/DC MC Status
20241109
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General Information

Steering.py

import math

from DDSim.DD4hepSimulation import DD4hepSimulation
from gd4units import cm, mm, GeV, MeV, degree, radian
SIM = DD4hepSimulation()

energyMin = "1*GeV" beam type

energyMax = "20*GeV"

particle = "gamma" and energy

ionCrossingAngle = -0.025 * radian beam angle
_r_pos = cm

ZDC x pos = ZDC_r_pos * math.sin(-0.025)

ZDC_y pos = 0 * cm

ZDC_z pos =

ZDC_r_pos * math.cos(-0.025) beam pOSitiOﬂ
SIM.numberOfEvents = 1000

SIM.enableGun = True

SIM.gun.position = (ZDC _x pos, ZDC y pos, ZDC z pos)
SIM.gun.particle = particle

SIM.gun.momentumMin = eval(energyMin)
SIM.gun.momentumMax = eval (energyMax)
#SIM.gun.direction = (math.sin(-0.025), @, math.cos(-0.025))
SIM.gun.thetaMin = ionCrossingAngle

SIM.gun.thetaMax = ionCrossingAngle]]

SIM.gun.phiMin = O0*degree

SIM.gun.phiMax = 0*degree

SIM.gun.distribution = "uniform”
SIM.gun.multiplicity = 1

Ecal, Hcal, and MCtruth information are saved now.
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Geometry of ECal and HCal

<define>
<constant
<constant
<constant
<constant
<constant
<constant
<constant
<constant
<constant
<constant
<constant

name="ZDC_width"
name="ZDC_r_pos"
name="ZDC_y pos"
name="ZDC_Crystal_r_pos"
name="ZDC_Crystal_z_pos"
name="ZDC_Crystal_x_pos"
name="ZDC Crystal_y pos"”

name="ZDC_Crystal_rotateX_angle"
name="ZDC_Crystal_rotateY_angle"
rotateZ_angle"

name="ZDC_Crystal_
name="ZDC_Crystal_width"

values=
values=
value=

<constant name="ZDC_Crystal_cell_width"

60cm in X, 60cminY, 7cm~6X0 in Z
400 cells, 3cm*3cm*7cm / cell

"60.0 * cm"/>
"3550.0 * cm"/>
"0.0 * cm"/>

value="
value="
value="
value="
value="
value="
value="
value="

value="3,

ZDC_r_pos + 5.9 *cm +19,.2*cm"/>
ZDC_Crystal_r_pos * cos(ionCrossingAngle)"/>

ZDC_Crystal_r_pos * sin(ionCrossingAngle)"/>
ZDC_y_pos"/>

0 />

ionCrossingAngle” />

0"/>

ZDC_width"/>

foem' >

~6X0 (1X0=1.1cm)

<constant
<constant
<constant
Econstant
<constant
<constant
<constant
ﬁ%420 </define>

name="ZDC_Crystal_frame_thickness" value="0.3*mm"/>

name="ZDC_Crystal_active_x"
name="ZDC Crystal active y"

name="ZDC_Crystal_nx"
name="ZDC_Crystal_ny"

name="ZDC_Crystal_APD_socket_z"

name="ZDC_Crystal_space”

lusrX/cyhsieh/2024ZDCl/eic/epic/install/share/epic/epic.xml
lusrX/cyhsieh/2024ZDCl/eiclepic/install/share/epic/compact/far_forward/default.xml
lusrX/cyhsieh/2024ZDCleic/epic/install/share/epic/compact/far_forward/ZDC_Crystal LYSO.xml
lusrX/cyhsieh/2024ZDCleic/epic/install/share/epic/compact/far_forward/ZDC_SiPMonTile.xml

yyyy/mm/dd

title

value="ZDC_width"/>

value="ZDC_width"/>
value="ZDC_Crystal_active_x/ZDC_Crystal_cell_width"/§
value="ZDC_Crystal_active_y/ZDC_Crystal_cell_width"/>
value="2.5*%mm" />

value="2, 8%cm" />
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Geometry of HCal

65cm in X, 60cminY, 163cmin Z
64 layers, 8 slice/layer

/- insulating layer <comment> Slices wil[] be ordered according to the slice order listed h
£ 162 cm % 7-60 cm / (0.007 cm)
<comment> Steel/Sc layers </comment>
T /— SiPM-carrying PCB <layer repeat="HcalFarForwardZDC_SiPMonTile_Layer_ NSteelRepeat" thickn
: ‘(A(’)Iﬂ(;SUVlsEDS <slice name="Absorber slice" material="Steel235" thickness="HcalFarF
oo SR <slice name="Air ice" material="Air" thickness="HcalFarForwardZD(
pS <slice name="ScintCover_slice" material="Aluminum" thickness="HcalF
<slice name="ESRFoil slice" material="Polystyrene" thickness="HcalFz:
dowel pin —. ESR foil <slice name="Scintillator_slice" material="Polystyrene" thickness="}
link plate —_ . : (0.015 cm) <slice name="ESRFoil slice" material="Polystyrene" thickness="HcalF:
B \\\ i ne= B lice i = rda’ i ="HcalFarF vardzi
“— 3D-printed <sll'.ce name="PCl i mater %al- Fr thl'(kneSs icalFarForwardZD(
Absorber block ———— frame <slice name="Air ce" material="Air" thickness="HcalFarForwardZD(
thickness=2 cm ESR foil ~— scintillator tiles </layer>
(0.015cm)  radius=3.1 cm <comment> Final layer of steel </comment>
— cover thickness=0.3 cm
(0.04 cm)
<documentation>
#### Material Thicknesses
</documentation>
<constant name="HcalFarForwardZDC SiPMonTile AirThickness"” value="0.02*% />
<constant name="HcalFarForwardZDC SiPMonTile AbsorberThicknes value="2*%cm" />
<constant name="HcalFarForwardZDC_SiPMonTile ScintillatorCoverThickness' value="0.04%cm" />
<constant name="HcalFarForwardZDC SiPMonTile PolystyreneThickness' value="0.30%cm" />
<constant name="HcalFarForwardZDC SiPMonTile PCBThickness" value="0.08 />
<constant name="HcalFarForwardZDC SiPMonTile ESRFoilThickness"” value="0.015%cm" />

Not clear how to define FEE channel
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Positron Beam (1)

EcalSum/Beam HcalSum/Beam
= Ent h‘emF:nuu - htemp
: om0 p
1 Em_h'lemp hterl;ulp
102 St voier | Moo 0005000
500MeV 250MeV 100MeV 50MeV —wbms— ==
] El“ — :ll:a;av a.lﬁn?s:la
10 :|'[:ﬂ:ﬂﬂﬂ:l: E..u::emp;mo 10 htemp
B 1
1 1 |H|“ H |¥| |H| | 1 ||_| |H| 1 | 1 ""N" ull L H-"-‘IN'J-H'H'H“IIIIIIIHIIIHIII
] 0.2 0.4 0.6 08 1 0 001 002 003 004 005 0068 007 008
energyRatio_ecal energyRatio_ecal energyRatio_hcal.energyRatio_hcal
Energy dump in ECal Energy dump in Hcal
50MeV : 77% = Less than 2%
100MeV : 61% — Leakage from the side?

250MeV : 24%
500MeV : 9%
=> check student’s results
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Positron Beam (2)

o
»

Il]llllllllll!III||IIIIIIIIIIIIIIIIII

LI S e B LN s e B
—47MeV
—97MeV
—492MeV
—850MeV

6X0

IIIIl|IIII|IIII||IIIIIIIIIIII|||III

[ 15}

,_

+ Student’'s MC

- Toy MC

- Only ECal

- Even for 850MeV, more than
50% energy left in ECal.
Defiantly something wrong with
my sample.

yyyy/mm/dd

- - 50MeV
E 30 500MeV
= % * P P . €
L & ¥ % a a & 8 @ & a a & =
200_—---.-:-«:....-- . a
- ¥ % ® % & ¥ 2 o & b % » 0 .
C ]  ® & & & & & & & & o & @
100— LR IEE N K BN BE I BX BN BN BE BN N X W e @
C 300 ER S SO BES N EO 00
L & & & ® & 3 F B R F B EE SR E 8 B
0—_ [ B BN IR B BE R BE BN B B NE K TN TR B B
- . CEE BE 2N B BN BN BN BN BN BE BE BN N .
C & @ & @ % & & &8 888865 &8 0
0t f s s e e neescnssest
C N EEEEEEEEEEY .
C 88 8 8 08 2 B e Ko B o
-200— LI I R N B B » 0 *
C - L o % % 0 e 0 %
- * ¥ » ¥ ¥ @ a 8 & a8 ¥
_3001— . L o e . o
_|II II|I II|IIIIIIIII ) I I | I I — 1
-1200 -1100 -1000 =900 —8‘00 -7‘00 —SIUO
x(mm)
 Leakage from the sides?
Shower shape for both 50MeV
and 500MeV are centered.
Should not be the case.
title
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Positron (0.01GeV ~ 1GeV)

Energy dump in ECal Energy dump in ECal (avg)
o5k ol
2 0.8 = Meany  0.1922
< = StdDev  0.2875
% OT:— =+ Std Devy 0.2666
& o8 E
-+
0.6
E o+
°¢ **= . Only 10% towards to 1GeV
0.4 +
04 0.35— +
- +
0.2 T
0.2 = e
0.1 +
0 0: 1 1 | ! 1 1 | 1 1 1 | |_'_H|__‘__'|_ | 1 _|‘__‘_|H_j+
moPar_mom 0 0.2 0.4 0.6 0.8 1
Energy dump in HCal Energy dump in Hcal (avg)
_;3' 0.07|- - o.ma:— + T + 4 +
g F 10 e P e Jrﬂr
< 0.06F 00141+ AT M
g C m m C
8 005:_ - - - o0tz :‘lntries 1(?282
E = - .- 0.01:— Miiﬂy 0.01492
004 = m 10 i Std bevy 0005514
c 0.008—
0.03 /B C
= 0.008—
0.02F - ;
- ; PomE ~0.14% over all the energies
0.01 0.002—
00_ 1 1 1 D|2 1 1 0‘4 1 1 0‘6 1 1 1 Dlﬁ 1 1 1 l||

mcPar_mom
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Gamma (0.01GeV ~ 1GeV)

€ Energy dump in ECal

energyRatic_ecal

' Energy dump in HCal

mcPar_mom

energyRatio_hcal

O

yyyy/mm/dd

08

1
mcPar_mom

Energy dump in ECal (avg)

- Entries 10000

012 Moany 002001
SidDev  0.2871

o J( StdDevy 0.0804
0.08/—
006:_++ Only 2% towards to 1GeV
0.04— Jr JF

S ST
002~ 1 u +—|_ ++++++—|—+-|—|-—|—-—I—+++ SN

00_ L1 Ollz I I 0I|4 L Ollﬁ L1 C'Ils Lo -||

Energy dump in Hcal (avQ)

0.0241 Entries 10000
ot + Neany 00175
L son
E L ERE s E TN +
00165 + + +‘|' —|-—|+—|-+ ‘|—|'++++ +
0.014F +
o.mzi—

0.01F
o.ooai—
0.006 2% over all the energies
0.004—
o.ooei—

% Y Y o5 B

title
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energyRatio_ecal

energyRatio_hcal

o
=

0.35

0.3

0.25

0.2

0.15

0.

—

0.05

=
(=]

Energy dump in ECal

10

|

e w

10

~cPar_mom

¢ Energy dump in HCal

0.05

0.04

0.03

0.02

0.01

0

(=)

yyyy/mm/dd

mcPar_mom

Proton (0.01GeV ~ 1GeV)

Energy dump in ECal (avg)

- Entries 10000
0141 + Mean 0.5068
B _I_—I_ + Meany  0.06318
0.12— StdDev  0.2859
T + + Std Devy 0.06745
0.1 +
N ++ +
0.08—
] it
+ +
006: + JrJr
06— +
- +
004 ++—|—|—
- T
0.02—
O:T 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 0.2 0.4 0.6 0.8 1
Energy dump in Hcal (avQ)
0.009—
o.ooaf— WL
o.oo?f—
= 1 + _|_-|-_|_%
0.006— Lt L+
= -+ ++ ++
0.005—
0.004 :— Entries 10000
E Mean 0.5068
0.003 Meany  0.005583
= Std Dev 0.2859 | «
0.002F- 0.5% over all t rgies
0.0013—
00_ 1 1 1 0|2 1 1 1 0I|4 1 1 1 0'6 1 1 1 0|8 1 1 1
title
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Neutron (0.01GeV ~ 1GeV)

Energy dump in ECal (avg)

Energy dump in ECal

0.6

0.5

h
Entries 10000
Mean x 0.5053
Meany 0.01867

Std Dev x  0.2842
Std Dev y 0.04221

=}

0.07

0.06

0.05

0.04

0.03

0.02

II|IIII|II.II|IIIIHIlII|IIIIiIIII|l_|_

0.01

I.

yyyy/mm/dd

StdDevy 0.00446

Entries 10000 P
Mean x 0.5053

Meany 0003173 P
Std Devx 0.2842 |

180
160

140

C Entries 10000
0.16 Mean 0.5053
Meany 0.02266
0.14 StdDev  0.2844
C Std Devy 0.0407
0.12—
0.1
0.08—
0.06—F
0.04—
C ++++++ N
_ =t
0.02 = -+ _._'_'_—0—4"'0—'-_,_—!--0—_,__'__'_ ST +++++++++
0 C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 0.2 0.4 0.6 0.8 1
Energy dump in Hcal (avQ)
: Entries 10000
Meaan 0.50583
0.006 — Meany  0.003372
— Sid Dav 0.2844
- |SwDevy 0.004353
0.005]— + +++ + | IT
0.004— JFJHF ++++
0.003— Jr Jr JFJVJF
- Jrlr 4+ T+
0.002 % 1 _|_+ +
0.001H
0 C 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 0.2 0.4 0.6 0.8 1
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Latest Update form ZDC Meeting
Alessio- . University of Connecticut October 10, 2024

reconstruction insulating layer
162 cm £ —£60 cm (0.007 cm)

SiPM-carrying PCB
with UV LEDs

p—

P ;
dowel pin OO ESR foil
. link plate (0.015 cm)
Single LYSO —_—
crystal tower, Absorber block frame
3x3x7 cm3 . O s scintillator tiles
LYSO crystal and readout ROX I C) SiPM on tile HCal design _ (oisem  mdus=31cn
Design source: EIC ePIC Geometry Team source: Sebouh Paul, 2023 (0.04 cm) '

MC Simulations: Conducted with DD4sim, compiled with Geant4
Particle Gun Data: Generated with variable angles to uniformly cover the
ZDC face
No Background: Simulations do not include background
Integrated Hits: The hit data reflects the integrated energy deposited in
the scintillating pads of the calorimeters, summed over the respective pad
and reported at its center

e ZDC with HCal-Only: Separate MC data generated for ZDC HCal to
study neutron and photon interactions specifically in the hadronic

calorimeter
e ZDC with ECal and HCal: ZDC geometry in simulations has ECal and Zero Degree Calorimeter (ZDC)
HCal

design source: EIC ePIC Geometry team

e Lambda MC: Energy range 0-270 GeV, with 200k events, decay table
restricted to A-nr® - nyy
Photon MC: Energy range 0-50 GeV, with 100k events
Neutron MC: Energy range 50-250 GeV, with 60k events
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Latest Update form ZDC Meeting
(Alessiol: University of Connecticut October 10, 2024)

Single Photon ECal and HCal energy ratio

e ECaltiles are short, designed for low energy photons from nuclear breakup
e Most of the photon energy is deposited in ECal, but higher energy showers continue to
propagate into the HCal

e Necessary to understand energy resolution for single photon for both calorimeters

Energy deposited in ECal vs. y energy Energy deposited in HCal vs. ¥ energy

o
T

| heal CWETRY_ S pﬂﬂlDﬂ anargy
a Entries 42049

Mean x 24.88
Mean y 0.3725
Std Dew x 14,38
Std Dev y

Enfries 42049

Mean x 24.92

= | Meany 3.809

o == SidDevx 14.4

= e Sid Dev 2.882 |
.-

-
@
=
i

o
i

= II|IIII|II I I|IIII|III I |IIII|II| I

S
T

=
o

-
=
I|II
=
(=]

Energy deposited in ECal [GeV)
T

=] ] = @ =]
Il TTTTTTTTTTTITT]TT

Energy deposited in HCal [GeV]

[7]

o
=1
P

& ¢

a

(=]

45

v energy [GeV] ¥ energy [GeV]

DEUNN DNP 2024 7
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Gamma 1GeV-50GeV

ecal_energy:mcPar_mom hcal_energy:mcPar_mom
16 h - >
- Entries 2184 g
- Mean x 26.23 5
14— Mearty  0.003419 50 &
- Sid Dev x 14.04 2
il SidDevy  0.01727
I _—
08—
06—
04— ™
— -
02— -
— |
o — — — L -
0 10 20 30 40 50 mePar mom
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Summary

* MC outputs are not reasonable. The energy
dump in both ECal and HCal is not increased
with the injected beam energy. | will also
contact “Alessio |.” to ask questions.

* In the meantime, some MC samples with beam
energy less than 50MeV are generated and
given to Hsin-Yi1 to have the preliminary test.
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Positron Sample for ML Framwork

* Quick sample for ML framework
— 10MeV to 50MeV
— 10, 000 evets / sample
— 100 samples

energyRatio_ecal:mcPar_energy s 0w energyRatio_ecal:mcPar_energy (==
M oof Siaomr 001158 I F o oo
O §++++4++++++++++++ ++ i StdDevy 0.189 O 0. 00455_ -
% “oE e Pt % 0.004f + WL
% 0.7;— % 0.0035- 1[ + HﬂHH J{ ik
i 0.6;— i 9003—}[ Hﬂ ﬁj{ JDFJ(
g 9.5;_ g 0.0025F HL WL Jr
Q = Q
3 0.4:— 3 0002—
M oaf M g o01sF
0.2?— 0001_—
= . 0]
. 85% energy in ECAL oonsf. 0.2% energy in HCAL
- A I T N FT T T PR ST
0501 5015 005 0.025 '0.05' 0.035 004 0045 005 7007 0015 0.2 0025 0,05 0.035 004 0,045 0,05

Beam energy (GeV) Beam energy (GeV)
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Number

10°

mm

10° W,,—-—”’-r——-—.
o AT

107

10

! Lo 1 I 1 Ll L — M7

610° 104 2a0* 100 20° 0 catewee — 18 peak WIliFEFE electron mass 1x, 2x, 3x

o o o o o o o o o e o e o o o e e o e e e o e e o e o o e o o o o e o e e e o ok ok

* G4Track Information: Particle = e+, Track ID = 1, Parent ID = ©
000 0 A A o o o o o o 0 o o o o

Step# X(mm) Y (mm) Z(mm) KinE(MeV) dE(MeV) StepLeng TrackLeng NextVolume ProcName

24 -1.26 -1.47 -44.1 0.104 0 ] 56.7 physLYSO initStep
25 -1.25 -1.46 -44.1 0.1 ©0.00376 ©0.00318 56.7 physLYSO Cerenkov
26 -1.25 -1.46 -44.1 0.0987 0.00147 0.00119 56.7 physLYSO Cerenkov
27 -1.25 -1.46 -44.1 0.0981 0.000591 0.000424 56.7 physLYSO Cerenkov
28 -1.25 -1.46 -44.1 0.0981 3.17e-05 0.000119 56.7 physLYSO Cerenkov
29 -1.25 -1.46 -44.1 0.0981 5.61le-05 0.000102 56.7 physLYSO Cerenkov
30 -1.25 -1.46 -44.1 0.098 8.28e-05 7.36e-05 56.7 physLYSO Cerenkov
31 -1.25 -1.46 -44.1 0.098 0 3.09e-05 56.7 physLYSO Cerenkov
32 -1.25 -1.46 -44.1 0.098 2.26e-05 3.09e-05 56.7 physLYSO Cerenkov
33 -1.25 -1.46 -44.1 0.0976 0.000399 1.92e-05 56.7 physLYSO Cerenkov
34 -1.25 -1.46 -44.1 ] 0.0976 0.0297 56.7 physLYSO eIoni
tmmme- List of 2ndaries - #SpawnInStep= 8(Rest= 0,Along= 0,Post= 8), #SpawnTotals 8 -----cccccccna-
: -1.25 -1.46 -44.1 3.le-06 opticalphoton
: -1.25 -1.46 -44.1 3.12e-06 opticalphoton
2 -1.25 -1.46 -44.1 3.26e-06 opticalphoton
-1.25 -1.46 -44.1 2.88e-06 opticalphoton
-1.25 -1.46 -44.1 2.68e-06 opticalphoton
-1.25 -1.46 -44.1 2.99e-06 opticalphoton
] -1.25 -1.46 -44.1 2.79e-06 opticalphoton
. -1.25 -1.46 -44.1 2.7e-06 opticalphoton
35 -1.25  -1.46  -44.1 | o E
teme-- List of 2ndaries - #SpawnInStep= 2(Rest= 2,Along= 0,Post= 0), #SpawnTotal=s 10 ----c-cccecennx
e -1.25 -1.46 -44.1 0.511 gamma
: -1.25 -1.46 -44.1 0.511 ’?? gamma
Endof2ndariesInfo

e+e- annliation, 0.511<MeV = mass of electron
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Backup
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ZDC slides

 https://indico.bnl.gov/event/21546/contributions/
84522/attachments/51613/88272/ZDC _EICCAL
O_121323.pdf

 https://indico.phys.sinica.edu.tw/event/85/contri
butions/404/attachments/439/1054/TIDC_Annu
al PoJuLin_20231125.pdf

» Manuscript : https://arxiv.org/pdf/2412.12346
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https://indico.bnl.gov/event/21546/contributions/84522/attachments/51613/88272/ZDC_EICCALO_121323.pdf
https://indico.phys.sinica.edu.tw/event/85/contributions/404/attachments/439/1054/TIDC_Annual_PoJuLin_20231125.pdf
https://arxiv.org/pdf/2412.12346

Po-Ju’'s Results

*note: space for readout may extend the longitudinal length. Neutron Energy [GeV]

Total: 60 cm x 60 cm x 162 cm 3 1.02f
LIJ!‘I ; _— . __T_________t__
5 000 el
= : ,/
0.96} !
|ZIEI~JJE l,n'/ 7
E Po-Ju’s study
0.92} ¢
osf
wsst| === This fit: 1.04 — 0.54VE
0861
o SEPEE EETETETE B AU A A e
0 50 100 150 200 250 300
Energy (GeV)

Crystal (PbWO,) W/Si calo. Pb/Si calo. Pb/Sci. calo.
+ Silicon Pixel layer 3 Pixel layers are inserted.
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