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/DC requirements

Neutron

Energy range

up to the
beam energy

The acceptance is required from meson structure mea-
surement,

Pion structure measurement may require a position
resoultion of 1 mm.

Energy Position | Others

resolution | resolution |

50% _, | 3mrad
= + 5%, | —== Acceptance: 60 cm x
'E 'E

% fo V¥ 60 cm

ideally

x‘;:-\--' 2B ’)”“n

Vi -

Note:

IPhoton

0.1 - 1GeV

20 — 30% - Efficiency: 90 — 99%

Note:
Used as a veto in e+Pb exclusive |/ ¢ production

20 — 40 GeV

35% |

= 0.5-1 mm

VE |

Note:

u-channel exclusive electromagnetic 7" production

has a milder requirement of "—‘r 7% and 2 cm, re-
v

spectively. Events will have two photons, but a single-
photon tagging is also useful.

Kaon structure measurement requires to tag a neutron
and 2 or 3 photons, as decay products of A or .

Table 2: Physics requirement for ZDC




Changes since last year

* Major effort to reduce cost of hadronic calorimeter

* Moving to Fe/Scintillator with SiPMs on each tile gives major
reduction in cost

* Also has significant synergies with Forward Hadron Calorimeter
* New radiation estimates, ~2 10’ N equivalent, suggest design OK

* For EM section looking to LYSO crystals ~ 20cm in order to get
sufficient light for very low energy photons.
* Working to find synergies with BO calorimeter



Current Design

ZDC SiPM-on-tile
Fe/Sc calorimeter
162 cm (8.0 A, 75 X0)

2.8 cm
service gap

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

carbon-fiber frame
for LYSO crystals

LYSO crystal

(3x3x7 cm3) PCB board with APD sockets

for LYSO readout



Hadronic Section

insulating layer
(0.007 cm)

SiPM-carrying PCB

0
0 9.‘_ Ot with UV LEDs
60 cm Dk 000020 AEHARE (0.08 cm)
T — = ) o " & =
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dowel pin -DQ ESR foil
_ - SO 0.015 cm)
link plate 0% . (
i 0008000
Q QQQ 3D-printed
Absorber block Q\ VanE
thickness=2 cm ESR foil scintillator tiles

(0.015 cm) radius=3.1 cm

cover thickness=0.3 cm
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Radiation Load ~ 2 10"" N equivilent/running year

10x275GeV e+p, top luminosity, 1 run period (~6 months)
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Radiation load comparable to peak of forward hadron calorimeter



Tessellation of hexagons improves position resolution

Fe i —L! ! ‘:3«.. 4 ~. .y ‘
BN | i\

blocks

from

77T SN ) SN )5 SR €)% SV 6> SiEnry;
K .
h!’l %
L/

\J

/

/R
B X s X
RIS IES IR SIS S K
K\ §
D 0,
s /]
PSSR RTERTETED
i -
3 \O
ey, /]
XTI HRG LR
3 O
s /]
(90909
PR S SR SRS R S R 3 A
1\ ‘'a
) \|
1pogegegeged:
K ‘a
» \
ReteReselas:
i 4
b9 STl 5 {48
W, =4
) )
PO 20 2 X 0 KD

. . A A
A A - AL A AL A AL A - L)

arXiv:2308.06939



Example of 100 GeV neutron shower

Example 100 GeV
neutron shower

Hit Energy [MIP]

30 3752



Example one and two photon showers
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We prefer LYSO because of higher light yield.

T dep. of LY Decay time
(%/K) (ns)

LY (ph/MeV)

5 (73%)

0.89 cm 200 -1.98 14 (23%) 420
110 (4%)
1.14 cm UL -0.28 36 420

(market standard)

STe(clEEL 2.4-2.8 cm >100 22-400 440-460
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LYSO Test module built by Taiwan Group

SO Array
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Yu-Siana Xiao (NCUHEP, Taiwan)
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Al shower reconstruction improves resolution

ZDC neutron simulations, ZDC neutron simulations,
"strawman" energy reconstruction Al energy reconstruction
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Resolution

O(ErecolEruth)
U(Erecol ETrutn)

Resolution of combined EM and Hadronic sections.

o
=
o

o
o
©

0.06

0.04

0.02

0.00

YR requirement: 29%
]

—e— Fe/Sc only
Fe/Sc + LYSO , using Fe/Sc hits only
—e— Fe/Sc + LYSO, using all hits

o = = =
© o o o
1S3 o N B

Energy scale = U(Egeco/ETruth)
o
O
[e)}

—e— Fe/Sc only
Fe/Sc + LYSO , using Fe/Sc hits only
—e— Fe/Sc + LYSO, using all hits

50

150 250 300

Etrutn [GeV]

100 200

0.25 5

o ) )
= - N
o w o

Resolution = 0g,__, —6;,,,, [Mrad]

o
o
a

--- 3mrad/VE  —@— Fe/Sc only
-—= 2 mrad/VE Fe/Sc + LYSO , using Fe/Sc hits only
——= 1 mrad/VE @ Fe/Sc + LYSO, using all hits

0.00

Layer by layer information allows software compensation
Adding LYSO slightly improves energy resolution.

50 100 150 200 250 30C
Etrutn [GeV]
]
]
]

No significant impact on the angular resolution

b'»\ﬁ ~~a
(4 TN
| : * o @
o —g—§ | — — —
4 @ o
0 50 100 150 200 250 300
Erruth [GeV]

13



Summary: Current design meets physics requirements

Energy resolution Angular resolution [mrad] n¥ rejection
Neutron | 54%/ VE & 2% (strawman) | 0.79/ VE & 0.02 (HEXPLIT) | —
35%/ VE @& 2% (GNN) 0.66/ VE @ 0.02 (GNN) —

Photon | 20%/ VE & 1% (strawman) | 0.19/VE & 0.01 (baselin) > 97% for E > 150 GeV (o cut)
> 98% for E > 150 GeV (GNN)

® At 100 GeV, the neutron angular resolution is 2.5 mm or 80 pyrad, which added in quadrature with

beam divergence in the high-acceptance configuration (56 prad) yields a pT resolution of 10 MeV
® At 100 GeV, the position resolution for photons is 0.6 mm.
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Safety and operational considerations.

* Current design envisions whole of
calorimeter as one piece

* Will need strong internal structure to
give rigidity to frame while
maximizing active area.

* It may be possible to go to stackable
design for mechanical reasons.

* There is space around the ZDC for
cooling, power and other services.

insulating layer
(0.007 cm)

SiPM-carrying PCB
i /e with UV LEDs
60 cm | Wi 00200 A ST (0.08 cm)

dowel pin ESR foil

link plate (0.015 cm)

3D-printed
frame

009
\ ESR foQiIV\ scintillator tiles

(0.015 cm) radius=3.1 cm
cover thickness=0.3 cm
(0.04 cm)

Absorber block
thickness=2 cm



Need to stay clear of cryostats, hadronic beam
pipe and electron crab cavity ZDC on support stand.

Current hadron beam pipe cuts |
acceptance for photons. Machine is | ,l

aware of this.
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Plan for 2024: Getting to final design

* Need to finalize length of LYSO crystals: Ideally the same length as
other detectors.

* Realistic mechanical design that is sufficiently rigid to pass safety
review.

* Include realistic distribution of services.

* Get full simulation and physics benchmarks into ePIC framework
* This is vital for integration with detector elements such as beam pipe.

* Work to strengthen group by working for all possible funding
options.



BACKUP



Reminder: standalone neutron performance
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SiPM-on-tile standalone performance on 1t0/¥ separation
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GNN (solid red) improves simple shower-
shape cut above ~120 GeV

GNN reaches ~2% misclassification rate
above 150 GeV

For reference, a perfect detector would
yield a performance shown in green (true
fraction of 110 that yield only on photon in
acceptance).

Simple shower shape close to perfect case
until ~120 GeV, GNN close to perfect until
~170 GeV.

Take home message: SiPM-on-tile granularity good enough for this application.
Higher granularity would yield insignificant gains, which are neither required nor justified by physics.
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ZDC SiPM-on-tile software in DD4HEP and ePIC

DD4hep plugin for hexagonal segmentation and staggering was added to official DD4HEP core software
https://github.com/AIDASoft/DD4hep/pull/1161

ZDC Fe/SiPM-on-tile was added to official ePIC sim DD4HEP geometry model

New: Digitization parameters tuned and added to EICrecon:
https://github.com/eic/EICrecon/blob/sipmzdc/src/detectors/ZDC/ZDC.cc

New: Fe/Sc + LYSO configuration added to dedicated branch of ePIC sim: https://github.com/eic/epic/tree/ZDC LYSO

New: new branch of EICRecon for ZDC SiPM-on-tile algorithms:
https://github.com/eic/EICrecon/tree/sipmzdc

New: HEXPLIT algorithm C++ version is on EICrecon:
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/HEXPLIT.cc

New: LogWeighting 3D position reco algorithm is on EICrecon:
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/LogWeightReco.cc
New: ZDC Physics Benchmark with Deeply-exclusive meson events created
https://github.com/eic/physics benchmarks/tree/demp zdc/benchmarks/demp/analysis

New: 3D Topological clustering algorithm deployed for ZDC benchmark:
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/ImagingTopoClusterConfig.h
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https://github.com/AIDASoft/DD4hep/pull/1161
https://github.com/eic/epic/pull/534
https://github.com/eic/EICrecon/blob/sipmzdc/src/detectors/ZDC/ZDC.cc
https://github.com/eic/epic/tree/ZDC_LYSO
https://github.com/eic/EICrecon/tree/sipmzdc
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/HEXPLIT.cc
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/LogWeightReco.cc
https://github.com/eic/physics_benchmarks/tree/demp_zdc/benchmarks/demp/analysis
https://github.com/eic/EICrecon/blob/sipmzdc/src/algorithms/calorimetry/ImagingTopoClusterConfig.h

Complete neutron reconstruction is now built in (part of EICrecon output)
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ZDC Physics Benchmark

https://github.com/eic/physics benchmarks/tree/demp zdc/benchmarks/demp/

Includes full neutron reconstruction in ZDC

4 -
— Truth (after beam-effects)
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Credit, Barak Schmookler, Sebouh Paedl


https://github.com/eic/physics_benchmarks/tree/demp_zdc/benchmarks/demp/analysis

Software status Summary

1) Updates on standalone y/mt0 performance studies
> Fe/Sc SiPM-on-tile performance is close to be dominated by “irreducible”
background of 110 yielding only 1 photon in ZDC acceptance.

2) Updated combined system studies
> Adding LYSO slightly improves energy resolution and does not impact much
the angular resolution for neutron showers.

3) Updates related to software and physics benchmarks
> Entire chain of algorithms is in ePIC software now
> Flagship benchmarkis in place up and running
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ZDC neutron simulations, Graphnet reconstruction
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Fe/Sc SiPM-on-tile photon performance

ZDC photon simulation
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FoCal-E design

mover  Block type with 5 pad sensors per layer

FP-4003

PAD segment (5x)

4x

Pixel layer (2x)

FP-1025

3kg

FoCal E-module

FP-4029

..Cold plate

12kg P=48W* " g FoCal Ecal

3kg P=18W*

* Power outside active area is excluded 66kg P=277W

Temperature stability for PAD is: 25 +/- 5C (between 20C and 30C)
For the pixel this is: 26 +/- 8C (between 18C and 34C)

- e —————

1600kg P=6kW ° ~w
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CE FoCal-E test ﬁ’l @ Tohoku-ELPH & CERN-

o

* Clear MIP peaks observed for almost all channels and

Test-beam, stu

layers

or readout

* Reaching full depletion voltage around 300 V

* Upto~10" neutrons/cm?

October 9, 2023

The leakage current [uA]

* Neutron irradiation test @ RIKEN-RANS The
* Sensor, photodetectors, chips, cables
* For FoCal-E, sPHENIX, ePIC-ZDC
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 Before the irradiation
* 2022/3/3 (The end of the 1st day)
= 2022/3/4 (The end of the 2nd day)
 2022/3/7
* 2022/3/10
+2022/3/14

» 2022/4/8 (About one month

FoCal-E pad layers, 2022 PS testbeam, Voltage scan (ASIC 1)
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The I-V characteristics of the p-type MPD

Note: It shows only one way data
from OV to 1000V.
6.38 x 1013 n. eq.
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after the irradiation) « W e
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Please ignore the data :_.1 ﬂ/_.—ﬂ-_"”‘
in this voltage range u?_-
'.

because of a wrong b
measurement range.
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ALICE-FoCal structure

e Includi

October 9, 2023

ihe & sBlopltype with 5 pad sensors per layer

FP-4003

PAD segment (5x)

FP-4025

Pixel layer (2x)

3kg FP-1025
FoCal E-module

FoCal Ecal

FP-0004_C

12kg P=48W*

3kg P=18W*

* Power outside active area is excluded 66kg P=277W

Temperature stability for PAD is: 25 +/- 5C (between 20C and 30C)
For the pixel this is: 26 +/- 8C (between 18C and 34(C)

1600kg P=6kW '~-W
' a
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Integration with beam pipe

0 degrees

» Neutral particle cone faces two issues:
«  Exit from beampipe at very shallow angle (~¥ 22mrad) = effective

material length O(10cm) for 2mm thick beam pipe wall!
«  With inclusion of OMD/RP support - interference of zero angle neutrals
with flanges/support components!
» This needs some major optimization (underway).
« The present beampipe design was done by Alex Jentsch as a
placeholder back in 2021 - we are in need of an engineer to advance
the design and aid in optimization (project is aware — in progress).
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Integration with beam pipe

0 degrees
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