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@ 12 GeV JLab:
SeLiD the QCD Intensity Frontier "Regina

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

High Luminosity ‘ Large Accaptance

1037-39 [cm?/s :
Full thal
[>100x CLAS12 ][ >1000x EIC ] ull 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 | gy e iiel
system (nucleon spin) .
-"'l U pgrade magnety
. - . . . Add § ,/ oo
Superior sensitivity to the differential electro- and photo-production "J'""’"“*"

cross section of J/iy near threshold (proton mass)

i Synergizing with the pillars of EIC science h S
(proton spin and mass) through t i 5
high-luminosity valence quark tomography - %’ b ”’M'h
,_and precision J/i production near threshold ) P E]

Cynthia Keppel, JLab
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The SoLID GPD Program

2015 SoLID Director's Review recommendation:

aThe SoLID Collaboration should investigate the feasibility of ¢ging out a
competitive GPD program. Such a program would seem particularly well
suited to their open geometry and high luminosity®

A broad array of GPD experiments are now planned:

DVCS on polarized SHe
Z. Ye (under study)
Timelike Compton Scattering (TCS)  with circularly polarized beam and
unpolarized LH, target
Z.\W. Zhao, M. Boer, P. Nadel-Turonski, J. Zhang
Approved as run group with J/y (E12-12-006A)
Double Deeply Virtual Compton Scattering (DDVCS)  in dixlepton channel
on unpolarized LH, target
E. Voutier, M. Boer, A. Camsonne, K. Gnanvo, N. Sparveri, Z. Zhao
LOI112-23-012 reviewed by PAC51, full proposal encouraged

Deep Exclusive p* Production using Transversely Polarized  3He Target

G.M. Huber, Z. Ahmed, Z. Ye
Approved as run group with Transverse Pol. SHe SIDIS (E12-10-006B)



Leading Twist GPD Parameterization
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GPDs are universal quantities and reflect nucleon
structure independently of the probing reaction.

At leading twist£2, four quark
chirality conserving GPDs for
each quark, gluon type.

Because quark helicity is
conserved in the hard scattering
regime, the produced meson acts
as a helicity filter.

Hq?g(E!E!t) Eq?g($!EJ t)
spin avg spin avg
no hel. flip helicity flip
I:'Iq?g($!£!t) Eq?g($!£1 t)
spin diff spin diff
no hel. flip helicity flip

Need a variety of Hard Exclusive Measurements to

disentangle the different

GPDs.

Deeply Virtual Compton
Scattering:

. Sensitive to all four GPDs.

Deep Exclusive Meson Production:
- Vector mesons sensitive to spintaverage H, E.
- Pseudoscalar sensitive to spinzdifference H,E.
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Accessible GPD Regions

One of the interpretations of GPDS: tomographic imaging of the
nucleon

Other: spin, angular momenta correlation, @pressure?, etc

Momentum dependent impact parameter distributions
Quarks and gluons transverse position versus their longitudinal momentum

EIC/LHC/H1/ZEUS COMPASS/HERMES :
0.03 .03 0.1 X

gluons dominate gluons, sea quarks valence quarks region

Marie Boer, Va Tech
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SoLID DVCS Study

DVCS with polarized electron beam and targets:

GPD study needs both proton neutron data (flavor
decomposition), and all types of observables (GPD
disentangling )

Approved 12GeV polarized DVCS experiments:

E12-06-119 (Hall-B): longi. pol proton (DNP), BSA, TSA
C12-12-010 (Hall-B): trans. pol. proton (DNO), TSA,BSA

NO polarized neutron-DVCS experiment has been done or proposed
at JLab, and SoLID is currently the only place that can do such
measurements.

(only done at HERMES with poor accuracy and limited coverage)
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EM Calorimeter

[EM[Calorimeter;

(large;angle)
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Polarization Asymmetries CFFs
Longitudinal Beam A Im{y{”'}f”’gp}
Im{3,,, 7, €}
Longitudinal Target Au Im{3t, Hyp, }
Im{#,, 0,60}
Long._%eam Ay Re{}l‘p, }[’L’ }
+Long. Target Re{H,, €, &)
Transverse Target Ayt Im{#,, €y}
Im{H,}
Long. Beam At Re{#,,€,}
+Trans.Targt Re{#,}
E, (8.8 GeV | 11 GeV
Single Rates (Hz)
. o (FAEC) 64.78 36.17
e- (LAEC) 2.57 1.70
~v (FAEC) 45.37 | 40.54
v (LAEC) 31.05 28.83

Coincidence Rates (Hz)

e-(FAEC)+y(FAEC-LAEC) | 36.06 | 20.50
e-(LAEC)++(FAEC+LAEC) | 1.46 1.00

e 1

L e CoillandiYokel

of

Measurements of BSA,
TSA and DSA
Wide kinematic coverage

Cherenkov (Cherenkov

8 (degree) " © Y degren

4-dimensional binning on
Q2, -t, xB and phi (>500

SoLID can bring a whole set of polarized DVCS data:
Transversely & Longitudinally polarized neutron-DVCS
(He3, with E12-10-006&E12-11-007 SIDIS setup)

o0 ! ! i
7 st
.y |
> [ - 1
"8 (degree)
LightiGas!
—_—
o

i ]
= }""';;NH';”*
h i

bins)

To do#l: Extract CFF
4 distributions with using

] PARTON fitting toolkit

(DNP, with E12-11-108 SIDIS setup)

e 2 B |
1O

Transversely & Longitudinally polarized proton-DVCS T R

b (dearee)

( )




SoLID DVCS Study

Exclusivity and Backgrounds:

Main background if not detecting recoil neutrons: (

Missing Mass Reconstruction after detecting electrons and photons " 8vz=0.5cm

(angles, momentum/energy).

The spectrum resolution is limited by the EC resolution (~5%)
Background Subtraction: ECs can detect partial p° decay events by

reconstruction two-photons events

MC- Total
Total — ~ "p° Detect
o - 0
p MG Accept ~ p
Np0

Total Detect
Npooa(NpoeeC) po

ME Total MG Accept 0
N s ( N s ) p

To Do #2:
Evaluate other background
Evaluate systematic uncertainties

Study nuclear effects, energy loss (combined with
NDEMP works)

n+g) from P 0 decay | 86,=0.6mrad, 5 =5.0mr
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L OE=2.0%, 3E,=5.0%/ \,Fd Neutron Missing Mass at 11 GeV

5Xg=1.0¢m, 6Yg=1.0

1.0—

n+y( 7” deca y)

Rate (Hz)

n n (DVCS)
0.5—

n+y(n’ decay after removing vy events)

[NOTE: ©° events are not weighted by XS)
1 1 1 ‘ 1 1

0.0 ‘

1
Hadron Missing Mass (GeV)

To Do #3:

Evaluate p° background. Current found two
generators:
(1) from Prof. Simonetta Liuti
(2) HEPGEN++ provided by Valery Kubarovsky
Learn from the new Hall-A 12GeV-DVCS data.

Zhihong Ye, Tsinghua
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Initial lepton beam / spacelike photonl i Final lepton pair / timelike photon
Virtual pnoto
alectron e’ (k) o o o S et
eleclron e @ virtual ;}:.(_.‘u_\_)r. segey TRl
e N
Deeply Virtual Compton Scattering (DVCS) Timelike Compton Scattering (TCS)

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

boost in
¥ our CM

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

BH interferes with TCS

Marie Boer, Va Tech
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SoLID TCS (E12+12+006A)

Unpolarizediata access to real pa@kfs sensitive totBrm in GPparametrizatior
with observables cross section ratio (R) anddoaciwsard gmhmetry (A

Circularly polarized data access to imagirdHRfawith BSA (similar to DVCS)
study GPD universality

Hard scale
Y L -‘- q; Q'Z _ le = (k + k,)2
- . _ Qrz
s=(g+p) 1= -0
t=(p- p')’
e|'2)
e
1 K o N -
AT 1 , —_— S 9.-
YV\ boost p’ '
p k, k;
Yp cm.
I cm. AN
) o 0 _02:_ ‘\-.,__«// B H+E
Ay dy P G R £ ) A
do(0, ) + do(180° — 6,180° + ¢) 0" 50 f00 950 200 250 300 350

Zhiwen Zhao, Duke 0 (deg.)
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SoLID TCS Im pact

CLAS12 data

=

o
e
I

15cm LH2 target 8 current, 1.2x80cnv/s luminosity for 50+10 days

Event/0.05 GeV

-
o
8]

SoLID TCS will have at least 1 order of magnitude larger
statistics than CLAS12 and usher TCS study into precision -
era with multitdimensional binning 0

250x more integrated luminosity, but ¥2 CLASaAaccept
Full azimuthal coverage ideal for forward+basskvanet gy
SoLID TCS could lead to study of NLO correction

U
e
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Zhiwen Zhao DU ke Q2 (GeV?) Q2 (GeV?) Q2 (GeV?)
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Double DVCS with SoLID

JLab 11 GeV

DVCS only probes h=xline

DhV:C f 2> GeV Example with model of GPD
40GeV Y for up quark
.......... JLab : Q%>0
NI T Kinematical range increases

with beam energy (larger
dilepton mass )

EM Calorimeter;
large angle)

Alexandre Camsonne, JLab
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SoLID Double DVCS Setu p

(EV[Calorimeten

Light Gas Heavy Gas
Cherenkav Cherenkov

Solenoidal configuratilomn ideal for high luminosity

Based on J/y and TCS setup with forward muon detector
added

2023 LOI

Marie Boer, Alexandre Camsonne, Eric Voutier, Zhiwen Zhao



DDVCS with Circularly Polarized Beam

.....
te BE

Off diagonal access

2 \WWR<2 Ga\RZ _OV2 (7

S _DDMVCS>2 Ge)

) (electroprod. > 1 GeV?)

w

N

Il]l[l[f}ll

&' (a prgpagator),

o
-

—-0.1

-0.2

1 Ll L i

—0g?

Larger -t opens up more phase space
-

0.3

1 | 1
0.25

E,=6 GeV, Q7=2.5 GeV”, x,=0.3, ®=0 deg.

e +p—eg +p+ '”]_E

€+p—e+p+fy IJ'E‘
g )

8, (deg)

- E ) 1
pressee |z F g =03 Gey
/" £ f
= - o Sk
= 2
e s B0
e,
L oo
= F DDVCS+BH
o E e —
~ I
L g ' L /
e //  DDyes
r W pi-sfe”a)
1 1 1 1 1y Vo "l 1 1 1 1
—4 -z 8 F. 4 -4 -2 O 2 4

2, (deq)

0.35

Binsiné&, &, -t 4’—<-
e

-2 <¥<.2

05 <£<.36
[correlated to t bin]
0.05<-<.55

G
Q2 < Q2 : “timelike"

0.4 0.45 %5 0

Small DDVCS crosssection
demands high luminosity and
large acceptance

Interference with Beth-Heitler £

helps construct observable

Zhiwen Zhao, Duke
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o 202 /e — Q? — Q2 +
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SoLID DDVCS Projections

20-
218" 170
11 GeV Beam Asymmetry Projection Sie .
G4 50
t= 0.25 GeV?, £=0.135 - N
< 03[ - 40
o
oF- 1T
0.1 _—_*_I_ —
_g 2| — &=0.075, Q*=2.5 GeV* | | ‘
—— £'=-0.06, @*=1.25 GeV]
-0.3 N TR ST TN S S U A |
0] 50 100 150 200 250 300 350
¢ (deg)
A:t (¢) . 1 dSUf — dBUi:
LU N dPof + dPo™
B d*Fppyes FdPaNT!
d°opu, +d°0pu, + d°0oppves F d°oInT,

| 22 GeV (coloremhs ~10% event raté blseV
Marie Boer, Alexandre Camsonne, . :
Eric Voutier, Zhiwen Zhao (blackput much larger kinematic coverage
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Exclusivep* from Transversely Polarized Neutr@g «Regina

Polarized GPD Evia Dee p Exclusive p Production
GPDE involves aelicity flip

(o) e

8 &0 E(xx, 9= G(}

-1
Gp(1) is highly uncertain because it is negligible at
momentum transfer Gitdecay

GPD E not related to an already knoparton
distribution ® Essentially unknown

Experimental data can provide new nucleon structure P P
Information unlikely to be available from any otls&urce

x+§| Factorization YX-§

The most sensitive observableto  probe Eis the transverse
singlexspin asymmetry in exclusive  p production:

Reaction Plane AL =V —t "?_"“ 1 —tf,: Em(E*H) S
mp (1—§E2)H? — 2-FE2% — 262Re(E*H)

Scattering Plane

Fit sinb=sin(f£f o) [T dplel — (27 gpiol
_________ dependence Ay = PO —
to extract Jo  dB—35
asymmetry.

16
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SoLIDt PolarizedHe SIDIS Conﬂguraﬂonﬁ "Regina

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 tripletcoincidence
SoLID's Large Acce ptance, Full Azimuthal Coverage,

High Luminosity Capability are Essential for this M easurement!

SoLID (SIDIS He3) N
EM Calorimeter _I

EM|[Calorijmeter;
(Fzeer ) —

LargetAngle :

- Detect electrons
and protons

I: ﬁ

I ICojllandiYokel & |

= ._1_____ 0 ] | __ % :
L Cherenkov) (Cherenkov,

17



E12+10+006B Kinematic Coverage
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Q%>1 GeV? Q%>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

Event generator based on data from
HERMES, Halls B,C with VR Regge+DIS
model used as constraint in unmeasured
regions.

Data divided in 7 txbins concentrating on
the Q>4 GeV? region of greatest physics
interest.

Pioneering HERMES data at:
-Q%-=2.38 GeV, %5-=0.13,

-+t-=0.46 GeV, smallskewnesx<0.1.

With SoLID, we can measure
skewness de pendence of the
relevant GPDs over a fairly large
range of Xx.

Q* (GeV?)

LN L L S N L N S NN N B N S N B N S L B N B B B NN B

~ DEMP at 11 GeV on SoLID = S 7]

.....
o =

0.6

Illll,._.f-llll
L]

0.4

0.3

0.2

I ol Y 1 A

0.0

O 1 L7 1| 'i-i:'jl
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Example Cuts to Reduce Inclusive Backgrou

Two different background
channels were simulated:

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

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

pmiss =

Pe- Ps P

)|
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Unbinned Maximum Likelihood (UML)

Same method used by 2. Minimize negative log-likelinood function:
HERMES in their DEMP - INL(A)=- InL (A} InL (A)

analysis [PLB 682(2010)345]. e M

= A (f, o A )Y XA L, oo
Instead of dividing the data into (f,f ) ggM (T anAdg ?:1 & L amiA)
bins to extract the asymmetry
moments, UML takes advantage of

full statistics of the data, obtains _ _ _
much better results when statistics 3. As an illustration, reconstruct azimuthal

are limited. modulations & compare:

o

where w;, w,, are MC event weights based on
Cross section & acceptance.

1. Construct probability density function
+ ‘PT‘ =
J1- sirf (g, )sirf ¢, )

5 .
xQ A sin(uf +Hf ) :
4

k=1

f (ffs;m:Ci

where A, are the asymmetries that
can minimize the likelihood function.



E12+10+006B Projected Data o o Reaina

o

Azimuthal modulations of Transverse Single S  pin

Asymmetry allow access to different GPDs: /

sin(b=f-f ) moment sensitive to helicity-flip GPD E
sin(f ) moment sensitive to transversity GPDs

World Data: HERMES SoLID Projected Uncertainties
Pioneering measurement [PLB6842010)345]| | Proton is tagged to isolate exclusive p* events

SoLID's large acceptance-and/highluminosity, essential tot hisameasurem,ent
Dramatically better statistics, at higher Q2 and X, with broader =t coverage
than pioneering HERMES measurement
World unique, cannot be done anywhere else!
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SoLID's Large Acceptance and High Luminosity capabilities
are key to measuring GPDs using deep exclusive
processes

Multixdimension binning with high statistics

SoLID has a broad exclusive physics program for GPD
measurements:

DVCS on polarized *He B under stud y
TCS D approved, J/y run group (E12-12-006A)

DDVCS b LOI12-23-012 reviewed by PAC51, full proposal
planned for next PAC

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

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

Collaborators welcome!



