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SIDIS observables beyond leading twist Semi-inclusive deep-inelastic scattering

Partonic picture of semi-inclusive deep-inelastic scattering (SIDIS)

quark-quark correlators:
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o &— pr-dependent parton distributions.
osipis = ¢ ® (hard) ® A e A— kpr-dependent fragmentation functions.

e Color gauge invariance:

SIDIS, DY: pr-dependence

z-plane
Choice of the Wilson line: process dependent: perp
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SIDIS observables beyond leading twist Transverse Momentum Dependent (TMD) Parton Distributions

Transverse Momenium Dependent (TMD) Parion Distributions

o [wist-2 TMD parfon distributions, parameterization of matrix elements, s = r(«, 55)
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o Time-reversal odd (T-odd) PDFs fi-., h; — Consequence of the gauge link.
e Higher twist parton distributions — matrix elements with v', v vs, 1, vs. ic T~ 75, ic" 5. €.9.
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e 8 T-even, 8 T-odd twist-3 parton distributions.
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SIDIS observables beyond leading twist Single-Spin asymmetries in SIDIS

Single-Spin asymmetries A — ZEREZEB in SIDIS

AP oc sin(en — @) fi D
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Experiments by HERMES (also by COMPASS):

Twist-2 SSA for transversely pol. target:
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Twist-3 SSAs for longitudinally pol. target and beam:
A¥"? measured by HERMES (2001): A" ? measured by CLAS (2003):
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— Twist-3 observables theoretically more complicated!
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SIDIS observables beyond leading twist “Tree-level” formalism for twist-3

“Tree-level” formalism of twist-3 observables
(Mulders, Tangerman, 1996; Boer, Mulders, Pijiman, 2003)

How to describe subleading twist observables?

Contributions to twist-3 observables:

1. Twist-3 correlation functions:
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2. Genuine twist-3:
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Contribution contains twist-3 PDFs/FFs Quark-Gluon-Quark correlators

Treatment of gqgg-Correlators:
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1/Q-expansion of the propagator:
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o AT (Al (z~ = oo))-gluons — Gauge Link

e Transverse A% (z)-gluons — Twist-3 — color g.i. ggg-cor. &
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SIDIS observables beyond leading twist “Tree-level” formalism for twist-3

e Parameterization of ggg-correlator & o (Pl ([ W FT W) |P) in terms of tilde-
functions, e.Q.

M
e Connection between filde-functions and PDFs/FFs via QCD-equation of moftion, e.Q.
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e Decomposition of SIDIS-cross section into 8 Twist-2 and 8 Twist-3 structure functions
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T—WIST 3: FUU ! FLU ! FUL ! FLL ! FUT . FUT ! FLT ! FLT
e Structure functions in terms of PDFs and FFs, e.g. twist-3 beam-spin asymmetry

(Mulders, Tangerman, 1996; Boer, Mulders, 1998, Bacchetta, Mulders, Pijlman, 2004; Bacchetta, Diehl, Goeke, Metz, Mulders, M.S.,
2006)
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e Semi-inclusive jet production: jet single-spin asymmetries @acchetta, Mulders, Pijiman, 2004)
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SIDIS observables beyond leading twist Model calculations

Longitudinal jet-SSAs in the scalar diquark-spectator-model:
(Afanasev, Carlson, 2003, 2006; Metz, M.S., 2004)

e Left hand side: Direct calculation of jet asymmetries Ay o« gt (z), Ayy, o f7 ()

Rescattering effect: Other diagrams containing final state interactions:
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»~ Y
—————— b——————%-‘——

— Result: Non-vanishing, finite asymmetries| Ay, # 0|, | Ay # 0}

e Right hand side: T-odd twist-3 parton distributions in the scalar diquark model
(Gamberg, Hwang, Metz, M.S., 2006)
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Forn = [17, 0T, 07] on the light-cone — Divergence!
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SIDIS observables beyond leading twist Model calculations

e Reqularization: “non lightlike” Wilson lines: n=[n",n", 07, Z—J_r‘ <1

e Shows LC-divergence explicitly
— same divergence for all T-odd twist-3 PDFs, also in quark-target-model.
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e Finite Box-graph contributions for twist-2 -odd PDFs f;., hi.

e Regularization procedure: "Tree-level” predictions (Ary = fin.) (gJ‘ — oo),
(Ayr = fin.) < (fi — oo) = Modification!?

e Factorization theorem for twist-2 observables: (Ji, Ma, Yuan, 2004)

—
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Soft factor S(Ir) due to soft gluon radiation — modifies é-function.

PDFs/FFs: “non light-like” Wilson lines — “non-light-likeness” parameter ¢ = /222

e Generalization of "all-order factorization” for twist-3 observables possible?
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SIDIS observables beyond leading twist Two-Photon Exchange (DIS)

Two-Photon Exchange (DIS)

e Inclusive DIS:
Four structure functions in the Bjorken limit, Fy, F5, g1, g-
Single-spin asymmetries in One-Photon Exchange forbidden, T-invariance (Christ, Lee, 1966)

— beyond One-Photon Exchange: Correlatfion ~ e“”p"lul;Ppsa allowed.

e Parton model calculation (Metz, MS, Goeke, 2006):

PG ! \E_.; I
C kg . 1) collinear parton model: p™ = zP™, no pp
pl : p 2) photons couple to the same parton.
b b 3) SSA — imaginary part of box diagram

e SSA for transversely polarized lepton: leading twist-PDF f1, IR-finite

SSA ~ a’ msin(¢,) Z egazfl(Q)(az)
q

proportional to lepton mass, e™ : SSA ~ 107" — 107% — DIS with myons at COMPASS?
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SIDIS observables beyond leading twist Two-Photon Exchange (DIS)

e SSA for transversely polarized nucleon: twist-3, IR-divergences

2

SSA ~ ozZ’mM sin(¢s) ((1 —y)*In (%) +y2—y)lny + y(1 — y)> Z egazgg)(:c)

proportional o hucleon Mass.

e How to cancel the IR-divergence?
D) Include fransverse parton momentum pr — TMD parton distributions

2 D
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2) tilde function from Quark-Gluon-Quark correlator — might cancel IR-divergence (?)
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3) if not sufficient — coupling to different por’rbn necessary?

Still more work 1o do...
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SIDIS observables beyond leading twist Two-Photon Exchange (SIDIS)

Two-Photon Exchange (SIDIS)

Two Photon Exchange effects also in Semi-Inclusive DIS?

e INnclusion of fragmentation:

e [PE enables sin(2¢) beam spin asymmetry — Boer-Mulders effect, leading fwist SSA

Ajj’;}(?@ o agm& sin(26) Z 82 [,ﬁ,(q) 2 Hf’@]
q

— Contribution absent for One Photon Exchange, IR-finite!
e Single-spin asymmetries for target polarization: transverse and longitudinal

— e.m. corrections o twist-3 asymmetries AZR?7?5), A%2(#s) gndg ATR()
— IR-divergent asymmetries — QCD-equ. of motion: SSA in terms of tilde functions
— Inclusion of add. gluon exchanges cancels IR-divergences?
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SIDIS observables beyond leading twist Summary & Conclusions

Summary & Conclusions

O Analysis of subleading twist observables in SIDIS:

“Tree-level” formalism: Central objects: Quark-Quark Correlators @ (x, pr) und A5 (z, k)
— Elemination of qgg-correlations (filde functions) via QCD-equation of maotion
— complete determination of the twist-3 observables in terms (higher twist) PDFs and FFs

Calculation of twist-3 jet asymmetries Ay, and Ay in a scalar diquark-spectator-model.
— (IR and collinear) finite results, Light-cone divergences for twist-3 T-odd PDFs
—— Modificatfion of existing twist-3 predictions needed.

0 Two-Photon Exchange:

Inclusive DIS: Transverse Spin asymmetries allowed beyond One-Photon Exchange.
— collinear parton model: finite result for transversely pol. lepton, IR-divergent result for transverse pol. target.
— inclusion of QG-correlations might cancel IR-divergences.

SIDIS: TPE generates new observables
— sin(2¢) beam-spin asymmetry: finite SSA, Boer-Mulders effect.
— Target-Spin asymmetries: contributions of TPE to twist-3 oberservables only, IR-divergent.
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