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» Experimental setup and motivation for our proposed experiment

e SoLID 3He setup and experimental details
o Motivation for unpolarized cross-section measurements

» SIDIS process and differential cross section

» Estimated systematic uncertainties for the experiment

» Some more physics results in addition to the SoLID impact results

» Summary and outlook
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Experimental Setup

» Our run group experiment parasitic to SoLID SIDIS experiments of

E12-10-006: Single Spin Asymmetries on E12-11-007: Single and Double Spin Asymmetries
Transversely Polarized 3He (neutron): Rating A on Longitudinally Polarized 3He (neutron): Rating A
» Approved number of days: » Approved number of days:

e 48 days (11 GeV) & 21 day (8.8 GeV) e 22.5days (11 GeV) & 9.5 day (8.8 GeV)

> 10 days requested for study of x-2
factorization with Hydrogen/Deuterium EM Calorimeter
gas using reference target cell s

»> 3 days of reference cell runs for optics and .(,ar;g:;,;‘; | %

detector check aﬁ;— e

» 5 days of target overhead: spin rotation,
polarization measurement

» 3 days requested with longitudinal target — IS N - )

polarization to study systematics of

potential Ay contamination T Ev-=
Ligh?Gas
_ Cherenkov  Cherenkov
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Data Status

> Hall A data

E06-010: SIDIS z* productions from a transversely polarized 3He target with
5.9 GeV beam (0.12 <xy; <0.45, 1 <Q? <4 GeV?, 0.45 <z, <0.65, 0.05 <Py <0.55 GeV)

X. Yan, et al., Phys. Rev. C 95, no.3, 035209 (2017) g ;’:;‘;:2"3‘:2;‘?“;‘;2?1"5‘_0‘:)l —
> Ha” B data g)-os Q%-xy Bin: 8 — z-P, Bin: 10
* RG-A: Measurements of the cosd,, and cos 2¢,, Moments of the Unpolarized SIDIS ﬂw*"""’“‘* - F oy
at Cross-section with 10.6 GeV beam and hydrogen target ™ T
Bin-by-Bin SVD (RooUnfold)
» Hall C data + +
* E00-108: SIDIS n* productions from hydrogen and deuterium targets with 5.5 o
, 2 2 2 2 o e
GeV beam (0.2 <x,;<0.6,2<Q?<4GeV2 0.3 <z,<1,and Py;;><0.2 GeV?) Hall B! Reaction Studied: ep->erc(X)
R. Asaturyan and et.al Phys. Rev. C 85, 015202 (2012) T A T
e E12-09-017: Transverse momentum (P, ;) dependence of SIDIS n* and K* R. Capobianco
productions from hydrogen and deuterium targets with 8.8 GeV and 11 GeV

beam (0.2 <x,;<0.5,2<Q><5 GeV?, 0.3 <z,<0.5, and Pir< 0.5 GeV)

This SoLID proposal: SIDIS 7+ and K*

0<xp;<0.7,1<Q2<10GeV?,03<2,<0.7, 0<P;;;<1.6 GeV, -n<P,<m

Ye Tian: SoLID Collaboration Meeting, January 9-10 (2025), JLab SeliD .ggf_ﬂe/-rgon Lab 4



® Studies on Multiplicities of hadrons in SIDIS are available

S 10 02<z<03 : 03<z<04
1 Bin 1| 0.40<z<0.45 % i
10 iz =tacevi2 Name: [a]*exp(-x/[b]) g [ oeg
2nsh 2 2 . el R o'u, ' "Ee,
d M (xb],Q ) Zh,PhT) 1:10‘“\"‘ $/ndf 1111 z) EICOMPASSD " . m'-. .
@ —t _1 L L] L. I
azapr?, Flimmas - u
9.101 3 :I PR " P | " PR " 1 1 1 1 | ! ! ! |
d4-0.h d2gPIS g - Vo 1\:"4“( 0.6 06<z<08
—_ —_— 2.1 4, | 3 3
= > 7 / > st clasyd : g
dxdQ<“dzdPyr dxdQ _ A e
103 Lt - ; ‘ L I oo =
0.20 0.40 0.60 0.80 1.00 [ ] "
PT? [GeV?] 10! . - I " .
............ | | D: l.n
0 0.5 ) 0.5 1

Pl (GeV/c)
U Lack of data on SIDIS unpolarized absolute cross sections

o Study both the shape and the normalization of the SIDIS cross sections

o Ascertain the validity of the factorization theorems

o Nuclear corrections: EMC effect, nuclear binding, Fermi motion, and off-shell effects
o higher-twist effects on azimuthal angular modulations

o TMD flavor dependence
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SIDIS Process

» The SIDIS process represented as (four-momenta given in parentheses)

l(kl) + N(P) — l,(k2> + h(Ph) + X(PX) Hadron production

Azimuthal angle
between hadron
x  production and lepton

y' i Scattering planes
> designated as ¢,

[ - lepton beam

N - nucleon target

h - produced hadron

X - undetected hadron

Lepton scattering plane

g — virtual photon

momentum Kinematics of the SIDIS process:
g=Il-1 assume one-photon exchange approximation
Q? =-qg° 02 P P-P, oMy,
€T B = — 1 = —
b 2Pq7 Yy P'k1’ h Pq ) Y Q

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

%, , Pur, 20, Q% b1
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SIDIS Unpolarized Cross Section

We have some updates for the formula

do ) o’ ( m 72 ) y
= 27
dz, dydzy, dPZ,.doy, z, yQ? 2,

x |1 Fyu Hrlea cos(én) Fgp ) [Hes cos(26n,) Fggw%)]
Matteo showed SoLID impact-study There are no d-dependent terms

results with this first term at NNNL computed within TMD factorization
( obtained within LO parton model)

We also have SoLID projection results
at LO parton model

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

do o’ ( 72 > COS(¢ ) cos(2¢> )
=27 1+ c1 Fyu + cp cos h) 1 e cos(2 h}
dx, dydz,d P2 dey, 7, YQ? 2, 1 Fyu + ¢z cos(¢n) Fyy 3 cos(26n) Fiy

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

} : 2 PiT/(P’%ﬂ GaL2155|an Wzldths 2(1,2 Twist 2 effect
FUU — eq wbj fq(:[bj) Dq(zh) 7T<P2 > where (PhT) = (p_L> + Zh<kJ_>
q hT

FCOS(¢h) - FCOS(¢h)

| " COS(¢h,) |
UU UuUu Cahn BM

Twist 3 effect: cos ¢, dependence

e Cahn effect < f; @ D,
* Non-zero Cahn effect solely require non-zero quark transverse momentum

» Related to quarks’ intrinsic transverse momentum distribution

2 2 2
F (C](;j( h) py F; COS( #h) |Cahn + Fy; Cos( #h) |BM Twist-4 Cahn & twist-2 Boer-Mulders: cos(2¢y,) dependence

* Boer-Mulders effect «c ht; @ Ht

* Boer-Mulders TMD PDF: transversely polarized quarks in unpolarized nucleon
* 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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Systematic Uncertainties

» Kinematic coverage examples oF = '108 180 _
. B e r 107
of produced m* particles 8- - i 1.6 2
. 7 - 1. 1.4F = 10¢
e 11 GeV and 8.8 GeV combined o~ & = L
o & i N F 10°
. %.) SE : LR i3 10°
» Phase-space correlation between 9} £ =10 = o8
Q? and x,; (top-left) e} 3_ =10 g6 : *
2; COR IS o
> Phase-space correlation between £ »F 10 0.2 10
M H L1l Il 11 1111 L1l L1l L1l 111 11 kl\\\;ijil f‘ V(\”\IlllllllllLll\\‘\\\l\ﬂ“iLLE\\‘\\\\
Xp; and z,, (top-right) 0 0402 03 04 0506 07 % 0.10203040506070809 1
X zZ,
< 1S )
10 09 ©10- 0.9
> Electron acceptance S | ‘08 O | 0.8
8- 8-
: i 0.7 i 0.7
as a function of polar angle i i s 2—< , s
and momentum forward angle O 6 05 D 6 05
t i . t i .
(bottom left) o 04 O 0.4
> 4r > 4
i : 0.3 i 0.3
. I = 2 [ 2
as a function of polar angle 2r == 81 2 81
and momentum Iarge angle :\ L1 ‘ L1l \-‘-Tﬁ‘ L1l ‘ L1l ‘ L1l ‘ L1l ‘ 11 . :\ L1l ‘ L1l ‘ L1l ‘ Ll 1 \\\\‘\\ .
(bottom right) 0 5 10 15 20 25 30 35 4 0 5 10 15 20 25 30 35 40
vertex 0 (deq) vertex 0 (deg)
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Systematic Uncertainties of Unpolarized Cross Section:

Acceptance Uncertainty from Elastic Process

Sufe Do
H 0 ° : ° x10° 10°
Elastic process: o} - Elastic process { J ) + Data
e - p scattering S for Big Bite , } A T - Sim
With 2.2 GeV beam 22Gev  © -, , L \ E
I could set . -l using 1.2 (top) and =° { SO SR 3
ner Wl \ '
ene gyl cou ge 10.0 125 150 175  20.0 géze.zree) 2'4 (bottom) GeV | ‘ —rd L . 1
enough Counts . beam On H 06 07 08 P(Z:(Ge‘lv) 1.1 1.2 1. 0.8 0.9 ‘Ivv (1é1ev)1.2 13 14
g%+« updated I W% 2 w0 0
1bh run Wlth 4'4 GT(;I 107} te S . Data/S|m frOm @ T ﬁﬁw o T f /j\
eam energy cou <., H B 3 ~
also reach ge\llﬁough 10° -t o GeVera Sosf WA !A os [y \
L . : . . LA
., experiment ¥ oL H \
Counts 4-4 Gev ° : GO!S OTB I1 1.’2 14 1.6 1.‘8Lé 2} 00.6 0.8 1 12 14 16 18 2\
105 ‘ . ‘ . ) Py, (GeV) W,, (GeV)
100 125 150 175 200 225 Phys Rev C95 035209
0 (degree) * * ’
& 0.85 Venkat2011 2 0.94f —— Venkat2011
Kelly2004 0.92} —— Kelly2004
I —— Arrington2004 ’ — Arrington2004
080:‘ —— Arrington2011 0.90f ——— Arrington2011
At low beam energy, cross section | form-factor modeis 088l form-factor models
difference between different f o6k
calculations being negligible 0.70F
I 0.84}
0.65:— 2'2 Gev 0.82F 4.4 GeV
B UL R S T T R X PO s e Ws w0 ms
0 (degree) 0 (degree)

https://github.com/JeffersonLab/PRadSim/tree/master
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Systematic Uncertainties of Unpolarized Cross Section:

Acceptance Uncertainty from DIS

E n — CT14NLO 8 ' C diati i i — CT14NLO
. T 500 [ — Fit L radiative-correction ratio -
Deep Inelastic I  CT1BNLO r2f- i
Scattering Process s00f- — CJISNLO a
C - —+ ﬁL { l
300 — F 4 l
« different global structure - 1; T }F¢+ <j>
functions 200/ o[ |
* “Fits” (as Christy’s fits includes wof- r
12 GeV data) - o
ok i 4 76 s 2 25 07 5 10 5 20" 2 30
0 (deg) 0 (deg)
https://github.com/JeffersonLab/evgen_inclusive_e
10° x10°
F T
Uncertainty from different DIS models being 3~4%, of ""\5\ ;
and from RC being 3% 5 |
i [
Data and Simulation comparison for DIS process from 6 GeV era, ottt N SO
) . . 16 17 18 19 2 21 22 26 28 30 32 34 36
for Big Bite spectrometer shown on right P.. (GeV) O (cegree)
Data
Overall normalization can be calibrated by elastic process, then DIS Sim
cross section shape to be assigned uncertainty of 3 ~ 4% _ s
Inclusive DIS on a “He target
The total uncertainty is around 6% i

25|0 2&5 2f|50 2(|55 27|O 27I5 2é0 2&5 ZéO Phys. Rev. C 95' 035209

., (degree)
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Systematic Uncertainties of Unpolarized Cross Section:

Coincidence Acceptance Study Plan
10days of 11 GeV unpolarized hydrogen and deuterium runs (SIDIS transversely polarized He experiment E12-10-006 )

above the resonance region do/dt (Xp; , Q%)
$etpoe+ntin
Proton target data

« HallC
» Q2=0.6-2.45 GeV2, W=1.9 and 2.0 GeV, 0.026 GeV2< -t < 0.365 GeV?2
H. P. Blok and et.al., Phys. Rev. C 78, 045202 (2008)

» Q=24 GeV2, W=2.0GeV, 0.272 GeV3< -t <2.127 GeV?
S. Basnet and et. al , Phys. Rev. C 100 (2019) 6, 065204

« HallB

> 0.16 <x,;<0.58,1.6 GeV? < Q?<4.5 GeV?and 0.1 GeV? < -t <5.3 GeV?
K. Park and et al., Phys. J. A 49, 16 (2013)

e HERMES

> 0.02 <x,;<0.55,1 GeV2<Q?<11 GeV? and —t <2 GeV?
A. Airapetian and et al., Phys. Lett. B. 659, 486 (2008).

+ etn—>e'+m4p
Deuterium target data
« Hall C

» Q2=0.6-1.6 GeV2, W=1.95, Q*=2.45 GeV2, W=2.2
G. M. Huber and et al., Phys. Rev. C 91, 015202 (2015)

Q@ (GeV?)

10

Q2:-tvar {rate*(W>2 && Q2>1)}

o
T

Now L) N o ©
TTTTTTT TIT T TTIT T TIT T TTT T TTIT T TTITT]TT

T T 7
< %=025 | %=0.31 X
ol R \
o b N
TN 4 X
D107F R
S0 S H R S
DR + [}

8ok e |
EY %=0. X X

.0 R
Q e N °
9107 N R

N teT (]
=107 .
3 N 0
.

8,0
© 7 7 = z

1 Xg Xg 7 Xg
31.0 |
Qo o
0107

Further comparisons can be made with existing JLab 12 GeV data from Hall B and Hall C after being analyzed
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Systematic Uncertainties of Unpolarized Cross Section

» Pion PID uncertainty
4% _— ‘ TOF PID |
ir’:iOQ? — At(p-n)
+= 0.8 —-At(p-K)
Below Cherenkov S0.70 i
threshold, MRPC can QE)O.6§—
separate particles ;8:2?
using time of flight 8.g§—
0.1- o=
0:. Ll I [ el el
0 1 6 7 8 9 10
Mom (GeV/c)

(o dficancy |
> Electron go.s? 2.5 GeV p bin EM;; {l {l * * * I % % ‘l } .} } }
uncertainty ‘-
::: i b ‘ Background
<2% ’ ;

10*e 3 104§ -
i K- : K-
103; 10°=
102% 1021
1oi— ; 10;
il I i
10J'L"L'J I 50 I ‘N;é‘)o 1JJLI__L.HJ_J“!ﬁ |Nh 3
2.5<P<3.0GeV 7.0<P<7.5GeV
8°<B<9o 14°< B < 15°

Pion results in red color, kaon results in green color

w/e ratio (%) after 7 rejection

==

P (GeV/c)

[o)'s)
0 R

300

I
N =

8 10 12 14 16 18

(1) 1in FA ECal region, /e ratio 1s < 1.0% for
P> 1.5 GeV/c, while it is <2% for 1.0 <P <2.0 GeV/c

(11) 1in LA ECal region, /e ratio is < 1.0% for
P> 3.5 GeV/c (the electron threshold in LA region)

Ye Tian: SoLID Collaboration Meeting, January 9-10 (2025), JLab
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Systematic Uncertainties of Unpolarized Cross Section

» Other systematic uncertainty sources

5 ¥2 1 ndf 13.09/18 2 016 %2/ ndf 16.13/18
3 D; neg p o4 Y 0.1532 + 0.03271 E B fiz PP z? g-:::f *gé’:g:g
. . : &) Zbincenter = 0- 1 —0. +0. Zbincenter = U- -0. =0.!
Diffractive p fraction to SIDIS for S oas| _ Dineso B oumssoime | S 0M— Dipr P2 05546 007867
Zbincenter = 0.5 bincenter =0.
Xp =0.35, Q> =4 (GeV/c)* for D,
0| D, pos p
- ' Zbincenter = 0.7
. 0.15— 0.08—
Discrepancy between models agreed to 10% FoT+
0.06—
. 0.1— F
according to 6 GeV era study E
0.05[— - C —
0.02 iz
Multiplied by p yield ratio; uncertainty is T R B TR R A a_'yé"l L L .
<1% , _ ,
Obtained from SIMC HallC Simulation Package
- 1.10 N A - N -
9] g X 2 o . Ty Ty T T
x —— Factorized >~ (GeV/c)? (%) (%) (%) (%)
—_— iti (@) L
1.5F Traditional J 1.05 022 055 159 61402 - 37401 51402
026 055 188 52401 - 35401 51+0.1
1.ook 030 055 217 46401 - 34+01 53+0.1
1.0 \< : 034 055 246 46401 - 33+01 S51+0.1
038 055 275 42401 - 29401 48+0.1
0.951 042 055 304 38401 - 27401 49401
0.5F : 046 055 332 37401 - 2601 42401
050 055 361 31401 - 23+01 3.6+0.1
l . . l l 0.9 s ! s s l 054 055 390 32401 - 19401 31401
0.0 0.2 0.4 0.6 0.8 1.0 1.2 ’ 8.0 0.2 0.4 0.6 0.8 1.0 1.2 058 055 4.19 25401 - 15+01 25+0.1
Put(GeV/c) Put(GeV/c)

Radiative correction factor for typical JLab kinematic setting
at Vs = 4.90 GeV, Q2 =8 (GeV/c)?, z,= 0.375, x,; = 0.48
Discrepancy between two methods is around 2.5%

https://indico.bnl.gov/event/18419/contributions/80386/attachments/49832/
85265/Jia_Khachatryan_SIDIS-RC.pdf

Exclusive radiative tail yield to SIDIS yield ratio
from 6 GeV era; decreasing with increasing Q2
Discrepancy between models agreed to 10-
15%; uncertainty to be < 0.6%
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Systematic Uncertainties of Unpolarized Cross Section

Radiative corrections introduce an additional phi dependence

1.154

RC

1.05 A1

1.05 A

1.05 A

1.00 A

Y
03<2z,<0.4 3<Q?<4GeV? 04<z,1<o§.3 o?<4(3evZ 05<2,<0% 3 2@ <4GeV?
0.25 <xh<0.;0‘£m—<0.ZGeV/c 0.25 <x,,<.0 0<P,r<026eV/c 0.25 <x,.<.0.5 0<Pm-.<0.26eV/c

[ ] [ ] Y Y
° ° [ ] . [ ] [ ]
° ° ° [
.o o. ° ° °® oy
° PY °® o,
°® L) )
03<2z,<0.4 4<Q?<6GeV? 04<2z,<05 4<Q?<6GeV? 05<z,<0.6 4<Q?<6GeV?
025<x,<0.5 0<Ppr<0.2GeV/c | 0.25<x,<0.5 0<Ppr<0.2GeV/c | 0.25<x,<0.5 0<Pyr<0.2GeV/c
%%,
...... ° °
.o“o. ° ™ [ °
) ° ° [} ° ™
° ° .0 0. e’ *
.’ .. ° PY °® oy
° ° °® o
°® e
03<2z,<0.4 6<Q?<8GeV? 04<2z,<0.5 6<Q?<8GeV? 05<27z,<0.6 6 <Q?<8GeV?
025<x5,<05 0<Ppr<02GeV/c | 025<x;,<05 0<Prr<02GeV/c | 025<x,<0.5 0<Pyrr<0.2GeV/c
(1)
e®%%0, 0® %,
0%, ° ° ®® ®e,
o® ° ®’ %o, |o° L 7Y
e® ®_ [ 1] L2
o0 O
-2 0 2 -2 0 2 -2 0 2
¢n(rad)

RC factors calculated based on using the traditional method (Lowest order QED radiative effects in polarized SIDIS )
for several kinematic bins.
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Charged pions

Systematic Uncertainty Budget for Unpolarized Cross Section

Charged kaons

Sources Uncertainty Sources Uncertainty

Acceptance correction 6% Acceptance correction 6%
Experimental resolution 3.5% Experimental resolution 3.5%
Pion detection efficiency 4% Kaon detection efficiency 12%
Electron detection efficiency < 2% Electron detection efficiency < 2%
Radiative corrections 2.5% Radiative corrections 2.5%
Radiative backgrounds 0.6% Radiative backgrounds 0.6%
Vector meson production 1% Vector meson production 1%
Luminosity determination 2.5% Luminosity determination 2.5%

Total < 10% Total < 15%

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

Ye Tian: SoLID Collaboration Meeting, January 9-10 (2025), JLab
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More Physics Projections

> Produced it* unpolarized cross section at 11 GeV beam energy SoLID low-Q? region
—_ 1<Q2<1.5 GeV? 1.5<02 <2 GeV? a3 = 10°
%) o ¢ ® e  0<x;<025 i 0 <xp<0.25 87 ) 107
Q ' * ° ° s : 10°
Q e ) L ~ -
S . ® e z,=0.325 e z,=0.325 S 6 .
- ° . o 2=0375| o e 2,=0.375 S ; 10
AT ° ° z=0425 | o _ ® o z=0425 | & °F 10
2 ¢ ° o 2,=0475 | o o ° o z=0475 | = ,°
~CN; ° e 2,=0.525 o ° ® ° e 2z,=0525 g 10°
%‘\ z=0575 | ¢, e ° 2,=0.575 3 .
>? ° ° ° ¢ 25
T 10°1 - ° ° - JFE 10
o) ° 1j“‘|7“|‘HHHHHHHHHHH
© 0 0102 03 04 0506 07
Xy
2<Q%<2.5GeV? 2.5<Q? <3 GeV?
o 0 <xpy<0.25 0<x4<0.25
o Lo, SolLID pseudo-data
° ® - -
PY e z,=0.325 e z,=0.325 g
C S e, s o | p Integrated cross section
« . o . o z=0a25 | T e o 2,=0425 shown with
o o 2,=0.475 J o 2,=0475 )
10° e ¢ e zeossf * o ° 0 e o z-0525 MAP central points
° z,=0575 ] ¢ ° 2,=0.575
4 0t
e v e Errors are
¢ . .-
: SolLID uncertainties

01 02 03 04 05 06 07 o8 Ol 02 03 04 05 06 07 08

Pnr [GeV/c]
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More Physics Projections

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

8001 03<2,<04 1<02<15GeV? | 04<2,<05 1<Q2<15GeV2 | 05<2,<0.6 1<0Q2<1.5 GeV?
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SoLID low-Q? region

SoLID pseudo-data

Central points from simple TMD

model

Blue points: Integrated cross
section
Red points: Cross section

including azimuthal modulations
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More Physics Projections

> Produced t* unpolarized cross section at 11 GeV beam energy
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» Azimuthal modulation effect

do

dxp; dydzthﬁquﬁh

More Physics Projections

= Fuu = Fuu,.a 080+ Frpcos(on) + Fuu.c cos(2¢r)

Fitting ¢, distribution with a simple function: A(1 — B - cos(¢},) — C - cos(2¢y,))
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More Physics Projections

> Transverse momentum widths
P2 /(P2r)

where (P,%) = (p2) + z#(k?)
W(P,fT)

Fyv = Zeg%ij(%j)l)q(zh)e
q

cos(¢pn) _ pcos(odn) cos(op)
FUU _FUU ’Cahn—i_FUU ’BM

In model, we have (in GeV?)

p p p
F(C](;;( ") ((ﬁ;( o) ‘Cahn -+ FCOS( Ph) ‘BM < k? >=0.604,< p%2 >=0.114

Least__Square = Z(pseudodata — Model)?/(stat + sys)*

The fitting results shows (in GeV?): el
(k%) = 0.5871 £ 0.0002 (GeV /c)?

(p3) = 0.1165 £ 0.0003 (GeV /c)?

0.1168 -

Three contours corresponding to confidence levels of
68%, 90% and 99%
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The fitting results differs from the model by 4%
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More Physics Projections

> Test of factorization
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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

¢ Detailed systematic uncertainty studies

Physics impact results for unpolarized TMD using state-of-the-art (MAP framework)

SoLID projections for unpolarized integrated cross section using MAP and TMD factorization

SoLID projections for unpolarized cross section with azimuthal modulations using TMD factorization

Some results on azimuthal modulation effects and Gaussian width parameters

e Some results on test of factorization

» Calibration planned for unpolarized cross-section measurement

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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Backups
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Calibration Plan

» Calibration studies for unpolarized cross-section measurement of this proposal

Target Beam energy (GeV) | Field | Time (hour) Purpose
Hs reference cell 2.2 Normal 1 Acceptance study
Empty reference cell 2.2 Normal 1 Backgrounds subtraction
Carbon 2.2 Normal 1 Acceptance study
Hs reference cell 4.4 Normal 1 Acceptance study
Empty reference cell 4.4 Normal 1 Backgrounds subtraction
Carbon 4.4 Normal 1 Acceptance study

We are not asking for
new beam time !!!

Reference cell runs, optics and detector check : 3 Days
(using approved calibration time)
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Calibration Plan

Details of the beam time request for the transversely polarized 3He experiment E12-10-006 (and for the longitudinally polarized 3He
experiment E12-11-007 shown in parentheses).

Time (Hour) | Time (Day)
Production on Pol. *He at 11 GeV 1152 48
Production on Pol. 3He at 8.8 GeV 504 21
Longitudinal on Pol. 3He at 11 GeV 38(538) 2(22.5)
Longitudinal on Pol. *He at 8.8 GeV 24(228) 1(9.5)
Dedicated Hydrogen run at 11 GeV 84 3.5
Dedicated Deuterium run at 11 GeV 84 3.5
Dedicated Hydrogen run at 8.8 GeV 36 1.5
Dedicated Deuterium run at 8.8 GeV 36 1.5
Reference cell runs, optics and detector check 2 3
Target Overhead: spin rotation, polarization measurement 120(60) 5(2.5)
Total Time Request 2160(826) | 90(34.5) days
Target | Beam energy (GeV) | Field | Time (hour)
Carbon 8.8 Normal 1
Carbon 8.8 50% 1
Carbon 8.8 0% 1
Carbon 11 Normal 1
Carbon 11 50% 1
Carbon 11 0% 1

Calibration arrangement for related detector alignment and particle tracking, for unpolarized
cross-section measurement
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Experimental setup and motivation for SIDIS process and Systematic Some more Summary and
unpolarized cross-section measurements | differential cross section | uncertainties | physics results outlook

» Momentum coverage: 1.0 - 7.0 GeV/c; Polar angular coverage: 8.0° - 14.8°
(for hadron & electron ID)

» Momentum coverage: 3.5 - 6.0 GeV/c; Polar angular coverage: 15.7° - 24.0°
(for electron ID)

» Momentum resolution: ~ 2%;  Polar angular resolution: 2 mrad

» Azimuthal angular coverage: 2m; Azimuthal angular resolution: 6 mrad
> PID (electron): detection efficiency > 90%; pion contamination < 1%

> PID (pion): detection efficiency > 90%; kaon contamination < 1%

> Total luminosity: 3.74 - 1036 cm2 sec!

» Beam polarimetry: <3%; Beam current: 15 pA

» Many other details in SoLID (Solenoidal Large Intensity Device) Updated Preliminary
Conceptual Design Report, https:/Isolid.jlab.org/
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https://solid.jlab.org/

Experimental setup and motivation for SIDIS process and Systematic Some more Summary and

unpolarized cross-section measurements dijj"erentia[ cross section | uncertainties | physics results outlook
2 2
FL{L{,B — 7 5 (1 + 7 ) C9 F(C]C;(Qbh)’
T, Y&
COS(¢h)

» The second structure function F; , associated to the cos(¢;) modulation of the cross
section, is a twist-3 quantity of the order of 1/Q

Fcos(th) _ peos (o) cos(op)

UU vr " e T EUT T [am

where

cos kt
((bh ‘Cahn 226 $/d2kﬂ_ — )fq CIZ kl Z pL)

‘o

as the Cahn convolution of unpolarized TMD PDF and TMD FF

CcoSs k P — Z k: h
FUU@h)\BM:Zegx/d?m L Py — 2 (ky )AfQT/p(x,kL)ADh/qT(z,pL)

R /

as the Boer-Mulders convolution of Boer-Mulders TMD PDF and Collins TMD FF
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Experimental setup and motivation for Systematic Some more Summary and
unpolarized cross-section measurements uncertainties | physics results outlook

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

o Z f ( ) e i%T/(PifT) where
U = € Zh )
o bj m(P, i%T) , , -
p _ + 22(k
) R @ 22 o) D) n{k3) ¢~ Fir/Fi) (Pitdgyy = (PL)c + (kL) gy
Cahn —  “7 €q Lp; J g\ D) 5 ;
* ¢ 2 (Pyr)  m(Pip) (2 = (p3) M&
Fy (én) | 2 Fir o Afatsp(@,) ADysgt(2n) e~ Fir/\Pir)em ¢ (pi)+Me
BM ~ “¢75 2 %% Ty M P2\
Q BM C 7T< hT>BM <k2> _ (kJZ_)MBM
(k1)? <p2 e HBM (k) + My
ék%d(pzl) = [2121<k_2L>BM (Pi%T - <PigT>BM) i <p?L>C<P]%T)BM:| )
L A MZ and M2, and all the
FCOS(2¢h)‘ _ P hT Z e2a,, f,(z,,) Dyl2n) (k1) e v/ (Fur) other functional forms
uu Cahn q xba ( p}%T>2 m( p’fT> ) to be found in
cos(2p) quT/p ) ADh/qT(Zh) - JHEP 06, 007 (2019)
Foo "lgm = —ePir Ze Mo (P23 and
Mo lem https://github.com/TianboLi
zh(k-zL>BM <pL>c U/LiuSIDIS
(k1)p1)
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Experimental setup and motivation for SIDIS process and Systematic Some more Summary and

unpolarized cross-section measurements | differential cross section | uncertainties | physics results outlook
. . -2
> Produced t* unpolarized cross section at 11 GeV beam energy SoLID low-Q“and
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Experimental setup and motivation for
unpolarized cross-section measurements
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Systematic
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Some more Summary and
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» Produced It” unpolarized cross section at 11 GeV beam energy
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Experimental setup and motivation for SIDIS process and Systematic Some more Summary and
unpolarized cross-section measurements | differential cross section | uncertainties | physics results outlook

» Produced It” unpolarized cross section at 11 GeV beam energy
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