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®_ID @ 12 Gev JLab: the QCD Intensity Frontier

SoLID will maximize the science return of the 12-GeV CEBAF upgrade by combining...

High Luminosity
103739 [cm?/s
[>100x CLAS12 ][ >1000x EIC ]

Large Acceptance
Full azimuthal ¢ coverage

Research at SoLID will have the unique capability to
explore the QCD landscape while complementing the
research of other key facilities

Precision lepto-quark couplings at unique mass and sensitivity
scales

3D momentum imaging of a relativistic strongly interacting confined
system (nucleon spin)

Superior sensitivity to the differential electro- and photo-production
cross section of J/iy near threshold (proton mass)

i Synergizing with the pillars of EIC science )
(proton spin and mass) through
high-luminosity valence quark tomography
\and precision J/i production near threshold y




Quantum Leap Science
Requirements are Challenging

* High Luminosity (10°7-1039)
o beam currents ~100 microA) on
~10 cm liquid targets

o beam currents of ~50 microA on
~30cm polarized ®He target

» Solenoidal field provides access
to azimuthal asymmetry

« High data rate (~100 KHz)

» High background (~ GHz)

« Low systematic uncertainties

« High Radiation

« Broad kinematic coverage

+ Flexibility in configuratic

@D StatetoftthetArt Technology

SoLID pre-conceptual design began
“‘ground up” with the latest available
advanced technologies to ensure every
piece of sub-systems can meet the
challenging requirements

GEM tracking

Shashlik Electron Calorimetry
High Performance Cerenkovs
Pipeline DAQ

Rapidly Advancing
Computational Capabilities
Parity beamline

Advanced polarimetry

High power and polarized targets



PVDIS: Baffle 3xGEMS LGC 2xGEMs EC

@] D) Detector Technologies
n D
SIDIS&Jy:

4xGEMs LASPD LAEC 2xGEMs HGC FASPD (MRPC) FAEC

11001192000

Pre-R&D items: LGC, HGC, GEM's, DAQ/Electronics, Magnet
SellD .ge/ff./egon Lab




Sel ID High Performance Cherenkovs

State of the art design: LGC

« Electron/pion (LGC) and pion/kaon (HGC)
separation with good rejection factors while
maintaining good detection efficiencies

« Provide input at trigger level in a 2, high-
luminosity, non-negligible magnetic field
environment while minimizing complexity and cost

« Exceeds the PID requirements for SoLID science

Pixelized photodetector arrays: ﬁ CFIxIF
- Allows for flexibility in the trigger design awarded for
« Provides data for use in signal pattern recognition | HGC vessel &
- Efficient photon detection in magnetic fields of entrance windows

~100 Gauss '

High-Rate Test:

» Photodetector arrays and front-end electronics
successfully tested in Hall C in 2020

* Analysis confirms the efficacy of SoLID electronics

- Data collected will help with calibration/verification
of simulation



SoLID Configured with PolariZelé Target
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Towards 3D Imaging of the Nucleon  Fg¥ WResina

Motivation: in other sciences, imaging the physical systems

under study has been
key to gaining new
understanding.

Structure mapped

in terms of

b, = transverse position
K; = transverse momentum

L position l\k-_ impulse

proton momentum

Taken from a talk by Rolf Ent, Jefferson Lab



3D Imaging of the Nucleon

g Universily
» “Regina
TMDs: Longitudinal GPDs: Longitudinal
momentum fraction x and momentum fraction X at
transverse momentum k

transverse location b

Transverse Momentum Imaging Transverse Spatial Imaging

Parton Distribution Functions

2 2
¢ Q =10 GeV
h —— HERAPDFL1.7
0.8 B cxp.uncert.
[ model uncert.
N - 7 [0 parametrization uncert.  xu,

4 —

-1 X e e HERAPDF1.6

Taken from a talk by Rolf Ent, Jefferson Lab



GPDs + A Unified Description of Hadron Struct@®uReaina

Elastic form factors
Parton momentum
distributions ¢
N
N Real Compton
Scattering at high t
Vad

Generalized
Parton
Distributions

Deep Exclusive

Meson Production
GPDs interrelate the longitudinal momentum and trans verse
spatial structure of partons within a fast moving ha dron.

GPDs are universal quantities and reflect nucleon st  ructure
Independently of the probing reaction.




GPDs require Hard Exclusive Reactions
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In order to access the physics contained In GPDs,
one Is restricted to the hard scattering regime.

Factorization property of hard reactions:

Hard probe creates a small size
dq and gluon configuration,
interactions can be described by

pQCD.
______________________________________ S
Non-perturbative part describes how
hadron reacts to this configuration, or GPD = 04D
how the probe is transformed into { Py P2= Py

hadrons (parameterized by GPDs).

GPDs depend on x, x, and t=(D")?=(p,xp,)?
An important variable is the aSkewness®, defined as:

X = pli- pzi
b TP,

t wherep, , refer to light cone + componer



Leading Twist GPD Parameterization

GPDs are universal quantities and reflect nucleon

structure independently of the probing reaction.

At leading twist+2, four chirality HH8(z £, £) F8(z, £, 1)
conserving GPDs for each quark, spin avg spin avg
gluon type no hel. flip helicity flip
Because quark helicity is

conserved in the hard scattering He8(z £ 1) E%8(z ¢ {)
regime, the produced meson acts spin diff spin diff
as a helicity filter no hel. flip helicity flip

Need a variety of Hard Exclusive Measurements to

disentangle the different

GPDs.

Deeply Virtual Compton
Scattering (DVCYS):.

Deep Exclusive Meson Production (DEMP):

- Vector mesons sensitive to spintaverage H, E

- Sensitive to all four GPDs || . pseudoscalar sensitive to spintdifference 1 &

HH#
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Compton Processes Accessing GPDs
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Gravitational Structure via DVCS
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The proton's structure has been studied via EM and Weak
Interactions for 70 years, in contrast the internal mechanical
properties of the proton are essentially unknown

GPDs enable our first access to the gravitational structure of proton

Graviton

Left: Hypothetical graviton-protdp=2 Proton Ve
Interaction probes mechanical properties v Je=2 % ) =2 g
Right: DVCS provides J 2 interaction i

which mimics graviton-protamteraction
providing access to similar information
via GPDs

arXiv: 2310.11568
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<
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@ 3, _ o
<'§ § 6 Radial pressure distribution  r2p(r)
S &, in proton , extracted from JLab Hall B
g 2 DVCS data for GPD H(x), resulting
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Complementarity of DVCS and TCS ¥ “iResina

Initial lepton beam / spacelike photon ! Final lepton pair / timelike photon
. virtual photon

e’ (k")

electron e

Interference with “BH”
Harmonics in ¢ (¢,)

Measuring cross section,
beam/target spin asymmetries...

BH interferes with TCS

Marie Boer
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SoLID Timelike Compton Scattering “Regina

Unpolarizedlataaccess to real parCéfs sensitive toterm in GPparametrizatio
with observables cross section ratio (R) acidoicivwaard ysmmetry (A

Circularly polarized dagacess to imaginary pabfFfFavith BSA (similar to DVCS
to study GPD universality

- Hard scale
Yot ko ! Q> =M =(k+kY)
Ly _ - ' I+ Qr3
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SoLID TCS Impact

E12+12+006A: 15cm LH2 targef A current, 1.2x30cn¥/s luminosity for 50+10 days

#)

R projection

SoLID TCS will have at least 1 order of magnitude la
than CLAS12 and usher TCS study into precision era
dimensional binning

250x more integrated luminosity, but ¥4 CLAS12 acceptance
Full azimuthal coverage ideal for forward+backward asymmetry

SoLID TCS could lead to study of NLO correction
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Kinematic coverage

= 0000

" I 1 1 1
0 005 01 015 02 025 03 035 04 045 05

counts

B R R B TR T TR T

s(GeV”)

Zhiwen Zhao, Duke

lsooo

J
3000
2000
1000
0

University
ofRegina

18000
16000
14000
12000
10000
B0OO
6000
4000
2000



LE2gLLIR=S

: University
GPDS Via DOUbIe DVCS ﬁ ofRegina
¢ - Kinematics of two photons are described by ¢ and &'
e : 1. &
_QE:'t | ,:rl.‘ *2[,5 — &) En
x4t et Q2<Q2 Q>0-
(~ HERED ) x=-& 1
Bt C—, | x
( ‘ i é-; n 2 _BXE
P p * o
£€=¢ Q2+ Q7
VO ,
Quark propagators between QS} x =26 —¢
two photons now reads as:
] 1
= |

r— (26— &) +ie T+ (26 —E)—ie

Observables (e.g. BSA) proportional to the Im part of the amplitude, allow direct measurement
of GPDs at (x=2¢"- ¢, &, t) points.

Here one can get away from the x=¢ line by varying virtualities of incoming and outgoing photons

# Rafayel Paremuzyan (JLab)



Double DVCS with SoLID

JLab 11 GeV

25 GeV
40 GeV

DVCS
X =X

HY(x ,X)

Alexandre Camsonne, JLab

LE2gLLIR=S

University
ofRegina

DVCS only probes x =x line
TCS only probes x = #x line

Example with model of GPD
H for up quark

JLab: Q%0

Kinematical range increases
with beam energy (larger
dilepton mass )
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SoLID Double DVCS Setup © “"Regina

EM|Calorimeten
(largeiangle)

— ' "
[y L 1 Ll p— r
I—A T— Light Gas Heavy Gas

Cheren kov Cheren kow

1m

Solenoidal configuration ideal for high luminosity
Based on J/y and TCS setup with forward muon detector

added

Double Deeply Virtual Compton Scattering with SoLIDp
spectrometer, JLab Experiment E12+25+010

J.-S. Alvarado, M. Boer, A. Camsonne, E. Voutier, Z . Zhao
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SoLID DDVCS Impact
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Beam Spin Asymmetry (BSA)
SoLID will allow first observation
of sign change between DVCS-
like and TCS-like regions
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- BSA at large skewness 0.3 <x<0.4: access ashadow GPDs°
- utut Charge Asymmetry at same point of phase-space: accesses real

s part of DDVCS Compton Form Factors in leading twist analysis
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Acessing the Polarized GPD

E involves a helicity flip:

Depends on the spin difference
between initial and final quarks.

o

a qeq+8dx B8 (x x,1)= G, (1)

G(t) is highly uncertain because it is
negligible at the momentum transfer of b-decay.

E not related to an already known parton distribution
® essentially unknown!

Experimental information can provide new nucleon structure
iInformation unlikely to be available from any other source.

Vot Z. Ahmed, GMH, Z. Ye



Exclusivep* from Transversely Polarized Neutr

%%
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The most sensitive observable to probe IS the transverse
target single-spin asymmetry in exclusive p production:

AL _ v —t' &/1— €2 Im(E*H)
" my (1 —€2)H2 — &2 p2 262Re(E*H)

4mp

/9@%%’7 ‘ﬁ} dﬁd{rL f?'r d@dg‘[‘
N, i
f-m—d 'GL
() ods

dsP, ® exclusive cross section for

- Fit longitudinalg*
sinb=sin(ff ¢ b=f+f .® angle between polarized
dependence.

target and reaction plane

The asymmetry vanishes if E is zero. If Eis nonzxzero,
the asymmetry will display a sin(f+f ) dependence.
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SoLID+ PolarizedHe SIDIS Configuration

Run in parallel with E12 +10+006: E, = 11.0 GeV (48 days)
Online Coincidence Trigger:  Electron Trigger + Hadron Trigger (pions)
Offline Analysis: Identify (tag) protons and form triplexcoincidence

SoLID's Large Acceptance, Full Azimuthal Coverage,
High Luminosity Capability are Essential for this M easurement!

Large+Angle : o r -
Daiecl eleirans r 1
and protons

II% '
——— — _1 Light':Gas™™Heavy;Gas I

L Cherenkov) (Cherenkov,

%&



E12+10+006B Kinematic Coverage

Q%2>1 GeV? Q%2>4 GeV?
W>2 GeV W>2 GeV
DEMP: n(e,ep*p) Triple Coin (Hz)
4.95 0.40
SIDIS: n(e,ep*)X Double Coin (Hz)
1425 35.8

7 t-bins concentrating on

Q%>4 GeV? region of greatest ’
physics interest

HERMES and COMPASS
experiments are restricted

kinematically to very small
skewness (x<0.1)

With SoLID, we can measure
skewness dependence of -
relevant GPDs over a fairly

large range of X

%l
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Example Cuts to Reduce Inclusive Backgrourfgy «Regina

Two different background
channels were simulated:

- SoLID£SIDIS generator p(e,ep*)X and
n(e,e'®)X, where we assume all X
fragments contain a proton
(over-estimate).

- en® p*D® p*p°p where the D
(polarized) decays with 1I=1, m=0
angular distribution (more realistic).

%(
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E12+10+006B Projected Data

Azimuthal modulations of Transverse Single Spin
Asymmetry allow access to different GPDs: /
sin(o=f-f ) moment sensitive to helicity-flip GPD =%

sin(f ) moment sensitive to transversity GPDs

World Data: HERMES SoLID Projected Uncertainties

Pioneering measurement [PLB6822010)345]| | Proton is tagged to isolate exclusive p* events
Q2=2.45 GeV2 W=3.99 GeV Q>4 GeV? W>2 GeV

SoLID's large acceptance and high luminosity essential to t his measurem ent
Dramatically better statistics, at higher Q2 and xg, with broader =+t coverage
than pioneering HERMES measurement

%) World unique, cannot be done anywhere else!



Summary
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SoLID's Large Acceptance and High Luminosity
capabilities are key to measuring GPDs using deep
exclusive processes

Allows multizdimension binning with high statistics

SoLID has a broad exclusive physics program for GPD
measurements:

DVCS on polarized 3He B under study

TCS D approved, J/y run group (E12-12-006A)

DDVCS with muons B E12-25-010 (conditionally) approved
with 2A° rating

DEMP D approved, SIDIS run group (E12-10-006B)

More ideas under study (e.g. deuterium and other nuclear
targets)

Collaborators welcome!
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SoLID Project Status o “Regina

The SoLID physics program:

Five A rated experiments, one A- rated experiment,
conditional approved experiment and 7 run group expts

Difficult budget times for a new project now:

SoLID Collaboration is working on a plan for an initial high
luminosity spectrometer using CLEO magnet and subset of
detectors

Strategy is to start with one approved 2A° rating experiment
(e.g. J/Y) with reduced detector configuration and minimum
cost that JLab can support from its internal budget

This is under discussion with new JLab management (Jens
Dilling et al.). The SoLID Collaboration is encouraged to
work out a detail plan of options to continue
discussions/iterations with JLab management

Collaboration is planning to have workshop in Sept
2026 at JLab



