0!

Each 50cdlls
( correspond to JICTEEI I
ZOHS) taken 0 0% of o6 02 02 03 0%

average
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