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Transverse Single Spin Asymmetries (TSSA) |

* Left-right asymmetry of produced particles in collisions involving
polarized hadrons
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Ay~(S X Pp) - P ~ sin(¢p, — @s)
N

Naively T-odd quantity!

- Requires helicity flip > Ay ~ ;"—" > in pQCD there is no TSSA?
hl
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TSSA as aquestforani

* By using CPT symmetry, the Dirac structure of the cross section has the
form:

0, ~a-+ yb

a, spin independent part, is real!

b, spin dependent part, is completely imaginary!
Spin always comes with y«

 Cross sectionis real 2 we need another i Loop corections are higher

orderin ag

* Twist-3 contribution to polarized cross section:
AU~D2®GF3®G2®HpOle+iDg®h2®G2®H+D2®h2®G3®Hpole

* Real twist-3 ETQS functions for
polarized projectile

* Transversity PDF for polarized
projectile

* Transversity PDF for polarized
projectile and twist-3 in target

* Phase from propagator cut * Phase from imaginary part of
twist-3 fragmentation function

* Phase from propagator cut



Pole-ETQS in hybrid approach

* Polarized proton described by real ETQS functions:
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* Non-polarized target described by Color Glass Condensate (CGC) (QH* = A3(Qf)

* Phase obtained by propagator cut:
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CGC-odderon: new mechanism for TSSA

* Odderon in CGC = imaginary part of dipole distribution:

1
Dlxs. ¥y )= N_Ctr(v(xl)vf(x’l)) D(xy,x' ) =Pxy,x" )+

* Phase from odderon and PV of propagators?

* Asymmetry calculated at parton level (up to NLO),

i.e. ' A collisions
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e Polarized cross section: b, =%(xl +y)

I __ !
r,=yY,—Xx

1 !
* Hard factor has initial stat collinear divergence: by =51+ yL)
Vi, =4q, — Zk1J_ - ZkZJ_ i iv“_ X SJ_ ‘ Regulated by A OC A_7/6
Va1 =q1 —zky —k; v vi, quark mass mg N




From quarks to parton distributions...
* Twist-3 expansion of hadronic tensor:
D(z)
w =] w(z)

M(l)'u(kli kZ)

MO (k,) ~ (P, S|Py|P,S)

w(z) = [ MO U)SO (k) + M (ky, ky YSDH(y, ky) )
- ' Ve, v MV (ky, k) ~ (P, S|P A | P, S)

* Full twist-3 polarized cross section:
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Kinematical gﬁ) = ~ (P, S|y, p|P,S)
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Wandzura - Wilczek approximation

* Total cross section has twist-2 part coming from g:

1 / — T
gr(x) = j dx A, (x") + - Helicity PDF! QCDEOM.:  xgr(x) ~ g'¥ (x) + Twist-3
xl
X

* WW: discard all genuine twist-3 contributions

dAo 1 My J

0
~ A 0
Eh d3Ph = 2(277:)3 > jdxlgT(xl) X (SJ_ ak/l tr[y5k15( )(kl)]>

11 k1=x1P

« $(0) s calculated in perturbation theory; no L.O. contribution

1.q — q real 2.q - qvirtual 3.9 —>qq

e Partonic channelsin NLO:

4.q — g real 5.g » gvirtual 6.9 = gg

»O0dderon does not contribute to TSSA in WW approximation up to NLO



Non-pole ETQS - odderon contribution

* Non-pole L.O. Full twist-3 polarized cross section:

dAc IMy dzy s, Gr(x1,x2) ,151:(951»952) (1)
E, o 8(2n)3j D(zh)jdxldxz Tr (1;75 nnASL —— +L)/51}’5p5l — Sy (x1,%2)

* ETQS functions obey the following symmetry properties:
Gr(xy,%2) = Gp(x2,%1) Gr(x1,%x7) = —Gp(x2, X1)
. S/{l) (x4, x, ) is calculated from diagrams involved:

CONNECTED

DISCONNECTED




Calculationof S /{1) (x4, %5 )

* [tis given by a sum of diagram and complex conjugated diagram

»Keeping in mind ETQS attachments!
=(1)L
5,1 (xZJxl )

* We have integrals over x; and x5:

eMMASLG (x4, x i SAGr(xq, x eMASLG (x4, x _
j fp U2 + V545p L 22) (S/{D(xpxz )) = J {45}9 P, ) (S/{l)L(xbxz ) — S/{l)L (x4, X2 ))
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X1 — X X1 — X X1 — X

n l'VsﬂgpSfG‘F(xpxz)

<S,§1)L(X1;x2 ) + S_;Em (x1, %7 )) }
X1 — X2



Connected diagram:

: : y . dv(q—ky — k)
* AmplltUdeS. Tqug(xl'xZIkJ_) = x,(x, — %)y (ks + By Cerq, — aclzkl)z
M:gaeq (xl) xZ) = f eikl.XJ_ei(kgl—kl).yl Tc;fg (xl) X2, kJ_)th(xJ_)Uba(yJ_)
kix,y)
Myg = —i] plkixy pi(ks1—k )y, ytV(x))
kix ,y,

Adjoint Wilson line:

ba — b ayt
e Formula forS,El)“a: U*%(y,) Ztl‘(t V(y )tV ()’l))

5.y, x2) =

O p+ (2m)6(q™ — x2P+)<]\7[q_)q§z?]\/[“a(x1,x2)>

10



2
* Color factoris: NZ 1 (tI‘(VJr(xl)th(xl)Uba()’l)ta))
N \

1
* After some SU(N) Fiertz algebra: T (NED(y,, x')D(x,y.) —D(xy,x)))

C

. 1 I (PSID(x1, ¥y )IPS)
* Here: DGy =g (vaviow) - (DY) = <psl|pysl>
1 1 . . ,
SMH = — 5 2m)6(qt — x,P™) etk (x1-y1) piqi-(y1—x])
2P+ NC - 1 kl;xl;y_]_,x’l

~

G
[(V+¢?T;Lg (kJ_)) <NCZ'D(yJ_r x)D(x1,y,) —D(x,, xl))

Gp ——u £ (Tyek )y ) NED(yo, x, )D(x,y1) — D(xL, 1))
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Dipole piece

* In SGP we reproduced results from

* Non pole contribution:

11 | |
1 ' -

(y+¢§T(§tg (qJ_) T Tc;lg (qj_)¢”/+)<2) (xJ_; Xl)>
* Utilizing C-parity of Dirac traces
Gr part: Tr(f‘T;‘g(kl)yny’) =Tr (}"nyT;‘g(kl)) Gr part: Tr(y5}5’1_";‘g(kl);éy+) = —Tr (y5}"y+¢fT;g(kl))

* Dipole piece vanishes under the Dirac trace!
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Double - dipole piece

* Utilizing again C-symmetry on Dirac trace, we have the formula for cross
section:
dAo —iMy N¢ jdzh

5 _ 6(q" — x,P™)
"d3p,  8(2m)2(2P*)NZ — 1

X1 — X2

eikJ_-(xJ_—}’J_)eiCIJ_'(J’J_—xi)

!/
kltx_l_txj_ry_l_

2 D(zy) J dx,dx,

X [(D(x,y )DL, x))) —(D(xL, ¥y )DL, x)) [GF(xl,xz)}[(xl,xz, k) + GF(prz)ﬁ(xpxz: k) ]

e(X1q1—x2k )8,
H =8(P*)%xy(x, + x1)

(x1q, — x2k, )?

e(X1q.1—x2k )8,

H = 8(PT)%xp(xy — x1)

(x1q1 — x2k, )?

Hard factors are not collinearly divergent!
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GTMDs and spin dependent odderon

* Adding a complete set of states in the CGC average:

A=P' —P

(D )D( 1y = 1 ZJ dZPJ'_dPI_
XL YLUIEY LX) =5 bg ps) £, ] Gmydap-

X (PS|D(x1,y )|P'SHP'S'D(y L, x1)|PS)

* By switchingtor, and b, coordinates we can use the decomposition:

i i— AL

u(P’S)[Fg A, =FY, + i P_lFl‘?3]u(P,S)

\1/

GTMDs

_ P
f e TL(P'S'|D(r, )IPS) = (2m)*6(P™ = P"7) o 1
r NC (ki _ _Az)




15
* After some algebra (P? and 0% cancel due to minus relative sign):
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Spin-dependent odderon

Spin- mdependent odderon » Completely new contribution!

o » Same structure as in BK equation!
Spin-independent pomeron

12
GTMDE: E(k,,A)) =2f13(kc;,A) — fll(KJ_;AJ_)-'— le(KJ_:AJ_)

* Combination of two non spin flip and two spin flip terms!



Disconnected diagram

* Similar strategy: only now we have outgoing
gluon (quark) that is not observed

* We also have two adjoint Wilson lines:
possible sextupole?

X1 _x2V+(;If _Jé)yvdg(kz —q+k)

* Amplitudes: Tag(ky X2, %1) = o k= q.)°

Mygoqq(X1,%2) = i(27r)5(k5r — x, Pt + x1P+)(2kg)y+f eldL XLtk LYy (x YUP(y))

X1,Yy1

Mc‘;i—)qg (xz, xl) =1 f eikl'xlei(ql-l_kgl_kl)-yl Tc;ig (kJ_) X2, xl)v(xl)tb Uab (yJ_)
kix1,y.1



 S1H with integration over final state gluon:

(Zﬂ)f
2Pt (27T)32k+

X [(MY gogg Cez, XMy g (o1, x2)) £ (Mggogg Cer, XD MG g9 (2, x0) )|

5(1)“(961» Xy) =

dy (kg)8(q* + k} — k)

* i and v have to be transverse = only kgl dependence is in phase
o o . . . . ab . .
Adjoint Wilson lines colapse in This is zero

( ) l (x, —x'
Sk, = — e 8(g" _x1p+)J q.-(x1—x)) / under trace!

( qg(ql,xz,xl)glh/ iy+¢T;g(ql,x2,x1))(D(x’l,xl ))

* Integration over final state quark will give dipole in adjoint
representation 2 no asymmetry from disconnected diagram



Estimate of Nuclear dependence (toy model)m

* Pomeron and odderon models (T (b ) is a profile function normalized to

target surface area):

152 3 N&—4 Q3R® _dT(by) , . _1o2,2
Py, b)) =T(b,)e z0571 O(ry,b,) =— 128 (N? — 1)2 a3A2 R db, Qsricos(prple 454

e Polarized cross section:

2N,

S, R*(q? i 1 -4 5 ki ,A)~——==kiP(k,A
dAG~MquX2 1 z(q;_2>e stf 212 [ e % ~as fia(ky,Ap) 2n)3g2 L (ky,A))
qr  A°\Us A K, ¥s
1
Node! M2 91,1k, A ) = mkio(’(l» A)
* Unpolarized cross section 1 -4
i . |do ~R*—e U ~ 43
(propotional only to pomeron): 02

Nuclear dependence is the same as in:

> Asymmetry: Ay ~ P A6
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Conclusion and further tasks:

v"We calculated a non-zero odderon contribution to TSSA in pTA

v'"We obtained a contribution that comes from the spin-dependent
odderon

» Evolution of target distributions and numerical calculation of integrals

»For the momentum fraction integral we need a model for ETQS
function (never obtained in the literature!)
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