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Electron-lon Collider

Key Machine Parameters:

= High Luminosity: L= 10% - 103 cm? s
— 10-100 fb'/year
= Highly Polarized Beams: 70%
= Large Center of Mass Energy Range:
- E_,=29-140 GeV
=  Many ions from protons to Uranium with
polarized light nuclei i
= Hermetic Detector Acceptance ESZZ:
=  Proton beam energies: 41 GeV, 100-275 GeV e S
= Electron beam energies: 5 GeV to 18 GeV

p/A > > e

41 GeV, 100-275 GeV 5GeV.18GeY I ‘
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EIC Science

A machine to study QCD and Nucleat

m Gluon Energy 55%
® Quark Energy 44%
Quark Mass 1%

matter

3D Imaging of quarks and gluons
What is the origin of the proton mass?
What is the origin of the proton spin?

See the official website for more
information and key documents
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AN ASSESSMENT OF
/S.-BASED ELECTRON-ION
COLLIDER SCIENCE

Electron lon Collider: i - The 201 5 ]
The Next QCD Fron LONG RANGE PLAN
for NUCLEAR SCIENCE
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https://www.bnl.gov/eic/science.php
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EIC Project Detector R&D Program

Project Detector R&D

3 x R&D Topic Project R&D  Generic R&D
0 Builds on the success of the generic Sitracker ased on 160nm ALPIDE X
detector R&D Sl 5 =
O Focus: R&D for systems in scope SheTe EL =
iy i orward/Backward GEM Tracker XX
0] ensure fea5|b|||ty Cylindrical Micromegas/Silicon hybrid tracker XX
0 reduce risk Modular RICH (mRICH) XX
0 optim ization Dual Radiator RICH (dRICH) ) XX
e ¥ e . High performance DIRC (hpDIRC) XX
0 EIC Project DAC joined last generic EIC  rojmo smonion =
Detector R&D meeting (March 2021) o racke bosed on LAPPD o
0 DAC concurred with all Project and Generic - emcawsi xx
tgsks,_ advised to add few topics s . Want to be in the
Hadron Calorimeter (hCal) XX .
-IF\;r;:ﬁ)Wlas folded into the PrOjeCt Detector Cerenkov/Scintillating Glass XX PrOJeCt R&D column
p a.n Far-Forward Detectors (Roman Pots) XX
0 We have initiated FY22 follow-up with User (e 9 g
groups pursuing project-specific detector S e X aecet) .
R&D common to all proto-collaboration EIC  rason tarssems x
deteCtor proposals l Superconducting Nanowires zi ]
0 ECal & HCal R&D on hold to adjust to S s
outcome of consolidation outcome e " e
X ; EFS]éc_t - Current R&D Plan (v3.6)
SpeCial MeetingS‘ X = Generic - Current R&D Plan (v3.6)

LAPP D 21t March 2022 https //indico.bnl.gov/event/15059/
M Ust 2eds at EIC https://indico.bnl.gov/event/14715/
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DOE Project Decision Process

EIC Preliminary Design ~50-60%; Final Design 85%
« Operating* Project Engineering and i Construction i Operating ; EIC Critical Decision Plan
— == ] ineeri ‘e > | i
Funds ] Design (PED) Funds — &PED ‘_ Funds > CD-2/3a
H Funds

January 2024

Initiation Definition Execution Closeout
April 2025

Conceptual .
Design

reliminary QIH Final .

CD-4a early finish
Construction

Design Design April 2031
Critical CD-4a
Decisions CD-0 CD-1 CD-2 CD-3 cD-4
Approve Approve Approve Approve Approve April 2032
Mission Alternative Performance Start of Start of Operations CcD-4 eany finish
Need Selection Baseline (PB) Construction or Project
arcjliusl or Execution Completion April 2032
A cD-4
CD-2 - Approve Performance April 2034

Baseline: CD-2 is an approval of the
preliminary design of the project and the
baseline scope, cost, and schedule. What
is most relevant is that CD-2 means there
is now a definitive plan that the project will

be measured against in cost, schedule and

technical performance.
‘) pre-TDR is reqmred for CD-2

CD-3 - Approve Start of Construction:
CD-3 is an approval of the project’s final
design and authorizes release of funds for
construction. What is most relevant is that
projects can now proceed with construction
related procurements and activities. CD-3
is sometimes split in CD-3A in a tailored
approach to approve start construct|on for
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The EIC Project Is Moving Forward

How do we get a promising technology adopted?

There are a number of applications for SNSPDs and superconducting
electronics at the EIC

— Forward and Far-Forward detectors, Compton polarimeters, beam loss monitors, ...
Generally, NP is quite conservative in adopting new technologies
SNSPDs are a fundamentally new particle detector technology and
present new opportunities for novel applications at accelerator facilities

— EIC Project’s Perspective: SNSPDs are unfamiliar, “risky”, and have

unknown cost

The EIC Project’s current position is that SNSPDs should be considered as an
“‘upgrade” option (to a currently incomplete design)
So it will certainly take some convincing to get offical project backing

7%, U.s. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U8 Department of Energy laboratory 7 Ar onne
managed by UChicago Argonne, LLC.
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Strategy for enhancing the EIC Physics Program
How to move the needle on SNSPDs at the EIC?

= (Case for enhanced science program:
— SNSPDs are a superior technology for small area tracking detectors
(relative to the size of central detector)
— A more hermetic detector: SNSPDs can operate at locations thought to
be forbidden (radhard, cryogenic, B-fields)

=  What should be the first targeted EIC application?
= And what would be the (EIC Project) cost?
= How to quantify and mitigate associated risk?

7%, U.s. DEPARTMENT OF _ Argonne National Laboratory is a
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SNSPD Properties and Characteristics

Quick Summary

= Photon energy thresholds as low as ~100 meV

= Timing jitter 20—40 ps easily achieved (current record of 3 ps)

= Reset times can be as low as 5-10 ns (potentially <1 ns in the future)
= Pixels on the order of 10x10 pm? to 30x30 pm?

= Fast, granular, high-rate pixel detector — low occupancies

= Conveniently operates at LHe temperatures (T < 5K)

= Photon detection efficiencies >90%

= Expected to very radiation hard (more on this later)

= Can be fabricated with different geometry or pixel dimensions
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Applications at the EIC
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EIC Machine Layout

Two Interaction Regions for detectors but
only one official project supported detector at
the moment (EPIC).

(#ENERGY

at BNL
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A Motivation for Nanowire Particle Detectors at the EIC

=  GPD physics requires the momentum transfer \t|/Q2 to be small.
=  Lower limit determined by

(1) [t| > |tmin| : Physical threshold

(2) the detector acceptances

Hard part

Factorization
Soft part

=  Scattered protons
—  pr>0.2GeVicis “equivalent” to [t| > 0.04 GeV?

=  Scattered nuclei (coherent DVCS and DVMP)
—  Larger room between ‘tmin| and the detector acceptance limit

= Aligned with Roman Pot requirements reported in YR
— Fast timing
— Radiation hardness
—  Fine position resolution

(ZENERGY '%5

12




Interaction Point 6 (IP6)

ions

Large central detector
and supporting
infrastructure

electrons
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Interaction Point 6 (IP6)

Far Forward ion detection region
is key to delivering the science
program motivating the
construction of the EIC

ions

Far Forward
beamline
superconducting
magnets in shared
vacuum chamber
and cryo-system

electrons

Argonne &

I Laboratory is a
f Energy laboratory
i rgonne, LLC. 1 4




Far Forward ion detection region
is key to delivering the science
program motivating the
construction of the EIC

S .

Currently no detectors exist in cryostat
housing superconducting accelerator

vacuum chamber
and cryo-system

electrons
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Interaction Point 6 (IP6)

Far Forward ion detection region
is key to delivering the science
program motivating the
construction of the EIC

Roman Pot
detectors

electrons

Argonne National Laboratory is a
U.S. Department of Energy laborator
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EIC Interaction Region

Central Detector

crab

Low ar&p HIE}H
E¥ :H‘ (/gj EfZDC

Electron

X [m]

—2 Spin Rotator mLcéjnniqtior crab Spéglg?\tgiggn/
Hadron crab
-4 Rear - Forward
—-100 -50 0 50 100

Z[m]
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Current Far Forward EIC Design

Zero-Degree Calorimeter

Electron Central Detector

BO Silicon Tracker and Preshower

pin rotatio
solenoids

X [m]
o

Roman Pots

Spin rotation
solenoids

Spin
Hadron crab

-4/ Rear Forward

-100 =50 0 50 100
Off-Momentum Detectors

Focusing Quadrupoles 25.6 cm

32x2=64cm

32x2+64

BOpf combined function magnet

| WD Y9 e ZXTE

12.8cm

Sensor 3.2 cm
B —

Module

wo 7'¢ Josuas

DD4HEP GEANT
Simulation

ASIC 1.6 cm

« >

ASIC 1.8 cm
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Far Forward Detector )

\1 Hadrons

/[\ Electrons

—
1507 Central Low E Detectors ]
= We can use nanowire tracking detectors in a - Detector p/Po=40% | * -
Roman pot configuration . I pt=1.3 GeV/c "\ |
= Ultrafast timing — demonstrated to be less than £ 100 Forward 10 sigma ' H ;;
20 ps O F  Spectrometer =
=  Small basic pixel size, allowing for ym position < i ]
precision if needed. = I ]
= Edgeless sensor configuration — sensitive £ 50 -
element positioned to within a few 100 nm of 8 I ]
the substrate edge, fu . _
= Eliminating detector dead zone. % - /\
=  Wide choice of substrate material — the = — ]
detectors can be fabricated on membranes as . — , i
thin as few 10 ym, cutting down on material - S E 15 sigma L
thickness. o G @ 5 5 N
= Radiation hardness — operate in close proximity A A R R N
of the beam and interaction regions with long 0 10 20 30
lifetime. Length z (m)
(ZENERGY
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Roman Pot Detectors
TOTEM Roman Pots




Roman pot The Pot

Separates the high vacuum of the machine from the
detector’s vacuums.

~ 150pm (20um planarity)

M

eReduced material budget *Low beam coupling impedance (< .18mQ)
. The ferrite collar added to the pot removes all
*Tightness the resonances within the frequency domain

oStiffness (controlled deformations) relevant for the LHC, i.e. 0 - 1.5 GHz.

12/11/2010 Gennaro Ruggiero, PH/TOT 30
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Cooling infrastructure

Please provide some idea of the infrastructure that would be needed to cool the detectors to
superconducting temperatures without interfering with the primary beam.

e Our nanowire detectors operate at LHe
temperatures ~4K

e We can tap into the upgraded 4.5K and 2K
cryosystems for the EIC at BNL

e A conservative estimate for a wire is roughly 20 nW
when it is latched — normal conducting with most
current going through shunt resistor

e The total power of the sensors does not necessarily Conceptual layout of beamline detector
scale with area — it is set by the number of wires

e With a detector area of 25cm x 10cm, if all sensors high speed
latched (a malfunctioning detector with 100% — serial link
occupancy), the cryosystem would see a load of : ;
~0.5W.

“. % U.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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Superconducting Magnet integrated particle detector

6

e Avoid the “dead zone” =
between roman pot detm'
and BO detectors [

From Figure 8.125 of
YR

[GeVY)

t

e Tie into superconducting A
magnets’ 4K supply F M[H’W
e Design a mechanical/thermal ) 1 S.[i
0.5 1[GeV)

mounting location in the bore
of the magnet

455K He flow
Insulator
Coils
AAAAAAAAAA Beamm filbe
X X e P D '\ Topand bottom E Beamscreen
abve »e laminate yoke g (SS316LN)
* Spacers
Static liquid He - at
nnnnnnnnnnnnn four spaces
o
@ | e TS 1% Containment vessel
v B ‘Solenoid Coil (3)
e Figure 6.148: Finite-element model of (a) the RHIC arc dipole magnet cold mass cross-
section and (b) close view around the beam tube.
[} . .
o SS Vacuum Pipe Beam Screen - Copper liner
® .
d (coated with carbon to reduce secondary electron
yield)
A al Laboratory is a
Y 3 Argonne &
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Neutral particle detector

= Aradiation hard pixel detector
could provide useful tracking
for the ZDC

= Also a photon (or electron)
detector for compton
polarimeter which can operate
at high rate and last the
lifetime of the EIC.

“. % U.S. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory
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Beam Loss Monitors at Accelerators

Requirements of Cryogenic BLMs

Mechanical requirements:

* total radiation dose of 2MGy,
low temperature of 1.9K,
* 20 years, maintenance free

Current BLM operation,
location * resistance to magnetic field of 2T,
N * resistance to a pressure of 1.1 bar,

and capability of withstanding a fast
pressure rise up to 20bar in case of
a magnet quench.
Future Cryogenic Electronic requirements:
I A « direct current readout,
BLM location * response linear between 0.1 and 10
mGy/s, an

MQXF - courtesy of Paolo Ferracin N
* response time faster than 1 ms.

15th September 2016 M. R. Bartosik - Topical Workshop on Beam Loss Monitors 6

Anticipate similar applications at the EIC

5. DEPARTMENT OF _ Argonne National Laboratory is a

ENERGY U.S. Department of Energy laboratory
managed by UChicago Argonne, LLC.
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Cryogenic BLMs in LHC ring

| Position of Cryogenic BLMs ‘

Long term correlation between lonization Chamber BLM and Cryogenic BLM to be done in 9R7 and 9L5

15th September 2016

M. R. Bartosik - Topical Workshop on Beam Loss Monitors

Argonne &

NATIONAL LABORATORY
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Applications at JLab
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An Active Polarized Target at JLab

Look at the figure of merit for a polarized target

Time needed to measure an asymmetry P2 D2
with statistical uncertainty A F 0. M - f PT

1 1 1
2y _ Nypop (W, Q%)
PT2 f2 6A2 df(W7Q ) - NpUp(VV, QQ) _|_ Zl Niai(Wa QQ)

e F.0.M. depends on target polarization Polarized ND, and the target
dilution factor

e Dilution factor is the ratio of cross sections from polarized target
material to everything else.

e Typical dilution factor is on the order 15 - 30% depending on how
you slice it

e Active target is designed to identify events scattering from polarized
material — f = 100%

e F.0.M. improved by a factor of 25 to 80!

"%, u.5. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U.S. Department of Energy laboratory 27
Yt managed by UChicago Argonne, LLC.
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An Active Polarized Neutron Target Concept for CLAS12
SNSPDs are the enabling technology for concept

= Detect the recoil spectator proton in polarized deuteron:
eliminate large dilution
= Only photon detectors needed
= Challenge: Optical properties of polarized target material
= Previous attempts at Mainz struggled to detect a few photons
guided out of the cryostat
— Was both a detector and target material challenge
— SNSPDs solve the cryogenic detector problem
= Can we use the standard material for JLab: ND3
= Replace walls of target cup with SNSPD devices
— Can a5 MeV proton recoiling in the standard ND, target
produce enough photons to escape to the cup permeter?
— Range in LHe is about 0.5cm
— Would introduce little new material to the RGC target.

SENSors

"%, u.5. DEPARTMENT OF _ Argonne National Laboratory is a
q ENERGY U.S. Department of Energy laboratory 2 8
Yt managed by UChicago Argonne, LLC.




Micro Range Telescope for Active LHe Target

= Measure kinetic energy of recoils LA
= # layers, material thickness and size depend on application L

= Alpha recoil: low density, few um spacing L —

= Low energy proton recoil: few 10s um spacing

= Vertexing/tracking for higher energy particles ) 10 — 100 pm

|_"L_ digital readout
N

= Alternatively, leverage scintillation properties of LHe and excellent SNSPD

: : Range . Eod
time resolution to create ultrafast photon TPC Telescope o Niee

d = aNyits
readout planes
a

<%

Sampling
Calorimeter Eo Z E;
B vy a through SiN
2 Mev E

10?
analog readout
background /
1600 —
13003 10 Imaging E x Z E;;
1 = i -
90 £ Calorimeter ij¢bg
46183 I E AAAAAAAAAAAAAA Sum excludes
200 ] background
g -1
) 10° 4 readout pixels
background
Ry 5
* Digital E x N
2 lori
X/, 3 Calorimeter ~
w 0 T — T — p~1
K 10* 10° 10° 107
k@)ENERG Ui Department of Energy laboratory Eq[eV]
managed by UChicago Argonne, LLC.
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Measuring the Neutron Spin Structure Function

The polarized EMC effect for the neutron g."

The polarized EMC effect in the neutron is challenging:

= Sign change in g," (x), location of zero crossing not
well constrained.

» Extraction of g1n from ®He and D is very different.

= D has a large subtraction of g1p, ie:

2
i_
1— 15wy 1 9

= 3He spin is dominated by polarized neutron but is more
deeply bound nuclear system:

n
gi =

3
97 = (nge - 2Pp9110)/Pn
P, =0.879 and P, = —0.021

7%, U.s. DEPARTMENT OF _ Argonne National Laboratory is a
@ ENERGY U5 2ersmentorEreroy ioracory 30
managed by UChicago Argonne, LLC.
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Polarized EMC effect LT e i
Looking at the neutron 15 L § e oot poleot IO
= Active polarized neutron target complements S12 | ! 0 = 5GeV?
polarized *He target in CLAS12 (C12-20- 002)5 e p =0.16fm
= Measure the best “free” neutron spin = !
structure function with the deuteron 08 |
= Form the pEMC ratio with the *He in orf o T~==
numerator 0 0.2 0.4 . 0.6 0.8 1
= Is the zero crossing of g." useful to measure? g 006 [ TN T s Tt
= Sensitive to non-nucleonic degrees of g sy v w S
freedom g " L oo |
o 0.03 + : \ ,
g o NNt i
2000 Lo e S
R3He — gi’He m—0401_ -
As P, g’ ‘|‘Pp9119 0 0.2 0.4 . 0.6 08 1

I. C. Cloet, Wolfgang Bentz, and Anthony William Thomas.

[ EMC and polarized EMC effects in nuclei.
2 U.S. DEPARTMENT OF rgonne National Laboratory is a
@ ENERGY ..oy siiss et 31 Phys. Lett. B, 642:210-217, 2006. Argon ne o
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Polarized Target Material

Finding the best material

Material Pros Cons

ND, Used for RGC beads and optical properties not
well understood

d-Butanol easy to polarize radiation damage

d-Polyethelene

mechanically sound, easy
to polarizem,optical
properties favorable

radiation damage unknown

LiD

Easily formable, radiation
hard

relatively opaque

32
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Applications at JLab
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DOE already invested in SNSPDs at the EIC

A microelectronics co-design project

Cryogenic operation
Large channel count
Pico-second timing
Photon resolving
Position resolution

Particle tracking and ID

[S)_arkI Maﬂer ) Power optimization
ingle y imaging . Multiplexing
Spectroscopy Oﬂogemc Sensorg Impedance matching

Material science Discrimination

Event selection and
feature extraction

ENERGY DISTRIBUTION

OF THE UNIVERSE S\

2
FL
\

Fabric
ation

Integrated
sensing

and edge

begiomid computing

Low-power, low-noise
front-end

High speed time tagging
Large channel/pixel
count

Low latency control of
superconducting
electronics and detector
Edge computing and feature extraction
Data buffering and high-speed links

Hybrid bonding ===
Monolithic integration
Superconducting interconnect technology

(Indium BB + superconducting multi-chip interposer)

s

5. DEPARTMENT OF _ Argonne National Laboratory is a
ENERGY US. Department of Energy laboratory
managed by UChicago Argonne, LLC. 34

feedback

Hybrid Cryogenic Detector Architectures
for Sensing and Edge Computing
enabled by new Fabrication Processes

And many other projects

d( nTron ] [ cryo-CMOS ]

Superconducting
Detectors

. a
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SUPERCONDUCTING NANOWIRE DETECTORS

FOR THE ELECTRON ION COLLIDER

Successful proposal (2020) for EIC Detector R&D at BNL: eRD28
BNL EIC Detector R&D Committee:

Superconducting nanowires have never been deployed in
a patrticle or nuclear physics experiment to our knowledge.
As such, this proposal represents a true spirit of detector
R&D. This project will have to solve many issues before it
would have a working detector as indicated above. There
are interesting synergistic activities with other projects
under this program such as the polarimetry measurement.
The idea to test a device in the Fermilab test beam and
study the response to protons, electrons and pions is a
very worthwhile exercise and would provide new
information. We strongly recommend that at the least this
aspect of the project is supported, funding permitting

\ -+ Will demonstrate the detection of low energy particles
‘ from radioactive sources at high rate and in high
magnetic field.
» Fabricate a small pixel array for high energy particle
detection

35
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EIC-related Generic Detector R&D

e Proposed R&D radiation hardness tests of SNSPDs, Submitted in July 2022
superconducting electronics and cryo-CMOS
1. Irradiation at LEAF (total of 1 week) SR P S i

T ASIC + nTron + SNSPD
Co-design cryostat 4 ’

a. Radiation hardness of SNSPDs PO mprman el
[l /_M
b. Measure onset of change in performance L -
n-going proje¢ts

CD2/3A €h3

c. ldentify upper limit for the onset of defects ; ; - N

3
. . FY22 FY:23 FYl24 FY:25 FYI26 ’
and device failure. 7! \

2. JLab test-bed

Future R&D ~L

First results LEAF Prototype Develop Proof of Prototype

. with 120 GeV Im\diﬁtion cryoCMOS gjﬁlg high-impact concest cryoCMOS
a . B ase I I n e ba Ckg rO u n d e rro r rate ‘KIE)ITOE;‘ Test I[A)zigérveld) Tests ((i:zlnc:ctg{ demonstration gzilcve(xye?

for superconducting shift registers
b. SNSPD efficiency in high radiation environment
c. Single Event upset cross-section

for prototype cryo-CMOS ASIC

%, U.S. DEPARTMENT OF  Argonne National Laboratory is a
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Summary and Discussion

= Nanowires can enhance the EIC science program

= Alot of R&D needs to be done to realize detectors at the EIC
= DOE is already invested the success of SNSPDs at the EIC
= There are approved EIC-Related Generic R&D

What are the next steps in realizing nanowires at the EIC?
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Thank you!
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Backup
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Strong Magnetic fields and high rates
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Particle Detection Status
At Argonne we have detected photons, alphas, betas

Approximate Energy loss in

Particle Energy Detected
100 um silicon 15 nm NbN
photon 01ev-2 all all v Demonstrating high energy proton
eV detection is the key test needed for
alpha 5 MeV 5 MeV 9.1 keV v the EIC
beta 1 MeV 15 keV 15.8 eV v No show stoppers expected...
electron 100 MeV 100 keV ~100 eV 2

proton 120 GeV 40 keV 24 eV ) See Adam
McCaughan’s talk.
pion /muon 10 GeV 30-45 keV ~20 eV
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