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Transverse Single Spin Asymmetry

* Left-right asymmetry of produced particles in collisions involving polarized hadrons

* Known to be largest in forward region — small x effects in target

Z

X 4 Or — 0
AN — ! !
o1 —+ ]

— Ay~ sin(@p — @s)

y

* Spin vector comes with a factor of i, so to make cross section real, one has to find another
factor of i from diagrams!

[ S. Benic talk ]
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TSSA in pA (data): v an
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CGC in pA collisions: C s hor

(G Ax* « x (spin glass)
* Small x in nuclei (Color Glass Condensate (CGC) framework) C Lot of gluons
» Effects of small-x and spin physics combined! N

. : - . . Classicall YM equations!
»Small x gluons dominate in the description of collision a
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ETQS mechanism in pA

= € PraSip

Hybrid approach:

» Eferemov-Teryaev-Qiu-Sterman (ETQS)
functions for projectile

» Unintegrated gluon distribution for target
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Odderon mechanism for TSSA

* Odderon = imaginary part of dipole distribution function

1
S(x,,x' )= N—tr(V(xl)VT(x’l)) Sx,x")=Px,x'|)+i0(x,x" )
C

* Wilson lines come from the CGC propagator

* Odderon can supply necessary phase!

* Calculated at parton level (gA collisions)



* We need interference diagrams to get non-zero contributions to TSSA
(there is no LO contribution)
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Polarized cross section in pA collisions

_ _ S. Beni¢, Y. Hatta, H. Li, D.J. Yang,
All order formula for twist-3 cross section: Phys. Rev. D 100, 094027 (2019).
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Wandzura - Wilczek approximation

* Neglect all genuine twist-3 contributions xgr(x) = gS,) (x) + Twist-3
dAO- 1 MN th 5
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En d3Ph - 2(2m)3 2 .[ h D(zn) f degT(xp) <Sl akﬁ tr[yS%S (kl)]>k —p
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* This is our MASTER formula

« SO (k,) is calculated in perturbation theory

* First two contributions
1. q — g Real contribution (integration over final state gluon)
Z. q — q Virtual contribution
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S
q — q Real contribution i
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* We need interference diagrams: m
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» After final state gluon integration (and due to C-parity) only interference terms survive, so
the trace takes following form:
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* Hard factor is easy to calculate:
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There is no polarized cross section!

* To get a usual sine modulation we need a reference vector:

g, XS,

* Our proxy for S, is kq, (because of the derivative)

* In our calculation g, and k;, appear in unique combination:

11 = q1 — Zkqy

»There is no polarized cross section in this channel!
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g — g Virtual contribution

* Interference with leading order amplitude:

* Same manipulations as before lead to:
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Gluon initiated channels

q /

g —qq g—9

* There is no g = gg contribution because adjoint Wilson lines are real

* In Wandzura — Wilczek approximation there is no TSSA in above channels
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[s there any odderon contribution?

1. Going beyond WW approximation

a) Taking the real distribution in target (pomeron) and the phase from the cut of
the propagator

b) Principal value of the propagator and phase from the odderon

! —P1 6 (k%)
k2 +ie k2

2. NNLO -> competing mechanisms (lensing vs. odderon)

A !
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Going beyond WW approximation

* Possible LO contribution

* In LO SO (k,) can contribute only by Sievers term:
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* We need to calculate S/{l) (xpPp, x,’DPp) from perturbation theory
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Possible LO contributions:

(\
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Amplitudes:
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Further tasks:

(1)
1. Extract S, (xpPp, xl’QPp)
2. Check for possible pole contribution and compare with old results

3. Calculate Odderon contribution
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Conclusions:

Odderon mechanism for TSSA at hadron level
Wandzura — Wilczek approximation (intrinsic and kinematical contribution)
There is no TSSA at LO and NLO

Going beyond WW approximation

THANK YOU!
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