Solenoidal Large Acceptance Device (SoLID)
Science Update

JLab 12 GeV scientific capabilities
SoLID; the tool for a full exploitation of the 12 GeV upgrade

Physics Overview
* Semi-Inclusive Deep Inelastic Scattering (New studies)
* Parity Violation in Deep Inelastic Scattering

* Threshold Electro- and Photo-Production of J/Psi (New data and studies)

Summary



Hall D — exploring origin of confinement by
studying exotic mesons
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Hall C - precision determination of valence quark @ |
properties in nucleons and nuclei < =

Hall A - short range correlations, form factors, hyper-
nuclear physics, future new experiments (e.g., SoLID and
MOLLER) &




SoLID

A key tool for a full exploitation of the 12 GeV upgrade

* SoLID is unique in that it provides eqmpment that combines - The capability to
handle high luminosity (10373%cm s?) - A large acceptance detector with full
coverage

* SoLID takes advantage of the latest developments in detector and data acquisition
technologies

* SoLID is unique as evidenced by the approval of already 5 highly rated
experiments, covering a wide range of important science topics:

* Nucleon structure: transverse momentum imaging of valence quarks
* Fundamental symmetries: new physics in the 10-20 TeV region
* QCD: constraining the conformal (trace) anomaly/Origin of proton mass
* ...including spatial imaging
» There is wide interest in SoLID science as manifested by:
* More than 250 collaborators over 5o institutions and 13 countries - Already quite significant
international contributions and potential

* further commitments, particularly from China - strong theoretical support



SIDIS @ SoLID:

An unprecedented tool to unravel the rich structure and dynamics
of nucleon structure in the valence region and the inner workingof Q

Impact of SoLID on our knowledge of the
Transversity distributions
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New Studies

Slides from TMDs at JLab Present and Future, Pavia 19-20 December 2018
Marco Radici

* https://agenda.infn.it/event/17379/#0-overview-of-jlab-activities

* M. Radici and A. Bacchetta, " 'First Extraction of Transversity from a
Global Analysis of Electron-Proton and Proton-Proton Data,"
Phys. Rev. Lett.120, no. 19, 192001 (2018)



why transversity (PDF / TMD) ?

1st Mellin moment of transversity = tensor “charge”

1
S= = / de (@, Q) — hi(z, Q%)

tensor charge connected to tensor operator
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tensor operator not accessible in tree-level Standard Model
low-energy footprint of new physics at higher scales ?




global fit published in
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comparison with previous fit
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Conclusions [ Open Problems

enlarsing the covered x-range is crucial = (target)! prosram at |Lab |2 !




PVDIS

* Last update given at the previous SoLID collaboration meeting by
Paul Souder



\\*g/*/ PVD|S@SOL|D: Ultimate PVDIS measurement

N X Searching for Physics Beyond the Standard Model

OR — O
An asymmetry is measured: Apy =
OR T OL
Qweak + APV
Lo e = Sensitive to fundamental

I all published :
S couplings 2C,,-C,,

I SolLlID (proposal)
= Charge symmetry violation

in the parton distribution functions

= (Clean measurement of d/u ratio
in the valence region 1201~ C1a]

-%2"0.76 0.74 -0.72 -0.70 -0.68 , . .
Projected mass limits for composite models.

region is excluded by published data
Results from the PVDIS experiment, Wang et al., Orange region is the projected reach with SolLID
Nature 506 No. 7486, 67 (2014) together with and final Qweak result

projected results from PVDIS@SoLID

091 09 -08 07 -06 05 -04 0.3 -02 -0.1

Sensitive to new physics, example: Leptophobic Z'



12 GeV J/W experiments at JLab Overview

== Sl

Hall D - GlueX has observed the first J/iys at Jlab | ] iy M/ *"%- ==

Hall B - Has an approved proposal to measure TCS + J/psi in phot-
production E12-12-001

Hall C — has an approved proposal to search for the
LHCb pentaquark E12-16-007

Hall A-has an approved proposal involving a future detector of
high luminosity capabilities -SoLID E12-12-006

ECT*, Trento, Italy 16




Proton Mass Decomposition
useful to find the role the constituents but
not unique

* Trace decomposition

* see, e.g., [M. Shifman et al., Phys. Lett. 78B (1978), D. Kharzeev, Proc. Int. Sch. Phys. Fermi 130
(1996)]

* Rest frame decomposition
* [X.D.Ji, Phys. Rev. Lett. 74, 1071 (1995), X. D. Ji, Phys. Rev. D 52, 271 (1995)]

» Decomposition with Pressure effects
 [C.Lorce’, Eur. Phys. J. C78 (2018) 2, arXiv:1706.05853]

2/5/19 INT, Seattle, 2018
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More recent references

Y. Hatta, A. Rajan and K. Tanaka, ' 'Quark and gluon contributions to the QCD trace
anomaly," JHEP 1812, 008 (2018)

Y. Hatta and D. L.Yang, 'Holographic J/psi production near threshold and the proton mass
problem," Phys. Rev. D g8, no. 7, 074003 (2018)

C. Lorce, H. Moutarde and A. P. Trawinski, ' 'Revisiting the mechanical properties of the
nucleon," arXiv:1810.09837 [hep-ph]

S. Liuti, A. Rajan and K.Yagi, "'Bounds on the Equation of State of Neutron Stars from High
Energy Deeply Virtual Exclusive Experiments,"
arXiv:1812.01479 [hep-ph].

T. F. Carames, C. E. Fontoura, G. Krein, J. Vijande and A. Valcarce, ' 'Charmed baryons in nuclear
matter," Phys. Rev. D g8, no. 11, 114019 (2018)



Scale Anomaly in QCD; Trace Decomposition

D. Kharzeev Proc. Int. Sch. Phys. Fermi 130 (1996)
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Only light quarks enter the expression
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2/5/19 INT, Seattle, 2018 19

GaﬁaGaa + .. M. Shifman et al., Phys. Lett. 78B (1978),




From the Cross section to the Trace Anomaly

D. Kharzeev. Quarkonium interactions in QCD, 1995
D. Kharzeev, H. Satz, A. Syamtomoyv, and G. Zinovjey, Eur.Phys.J., C9:459—-462, 1999

* VMD relates photo-production cross section to quarkonium-
nucleon scattering amplitude My,

* Imaginary part is related to the total cross section through
optical theorem

* Real part contains the conformal (trace) anomaly

* Dominate the near threshold region and constrained
through dispersion relation

A measurement near threshold could allow access

to the trace anomaly

2/5/19 ECT*, Trento, Italy

Real Amplitude

Imaginary Amplitude

Total

—=+— CAMERINI 75
—=— GITTELMAN 75
—+— AUBERT 79
—— AID 96

—=— BREITWEG 97




Hall D results at threshold

Preliminary results: comparison to theory

| Brodsky at.al (2001)

| fit of the GlueX data ONLY,
with 2g and 3g shapes

| using F(t) as t-dependence

Brodsky et.al fit to GiueX data

2g exchange i
3g exchange | absolute (factor 2-3

| —e— GlueX uncertainty) perturbative
—— (S:LAC” ;| calculations using PDFs -
orne - i
Kharzeev et.al x 1.9 - relate_d tO. the gluomc
; : : /| contribution to the mass of
the proton

| Kharzeev et.al (1999)




JIPsi@ SoLID; The threshold region, the mass of the
proton and the LHCb charmed pentaquark

“* Measure the contribution of the gluons to the mass of the proton directly.
“* Poduce and determine the quantum numbers of the LHCb pentaquark if it exist.

LHCb Pentaquark production

How does QCD generate the mass of the proton?

Cornell 75
SLAC 75
SLAC 76 (Unpublished)

<> Trace of the QCD energy-momentum tensor:
CERN 87 :

t-channel (2-gluon) = Ta T /B (g>

t-channel + P_(4450) - a” o

Fhva pa 1 n
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SoLID 50 days 3-fold with P_(4500) q=u,d,s

SoLID 50 days 2-fold ﬂ(g) = —(11 ™ an/3)93/(47r)2 i

SoLID 50 days 2-fold with P_(4500)

E, [GeV]

Heavy quarkonium production

Threshold , from JLaba2 to EIC
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J[Psi Experiment E12-12-006 @ SoLID

Total Ellastic Electro-and Photo- production of J/v

Cornell
C75

SLAC 76 (Unpublished)

CERN 87

t-channel (2-gluon)

————————— t-channel + P_(4450)

SoLID 50 days 3-fold

SoLID 50 days 3-fold with PC(4500)
SoLID 50 days 2-fold

SoLID 50 days 2-fold with PC(4500)

do/dt [nb GeV™]

E, [GeV]

Sensitivity below 1073 nb!
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Binding energy of the J/ - nucleon potential

. Color neutral objects:

gluonic Van der Waals force
. At threshold, spin-averaged scattering amplitude
related to s-wave scattering length ayp

* Photo-production near threshold
constrained through dispersion
relations, not data

* Threshold experiments needed!

. Binding Byp can be derived from ayp Typ(0) = 45
Tyyp(0) = 22.45

, = 8m(M + My )ay,

. Estimates between 0.05-0.30 fm, 3
corresponding to Byp < 20 MeV &
S
- 1
- LQCD: BWP <40 MeV S.R.Beane et al., Phys. Rev. D 91, 114503 (2015) g
]
o
= HERA (2002)
» Recent fit to existing data in a dispersive ¢ Formilab (1981)
framework: e SLAC (1975)

. ayp~ 0.05 fm (Byp ~ 3 MeV in nuclear matter)

O. Gryniuk and M. Vanderhaeghen, Phys. Rev. D 94, 074001 (2016)
24



B-H asymmetry: access scattering length ayp

Interference between elastic J/ production near threshold and Bethe-Heitler
Forward-backward asymmetry near the J/y invariant mass peak
Sensitive to real part of the scattering amplitude, hence aypand Byp

*

»*

»*

- ZS QRE‘TQ; TBH
Yol Tyl> + >, | TBu|?

E,=10GeV E, =10 GeV
4=0.6 GeV? : 1=0.6 GeV?
0°¢ em = 40°

Typ(0) =0

Typ(0) = 22.45

3.05 3. 2.95 3. 3.05
My (GeV) M (GeV)

Slide from O. Gryniuk 22



LOI

- SoLID Simulation (50 days at 3uA)
' Photo-production (2-fold + proton)
in-plane

—=

{ ._i_,__l__.
————— e T,,(0)=0.00
T,0(0) = 22.45
| ¢ T,,(0)=4500
304 306 308
M, (GeV)

SoLID Simulation (50 days at 3uA)
Photo-production (2-fold + proton)
out-of-plane

T,,(0) = 0.00
T,o(0) =22.45
| ¢ T,,(0)=45.00
304 306  3.08
M, (GeV)




Summary

* SoLID science program is rich and impactful and leads naturally to
the EIC science program.

* SoLID complements well the 12 GeV existing science tools but takes
advantage of the full potential the 12 GeV upgrade offers.

* The key factors are luminosity and acceptance.

“Polarized”

Luminosity is the key
and

detector acceptance

THE HL-LHC IN
e’ 4 FULL SWING
ful tests for



