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Leading twist STMD DFs
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SIDIS: CFR
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At leading twist cross section 1in SIDIS CFR
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8 terms out of 18 Structure Functions, 6 azimuthal modulations
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Fracture functions:
An Improved description of
inclusive hard processes in QCD
L. Trentadue and G. Veneziano

Nov 1993 - 15 pages,
Phys.Lett. B323 (1994) 201

M.Grazzini, L. Trentadue and Veneziano,Nucl. Phys.B519(1998)394
J.Collins,Phys.Rev.D57(1998)30351. Collinear factorization
Graudenz, Daleo, Sassot, Ceccopieri, de Florian, Stratmann,

Garcia Canal, Sampayo, Teryaev, Sivers, Goldstein, Lutti

Applications: diffraction, hyperon polarization in TFR of SIDIS...
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SIDIS 1in TFR, S&TMD FracFuns

M.Anselmino, V.Barone and A.K., arXiv:1102.4214; PL. B699 (2011) 108
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Probabilistic interpretation at LO
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Quark correlator
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At LO 16 (=trentadue/2) S&TMD fracture functions
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Decomposition of quark correlator
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STMD fracture functions depend on x, k: , C, PTQ , kT -PT

k -P =k P cos(¢ —¢ )— azimuthal dependence in fracture functions
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STMI

D Fracture Functions for spinless hadron production

Quark polarization
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Sum Rules
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Nonzero fracture functions u,l,t. Useful for modeling.
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[.O cross-section in TFR
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At LO only 4 terms out of
18 Structure Functions,
2 azimuthal modulations
No access to quark

transverse polarization
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Quark spin 1n hard I-q scattering
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Quark ky in MC generators PYTHIA and LEPTO

- Generate virtual photon — quark scattering in collinear configuration:

—_—

- After hard scattering G

- Before

- Generate intrinsic transverse momentum of quark (Gaussian k)

<« k A
- Rotate in /-I” plane //* ----------- L Z
- Generate uniform azimuthal distribution of quark (flat by default)
P
V:\\‘ """ > [ —1" plane
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Red triangles with error bars — projected
statistical accuracy for 1000h data taking
(H.Avagyan).
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Modified LEPTO MC predictions for EIC SSA A,
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Polarized hadron production

Transversely polarized hadron

Longitudinally polarized hadron

Quark polarization
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TM integrated FracFuns for polarized hadron production
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Unpolarized target: spin transfer from lepton

J.Ellis, D.Kharzeev&A K. (1996)
J.Ellis, A.K. D.Naumov (2002)
J.Ellis, A.K. D.Naumov&Sapozhnikov (2007)

-
0.5 F o8|
0.25 | ozs|t J)
0.25 L 0 |
-0'5 :_| [ AR R N T NN N S R A NN 025 ® CLAS12 T |
-0.5 0 0.5 h - Hermes
xF 0.5 — WA::‘(?.S 0 0.5

A long.polarization

“igure 6: CLAS12 projections compared to A polarization measurements at different
@ NOM AD Labs [17, 18, 19, 20]. Dashed curve are calculations using intrinsic strangeness model
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DSIDIS: TFR & CFR

hi(Pr)

YYYY
e

ho(Ps)

Xpy <0, x5, >0

daf(l,/%)+N(PN S0 )+h (B)+hy (P)+X do_f(l,/1)+q(k,s)—>€(l')+q(k',s')

=M"  ® ® D",
dxdQ’d,dzd’P, d{ d*P., 8IS dQ? a8

Dhl (z,p;) = D\(z, pT)+ ik H,(z, pT) S,T :Dnn()’)sﬁ

m,

Como, June 13, 2013 Aram Kotzinian 19



Integrated over one hadron transverse momentum cross-sections

M.Anselmino, V.Barone and AK, , Phys.Lett. B706 (2011) 46

P -integrated fracture functions
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DSIDIS cross section integrated over P,
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DSIDIS cross section integrated over P,

As 1n SIDIS in TFR only k-integrated fracture functions contribute
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Compared with one hadron production in TFR,
presence of known integrated fragmentation functions D,(z)

allows quark flavor separation of “tilded” fracture functions
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Unintegrated DSIDIS cross-section
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Full leading twist expression see AK @ DIS2011
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Example: A, asymmetry

M.Anselmino, V.Barone , A.K., arXiv:1112.2604 [hep-ph], Phys. Lett. B 713 (2012) 317
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In general structure functions F depend on x,z,{, P7, P-, and (P, -P,,)

1>
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Integrating o,,, and o, over @, at fixed A¢

Gl_\m‘ PR o \ - 1 - P2 -
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Hints from LEPTO: h-q azimuthal correlation, a,(C)
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JLab CLAS, preliminary (courtesy of Silvia Pisano)
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Silvia Pisano, LNF - DiHadron analysis summary
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CONCLUSIONS

New members appeared in the polarized TMDs objects family — at leading twist we
have 16 STMD fracture functions

For SIDIS in the TFR, only 4 k -integrated fracture functions of unpolarized and
longitudinally polarized quarks are probed.

% SSA contains only a Sivers-type modulation sin(¢,-¢g) but no Collins-type
sin(Q,+@g) or sin(3¢,-@g). The eventual observation of Collins-type asymmetry
will indicate that LO factorized approach fails and long range correlations
between the struck quark polarization and P of produced in TFR hadron might
be important.

Unintegrated DSIDIS cross section at leading twist contains 2 azimuthal

independent and 20 azimuthally modulated terms.

Integrated over one hadron transverse momentum DSIDIS cross-section
expressions are rather simple. The measurements of these cross-sections allow to
access transversely polarized quark FracFuns and perform flavor separation.

New type of transverse A polarization in TFR for P integrated SIDIS

The ideal place to test the fracture functions factorization and measure these new
nonperturbative objects are JLab12 and EIC facilities with full coverage of phase
space.
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