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EIC in a nutshell

O Facility
— The EIC is to be built at the
Brookhaven National Laboratory
(BNL) incorporating the existing
Relativistic Heavy lon Collider

O Uniqueness
— World’s first polarised electron,
polarised proton/light-ion collider

— World’s first polarised electron,
heavy-ion collider
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O Overarching science questions

— How does the mass and spin of the
nucleon arise from its constituents?

— What are the emergent properties of
dense systems of gluons?

O Timeline
— Dec 2019: EIC Project approved
— Apr 2025: EIC Project Detector TDR
— Apr 2032 — Apr 2034: Transition to
Operations
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EIC design goals (((€T>))) QP@

O OO0 0 0 04d

High Luminosity: L = 1033 — 1034 cm-?sec, 10 — 100 fb-1/year
Center of mass energy: 20 — 100 GeV, upgradable to 140 GeV
Highly Polarized Beams: 70%

Large lon Species Range: protons — Uranium

Large Detector Acceptance and Good Background Conditions

Accommodate a Second Interaction Region (IR) — The EIC Project covers the
accelerator and one detector
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EIC project detector requirements (((€T>))) eH&j

Internal Landscape

of Nuclei
Tomography Tomography
Transverse Transverse
Momentum Momentum
Distribution Distribution
Spatial Imaging Spatial Imaging
Inclusive DIS Semi-inclusive DIS Exclusive DIS

O High performance O Tracking and hadronic O Efficient proton tagging
electron identification calorimetry O Cover full acceptance
and reconstruction O Heavy flavors identification range

from vertexing

O Light flavors from dedicated
PID detectors
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ePIC detector

x (m)

Hadrons >

Detector

Hadronic Calorimeters
(HCAL)

Solenoidal Magnet

E/M Calorimeters
(ECal)

Time.of .Flight
(ToF), DIRC,
RICH detectors

MPGD trackers
MAPS tracker
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0 Compact central detector

— Combines tracking and vertexing,
PID, and EM and hadronic
calorimetry

— Asymmetric beam energies,
different electron and hadron
endcaps

O 1.7 T solenoidal field, ~2.8 m bore
O Streaming readout approach

O Extensive beamline
instrumentation integral to science
programme
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Tracking requirements (((€T>)» QP@

O Physics derived requirements on precise low momentum particles tracking
drive the need for very high point resolution and ultra-low material budget 2
Most challenging requirements

— High granularity, low power active element
— Minimal material from mechanics, cooling, power and data distribution

Tracking requirements from PWGs
Momentum res. Material budget Minimum pT Transverse pointing res.
n

-3.5t0-3.0 40 o 100-150 MeV/c
30t0-25 Backward op/p ~ 0.1%xp © 0.5% 100-150 MeV/ic | dca(xy) ~ 30/pT pm ® 40 pm
-2.5t0-2.0 Detector 100-150 MeV/c
-2.0t0-1.5 op/p ~ 0.05%x*p & 0.5% 100-150 MeV/c dca(xy) ~ 30/pT pm & 20 um
-1.5t0-1.0 100-150 MeV/c
-1.0t0-0.5

D000 | Sental | Bamel | oplp~005%*p©0.5% | ~5% X0 or less 100-150 MeVic | dca(xy) ~ 20/pT pm @ 5 um
05t01.0 (~MAPS + MPGD trackers)

1.0t0o 1.5 100-150 MeV/c

1.5t02.0 Forward op/p ~ 0.05%xp & 1% 100-150 MeV/c dca(xy) ~ 30/pT um & 20 um
2.0to25 Detector 100-150 MeV/c

251t03.0 60/D ~ 0.1%XD © 2% 100-150 MeV/c dca(xy) ~ 30/pT um & 40 um
30t035 pip =0 17%%p & 2% 100-150 MeV/c | dca(xy) ~ 30/pT um ® 60 um
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https://doi.org/10.1016/j.nuclphysa.2022.122447

Operational environment

(((€T>))) QP@

O EIC bunch crossing frequency 98.5 MHz
— Interaction frequency orders of magnitude lower

O Rates for DIS ep events up to 500 kHz

Beam energy [GeV] | 5 x 41 5x100 10x 100 |10x275 |[18x275
L [1033cm2sT] 0.44 3.68 4.48 10 1.54
DIS ep rate [kHZ] 12.5 129 184 500 83
i Scatter plot of SR hits

O Up to O(MHz) rate for background events

— Hadron and electron beam gas event rate
lowers with improving vacuum condition

in the innermost
silicon tracker layers
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O Manageable readout frame rate
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Operational environment «(T)’» eH&j

O Low-moderate radiation levels
— Much lower radiation fluxes than LHC, widens technology options

O Example study: 10 GeV x 275 GeV DIS ep events + beam gas backgrounds
— Upper bound estimate: top luminosity; 10x 6 months run periods at 100% run time

O Total lonising Dose below 1 Mrad
O Fluence below 5x10"3 ng,/cm?

Maps of fluence and dose over the silicon tracker envelop

10GeV e and 275GeV p beam+gas, 10x275GeV2 DIS, top luminosity, 10 run periods (~6 months each) 10x275GaV a+p. 275GaV beam+gas, total fluence (neutron+proton), top luminosity. 10 run periods {~6 months per run)
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Integration constraints «‘ET)’» eP@

O Large beam pipe diameter, 31.8 mm radius; (more) challenging to reach
required vertexing precision

O Beam pipe diameter increases away from the interaction point
— Silicon tracker to be built in two halves clamped around the beam pipe
— Divergence already in silicon tracker envelop
— Complex mechanical support design (local and global) and integration procedure

O Beam pipe bake-out performed with silicon tracker in situ

— Demanding cooling requirements to maximise vertexing capability and acceptance at
large eta within material budget

EIC Beampipe
&g,
150 :fj S \c"’ Ong
L [ RS wral peryliium
| ' gt::::-\ & section
Hadron bea™ PP /

Beampipe profile;
100 mm steps
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ePIC Silicon Vertex Tracker (SVT) (((€T>))) ep@

O Well integrated, large acceptance, high precision Silicon Vertex Tracker based
on large area, low power MAPS in 65 nm CMOS imaging technology

Inner Barrel (IB) Outer Barrel (OB)

SVT Total (active) area ~ 8.5 m?

- ePIC SVT target specifications
N\ Spatial
resolution o um
Power < 40 mW/cm?2

Framerate |<2us

Material IB: 0.05% X/X,
budget (per | OB: 0.25, 0.55% X/X,
layer) EE/HE: 0.25% X/X,

SVT MPGDs ToF (fiducial volume)

Electron/Hadron Endcaps (EE, HE)
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Inner barrel

O Transverse pointing resolution is multiple

scattering dominated

O The IB will adopt the ALICE ITS3 wafer scale
sensor and ultra-thin detector concept
— Three layers of thin, bent, silicon sensors

— Minimal mechanical support, air cooling, no

services in active area

O Layers positioned to optimise transverse pointing

resolution within operational constraints
— LO, L1: large beam pipe diameter, beam pipe bake-out (5

mm clearance), sensor width

Transverse pointing resolution [um]

(((€T>))) QP@

70

60

50

40

30

20

10

0.3% X/X0
20 um vs 10 pm pitch

0.05% X/X0
20 um vs 10 um pitch

20 um

0.05% X/X0, 31.8 mm beam pipe radius
0.30% X/X0, 18 mm beam pipe radius

o
-

— L2: r=120 mm, dual purpose vertexing & sagitta layer,
without increase in material
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ePIC-SVT

5
Momentum [GeV/c]

IB r [mm] | [mm] X/X0 %
LO 36 270 0.05
L1 48 270 0.05

L2

120

270
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Outer barrel and endcaps (((€T>))) ep@

O EIC Large Area Sensor optimised for high yield,
low cost, large area coverage
— Modification of the ITS3 sensor; LAS stitched but

not wafer scale; possible modification(s) in the
periphery to reduce number of readout links

\

O Lightweight mechanical supports (staves, disks)
with integrated cooling and electrical interfaces

S I O o e o O N WU
-400 -300 -200 -100 O 100 200 300 400

O Large lever arm with high precision

measu rements BARREL r [mm] | [mm] X/X0 %
. Layer 3 270 540 0.25
— Improve momentum resolution
Layer 4 420 840 0.55

— Maximise acceptance at high eta

DISKS +z [mm] [ -z[mm] | r_out[mm] | X/X0 %
o _ _ . Disk0 | 250 -250 240 0.25
O Disk inner opening defined by beam pipe k1| 450 250 220 028
bake-out constraints and off-centered Disk2 | 700 650 420 0.25
where beam pipe diverges Disk3 | 1000 | -850 | 420 0.25
Disk 4 1350 -1050 420 0.25
g R g T
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Tracking performance (((ET)» ep@

O Requirements on transverse pointing resolution met in the central region and at
mid-pseudo rapidity, with good agreement at large eta

Forward region
(Hadron going direction)

Backward region

(Electron going direction) Central region
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Tracking performance
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O Requirements on relative momentum resolution met in central and most of the
forward region; still challenging in the backward region

Backward region Forward region

Central region (Hadron going direction)

(Electron going direction)
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Hit rates in the SVT (((€T>))) ep@

O Background events dominate the hit 10’
rates in the SVT

10x100 GeV? DIS only

Num Hits

10x100 GeV? DIS + e+h beamgas + synchrotron radiation

O Example study:
— 10 GeV x 100 GeV DIS ep events

— 10 GeV electron beam gas and SR, 100
GeV hadron beam gas

— 20.8 x 22.8 um? pixel, 2 us frame rate

Preliminary

O 3-5MHzrates in IB and endcaps, < 1 L5 ombor
MHZ in OB ,@ x10°
I - 10x100 GeV? DIS onl!
O Hit occupancy at most ~ 107 per pixel CR ] y
e eliminary - 10x100 GeV2 DIS + e+h beamgas + synchrotron radiation|
per frame 5000
Hits/pixel/frame Hits/pixel/frame Hits/pixel/frame
Lo 7.00E-O8|EDO 1.96E-08|HDO 2.11E-08
L1 5.65E-08|ED1 7.07E-09(HD1 7.87E-09
L2 6.56E-09(ED2 6.81E-09|HD2 7.68E-09
L3 8.85E-10(ED3 6.40E-09|HD3 6.59E-09
L4 3.80E-10|ED4 5.76E-09|HD4 5.62E-09

ED4 ED3 ED2 ED1 EDO HDO HD1 HD2 HD3 HD4
Disk Number
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Overview of ongoing R&D activities (((€T>)» ep@

O R&D targets the development of low mass technological solutions to satisfy the
physics requirements and achieve tight integration of the different SVT regions

Conceptual design of
Sensor development OB and endcaps
(in collaboration with ITS3) .

7 EEEE T N 7 7777?-;‘ B X
LR (IBBEFRAREREL.

Serial powering

aaaaa

W
i
, |
E .

Beam pipe _ _
bake-out studies Air cooling through
support structure

Data transmission
on optical fibers

Electro/optical interface on FPC
extension at end of stave/disks

1006402

,,,,,,

Tibers DAM board

vvvvvvv
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Integrated mechanics and cooling (((€T>))) ep@

O The SVT will operate at room temperature with an estimated total sensor power
consumption of ~4k\W (excl. overhead for powering and data transmission)

O Preferred cooling solution for the SVT is air cooling
— Baseline for IB, one of the options considered for OB and endcaps
— Ongoing studies of airflow internal to the support structure for OB and endcaps

O Air flow through corrugated support structure
— EIC LAS on both sides of corrugated support structure on carbon fiber sheets
— Support and space for electrical services between modules; channel for air flow

— Prototyping of test structure ongoing with available mould; mechanical and thermal
tests to follow

Electrical
services

1 EIC LAS sensor

| é(or corrugated .
ructure fabrication /¥

ooooo

¢
i @ = s T
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Integrated mechanics and cooling (((€T>))) ep@

AT across 10 cm long, 4 mm thick

O Initial testing of air cooling through carbon CVD stave
foam
. . 20.0 —e— PD=0.02 W/cm?
— Small stave structures with different foam type —— PD=0.05 W/cm?
. 17.5 —e— PD=0.1 W/cm?
and thickness PD=0.3 Wicm®
15.0 e PD=0.5 W/cm?
— Heat loads to simulate various power densities . mmes
— Room temperature air flow "Emo
— Goal: AT <10C 75
— CVD foam meets requirement up to 0.5 W/cm?2 59
— RVC foam achieves AT < 10C for power * \>\\
densities < 01 W/Cm2 %% o5 10 AlifFloz\ig(cfzr:\i) 30 35 40
improvements to overall setup RVC stave for 3.4 cfm
30
. . ; . ] 251
O Air + mono/bi-phase cooling combination N — 05 W/

also considered, work yet to start £ ///\ — o3 wem:
o — 0.1 W/cm?
> 10

— 0.02 W/cm?

0 100 200 300 400 500
z axis location (mm)
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Temperature of LO (C)

IB air cooling and beam pipe bake-out

O Beam pipe bakeout performed with IB installed
— Hot gas pumped into beam pipe at T = 100C
— Target IB temperature during bake-out of 30C
— Large temperature gradient to accommodate over small volume

O Initial simulations indicated 5 mm spacing between beam pipe and LO needed
with air flow T < 20C and 5 mm/s velocity

O However, significant beam pipe inner surface cooling from air flow to cool IB
(100C - 67C for air flow T = 25C)

— Next steps: investigate minimum hot gas temperature to keep inner surface of beam
pipe at 100C and study effect on LO temperature

—&—Ambient_20C
—@— Ambient_18C
Ambient_16C oo

eeeeeeeeeeeeeeeee

Temperature of Hot Beampipe Interior vs Radius from Center

—&— Ambient_14C 1.008+02
9250401

LO at 5 mm from beam pipe

=
=)
S |

Radial dependence
of temperature
inside beam pipe

Temperature (°C}3

0 2 4 6 8 10 12 14 16 18 20 22 s
- - 62

Air Flow Velocity [m/s] [TITTTIT L £(m)
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Services material reduction (((€T>))) ep@

O Serial powering to be implemented for OB and endcaps
— Current flow between EIC LAS sensors
— Shunt-LDO regulator design to match EIC LAS power specs, ongoing
— Aluminium-Kapton flex for power distribution on stave/disks

Shunt-LDO schematic drawing

lin

A~
T e
| | | ie | | iC Rref
| Iy | I
| Iy |
| oo |11 sy il
| 3 R T
l l Is 5 | f
I : ! = Q (> : :
: | L N |
| ! (]) '
| | |
| : |
| | '

| |

I PRE-REG+BANDGAP ERROR AMPLIFIER
____________________________

O Readout architecture
— Low radiation levels + [pGBT integrated in ITS3 sensor periphery - investigate use
of optical fibers for data transmission to/from staves/disks

— Electro/optical interface at end of stave/disk; available mechanical support and
cooling
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Conclusion («ET))» eP@

O The EIC will be a world’s unique facility to continue exploration of strongly
interacting matter using DIS, commencing operation in the early 2030s

O The ePIC Silicon Vertex Tracker is a large, thin, MAPS based detector, with
very demanding requirements for precision measurements and integration

O Synergies with ALICE ITS3 developments + large programme of dedicated

R&D on lightweight, integrated mechanics, cooling and services

The ePIC SVT is an interesting and challenging project,
and it is not too late to join the effort...
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EIC detector: a technology demonstrator for FCC-ee

~
o g
o & > & s
e fds. 9 N
VS ETIT I oo ¥ s s &
SO TEES S o &£ F ¢
w\‘e@oV\&J@g SN
O IFTFIIIR IS ¢ & <&
DRDT <2030 2030-2035 " 2040-2045  >2045
Position precision 3134 o 000 [ ) (N NN )
Low X/X, 134 @ 0 - 0000 |0 X KN
Low power 3134 o o0 o (N XN )
Vertex High rates 3134 (N W) (I ) o o0 o o
detector? Large area wafers? 3134 o0 o o [ )
Ultrafast timing® 32 o o [ ) ()
Radiation tolerance NIEL 33 o ()
Radiation tolerance TID 33 [ J ()
Position precision 3134 . . o0 . o0 00
Low X/X, 3134 00 [0 ojO|0 000
Low power 3134 o0 @l 0|00 © ¢ O
High rates 3134 ([ o @ o
Tracker) Large area wafers® 3134
Ultrafast timing® 32 () ()
Radiation tolerance NIEL 33 o o
Radiation tolerance TID 33 () ( ]
Position precision 3134
Low X/X, 3134
Low power 3134 ® 0|00 0 0 O
Catorimeter) High rates 3134 ‘
Large area wafers® 3134 00000000
Ultrafast timing4 3.2 . .
Radiation tolerance NIEL 33 ’
Radiation tolerance TID 33 .
Position precision 3134
Low X/X, 3134
Low power 3134
Time of flight? High rates 3134
Large area wafers? 3134
Ultrafast timing® 32 . . . ' o .
Radiation tolerance NIEL 33
Radiation tolerance TID 33

. Must happen or main physics goals cannot be met [ ) Important to meet several physics goals Desirable to enhance physics reach @ R&D needs being met

nad 0000nne A
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https://cds.cern.ch/record/2784893

ePIC Silicon Vertex Tracker («€T>)» ep@
Detector Subsystem Collaboration =

=9 UNIVERSITYOF
P BIRMINGHAM |NFN

S k? Brookhaven

Facilities Council National Laboratory

- D % Los Alam OAK RIDGE
Jefferson Lab +® -OS AlAMos Nauonal i

K&d UNIVERSITY OF

&/ LIVERPOOL

= | »% | Brunel EZ
PURDUE /‘&?ﬂé e 33 Uruversrty‘ Iﬁ%%%%gfte};
UNIVERSITY \J ) London

Detector Subsystem Leader: Ernst Sichterman (LBNL)
Detector Subsystem Technical Coordinator: Laura Gonella (Uni Birmingham)
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Backup («€T>)» eP@
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EIC Project Timeline (((€T>)» ep@

. Early endorsement

ASSESSMENT OF
('S -BASED ELLECTRON-ION
- i apsm: 2 —AI

2015 Long Range Plan for Nuclear Science
' 2018
Thcll)]g
LONG RANGE PLAN

for NUCLEAR SCIENCE
@

Project approved

FY19 Y20  Fy2l FY22  FY23  FY24 FY25 FY26

2 2

FY27  FY28 FY29 FY30 = FY3I FY32 FY33 FY34

*CD-4A CD-4

u - Critical rove star rove proj.
DOE PI'O]eCt Milestones s cD-0(a) | cD-I(a) cD3A | | cpas o peraiom | Eomplaton
De‘ec 2019 Jun 2021 ]anI 2024 Apr 2025 Apr 2?32 Apr 2034

\ I
Accelerator Early CD-4A Early CD-
I R ly arly
Research & Systems [) Completion  Complet
Development A
Detector

Infrastructure [
Accelerator
Systems ]
Detector ’ |
I I I
‘ | | |
Infrastfucture | [Conventional Construction I )
T T 1 T [
Construction | ] ‘ ‘ g
) Accglerator Procurement, Fabrication, Installation & Test |74 7 Full RF Power Buildout
& Installation ystems : : : : [ v )
Detector Procurement, Fabrication, Installation & Test l ‘ 7, ‘ 7]
1 = ——
Accelerator . [ 7/ Full RF Power Buildout
Commissioning Systems C°m:mss'°n'"gf‘ A= s‘ : v
& Pre-Ops Commissioning
De‘ztector & Pre-Ops
I [ [ [

Key (A) Actual - Completed

Data Level 0 Critical V/ Schedule
Date Milestones Path ﬂ Contingency
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https://www.nap.edu/catalog/25171/an-assessment-of-us-based-electron-ion-collider-science

DOE Project Phases

(

)

DOE Project Phases EIC

Prpject Engineering and
Pesign (PED) Funds

Operatlng | ¢
Funds

1

—> —
'
1

*

Construction Operating
& PED ’ ‘ Funds
Funds

Execution

}_ Conceptual_,}_Preliminary _,14_ Final— }_

Design Design Design
Critical CD-0 CcD-1 CD-2 CcD-3
Decisions Approve Approve Approve Approve
Mission Alternative Performance Start of
Need Selection Baseline (PB) Construction
and Cost or Execution
Range

Construction _,I

CD-4
Approve
Start of Operations
or Project
Completion

CD-0, Mission Need Approved December 2019

DOE Site Selection Announced

CD-1, Alternative Selection and Cost Range, Approved

CD-3A, Long Lead Procurement

CD-2/3, Performance Baseline/Construction Start

RHIC Shut Down
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January 2020
June 2021
January 2024
April 2025
June 2025
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Evolution of EIC Detector Concept

(2012 2014) |n|t|al concepts

(((€T>))) QP@

reference detector
(2020), global effort of
l’“i‘:&”e“é":a:.‘;”f’e‘“‘ the EIC Users Group

Electromagnetic Calorimeter ...«
Hadron Calorimeter Endcap

Hadron Calorimeter Endcap
Electromagnetic Calorimeter

Cherenkov Counter
Barrel EM Calorimeter

RICH Detector
Barrel Hadron Calorimeter

Call for Detector proposals (2021)

: A Totally Hermetic Electron-Nucleus
Apparatus
» General purpose detector inspired by YR
studies, new central magnet of up to 3T

: COmpact detectoR for the Eic
* Nearly hermetic, general purpose compact
detector, 2T baseline

: EIC Comprehensive Chromodynamics
Experiment
* General purpose detector, 1.5T BaBar
magnet

2022: Merging of ECCE and
ATHENA proposal strengths
forming a new collaboration to
deliver the EIC Project Detector
— ePIC collaboration formally
established

_ee.
ooooo
ooooo

[
n mmmn amm
....... o HHIHimanamlini (TR TT I T ([T L[] .
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http://arxiv.org/pdf/1212.1701v3.pdf
https://doi.org/10.1016/j.nuclphysa.2022.122447
https://iopscience.iop.org/article/10.1088/1748-0221/17/10/P10019
https://zenodo.org/records/6536630
https://zenodo.org/records/6537588

Evolution of EIC Detector Concept (((€T>)» ep@

O 2020: Yellow Report

SCIENCE REQUIREMENTS

— Initial requirements, two detector reference SNDIBEIECION

CONCEPTS FOR THE
designs, further physics opportunities €T> ELECTRON- '°E'L'; COLLIDER
O 2021: Call for Detector Proposals e *”*
— Detector Proposal Advisory Panel (DPAP) ' sl
reviewed three proposals; ATHENA, CORE, DT
and ECCE ‘

— ATHENA and ECCE fulfil all requirements of
the EIC Science Case; ECCE design
recommended and adopted as Reference AToraly Hermeti
Detector e ron imseus Appartil

O 2022: ATHENA and ECCE merge into the
ePIC collaboration to deliver the EIC Project
Detector

3,
Y The ATHENA Collaboration s
December 1, 2021 L

ooooo
ooooo

¢ [}
i @ d | - AT e
......... o HHIHimanamlini
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ePIC Collaboration (((€T>))) ePI&j

ep@ ePIC - A global pursuit for a new EIC experiment at IP6 at BNL
171 Institutions

24 countries

United States

]
India L} .
Italy [ J / '
couthiores @ / 500+ participants
Jap:: ePIC Non-US »

Institutions

China 60%

L

Taiwan, Province of China L J
Israel L

®

Germany

Poland

Czech Republic
P Canada Hungary

Czech Republic

Norway @
France
audi Arabia
Canada
Ukraine @ Poland
Spain
Slovenia
Senegal @
Saudi Arabia
Jordan @
Hungary
Egypt @

Armenia @

0 10 20 30 40 50 60 7
# Institutions

lIII ! I n 1 mmmn mm
...... L T AT el T T
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ePIC Detector

* New 1.7 T SC solenoid, 2.8 m bore diameter

Tracking

*  Si Vertex Tracker MAPS wafer-level stitched
sensors (ALICE ITS3)

Si Tracker MAPS barrel and disks

Gaseous tracker: MPGDs (LRWELL, MMG)
cylindrical and planar

high performance DIRC (hpDIRC)
dual RICH (aerogel + gas) (forward)
proximity focussing RICH (backward)
ToF using AC-LGAD (barrel+forward)

EM Calorimetry

* imaging EMCal (barrel)

*  W-powder/SciFi (forward)
*  PbWO, crystals (backward)

Hadron calorimetry

*  FeSc (barrel, re-used from sPHENIX)
*  Steel/Scint — W/Scint (backward/forward) PrOton/Ion beam Electron beam

PrOCX
ooooo

-~
[TTTIT! IIIIIIIIIII||.||IIIIII = e T
o HHIHimanamlini (TR TT I T ([T L[] .
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ePIC Silicon Vertex Tracker (SVT) (((€T>))) ep@

Inner Barrel (IB) Outer Barrel (OB)
« 2 curved silicon vertex layers « 1 stave-based sagitta layer
* 1 curved dual-purpose layer « 1 stave-based outer layer

SVT MPGDs ToF (fiducial volume)

Electron/Hadron Endcaps (EE, HE)
5 disks on either side of the IP

S50

ey~

i @ nnm
o HiIHimanemliil
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MLR1 design

O High Speed LVDS Receiver + High speed CML Driver
— Functional up to 2Gbps
_ Tested up to 9900Krad BitRate=2.0Gb/s, Cable Length=PBr.e0_irrrr1;;:<aDt:if§wing=i080mV, test_mode=CLK

Eye Diagram Differential signal

500
400 0.2
0.1
%7300
2 > 0.0
>
200
—0.1
100 —0.2 J
LI
0 T T T T T
0 10 20 30 40 50 0.0 25 5.0 75 10.0
t (samples) t(ns)

Dataset 2209_0170, B0O0003;
BitRate=2.0Gb/s, Cable Length=3.0 m, txDiffSwing=1080mV, test_mode=CLK
Post-irradiation (9900 krad)

Eye Diagram Differential signal

500 0.4
0.3
400
0.2
& 300 0.1
3
s >
N 0.0
200
—0.1
100 024 “w u ku
—0.3
0 : : : . :
0 20 30 40 50 00 25 50 75 100

t (samples) t(ns)
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ER1 designs

O Functional blocks for data transmission (on- and off-chip)
O Standard cell layout modifications for DFM

Phase Locked Loop

CML Receiver -Dual Mode
-CT L!E based -Radiation Hard
architecture

-Operates up to 10GHz

, “HEEEEREEdE 12C :
- PRBS Generator - -Serial Communication
-Up to 5Mbps - -Radiation Hard ‘
-Testing of PLL e =
ER1 wafers are getting Lt
N ~ thinned diced (June 2023) . | | | N
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Air cooling through carbon foam

Setup

AT: “btight” temp — “dark” temp

~70.3 845

Sample manometer ports

Carbon foam

Venturi manometer

Direction of airflow

Venturi

Air thermocouple

(not shown) Air thermocouple

Heater (not shown)

Stave

L. Gonella - VERTEX 2023 - 20 Oct 2023

AP determines air
flow (cfm)

Air inlet
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Air cooling through carbon foam

Stave variations

* Foam types:

* CVD - conducting, denser than RVC
* RVC — insulating, lower material budget

* Thicknesses: 4 & 6 mm
* PPI(pores per inch): 30 & 45
* Stave lengths: 100 & 500 mm

OUTLET DUCT HEATERS

B

INLET DUCT
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Beam pipe bake out

O No heaters around beampipe due to material budget
O Pumping ports located ~4.5 m away outside of the detector volume
O Needed vacuum = 102 mbar

Beryllium Section

4500.00 mm
4500.00 mm 428000 my +/-20mrad HADRON
FORWARD CONE

2728.06 mm (BEAM SCREEN) ——————————————+={

1800.00 mm 2700.00 mm 1220.00 mm —————= HADRONS
42,67 mm —=|=— 39.62 mm —e={|f=— { /
1
e _ — — — " i
t f i — ——
— — o0omn——— csscomm—o!
800.00 mm 685.00 mm ELECTRONS
BEAM SCREEN SUPPORTS
3920.00 mm (1mm COPPER)

SECTION A-A
SCALE .08

Closest Port Locations
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