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» Semi-Inclusive Deep Inelastic Scattering (SIDIS) with polarized targets:

8 Quark-TMDs (leading twist)

» Target Single-Spin Asymmetry (TSA)
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Transverse Momentum Distributions

J. Cammarota et al., Phys. Rev. D 102, 054002 (2020)

> Existing TSA data:

* Limited coverage
* Mostly pion data
* 1D or 2D binning
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X. Qian et al., Hall-A, Phys. Rev. Lett. 107, 072003 (2011)
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Transverse Momentum Distributions o2
> Global analysis show big errors: 00 —rz | g —
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SoLID@12-GeV JLab: QCD at the intensity frontier®*

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

-

High Luminosity

1037-39 /[cm?/s

_[>100x CLAS12 [[>1000x EIC |

~

+

» Perform high-luminosity valence quark tomography, Search new physics w/ parity-violation

deep inelastic scattering (PVDIS), and measure precise J/y production near threshold
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» Synergizing with the pillars of EIC science (proton spin and mass)

SoLID whitepaper. J. Phys. G: Nuclear and Particle Physics 50, 110501 (2023)
12GeV physics: Progress in Particle and Nuclear Physics 127, 103985 (2022)
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Large Acceptance
Full azimuthal ¢ coverage
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» Approved SIDIS proposals:
d E12-10-006:Single Spin Asymmetries on Transversely Polarized *He @ 90 days, Rating A

d E12-11-007:Single and Double Spin Asymmetries on Longitudinally Polarized *He @ 35 days, Rating A
1 E12-11-108:Single SpinAsymmetrieson Transversely Polarized Proton (@ 120 days, Rating A

v" Polarization: *He (n)~60%, NH3(p)~80%, beam~85%
v Luminosity (polarized): ~ 103¢ (n) & ~ 1033 cm2 s (p)
v DAQ Rate < 100KHz

» Run-Group (no additional beam time / reconfiguration):
[ SIDIS in Kaon Production with Polarized 3He & Proton (E12-11-108B/E12-10-006D)

d SIDIS Dihadron with Transversely Polarized 3He (E12-10-006A)

v Ay with Transversely Polarized 3He (E12-10-006A)
v g2 n and d2 n with Transversely and Longitudinally Polarized 3He (E12-10-006E)

v Deep exclusive m — Production with Transversely Polarized 3He (E12-10-006B)
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Polarized NH3 MRPC
(DNP) Target - Heavy-Gas (“enhanced”)

Cherenkov ey

Large-Angle
SPD+ECal

Forward-Angle |
SPD+ECal

Cherenkov
Coverage

 Polar angle: ¢ 8-24 deg, mw-/n* 8-15deg
* Azimuthal angle: full
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> Kaon-SIDIS:

 Look for K* production in SIDIS using both the transversely
polarized 3He and NH3 Targets

J Extract K* Collins, Sivers and other TMD asymmetries

d Flavor decomposition of u, d and sea quarks’ TMDs

J Kaon-Identification: HGC + 30ps MRPC-TOF

SoLID-SIDIS Programs

Totally 430 bins in 4D binning for Hed setup:
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SoLID-SIDIS Projections

» Approved SIDIS proposals:

v Wider phase-space, cover valance quark region

v’ Hig
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v'Full extraction of Collins, Sivers and Pretzelocity from TSA
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10/21

* COMPASS **
s HERMES
*  SoLID proton
° SoLLID neutron Y
10F = = W2, =55Gev* *
S0 .
>
O
S
N
& :
¥
*
* A
N | /1 | | |
0.01 0.1 0.2 0.3 0.4 0.5 0.6
X

C'ollins
[ Apr

Joc (sin(6y, + 68))yr o by ® HE

— Collins fragmentation function
from e*e- collisions

e ’ o o . ‘ } J_ .
A(S}?]lv” o J X <bm<@h _ @S)>U’1’ X flT L Dl = Unpolarized fragmentation function



SoLID-SIDIS Projections 11/2

» Transversity & Tensor-Charge from TSA: ’ @ @
1T — -

*  (Chiral-odd, unique for the quarks

=  No mixing with gluons, simpler evolution effect ST S
5 S > SHTHP - d J J. Cammarota et al, PRD 102, 054002 (2020) (JAM20+)
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) ey
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D'Alesio et al., Phys. Lett. B 803 (2020)135347
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> Sivers from TSA: /

___________________ - Parametrization by M. Anselmino et al., EPJ A 39, 89 (2009)
Sr-k, xXP
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- SoLID projection with transversely polarized n/p
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Images from PRD 91 034010 (2015)

> Pretzelocity from TSA: 4 A gestro ‘
th:db _Qb sk | @

e Chiral-odd, no gluon analogy

* Distribution of transversely polarized quarks in a transversely polarized nucleon

« The difference between helicity and transversity (relativistic effects)

» Relation to OAM (canonical) e " o5 ki (GeV) o5 " 05 ky (GeV)

2
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SoLID-SIDIS Projections

» Unpolarized Cross-Section of f He3:

U Projected @+ unpolarized cross section errors with and without azimuthal terms. ~2000 bins in 5D
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A naive probe for the azimuthal modulation effect

A(l —B - cos(@y) — C - cos(29y))

by Shuo Jia, et. al.
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> 11GeV vs 22GeV Collins SSA SoLID 3He: e 22GeV-100days e 12 GeV -69 days

z =

= 0.30 <2 <0.35 0.35 <2 < 0.40 0.40 <z < 0.50 0.50 <z < 0.60 0.60 <z <0.70 1.2 g
Q2 & 0.2 1.0Gev<a®<2.0Gev 1 2
? 8 -
o 6 o

°¢ ¢ o .

° ® ®e 2

o0 e ® ®e )
& 12 C
5 i A 3
7 ° $ ® e » ® i ¢ 8 S
®e o0 pe® ® H Lo ¢ ® [ @ Py

*$bd - Salib ¢ § ¢ - oubiiibd § - ond 4

- commbibpihé ¢ ¢ - CummstBifies © ¢ - Gmodehiup o Cangs o )

. Sonmmase®o ¢ . Gusman® ¢ . GOenube ¢ o® * '
e o o o = 5
< i O i o i o " o S
7 o ¢ S K . _ ® 18 5}
" 0000 @ ¢ r G e * - ®ood - ® ¢ .6 o

. Ocssseedd t - @9 . e S [ e® :

v [ ® o¢.+ @) [ <o ﬂ‘?f [ .‘Q#" X .‘ ¢ 2
:': 6.(; GeV g 02.<1o.o GeV. [ é | i P . i ° i ® 1.2 g
5 0.2 . . a a . %
7 o o : ® ¢ i o @ i ® ® [ ® ¢ 8 €
000006 ¢ ¢ 000000 ¢ - owmee ¢ : ® oo0 ¢ - ®e0 ¢ o o

0.1 Commn - Ocummnittdé - Ssemeeiid ¢ N Gmeowe - G e .4

‘o - Ocmummmsiosd - é i ."""f i ®ow & |

0 e 1) Z O cssmsesd ¢ ! ®oosee I ®oeem ¢ I o ¢ -2
& F00GeV<Q? <200 Gev S5 . 122
< 0.2 1 %
7 [ [ [ : ¢ 88
0 ¢ . [ ¢ . [ * ” [ 00 ; & ‘ 6 o

& e 5 ¢0 ¥ ® - L X 3 .
weoo | 0o ¢ | °o» ¢ ; o ! 6 - by Shuo Jia,
0 o0 ¢ ] o ¢ [ (] ) . ¢ ] @ V/ d Kh h /
62 04 06 0. 02 04 05 0 02 04 06 0 02z 04 06 0 0z 03 o5 o8/ acnatryan et. al.

X X X X X




> 11GeV vs 22GeV

SoLID-SIDIS @ 22GeV

Sivers SSA SoLLID 3He:

Z

e 22 GeV -100 days

17/21

e 12 GeV - 69 days
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> 11GeV vs 22GeV

He target —K"
30 '

Current Fragmentation Target Fragmentation 297 Fioua™IIGEY" | K
g 20 ~20% iin Current
2] . .
- Fragmentation Region
10
% 1 2 3 4
v Factorizable! ) R,
He target —K*
 Current fragmentation region is not clearly defined E, =22GeV | —K
1.5 - |
d Model estimation: Boglione, et. al. Phys. Lett. B 766, 245 (2017) 5
- o/ ;
= At 11GeV, 70% pions and 20% kaons are valid. 5 1 3970 mEICurrent.
i Fragmentation Region

= At 22 GeV, 35% kaons are valid; also cleaner for pions with eA

1 Open up kaon phase-space (tight at 11GeV/c)

See Mariaelena Boglione’s talk on this Tuesday 14:30 credit to T.B. Liu, based on Boglione, et. al.
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SoLID-SIDIS @ 22GeV

> 11GeV vs 22GeV

Existing world kaon data

2

e 11GeV, 69d
eV, ays
= 22GeV, 100d
ev, ays
) 1.0<Q <20 1.0<Q'<2.0 - 1.0<Q <20 1.0<Q'<2.0 1.0<Q <20 - 1.0<Q'<2.0
% 1. 030 <z<0.35 __ 035<z<040 '__ 040 <z<045 045<z <050 050 <z <060 T: 060<z2<0.70
S ramh} s § e § '3 s [hee
15 |
a 01 ...} [mee o, ...} te, oo.{ ?Oo.
ol LE T3 [Mpee o ®eo 00 e%e ®e e, _-‘oo.
0. LE L e e o LI LI e e o ‘e e,
"|nfeec o o (feee e o mtec oo o ce® o, mPee v o, a%ee o0 0.25 -
025t ee o o i m $ee o o M tee o & —.-'000! W %ee o 3 M eee o 0.2 K
) 20<Q'<35 20<Q'<38 20<Q'<35 20<Q'<35 - 20<Q'<35 : 20<Q'<35 0.15
% .2 0.30 <z<0.35 N 0.35 <z <0.40 N 0.40 <z <0.45 u 0.45 <z <0.50 o 0.50 <z <0.60 u 0.60 <z<0.70 0.1
8 demsy ] - - -y -y - t
& a 3 a 3 P s 2 0.05 E 4 . .
. s, L L LER: ‘—nE e e mpEg _— 0 b2 __________*___ __++_*__*_________
0: ' LK e e -_.b" .} ey i - - L L Y 5 '_z.n -
0 * o . el . ‘cam IR . ;  amen® o ; - L P . dd - -0.05
0' m * o0 - - " I ae? et ke A g Bl o . o N ,, -0.1
e e A S y L AN S wemue o0 § W Home o o awiae oo -0.15
© 35<Q'<55 - 35<Q'<55 . 35<Q'<55 : 35<Q'<55 s 35<Q'<55 - g 35<0'<55
% 19 030 <z<0.35 N 0.35 <z <0.40 o 0.40 <z <0.45 u 0.45 <z <0.50 C 0.50 <z <0.60 u 0.60 <z <0.70
e C LN - mmm® -~ mmm A § - Emmw W - "Em gy - -IQ? P, [(GeV]
S - - - - - he
0f. ™ER g @ o r Emm % 0 § - Emmg O @ SLLLE NN - EmmEg g g - "% gmgp
. WMEREEm - EmmdE ® § L L B S LLE RN - mNmER® g w - ESpE e N an " -
o TR r SmmEE 8 W® - EEEED 8 B r EEER R g g » - EEEE g 8 & - WuBEg = 02 *K" L vK
0' EapPEp B oy - Empeag = 2 EmmED g 8  EmNgE a @ - mEER D = F g L LL B L [
T mmm " ag MLULLE LN e . WEN g b e & [ smem i = - EmSgta®m ¥ - wguin 9§ 2
) 55<Q'<85 3 55<Q'<85 . 55<Q'<85 . 55<Q'<85 . 55<0'<85 . - 55<0'<85 —
- L 0.30 <z <0.35 [ 0.35 <z <0.40 - 0.40 <z <0.45 -~ 0.45 <2 <0.50 C 0.50 <2 < 0.60 L 0.60 <2 <0.70 'B 0 2 o
é 1. TE R - e - an W - -aee - L LN - -ll.. ') -U.
- 1 = v — — —_
. 0 mun g g s meEn 9 . meE w0 . -aaw a - mew g § - -lqu' -0. — -
0. WEmE E ® F Emmw L + mmmw c - Emmow L - mum % ¥ - mEaw - . e . R
0 mEEp g ® ] N mw X = 3 -maae s 9 3 -aan (3 . me e 2 = - C T H N B O 2 Phenomenological Fit
0. mEEEe P®» g I LN B r - aan - maan r [ LB I | 1 [ LI | 7)) '
T munnie B u T memm T mmmEm " Wgm g w T LN R - wmm umuia ) e [ %)
< 85<Q'<120 i 85<Q'<120 r 85<Q'<120 - 85<Q'<120 r 85<0Q'<12.0 F 85<Q'<120 @ [
3 1. 030 <z<0.35 [~ 0.35 <z <040 u 0.40 <2 <045 ~ 0.45 <2 <0.50 y 0.50 <2 < 0.60 C 0.60 <2<0.70 _2 -0,2 ™ *
< ke e @ - . - - ! - = ¥ - "EE . \ n 0 2 -
- 0‘ IR [ -.q - bl C amm @ . 'S B B | C EE E = - EEE N * Y [ 2 o ; 2
0. (T B N [ anm ‘ o o - LB B - EEm R = r EE R BN n a AN m B n 0.1 02 03 0.& 0.1 0.2 0.3 0.4
o. ER e B n - Em M i = - EE m m P - EE E = 0 - EE E N o - EE m m n b] ij
o. mn | N o i anm [ o o r EE R =N o F aEE R =N 0 4 aEE R N o 1 EE Em N o
| ewe = = |  mm w8 = 0 : ,www® 9 & 0 F wmm w S L L L : LL LI
) 120 <@’ <20.0 - 120 <@’ <20.0 - 120 <@’ <20.0 - 120 <@’ <200 - 120< Q' <200 : 120< @' <200
> L 030 <z<0.35 ™ 0.35<z<0.40 y 0.40 <z <045 o 0.45 <2 <0.50 C 0.50 < 2 < 0.60 u 0.60 <z <0.70
g - - - y . - .
—
@ o' mE. i - = = a o 0 3 T 3 - . 3 - . u
0 inm = a3 == = 3 T 3 T 3 "= . = 3 in u = N()te:
o' EE E B u r AR B u m - - = @ - - = 9 - - = = - n n =
' THE : am ® = " 3 "= n W - = u » 3 "= = 3 im = = & °
o AL HE R 3 s s 3 3 s . o ] et Bypassed SoLID current acceptance
) 20.0 <Q < 40.0 20.0 < Q" <40.0 20.0< Q" <40.0 20.0 < Q" <40.0 20.0< Q" <40.0 20.0 < Q" <40.0 :
% . 0.30 <z <0.35 - 0.35 <z < 0.40 r 0.40 <z < 0.45 - 0.45 <z < 0.50 - 0.50 <z < 0.60 - 0.60 <z <0.70 ot UnpOlarlzed—SIDIS eVentS
1. - - - r -
0 L] L] L] .
— 1 - - — - -
< . g 3 g 3 3 * Only statistical uncertainties
0. . : - 4 4 L 4 . . .
0. . = | LI ! : . . * Assume p1/K separation in full momentum ranges
0. i i 2 2 2 ! n. i - 'l 'l 'l 1 ' ‘ l. ' - ' ' 'l ' ' ' A ' 3 ' ' L ' ' L ' ' - ' L ' ' L ' L L - L L L L L L L L /
01 02 03 04 05 06 0.7 08 01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08 01 02 03 04 05 06 Oiy




SoLID-SIDIS @ 22GeV 20/2°

» Projection at 22GeV:

Transversity
|| World vs. SoLID (®He) enhanced ! World vs. SoLID (*He i 22 GeV ion + kaon
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by Vlad Khachatryan et. al.




summary 21/21

»SoLID: large acceptance + very high luminosity = full exploitation of JLab12 potential
v pushing the limit of the luminosity frontier highlighted in 2023 NSAC LRP and facility review

»SoLID SIDIS program is rich and vibrant with unprecedented high precision data in 4D/5D bins to constrain
TMD models and examine LQCD, pertect for global fitting

» Naturally extend into 22GeV =2 day-one detector, higher Q2, lower x, kaon-production

> To do:

* Simulation of SoLID acceptance at 22GeV
= A complete impact study of pion & kaon SIDIS data at 11+22GeV, w/ polarized proton He3
" [Investigation of possible detector upgrade needed at higher energy
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Phase - space examples obtained with the °He target at various beam energies:
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SoLID-SIDIS Projections 24/21

P+ (GeV/c)
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_SoLID@12-GeV JLab: QCD at the intensity frontier™”

» Research at SoLID will have the unique capability to explore the QCD landscape

v Pushing the phase space in the search of new physics and of hadronic physics (PVDIS)
v Superior sensitivity to the differential electro- and photo-production cross section of J/i near threshold (proton mass)

v' 3D momentum imaging of a relativistic strongly interacting confined system (nucleon spin)

- SoLID SIMULATION e  electroproduction e(p)+ee -
10 & J/y Production e photoproduction (e)p+ee _
0.248 1.6 ; - { o exclusive ep+ee s
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Transverse Momentum Distributions 26/21

» Semi-Inclusive Deep Inelastic Scattering (SIDIS) with polarized targets:

hor (g, bs) = s
: Relevant Vectors UT\Ph PS) = pNT 1+ NV
Transversely Polarized S, Nucleon Spin Lol
Nucleon TMDs sq: Quark Spin =AD" sin(dp + b+ Ay sin(3y - 65) AT sin(6), — 99)
k,: Quark Transverse Momentum oo IV
—> Nucleon Spln P: Virtual photon 3-momentum Ag”(f){”,m X (sin(@p + Ob»LT x h1 & ]_]1i == Collins fragmentation function
>  Quark Spin (defines Z'direCtion) """" — . " """"""""""" from e*e" collisions
Aé{jf/ 2€ wlu} x (sin(3op, — 0g)) 1 X h 7 ® Hl
AE%( IS J X <%111(Oh — @S )>( X fl_LT & Dl = Unpolarized fragmentation function
Transversity .
p < Pretzelosity Sivers
4 )
= 3= 1 . ©
1T 1T — @ flT — - @
N T Sq k, xP
Sy '8, _ Sk, X P
* hyr (hy) = g4 (no relativity) . » Nucleon spin - quark orbital
| * Interference between components with quark ~aular momentum
* hyy —— tensor charge (conironting orbital angular momentum (OAM) difference of aOg\K/Ia 0 Iet' "
lattice QCD calculations) 2 units (i.e., s-d, p-p) (model dependence) (OAM) correlation
» Connected to nucleon beta decay and » Signature for relativistic effect * £ero If no OAM

electric dipole moment (model dependence)



> Larger Phase-Space

35

He3(e,e'n")X, E =22GeV, Count in 100days
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SoLID-SIDIS at 22GeV 27/21

He3(e,e'n")X, E =22GeV, Count in 100days
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Back dots=>11GeV
Color dots=>22GeV

He3(e,e'n)X, Ee=22GeV, Count in 100days
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