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Transverse SSA also possible for final state polarization = A - production
Double spin asymmetries ALt equally important!
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TMD factorization: SIDIS eN' — enX
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— Transverse Momentum Dependent (TMD) distributions
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(Naive) definition of the Sivers function

(2m)°

d\ d? Ny
i) ox [ S @ (Plg0) g a(n + =) |P) Unpolarized TMD
d\ d? N
(kr x St) fig" (2, k7)o AT (P S g(0) W g(An + 27) | P, ST) Sivers TMD

N




(Naive) definition of the Sivers function

d\ d* oL
i) ox [ BEL et (Plg(0) g+ o) 1P) Unpolarized TMD
AN o ]
(kT X ST) 1J_’_Z;q(aj7 k%) X / (27_‘_)§T ev\x—HkT T<P7 ST‘Q(O) %W Q()\TL T ZT) ’P7 ST> Sivers TMD

;e o
Gauge link, Wilson line



(Naive) definition of the Sivers function

d)\ d? : : |
Fila i) Gy T Pla0) $W O+ 21) | P) Unpolarized TMD
ANAP2p i _
(kT x ST) 1J_’_Z;q(aj> k%) X / (27_‘_)§T eZAw—HkT T<P7 ST‘Q(O) %W Q()\TL T ZT) ’P7 ST> Sivers TMD
;e .
Gauge link, Wilson line

|

Physics of the Wilson line
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(Naive) definition of the Sivers function
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Physics of the Wilson line I
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P77 - Transformation on the quark correlator — = ES
— sign switch of Sivers function “time-reversal (T)-odd” flT’DIS = —f1T|DY|

— Important theoretical prediction to test TMD factorization,
experimental leads that point in this direction RHIC, COMPASS — talk by M. Radici



Proper TMD detfinition & Soft function

[Collins; Ji, Yuan; Aybat, Rogers; Echevarria, Idilbi, Scimemi; recent works by Bacchetta et al, Scimemi, Vladimirov et al]
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perturbative Sudakov factor, N3LO non-perturbative input

TMD at Iarge
matching coeff NNLO

Evolved Sivers function
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matching coeff NLO="" quark-gluon-quark orrelation function!



Collinear twist-3 in Single-
Inclusive Hard Processes
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Collinear twist-3 formalism: several types of matrix elements
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intrinsic twist-3 PDF
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- sensitive to ‘bad quark field components’,

- twist-3 characteristics hidden in Dirac structure

- generates the g2 structure function in DIS, relevant for SSA in DIS (2y)
No probabilistic interpretation
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XkT- XkT

kinematical twist-3 PDFs:

Small transverse quark/gluon momenta kr:

2 = :
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Collinear twist-3 formalism: TMD moments are needed
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— twist-3 characteristics through small transverse parton momentum kr
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Dynamical twist-3: Quark - Gluon - Quark Correlations
(ETQS-matrix elements)
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Dynamical twist-3: Quark - Gluon - Quark Correlations
(ETQS-matrix elements)

INGePmPS Y (3 2) / / i ixe’ gin(z=2')( p G 1 G(0) 4 ig F () q(An) | P, Sr)
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‘dynamical twist - 3’
— 3 - parton correlator: suppression by additional propagator

— Quark-Gluon-Quark correlation functions
drive x-dependence of TMDs like Sivers function, transhelicity, etc.

— so far: only “diagonal support” n Fer(x,x) = f.-—"(x) constraint by SIDIS data

— ‘integrated’ Frr(X,X’): average transverse color Lorentz force on struck quark
[Burkardt, PRD88, 114502], [Aslan, Burkardt, M.S., 1904.03494]

F"P = [E+ﬁxE]pm/dx/dx’FFT(x,x’) oc/dxx2gT(:13) J




How do quark-gluon correlations generate an SSA?

Example: Single-inclusive jet production e N jet X

[Gamberg, Kang, Metz, Pitonyak, Prokudin; Kanazawa, Koike, Metz, Pitonyak, MS]

Simple LO diagrams

w__~ hot detected

> —_ detected
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How do quark-gluon correlations generate an SSA?
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Example: Single-inclusive jet productione N — jet X
[Gamberg, Kang, Metz, Pitonyak, Prokudin; Kanazawa, Koike, Metz, Pitonyak, MS]

Simple LO diagrams

w__~ hot detected Soft gluon pole

1 P ,

= - —imd(x — 1)
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Kinematical twist-3 Dynamical twist-3
A d .
N X l—xﬁ Frr(x, x)
o W,

SSA generated by soft-gluon pole only

Feasible at a future EIC, NLO corrections might be large



Photon SIDIS: e+ p— e+y+ X

[Albaltan, Prokudin, M.S., in preparation]



Photon SIDIS: e+ p— e+y+ X

[Albaltan, Prokudin, M.S., in preparation]

unpolarized cross section in the parton model
[Brodsky, Gunion, Jaffe, PRD 1972; see also works by Metz et al, Pisano, Mukherjee, Vogelsang, ...]

- avoid photon fragmentation: isolated photons
: collinear factorization:

iInformation on final quark is integrated out
; LO result:

doyy 2 3 4 4~ ] pas
E7E€d3ﬁ7 d3P. _zq: [eq 02+ €q 031 €& 04} fil j
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32
- two ‘Bjorken-x’: a:BZZP_(l_l,_P)J Tp <
Y

BGJ - criterion for parton model dominance: QQ, @2 : \QZ — QQI > MU




Transverse SSA in photon SIDIS

Include intrinsic, kinematical & dynamical twist - 3 contributions
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At tree-level (LO):
No contribution from gr and g+
(no imaginary part)
Quark - Gluon correlations:

1) Soft Gluon Poles: Frr(xs,Xs)
2) Soft Fermion Poles: Frr(xz,0)
3) Hard Poles: Frr(xs, XB)
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Bethe-Heltler contribution vanishes
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Soft Gluon Poles vanish ! (Christ - Lee theorem)!
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(no imaginary part)

Quark - Gluon correlations:

1) Soft Gluon Poles: Frr(xs,Xs)
2) Soft Fermion Poles: Frr(xz,0)
3) Hard Poles: Frr(xs, XB)

LO Result:
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Y.
Bethe-Heitler contribution vanishes

ish !
Soft Gluon Poles vanish ! (Christ - Lee theorem)!

= unique process to directly study “off-diagonal” support

of twist - 3 Quark - Gluon Correlation functions!



Summary

Transverse Spin Polarization: Long history, measured in ep/ pp-
collisions, theoretical treatment more complicated

TMD formalism: Sivers effect in SIDIS and DY: sign change

Evolved Sivers function through Quark-Gluon correlations

Photon SIDIS: May be able to scan the support of dynamical twist-3
functions point-by-point at LO.

Experimental opportunity at EIC, COMPASS, JLab
— input would help our understanding of quark-gluon correlation
— valuable for evolution of qgq tunctions and TMDs.



