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Current Design of ZDC

LYSO Crysal
60cm*60cm
3cm*3cm*7cm / cell
20*20 cells
7cm~6X0inZ

Beam shoot to ZDC center directly.

4 insulating layer
A 162 cm ‘ 7-60 cm / (0.007 cm)
N ‘ LI SiPM-carrying PCB
\ i QA O-E with UV LEDs
60 cm ‘ 50209 NEX ; (0.08 cm)
X %9808
\ 1 o)
S <
dowel pin N | ] ORI ESR foil

link plate —_ (0.015 cm)
™Y N

= " 3D-printed

Q, frame

\ pr \_ gy i

— ESR foil scintillator tiles

(0.015cm)  radius=3.1 cm

— cover thickness=0.3 cm

(0.04 cm)

Absorber block ————
thickness=2 cm

1 layer = steel + scintillator tile + SiPM

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

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

<define>
<constant name="ZDC_width" value="60.0 * cm"/>
<constant name="ZDC_r_pos" value="3550.0 * cm"/>
<constant name="ZDC vy pos"” value="0.0 * cm"/>
<constant name="ZDC_Crystal_r_pos" value="ZDC_r_pos + 5.9 *cm +19.2%cm"/>
<constant name="ZDC_Crystal_z_pos" value="ZDC_Crystal_r_pos * cos(ionCrossingAngle)"/>
<constant name="ZDC_Crystal_x_pos" value="ZDC_Crystal_r_pos * sin(ionCrossingAngle)"/>
<constant name="ZDC Crystal y pos"” value="ZDC_y_ pos"/>
<constant name="ZDC_Crystal_rotateX_angle” value="0"/>
<constant name="ZDC_Crystal_rotateY_angle" value="ionCrossingAngle"/>

<constant name="ZDC_Crystal:rotateZ_angle" value="0"/>
<constant name="ZDC_Crystal_width" value="ZDC_width"/>

+ name= "ZDC Crystal cell width" valuye="3 *cp' /s
|<constant name="ZDC_Crystal_cell_length" value="7.*cm" /> I ~65X0 (1XO = 11 Cm)

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

<constant name="ZDC_Crystal_active_x" value="ZDC_width"/>
<constant name="ZDC_Crystal_active_y" value="ZDC_width"/>
Iconstant name="ZDC_Crystal_nx" value="ZDC_Crystal _active x/ZDC_C rystalfce'lliwidth"fl
<constant name="ZDC Crystal_ny" value="ZDC_Crystal_active_y/ZDC_Crystal_cell_width"/>
<constant name="ZDC_Crystal_APD_socket_z" value="2.5*mm" />
<constant name="ZDC_Crystal_space” value="2.8%cm" />

</define>

lusrX/cyhsieh/2024ZDCleic/epic/install/share/epic/epic.xml
lusrX/cyhsieh/2024ZDCl/eic/epic/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

Change setting : modify xml file ard-recoempile.
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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
A 1o2.em iy /” (0.007 cm) <comment> Steel/Sc layers </comment>
x ,— SiPM-carrying PCB <layer repeat="HcalFarForwardZDC_SiPMonTile Layer NSteelRepeat"” thickn
1 i e __ with UV LEDs <slice name="Absorber slice" material="Steel235" thickness="HcalFarF
0 tm il =S 2 , IS0 ek <slice name="Air slice" material="Air" thickness="HcalFarForwardZD(
N <slice name="ScintCover slice" material="Aluminum" thickness="HcalF:

<slice name= _slice" material="Polystyrene" thickness="HcalFaz
dowel pin —. ESR foil <slice name="S tillator_slice"” material="Polystyrene" thickness="t
link plate —_ . (0.015 cm) <s‘l.i.ce name="ESI oil_slice : 'n(.ltel ial:l: P¢ ys tyrene” thickness= .“.<‘.;'l.f‘
= "~ 3D-printed <slice name="PCB ice" material="Fr4" thickness="HcalFarForwardZD(
Absorber block ———_ Q frame <slice name="Air_ slice" material="Air" thickness="HcalFarForwardZDC_
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 PCBThickn value="0.08*cm" />
<constant name="HcalFarForwardZDC SiPMonTile ESRFoilThickness"” value="0.015%cm" />
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Beam Condition

beam type and energy

Steering.py
ehergyﬂln = "107GeV
energyMax = "10*GeV
particle = "neutron"” #e+, don't use positron

Gamma : 0-40GeV
Neutron : 0-350 GeV

ionCrossingAngle =
ZDC r pos = 35500
ZDC_x_pos
ZDC y pos
ZDC_z pos
shift = 15

0

-0.025 * radian

ZDC_r_pos * math.sin(-0.025)

ZDC_r_pos * math.cos(-0.025)

beam starting point
=> In front of ZDC surface

SIM.number0OfEvents
SIM.enableGun = Tru
SIM.gun.particle =
SIM.gun.momentumMin
SIM.gun.momentumMax
SIM.gun.distributio

SIM.gun.multiplicity

= 1000

e
particle

= eval(energyMin)
= eval (energyMax)
"uniform"

1

beam angle
=>» Straight beam

SIM.
SIM
SIM.

.gun.
.thetaMax =

.position

thetaMin

(ZDC_x_pos-shift, ZDC_y pos-shift, ZDC_z pos)
ionCrossingAngle #- 70* degree
ionCrossingAngle #+ 70* degree

SIM.gun.phiMin =
SIM.gun.phiMax = 0* degree

0* degree
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0-40GeV Gamma
LYSO crystal

Ebeam ={0.3, 0.5, 0.7, 0.9, 1.0, 3.0, 5.0, 7.0,
9.0, 10.0, 20.0, 30.0, 40.0} GeV
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Gamma + 7/cm LYSO : Energy Dump

ECal / Ebheam

HCal / Ebeam
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Gamma + 7/cm LYSO : Energy Rec.

ECal / Ebeam HCal / Ebeam Leakage / Ebeam All / Ebeam

ECal/MC Rec Ratio

ECal / Ebeam

[P e ratin_meEme TeE
o Enkies 13000 ° 01 ° Enries 13000
C [FE—_— a Meanx 1054 b C [rea——— 2 Meanx  10.ET
T4p Enries 13000 50 E 14 Meany 05637 @ 14r T 10| | 0.0 E 1.4 Meany 09671 50
C Meanx  10.23 & SidDevs 1244 St é C Mean o 2 SidDevs 1245
12 Meany  0.4624 012 St Devy 02703 PR Meary o| [0 G2 St Devy 01192
I SidDevx 1244 ot E g C Sid Dew x o g I ot
Sid Devy 4.2050 S of g F St Dev o| |F0.0 < I
= o1 =4 b 5¢
g i o i 1 K
0.&_— 150 0.8 15¢ 03_— 2 0o
06k - oc 06 0.6 Lo 5
- 100 C
- - —-0u
0.4 0.4 04— e
0 0 C T
0.2 0.2 02— 0.2 0
- —-0
- L
il vl B L L Lol b oo b b bon b L Covva b bvve s b b b g vl b b bos b born b L
% 5 10 15 50 55 30 35 40 45 50 %55 10 15 20 25 30 35 40 45 50 % 50 100 150 200 250 300 350 510 15 20 25 30 35 40 45 50
MC energy (GeV) MC energy (GeV) MC energy (GeV) MC energy (GeV)
H2_riko jashEnae e
[ E E E Entries o E [
s g 8 osl - - g 1 g ilessees - - -
E - o UEF -1 L Mean o -]
E Enbries 13000 wm E w w B
C — C - _ —- [ Meany [ -
E e 1023 b~ o [T ——— = 1 Dew o = L
0.6 - Meany  0.4624 07 - Eibies 12383 o r D < r [pR_tatia_allErez_me&
C SidDev 1240 * F - Mesn  10.2¢ — 08—~ bevy  © 08— Enlries 12344
05E Sid Dev y 0.2090 0.6 - Meany 05637 r r Mean 1087
T e F - SDev 1244 L i ::";: 09::
E il Sid Devy 0.2703 o ey 12
04 & 0'5: ‘ : 08— 0.6 Sid Dew y 0.1192
E = E L r
E 0.4
oaf  T* - i r
~E E 04— 0.4
C - 0.3 L L
0.2 - E i i
e - 02f . L
E E 02— 0.2
01 04F L i
Bl b b b b D L Ly B bbb b b b b Lo I I N AT T PR T I Lot bbb b b b b Lo
% 10 15 20 25 30 35 40 45 50 % 10 15 20 25 30 35 40 45 50 % 5 10 15 20 25 20 35 40 45 50 5590 15 20 25 80 35 40 45 50
MC energy (GeV) MC energy (GeV) MC energy (GeV) MC energy (GeV)

*  With the increase of Ebeam, more reconstructed energy in HCal than ECal. IR ICEE S S IVEIL]
* No leakage. par[1]=1.286562+-0.019381

par[2]=50.198061+-0.262423
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Energy Reconstruction

Loop over all events

// ==-- Assign data for liner fitter
datal® + ev_tot*npar] = ecal_e;
datal[l + ev_tot*npar] = hcal_e;
elev_tot] = sqrt( eList_num[ifl] );
ylev_tot] = eList_num[ifl];

Reconstructed energy
params(0) : leakage
Params(l) : scaling for ecal
Params(2) : scaling for hcal

//- ZDC rec energy

all e = params(0)
+ ( ecal _e*params(1l) )
+ ( hcal_e*params(2) );

Linear fit

[/ esccccaccaaaa Linear fitter -----c-ccc----

// hyp2 = p@ + pl * ecalData + p2 * hcalData = Etoal
J/-> p0 , pl*ecalData, p2*hcalData

TLinearFitter *1f = new TLinearFitter(npar, )i
1f->AssignData(ev_tot, npar, data, y, e);

1Lf->Eval();

TVectorD params;

TVectorD errors;
1f->GetParameters(params);
1f->GetErrors(errors);

for (Int t i=0; i<npar+l; i++)

printf( , i, params(i), errors(i));
Double t chisquare=1f->GetChisquare();
printf( , chisquare);

2.2.3 The fastest functions to compute are polynomials and hyperplanes.
--Polynomials are set the usual way: "poll", "pol2",...

--Hyperplanes are set by expression "hyp3", "hyp4", ...

---Thexpressions only work when the linear fitter
is used directly, not through TH1::Fit or TGraph::Fit.
To fit a graph or a histogram with a hyperplane, define

| the function as "L++x++y". I

---A constant term 1s assumed for a hyperplane, when using
the "hypN" expression, so "hyp3" is in fact fitting with
"1++x++y++2" function.

https://root.cern.ch/doc/master/TLinearFitter 8h_source.html
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Caunts

Caunts

County

Gamma + 7cm LYSO

n L}
hCRasialnw_0 8 _ hCRatalry_1 " - hERasalrv_2 & hCRasiolnw_3 = hCRatalw_4
F T 100 I Err g2 F Erna 10 i F s o g 120F Er
" o § o e a] Swp o | Sl perie s F P
F gamma: 0.100 Ge}l 3 amma: 0.300 GeV r gamma: 0.500 Ge F gamma: 0.700 Ge bl amma: 0.800 Ge
o Mean : 0.903 +- 0/009 nE an : 1.007 +/- 04007 - ean : 1.025 +/- 0,006 aof [ n :1.028 +/- 0005
N Sigma: 0.269 +/- 0,006 E igma: 0.208 +/- 0L005 r igma: 0.178 +/- 01004 E ant- igma: 0.159 +/- 0L004
aol Chi2/NDF : 342/47t Ll hi2/NDF : 53/271 L hi2/NDF : 35/271 C r hi2/NDF : 40/27%
F 50| ;— “r s e
r wf [ C r
“r » 3 o 0 wl
m; 20 ;— |- 20l 2l
L 10 [ £ [
c‘t a2 04 CI.IB O.‘S 1‘ 'I2 'Il 16 ti.ﬁ ‘[ 2 3 ﬂI2 04 (l.lﬁ O.IE VI 12 1'4 Cb Q I? 04 06 OB 1 12 14 16 Eflﬁ £ q.’ 0'? 04
hCRatalw_5 hECHataly_E hERasalrw_7 hECRatoln_B hERatalm &
e B g 1 == E % F rvien é;‘ 1anf= D 50 g =F B ]
E [T 1008 3 N (- 3 r - v ki C 8"F [
80| s D a1 - |Bsi Dwe__ 01 S Cwe 1 7c? |- - [l G 1157
E r 100l r o
b gamma: 3.000 Ge 100 gamma: 5.000 GeY r gamma: 7.000 Ge m: gamma: 9.000 Ge' &of- gamma: 10.000 G
E Mean : 1.006 +/- 0j003 [ Mean : 1.002 +/- 0002 - Mean : 0.999 +/- 0j002 soob- Mean : 0.996 +/- 0J002 F Mean : 0.994 +/- 0]
e Sigma: 0.101 +/- 0.002 ™ Sigma: 0.079 +/- 0L002 - Sigma: 0.071 +/- 0l002 E Sigma: 0.062 +/- 0,001 50 = Sigma: 0.057 +/- 0|
mf Chi2/NDF : 32/27¢ L Chi2/NDF : 21/27¢ - Chi2/NDF : 31/27¢ ao: Chi2/NDF : 28/271 E Chi2/NDF : 26/371
E s r iy =
E - L C -
E [ o - C F
“of - F a0 aof-
o wf- wf E C
E F C 0 0
20 r o o F
mE— e @ zn:— wE
CIE 1 1 1 | Gl 1 | [ 1 1 L 1 1 rh- 1 1 1 1 1 1 1 E E 1 1 1 1
02 04 05 OB 1 12 14 1B [‘E‘t 2 02 04 08 OB 1 12 14 02 04 08 08 1 12 14 16 E\EE F q 02 04 0B OB 1 12 14 16 [‘E't 2 02 04 08 08 1 12 14
RERaiCY_10 hCHatolny_11 [T&Ratciry 12 |
E Erriias = é - [Errms o g 120l Eirviea 0s0
“E periioeey OO0 3 P I B o
o gamma: 20.000 GeV r gamma: 30.000 GeV 100 gamma: 40.000 GeV
= Mean : 0.994 +/- 0[001 L Mean : 0.996 +/- 0001 F Mean : 0.997 +/- 0J001
E Sigma: 0.044 +/- 0.001 anr- Sigma: 0.038 +/- 0L001 wb Sigma: 0.034 +/- 0L001
6or- Chi2/NDF : 26/371 5 Chi2/NDF : 25/37f - Chi2/NDF : 15/37¢
sof- a0l F
E - L] =%
4of N F
anf_ “r 40 :—
20;— 2fF -
o - s
E 1 1 1 L 1 1 1 ¥ L 1 1 L 1 L. 1 1 L L 1
a2 04 06 OB 1 12 14 16 16 2 02 04 06 08 1 12 14 Q’J 02 04 06 OB 1 12 14 16 18
EI‘M‘:\I- rlwy :\-‘

2025/05/14 ePIC ZDC ECAI simulation 10/24



Gamma + /cm LYSO
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After Regression, Mean Sigma

—Gamma + 7cm | YSO : Energy Resolution
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Required : 35.00% / VE + 0.00% / E + 0.00%
This(DCB) : 8.53% / YE + 0.00% / E + 2.88%
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New design of ZDC is worse than the previous design (Shima , Po-Ju).
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Fitting : Resolution VS Energy

1000 4 ] ]
— Fitted function: 443 / VE [MeV] & 952 / E [MeV] @ 74 Energy resolution measurements were performed using all three
radioactive sources, which provided nine different energies in total.
800 _ The resulting energy resolution of a LYSO crystal as a function of
0y, = 15654 6.1 ps . . . . .
a7 ’ y-ray energy is shown in Fig. 5. An electromagnetic calorimeter en-
Ong ™ 110.2 2 6.4 pa . R R . R .
= ergy resolution is typically represented with the following functional
£ 6004 | dependence:
= Og
(=] ]
i b I3 (67)—\/—_@}3@(' 2)
o A U
u 400+ -
E where a, b, ¢ are constants and E, is the incident particle energy
in MeV. Here, a/V E is a statistical term used to express the con-
200 tribution from Poisson processes, such as photostatistics, to energy
X 3 resolution. The b/E term parameterizes noise contributions to energy
3 : % . o = 3-0 resolution from electronics and PMTs, and the constant ¢ parameterizes
Energy [MeV] contributions from shower leakage, crystal non-uniformity, and intra-
crystal miscalibrations to energy resolution. In single crystal testing, the
Fig. 13. Dependence of time resolution of a LYSO crystal in the array on the energy phOtOSEﬂSOI’ used to read out the crystal is operated at a hlgh voltage
deposition in the LYSO crystal for energy deposition between 1-30 MeV. A 110 ps time . . .. . . . .
resolution is measured for 30 MeV energy deposits after the resolution of the reference where noise is mlnlmlzed! thEFEbY I'ESUltll‘lg in b — 0 in the fit to EQ- (2).
time is removed via quadrature from ay,. The constant term ¢ is also assumed to be dominated by crystal non-

uniformity for single crystal tests. We find ¢ = (3.84 + 0.19) MeV
and ¢ = (0.64 + 0.57). Because the PIONEER experiment operates at
a higher energy range than radioactive sources (O(10) — @(100) MeV),
the stochastic term will be greatly suppressed in the PIONEER energy
regime.
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Previous Design of ZDC (Shima)

The first ZDC design (May 2021)

+ Concept: Crystal + FoCal style EM calorimeter + Hadron Calorimeter

B i Tungsten /[ Pb
Silicon (1 cm x 1 cm) Silicon (1 cm x 1 cm)

Crystal (Pbwo4) | Witha few SIBMRNERE) - Measurestartingof | |+ Measure
* Taglow layers hadron shower hadron

energy photon || * Measure EM shower (position) | energy
. * Identify photon/neutron /\ * Radiation hardness

-

48.0 cm
~22X, T42Xp 40.2cm 48.0cm | o ———>

26.6cm 22.5cm € 22 ~2 5\, ~ 2.5\,
<————’ ‘ ! | 1

Total: 60 cm x 60 cm x 189 cm
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Previous Requiems

Physics requirements

+ Neutrons
* Need to measure neutrons with E"Ep"*‘-am
« Energy resolution: acceptable 50%/VE + 5%, ideally 35%/VE + 2%

» Angular resolution: 3mrad/VE
300 prad <-> 1 cm on ZDC <-> p;™~ 30 MeV for 100 GeV neutron

» Large acceptance of 60cm x 60 cm.
+ Photons
» Detect soft photons of 0(100) MeV
— Efficiency > 90%
— Energy resolution: 20 — 30%
» Detect photons of 20-40 GeV
— Energy resolution: 35%/VE
— 2 photons from m°®
Nominal distance of 2 photons: 14 cm

— neutron + 2 photons (A decay) , neutron + 3 photons (22 decay)
Position resolution: 0.5-1mm
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Change Crystal

Gamma, Pencil beam
1. LYSO (org)
2. PbWO4 (tested)

ePIC ZDC ECAI simulation
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Gamma + 7cm PbWO4 : Energy Dump

LYSO

PbWO4

2025/05/14

ECal / Ebeam

HCal / Ebeam
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Gamma + 7cm PbWO4 : Energy Reconstruction

LYSO

PbWO4
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1) Smaller than 1GeV : PbWO4 has better performance.
2) Larger than 1GeV : Two crystals are similar.
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Gamma / Pencil Beam
PbWO4 with Different X0
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Energy Dump/Reconstructed
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>10X0 might be a good choice.
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>10X0 might be a good choice.
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Summary and To do

- Basic framework to simulate the performance of ZDC is ready.

« Change crystal material :
Without optical photon turned on, not difference between LYSO and PbWOA4.

- Different crystal length (default ~8X0) = [6, 8, 10, 12] X0
>10X0 might be a better choice.

 Todo
- Different crystal coverage (now 60cm* 60cm) = [5672, 60"2]
- Pion -> two photons decay
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