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Dihadrons in SIDIS

GN%G—I-hl(Pl)—FhQ(PQ)—I—X
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Dihadron Kinematics

q X P, plane

Dihadrons:

momentum: Py, = P; + P
kinematics: My, z, pr

angles: ¢h7 ¢R7 ¢Sv 0

cf. single-hadron ¢,

Dihadron CoM frame

Inclusive: dihadron plane
Q? _P.gq
B 9P, q’ J l
2M$B
/y oy
Q@

Online 3D View:

https://c-dilks.github.io/dihadronAngleDefs/dihadronAngleDefs.html
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SIDIS Dihadron Cross Section
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SIDIS Dihadron Cross Section

General form of each term:
S ;-
dO-XYOCD(x7y7Q ) (¢h7¢R7¢S? ) (¢ )—l_

f T \

Depolarization Sinusoidal modulation Structure Function

¢ Several of these terms per polarization configuration ‘XY’
e X = electron polarization, Y = proton polarization X.,Y € {U,L,T}

¥ Separate terms at twist-2 and twist-3

* Twist-3 asymmetries ~1/Q
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SIDIS Dihadron Cross Section

General form of each term:

d(TXY

x D(x,y,Q?)

f

Depolarization

(¢h7 gbRa qu) )

T

Sinusoidal modulation

Ratio of longitudinal and
transverse photon flux

1 — 411723/2

Depolarization factors at twist-2

1—y+§y2+ﬂ Y’

C. Dilks

Ayl sa—g LBleul= 2(1y— )
C(e,y)=2<1y_€> 1— ¢
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Structure Function

at twist-3
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SIDIS Dihadron Cross Section

General form of each term:
doxy X D(xaya QZ) } S(¢h7 qua qu)H) . F)‘igj?,) + ...

f T \

Depolarization Sinusoidal modulation Structure Function

Legendre Polynomial x Sine (Cosine) azimuthal modulation

q X Py plane dihadron plane

~
~
‘. 9
~

L N
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SIDIS Dihadron Cross Section

General form of each term:
doxy X D(xaya Qz) ) S(¢h7 gbRa qu)H) . F)‘igj?,) + ...

f T \

Depolarization Sinusoidal modulation Structure Function

Structure Function
FXY — I[w(kT,pT,a:,z,Mh, .o ) ' f(ﬂ?, kT) : a(Z,Mh,pT) + .. ]
\ +

A [’UJ fD] kinematic factor TMD DIFF
(usually quark momentum :
guark transverse Dihadron
momentum convolution vector products) PDF Fragmentation Function

10
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Dihadron Access to PDFs x DiFFs

Twist 2 Twist 3
Nucleon Polarization Nucleon Polarization

_ U L T U L T
'% U J1Dy hf_LHl fllTDl c hH, le hpH, glLé JrDy hlg
-c_% hi H, 91.G1 Gy -% Dy hiH Dy hiyH | hrHy gi7G
g th £ hEHy fiD
S irth g [+D1 Wit
% L HGy 9121 g1 Dy é eH, f,G e Hy gD grD1 mE
firGi g gDy hiE gDy hiLE erH, girD
erH, flLTé
Q%Dl hf_TE
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Transverse Momentum Dependent (TMD) PDFs [twist 2]

Quark Polarization

U L T

Unpolarized PDF Boer-Mulders

- @ Q@ - @

Helicity Kotzinian-Mulders
Wormgear

- - ©— h;;,-°—. - @

Sivers Kotzinian-Mulders Transversity

W 1T
T f;'r'é - ? (::n_gir _ é Pretzelcl:snyz z

Nucleon Polarization
r
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Dihadrons - Spin-Orbit Correlations in Hadronization

Unpolarized SIDIS:

& Cahn Effect: quark transverse momentum leads to
azimuthal modulations of SIDIS cross section y

& Boer-Mulders Effect: Non-collinear quarks in an
unpolarized proton can have transverse polarization,
also contributing azimuthal modulations

LI Boer-Mulders and Cahn effects are comparable in single hadron production
« HERMES and COMPASS data, e.g. Phys.Rev.D 81 (2010) 114026
Ll Dihadrons can help decouple BM from Cahn
» Extra degree of freedom in dihadrons
« Cahn effect impacts dihadron total momentum direction P,
- Utilize azimuthal angle about P, in addition to the azimuth about the virtual photon

LI Advantages from a broader and higher Q? range at an EIC
* Broader Q? range probes evolution effects
* Higher Q? suppresses Cahn effect in single-hadron asymmetries (Cahn is twist-4)
* Lower Q? for overlap with other SIDIS experiments

C. Dilks
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- 1.0 Phys.Rev.D 99 (2019) 7, 074013
Transversely Polarized Nucleons [
0.6
0.4 z
Transversely polarized SIDIS: 0.2
i1 Access to several additional TMDs: | L0
w —0.2 - ¥ = =
« Transversity - Tensor Charge hn.-é - é 04
1 1 L1 | 2] L3 éll 51 LG I7 8
5(1 — / dxh(a:) — / dr [h(ﬂ?) _ B(m)] ?Ezakdfgvsg;yertex lattice QCD global analyses from data
—1 0
) ) Phys.Lett.B 816 (2021) 136255
* Quark EDM contribution to nucleon EDM od
JAM20 +EIC gT '_“:H
* Comparisons with lattice QCD calculation +SoLID  +EIC+SoLID '—_'“"'..1
* Sivers Function f, '6 - —0.10 T
1T ? S 0.750.850.951.0
« Kotzinian-Mulders (wormgear) Function 6 é
* Pretzelocity i~ - —0.15F
* TWiSt-3 TMDS Il.ll-r = 6 - é Alexandrou et al (2019)
—0.20 —+—
l |—+_ lGupta et al 22018)

0.65 0.70 0.75 0.80 ou
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Dihadron Impact on Transversity

[ 1 1.0
06 L Pavial8 |
¢ Complementary to single-hadron SIDIS i Pavial8 + EIC (ep) I el 4] — 3
and hadrons in jets 04+ [ Pavials + EIC (ep + e'He) : : —E ﬁ»}

¢ Complementarity reduces systematic
uncertainties overall

& Additional advantages from dihadrons:

04 03 -02 -01 00
» Expect little contribution from twist-3 I 6d
FFs : :
- Acceptance effects tend to “average ERaC A B¢ I [ porort
out” between the two hadrons, whichis  z 05 © 1 Rosf lattice
. — ' 1 I [
especially good for F , measurements < —7 ] Zoet |, 1|
(Boer-Mulders function) 24 d LS4t Pavia18
& LA [ Pavia18 + EIC (ep)
T 05 J 0.2} @ Pavial8 + EIC (ep + eHe)
d %= T2 T 7 YT HEeWE O M e
X

EIC Yellow Report
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Collinear Twist-3 PDFs

E(X) Semi-classical interpretation via x-moments

iJ Pion-nucleon o term: m, - m,

Ll “Boer-Mulders Force”: Transverse force exerted
by color field on gt after scattering, in an

unpolarized nucleon Phys.Rev.D 88 (2013) 114502

g.(x)

1 “Average transverse force that acts on an
unpolarized quark in a transversely polarized

nucleon” Phys.Rev.D 94 (2016) 9, 094040

h, (%)

Ll “Average longitudinal gradient of the
transverse force that acts on transversely
polarized [struck] quarks in longitudinally
polarized nucleons”

q q __ q
‘CJM o LJi T ALFSI
Expressible in terms of the

change in quark OAM as it
leaves the target

Phys.Rev.D 94 (2016) 9, 094040
Phys.Rev.D 66 (2002) 114005
Nucl.Phys.B 461 (1996) 197-237

C. Dilks

Dihadrons and Lambdas


https://inspirehep.net/literature/800041
https://inspirehep.net/literature/1489640

EIC Impact on Collinear Twist-3 PDFs: e(x)

Aw(x)

Ay(x)

0.015}
0.010 5GeV x 41GeV, *<10 GeV? 5GeV x 41GeV, @%<10 GeV?
02<z<03, 0.7<M;<08 GeV 0.6<z<0.7, 0.9<M;<1.2 GeV
0.005} [ 1 ]l
0.000 413 } § % } %
—0.005F +3% syst. ‘ + ]1 +3% syst.
0.00 0.02 004 006 008 0.10 0.00 0.02 004 006 008 0.10
X X
Awl(x) Ay(x)
0.015}
0.010k 10GeV x 100GeV, 02<10 GeV? 10GeV x 100GeV, 0*<10 GeV?
0.2<z<0.3, 0.7<M, <08 GeV 0.6<z<0.7, 0.9<M,<1.2 GeV
0.005} 1
iy 1 I[ 1 11 ]
0.000 #11 1 1t i
—0.005[ +3% syst. 1 +3% syst.
0.000 0.005 0.010 0015 0.020 0.000 0.005 0010 0.015 0.020

X
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EIC Yellow Report

¢ e(x) is accessible in beam spin asymmetry A

& Cleaner access in dihadrons, compared to

single-hadron SIDIS (which involves additional
unknowns)

¢ Caveat: depolarization for A favors high'y

Extraction from CLAS dihadrons

10

8t

6 P(x) at 90% CL

.| HII

d | | ']l .

0 z
oL

0.0 0.1 0.2 0.3 0.4 0.5

X
Courtoy, Aurore, et al. e-Print: 2203.14975 [hep-ph]

Courtoy, Aurore — CPHI 2022
Y 18
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https://arxiv.org/abs/2203.14975
https://indico.jlab.org/event/498/contributions/9492/

EIC Impact on Collinear Twist-3 PDFs: g_(x)

004" Proton | Neutron

0.02} :

& 0.00

D

8 —0.02f _
—006f Accessible WEIC | ()2 = p? |

w0+ 10° 10z 10 g 10 1=z 10Tz

EIC Yellow Report
& Accessible in inclusive measurements: epT — e’X

& 9.(x) is also accessible in double spin asymmetry A _ in semi-inclusive dihadrons

- Caveat: depolarization for A . favors high y...
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EIC Impact on Collinear Twist-3 PDFs: h (x)

Any impact studies for the EIC? & Accessible in target spin asymmetry A

* Depolarization for allows broad coverage

Spectator Model * Ongoing experiment at CLAS (RG-C)
e(x) in the Spectator Model hy (x)
6 T T T

U — 7 Bag Model

5 B CLTELT T
d Twist-3 PDFs in the Bag Model

4.0

1 1 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
X X

-1.0

L L L !
0.0 02 0.4 06 0.8 10

Jakob, Mulders, and Rodrigues, Nucl.Phys. A626 (1997) 937-965 x

Figures from JLab Proposal E12-06-112B/E12-09-008B Jaffe and Ji, Nucl.Phys. B375 (1992) 527-560
See also:
— Chiral Quark Soliton Model Cebulla et al., Acta Phys.Polon. B39 (2008) 609-640

— Light Front Constituent Quark Model Lorcé , Pasquini, Schweitzer, JHEP 1501 (2015) 103
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Dihadron Fragmentation Functions

Twist 2
. hl
Dl — '( h2
| — hl _ hl
G1 - h2 khz
hl hl
1 <[ — —
Hl ) Hl - h2 h2

C. Dilks
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Twist 3
pt Gt
. E

Thought to be small...
see, for example:

PoS DIS2014 (2014) 231
Phys.Rev.D 99 (2019) 5, 054003

arXiv: 1405.7659 [hep-ph]

22


https://inspirehep.net/literature/1327125
https://inspirehep.net/literature/1721076
https://arxiv.org/abs/1405.7659

Dihadron Partial Waves

P, P, :
DiFF
~—
qAANAN : AN
P PDF

23
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Dihadron Partial Waves

S-wave p-wave

|
|
qAANAN : AN
|
|

_U
-
)
=
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Dihadron Partial Waves

Z Z Py m(cos ) cos (m(or, — ¢p)) D|1£’m>(Z,Mh,|PT|),

m
|
mzax Z PEm COSﬁ Sln( (¢RJ_ _pr)) G|1£’m>(za Mha|pT|)= e 3 e
iaf Z Py (cos¥) eim(9r, —¢n) wa’m)(Z,MhJPTDa 9 8 } 8

£=0 m=—/

@

¢ Expand DiFFs into spherical harmonics (Legendre Polynomials ‘P, ')

¢ Angular Momentum (AM) eigenvalues |¢,m>
& Correlations of dihadron AM with fragmenting quark AM
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Dihadron Partial Waves

€=0 0,0)
SS UU
m=0

26
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Dihadron Partial Waves

€=0 0,0)

SS U U
e=1 11,—1) 11,0) 11,1)
Pl UT UL UT

m=-1 m=+1

ry
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Dihadron Partial Waves

C. Dilks

Dihadrons and Lambdas

£=0 10,0)
SS U U
e=1 11,-1) 11,0) 11,1)
Pl UT U UT
12,—2) 12,—1) 12,0) 12,1) 12,2)
TT T T TT
m=-2 m=+2




Dihadron Partial Waves

C. Dilks

£=0 10,0)
SS Uu
Hi_,OO
P UT U UT
1 1 X
Hl,OT Hl,OL Hl,OT
TT T T TT
< <
m=-2 m=+2
p]:)
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Dihadron Partial Waves

C. Dilks

hiha/q U L T
UU Di.oo Hi oo
LU Dior Hf:OL
4
LL Dy L1 Hi e
TU D ot Hior ifm<0
Lot 10T Hiop ifm >0
Hi if m <0
TL Dyt GtLT iI’LT .
Hl,LT lf m > O
Hi if m<0
TT Dy 17 Girr S
Hl,TT lf m = 0

Dihadrons and Lambdas
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Dihadron Partial Waves at CLAS

Twist-2 A7y Amplitudes
¢ Slgn change near p mass In GLOT

11, 1) Gior _
0.05 1 ¢ Enhancement at p mass in G, |,
~ L
%3 000_{{}, ..................
[
} [ ]
—0.05 - tes
CLAS12 PRELIMINARY
2,1) Gir | 12.2) Girr
0.05 1 { 3t
t ¥ o
5. 1 by ! Poors !
%E] 0.00 4+ } i }{} .............................................
}**}
—0.05 1
CLAS12 PRELIMINARY CLAS12 PRELIMINARY
0.5 1.0 0.5 1.0
M, [GeV] M, [GeV]

CD 2107.12965 [hep-ex]

C. Dilks Dihadrons and Lambdas
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https://arxiv.org/abs/2107.12965

Dihadron Partial Waves at CLAS

0.05 {

—0.05 A

Twist-3 Ay Amplitudes

0.00 -

’1’_1> HIL,OT ‘1’1> H1<f0T
0.05 - TR
< $
e Q00 Frrgrrrgrrrrrrrrrmsrsssrsssssascdorsssassrssnssasssasnssnnssnnns
=3
< it sisdt g 3 @
—0.05 1
CLAS12 PRELIMINARY CLAS12 PRELIMINARY
2,-2) Hipr | [2,-1) Hipr | 12,1) Hipgr | 12.2) Hiry

CLAS12 PRELIMINARY

Hut
..}..i}}..i.}.}..{..}......}..-

CLAS12 PRELIMINARY

CLAS12 PRELIMINARY

CLAS12 PRELIMINARY

02 0.4

0.2 0.4

0.2 0.4

0.2 0.4

X

CD 2107.12965 [hep-eX]
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https://arxiv.org/abs/2107.12965

Partial Wave Projections

10° sin(o, +0,) 10° cos(6) sin(0, +0,) 10° sin(6) sin(e, +0,) iqnifi i
5 0g A s, x 508" A O e 508" A s & Significant impact on
06 0. 0.6
0.2 s 0.2 el 0.2
ull I I h-l ® HIJ:O(;_M’ | I QII I L I ! hl (¢3¢ H],OL ! I DI' I —§ h‘l X H;IOT I 1 . . .
02 0z 02 & Relative differences in
py<3 Py 08 uncertainties comes
0 002 004 006 008 0.1 012 0.14 0 002 004 006 008 01 012 0.4 0 002 004 006 008 01 012 0.14 partial wave correlations
X X X
. xi0® | sin(8) sin(2¢,-0,+0_) ‘ . x10%| 172 (3cos’e-1) sinfo, +o) . x10® | sin(26) sin(¢ +0_) and phase Space
so8 ur vs. X 2908 [Aur vs <08 Ut Ve X limitations
04 1, —1) 04 2,0) 04 2,1)
0.2 " 0.2 1 0.2 -
oil—l—k h @ Hiorp—#— 0 fu @ Hiyy Dil‘l_kh" SH |
-0.2] . -0.2
0.4 0.4
06 06
08 8! 08 ool
0 0.02 0.04 0.06 008 01 012 0.14 0 0.02 0.04 006 008 01 012 014 0 0.02 0.04 0.06 008 01 042 014
X X X
x107* sin(20) sin(20, -0_+0.) vs. x | ) *x107 sin®(8) sin(-0,+20,+0_) ‘ %107 sin’(8) sin(30,-20,+0_) )
5 0.8 . DX 508 VS. X 508 VS. X
< 06 u < o6 ut <05 uT
04 [2,-1) 04- 12,2) 04 [2,—2)
0.2 N 0.2 - 0.2 1
Oll I I hy @ Hipr I ' OEII I 1 h & Higrr | i ‘ UII [ E f @ Hipr|— i
-0.2 0.2 -0.2
-0.4 0.4 -0.4
06 06, 056
08 R S — 08 P PR SN . -08- - R E—
0 002 004 006 008 01 012 014 0 002 004 006 008 01 012 014 0 002 004 006 008 01 0.2 0.4
- -1
ep! —ertn X | 5x41 GeV | 10 fb EIC Yellow Report
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Even more from Dihadrons...

Vector Mesons: a significant
fraction of dihadrons

P — TT
K" - 7K
o — KK

M, distribution
o i CLASMC
- i 10.6 GeV
0'022_ + data
0.015— %

1
1.6 1.8

Flavor-dependence of twist-3 PDFs

Proton Target o

Deuteron Target

Channel dependence of DiFFs

T a0
VR
Gc1]/7T+7T_ Gclj//w :I:7TO
HY Hy
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Dihadrons for Gluon Saturation

a0 T T T T T T T T T
1.0— T 0.03 -
i g YU e genetp : . ]
ol / orA 18x110 GoV g S A ECCE Simulation
l S 0.025(~ e recoe+pwith EPS09  PYTHIA6 e+p 18x100
06 = r nPDF Au weight > hy+h+X .
.or o - e n
5, 002 ol 2p - -
-
< B Dihadron cuts: o r g s Q°>1GeV .
r) Dijet cuts: Py > 2 GeVlc E 0.015 L 2 1 1
0.4 Py o > 5 GeVic Pry> Py, > 1 GeVic £k s 1GeVic<p, <p; ]
Pr e > Py e > 4 GeV/C z,>02,2,<04 - C .
B 0.01— ® L] ]
0.3 —— Phys.Rev.D 89, 074037 model, dihadron uncertainties - BO% B
Pythia6 w/ nPDF, dihadron uncertainties E o o QBQ“'QSG ]
Pvthi i-i inti 0.005— P ® . L —
ythia8 w/ nPDF, di-jet uncertainties » o ° .gg. .
C ol L L L e ° 3
103 1072 107 0lee®®. L '...,..o"gz. . 1%0geq
X 0 2 4
g ATHENA proposal
ECCE proposal 0 o [rad]

& Away-side peak in Ap de-correlates when non-linear QCD effects set in
& Sensitive to gluon TMDs
¢ Measure suppression J_, , the relative e+Au to e+p back-to-back dihadron yields

* Scaled by A3
- J_,~1lif no collective nuclear effects

C. Dilks Dihadrons and Lambdas



¢ SIDIS Dihadron Kinematics and Cross Section
¢ TMD PDFs and EIC Impact
¢ Dihadron Fragmentation Functions and Partial Waves

¢ Lambdas and TMD Fragmentation

C. Dilks Dihadrons and Lambdas

36



A\ Decays — N1t “Dihadrons”

A DECAY MODES Fraction (I';/T)

pr (63.9 £0.5 ) %
nzY (35.8 £0.5 ) %

Mass m = 1115.683 & 0.006 MeV
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TMD Fragmentation Functions

< Needs knowledge of final state hadron polarization - “self-analyzing” A decay

< TMD and spin-dependent fragmentation - Analogous to TMD PDFs
1A/q

* TMD Polarizing Fragmentation Function (TMD PFF): DlT

« Transversity TMD FF: H{Vq

« Spin transfer S, and spontaneous polarization P, from structure function ratios

spin averaged DY (z,pr) _ [. . OJ HM (2, pp) _ [; - O J _ [3_, O J

longitudinal 61/(z,pre— @] -0 Hif'@pD -0 (0

Transverse (here A) Dﬂm(z. pr)  _ [. . (1‘:)] VYR [ é ] [ é -
1 \Zpr)= - o B 2

-

Gi(z,pr)= [-H '__f};;]_E‘*..f J HY Yz pr) =:[L — _,:]—[y - @ ]

Table from A. Vossen, INT-18-3
38
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Transverse Lambdas

Spontaneous pSIN(¢s—¢a)

X = proton polarization
. . T
Polarization: PA = Y Fou FXY Y = A polarization

FCOS(ps—os)
Spin Transfer: Sy = D(y) —1L

Accessible via cos8 distribution of protons in A - pTt
dAV, “SVp(p)

Fyu o 1+ apqyPacaycost

dcos @
A/q spin averaged" Dy/%(z,pr) _ [. - o] 1"z, pr) = [I -0 ]*[Fﬂ @ J
q/p
FUU ~Y f / ® Dl longitudinal Gf/q(z,pr):[.4~ ]—[A—- J HY(z,pr) [&4 :}]7[34{,‘#’]
Transverse (here A) D‘II"TU Yz pr) _ [. . é] HVa - é ©
sin(bs—ba 1A/q @ = (i~ 6] [s—~
F ( ) qu/p®D1T/ 7 o)

ur

F;%f(ws—QbS) ~ hq/p 2 H{\/q
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Impact on TMD PFF

Extracted TMD PFF moment

0.015 - Theoretical Uncertainty Impact
[ d
UUJ_O’ |: 5 — —_u — d sea Belle
Ei 107 L === sea Belle+EIC
i[:
Q - -
=~ PR o
= - S — -
B //' —————
IR - L~
.t
0T 53 0T 05 05 02 03 07 05 0% 02 03 01T 05 0% 02 03 07 05 0%

ZA

Figures from
Phys.Rev.D 105 (2022) 9, 094033

020 025 030 035 040 0.45 0.50 055 0.60
ZA

& Larger bands: from Belle [Phys.Rev.D 102 (2020) 9, 096007]
& Smaller bands: Belle + EIC pseudodata
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Impact on Spin Transfer
| | Q'; QIGCV | & Transversity FF extracted from COMPASS [Phys.Lett.B 824 (2022)
136834]
S
2
m‘(_j
<& EIC Impact on Spin Transfer
d 4
A T S, * Red bands: theoretical uncertainty
0.2 0.3 0.4 0.5 0.6
ZA * Black error bars: projected statistical uncertainty (40 fb?)
5 x 41 5 % 100 10 x 100 18 x 275
0.2F + + + 1=
. [ I T 1V
T 0.0f I I 15
\:" L 1 |l O o "—An;l—‘_
G [ e 1y
—0.2F 1 — : 1 -
< 1071 E .
E ‘\_\—t——af _‘—|—\—'_ E_I—‘—'—'_ 2 Figures from
R T R 0z o402 04 02 oa— PhysRevD105(2022)9, 094033
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Spontaneous Polarization Impact from As in Jets

0.10F FAES KR |
& Measuring As in jets provides another N S

CLE » 8T

probe for TMD FFs ]

—(L10F

& Distribution of hadrons relative to jet axis T
allows for decorrelation of TMD FFs and R H

P D FS ) 0.05F +’K

¢ Impact on spontaneous polarization: I
—0.10F L

* Bands: theoretical uncertainty L

00T > 01

» Error bars: projection from 100 fb

< 0.00F

—0.05F

—010F

5 0.00F

Phys.Rev.D 105 (2022) 9, 094033 '}

—0L10F
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Spin Transfer Impact from As in Jets

. .”'f”. << 1IJ.<‘J:')I R ‘H.IU:'JI <ap< :J.Iml R .”'.1”. < zp < :J_ful R
I jL<LEGV T A ]
¢ Impact on spin transfer: ey .
. . & 000 T i I _[ =1 i
* Bands: theoretical uncertainty I E— i 1__1__,_1____
» Error bars: projection from 100 fb* _
5 o) I 1 . 1 ———— f
Lo R B 1 e (s
H”'_z----”f:g-"'”_'1""U'__]"_::I::::I::::I::::}::::I::::I::::.::::I::
Zan {J”z}
3 u_uu: ; I [ ___)l -+ 17 . : | §
IIUI.EIHIH.Ifi”-I‘H.IlllIIH.‘:'JII-IIIHHIHIIIHHIII
&5 0.00F i 3 —[_7] -;
Phys.Rev.D 105 (2022) 9, 094033 [
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Summary

¢ Dihadrons

TMD parton distribution functions

Collinear Twist-3 PDFs

Dihadron Fragmentation Functions

Partial waves — spin/orbit correlations in hadronization
Vector meson decay

Gluon saturation

¢ Lambdas

TMD fragmentation
Lambda polarization and spin transfer

Many analysis opportunities will be available, for both experiment and theory!
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Impact on Spontaneous Polarization

1< dr <

\
\

Py (z,)
H— -
)
1
1< Ha <101

R

| | | R | | | R
0.05F T T T ] EL
ARy - N L { 1 1.
= 000 : - — 1=
S T Tl il —
—0.05F T + T 17
02 04 02 04 02 01 0050 ’ 1.
2 2 z 7,
1v
¥ 40 fb! at each energy 17
17

¥ Significant impact at low Vs

C. Dilks Dihadrons and Lambdas



Dihadron Access to PDFs x DiFFs

Twist 2
Target Polarization
U L T

SlUl nab | wH | Dy
_g hllHl 91LG1 ngGl
g hiH,
&
% hirH,
8 L f1Gh 91Dy girD1

firGi

C. Dilks

Beam Polarization

Twist 3
Target Polarization
U L T

hH, le hrH, glLé JfrDy h1g
f+D, hliH le hfLH hrH, gi1vG

hlly fizD

f+Dy hiyH
el flé erHy 911;D grDn h1E
gtD, hiE grDy hi B erH, girD

ell“Hl flLTé
g=Dy hiy E
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Dihadron Access to PDFs x DiFFs

Twist 2 Twist 3
Target Polarization Target Polarization
U L T U L T

c = = =
S|U|A AD  |Bhipi A firD: ullv v, £.D WV hoHy 9uC V/ frD, hH
E B h’f_Hl A glLGl A ngGl S fJ‘Dl hf‘ﬁ é‘Dl hf_Lg hTHl ngé
ig B hH g hitH, fipD
L = -
£ B i H, ::g JzDy hipH
Q| L G D D = = =
m C h&G C 911D CgiT 1 % LW et 1G WerH: 1D WQTDl hE
flTCTw1 8 gJ‘Dl h%EN‘ ng1 hf_LE eTHl ngD
erH) flLTé
- - 1 1L
Depolarization Factors grDn hink
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Depolarization Factors

o Depolarization Factors
w Depolarization factors (and €)

depend on (x,y,Q?) Twist 2 Twist 3
ot Unpolarized
@ Asymmetry denominator: Beam A B 4
Jdo, ~A Longitudinal
> Beam ¢ 2
Asymmetry, for
m?guql)at'q?” 0) D E\{A» B,C,V,W} Structure Functions
' ¥h! TR TS
N DM M /
AM X XY XY
XY A peonst , . pconst
vu, T UU,L
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Depolarization Factors

Polarization Depolarization

Twist 2 Boer-Mulders ‘ Uu B
Sivers ‘ uT 1
Transversity ‘ uT B/A
Kotzinian-Mulders ‘ UL B/A
Warmgear (LT) ‘ LT CIA
LU CIA
Helicity DiFF G -
UL 1
Twist 3 e(x) LU WA
h, (x) UL VIA
9.(x) LT WIA
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Kinematic Coverage

o
&)
10 :
& -
= : = = : = =
J == ‘ e - =
Zim e I B
10
10
cil)
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Depolarization Factors

Q* [Gev?)
Q° [Gev]
Q° [Gev]

uu
X X X
Ble.y) [ Aley) Viey) [ Aley)
i 0.9 i 18
g 0.8 & 16
kel ! & .
0.7 14
0.6 1.2
UL, UT 0.5 1
0.4 0.8
0.3 0.6
0.2 0.4
0.1 0.2
0 1! o
10? 107 10 1 10° 107 10 1
X X
Cley) ! Aley) Wiey) f Ale.y)

Q° [Gev?]

LU, LL, LT




Depolarization Factors

Aley) Bley) V(ey)

Q* [Gev?)
Q° [Gev]
Q° [Gev]

uu
10° 107 10 1
X X X
Ble.y) [ Aley) Viey) [ Aley)
= =
kel kel
UL, UT
X X
Cley) ! Aley) Wiey) ! Ale,y)

Q’ [Gev?]

LU, LL, LT




Depolarization at CLAS

Avs. Q2 B/A vs. Q2 V/A vs. Q?
251 2.5 251
o 20 2
15 151 5] Tl |
C r e T T Wad
- - - —+ . m"’-q.q'-h l.' . ‘hﬂld‘ﬂi
17 17 17 - h
- 10.6 GeV 22 GeV : NERN :
0.51 : 0.5 BN ool 05)
oL o- o
1 10 Q% [GeV] 1 10 Q%[GeV] 1 10 Q*[GeV]
C/Avs. Q2 W/A vs. Q2
121 1.2¢
1 -
SR - et M"‘ft"lﬁ C
0.8+ i o AR b 0.8F
i L = e T et
0.6] 0.6F =
0.4f 0.4
0.2f 0.2F
ob 0
1 10 Q° [GeV] 1 10 Q2 [GeV]




CLAS Dihadron A , Measurements for e(x)

sin B .
CLAS12 ntn~ Aj ¢R s 1 w » q
Asm qu M Zq eq [336 (33) Hl sp(z Tn?m) M fl( )G (Z m’ﬂﬂ)}
0.04 { *0 Z e2 fi(x)D O ss+pp(2=mm.) - “twist-3 DiFF
E 0.02F J{“”H! l' ][ :
22 o0 [ Extraction of H = from Belle Data Phys.Rev.D 85 (2012) 114023
o 01 . . .
D! I I N ) — point-by-point extraction of e(x)
—0.01 | | | ] 10
0.0 0.1 0.2 0.3 0.4 0.5 8f
X 6} e”(x) at 90% CL
0.06 7 0.06 af ‘ ‘ | |
= 4 0.04r ¢
g g'g;l— } T S 0020 a1 SR 2t | | I | [
5. ook bt $ RN -
5 000 . } £5 000 it 0 s
< _g'gfﬁ Mj, < 0.63 GeV < :g'gi: _of
g Mn>063CeV B I S 0.0 0.1 02 03 0.4 0.5
03 04 05 06 07 08 02 04 06 08 10 1.2 14 X
’ Ma (GeV) Courtoy, A tal. e-Print: 2203.14975 [hep-ph]
ourtoy, Aurore, etal. e-rFrint . ep-p
Phys.Rev.Lett. 126 (2021) 152501 Courtoy, Aurore — CPHI 2022 -
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https://inspirehep.net/literature/1840682
https://inspirehep.net/literature/1087224
https://arxiv.org/abs/2203.14975
https://indico.jlab.org/event/498/contributions/9492/
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