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Outline of the talk

e Semi-Inclusive Deep Inelastic Scattering (SIDIS)
e Parametrization of Correlators (1)

e Gauge Links

e Twist-3 Observables

e Parametrization of Correlators (II)
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Semi-inclusive DIS
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Parametrization of Correlators (1)

e The correlators ®;;(xz, pr) and A;;(z, k1) are matrices in Dirac-space.
= Decomposition into the 16 covariant basis matrices 1, 5, v/, v"~s5, o Jia" 5.
(@, p) = Tr(@ (2, 5p)T))

. 1 1 1 71; ) 1_11 I )
(I)ij(m’pT) — 5@[’7’#]7“ _ 5(1)[7“75]’7’“’)’5 _ Z(I)['LU,LU/’Y5]2O.H’/,Y5 + 5@[ ]]1 _ 5@[1’7512,75

U

Coefficients are the transverse-momentum dependent (TMD) parton distributions / fragmentation functi-
ons.

e Historically, TMD correlators were parametrized using an “unintegrated” correlator

®ii(p; P, S) = /%emg (P, S| T,(0) L[0, &|path] W;(€) |P, S)

Connection to TMD correlators: ®,;(z, pr) = [ dp~ ®@;;(p; P, SNt —ap+-

U

Parametrization of the “unintegrated” correlator
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1. Ralston, Soper [Nucl. Phys. B 152 (1979) 109]:

O(p; P,S) = A1l + AP + Asp + Asys$ + As[P, F]vs
+Aglp, $1vs + Az(p - S)Pvs + As(p - S)pvs

Eight , structures are constraint by (4 = (4q, —A4))
®'(p; P, S) = ~®(p; P, S)vo (Hermiticity)
d(p; P,S) = ~P(p; P, —S)v0 (Parity)
®(p; P,S) = (—ivC)®(p; P, —S)(—ivsC) ( ).

+
— oV (2, pr) = 2P [dp~ (Ag + zA3) = f1(=, pr)

2. Mulders, Tangerman [Nucl. Phys. B 461 (1996) 197]:

Addition of three more structures o P,,p,, (p - S)i7vs and €, ,07" P”p”S? which do not obey
constraint 4+ one T-even structure Ag(p - S)[P, P75

U

Parton Distributions which are extracted from these structures:

TRANSVERSITY2005, Como, ltaly, Sept.7 - Sept.10, 2005



Gauge links

e Inclusion of gauge links preserves color gauge invariance.

b
Zla, blpath] = & exp {—ig/ ds" Au(s)}

e Gauge link affects observables.

Single Spin Asymmetry Ay 7: [Brodsky, Hwang, Schmidt, Phys. Lett. B 530, 99 (2002)]

Model calculation:

leading order:

¢ VWV P
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—> Entire effect due to rescattering

loop corrections:

q ° DN
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Ayt J(a,0) Im['](a,l)] # 0
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e Non-vanishing asymmetry
= Explanation [Collins, Phys. Lett. B 536, 43 (2002)]: T-odd Sivers-function f,,. contains a gauge link,
makes flLT non-vanishing.

O = = —— - ——— o

e Consequence for the parametrization of ®(p; P, S):
Time reversal constraint ®*(p; P, S) = (—iy5C)®(p; P, —S)(—iv5C) doesn’t hold.

e T-odd structures not the only consequence of the gauge link.
Goeke, Metz, Pobylitsa, Polyakov [Phys. Lett. B 567 (2003) 27]:

TMD correlator ©(x, p) depends implicitly on a light cone vector n due to the gauge link.
= The unintegrated ®(p; P, S) also depends on n!

U

Parametrization has to take this into account, addition of light cone dependent, spin independent structures
i (B o)
(P-n)

Py’ (Pn)

and
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Twist-3 observables

e Gauge link also affects the longitudinal single spin asymmetries A, and A due to “rescattering”
Model calculation: [Afanasev, Carlson, hep-ph/0308163]

—> non-zero result for the beam spin asymmetry A ;1.

e Model calculation not complete [Metz, Schlegel, Eur. Phys. J. A 22, 489 (2004)]
Electromagnetic gauge invariance demands additional diagrams:

q P1
P&-J-; - — -

(b,0)

P1

L " _ i By —
Gauge invariance condition at tree-level: qM(J(a,o) + J(b,O)) =0

Gauge invariance condition for imaginary parts: qu(Im[J(’fl 1)] -+ Im[J(’z 1)]) =0
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e leading twist asymmetry Ay p: additional diagrams are suppressed with é
Subleading twist asymmetries A, A contributions from both diagrams.

Ary # 0

=> non-vanishing result : | Ay # 0

e Interpretation:
Spectator model not compatible with parton model, factorization.
Ay and Ay, should contain additional terms.

e Model-independent analysis: [Bacchetta, Mulders, Pijlman, Phys. Lett. B 595 (2004) 309]:

Additional term in the parametrization of ®(p; P, S|n)

M2%p  iM[P,oh) . iMp, o]

+ By——"""= 4 Bg B c B PY P pC
P.-n “)Q(P'z'z) °2(P -n) + 4(P-n) prpo 5 P

®(p; P, SIn) = MA{1 + ...+ B3

= generates a new T-odd, twist 3 PDF |g™(x, r) = 2P™ [ dp~ By

Confirmation of the model result:

. 2 11 1(1
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Parametrization of Correlators (11)

e Up to this point: only spin-independent light-cone structures of the parametrization of ®(p; P, S|n)
have been presented.

What happens if spin is included? [Goeke, Metz, Schlegel, Phys. Lett. B 618 (2005) 90]:

U

16 additional structures including the light-cone vector 7 and spin vector S.

Altogether, there are 32(!) structures of ®(p; P, S|n) restricted by hermiticity and parity, 12 T-odd
structures.

e In order to avoid redundant terms, make use of the identity

gaﬁauvm _ guﬁeavm 4 QVﬁeuapa i gpﬁ&./wow 4 gaﬁauvm

e Twist classification: convenient to use Sudakov decomposition

2
M
| +, H M
P = P n+—|—2p+ "~
p'u = $P+n'i—|—p n'li —I—p'lflj'-,
n P T
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/
e Result: two new twist-3 parton distributions e% and f%/f% , all T-odd!

Twist-2 parametrization:

o0 5w, ) =

Twist-3 parametrization:
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e In [Mulders, Tangerman], the trace &' contains a term séstjfT.
= Can be eliminated by means of the identity ﬁ%s?STj = —pfr(ﬁrp X St) + eipri(Pr - St)
e Number of PDFs = number of amplitudes == no linear dependence between PDFs in terms of amplitudes,

no Lorentz-invariance relations.

e A little “catalogue” of all PDFs and amplitudes

# T-even | # T-odd | # total
Twist-2 PDFs 6 2 8
Twist-3 PDFs 8 8 16
Twist-4 PDFs 6 2 8
Amplitudes A; 20 12 32

e Where do new PDFs show up?

1 Py She s P S q
{3 i

PS P.S

oMW/ = [ d*prd’krd® (Br + @r — kr)Tr[® (x5, )7 A(zh, kr)y"]

tree
e% enters the double polarized cross section o7 multiplied with Hf

/
1" and f-- enter the transversely polarized cross section oy multiplied with D1.
T T YPpP p
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e For the “integrated” correlator ®;;(z) = [ d*pr ®;;(x, pr), time-reversal constraint holds. = no
T-odd “integrated” PDFs.

Constraint on some of the T-odd PDFs: ¢
/d2pT ep(w,pp) = 0
[ &or 7 (f%’(:]c,]agp) N f%(w,ﬁ%O .,
/d2pT Wz, pp) = O
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Summary

e The general structure of the fully unintegrated correlator ®(p; P, S|n) was derived. This
made it possible to write down the most general form of the transverse momentum de-
pendent correlator ®(x, pr, S) appearing in the description of various hard scattering
processes. Two new twist-3, T-odd parton distributions were found.

e The gauge link which is containd in the definition of the correlators influences their
parametrization.

1. It invalidates the time-reversal constraint and enables T-odd structures.
2. It generates an additional dependence of the correlators on a lightcone vector n. This
adds new structures to the parametrization.

TRANSVERSITY?2005, Como, Italy, Sept.7 - Sept.10, 2005 14



