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General Working Group Overview
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Future is bright

|Now . | e
2026 2033-2035 2037 of B
JLab Moller 2030 EIC JLab 22 GeVl 2040+ 0%} Z
JLab SoLID LHeC FCC 0l B
2032 JLabe’ FCC-ee |
ElcC FCC-he |
Super Tau i d
Charm Factory 2038 ILD

EIC Detector 2

Long Range Plan (LRP) efforts:
e The European Committee for Future Accelerators (ECFA) LRP (Invited, couldn’t come)
2023 P5 Report (Invited, couldn’t come)
The Nuclear Physics European Collaboration Committee (NUPECC) LRP (here)
2023 Nuclear Science Advisory Committee Long Range Plan for Nuclear Science (talk cancelled)



NUPECC Long Range Plan Process il sunee: ™

Rl in operation
Rl under construction
Smaller-scale RI

» May 30, 2022: Call for community input (5 pages) for the NUPECC Long Range Plan 2024 — Deadline: Oct 1%, 2022
» January 2023: Formation of Thematic Working Groups (TWG) to analyze contribution received (153)

E—l. Hadron Physics j i 6. Research Infrastructures E
2. “Strongly interacting Matter under Extreme Conditions 7. " Applicafions and Societal Benefit
3. Nuclear Structure and Reaction Dynamics 8. Nuclear Physics Tools
4. Nuclear Astrophysics 9. Open Science and Data
5. Symmetries and Fundamental Interactions 10. Nuclear Science — People and Society

» April 3,2024: Draft document released to the community (370 pages)
» April 15-17, 2024: Town Meeting (Bucharest, Romania) - https://indico.ph.tum.de/event/7593/

» Final document: Fall 2024

I Recommendations for Nuclear Physi
| - Thefirst phase of the international FAIR facility is expected to be operational by 2028... The completion of |
l the full facility including the program of APPA, CBM, NUSTAR and PANDA sholimbuigqmuﬂpqﬁuej_ T Uy
I + Timely completion and full exploitation of [] GANIL/SPIRAL2 projects should i Existing facilities: We recommend the continuing support of the successful hadron physics programs in
2027/28: First experiments with S-FRS and SIS18 + Nuclear physics opportunities at CERN (ALICE 3, scientific exploitation of |50|_i fEaucri(IJiz:::i-the participation of European groups at global facilities. Particularly important hadron physics
APPA Cave  2028/29: 515100 and CBM I. ELI-NP (Extreme Light Infrastructure) — nuclear photonics ) |
~2030*: Completion APPA cave and S-FRS P o AMBER at CERN
—— hvaiable nfastructure _pbar low-energy branch (with AGATA) I - 150L facilities in Europe (ALTO, IGISOL, ISOLDE, SPES, and SPIRAL) and future ! o ELSAin Bonn, HADES at GSI, MAMI and MESA in Maing, all Germany
st thed Beyond 2030: p-LINAC, CR & HESR 1 TATTOOS@PS|, and RIB@IFIN) | o lefferson Laboratory in Newport News, USA |
;A’SSVI i:;i?f;;n‘”‘ e w""hg l * Explotaition of large-scale stable beam facilities (FAIR/GS|, GANIL/SPIRAL2, IFI Furthermore, we recommend the support of ongoing hadron physics activities at the multipurpose facilities |
»ies * Depending on the availability of funding smaller ones... | Bellel, BESN and the LHC. 1
A 1. Exploitation and optimisation of the European lepton beam facilities, including
. I Eoirﬁli:;It?gnoéft::eMME;ANES:tg;?: ;Zsi:tlgra];lEtEinljltZrzﬂrueocr;riersgz’;:imea’ Future flagships: We recommend the expedited realisation of the antiproton experiment I
Draft dOCU ment released tO the commun |ty (370 pageS) 1 P 4 E : | PANDA, and the support of European groups to contribute to the electron-ion experiment ePIC. 1
. . . * Neutron facilities like ILL, and n_ToF at CERN...
- . - | |
Aprll 1 5 1 71 2024 Town Meetlng (BUChareSt5 Romanla) I * Theory centres and groups should be strongly supported throughout Europe,I Theory / Computing "
IH H Centre for Theoretical Studies (ECT*, Trento, Italy). -
https://indico.ph.tum.de/event/7593/ I ‘ v — e — — — e — — e — m e ———— - ===
1 + Collaboration with non-European infrastructures should be fostered. In particular, European participationin | 4

the construction of the ePIC experiment at the future [...] EIC is recommended. e
o o e e mm mm e e mm mm mm e


https://indico.ph.tum.de/event/7629/contributions/8953/attachments/6020/8072/Full_LRP2024_Report_03042024_clean.pdf
https://indico.ph.tum.de/event/7593/

Positron Program (Physics) and Ce+BAF (accelerator) at Jefferson Lab
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Positron Program (Physics) and Ce+BAF (accelerator) at Jefferson Lab
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This list is not exhaustive but only indicative of the current proposals.
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Luminosity Frontier with 22 JLab GeV

Used to study important aspects of the gluon structure of the
proton ..based on some ;™

- gluon GPD, gravitational FF assumptions (mainly 2-g &
- mass radius of the proton, exchange)

Photoproduction of hadrons with charm quarks: a new tool for discovery in QCD

= a unique method to probe the gluonic structure of Tetraquark candidates, XYZ
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the proton states, observed in B decays, :
. i : . e*e colliders but their internal £z anomalous contrihution to the proton mass.
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SoLID Experiment at JLab 12 GeV
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CLAS 12 Luminosity Upgrade at JLab 12 GeV

HMRWELL sector mounted on R1 DC

1465

Module #1

Module #2

Module #3

p~10-100 MQLT

Design Luminosity:
= 1035 cm-2s-
Physics targets:
» LH2, LD2, LHe, LAr

= D, 4He

» 12C to 208Pb

» Polarized NHs, ND3 6LiH, 7LiD,

upgrade

103" cm2s™

3He-gas
First experimental measurement with Started in 2001, PRL 87, 182002.
CLAS12 PRL 127, 262501 (2021) Now is the flagship physics program
Hard scale is defined by Hard scale is defined by
TCS time-like photons space-like photon DVCS
JLAB Flagship program — @ ’
accessing GPDs through R @ y
measurements of beam/target ¢ = " o ’
asymmetries and the cross e s ReM(&,t) = PV /:\MG’(E,I)H(I»L 9 o
sections of Compton e o =2 W
processes (TCS and DVCS) TEeEr ) Im H(E, t) = inH(§,€,t) z w—y \E=¢
= SR )
¥ Access to the Re-part of ) A Ny

Jefferson Lab at the
luminosity frontier is the only
place in the world DDVCS
can be measured!

uCLAS12 in Hall B and SoLID
in Hall A are the two

proposed facilities capabl

of carrying out such
measurements. P

DDVCS

time-like photons can -
set the hard scale z+§€

the Compton amplitude

e -
£
+1 3}
;{ Lo / dr%h_
Both space-like and sl 2 1 z—( ) +ie

26-¢€)

H(2¢' - &,€,t) + H(—(2¢' - §),&,1)



Super Tau-Charm Facility in China (2032)

% Inner tracker (two options)

Muon Detector Magnet Electromagnetic Calori 291cm
; » MPGD: cylindrical MPGD
Iron York/MUD » Silicon: CMOS MAPS
g < Central tracker
185 cm e .
s I e H g » Drift chamber
an § % PID
‘ » Barrel: RICH with CsI-MPGD
2 RLELELL == 20 » Endcaps: DIRC-like TOF (DTOF)
Particle Ide st i < EMC
Central Tracker > pure Csl + APD
ot Py Ay % Muon detector
=7 _ P = 55 &8 & » RPC + scintillator strips
* E.,,=2-7GeV, L >0.5x10% cm 2s"! 5 + Blamet .
* Potential for luminosity upgrade and a polarized electron beam Solid Angle Coverage : 94%s4r (9~20°) > Super-conducting solenoid, 1 T
e Cylindrical MPGD (uRWELL, uRGroove) pslspanund athuiNi
g~ F EFAT . #¥kapton/2 2. PMIIKSE 3. Vi LR ‘
% = B New opportunities P—r g 3
| °E in 5-7 GeV E—
= LW
i n . ) k Lg% Iy
N ] 1 E « 1 i
© E ¥
-4 E QU Dy andiy's f*fv—*;"{' .‘{‘_ z - =
L N e . VI H AR S\ X HHE
10 > 3 4 5 7
Vs (GeV)

* Nucleon/Hadron form factors

*Y(2175) resonance

* Mutltiquark states with s quark

* MLLA/LPHD and QCD sum rule
predictions

* Light hadron spectroscopy
* Gluonic and exotic

* LFV and CPV

* Rare and forbidden decays
* Physics with t lepton

* XYZ particles

* Physics with D mesons
« fy and fp

U D(;DO mixing

* Charm baryons

* New XYZ particle
* Hidden-charm pentaquark
* Di-charmonium state

* Charm baryons 3 Y \ A :
« Hadron fragmentation #EREMicromegas




Muon-lon Collider

(option 2)

/ Muon acieration

(optlon 1)

\ Muon acceleration

Parameter 2 (realistic)
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Muon system

Precision timing everywhere
PID over wide p range

Far-backward Silicon Tracker PID n~ 2.4
muon system (w/ timing) i< B2
D DH """"" p/A 1 -
n € (—=7,-5)? — . "
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beam pipes? (to be verified)
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Origin of nucleon mass

3D Nucleon imaging

Distribution of gluons
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Nucleon spin with
polarized beams
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LHC Upgrades

Peak luminosity [1 034cm'23"]
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Muon Spectrometer Inner Detector

NEW

Inner Tracker, coverage
up to |n|= 3.8, reduced NEW

material

- \

- \
|

heID : | calorimeters

Magnets
Trigger requirements are

driving most of the
electronics upgrades

calorimeter ‘

CMS

NEW
MIP Timing detector
precision timing for
pileup mitigation

The HL-LHC programs challenges the detector and detector electronics in
many aspects, including high radiation doses and high pile-up

Upgrades are underway to provide new detectors and read-out electronics to
ensure the high efficiency and high-quality data taking in HL-LHC era

Many projects entering pre-production or production phase

Higgs Factory:
150 Million Higgs and 120k HH =

3 Billion top/exp

P HLU Y

now
LHC HL-LHC

13.6 Tev 1AES 13.6 - 14 TeV

energy

Diodes Consolidation
LIU Installation

splice consolidation
7 TeV ﬂ button collimators

inner triplet HL-LHC
R2E project

interaction
I? pilot beam radiation limif installation

510 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

nnnnnn I Lumi 2xinominal il ALICE - LHCb 2 x nominal Lumi HL upgrade
S o 2 < nominel L)
upgrade
integrated [
luminosity JERIIVET

Civil Eng. P1-P5

3
)
B
£

DESIGN STUDY 7 PROTOTYPES = CONSTRUCTION ‘ INSTALLATION & COMM. HH PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS
k Phase-I Phase-ll 12




LHC Upgrades - CMS

Expect unprecedented amount of

radiation

* doses of up to 1 Grad

 fluences up to 2 x 106 n./cm?

* Rate up to 3 GHz/cm?

Higher Pileup (~200)

Timing Detector MTD (Barrel & Endcap)

4th dimension for pileup mitigation

e Thin layer between tracker and calorimeters
e MIP sensitivity with time resolution of 30-50 ps
o Hermetic coverage for |n}<3.0

ENDCAPS

Surface -

Number of channels  ~

Radiation level ~2x10" n, Jomt
Sensors: Low gain avalanche es

Upgraded Tracker \
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CMS p-p collisions at 7 TeV per beam

" 1 MeV-neutron equivalent fluence in Silicon at 3000 fb!
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CMS FLUKA Study v.3.7.9.1

A 5D imaging calorimeter

High Granularity
Calorimeter
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LHC Upgrades - ATLAS

m Phase-Il upgrades

Pixel Inner

ATLAS Inner Tracker (ITk) - new all-silicon

= r—rrrrrrr[rrrrrrr T i S 7T ]

‘ E 1400 ATLAS Simulation Preliminary |
/ = © 1Tk Layout Strip System }
I 1200 n=1.0 :j7// - = |
1000k . .

r n=20

¢ 800 -

5 r ]

y - 1600\ L =
A 400" =i
N\ 2001 \ e n=40 1

‘ - - 1Tl 1 PR I I
00 500 1000 157" /2000 2500 3000 3500

ATL-PHYS-PUB-2019-014 [ .

( Pixel System z[mm]

ITk strips: complex system, production of multiple
components, strict QA/QC, multiple institutes worldwide

— “ERN

arrel system test at C

Tracker Completely new Inner Tracker
(ITk), comprised of Pixel and 4';,[]
Strip sub-detectors
Calorimetry On- and off-detector electronics
replacement for 40MHz
continuous readout
Muons New muon chambers and
upgraded electronics for o
continuous readout
Forward New luminosity and timing =
detector (HGTD), upgrades for
other detectors
Trigger & New architecture, electronics
DAQ and software Inner Delector => Pixel Endcap gi:lile?uter Layers
All-silicon Inner Tracker
23000, U I B SR R L S RN
'§ E ATLAS Simulation Preliminary ]
< 2500( ITklayout: 23-00-03 ]
§ Lt p>1GeV ] oy
5 2000 —~— Run2i<z4, (=38 1 ITk pixel: new sensor  Outer Barrel
5 L —— ITk hi<2.4, (1)=200 A technology, readout FE  * l(-lghlétrlailst;yaerzz pnf cfllitesét?:nzss
S 15000 — 0, & ; ) incli i
2 500: ITh Ini<4.0, 4)=200 ] chips, other ASICs. * 4772 n-in-p planar quad modules
r o A Inner System ¢ 6.94 m?
1000 %% s ] + LO-L1 layers of flat staves and rings:
r w7 M ] * 2600 modules Outer End-cap
L S - _ 2 5
500F o - * 24m : ¢ L2-L3-L4 layers of rings
r & + L0:3D single modules, radius = 39mn . 9344 n-in-p planar quad modules
L T * L1: n-in-p planar quad modules . 364m?
% 50 100 150 200 250 300 * Replaceable @2000 fb* '

Number of interactions




LHC Upgrades - ATLAS

EM and Hadronic Calorimeters ‘ ety sl Upgrte | 1o i Learning

Calibration Board LAr Timing System (LATS) . .
: — outperforms Optimal Filter,
e New on- and off-detector electronics EM foved e ﬁ especially for overlapping
signals, ongoing
Super Cells Rl = implementation in FPGA
LAr Signal Processor (LASP)

2

Digitization at
40 MHz

8

S

ez [z

50 i
11

I
oo i |
A

V g
L%
H
G2
]
g

Trigger Towers n i N
03 Layer 2 LAr Calorimefer O
® anao = 0.02510.1
g
&
0
Layer 1
vt = 002501
Layer0
h e = 0.1

Legacy from Phase | Upgrade of EM LAr calorimeter:

10-fold increase in granularity (5k trigger towers — 34k Super Cells)

[

=
0 00200 300 400 500 600

32
3s

omeerF1AAroONIc Ongetector

40 MHz

HV Distribution Board
1 MHz (Underneath)

Mainboard (MB)

Detector 7 .

e e Trigger and DAQ

° Single-level HW trigger at 1 MHz

° Detector read-out with 10us latency at 5 TB/s (FELIX)
° 2.5-25 Gb/s optical links

Calibration & Control

Production phase in many areas,
Some already completed and delivered



LHC Upgrades - ATLAS

—
RPC FE ASIC prototype

NpM, VMEuav-

o Barrel Inner (Bl) RPC+sMDT

o  End-Cap Inner Layer (EIL) TGC
e Upgrade of readout electronics Upgrade of power systems
e Extensive integration tests in multiple sites

e Upgrade of several types of Muon Chambers o |11 e ) ' e i ARt MW F.

New sMDT chamber tubes and test of chambers after>pr’oauction

High Granularity T|m|ng Detector

2 wheels

4 instrumented
layers

Beaml

Beam2

Q1 Q2 Q3

140 m

(not at scale)

] ST
E =
o S o
c o c
£ &9
=] TS
3 23
LUCID-2

LGAD sensor ALTIROC-A
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LHC Upgrades - ALICE

Muon chambers
FCT

ECAL
RICH

Absorber
Magnet

High luminosity for ions

2022 2023 2024 2025

ALICE 2

TOF
Tracker

Vertex detector

See L. Huhta’s talk
CERN-LHCC-2020-009
CERN-LHCC-2024-004

ITS3: new ultra-light, bent layers made of wafer-scale 65 nm MAPS

Air cooled, low material (0.05% X)
Interest in this novel technology by several other experiments, e.g. ePIC

Truly cylindrical layers
Open-cell carbon foam spacers 1

"

Thinned Wafers are
bent and held together
by carbon foam

FoCal

ALICE designed to study the microscopic
dynamics of the strongly-interacting matter
produced in heavy-ion LHC collisions

e Ambitious upgrade program

High luminosity LHC Higher luminosity for ions

Run 5+6

2029 2030 2031 2032 2033 2034 2035

ALICE 3

CERN-LHCC-2019-018
CERN-LHCC-2024-003

CERN-LHCC-2022-009

Tracker (Middle layers
and Outer Tracker)

\\ \ ~ ~70 m?2 equipped with MAPS!
@ — Industrialisation of the
So— module assembly

The Forward Calorimeter (FoCal):
highly granular Si+W EM calorimeter
combined with sampling hadronic
calorimeter

=

* 2ALPIDE pixe layers
+ Monolithic Actve Pixel Sensors.
« pixel size of ~30 x 30 pm’

« two tested prototypes (HIC,CT)

+ length ~110 cm
» readout with CAEN DT5202

Test Beam 17



LHC Upgrades - LHCDb

Tracking Detectors Upgrade Il

Side View

Magnet &

Magnet Stations ~ sciFi
&Spfcos

11/27/2022

Vertex Locator (VELO) i

» Pixel with timing Magnet Stations (MS)
» New RD-foil » Scintillating bar

» 3D, LGAD, 28 nm > Low P particles

Tungsten i 9

Upstream Tracker (UT)
» MAPS CMOS pixel
» Radiation tolerant

Xuhao Yuan, IHEP

LHCDb is focused on flavor physics and beyond

Upgrade I: installation completed
Upgrade lI: starts in LS4, R&D now

to fully exploit HL-LHC

PID Detectors

Might Tracker (MT)
» MAPS CMOS pixel (inner)
ep SciFi (outer)

RICH1, RICH2

» Reduced pixel size

B > Add timing information
B > sipm, McP

Muon
» MRWELL for inner regions

» MWPC for outer regions

2024/04/09

TORCH

» To enhance PID capibilities for
soft particles

» Measure light angle, path lenth
and TOF

o voan, 1ep | > SPACAL with radiation hard crystals

& scintillator _ e=== mirror
@mm— absorber @ light quide

front
——> Beam direction

» Space & time, longitudinal segmentation

5D Calorimeter with precision timing-

mmlead  scint maWLS /

PMT [
|ANNnN

E

[ scintillator === mirror
I absorber 1 light quide

frant hark

PMT

Time resolution (SpaCal)

1 Time resolution (DESY and SPS)

7

E —+— DESY - Front 2 X . 3 s
“F —+— DESY - Back FMEN ShaShhk ¢ i emoun
80p- — — DESY - Weighted Average SRR Y FU—
70E4 —e— SPS- Front § L

E —=— SPS - Back © b \
L —— SPS - Weighted Average £ Wy R LHCb upgrade Il
sof wof- [y L

E [
- LHCb upgrade I o Y ;
sof- b

E L.l 40— = S tias

E C i 0 3 + TiglE
T L e

3 F] i @ W 100 - 1

Beam Energy [GeV] 1 10 Energy 6 M



Electron lon Collider

(Polarized)

lon Source

Luminosity (cm?2s™)

1034

10%

1032

EBIS

e-N Center-of-Mass Energy [V(Z/A) GeV]

— — 100
Tomography (p/A)
Transverse Momentum
Distribution and Spatial Imaging
- Y =110
S of the
ei
Internal Landscape QU"
= of Nuclei D =11
| |
50 100 150

Annual Integrated Luminosity (fb™)

Electron-lon Collider: The Next QCD Frontier
1st detector: ePIC
2nd detector at IP8 - still conceptual

Proton:

o § EICY 10 on 100 GeV (100 fb-')
030 4 GlueX /iy, R. Wang et al. (2020)
§ SolID Jiy Pojection
028
026 :
- | i
2o
022
020
018 ' |
Mass |z =
WES 6 7 85 Wi # 5
W [Gev)

Nuclei:

B

09 08 07 060504 03 02
002 T
0018 oAu- Saturaton Mol 022500V

& — oo Sal ol e

% oot6f 8 onu-sn odel (LTS) =

3 — o0 Shadowing Model(LTS)

S oo gy 15.GeV on 100 GeV.

Foonf 4 + % fLdt=1foVA

3

£ oot

3

5 ome S

3 006

S oo0t

~ oo

ratio (eAulep)

shadowing model (LTS)

1 10
MZ (GeV?)

2

DSSV14 dataset
1.5+ +EICDIS 5 = 45GeV
| I EICDIS V5 = 45 - 10 GeV

(Ag+1/24%)
S
NN
o
s =

Spin

06 04 0.0 02 04

=0.
1/2- (89 +1/288) dz

T T T
» Vs=40 GeV -
4 Vs=63 GeV *
3 o V5=90 GeV e
: 1
1) . i
T !
5 R R o
Sos S S S e
= e, A
0] s
06
. . L .
04525 3 a5 4

A¢ (rad)

non-linear QCD effects - Saturation

Quark transverse momentum (GeV)

coordinat
e space

—m
susge
3d-Imaging w52 TE L
of nuclei  wh = 1
_ 5x110 Gev i
'éui new binning
nPDF
& 20 i
€ 3
S 5 ‘/S<90Ge\lf w
E 10°
1 T S
% It1 (GeV)
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£
& 00




Electron lon Collider - ePIC

Length x Radius = 9.5m x 3.3m ePIC detector geometry database: https://eic.jlab.org/Geometry/Detector/
Tracking: MAPS, MPGD, AC-LGAD*, BIC*
PID: dRICH, pfRICH, DIRC, AC-LGAD
Calorimeter: EMCAL, HCAL

Luminosity: 1033 - 1034 cm2s-"
Center-of-mass energy: 28 - 140 GeV

p/Abeam electron beam
p: 41, 100 to 275 GeV hnigh Q pol e : 5-18 GeV

Solenoid (MARCO):
Central field: 1.7T (up to 2T)
Bore diameter: 2.84m

sy medium x
Q@P \e\iogﬁ — o ePIC Detector Overview @ DIS2024
&7 < G
©=135° O =450
= _ e ¢ePIC is scheduled to begin running in 2032
s e (CD3 & Construction to begin in earnest in 2025
- ' e i I e A 2nd Detector at IR8 is foreseen with generic,
é z expanded and unique capabilities
luminosity detector Far-forward: particle from (R&D funds available) 20

nuclear breakup and

low Q2 tagger :
exclusive process



Electron lon Collider - ePIC

Requirements:

TraCking SyStemS e High pattern recognition efficiency

High spatial resolution

[ ]
*support and service structures not showing e Low material budget
[ J

Good time resolution

| RWELL-ECT |  |pRWELL-BOT| |CyMBaL| | yRWELL-ECT |

R D\
—"'
SVT Endcaps SVT OB SVT IB SVT Endcaps

2

— Baseline technological choice for the sensor:
MOSAIX sensor in 65 CMOS technology
being developed for the ALICE ITS3 upgrade

SVT sensor area is much larger (~8m2)!
AC-LGAD Endcap |, Adapt the ITS3 MOSAIX to develop
EIC-Large Area Sensors (LAS)

AC-LGAD Barrel |

Silicon Vertex Tracker (SVT):

Monolithic Active Pixel Sensor (MAPS): ~20x20um

3 vertex barrels: ITS3 curved wafer-scale sensor, 0.05% X/X,

2 outer barrels: ITS3 based Large Area Sensors (EIC-LAS), 0.55%

X/ Xo

5 disks (forward/backward), EIC-LAS, 0.24% X/X, 21



Electron lon Collider - ePIC

PID Systems

p (GeVic)

-
o

-

0.2

- PYTHIA €(18) + p(275)

-4 -2 2

S

et

L

[«— — — aerogel container
4 — — — acrylicfilter

— — inner conical mirror

Fused silica
prism

Focusing lens

— — — — outer conical mirror

AT outer vessel shell

Barrel TOF:

L=2.4m

500 umX1cm strips
(1%X0)

Forward TOF:

Fused silica

~ ™ hpDIRC

Sensors

Photon sensor

Focusing
Radiator bar ~ Lens

$21U04323|3 INOpedY

=

dz < 10cm

500 umX500um pixels
(~3%X0)

AC-LGAD sensors:

° Space resolution: 30 um
° Time resolution: 20 ps



Electron lon Collider - ePIC

“Backward”

p/A

Backward EM: PbWO4
read out by SiPM

PC8

adaptator \

Gain monitoring with
an optical fiber
(1 per crystal)

Assembly of
4 crystals

Assembly of 16
crystals

1]
1T

I e
One cable per PCB adaptator |

SiPM 4x4
per crystal

Unique calorimetry designs to meet the varied
demands of the different detector regions

Barrel EM: Hybrid sampling
Pb/SciFi + Silicon pixel

“Forward® sensors (AstroPix MAPS) %

8M Tower Argenne &

4M Tower : SEan
- L=

insert

Fwd Insert

Fwd EM: Tungsten + Fwd HAD: Steel + Scintillator SiPM-on-tile

SciFi SPACAL

e Pioneered by CALICE analog HCal
e Ideal for particle-flow measurements! 23



Electron lon Collider - ePIC

« The extended detector’s array required to enable primary physics objectives:

Semi-Inclusive DIS Exclusive DIS

é

P - I_l —————— e L
Electron beam Hadron beam
Forward beamline _

BO detector
Luminosity monitor 5
Low Q- taggers

trackers

Far Forward - Far Backward Detectors:
integral part of the ePIC physics program

24




Detector Il at EIC

Ciovuun
Storage
Ring

EIC

Possible
2" Detector

| Location

Hadron Project El
Storage Detector
Ring Location

Electron
Injector (RCS)

Enh

anced p detection

Motivation for Two Detectors at a Particle Physics Collider

Paul D. Gmu.u.i.ﬂ and Hugh E. Montgome
(Dated: March 27, 2023)

1minum sheet

It is generally accepted that it is preferable to build two general purpose detectors at any given
collider facility. We reinforce this point by discussing a number of aspects and particular instances in
which this has been important. The examples are taken mainly, but not exclusively, from experience
at the Tevatron collider.

x-layer Support profile

lon fragments from 238U

accepted X Vs m

DVCS photon distribution ’ 100 [1R6: D, = 167 cm
10x137.5 [GeV/A] “He 100, = 6.1 cm
107 80
102 ° e
N 60) It 3
10° g_ (S} [S)
o (O] (0]
104 = ] et
Q 40 [} [
10° - (@] (]
pre) 20| . ot ;
7 - " 4 l'.
10 o 3 . » ‘ !
s o0
sition at RP1

Det |l

IR8: Dy = 38.2 cm
1 0

25 10

0 5
X position at RP1 [cm]
X position ~ A/Z



ElcC: Electron lon Collider in China

ToF | [EMCal] [ ToF HCal ] [TCal E —
Proton/ion
gl lon-FWD
I EMCal
b 10-20m ~3m ~5m ~30m
# +z
» Energy in c.m.: 15~20 GeV 0 =
» Electron beam: 3.5 GeV, polarization ~ 80% ! Nucleon spin structure:
. . 5 EicC is optimized to systematically explore the gluon
» Proton beam: 20 GCV, polarlzatlon ~70% q \ and sea quarks in moderate x regime
> Luminosity: =2 x 103 cm?2-s! X At a crucial place between JLab and EIC-US
» Other available polarized ion beams He++ P/A T ; 3 .
. . . o artonic structure 1n nuciear environment:
.7 + 1206+ 40420+ 197 79+ 208pRH82+
» Available unpolarlzed ion beams: 'Li ’ C ’ Ca ’ Au ’ Pb®2" Parton distribution in nuclei at moderate x
Fast parton/hadron interaction with cold nuclear matter
<o’k EIC 10 x 100 GeV?
8 O ¢ Exotic hadron states:
‘S [ [ Jeccasxa0cev % Independent confirmation of hidden-charm pentaquarks
5 102} JLab 12 GeV Q@p and search for hidden-bottom analogues
2 & . Exotic hadron production: final particles in mid-rapidity
S <
[= &@ 159“(9
E 1of g Proton mass / quarkonium production:
% JJ’” Systematic investigation of Y near threshold production
E & Complementary kinematic coverage to EIC-US
= g i & Combine with J/y production at JLab 26
10 10° 1072 10" 1

Fraction of Momentum x



LHeC

X [m]

Standalone Higgs, Top,
EW, BSM programme

- General purpose
particle physics detector
- Good performance
for all high p; particles
- Heavy Flavour tagging

Precision proton PDFs,
including very low x
parton dynamics in ep,eA
- Dedicated DIS exp’t
i =1 > Hermeticity
141 | > Hadronic final state
L “'! resolution for kinematics
- - Flavour tagging / PID

[

Qo Q1lA|| Q1B

s ~L

17

Horizontal Distance from Electron Beam (mm)

=ea ’; o:‘ DIPOLE ;”;
-0.15
=15 =10 -5 0 15

o 5 1
Distance from IP [m]

e > Beamline instruments
Synchrotron mitigation with elliptical beampipe,
collimators and absorption on the Q0 o



LHeC and FCC-eh

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic

[Nottoscale)

Underground Infrastructure

et Lt S Parameter Unit LHeC FCC-eh
a CDR Run5 Run6 Dedicated E,=20TeV E,=50TeV
P P
E. GeV 60 30 50 50 60 60
N, 101! 17 2.2 2.2 2.2 1 1
d € fom 3.7 2.5 2.5 2.5 2.2 2.2
\ L mA 64 15 20 50 20 20
] i N, 10° 1 213 3.1 7.8 3.1 3.1
/ B* cm 10 10 7 7 12 15
/}g’ Luminosity  10%3 cm~ 5 9 .23 15
v —_— ] : |—
Top physics: CKM
7 ® At the LHeC, limits on several CKM e — —
9/2022 )0+ matrix elements can be set using single Uciopwa 1 el - G222 o singetop auark procucion <!
Hettoseate % 5 . NLOSNNLL MSTW2008ni0 J S———
top production (Vu to 1% at LHeC EAB3: 3810) daigga Pro 2 oo osadns, (1 o0
and FCC-eh): polarisation essential. Pt
R 1 - " 1Vl + (meas) + (theo)
DIS at /s ~ 1.3/2.2/3.5 TeV, |Zdt~1-2 ab™" ~ 1000 x HERA ez - 002000
i CLASa g ssoa2 ssom e LSGEAIFL 00
X ATLs 13 Te [S Ev— 10740094002
i Sl s20)
- - ” B Mg s e ev N S 1020 £00%0 0010
s e tt42026£00¢
0.245 RCE B ing T T P FLEIngeh 5:115%!'3)% USIBTEY oy ———t 0940072004
P —
A Particle Threshold e e ATEAS.CMS A Tou
* Measurements - -
+ Proposed FCC-ep Ve Vis nggs IN eP - clean S/B, no pile-up
SLAC-E158
0.24 !llv E Verm =|Vea  Ves
listic HFL tagging & BDT "
+ Vie Vis :ea e e @ L1000 1 § :‘i’t: :%’_‘;'0
= Qweak ")/ (& 5° wislnes L=
Z 4 ) o
== APV S 2 [l | W H=o/og, Hbb U.Klein
@ 15 Su/u(Hbb) = 0.8%
) 0.235 - - i 2% pHp . 1LLH O
e and 2% >
— 0.5EF other bgd —— CCh—bb
7] | B CC h— ¢
8 405660 |EEE CCZ—i
Mo Gev) | EEEE Y P Jii
f)/ — g o =R CCij
0.23 |-  MOLLER sLC ] (A £ "% | Hee 4 2 remaining Heb Eﬁgtz—n'i
80 .
1°2 Jsoro i Heesignal ———— Assuming
60F Znd with BDT>0 ATLAS
< light
0.225 sl - ol - sl L d ol aal p p 20 jet misID
10* 10 10° 107 1 10 102 10° 10 X s swtica=74%  efficiencies
i [GeV] | 3 Main systematic checks: variations of ibution and tagging 1 p




Backward DVCS on the pion in Sullivan processes

Different regions — different kinematics — different structure functions!
» Forward region — small t-channel: GPDs;

» Backward region — large t-channel but small u-channel: Transition Distribution
Amplitudes;

Figure: Exclusive ¢p — enm™ process description (S. Diehl and Joo, 2020).

29



Moller Experiment at 12 GeV Jefferson Lab

map E-0 correlation for ee scattering to detector ___ azimuthal field
) = 2 ~~ separates ee, ep,
" et and line of sight (y)
1 Oab=5-18 mrad

at detector plane

s B
TR wy«

Lab Angle (mrad)

in CoM CoM
vy, TN | | |
3 4 5 6 T 8 9 10 1
Lab Energy (GeV)

8
s
47 | packward | forward in
2

d

e
D‘\sf::‘ 0 3™
. 5 pe
Acceptance defining collimator

rate(GHz/uA/sep/5mm) vs r(mm)
°°“E[ Moller
OOVSE elastic
oot
oorzf-
£ J: ep elastic
g e
o 2na? /
n &
. S
09 ‘ ’
oot radial fiold component | S
0 stretches the larger  em)
4.5kW LH; cryotarget saa\ © ;
high powér,rﬁliqh sgtabilitv g 10" angles over the azimuth radial flux distribution

rate (GHz/sep/uA/(Smm)*2) vs xy(mm*2)

1
Vi Cherenkov PMT—‘_” ) / T\
PMT Light guide
Fused silica tlle
| P Radnatuve Tall
a
Light guide

Inelastic e-p

..Electrons & "
o |J_

Fused silica tile 0.7 m to central beam axis '




Moller Experiment Cont.

Illustration of signal and background distributions

APV

0.248

0.046]| —*— Eisting data

0.244

—4— Future fixed target projections

0.242

ring 5

0.2

=

FT T[T [T [T [T [T [T T[T [T T ITT

)

2 0.238
2

<

£ 0236
&

0.234
05
0.232

0.23

0.228

SLAC-E158

MOLLER

3
=
% ] SoLiD

el pg gg Ve i plosnyll vs en by

Tevatron

0.2261— -

x[m)

Monitor position differences and try to drive average position difference down
slugs 1-94, SIGNED null(Weins weighted equal), 94 slugs

Log‘o Q[GeV]

m. blue=Dx. roon=Dy

Sign Corrected Data

D, = Ax/2 = (yx )2 ﬂ"'“? f 1

't

- Dy
= Dx

time

Voltage controlled
beam direction
nm-level control
~Imile downstream

CREX: Compton + Moller polarimeter results, over the run

3 Summer
Right (In/Out)
L

1Spring
Right (In/Out)

2 Spring
Left (In/ 1)
1

relative
error

G,p+0, Y 4|?

60,

High luminosity and acceptance Mopoller Rate ~ 130 GHz
¢ 125cm, 4.5kW LH; target
* 65 pA beam current at 11 GeV
* 85% polarization
* "large” acceptance (~100% of high FOM kinematics)

Integrate time
* 344 beam days (~3-4 calendar years)
« Radiation resistance for materials and electronics

3. Transverse Beam Polarization

Longitudinal Polarization Transverse Polarization

e’ e ~ -
€7 : Left Handed V' 4 € !Right Handed ¥~ et g/v
B R
01‘1, 0 unpolarized
Y, Z 14 Z . target

A,y extraction requires effort on multiple fronts:

Rradcorr
Raccept
Ry,
Py

1

1_2ifi
P, Y fil;

corr

Abeam
Atrans
nonlin

Ablind

(radiative correction)
(acceptance)

(Q?-scaling)
(beam polarization)

(Overall background dilution)

Acorr — PL ZifiAi
PL(1-%f)

Acarr = Adet - Abeam - Atrans - Ananlin = Ablind

Aphys = Rradcorr Raccept RQZ

(backgrounds)

(Corrected Asymmetry)

(Beam corrections)

(Transverse asymmetry correction)
(Detector nonlinearity)

(Blinding factor)



International Large Detector Experiment

----- neutral
e charged
~— any charge

HSCP

disappearing
track

displaced ;
dijet

displaced
vertex

https://doi.org/10.1098/rsta.2019.0047

v

displaced
dilepton

displaced
conversion

Small coupling

Small phase space

Scale suppression

EBSM

M lepton

Wquark
photon

manything

displaced
lepton

displaced
photon

not pictured:
out-of-time decays

SUSY

GMSB
AMSB
Split-SUSY
RPV

v

v
v

NN

DM

Twin Higgs

Quirky Little Higgs
Folded SUSY
Freeze-in
Asymmetric
Co-annihilation

o LN

Portals

Singlet Scalars
ALPs

Dark Photons
Heavy Neutrinos

AN

v
v

1810.12602

- heavy scalar LLP (A) and DM (H) pair-production with small mass splitting, Z* — ppu
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Long-lived, with ¢T = 1m
ma — 75 GeV
mag —myg =1,2,3,5GeV

Am=10 GeV
—— Am=5GeV
b ——Am=1GeV

o

500 1000

True vertex distance from beam axis [mm]

32



Thank you and see you in the future!

Vo Lol : @TWWorisﬁgpm%mm&m .
S S SR Wl v Gsnlle ¥t Beautiful Room of WG6

Take away message from WG6: future is bright! (very busy)



