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(Review) 2" ZDC ECAL Prototype

Readout boards

o

Test beam was performed
with 100-800 MeV positron

beam in RARIS, Sendai,

Japan in 2025 Feb.
~27cm Beam monitor : Trigger system
1324 == " | | |
i
© \
PbWO4 + SiPM .
| LYSO + APD
Moving stage (remote control) ~ 54cm
Detector Crystal Sensor
name | Size of one cell Length Array Type sensor/crystal DAQ
* APD
_ LYSO + APD LYSO 1cm*1cm 6.6cm (6X0) 8x8 C30739ECERH 1 CITIROC
2"Y prototype X
2024-2025 SiPM
PbWO4 + SiPM | PbWO4 2cm*2cm 5.3cm (6X0) 6x6 Onsemi
MICROFC-60035 2 CITIROC
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(Review) 2" ZDC ECAL Prototype
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LYSO + APD ~ 35% PbWO4 + SiPM ~ 15%
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Preliminary results gave energy resolution without
energy regression and any specific even selection.

1 MC : 10-40GeV gamma

Required : 35.00% / VE + 0.00%/E + 0.00%
This(DCB) : 8.53% / VE + 0.00% /E + 2.88%

Resolution

- LYSO +APD =36.91%
( > 15% requirement)

-  PbWO4 + SiPM = 14.95%
( > 15% requirement)

Performance of “PbWO0O4 +SiPM” system satisfied
the requirement but “LYOS + APD” is not.

. L . L \ L L | \ I L
10 15 20 25 30 35 40
Energy (GeV)
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Today's Topic
- Study energy deposit

* Energy regression

- Study threshold (Find DAC to ADC Mapping )
Compare data and MC (Find ADC to energy mapping )
Energy regression (Traditional method, linear)

We study the event selection and the implement energy regression
to improve the energy resolution.
Today'’s results are for PbWO4 system only.
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MC Setting

rpg HIFRZ L

I(A) | P
pp (MeV/e) op (MeV/e) op/pp (%)
N BT R v B g 76
o . 050 98.19(4) 4.92(3) 5.01(3)
°_I||| I IlII I 075 148.22(4) 4.77(2) 3.22(2)
- T 100 197.94(3) 4.91(2) 2.48(1)
_— - 125 | 247.79(3) 5.00(2) 2.02(0)
150 | 297.30(2) 5.29(2) 1.78(0)
Xbar Ybar Xbar Y bar 175 | 346.81(2) 5.31(1) 1.53(0)
200 | 395.90(2) 5.55(1) 1.40(0)
225 444.56(2) 5.73(1) 1.29(0)
e Particle: Positron 230 454.25%2; 5.74%1% 1.25%0;
. i 250 | 492.50(2 5.83(1 1.18(0
. Beam position: 2D canter m | mm@ om) o
 Beam direction: perpendicular to ZDC surface 395 628-06E2; 5.32%1% 1.01%0;
(pencil beam) 350 669.20(2) 6.45(1) 0.96(0)
+ Experimental Setup : same as test beam 375 | 706.61(2) 6.58(1) 0.93(0)
« No optical photon turned on igg ;gg;g% SE;EB g'gégg;
" . . . 0. N Nk
 No APD/SiPM simulation 450 796.60(2) 6.89(1) 0.87(0)
475 823.26(2) 7.01(1) 0.85(0)
500 | 849.10(2) 7.08(1) 0.83(0)
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Study Energy Deposit : MC

5 1 17 23 29 35 E5X5 E
. —’7 0.70<="%<1.00: AE/E=0.157
T E S e Vet n e em s ¢ 8 ; E3x3

count

10°=

-------------------- 1=498.640.0, FWHM=184.3

: A | ‘l‘-ll- Emax . _
- wk —— 0.55< £<0.70: AE/E=0.143

. 5 I 1=496.5+0.0, FWHM=167.3

E
4}7 0.00<=" 0 55: AE/E=0.163
E3x3

Narrower spread T T
3 larger Emax/E3x3 ' 100 200 300 400 500 600 ')'ooEsxsﬁo[RAeg?o """""""""" n=487.410.0, FWHM=187.4

* We analyzed the ratio between Emax and E3 X 3 in the data to characterize
the shower size. A larger Emax/E3 X 3 ratio indicates a more concentrated,
narrower shower spread.

* No significant difference is observed between the narrower and
wider energy deposit, which is reasonable since the MC simulation
collects all deposited energy without applying a threshold cut.
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Study Energy Deposit : Data

E5x5 E5x5 E
- - + 0.70<="%<1.00: AE,E=0.155
t T £ 10if Eorg
g 0.14- 8 E 1
o2k = b ] 1=141181.44229.5, FWHM=51572.2
10°E
0.1 = =
0.55<="%+0.70: AE,E=0.215
0.08- Eaxs
- 10%E
0.06/ -
0.04}~ 10l ‘-.. E
- o 2 —’— 0.00<$<0.55: AE,E=0.257
0.02]- - 33
oL L bl B e ﬁ\ bbbttt LI b

R TR Ty T a e T T e e | h=131090.:1112.4, FWHM=79440.0
E,,, [ADC] E,,; [ADC]

 Events with narrow energy deposit has better energy resolution,
which is reasonable since fewer crystals have low-energy deposits and
are therefore less affected by the hardware threshold cut.

 The results suggest that the threshold setting during data taking
was likely too high. Later studies indicate that the threshold was set at
approximately 50 MeV.
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Energy Regression

Study Threshold
(DAC<=>ADC)

/Study Data and )
MC linearity
Find scaling and
shift factor

-

Apply t_hreshold Compare
cutin MC Data and MC
(DAC <=> Energy)

\(ADC<=> Energy) )
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Status of ZDC ECAL

We are st|II here!

Energy
Regression
(linear,
traditional

\_ method) )

~
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Study Threshold (Find DAC to ADC Mapping )

LYSO cIT| l—— Set threshold(DAC)
[ crystal | ‘ GAGGIS'PM | l ROC }——» Getenergy

Radiation source Calorimeter
- pedestal : e
WF = 380
202keV —— VF =420

307keV

—
<
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460
S00

50

60

General ADC

x10°

spectrum of LYSO

* How to find the DAC to energy
mapping of CITIROC?
® Set different threshold on CTIROC
220 ~ 620 (digit)
During test beam :
LYSO threshold = 268 ~ 300 (digit)
PbWO4 threshold = 400 ~ 650 (digit)
@ Get energy spectrum with different
threshold setting
® Fit energy spectrum to the find the
corresponding threshold in DAC(digit)
to ADC(MeV) mapping
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Study Threshold (Find DAC to ADC Mapping )

DAC = 220 (digit) DAC = 300 (digit) DAC = 580 (digit)

Rate [Hz] /(500)
Rate [Hz] /(500)
Rate [Hz] /(500)

102k

10°%=

10°

1075+ : BT ‘2|0' - '3|0' - '4|0' B ‘5|0' ~ %0
General ADC General ADC
O 30><103
< |+ thres_mean " :
s« thres mean(fitting) » Total fitting function
« thres_sigma @® pedestal
20 .
@ 202keV gaussian peak

® 307keV gaussian peak
@ Gamma escape energy gaussian peak
® Exponential background
Get the ADC value of left edge of total fitting
function (Gaussian CDF).

—lllllllIl]llllllllIIlIIllllllllllllllllllllllllll
200 250 300 350 400 450 500 550 600 650 700
VF DAC & oVF
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Escape Energy

* An incident photon is absorbed by

Incident

photon Xenon-filled proportional tbe scintillator, it excited atoms/molecules
RAIIRIATE NG Sy in material via the photoelectric effect,
Vg The ionized atom emits a photon with

photoelectric absorption the same energy Of InCIdent photon

Xenon characteristic
X-ray (30 keV)
oN (1) Full-energy peak :
dH Eill iy full energy of emitted photon is observed
pesk by PMT.

Escape peak
(2) Escape Peak :
the emitted photon interacted with the

other atoms/molecules through
Char. X-ray energy Compton scattering or pair production,
(30 ke'V for Xe) not full energy is received by PMT.

G. F. Knoll, Radiation Detection
and Measurement, 4th ed. (Wiley, 2010)
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Find ADC to Energy mapping : MC Setting

* Particle: Positron
 Beam position: spread beam
Beam direction: perpendicular to ZDC

I [
ol gl = E
] ]

X bar

Y bar Xbar Y bar

Beam Source

h2BeamSourse

¥ [mmj

160
150/
140f-
1300
120
10F-

100~

Enlles 25811
Meanx 2357 )
Meany 1338
StdDevx 5798 )
SidDevy 5781
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9% 16 0 10 20 30 40 50 60 70 °

X [mm]

surface

Experimental Setup : same as test beam
« With optical photon turned on

 No APD/SiPM simulation

BM-1st Gravity Reco. BM-2nd Gravity Reco.
n2BMGranityFleco? h2BMGravityRecoT
180 r Eniies  25811D0  E 180 r Eniries 26811
F Mean x 2357 E F Mean x 2358
170 Meany 1336 i 1702_ Meany 1336 f(
F . St Devx 5842 fi( F SidDevx  6.083
130_— SidDevy 5832 130_— -_-_ . . SidDevy 557
F C . Lom
150:_ . " - 150:_ " .:'-J._J- - 1200
i 7 . Y ’ l:H Tl >,
- - - "
e 5 e B N 151
130F 130F N =
120 - 120 e < 10(
110 110 . .
F . 50 c : 50
100F 100F .
:l 111 | 1111 | 1111 | 1111 | 111 | 1111 | 1111 | 1111 | 1111 :l 111 | 1111 | 1111 | 1111 | 111 | 1111 | 1111 | 1111 | 1111
9 0 9 0
-DQD -10 0 10 20 30 40 50 60 70 -DQD -10 0 10 20 30 40 50 60 70
X [mm] X [mm]

We update the beam setting and turn on optical photons.

Status of ZDC ECAL 12/21



Check Linearity of Data and MC

HV17E 98MeV
o x107
E 700 Fitting of Ch. 28
g : p=42 +0
B c=14 1t 0
60~ J( T AADC d
: { ADO. = 33.66 +0 %
50; Fitting of Others
L n=41+0
o R -2
F ADE. = 3276 £0 %
30~
5 f
20—
10[- N +
L *+ +
L -+ 1 | 1 1 1 | 1 1 1 ‘ 1 1 T+++L\ Il | Il Il Il
0
0 20 40 60 80 102 AD1020
Q.

+ Both data and MC show good
energy linearity.

« ADC <=> Energy
Data = (MC x 281.72) + 771
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MC : Ebeam VS Emax
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Data : Ebeam VS ADC
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Compare Data and MC : Emax

« Data (threshold ~ 50MeV)  MC (no threshold cut)
98MeV 197MeV 297MeV

x10°
80.1 4 “20.25 [ Fit: MC ADC |, Fit: Data ADC ,,, CO 22 E— Fit: MC ADC ,,,, Fit: Data ADC ,,,, ‘20_1 2 } Fit: MC ADC ,, ~ Fit: Data ADC ,,,,
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* The energy resolution of the data is worse than that of the MC.
» Alarge number of low-energy hits observed in the data (possibly from noise).
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Compare Data and MC : Emax

« Data (threshold ~ 50MeV) .
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The threshold cut removes too many hits at 98 MeV
The consistency in the MC does not improve after applying the cut.
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Compare data and MC : E5x$
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Bad consistency for Ebeam<300MeV.
Better consistency for Ebeam>300MeV.
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Compare data and MC : E5x$

« Data (threshold ~ 50MeV)  MC (threshold ~ 50MeV)
- 98MeV 197MeV 297MeV
x =
OO 22 2 ; Fit: MC ADC Fit: Data ADC 20'24; Fit: MC ADC 4 Fit: Data ADC “20.1 21 Fit:mMc aDc Fit: Data ADC
< 02 8 07 r u=2337522 +709.23 n =15585.51 + 366.86 8022 ;7 u =34560.52 +0.00 u=37143.13 +893.25 3 L p=52466.05 +238.38 pu =57155.83 +281.91
0.18| ¢ Data-771ADC © (B[ inoser c2amss o ""S?ﬁ* e | S 001-3 £ Cioz01s 1 000% f’“ ohetaz +a20% | O OAF Cilisa sasr AT
0.165 4] F ; oY o C + "r
0.145 . s %% o 16F ,% 50.08- f g
0.12F e ® £ 0 4= E0'14E_ + S F ¥ 4 m
E ° s V7 50.12F 50.06— Tt i
pats 0.3+ Z 04F + i S 2 AR
0.08= ° g 0.08F *‘ 0.04[ 74 L d
0.08° : 027 0.06 4 : it
0.04- 6 o o04f 4 - pey 0.02F & "y
0.025 3 E 0.02} RN F ey RN
S I o ST < SRR S R S S IR L. * e* 1 P e Pagy
O 1.g7 . 8; O 87 Ar O 8; f
s —_— S 1.5- =15 + S 15 +
< ool * 1 ~ > ] G = > 1 Fhey: B
= 0.5¢ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.5- ‘ ‘ ‘ ‘ 0’| = 0.5F . ‘ ‘ - ‘ . X0’ E 0.5r . * Aol ‘ ‘ x10]
S 9900 200 300 400 500 600 700 sc}( 0 5 10 15 20 25 S % 7020 30 40 50 60 - %20 40 60 80 100 .
o AD AD AD
396MeV 584MeV ] 706MeV 739MeV
%0'1 81 i me ae - Fit: Data ADC 5, % 0.2F Fit:mc ADC Fit: Data ADC ‘2 [ Fit: MC ADC Fit: Data ADC ¢, %0-24§ Fit: MC ADC ¢, Fit: Data ADC
30 1 6 [ u=68763.86 1 223.27 1 =77644.60 +685.92 3 E  p=99944.71 +321.15 mn n =110864.69 + 859.3: 30 1 2 — u=118194. 58 + 445.33 ~ u=128635.82 +432.7 30 22 = u =123427.10 +387.89 ~ u=132302.21 +1599.00
QY- [ ©=9966.53 +183.40 /“ o =11563.67 + 487.50 8018? c = 13664.86 + 247.36 ‘4‘* o =15854.61 + 401.08 8 ) [ o©=16539.71 + 328.33 #“* © =20014.72 + 37.36 8 0 Zi 6 = 17848.65 + 334.50 **» o =21737.87 + 1251.6
_001 4; ol =14.49 £0.27 % .* .I'. c/p=14.89 +0.64% _00 16 ; o/u =13.67 +0.25% ! o/p =14.30 £ 0.38 % - F o/u=13.99 +0.28 % I. ofy =15.56 +0.06 % E olp=14.46 £0.27 % .'l 4‘-» o/u=16.43 +0.97 %
g F f + @ oF ~‘~ e 0.1F 4 \ CDO 18 _,',_ |
2012 . 2014 ?’+ = T 20.16; g
E 01— [ 1t £0.12- £0-081 S 014" e
s _F Ty S 0.1 5. f v 120 A S
2008 s '\*‘4 2o oas : + L Z0.061 STy 205 i $+
0.065 A Pt ?*.f ; '+ na Fé 0.085 %
g (4 3 0.061 i 0.04 7 Ve 3 ¥ R
0.04- "’f P 0.04f 4 L% i * i DogE+ [ e
g Y 04 ; Lt 02 * LY 0.04F . o
0.02F -+ Fe - * 0.02F+ +*if$+ b + 0.0 Fo **;f ** % 0.025 **,::lz/ *
8* S R IR BN < O J 8*‘ e a4 I vt ek 1| 8’ e L et \as..b#..m 1 gf‘gdwh‘ | [
(@] [ + (@] (@] (@]
S 15 t S 150 + S 15} i S5
= y +%+ + = 1 + . = 1 ++¢»+ *+ = 1 e ++
Sosk et g £ 050 Tt ao) S 05 e oS08 e . ao°
S % 002004006008 01 012014 & % 0.0D.00.00.080.10.1D.10.10.1802 5 D 005 01 035 02 0255 % 005 01 015 02 025
ADC ADC ADC ADC

2025/10/16

After applying threshold cut, the situation is reversed. We have worse
consistency with Ebeam<300MeV but a better one with the rest.
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Energy Resolution (w/o Energy Regression)
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« Comparing data and MC with this 50MeV threshold applied, the MC shows a 1-
4% better energy resolution than the data.
* The energy resolution improves as the threshold is lowered based on MC study.

2025/10/16 Status of ZDC ECAL 18/21



Short Summary for Energy Regression

Study Threshold
(DAC<=> ADC)

Apply threshold cut

in MC
(Study Data and MC (DAC <=> Energy)

Compare Data
and MC

linearity
Find scaling and
shift factor

\_ (ADC<=> Energy) /

We are st|II here!

\_

4 Energy )

Regression
(linear,
traditional
method)

J

» We performed threshold study and the linearity of MC/Data in order to access the

conversion between DAC and energy.

* We compare data and MC with 50MeV threshold cut. The agreement between data and
MC is not yet perfect — the data show more low-energy hits also gives wider spread.
We plan to further investigate the hit energy and hit multiplicity distributions to

improve this consistency.

« According to the MC, lowering the threshold could enhance the energy resolution. During

the test beam, the threshold was set around 50 MeV, which appears to be too high.
We plan to reduce the system noise and aim for another test beam next year with a

lower threshold setting.
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Plan for the Test Beam next March

 To do for PbWO4 + SIPM system
- Improve data and MC consistency
- Energy regression
 To do for LYSO + APD system
- Repeat all the studies have been done for PbWO4
* Next test beam in 2026
- “PbWO, + SiPM” system with a lower threshold setting
- new DAQ system with H2GCROC chip.
1. PbWO4 + oldSiPM + CITIROC (lower threshold)
2. PbWO4 + oldSiPM + H2GCROC (new DAQ)
3. LYSO + APD + CITIROC (If we can find the problem in Taiwan...)

A cosmic ray test setup is currently being prepared in Taiwan to enhance
system shielding to reduce noise for both PbWO4 and LYSO system.
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Cosmic Ray Test in Taiwan

Future Plan
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Status of ZDC ECAL

Cosmic ray data
collection is
currently in
progress. A high
noise level has
been observed in
the Taiwan setup,
and we plan to
investigate
improvements to
the shielding
system.
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Back up
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Compare data and MC : PbWO4, E3x3
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Compare data and MC : PbWO4, E3x3

« Data (with threshold = 30MeV)
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Study Beam Angle
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Data has larger angle compared to MC. The reason is still unknow. We
suspect the beam setting in MC is not realistic enough (pencil beam setting).
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Study Beam Angle : MC
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No obvious improvement after smaller beam angle cut.
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Study Beam Angle : Data
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No obvious improvement after smaller beam angle cut.
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Study Residual : MC Sample

AXZ 4+ AYZ [mm]

A : Residual in R

00 100 200 300 400 500 €00 700 800

Ebeam | Mean A

(MeV) [mm]
50 1.68
100 0.84
250 0.36
500 0.21
800 0.15
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The beam is set as a pencil beam, so the
residual here indicates how much the
beam is affected by the material of the
beam monitor. Beams with lower energy
exhibit a wider spread after passing
through the beam monitors.
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