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Detector Views

Positioning and clearance
STRUCTURE DODECAGON

Aire 0,003m2
Surface clearance = 0,161 + 24x0,003 = 0,233 m?

Clearance +31%

EEEMCal

"""""""""""" 174 cm Interaction
......... point

.
....

EEEMCal max= R_673 mm
EEEMCal min=R_653 mm

Crystals max= R_653 mm
Crystals min=R_633 mm

— 2732 Crystals

- 84 crystals (3%)

Beam pipe

Figure 5: Positioning of the EEEMCal into the ePIC Detector, 176 cm < d < 179 c¢m for the
crystals (ideal position for physics: 174 cm)
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Detector Views EEEMEAL

Mechanical structure + cooling

2
_

. Additional crystals in the corners

¢146

Dead area

Clearance

5 Clearance with the beam pipe

Thickness of the Total crystals = 2722 + 10 = 2732

mechanical structrue

CENTERED

Clearance with the beam pipe

Diameter of the

94 60

. A beam pipe recently
107 J_ 3 .| MECHANICAL STRUCTURE rEduced (Clearance

5mm — 8mm)

24/03/2025 Triple | | GST Workshop — Julien Bettane 3



Status / Updates | Beam test & Prototype

Beam test:

= @DESY : 16" Feb — 02t March 2025
» Test the SiPM readout (among others...)
= Ongoing results/Analysis

Prototype upgrade:

= Cosmic bench

= 2 scintillators + 2 PMTs

= 25 PWO crystals

= PCB SiPM with different readout
= Beam tests compatible

24/03/2025

Readout options

—— 1 channel 2740

> Merging by 4

—» 4 channels 10960

No merging

—— 16 channels 43840

HEN
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Status / Updates | External structure

-

Mass Column (Kg)
19

24/03/2025
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FEA Model:

= 1 face at the center

= 16 other faces on both sides

— 626,5 Kg x2 (11,9 kg to 79,8 Kg)

» 59 steps to check the deflection
during the assembly
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000 350,00 ),
175,00 525,00

FEA Model:

= Worst case: fastened at 3 and 9
o’clock

= The way to fasten the structure
increase the results in terms of
stress




Status / Updates | External structure EEEMCAL

Ansys

2023R1

0,00 350,00 700,00 (mm) 0,00 350,00 700,00 (mm)

175,00 525,00 175,00 525,00

Displacement X < 0,5 mm Displacement Y < 0,8 mm
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Status / Updates | External structure

Mechanical feasibility study

O How to cool ?

— Copper tubes insert in the
aluminum

— FSW + machined coll

O How to build the structure?

— Foundry (not selected)
— Machining (bandsaw cutting)

24/03/2025

EIC - EEEMCal - R&D External structure
Etude de faisabilté - 26/02/2025

$1360(1370)

650.07
626.79
!

l_\_‘ N
T

T
|
I
I
I
|

Matiere: Aluminium 5083
Quantité: 1
Option 1 (laminage+recuit): Usinage & partir de brut Dext1360-Dint1215

Option 2 (sciage): Usinage a partir de brut Dext1370-Dint1205

$1215(1205)

300

Structure dodécagone usinée avec cooling

T,

Solution A: Tubes cuivre montés serrés [X Pergage 120 trous D10

Solution B: Canaux FSW [{ Usinage rainures serpentins faces extérieures

Laboratoire de Physique des 2 Infinis Iréne Joliot-Curie (Orsay)
Bureau d'études mécaniques
Julien Bettane | 01 69 15 63 76
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Status / Updates | External structure EEEMOAL

Mechanical prototypes to compare the feasibilty and the efficiency of the cooling

Quotation under
preparation

— Copper tubes insert in the aluminum — FSW + machined coll
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Status / Updates | FEB

HEAT SOURCES e Lemda

Boxes all around

With cables — Fan + Exchanger

24/03/2025

3 main options for the Front End Board

=

Boxes in front of the SiPM

= max 1500 W
0,15 mW per channel

+0,15 mW for other
components

(B)

Racks with cold plates

Scint. Tile Reflector foil Connector (5mm high) )
SiPM  cover plate with adapter board (1mm high) twinax cable

in mm,
not in scale

protection layer
(FR4, 200um)

Seint. Tl _ HGROC olyimide isolation (50pm
Silicon Module Copper Cooling polyi (50um)
Plate (6mm thick)

brazed copper heatsink

R

%
\
aluminum

plate (bolted
to copper)

FEB

With cables — Fan + Exchanger

Without cables — Cold plate
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With cables — Rack + cold plate



Cooling | Overview

Input EC 1 Input EC 2

External Cooling (EC)
@ = 1300mm

Internal Cooling (IC)

Boxes Cooling (BC)

OutputEC 1

OutputEC 2

WCuLs

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

\

-

COOLING SYSTEM
For the Electronic
boxes
I I N s I ~ I ™
Internal part External part Back alumil rid
(custom product custom Front copper plate . Option A Option B
cold plates ) productcold plates) {no active cooling) on the grid)
J \ J :. i \ J J \ J
| | 3 r ~ s N r | 'S 3 | N s I
" . Function: limite the
Function 1: Mechanical Function 1: Mechanical . .
structure (support the structure (support the Option A Option B F':::‘::" JF: :::::‘::g ezef‘:hzf;.,ha:f::;f” Cold cpme:éts:l;dard Exchangers + Fans
erystals) crystals & handling) ry rein
J \ \ J J \ \ J \ J
| — [ T I S I
Function 2: Cooling Function 2: Coaling Function 2: Cooling Disadvantage: No Disadvantage:
(stabilize the (stabilize the Passive cooling Active cooling (small effect bythermal components on one electronic noise due to
temperature) temperature) conductivity) face of the FEB the fan
J \ J \ J J \ J
| I

-

Function 3: Fastening of
the aluminum grid

Function 3: Fastening of
the aluminum grid

J

l

|

Function 4: Fastening
the copper plate

~

Function 4: Fastening
the copper plate

2 main objectives:

Stabilize the temperature of the crystals to within 0,1°C

Dissipate the power of the FEB (& RDO) = 1500 W
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Cooling | Specifications edemdas

3 main parameters for the sizing:

= The amplitude of the temperature variations in the experimental hall » DNEEN®

» The frequency/period of the temperature variations in the experimental hall —— RN RIS VA IE
= The location of the power to dissipate

v

Power on electronic boxes

RHIC/ STAR experiment data NPS data

MYA Data Temperature Plots
BNL room / STAR experiment BNL room / STAR experiment e
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= 3 et ek S -
Time, EST - BNL time NS AmM N8 MM NN NSO MM NO MM NO A ) : . .
. Time. EDT - BNL time + Crystal 185 temperature starts to increase ~45 minutes after ambient temperature starts to increase
Temperature on a platform " «  Crystal 185 temperature slope ~3X103 °C/min (takes about an hour to peak)
Temperature on a platform + Crystal temperature correlates with ambient temperature
Detector Support Group

-M c Temperature evolution | Long period Temperature evolution | Short period
Lab

Iréne Joliot-Curie
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Cooling | Thermal simulation (1/4) EEEMCAL

Simplified design for ANSYS thermal analysis

Insulation

PCB adapter M Od el .

Air back = To check the effect of the variation of the

' PCBSIPM temperature in the room

IR, ermal eocling = To check the efficiency of the insulation

= Several cases tested to see the efficiency of
plate each parts

= No power near to the crystals

WCuLs

Iréne Joliot-Curie
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Cooling | Thermal simulation (2/4)

7\
| STEADY STATE | EEEMCAL
A4

: ——— e = : STEADY STATE | Room= 26°C | Cooling= 19°C

Ansys
2023R1

Ansys

2023R1

(¢l

FS

Fluent simulation of a cold plate to validate the
homogeneity of the cooling

Model:
= We consider the external & internal cooling are
considered at the same temperature (19°C) - - o -
= Low gradient along the crystal (AT < 2°C) T i — f?
Exemple of results at 26°C
.M Cl,ab Temperature distribution on the crystals

Iréne Joliot-Curie
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Cooling | Thermal simulation (3/4) edemda

BACK SIDE

External structure

Top_Back Top_front

Middle-Top_Back Middle-Top_front

Middle-Bottomn_Back  Middle-Boftom_front

Bottorm_Back Bottom_front
Infernal structure

e

STABILITY (°C) | ROOM TEMPERATURE VARATION 23°C > 26°C | STEADY STATE

External structure

o Two steady states comparison
M CLab

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

Model:

= Istsimulation: Steady state with temperature room= 23°C
» 2" simulation: Steady state with temperature room= 26°C
—> Comparison (worst case)

Results:
=  Without insulation: AT (stabilty) = 1,6°C
= With insulation (foam, air and copper): AT (stability) = 0,4°C

== insulation OFF| Copper plate OFF
== insulation ON | Copper plate OFF

insulation OFF | Copper plate ON

=== insulation ON | Copper plate ON

=== insulation ON | Copper plate ON (contact)

Triple | | GST Workshop — Julien Bettane 14



Cooling | Thermal simulation (4/4)

TRANSIENT STATE

24.0

23.5 ]

Room temperature

ANSYS Thermal Analysis | Insulating + Copper plate | Convection 26°C - 23°C | 12 hours

—— Top_Front

—— Middle-1_Front

—— Middle-2_Front

—— Bottom_Front

—— Top_Back

—— Middle-1_Back

—— Middle-2_Back
Bottom_Back
Room temperature

—— 6 hours

~ 1 Sigma | 2 Sigma | 3 Sigma
s:% 291 op_Front 0.01 0.01 0.02
8 Fiesrent [oos T o1 NmeE s Middie front& back |
£ ..0] [ Bottom_Front 0.02 0.03 0.05 1
® ] [Top Back 0.01 0.01 0.02 =1,5h m

2s] | Middle-1 Back | 0.08 0.16 . i

Middle-2_Back 0.09 0.18 - 3 3
210 Bottom_Back 0.01 0.02 0.03 = 1h

Temperature stability

Top back / Bottom front & back

Model:

= 26°C > 23°Cin 6 hours
= T=12 hours

Start from the steady state at room= 26°C

Results:

= AT (stabilty) < 0,1°C
= 1 hour < Shift (inertia) < 2 hours
= |n accordance with the NPS data

MYA Data
Sensor Temgeratures vs. Ambient TemEerature

Front (Crystal 185) & Hall Temps vs. Time

@ Crystal 185 Front Temps
Hall Temps ¢

® r=0832
Smoothed Hall Temps
r=0.909

6.0 6.5 7.0 7.5
Time (hours)

35 4.0 45 5.0 5.5 8.0 8.5 9.0 9.5

Evolution of the temperature for a variation of the room temperature from 26°C
to 23°Cin 6 hours and 23°C to 26°C in 6 hours

WCuo

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis
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Temperature [ C]

225

08:00:00  09:00:00  10:00:00  11:00:00  12:00:00  13:00:00  14:00:00  15:00:00
Time [HH:MM:5S]

Detector Support Group

Jefferson Lab

NPS experiment, temperature data

15



Cooling | Chillers / Pressure drop EREMOAL

Chillers near to

EEEMCal (2" floor)
South Hadron
Platform Endcap
Lepton =
Endcap : B
M Friction losses
B Minor losses
i
W Gravitational losses
[}
f_Staircase
Seismic
Anchors \
. = ismic Linéaire (Pump)
Anchors

To be considered:

= The location of the chillers

= The entire network of tubes for the cooling
= The power of the pump of the chiller

Fluid Pressure (bar)

2 4 6
Water Flow Rate (LPM)

WCuLs

Iréne Joliot-Curie
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Prototype 5x5 | Beam test | Setup EEEMCAL

/ z
Proto 5x5 with
cosmic bench

Beam tests performed and planed:

= @ CERN | August 2024

= @ DESY | November 2024 (problem, fire in the accelerator part)
= @ DESY | February 2024

Main objectives:
= Take physics data and validate reading by SiPM
‘.b c = Tests several configurations of the daughter board
Lab

Iréne Joliot-Curie
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Prototype 5x5 | Beam test | Thermal analysis EEEMCAL
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Mf}

f“c)

ﬁ
” \ »J " (e "‘}‘Jl‘ \\*% I M !1 JM ll i
b W’r I A wumn bk W "
,,1 V' k{tmm ‘ I lllml Nn ‘W‘ l‘“ WW Mllm I'J‘ , ﬁ ’.‘! MM MM mﬂ M”m

.m‘m I T W Tk "”ll [ um 1 -w T M L
“"Mm T R '”’V LR an

i

I |
sy
it

»,
i

1 Sigma |2 Sigma igma

Beam test @ CERN:
= Temperature stability under +/- 0,1°C
= Problem on one sensor (107, out of use)

c)

(9]

(8]
pérature 105 (C) 104 (C)| 0.05 0.1
rowre106© 705 (C)f  0.05 0.09
8 ( ©| 0.04 0

(9]

(c)

3600

Evolution of the temperature of the crystals during the beam test at CERN

‘lD)CLab

J li tC
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QUESTION ABOUT DUE POINT

Point de rosée en fonction de la température et de I'humidité

40

Point de rosée (°C)

Humidité 10%
Humidité 30%
Humidité 50%
Humidité 70%
Humidité 90%
Température de |'air = 23°C

N P S . 'SP ' SRR U VORI . "y iy S

Humidity in the room experiment ?

WCuo

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

T
-10

T T
10 20
Température de |'air (°C)
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Installation (1/2) EEEMCAL

MAINTENANCE

Requirements:

Work in the maintenance room
Disconnect the beam pipe

Work plateform

Special tooling assembly & Bridge crane

. | EXPERIMENTAL
; ROOM

Lo ==z

Overview of the experimental and maintenance rooms

WCuLs

Iréne Joliot-Curie
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Installation (2/2)

Temporary

rails Fixed Carbon

EEEMCal tube
Steps: pfRICH
=  Put the detectoron a
tooling with bridge crane
=  Fasten the temporay rails
=  Slide the detector into the
carbon tube
=  Remove the temporary rails
|
I
I
&l I Fixed rails
I
I
I

I
Tooling [
R

WCuLs

Iréne Joliot-Curie
Laboratoire de Physique Trlple | | GST Workshop — Julien Bettane

des 2 Infinis
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QUESTION ABOUT MAGNETIC FIELD

R (cm)

Vue 2D de la bague
Courants induits et forces résultantes

[ Bord extérieur

y (m)
o
o

-04

-0.6

-0.8
-0.8 -0.6 —0.4 -0.2 0.0 0.2 0.4 06 0.8

WCuLs

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

¥ (m)

Field Strength (T)

Courants induits et forces dans la plague (Vue 2D}

25

05

1
\ /
/ \
:

Calculation & simulation required

2500

2000

=
w
o
o

1000

Current (A)

500

0 2 4 6 8 10
Time (s)

Fig. 5 The current decay assuming linear decay rate (281 A/s)
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QUESTION ABOUT VIBRATION

Where/When:

= During the transport

= During a quench

= During the handling into the hall

— Need more studies and calculations

WCuo

Iréne Joliot-Curie
Laboratoire de Physique
des 2 Infinis

Triple | | GST Workshop — Julien Bettane
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Services Estimates

Input EC1 systems)
l — ginpuf EC2 <<——— = Internal cooling IC (1
e e s sytem)
N = ATroom = 3°C — 50 W for
— the crystals
Tubes Length=8 m {input IC —
(2m+4m+2m) OUIREIE B
- - 2 <« Chiller 2: Cooling for the
s - > electronics
Distributors = - * 12 boxes BC (2 sytems)
A - « 120 W per box (1500 W)
_. - — Output BCI
Output BC2

=2m Chillers Chiller 1: Cooling for the crystals

Distibutos (R +  External cooling EC (2

Cables:

Tubing drawing of the cooling

LED (1 LED per crystal — controled by the FEB)
Thermal sensors (10% of the crystals x2 — 600
cables)

Signal cables (Depend on the regroupment,
reading with 16 SiPM vs 4 SiPM)

Power supply cables

=mm Electronic cables

Work in progress
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— Cooling




Plans Towards PDR

epic-TN-TC-2025-001

EIC — ePIC — EEEMCal

Design, Assembly, Integration &
Installation of the backward ECal

Mechanical Design Report

Julien Bettane

Mechanical engineer

Laboratoire de Physique des dews Infinis Irin
CNRS — IN2P3 — Université P

t-Curie (LJCLab)

wlay

on behalf of the ePIC Backward ECal Subsystem Collaboration

March 2025

Mechanical Design Report

24/03/2025

Bearth fest Project

2025 @DESY review IN2P3 Eté
| * | * Oooa

R&D cooling | External structure
= Copper tubes vs FSW

|| = Foundry vs. Cylinder
= Mechanical Properties, Corrosion

44 i
0 1
E R&D | Internal structure structure
< * One-piece part
T = Copper tubes vs. FSW
(8] i
L 1
LT L]
= ;
1
1
1
i
Readout SiPM ]
* Full merging vs Merging x4 vs No merging
Critical

path

Design FEB

Q (1) FEB Elecironic boxes (with cables)
* On the external diameter (A)
* Al — Cooling: fan + exchanger
* A2 — Cooling: racks with cold plates
» In front of the SiPM (B)

QO (2) FEB pluged
* In front of the SIPM
» Cooling: Cold plates (+ fan & exchanger if needed)

Triple | | GST Workshop — Julien Bettane

Pre

Ok 2026
(O cp-2/3C

= Fabrication of prototypes Choice external structure and validation
* Prototype production (or final structure)
| Feasability studies | External structure * Mechanical testing, cooling testing, and metrology testing

Detail design

Critical
path

25



