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» This run group experiment parasitic to SoLID SIDIS experiments of

« E12-10-006: Single Spin Asymmetries on Transversely Polarized *He (neutron): Rating A
Approved number of days: 48 days (11 GeV) & 21 day (8.8 GeV)

« E12-11-007: Single and Double Spin Asymmetries on Longitudinally Polarized *He

(neutron): Rating A
Approved number of days: 22.5 days (11 GeV) & 9.5 day (8.8 GeV)
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Review Comments from the SoLLID Committee and PAC Reader

1. The importance of the cross-section measurement should be sharpened. For example, why would an absolute cross
section measurement of SIDIS be more valuable than the (traditional) multiplicity study?

2. How well do we know (or expect to know) the coincidence pion production cross sections and what are the
uncertainties due to the coincidence acceptance? This should be finalized.

3.  What are the ¢ -dependent effects and uncertainties from the electromagnetic radiative corrections? Can you
possibly quantify the uncertainty in the ¢ -dependence due to the radiative corrections and compare them with your
best estimate of a physics signal expectation, especially the Boer-Mulder effect?

4. How does the nuclear corrections affect the significance of the physics impact on the neutron? For example, would
Fermi motion affect extracted k, or p, width? Can PWIA be used to estimate the effect of the nuclear corrections?

5. On the importance of *He data: while SHe and deuteron data are complementary, it is still useful to have a
quantitative comparison of the impact with the Hall B deuteron data.

6. Please make a self sufficient/standalone plot with legends, caption and axis labels which captures the physics quantity
of interest and its impact from this run group proposal such that it that could be advertised by the SoLID collaboration.

9. Sec. 6.3 / Fig. 41: The quoted uncertainty on (k,2) in Eq. (58) (+0.0002 GeV?) appears inconsistent with the 68% contour
in Fig. 41 (~0.584-0.590 GeV?); suggest clarifying. Also, replace p, with P, in Eq. (58).

10. Figs. 43 & 44 (Eqs. 64 & 62): If factorization holds, the plotted quantities should be flat in z, but oscillations are
observed. Are these due to deuteron structure effects, or do they indicate a breakdown of factorization?

11. Fermi Motion & Systematics (Secs. 6.1-6.5, 7.1): Unclear whether Fermi motion effects are included in results of Secs.
6.1-6.3. Fig. 35/36 uncertainties may need revision. Also, possible inconsistency between Sec. 7.1 and item (iii) on p. 68
regarding whether systematic uncertainties are included in azimuthal modulation analysis.
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SIDIS Process

» The SIDIS process represented as (four-momenta given in parentheses)
[(k1) + N(P) — U'(ko) + h(Py) + X (Px)

Hadron production

Pn Azimuthal angle
between hadron
production and

A 4 lepton scattering
Ig planes designated

[ - lepton beam

N - nucleon target

h - produced hadron

z as ¢n
e X - undetected hadron
. Lepton scattering plane
e Q — virtual photon
momentum Kinematics of the SIDIS process:
qg=1- ! assume one-photon exchange approximation
QZE-qZ . QQ B P.q L PPh B QMNg(;bj
bj 2an Y P.klv h Pq 3 Y Q

» Project unpolarized cross-section pseudo-data in 5-D binning

:Ebj y PhT: Zh, ng (!bh.
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Why Measure SIDIS Unpolarized Cross Section

Multiplicities (HERMES/COMPASS) constrain TMDs, but cross-section measurements are
essential to test both the shape and magnitude, providing a critical test of TMD
factorization beyond leading order.

do _ dma ( m 7_2 )
iz, d2,dQdPLd¢r Q8

X M ca cos(¢p) Fy; OS(%) c3 cos(2¢p) FCOS(%”’ ]

SoLID impact study on Fyy is performed using the There are no ¢,-dependent terms computed
MAPTMD24 framework with TMD evolution up to within TMD factorization
NNNLL accuracy. ( obtained within LO parton model)
test of TMD factorization theorems Access to angular modulations and

higher-twist physics

NNNLL means next-to-next-to-next-to-leading-log
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SIDIS Unpolarized Cross Section

In LO factorization scheme

do om (1 b ) x
= N —
dx,, dydz,dP? . d¢y, x, YyQ* 2,

c1 Fuu + coa cos(én)Fy; ms(%) + c3 cos(2¢p |y, :

» Use Gaussian parameterizations for the TMD PDF and TMD FF
Twist 3 effect: cos ¢, dependence
cos(¢p) _ acos(op) cos(op)
FUU _FUU |Cahn—|_F1 |BM
e Cahn effect < f; @ D,

* Non-zero Cahn effect solely requires non-zero quark transverse momentum
» Related to quarks’ intrinsic transverse momentum distribution

Twist-4 Cahn & twist-2 Boer-Mulders: cos(2¢,,) dependence

F[CJ‘;?(%%) ~ FCOS(2¢h

cos(2gbh |
* Boer-Mulders effect o ht; @ HL;

|Cahn + BM

 Twist-4 Cahn effect could have similar size of contribution to cos(2¢,,) as Boer- Mulders [Phys. Rev. D
81:114026 (2010) based on HERMES/COMPASS results]
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Why Measure Absolute Cross Sections in SIDIS?

¢ Addressing Reviewer Comment #1 (SoLID Committee)

® Studies on Multiplicities of hadrons in SIDIS are available N;j “’;in’.-k“ 03 [  03<z<04

dth(xbj, Q% Zh,Prle) _ dtch da2gPIS < T %'E-.
dzdPjr - (ddeZdzdpﬁT)/ (ddeZ) 2?3 wf::i:s - .| .
* Systematic uncertainties largely cancel Co —
» Ideal for global fits of fragmentation functions '\ '
* Denominator: inclusive DIS (collinear), f ‘5';,._ %
* Numerator: SIDIS (TMD) — mixed schemes; sensitive to 10 Tk S
kinematic cuts o © L.

* Not suitable for nuclear effect studies ’ ” e O'SPSJ (Gevic)z

U Lack of data on SIDIS unpolarized absolute cross sections
o Study both the shape and the magnitude of the SIDIS cross sections o B 1 0dbcscn s

<Q*2>=1.8 3 *, o)
g Name: [a]*exp(-x/[b])

a 2.649

o Ascertain the validity of the factorization theorems : 209
o higher-twist effects on azimuthal angular modulations k i SR T

o TMD flavor dependence
o Nuclear corrections: EMC effect, nuclear binding, Fermi motion, and

d*M/(dz dPT?) [GeV™“]
-
]

< Viv..
off-shell effects 102 »\dgso’ ‘)
o Challenges: PRELIMINARY
107 =030 040 0,60 080 1.00

PT? [GeV?|

» Larger systematics
» Requires high luminosity and large acceptance
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Data Status: Published and Collected

» Hall A data:
* E06-010: SIDIS r* productions from a transversely polarized *He target with
5.9 GeV beam (0.12 <x,;<0.45,1 <Q2?<4 GeV?, 0.45 < z,<0.65, 0.05<Pyr<0.55GeV)

X. Yan, et al., Phys. Rev. C 95, no.3, 035209 (2017)

Unfolded Distributions of ¢

» Hall B data:

*  RG-A/RG-B: Measurements of the cos¢, and cos 2¢, Moments of the
Unpolarized SIDIS 7™ Cross-section with 10.6 GeV beam and hydrogen
target

» Hall C data:

0.01

* E00-108: SIDIS ©* productions from hydrogen and deuterium targets with 5.5
GeV beam (0.2 <x,;<0.6,2<Q><4GeV?2, 0.3 <z,<1, and Py1?> <0.2 GeV?) oLi

o

R. Asaturyan and et.al Phys. Rev. C 85, 015202 (2012)

* E12-09-017: Transverse momentum (P, ;) dependence of SIDIS n* and K*
productions from hydrogen and deuterium targets with 8.8 GeV and 11 GeV
beam (0.2 <xp; <0.5,2 <Q><5GeV?2, 0.3 <z,<0.5, and PhT < 0.5 GeV)

Range: O — 360 - Size: 15.0 per bin
Q%*-xy Bin: 8 —  z-P, Bin: 10

- Ty . o

~ -

<> b
B

+ Bin-by-Bin + SVD (RooUnfold)

Bayesian

Hall B: Reaction Studied: ep—>em*(X)

50 100 150 200 250 300 350
¢, (REC)

R. Capobianco

This SoLID proposal: SIDIS n* and K*

0<x,<07,1<Q2<10GeV?,03<2<0.7, 0<P,;<1.6GeV, -n<,<m
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SoLID’s Advantage in Unpolarized SIDIS

% Addressing Reviewer Comment #5 (SoLID Committee)
» Hall B data: RG-A: Measurements of the cos¢;, and cos 2¢, Moments of the Unpolarized SIDIS

nt Cross-section with 10.6 GeV beam and hydrogen target CLASIARCA el Dem ser
-Xy Bin: 8
CLAS12 o FraBln
b= F 1 - from R. Capobianco | 900
S 100} 009 | ArXivi2501.14996 . o
~ 505 0.98 ik ' _ 700
i 0.97 600
0 : 0.5
Z ! | H0.96 i . % 0
-50 f u 0.95 0.4 ) g ' AN
: -y | 0.94 03 ' ‘ =00
-100;“ VU RV R R P | 200
-100 -50 0 50 100 o2 CLAS12 100
SoLID SIDIS configuration: % (e o bt
v Continuous azimuthal coverage — avoids sector-based systematics Pr
4.4% from RG-A. 18 SoLID =
. . . - 0 :é"':- 107
v Statistically rich dataset: ~100x CLAS12 deuteron (RG-B) data "¢ £
. A . 1.4¢ s = 1y 10°
v Enables fine binning in Py E S
o120 ’; __, 10°
L3 L3 L3 % 1;_ ;,_‘!)zf -‘- v' 104
Critical for TMD studies: & et
. . . . . . = - 3
= Fine P, bins essential to probe TMD factorization region Qo6 4 *
= SoLID accesses 1.0<P,;<1.6 GeV/c 04 "
= Statistical uncertainty in high-P, ; region: ~0.9% 02 | 10
OO Wi i SR R PR N [
%*0.10.2 03 0.4 05 0.6 0.7 08 0.9 1 '

Z,
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Coincidence Acceptance Uncertainty

¢ Addressing Reviewer Comment #2 (SoLID Committee)

10days of 11 GeV unpolarized hydrogen and deuterium runs (SIDIS transversely polarized *He experiment E12-

10-006 ) above the resonance region d(;/dt(xbj , Q?), d2c/dtd¢

+ e'+m*

Proton target data
* HallC

» Q*=0.6-2.45 GeV%, W=1.9 and 2.0 GeV, 0.026 GeV?< -t < 0.365 GeV?

H. P. Blok and et.al., Phys. Rev. C 78, 045202 (2008)

> Q»=2.4 GeV2, W=2.0 GeV, 0.272 GeV*< -t < 2.127 GeV?
S. Basnet and et. al, Phys. Rev. C 100 (2019) 6, 065204

» Hall C 12 GeV experiments E12-06-101 and E12-07-105

* HallB

> 0.16 <x;; <0.58, 1.6 GeV2 < Q* <4.5 GeV? and 0.1 GeV? <—t <5.3 Ge V>

K. Park and et al., Phys. J. A 49, 16 (2013)

» Hall B 12 GeV experiment PR12-10-010
https://www.jlab.org/exp_prog/proposals/10/PR12-10-010.pdf

NE CLAS12 SIDIS phase space-
g'orcoverage

Epeyn = 11.0 GV
—— Epun= 88GeV

Epan = 6.6 GeV

L
0 T FTETE FETEE FTETE PR FNUEE PN TN SUETE SU T SR
0 01 02 03 04 05 06 07 08 09 1

Xp;

Calibration Approach:

* Exclusive channels will be calibrated
in overlapping regions using existing or
forthcoming data.
 Calibration will be extended into broader
kinematic regions via SIDIS reactions.

Q? (GeV?) | W (GeV) | tmin (GeV?) | Beam energy (GeV)
0.6 1.95 0.03 3.548
0.75 1.95 0.044 3.548
uncertainty <4.3%
9 a5 10°
a SolLID SIDIS j{ v
7" < g

Q? (GeV/cy

Mo b b b b Lo b b
0 01 02 03 04 05 06 07

Xy
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Coincidence Acceptance Uncertainty

¢ Addressing Reviewer Comment #2 (SoLID Committee)

10days of 11 GeV unpolarized hydrogen and deuterium runs (SIDIS transversely polarized *He experiment E12-

10-006 ) above the resonance region d(;/dt(xbj , Q?), d2c/dtd¢

+ e'+m”

Deuterium target data Use of CLAS12 Data:

« HallC * CLASI12 SIDIS data from unpolarized proton &
> Q2= 0.6-1.6 GeVZ, W=1.95, Q2= 2.45 GeVz, W=2.2 deuteron targets Wlll be used

G. M. Huber and et al., Phys. Rev. C 91, 015202 (2015) N Targeting 7.2% uncertainty for SIDIS piOIl CTOSS

 HallB sections
> Hall B12 GeV experiment PR12-10-010 * High-P,;>1 GeV region lacks CLAS12 coverage
https://www.jlab.org/exp_prog/proposals/10/PR12-10-010.pdf — will rely on simulations, additional 4% from

tracking-related uncertainty. ~8 % total
uncertainty for high-P, pion measurements.

COMPASS and HERMES data provide cross-checks (10-15% stat. uncertainty)

« HERMES + KT
> 0.02 <x,;<0.55,1 GeV2< Q?< 11 GeV2 and —t <2 GeV? e -
A. Airapetian and et al., Phys. Lett. B. 659, 486 (2008). ° . 0 .
. COMPASS Hall C data: 7.9% total uncertainty

Phys. Rev. C 97, no.2, 025204 (2018)
» 1<Q%?<16 GeV% 0.003 <x<0.13,0.2 <y < 0.9, W >5.0GeV/c?,

0.01 < P2<3.0 (GeV/c)2, and 0.2<z<0.8 * Hall B CLASI12 ¢’K* data (in pro gress)

JPS Conf. Proc. 37, 020105 (2022) https://indico.jlab.org/event/928/contributions/16228/attachm
ents/12264/19427/Kripko_kaon_sidis_cos.pdf
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¢,-dependent Effects and Uncertainties from Radiative corrections
¢ Addressing Reviewer Comment #3 (SoLID Committee)

Traditional method:
Factorized method:

Orange curve -- g,

Magenta curve -- g3,

(%]
o
[=]

n N o
& [o}] @
= =] =

|
o

do/dx,,dydz d chqubh [nb/GeV?|

Physics Implications (Boer-Mulders Effect):
» Effect size > 10% — Measurable with good precision
» Effect size < 5% — Challenging to extract cleanly; Interpretation limited by theoretical RC uncertainties;

7/8/25

03<z <05

0<x,<025

Help guide future theoretical/phenomenological studies in the right direction

T T T T | T T T T
1<Q<2GeV?

O0<p <02 GeVic

'.Illll__
no RC/RC

Cyan curve -- g + opc  Traditional method:
Blue curve -- o + oz, Factorized method:

1.09F
1.osf
107}
1.06
1.05F

1.04

1.03

1.02#

1.01F
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Red curve —ratio of oz and g + g

Green curve —ratio of oz and o + g

ee®te,
.. ..
L L]
L] .
L
03<z <05 1<Q°<2GeV?
0<x,<025

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

orc(shape) X ¢p, = d(orc(shape)) x 6(¢p) =~ 4% x 0.5 = 2%

The 4% amplitude uncertainty between the two approaches translates into a ¢y,-angle dependent
uncertainty at the 2% level.

.ll'..l]]ll]]ll]]l'].



Systematic Uncertainty Budget for Unpolarized Cross Section

Charged pions

Charged kaons

Sources Uncertainty Sources Uncertainty

Coincidence acceptance correction 8.2% Coincidence acceptance correction ~ 13%
Experimental resolution 3.5% Experimental resolution 3.5%
Pion detection efficiency 1% Kaon detection efficiency 11%

Electron detection efficiency < 2% Electron detection efficiency < 2%
Radiative corrections 2.1% Radiative corrections 2.1%
Vector meson production 1% Vector meson production 1%

Luminosity determination < 3% Luminosity determination < 3%

Total <11% Total < 18%

Total uncertainty calculated by rounding off the quadrature sum of separate
contributions

7/8/25
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Physics Projections @ Low-Q?

> Produced It* unpolarized cross section at 11 GeV beam energy SoLID low-Q? region

800 - [ F
03<z,<04 1<Q?<1.5GeV? 04<z,<05 1<Q2<1.5GeV? 05<z,<0.6 1<Q2<1.5GeV?
0<x,<0.25 0<Pyr<0.2 GeV/c 0<xp,<0.25 0<Pyrr<0.2 GeV/c 0<x5<025 0<Pur<0.2 GeV/c

6001® o e Ur -
awl®®®S : e i SoLID pseudo-data
o [ ]
200 - o8 o g og ol Central points from simple
$§0 06 g g 900838
200 : . . . : . TMD model

03<z,<04 1.5<0Q2<2GeV? | 04<z,<05 1.5<02<2GeV? [ 05<z,<0.6 1.5<Q2<2 GeV?
.U€XD<U.25 0<P,r<0.2 GerC. 0<xp<025 0<Pnr<0.2 GeV/c 0<x,<025 0<P,r<0.2 GeV/c Blue po|nts: Flat dlstrlbutlon

3001® o o °t L
0l ®®e * o0 Red points: Cross section
y ° ° including azimuthal modulations
100 - o8 0og o go 8 o
@]

200 03<z,<04 2<Q%<25GeV?2 | 04<z,<05 2<Q?<25GeV? | 05<z,<0.6 2<0Q2<2.5GeV?
0<xp,<0.25 0<Ppr<0.2 Gew::' 0<x,<0.25 0<P,rr<0.2 GeV/c 0<x,<025 0<Prr<0.2 GeV/c

do/dxydydzydPérddn [nb/GeV?]

1% @ e Y| L 9=
150.00:.:..0 g <% 10°
100 - s : - °F F- o’
0. 88 sy g g8 o e .? 10°
8839 g pasyd NS 5
150 1 1 1 1 L 1 ~ F 10

03<z,<0.4 2.5<Q%<3GeV? 0.4<z,<05 2.5<02<3GeV? 05<2z,<0.6 2.5<Q%<3GeV? % 5 3

0<xp<0.25 0<Pur<0.2 GeV/c 0<xp<025 0<Prr<0.2 GeV/c 0<x,<025 0<Pur<0.2 GeV/c (O] B 2 104
100§ af - o, 4 o ;
s s & 3 $ 58 s S 10
50 F 102

il i I 2F
. i # ! ? ii éé g i 10

be & ds .

P T I S A S
0.1 02 03 04 05 06 07

0
¢n [rad] Xy

-2 0 2 =2 0 2
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Physics Projections @ High-Q?

> Produced It* unpolarized cross section at 11 GeV beam energy SoLID high-Q? region

60
0.3<2z,<0.4 3<Q?<9 GeV? 0.4<z,<0.5 3<Q?<9GeV? 05<2,<0.6 3<Q?<9 GeV?

5071 0.25<x,<0.4 0<Pyr<0.2 GeVic [ 025<x,<0.4 0<Pyr<0.2GeVic [0.25<xp<0.4 0<P,r<0.2GeV/c SoLID pseudo-data

40 -

Central points from simple

liii % T*ii i TMD model

w
o

do/dx,dydz,dPEdd, [nb/GeV?

201 i Blue points: Flat distribution
101 i % ¥ T ¥ % I ¥ i i i 1 i i Red points: Cross section
. ; : : : : : : including azimuthal modulations
-2 0 2 ¢n [rad]

% 60 g:_ - 108
O] 0.3<z,<0.4 3<0Q?2<9 GeV? 0.4<z,<0.5 3<Q?<9 GeV? 0.5<2z,<0.6 3<Q?<9 GeV? 8 il
9 509025 <x,<0.4 0.2 <Py <0.4 GeV/c[D.25 <X, < 0.4 0.2 <Pyr < 0.4 GeV/C[D.25 <X, < 0.4 0.2 <Pyr < 0.4 GeV/c . F o’
— 7; 7==' =
< 40 3 - : Bl 10°
R oL = - N
ha o 6 10°
A 301 - - S
S ()] 5j g .
< O L . 10
3 % § i I I o, 4 A
= o F # 10°
10+ ¥ ; { i % - 3
: b ¢4 W nr
e . . . . n
b |-
o

- N
[rrrTT
=}

-2 0 2 ¢n [rad]

T P AT AP AT IS N
0 01 02 03 04 05 06 07
Xy
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Impact Study of SoLID Pseudo Data

¢ Addressing Reviewer Comment #6 (SoLID Committee) )
* Final-state hadrons

Q% =2GeVZzy; =0.1 Q? =2 GeVZz,; =0.3 -

uncertainty on k ,-dependence
for the d-quark.

ij: 0.1

xbj= 0.3

o
[0 MAPTMD24 4 [ MAPTMD24
BN MAPTMD24 + SoLID /" B MAPTMD24 + SoLID K+ K—
0'2 4 // /
o * Plotted quantity
&
& 0.0 fi(z,k1,Q,Q%) —(fi(=,k1,Q,Q%))
c (i (x,k1,Q,Q%))
N_|.f'-... e %
= x..=0.1 \\\ - .
8o 02 b~ x=10.3 * Uncertainty bans account for
b‘ﬁ \ ‘Il'u
TS| dauank 68% CL
=]
JREY e MAPTMD24 e MAPTMD24
‘E} B BN MAPTMD24 + SoLID BB MAPTMD24 + SoLID
SRS 0.2 * SoLID greatly reduces the
P
=
8
o
S~

—0.2 1
u-quark
0.2 04 0.6 0.8 1.0 0.2 04 06 0.8 1.0
k1|[GeV] kL|[GeV]
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» Azimuthal modulation effect

More Physics Projections

do

d:vbj dydzthgTd(,bh

= Fuu = Fuu,.4cos0 + Fru s cos(on) + Fuu,c cos(2¢4)

Fitting ¢, distribution with a simple function: A(1 — B - cos(¢;) — C - cos(2dy,))

0.55 A
0.50 -
0.45 A
0.40
0.35 A

0.3<2z,<0.4 1<0Q?<1.5 GeV?
0<x,<0.25 0<Pur<0.2 GeV/c

0.4<2,<0.5 1<Q?<1.5 GeV?
0<x,<0.25 0<P,r<0.2 GeV/c

r 05<2,<0.6 1<Q?<1.5GeV?

0<xp,<0.25 0<Ppr<0.2 GeV/c

0.35 A

0 0.30

0.25 A

0.3<2z,<0.4 1.5<Q2<2 GeV?
0<xp<025 0<Pyr<0.2 GeV/c

0.4<2z,<0.5 1.5<Q2<?2 GeV?
0<xp<0.25 0<Pyr<0.2 GeV/c

¢ .

0.5<2,<0.6 1.5<Q2<2 GeV?
0=xp<025 0<Pyr<0.2 GeV/c

Py

0.35 A
0.30 -
0.25 A
0.20 A

0.15

0.3<2z,<0.4 2<Q?<2.5GeV?
0<x,<0.25 0<Pur<0.2 GeV/c

0.4<2,<0.5 2<Q?<2.5GeV?
0<x,<0.25 0<Pur<0.2 GeV/c

+ ¢

0.5<z,

<0.6 2<Q%<2.5GeV?
0<xp,<0.2

2
5 0<Purr<0.2 GeV/c

+

0.4+

0.2

0.0 1

0.3<2z,<0.4 25<Q?<3GeV?
0<x,<0.25 0<Prr<0.2 GeV/c

0.4<2,<0.5 2.5<Q?<3 GeV?
0<x,<0.25 0<Pur<0.2 GeV/c

} +

0.5<2,<0.6 2.5<Q2<3 GeV?
0<x,<0.25 0<P,r<0.2 GeV/c
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0.3<2z,<0.4 1<Q%<1.5GeV?

0.4<2z,<0.5 1<Q%2<1.5GeV?

0.5<2,<0.6 1<0Q%2<1.5GeV?

Red points for t*, black points for "
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Transverse Momentum Widths from Azimuthal Modulations

¢ Addressing Reviewer Comment #9 (PAC Reader)
» Transverse momentum widths _PZ_/(P2)
e Thr/\Fhr

Fou = ) ey, fo(®,) Dy(zn) (P2 where (P,2) = (P2) + z2(k3)
q
Fg}jwh) = FE}O;(%) |Cahn + FCOS(% ‘BM In model, we have (in GeV?)
2 2
cos(2¢p) __ gcos(2¢) cos(2dp) (kJ_) = 0-604,<PJ_) = 0.114
Fyy ~ tyy |cahn+FUU ‘BM

Least_Square = Y,(pseudodata — Model)*/(0&q¢ + 02ys)

The fitting results shows (in GeV?): -

(k%) = 0.5871 £ 0.0002 .
(PZ) = 0.1165 + 0.0003 / \
% 0.1168 - ; \.‘
Three contours corresponding to confidence levels of % 01164 - "x\ . /‘"
68%, 90% and 99% s , /

0.1160 \‘\ ~ g

Both Cahn and Boer-Mulders contributions included - o

0.582 0.584 0.586 0.588 0.590 0.592

(k%) [GeV7]

The fitting results differs from the model by 4%

By measuring the unpolarized cross section with and without azimuthal modulations, we will be able to
extract the Gaussian width parameters (k%) and (P?)
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More Physics Projections

% Addressing Reviewer Comment #10 (PAC Reader)

at m — 7 + -
> Test of factorization Y +Y)  4u+du+d+d Y =Y  4u,—d,

Assume no P,; dependence =~ Y] + Y ~ 5(u4a+d+d) Y —-Yr ~ 3(uy + dy)

1 1.20 1.80
and ignore heavy quark e simulation
o o — Qislo
contributions 175 — CTiono
1.184 —— CJ15nlo

T 16 _ _ — JAM20
LA " bt o b @ & 1701
g 12 H’ +¢N’ % %% ¢+¢ ¢+¢¢¢+ %, ik ’r . + 1164 |
% TEVAL R LR RO BT %3 ¢ + + %3
C *® ) s ¢ ¢ 4 9 + ¢ + + + 2 165
& I e
B 08 .| ET ET
£ $ 1144 N

3 + +
o - =T =T 1.60
: 25 H + = @ simulation =
e 2 — (J15lo

1.12

T 15 H 14 4 i 17 FERC R —— CT10nlo 1.55 -
H 1 s —— CJ15nlo
ae“ 05 . — JAM20

- _ 1.10 & T T T T T 1.50 T T T T T

0 o5 =z = == = 0.30 035 0.40 0.245 0.50 0.55 0.60 0.35 0.40 0.245 0.50 0.55

Zz

T. Navasardyan and et al. Phys. Rev. Lett.98, 022001 (2007)

_ _ 7r+ —
Y4V du+du+d+d YooY du,—d,
Y +YT w+a+4d+4d YU —Yr T 4dy —wv

1.6
@® simulation @® simulation
— (QJ15lo 5.44 — (QJ15lo
—— CT10nlo —— CT10nlo
154 —— CJ15nlo — QJ15nlo
Write two types of - — JAM20 _— — JAu20
‘;: ‘;E )
simple ratios F 14 g
L
g ° ° ° ° ° ° E o
"if‘ ‘53
T 1.3 i
S £ 48
1.2
4.6
1.1 . . . . . . : : . .
0.35 0.40 0.45 0.50 0.55 0.35 0.40 0.45 0.50 0.55
z z
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Nuclear Corrections

¢ Addressing Reviewer Comment #4 (SoLID Committee) and Comment #10 (PAC Reader)

Pyr with zc* P, with c*
g 102 ....... - - th.oul Fer.ml motl.on = hPtfmDiff
= : . . — Wi S S O S ovenee 1 i
Q 10 ........... ............ — with Fermi motion 51 80E : — m I.,des
E 1 _________ 81 60 :_' """" ‘ """" ’ """ Mean ~0,0003474
E 10-1 i i 140;_ ........ ........ ....... ...... R:ws 0.03078
3 102 PR SRR JUUVIR WS SR SO . W O S L [11] SUE SR S SR Y S o
103 ; i 100;— -------- -------- ------ :ea" 2.0720-05 = 5.8670-04
104 e _ 80- ........ ........ ..... 5 : : ‘
10-5 I SO TR O S 60;.. ........ ITRIC SN TR, NP B B e
0 o 2 0 4 D 6 0 8 1 1. 2 E] 4 1. 6 1. 8 2 F : : : : 5 : E
Pyt (GeVic) Ty RS B 1 1 A B S
20:_ ........ ........ ....... ........ ........ ........
e & &2 61"5-01'J665"0"f'0'0'5§01015 0.2
o= 1.2
ol T P.1-P,.r (GeV/c)
Slbd Ph,r = zk, +P,
g':;;_ . o L """"" o Induced uncertainties:
00: Lo il (k3): £0.0006 (GeV /c)?
0. 2 0. 4 0. 6 0. B 1 1. 2 1 4 1.6 1.8 2 2
Pyr (GeVic) (P2): £0.0001(GeV /c)?

changes ~20% in the kinematic range of interest
+» Stimulate further theoretical studies on nuclear effects.

v" Scopetta: Effects can be corrected using nucleon effective polarizations from precise few-body calculations.
Phys. Rev. D 104, 054005, (2007)
v" Liu et al.:Found few-percent-level effects on structure functions, even smaller for azimuthal asymmetries.

% Aid in investigating the EMC effect with *He SIDIS data.
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Summary and Outlook

» With high luminosity and large acceptance, SoLID could provide high-precision SIDIS unpolarized
cross-section data with full azimuthal angular coverage

» The updated run-group proposal includes (Since Jan. 2025)

¢ Sharpened motivation for absolute SIDIS cross-section measurements

e Detailed coincident systematic uncertainty studies and calibration plan

¢ Quantified uncertainty on azimuthal modulation from radiative corrections

e Nuclear corrections addressed: Fermi motion effects on kinematic variables and Py, (k?), and (P?)
¢ Quantitative comparison with Hall B deuteron data added to highlight SoLID's impact

e "Money plot" added: physics impact on unpolarized TMDs using state-of-the-art MAP framework

Thank You !

Acknowledgements: the entire SoLID collaboration

Supported in part by U.S. Department of Energy under contract numbers:
DE-FG02-03ER41231 and DE-FG02-84ER40146
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Systematic Uncertainties

(
» Kinematic coverage examples oF oS ES5 & bR 5w
of produced n* particles 4 Ol
7:— p‘*h
e 11 GeV and 8.8 GeV combined S o -
o & o
%) SE - 108 s
» Phase-space correlation between e A i NS
Q? and x,; (top-left) S S~ 0’ SE
- il 102 oF
2F i o
. F 10 oof
» Phase-space correlation between 1 of
. b b b b Lo b baaa o by ©oF
Xy; and z,, (top-right) 0 01 02 03 04 05 06 07 f
vertex P (GeV) vertex P (GeV)
o PP P P o PP P P
> Electron acceptance b o
as a function of polar angle SF SF
and momentum forward o af
angl 3 N 3 N
ge 3 oF 5 o
(bottom left) C>lg RE c>lg N5
D g T g
—~ F _ r
as a function of polar angle S g 2w
SN C .\
andmomentum.largeangle S ., 2
(bottomrlght) =N w s N O S Nhwbdo o N ®o©
23
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do/dxpdydz,dP? [nb/GeV?]

> Produced It* unpolarized cross section at 11 GeV beam energy

More Physics Projections

SoLID low-Q? region

9
1<Q2<1.5 GeV? 1.5<Q2<2 GeV? F
8
100 ] : d e 0<xy<025 0 <xy<0.25 F
° . 7r
[ ® ) ” C
° ® e 2z,=0.325 e 2z,=0325 G (o=
° ° ® e 2,=0.375 o . e 2,=0375 S F
L4 ° o e 2z,=0.425 ® ) e 2,=0.425 o S p
® ® [ ] [ ] O ~
° e z4,=0.475 ° ® e z,=0.475 N\’ 4f -
) e Zz,=0.525 o ° ° . e z,=0525 g ¢t
z,=0575 | . * o ¢ 2,=0.575 30 =
[ ] ® [} i -.
. Coe | AP
| v rrrr P VR
0 01 02 03 04 05 06 07
Xp,
2<Q?2<2.5 GeV? 2.5<Q? <3 Gev?
® ° 0 < xp<0.25 0 < x5 <0.25
e 4 ° . SoLID pseudo-data
o ¢ o 2,=0325 o 2,-0325 :
. e ® 037 0375 Integrated cross section
° ° PY e Zp=0. ° e zy=0. .
° ® e 2,=0.425 . ° . e 2,=0.425 shown with
® o . * e 2,=0.475 ° . o o 2,=0.475 :
10° e o e z2=0525[ ° o .. o 2,20525 MAP central points
° z,=0575 ] ¢ ® 2,=0.575
. - 0t
¢
¢ ° . Errors are
¢ ¢ . .
+ SoLID uncertainties
01 o0z 03 04 05 06 07 o8 01 02 03 04 05 06 07 08

7/8/25

Pur [GeV/c]
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Impact Study of SoL.ID Pseudo Data

ff(:l:,ki_,Q,Qz) -(flq(m’ki’Q’Qz))

—0.05

—0.10| wp

(f{(=,k1.Q,Q%)

Q*=2GeV?x,; =001 Q°=2GeV?x; =01 Q*=2GeV>xzy,; =03 Q°=2GeV:zy =0.5

0.10( s MAPTMD24
B MAPTMD24 + SoLID

0.05

0.00

)

s ) 4

e MAPTMD24
. MAPTMD24 + SoLID

0.2

0.0

—0.2

down

0.2 MAPTMD24
e MAPTMD24 + SoLID

0.1

0.0

e A
A

—0.2| anti-up

0.4 N MAPTMD24
B MAPTMD24 + SoLID

0.2

0.0

—0.4| anti-down

MAPTMD24
B MAPTMD24 + Sol.ID

strange

0.1 0.5 0.9 0.1 0.5 0.9 0.1 0.5 0.9 0.1 0.5 0.9
|k |[GeV] |k |[GeV] |kL|[GeV] |k1]|[GeV]

* Final-state hadrons
Tt
KTK~

* Plotted quantity

{l(makisQan) _ (f{](makiaQan))
(fi(z,k7,Q,Q%))

* Uncertainty bans account for
68% CL

* SoLID greatly reduces the
uncertainty on k ,-dependence
for the d-quark.

Q? =2 GeV?



Impact Study of SoLID Pseudo Data

Q*=6GeVizy; =0.01 Q*=6GeViay =01 Q*=6GeViay, =03 Q°=6GeV:my, =0.5

* Final-state hadrons

0.10| = MAPTMD24
. MAPTMD24 + SolID

0.05 7_(__|_ 7'('_
0.00

KtTK~
—0.10| vwp

* Plotted quantity

B MAPTMD24
. MAPTMD24 + SoLID

uncertainty on k ,-dependence
for the d-quark.

0.4 B MAPTMD24
B MAPTMD24 + SoLID

0.2
0.0 {l(makisQan)_<f{1(wakiaQaQ2))
= (Fi(z,k1,Q,Q%))
S| o2
d down ‘ .
sl 0.2) o waenans *-i‘ * Uncertainty bans account for
- e MAPTMD24 + SoLID
Sl o 68% CL
H -
Tk' 00
L8
™ * SoLID greatly reduces the
8
b."_:

0.2
0.0
-0.2

Q? =6 GeV?

—0.4| anti-down

MAPTMD24
0.5 7 MAPTMD24 + SaLID

0.0

—0.5

strange

0.1 0.5 0.9 0.1 0.5 09 01 0.5 0.9 0.1 0.5 0.9
|kL|[GeV] |k L|[GeV] |k |[GeV] |k1|[GeV]



Naive x-z factorization & Gaussian ansatz

» Analytical forms of the Cahn and Boer-Mulders azimuthal modulation given by

Fyy

Fcos(qﬁh |
Cahn

Fcos (¢n) |
BM

cos(261)
FU U | Cahn

cos(2¢p)
FUU |BM

7/8/25

Z 63 Ly ; f(}f(mbj) DQ(Zh

e~ Pir/{Pir)

A

zh(ki) e_PffT/(Pf%T>
(P}?T> W(P}%ﬂ ,

qu'r/p(il’:bj) ADh/qT (zh) e_PP?T/<P!ET

)BM

T/p
—ePhT Z €y L, i
BM C

1)

fq Ib]

M Mc

—Pir/(Pir)

W(P£T> ’

oy A
(Par)?
z,;) ADygt(2n) e

W(PF%T)gM

2
Ue (202 (P = (Bip)) + 02 Bl dond]

?Z:T/(PIET>BM
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m(Pir)3y

M2 and M2, and all the
other functional forms
to be found in

JHEP 06, 007 (2019)
and

https://github.com/TianbolL.i
u/LiuSIDIS

27




SIDIS Unpolarized Cross Section

In LO factorization scheme

do _ o (1+ 72)><
dx,, dydz,dP?.déy, x, yQ? 2m,,

X [01 co cos(op) F;ﬁ(%) + c3 cos(2¢p) FCDS 2%)] ,

» Use the following Gaussian parameterizations for the TMD PDF and TMD FF

Twist 2 effect

e_Pf?T/(Pf%ﬂ

FUU = Bzf,Ub. f (%)D (Zh) Gaussian widths _J
; q 5 S\ ) A W(Pf?T) 2 2 21,2

where (P;?) = (p;) + z5(k?
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SIDIS Unpolarized Cross Section

In LO factorization scheme

do P (1+ 72)><
dz,, dydzpdPirdéy z,,yQ* 21,

X |c1 Fyu + co cos(dp) Fffﬁ(%) + c3 cos(2¢n ] y

Twist-4 Cahn & twist-2 Boer-Mulders: cos(2¢,) dependence

cos(2¢p)  gcos(2¢
Fos20n) o reosen

cos(2¢p,
Uuu FUU

)|Cahn+ )lBM

- Boer-Mulders effect « ht; @ HL,

- Twist-4 Cahn effect could have similar size of contribution to cos(2¢,,) as Boer- Mulders
[Phys. Rev. D. 81:114026 (2010) based on HERMES/COMPASS results]
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Coincidence Acceptance Uncertainty: Need to address the uncertainty from the

coincidence acceptance study.

10days of 11 GeV unpolarized hydrogen and deuterium runs (SIDIS transversely polarized *He experlment E12-10-006 )
above the resonance region do/dt (x,;, Q%) Q2:tvar (rate(W>2 88 Q2>1) by, WE R HE

etp - e'+mt+n

Proton target data

* HallC

> Q’=0.6-2.45 GeV?, W=1.9 and 2.0 GeV, 0.026 GeV? < -t < 0.365 GeV?
H. P. Blok and et.al., Phys. Rev. C 78, 045202 (2008)

> Q=2.4GeV?, W=2.0GeV, 0272 GeV*< -t <2.127 GeV?
S. Basnet and et. al,, Phys. Rev. C 100 (2019) 6, 065204 % vy

« HallB

» 0.16< Xpj <0.58, 1.6 GeV?<Q?<4.5GeV?and 0.1 GeV?<—t<5. V2
K. Park and et al., Phys. J. A 49, 16 (2013)

Q° (GeV?)
3 g

3

el do/dt (ub/Gev'l do/dt (ub/Gev’

* HERMES
> 0.02<x,;<0.55,1 GeV2<Q2< 11 GeV2 and —t <2 GeV? |¢] Q* W Pr O« e -
A. Airapetian and etal., Phys. Lett. B. 659, 486 (2008). (GeV?) (GeV?) (GeV) (GeV/c) (deg) (1b/GeV?)
0.272 2402 2039 2845 15.68] 0.367 & 0.030,0.013
+ e+n — e’ + T +p 0.378 2.427 2.029 2788 20.32| 0.288 4 0.051,0.010
0.688 2.449 2018 2622 25.15| 0.164 & 0.034,0.006
Deuterium target data 1.145 2427 2.029 2378 30.07| 0.096 + 0.006, 0.003
e Hall C 1.608 2433 2020 2.131 34.50| 0.054 + 0.002,0.002
» Q?=0.6-1.6 GeV2, W=1.95,Q*=2.45 GeV?, W=2.2 2.127 2423 2026 1.853 39.50| 0.032 + 0.002,0.001

G. M. Huber and etal., Phys. Rev. C 91, 015202 (2015)
Note that Hall B data has an uncertainty of 9- 14%, while Hall C data shows an uncertainty of 6-20% (depends on

kinematic bins). o
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