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SoLID Experimental Program

Established Physics Program

Q SIDIS
= SIDIS with Transversely Polarized SHe(E12-10-006)
= SIDIS with Longitudinally Polarized *He(E12-11-007)
=  SIDIS with Transversely Polarized Proton (E12-11-108)
O PVDIS
= PVDIS (E12-10-007)
Q Yy
= J/¥Y(E12-12-006)
0 6 Approved Run Group Experiments
= SIDIS Dihadron with Transversely Polarized 3He
= SIDISin Kaon Production with Transversely Polarized 'H & 3He
» Target SSA Measurementsin DIS with Transversely Polarized 'H & 3He

= Measurement of Deep Exclusive - Production using a Transversely
Polarized 3He

= TCS with circular polarized beam and unpolarized LH2 target

SIDIS

(5N

PVDIS
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SoLID Experimental Program

Evolving Physics Program

O SIDIS

= SIDIS with Transversely Polarized *He(E12-10-006): A rating
= SIDIS with Longitudinally Polarized *He(E12-11-007): A rating
= SIDIS with Transversely Polarized Proton (E12-11-108): A rating SIDIS PVDIS Iy

$ A
0 PVDIS p—— *
=  PVDIS (E12-10-007): A rating ™ =
= BNSSA (E12-22-004): A- rating !

= PVEMC (E12-22-002): C2
Q Yy !
= J/¥ (E12-12-006): A rating | §
0 6 Approved Run Group Experiments =
= SIDIS Dihadron with Transversely Polarized H =
= SIDISin Kaon Production with Transversely Polarized Proton & 3He
» Target SSA Measurements in DIS with Transversely Polarized "H & 3He
= Measurement of Deep Exclusive - Production using a Transversely e
Polarized 3He =8
= TCS with circular polarized beam and unpolarized LH2 target i [
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SoLID Parity Violation DIS Program

Parity Violating DIS on Isoscalar Deuteron
* Precision determination of electroweak parameters
* Beyond-the-Standard Model (BSM) physics search
 Search for CSV at quark level
e Search for quark-quark higher twist effects

Parity Violating DIS on Proton Target
* Hadronic physics > d/u measurement

Parity Violating EMC Effect

* Isospin dependence of the EMC effect by the use of neutron-rich isotopes

* Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations

* High luminosity
e L ~103 —103° cm 2571

. 6
* Large acceptance + full azimuthal coverage



SoLID Parity Violation DIS Program

Parity Violating DIS on Isoscalar Deuteron
* Precision determination of electroweak parameters

 Beyond-the-Standard Model (BSM) physics search
e Search for CSV at quark level
e Search for quark-quark higher twist effects

Parity Violating DIS on Proton Target
* Hadronic physics > d/u measurement

Parity Violating EMC Effect

* Isospin dependence of the EMC effect by the use of neutron-rich isotopes

* Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations



Parity Violation DIS

Or — Op,

Apy =
PV
Or + 0y,

right & left-handed electron



Parity Violation DIS

Apy =

Or — Op,

Orp + Oy,

A, is due to the interference between
electromagnetic and weak interaction

Op X

0, X

APV"’

Mgy + ME|”
Mgy + M|

Mz -Mj

MEgm

EM Interaction

Parity conserving

Weak Interaction

Parity violating




Parity Violation DIS

Op — Oy
Apy =
Orp + Oy,
In DIS regime, the asymmetry can be expressed as:
GrQ?
Apy = — a;(x) +az(x)Y
PV 4ma[ 1( ) 3( ) ]

FY* FY? 1-(1-y)>2
(0 = 2057, aalo) = gy By, v =120

F'(x,Q%) = %z Q2 [q:(x, Q%) + g;(x, Q)] 95’54 — vector and axial coupling of the

| electron or quark of flavor i
(6,09 = ) Qg 0 [ai(x,0%) + i(x,0%)],

F3yz(x' Qz) =2 z qu gll‘i [CIi(x' Qz) _ C_Ii(x: Qz)] 10



PVDIS Isoscalar Deuteron

Op — Oy
Apy =
Orp + Oy,
In DIS regime, the asymmetry can be expressed as:
GrQ?
Apy = — a;(x) +az(x)Y
PV 4\/_%6{[ 1( ) 3( ) ]

For an Isoscalar Deuteron Target, A, reduces to

APV,(d) at hlgh X
1. Independent of pdfs, x W
2. Well-defined SM prediction for 0° & y

3Gr0Q*?
ASM — 2g¢% — ed + R, Y(2 eu __ ed
PV,(d) L0V2ra [( gav gAV) 14 ( dva — Yva ]

11



PVDIS Isoscalar Deuteron

Op — Oy, Low energy electron-quark effective couplings
APV_UR"‘UL . g&% =2g%g% = — > + 2sin? g
AV gadv , T35 Uy
In DIS regime, the asymmetry can be expressed as: ou e 1

GrQ? * Jva = 29v9a 57 2 sin” By,

APV - = 4\/5“ [al(x) + Clg(X)Y]

1
_E_I_ sin® 0y,

2

« a4 _ e ,d
gav = 2949y
For an Isoscalar Deuteron Target, A, reduces to
. 2a0€ a1

gva = c9vda = 7

1. PVDIS Asymmetry is sensitive to both g, & and g i
2. PVES (elastic) Asymmetry only sensitive to g%

— 2sin® 0y,

Agﬂg d 3GFQ2 [(29 gAV) + RVY(ZQ g% _
@~ 1 0v2ra -
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SoLID PVDIS: Deuteron

Title: Precision Measurement of Parity-Violation in Deep Inelastic Scattering over a Broad
Kinematic Range

0.5 T [ | I I I I I pu%ed
Spokespersons: P. Souder (contact), X. Zheng, P. E. Reimer 04 F ™
 Dominant uncertainties: experimental systematics | 7
0.2 -
Polarimetry 0.4 sk i
Q2 0.2 i"; ol ]
) -
Radiative Corrections 0.2 S oap
Event Reconstruction 0.2 021 o | |pansc
—03fF -0.18
e o SoLID
* Able to measure Apv to sub—percent level precision .} R = e

/B -0.5.1720.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

dat SM ) 26" 6,y
Apy” 1 + 1 — 002 + Besvx” |,

Simultaneous fit of (ngl’[ﬁ — gﬁ{‘}) and (Zg% — gtd
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SoLID PVDIS: Deuteron

Title: Precision Measurement of Parity-Violation in Deep Inelastic Scattering over a Broad
Kinematic Range

Spokespersons: P. Souder (contact), X. Zheng, P. E. Reimer

* Dominant uncertainties: experimental systematics

Polarimetry 0.4
Q? 0.2
Radiative Corrections 0.2
Event Reconstruction 0.2

* Able to measure Apv to sub—percent level precision

/BHT

dat SM
atr {1+ 2

— sin?0,,(0?

+ Besyx?

0.248
0.246]"
0.244]
0.242

0.24
<~ -
o 0.236

o.232f
0.235
0.228f
022601

—e— Existing data

—¢— Future fixed target projections

S 0.238
- -

0.234F

SLAC-E158
* APV Qweak

eDIS ¢

I MOLLER
Ip

1 I 1 1 | I | N - | | I l |

LEP1
LHC

SLC

T SoLID Tevatron
F S

1 l 11 1 | I 111 1 I 11

-3 -2 -1 0

Log10 Q [GeV]

1 2 3
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SoLID Parity Violating DIS Program

* Parity Violating DIS on Isoscalar Deuteron
* Precision determination of electroweak parameters
* Beyond-the-Standard Model (BSM) physics search
e Search for CSV at quark level
e Search for quark-quark higher twist effects

* Parity Violating DIS on Proton Target
* Hadronic physics > d/u measurement
* Parity Violating EMC Effect

* Isospin dependence of the EMC effect by the use of neutron-rich isotopes

* Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations

15



SoLID PVDIS Program: Proton

Ratios FJ'/F & d /u (limx — 1)

* Provide clear way to examine theory

Major hurdle

* Extracting F}'

Ff — Hydrogen

FJ' — ? (No free / stable neutron target)

/TR
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LK nuclear uncertainty
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— — no nuclear corrections
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®

F/EP du A" Af

SU(6) 2/3 112
Diquark Model/Feynman 1/4 0
Quark Model/lsgur 1/4 0
Perturbative QCD 317 1/5

0
1
1
1
Quark Counting Rules 37 1/5 1 5



SoLID PVDIS Program: Proton

].I|IIIIIIIIII|II/I_
: n p . I
* Ratios F,' /F, & d/u (limx — 1) s |
* Provide clear way to examine theory T
* Major hurdle < 05
 Extracting ' B }
p 0.25 __ nuclear uncertain
* F — Hyd rogen - % PDF uncertainty ¥ 1
- — — no nuclear corrections =
« [T' — 7 Nofree/stable neutron target) g Ciealucaloosls oo
0O 02 04 06 08 1
. FZ

Extract

Diquark Model/Feynman 1/4 0
Quark Model/lsgur 1/4 0
Perturbative QCD 3/7 1/5

Quark Counting Rules 3/7 1/5

F 2 X
FFP  dlu A" AP
SU(6) 2/3 112 5/9
e

Measur



SoLID PVDIS Program: Proton

1 T L T L | | I/I_

» Ratios F)'/F, & d/u (limx — 1) b :
* Provide clear way to examine theory T .
 Major hurdle S 05 i
* Extracting F}' - ; g

p 0.25 __ nuclear uncertain __

* FZ — Hyd rogen - ﬁ% PDF uncer‘tainty ¥ 1
- — — no nuclear corrections =

« 7' — ? (No free / stable neutron target) g Lesiluculioslosilonl

0 02 04 0.6 0.8 1
®

FFP du A" AP

SU(6) 2/3 1/2 0 5/9
Diquark Model/Feynman 1/4 0 1 1
Quark Model/lsgur 1/4 0 1 1
Perturbative QCD 317 1/5 1 1
Quark Counting Rules 3/7 1/5 1 5 1



SoLID PVDIS Program: Proton

d/u measurement
* BoNuS (Barely Off-Shell Neutron Structure)

1.0 T I I |

* Tag recoiling (low momentum) proton 4 SoLID Projection
. . . * CLAS 12 BoNuS
* MARATHON (Ratio of A=3 mirror nuclei) 08 o LARATHON Projction
. . 3H 0.6 t + . AM22
* Nuclear effects cancel in ratio: P— | REEEY e 4o
He S o04f * bﬁ Ch
* SoLID PVDIS on 'H A ‘
0.2
* d/u obtained free of nuclear effects M SoLD Model Uncertainty
0.0
d
1 eu __ ed %
Apy = & [ “0av — pRav 4l IR 0.2 0.6 0.8
At v? d X

4 +H—
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SoLID Parity Violation DIS Program

Parity Violating DIS on Isoscalar Deuteron
* Precision determination of electroweak parameters
* Beyond-the-Standard Model (BSM) physics search
 Search for CSV at quark level
e Search for quark-quark higher twist effects

Parity Violating DIS on Proton Target
* Hadronic physics > d/u measurement

Parity Violating EMC Effect

* |sospin dependence of the EMC effect by the use of neutron-rich isotopes

* Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations

20



EMC Effect

1.2”‘-1 T 1 I T T T T I
FZI) i F2Tl+ sz 1_0..-&,#{&;;-;——;}.'..-_.j“h”_’ _____ _{__
e T L ogn it
» European Muon Collaboration: Fs ¢ /F> o e 1 W
* Expected the ratio to be ~ unity (x < 0.7) 1.0---4,*4,,;:—_ e +_+_;
* Modification of quark distributions %\3-0_8;01, P L[‘
. . O = L z
* Universal x behavior ~—\§1,o-“;¢“ﬁ_-_* I, N
+ SLAC E139 i B
Oar | 1 I 1
T *L_
08‘,Ag "u.* . Au " .,’+ =
| 1 | I | I |
0 0.4 08 0 0.4 0.8
X X

21



EMC Effect

0.35 F———T———T ]

D n. =P 0.30 |

2 # i+ by — 0.25 | Be { }lzc ;

» European Muon Collaboration: F; ¢ /F; D gzt e -

* Expected the ratio to be ~ unity (x < 0.7) mé 0.15/F :

* Modification of quark distributions T ofot :

. . E 3 E

 Universal x behavior ops £ % e 3
« SLACE139 00000 00z 004 006 008 _ 010

Ave. Nuclear Density [fm ™3]

* Size does NOT scale with density
* °Be is low density
» ‘large’ EMC effect

* Definitive explanation.....
* Competing explanations 22



EMC Effect

Fy # FJ'+ F)
» European Muon Collaboration: F5 ¢ /F?

* Expected the ratio to be ~ unity (x < 0.7)
* Modification of quark distributions

e Universal x behavior
e SLACE139

* Size does NOT scale with density
* 9Be is low density
* ‘large’ EMC effect

* Definitive explanation.....
* Competing explanations

* Need new observables

Flavor Dependent EMC

EMC-SRC correlation + n-p dominance of SRCs
a. enhanced EMC effect in minority nucleons
2. Neutron rich nuclei like “8Ca
a. expected to have significant neutron skin
b. neutrons preferentially sit near the surface in lower density regions
3. Calculations show difference for u-, d-quark
a. scalar and vector mean-field potentials in asymmetric nuclear matter

1.

Indicate enhanced EMC for minority nucleons

23



Parity Violation EMC Effect

2
Ay =~ [0y () + a5 ()] Target Choice
J\ JPVEMC target requirement
Sunoresa QTarget with N #Z } .
1~ (1—y)? dLarge EMC effect
1—(1+y)?
| 12u; —df
a,(x) =~ £ 4 sin® @, — 25ttt

gt = q(x) + q(x)

PVDIS sensitive to difference in up and down quark

. . . . . 24
distributions in nuclei



Parity Violation EMC Effect

Title: First Measurement of the Flavor Dependence of Nuclear PDF Modification Using Parity-
Violating Deep Inelastic Scattering

GrQ? . y _
F Spokespersons: J. Arrington (contact), R. Beminiwattha, D. Gaskell, J. Mammei, P. Reimer
Apy = e a1 (x) + az(x)Y]
na CBT Model
i _/
1.00 | :
ZSuppressed [ 1— Up quark only
1—(1-y 0.95 | |
— ( )2 f:;:\ I . Jl«— Flavor
1-(1+y) e i independent
0.90
12uf —dx
a,(x) =~ = —4sin* 6, — ’i 'i 085 | 3
5 25 Uy + dA i 1™ Down quark
0080'....|....|....|i...|....|....|.. only
+ - 2 3 4 D 6 e .8
PVDIS sensitive to difference in up and down quark
25

distributions in nuclei



SoLID Parity Violation DIS Program

* Parity Violating DIS on Isoscalar Deuteron
* Precision determination of electroweak parameters
* Beyond-the-Standard Model (BSM) physics search
e Search for CSV at quark level
e Search for quark-quark higher twist effects

* Parity Violating DIS on Proton Target
* Hadronic physics > d/u measurement

* Parity Violating EMC Effect

* Isospin dependence of the EMC effect by the use of neutron-rich isotopes

* Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations

26



Beam-Normal Single Spin Asymmetry

* Transversely polarized lepton beam or target ¢ y
* Born approximation (OPE)
* Asymmetry is zero (time reversal invariance & parity)

O'T—O'l
ol+o! 14

PHYSICAL REVIEW VOLUME 143, NUMBER 4 MARCH 1966

Possible Tests of C,; and T, Invariances in I+ N — [*+1 and 4 — B+e++e—f

N. Crrist* AND T. D. LEE
Department of Physics, Columbia University, New York, New York
(Received 8 November 1965)

A systematic method to test the Cs and T invariances of the electromagnetic interaction is to use the
inelastic scattering I*+N — I*4T where /* is the charged lepton, &V is the target nucleus (or nucleon), and
T'#N but, otherwise, can be any system of the strongly interacting particles. General expressions for the
various possible Cst- and Ts¢-noninvariant effects in such reactions are derived and discussed. Similar con-
siderations are also applied to the decay A4 — B-}-e*--¢~, where 4 and B are any complexes of the strongly
interacting particles.

27



Beam-Normal Single Spin Asymmetry

* Transversely polarized lepton beam or target

 Born approximation (OPE)
 Asymmetry is zero (time reversal invariance & parity)

* Beyond Born approximation

* Non-zero asymmetry generated by interference between single-
and two-photon exchange processes

* Beam-Normal SSA probes Imaginary part of TPE

* Ap < ImTy, Ty,

k(E, k)

K(E’K)

k(E, k)

28

K(E’K)



Beam-Normal Single Spin Asymmetry: E12-22-004

* Transversely polarized lepton beam or target 6

* Born approximation (OPE)
* Asymmetry is zero (time reversal invariance & parity)

* Beyond Born approximation 8]
* Non-zero asymmetry generated by interference between single< |
and two-photon exchange processes 2

* Beam-Normal SSA probes Imaginary part of TPE

* Beam Normal SSA proportional to the m,

* Small asymmetry
e High Luminosity—> SoLID

5t

E L

.......................

—— Leading Twist ]
—— Logarithmic Enhancement ]

........................

29



Beam-Normal Single Spin Asymmetry: E12-22-004

Title: Measurement of the Beam Normal Single Spin Asymmetry in Deep Inelastic Scattering
using the SOLID Detector

Spokespersons: M. Nycz (contact), X. Zheng, W. Henry, Y. Tian, W. Xiong

First high precision Beam-normal SSA measurement in DIS 100 p7———=—"—""="""
1. Non-zero BNSSA in DIS? B0 & froe e e 0 o
2. Dominant mechanism? so b

a. Synergy with SoLID target normal SSA :
3. Important input for theoretical models
4. TPE in DIS (SIDIS)?

40 |

SRR R

Anlppm]

of

Can combine Q7 bins in each energy setting




Beam-Normal Single Spin Asymmetry: E12-22-004

Title: Measurement of the Beam Normal Single Spin Asymmetry in Deep Inelastic Scattering
using the SOLID Detector

Spokespersons: M. Nycz (contact), X. Zheng, W. Henry, Y. Tian, W. Xiong

First high precision Beam-normal SSA measurement in DIS

1. Non-zero BNSSA in DIS? 60 |- fooece
2. Dominant mechanism? - ¢ JLab 6 GeV PVDIS
a. Synergy with SoLID target normal SSA 0T
3. Important input for theoretical models T 20f ¢ . |
4. TPE in DIS (SIDIS)? g |
< 0k
: . , —20 |
Can combine Q- bins in each energy setting :
An=Ameasured:l:2.06ppm:6.6G€V _40_|||||||||1|||||||||||||1|||
An= Ameasured:t 380 ppm : 11 GGV . ? 302 (Gev:)1 > °
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Beam-Normal Single Spin Asymmetry: E12-22-004

* Beam Normal SSA in Standard Model Effective Field Theory (SMEFT)

PHYSICAL REVIEW D 107, 075028 (2023)

* An effective field theory extension of the SM
Transverse spin asymmetries at the EIC as a probe * Includes terms suppressed by a high energy
of anomalous electric and magnetic dipole moments scale 4

Radja Boughezal

HEP Division, Argonne National Laboratory, Argonne, Illinois 60439, USA ( 6) ( 6)
Daniel de Florian l p— l ., SM E ‘ ' . O .
e o o

International Center for Advanced Studies (ICAS), ICIFI and ECyT-UNSAM,
25 de Mayo y Francia, (1650) Buenos Aires, Argentina

Frank Petriello

HEP Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
and Department of Physics and Astronomy, Northwestern University, Evanston, Illinois 60208, USA

Werner Vogelsang

Institute for Theoretical Physics, Tiibingen University,
Auf der Morgenstelle 14, 72076 Tiibingen, Germany
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Beam-Normal Single Spin Asymmetry: E12-22-004

* Beam Normal SSA in Standard Model Effective Field Theory (SMEFT)
* Ongoing study to explore the impact of SoLID BNSSA data

* Precision data from SoLID appears very promising
* Impact study/ publication in near future

100

T
o & >

80 |
60 |
40 |

b peddnn

ol

el

—-40 -

Anlppm]
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Strong Parity Violation in DIS

e Standard Model

* QCD s invariant under parity transformations (L<—R)

* Parity invariance of the strong interaction
* No 15 principle guaranteeing parity invariance for strong interaction

34



Strong Parity Violation in DIS

e Standard Model

* QCD s invariant under parity transformations (L<—R)

* Parity invariance of the strong interaction
* No 15 principle guaranteeing parity invariance for strong interaction

* Implication of parity violation in strong interactions?
* How to explore potential strong parity violation?

35



Strong Parity Violation in DIS

e Standard Model

* QCD s invariant under parity transformations (L<—R)

* Parity invariance of the strong interaction
* No 15 principle guaranteeing parity invariance for strong interaction

* Implication of parity violation in strong interactions?
* How to explore potential

Signals of strong parity violation in deep inelastic scattering

Alessandro Bacchetta »>>*, Matteo Cerutti >, Ludovico Manna >~ , Marco Radici> ",
Xiaochao Zheng

2 Dipartimento di Fisica, Universita di Pavia, via Bassi 6, I-27100 Pavia, Italy

b INFN Sezione di Pavia, via Bassi 6, I-27100 Pavia, Italy

¢ Dipartimento di Scienza della Terra e dell’Ambiente, Universita di Pavia, via Ferrata 7, I-27100 Pavia, Italy
d University of Virginia, Charlottesville, VA 22904, USA
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Structure (Formalism): Neutral-Current DIS

d’c 2ma® R2y?2 2

dxp B xgyQ*? et 2 (Foyy + AFyy) — y*(FLuu + AFLw) — Y-(xsFsyy + AxsFsy)
2 2

Fouu (5, Q1) = ;7 = gin, 25" + (5% + 95" )nzF”

K7 — 29595, F "

F,, L (xp, Q%) = gAr],,Z
Fsuu (65, Q%) = ghnyz B = 295.95m2 5"

2 2
F3 10 (x5, Q%) @ gonyzB? + (987 + 955 Iz Fy”

F(Y )

SM: No contribution from Fg(y)
Adds the observable > F?,(y)
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Strong Parity Violation in DIS: Apply to Existing Data

1.00
HERA e™ fit
0.751 3 HERA et data o E122 Fit
HERA e~ fit b % E122 data
- % =5 .
» 0501 § HERA e data o PVDIS Fit
5 g %  PVDIS data
S 025 + .
Il S £ _10 -
B 0.00 (- t=t=r=—e— i
> i § e D)
< —0.25 <
5 —15 i
—0.50 | 8
- Q
2
—0.75 H —20
2.5 } r
Data_ASY 0.0 5 ¢33 ? i T T o
—A‘WPV £ 3 ¢ 3 T + l Data-Ajy
I PVI —2.5 SM - { 1
I

HFH
—oi—

AT 0.0 &
—5.0 o }@ } f}

—7.5
N ~1.0
6
-
Datas—‘éff‘v’ 4 I su 009
[A%y | 2 ¥ I ¢ Data-A,y —0.02
T3 33 T T . - AW |
O—t——%—1% I 1 1 0.04
. P 11
4 —0.08
103 104
QZ[Gev2] 1.0 1.2 1.4 1.6 1.8 2.0

Q? [GeV] 38



Strong Parity Violation in DIS

5. SoLID (d)
I SoLID (p)
=}
E Q =2 GeV
—_
C
8
N
3
>
~

Baseline

g,

0.0 0.2 0.4 0.6 0.8 1.0

r

SoLID PVIDS program will make the largest impact
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Summary and Outlook

* SoLID has a well established and growing physics program
* SoLID PVDIS has a broad physics program

* Precision measurements of electroweak parameters
* d/u free of nuclear effects

* Flavor dependent EMC effect

* Two-photon Exchange in DIS

* Potential impacts are being explored
* Beam-Normal SSA in Standard Model Effective Field Theory
e Strong parity

40
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Beam-Normal Single Spin Asymmetry: E12-22-004

Systematic Uncertainty

Target endcaps 5%
Polarimetry 3%
Radiative Corrections 1-2%
Particle background 1%
Q2 determination 0.2%
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PVDIS Program

SoLID (PVDIS)

—
=

FEM Glorimeter
iforwardlangie)
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