agnetic calorimeter prototy
Is for the ZDC at ePIC

Cheng Kai-Yu*
Tatsuya Chujo, Yuji Goto, Motoli Inaba, Subaru Ito, Kentaro Kawade, Yongsun Kim,
Wen-Chen Chang, Chia-Ming Kuo, Po-Ju Lin, Chih-Hsun Lin, Chia-Yu Hsieh,
Rong-Shyang Lu, Jen-Chieh Peng, Yu-Siang Xiao, Shao-Yang Lu
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Electron lon Collider > 2

« High luminosity ep, eA collider
» 1033~10%%/cm?s

« Polarized target collider

> e,p,DFHe
« Wide center of mass energy range
» 30-140GeV
e:5-18 GeV p/A : 41GeV, 100-275GeV

——

2024/4/18 Kai-Yu Cheng (AS)



hadronic calorimeters RP

Hadron beam-pipe and
' Roman Pots in cross-section

>
>

BO detector
SOENCGEIRVERGETE 1.7 T

e/m calorimeters
(ECal)

DIRC,
RICH detectors

, MPGD trackers }

' MAPS tracker

H

«---------—-—--------——--_—-*

Hadron beam 95 m Electron beam ) )
—_—t e BOpf combined function magnet

p: 100-275 GeV e: 5-18 GeV

Backward

ZDC

2024/4/18 1 n B Kai-Yu Cheng (AS)




Target : Measuring forward neutrons and photons Physics
Ener Ener Position Meson structure via Sullivan Process :
il g.y : Measure the neutron or A(= n + 2y)
Range Resolution Resolution Io
e-/v
Neutron | ~275GeV 50%/VE 3mrad /NE /
e-/e+ < y,Z0W* X
100MeV~1G T
20~30% Q
Photon eV
20~40GeV | 35%/VE 0.5~1mm 1/
— 28cm ZDC SiPM-on-tile
o [ P P P AT

ZDC LYSO ECAL
7 (0.3A,6X0) |

LYSO ECAL
e - A collision at small angle
Measure the O(100MeV) photon from excited

carbon-fiber frame —
for LYSO crystals

nucleus

LYSO crystal
(3x3x7 cm?) _—— PCB board with APD sockets

for LYSO readout

2024/4/18 Kai-Yu Cheng (AS)



Prototype with LY SONECAIS 5

e LYSO
« Higher light yield
« Made in Taiwan

8x8 LYSO array LYSO calorimeter prototype

Xo Decay
Crystal (cm) LY(#/MeV)| T dep. time(ns)
5(73%)
PbWO, | 0.89 200 -1.98%/°C | 14(23%)
110(4%)
LYSO 1.14 30,000 -0.28%/°C 36
40,000~ .
GAGG | 1.59 60,000 50~150

One crystal : 7.12mm*7.12mm®*88.3mm
Array size : 56.96mm™*59.96mm*88.3mm

2024/4/18 Kai-Yu Cheng (AS)



Prototype LYSO ECALE

SIPM

* Radiation tolerance
« SiPM : 2x10%%/cm? (CMS ECAL)
« APD : 4x10%/cm? (CMS MTD BTL)

* Readout board for multichannel SiPM
» Designed by Chih-Hsun Li of AS
« 2 CitiroclA (32 channels)
« Separate voltage adjustment
» Self-triggered

2024/4/18

8x8 SiPM array -

Kai-Yu Cheng (AS)




All System

Detector
~ \Signal
lyso |Y| siPm
8x8 Array 8x8 Array [
J
J
2024/4/18

Bias k ROCB : 32ch

[ 5V Power J

Kai-Yu Cheng (AS)

P
SpaceWire
MK4
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~

UART

Data = 4 )
Slow La pt.op
control | LabView
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Run List In Test Beam

et test beam in ELPH, Tohoku Univ.

Source/Beam Purpose

Background

Intrinsic radiation

> g

Understand instrinsic radiation
rate with threshold cuts

Gain Calibration

Na22

Calibrate each channel

HV & E, ., Scan

Beam(47-823MeV)

Position Scan

Beam(197MeV)

HV & E, .., Scan

Beam(<297MeV)

With 4X, Absorbers

Beam(97-823MeV)

Understand detector performance
and study energy resolution and
shower shapes

Rotation

Beam(98-297MeV)

Understand detector performance

2024/4/18

Kai-Yu Cheng (AS)




Channel by ChannelfGain

or:

\joratiorn

« Adjusting bias of different channels based on :

* Na?? (in JP) and Co®°(in TW)
 197MeV e* beam

0.0022p"
0.00%
0.001§
0.0016 peak 290keV @ 2580
' peak 395keV @ 3660
ol-0014 peak 1170keV @ 14839
0.0012 peak 1330keV @ 17005
5 0.001 Co®Y
T
0.0008
0.0006
0.0004
0.0002
0 5000 10000 15000 20000 25000 3000
ADC count(HG&LGx10.62)
2024/4/18

Count

0.05

0.04

0.03

0.02

HV DAC: Ox4EQ(~24.8V)
- 0.00851MeV/ADC @ Na22

Ll b b bl vl e | Lovaaliog

Calibrate by Na??
Calibrate by beam

Peak of 197MeV —>

Lyl ; el | | ol b bl

5 10

| | | 11 ||J_II\I\I\I1\
15 20 26 30 35 40 45 50 5 60 65 70 75 80 85 90 95 100

ADCsum

Kai-Yu Cheng (AS)
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* Energy spectrum
» Shower shapes(E, ../Es.s3, Eza/Esys:---)

E5x5

E3x3

2024/4/18

n
~

£

E

>
>25.2
S

‘@

o

o

—
=]

=244

Data @98 MeV

252 -18 -10.8 -36 3.6

10.8

18 25.2 324
Position X(mm)

10

MC Simulation:

* Including all detector

geometry and material

Ebeam * O

* X'Ybeami 0-X,Y

* Include Bird’s Law
(photons loss in crystal)

MC @ 98 MeV

P
I~

Position Y(mm),
. (%]
0 [+

32804252 —18 108 36 36 108 18 252 324
Position X(mm)



47MeV

Entries 272887
Meanx 0.7253
Meany 5981
B 133
RMLE 116

L

28, 8.8 -21.6 -144 72 72 144 216 288
Position X{mm])

MC

-2B.
—EELB =216 -144 T2 72

98MeV

Entries  Z75668
Meanx —0.5314
Meany  _5.DEE
FAEE x 13.87
FME ¥ 11.81

144 216 288
Position X{mm])

11

198MeV

Enifles 296627
Mearnx -2.886
Meany 5266
RS 1 10.3
R y AT

-2B.
—EEE =216 -144 T2 72 144 216 288

Position X{mm])

Beam Profile(center point) @ 47 MeV

h210
Entries 29950
Meanx 0.6595
Meany -7.135
RMS x 13.41
RMSy  10.79

{mm
&

(mmll)
@®
[+=]

o
=
@
no
-
)]

Position Y
Position Y

~
s
=
S

P88 216 144 72 7.2

144 216 2838
Paosition X(mm)

2024/4/18

Beam Profile(center point) @ 98 MeV

h211
Entries 105557
Mean x -0.5745
Meany -6.106
RMS x 135
RMSyY 1092

72 144 216 288
Position X(mm)

Beam Profile(center point) @198 MeV
h212

—28.8

E Entries 216837
‘E. Meanx -2.173
>_

=21.6 Meany -5.136
£ RMSx  13.29
@

2 RMSy  10.66
£14.4 L

_28428.8 -21.6 -144 -7.2 72 144 216 288

Position X(mm)



Shower Profile in 2D 12

98MeV 198MeV

N
i
N
'S

R
T

-
[e2]
-
[e2]

PosmonNY(mm‘Zu
a
N
Positionk\”(mm&
(5]
X}
P(JSltlon'\}’(mmgJ
- (5]
00 N

.
.
Qo
=5}

w
=)

Center crystal has higher
energy deposit

MC

_32—62.4—25.2 -18 -108 -36 36 108 18 252 324 _32—'§2.4—25.2 -18 -10.8 -36 36 108 18 252 324 _32—'52.4—25.2 -18 -10.8 -36 36 108 18 252 324
Position X(mm) Position X(mm) Position X(mm)

N
s

G g2 g2
E £ E

>_

~252 > 7252
2 2 =

‘@ w ‘w

& 18 o 18 g 18

ﬂ ﬂ The data have wider
shower profile
s

-
-
b
oo

Data

-18 18]

-25.2] -25.2 -252

2024/4/ _32—&2.4—25.2 -18 -108 -36 36 108 18 252 324 42%2.4 -252 18 -108 -36 36 108 18 252 324 _3%52_4 -252 -18 -108 -36 36 108 18 252 324

Position X(mm) Position X(mm) Position X(mm)



Beam Energy Scan 13

» E, . Vvalues of data are affected by saturation of SiPM
» Add saturation behavior in MC to improve energy resolution

Nfire = [(1 — )Ny (1 — e7Nin/Noix) + qeNyy |

=
D o
= L . .
3o - SiPM saturation
5 207 - Meanof MC e ——————
8 [ 1 Feeeakno T ; - by arXiv:1510.01102
200~ T Fit Peak Data L 2 3000 F
B . _'T" ‘ .a B
N - "Linear" Data = i
150 - E B
: % 200[} _- cabhle: 3, channel: %
100 - 5 i Npix: 2061.9 4- 8.6 i
: = L FMT-FDE scale: 56_6 +— 0.2 -
g 1000 i o B.O%HT +- 0.008% ]
- = - YI/MDE = 282 .
oLt [ (I [ L [ [ L 1 1 [ L .D d - d - 1 k d ik A | = A = _ | = d k = ]
0 100 200 300 400 500 600 700 800 900 [} "'I 00 2 [}D 3[}[] 400

Beam Energy(MeV)

ADC counts of PMT
2024/4/18 Kai-Yu Cheng (AS)



47MeV

Ratio (Normalized)

—MC Origin
—MC THR.

—Data

Ratio {Normalized)
Ratio (Normalized)

2024/4/18

111l 111l 1111 1 11
70 80 90 100
Energy deposit{MeV)

* E, . Shape didn’'t change obliviously than MC.

* When 198MeV beam pass through the 4X, absorber
first, the comparing situation is like the 47MeV w/o
absorber.

« We need to analyze further the shower shape caused
by the absorber.

ey L1 111l
80 90 100
Energy deposit{MeV)

=
X
S

Kai-Yu Cheng (AS)

198MeV

o
o
_III|III|III|III|III|III|III|III|III|III

g —MC Origin

Ratio ot Event(Normalize by MC Height)

0.005

I T T I Y
70 80 90 100

Energy deposit(MeV)

0.04F

0.035F

0.03F

— MC Origin
— MC THR.
— Data

0.0251

0.021
0.015F

0.015

T -l | i 1 | - | |
100 120 140 160

Energy deposit{MeV)



s )

» Build the ZDC ECAL prototype with 8x8x8X, LYSO array and 8x8 SiPM array.
« Each crystal size is 7.12mm x 7.12mm x 88.3mm (8X,)
 Total area is 56.96mm x 56.96mm

« Study the LYSO ECAL performance from comparing the test beam data and MC simulation
* MC inject the simple e* beam, but follow the real beam parameters
* The E, ., tower in the data is lower caused by the saturation effect of SiPM
« We will implement more realistic beam profile and saturation behavior in MC

 Building/training the energy regression method based on the MC shower profile to improve energy
resolution

* Further plans
* The next prototype planis LYSO + APD

« Connect the position trigger detector to record more information from the beams for improved data
analysis.

 In MC simulation, we keep study the further design of ZDC ECAL (different X, composition of LYSO
and PbWO,, different crystal size, shashlik design, etc)

2024/4/18 Kai-Yu Cheng (AS)
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Thank you for your attentlon'
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Peak(ADC)

700

600

500

400

300

200

100

18

* The Peak values shows the AT between the Lab in Japan and Taiwan is about 2~3°C.

ROC A
~ 700
- . 2
L o JP <
__ o TW @ -
L e 15°C o § 600
- e 20C . »
B 25°C ©
— o 30°C ® 5 500
- . © ¢
. ° 400
: 0 ®
- L ]
. ¢ 300
— o) [ ]
- [ ]
- ®
— . 0 . 200
E ° 8 L
- e . 100
- .
—[ 1 1 1 | | | 1 1 | 1 1 | | 1 1 1 I | 0
4.6 24.8 25 252 25.4 25.6
HV(V)
2024/4/18 Kai-Yu Cheng (AS)

The change of 5 degree gives around 25% change on gain.

ROC A Emax Peak

| ® Bias24.7V

B ® Bias24.8V

- ® Bias 25.0V

- ® Bias25.1V

— Bias 25.3V

- ® Bias 254V

— Bias 25.6V

E \\\\\

- .\\.

B | 1 1 | | l l 1 | l 1 l I 1 1 1 | 1 1 1 | | 1 1 | 1 1 1 | 1 1 1 | 1 1

14 16 18 20 22 24 26 28 30
Temperature(°C)



Beam Profile

2024/4/18

Count ratio

Data/MC

Count ratio

Data/MC

10-17

MG N\
—FitData  —FitMC "\ \|
G 1637 5 1668 N

leNDF 780.38/5 »*NDF: 21.52/5

10 © 10 20

Position X{mm)

-20

Proj.-Y Beam Profile(center point) @ 47 MeV

—+ Data —+MC
—FitData ~ —FitMC  \\,
107® p: -8.31 u: -9.05
o: 12.26 o: 13.85 N
¥2NDF = 225.75/5 7%NDF: 40.61/5 \
5 1 -l | -
15
T e .
05
0
20 -10 0 10 20

Position Y{mm)

Count ratio

Data/MC

Count ratio

Data/MC

1.5

0.5

1072

1.5

0.5

Data “} MC

— Fit Data —Fit MC
u: -0.70 u:-0.93 N\
c: 16.79

o: 18.66
%%NDF = 1988.32/5 y*/NDF: 20.84/5

10 0 10 20

Position X(mm)

20

Proj.-Y Beam Profile(center point) @ 98 MeV

—+ Data —+MC .
— Fit Data — Fit MC \
p:-7.01 u: -7.47

o 12.23

011317
¥3/NDF = 622.21/5 x"’/NDF 75.16/5

20 -10 0 10 20
Kai-Yu Cheng (AS) Position Y(mm)
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Count ratio

Data/MC

Count ratio

Data/MC

198MeV

107
4/4 ~+ Data -+ MC \\
— Fit Data — FitMC \
102 u:-3.14 u:-3.22
= 0 16.45 o: 10.92 \
#2/NDF = 3709.28/5 x%/NDF: 62.74/5 \
2’ | | | |
15— S
1= —_—
05
0 i ' ' '
-20 -10 0 10 20
Paosition X(mm)
Proj.-Y Beam Prafile(Detect) @198 MeV
107"
—+Data —+MC
. — Fit Data — FitMC  \
1071
r u:-5.63 :-5.74
C o: 11.62 o: 10.96 A
- ¥?NDF = 1825.48/5 y2NDF: 70.24/5
27 - — . | . I
1.5
1= I — e
05
0

20 10 O 10 20

Paosition Y(mm)
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Eix1

E3x3 |—MG Origin —MC THR. —Data E5x5

e
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- Data
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’ ] , , : PDE
Energy —> PhOtO e \llefeie 2l — ADC 22 ]f:ﬁ” factor

n : quantum eff.
r : combination factor of LYSO/SiPM  Pg : probability of

Input L : light yield r’ : photon leakage Geiger discharge
Brik’s Light Light
) 3x3
law yield N leak _ PDE
Epeam [ Eéggo g Ec(l)gzg " — L _mggut " Njy =71 Nyye + 2 7' Nyt | €Ny = fnPNiy
ep :
i#0

Saturation effect

—eNo /N Mult-photons hit L+1

| Nrire = (1- “)Npix (1—e ENm/Nplx) + aeN;y | Negr = Nrire o I = Negrlg

,8 + ENin

Output B : fitted factor I : éverage'current

Edey: from MC of single microcell
L : from LYSO datasheet . . .
e: from SiPM datasheet ADC = -Max | ranslate to
|.: from exp. data ¢

2024/4/18 c : factor of I/ADC



Testing Beam Data Fitting 23

)]
(52
o
o

Saturation function
Nfire = [(1 — a)Npix (1 — e_ENin/Npix) + aENin] (ﬂ)

Peak of Emax(ADC)
» a
w\ o
o o
o (=]

B+€ENin ?
X-axis : number of injected photons 000k~
Y-axis : number of effective microcells 00 - vata
Testing Beam Data : 3000 —_ Saturaion Fitting
X-axis : Beam Energy - Nin= erEbeam 2500; 1¢/NDF = 0.8885 / 3
Y-axis : E._, ADC — ADC = Nfire ADCsingie 2000

Ll ‘ I ‘ I ‘ I ‘ I - ‘ I - ‘
400 500 600 700 800 900
Beam Energy(MeV)

o
—_
o
o
oF
o
oL
Wl
o
oL

B _ L+1
ADC = ADCsingle[(l — a)Npix (1 —e EPLT'Ebeam/Nplx) + CKGPLTEbeam] (ﬁ + epLrE,
eam

p : shower profile factor, from MC
L : light yield
r : photon loss factor from LYSO to SiPM surface

€ : photon detected efficiency

ADC; gt ADC value from single microcell
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