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TMDs & FFs in SIDIS 1

How TMDs show up?

Going beyond 1D picture of nucleon by
generalizing the PDFs

[+ N -1+ X

Q7 _ P
x_ZP.q y_Tq

s = (l + P)? W = (q+P)*

HADRON PRODUCTION PLANE

LEPTON SCATTERING PLANE




TMDs & FFs in SIDIS 1

How TMDs show up?
HADRON PRODUCTION PLANE

Going beyond 1D picture of nucleon by
generalizing the PDFs

[+ N —->1l+X+nh

Q2 p z\ P.P,

- 7 =
2P.q Y :

X =
Z—axis

P.q

— 2
s=({+P )2 W= (q+P) LEPTON SCATTERING PLANE




How TMDs show up?

Going beyond 1D picture of nucleon by
generalizing the PDFs

[+ N —->1l+X+nh

02 _ P P.P,
2P.q y_P.q P.q

X =

s = (l + P)? W = (q+P)*

TMDs & FFs in SIDIS

HADRON PRODUCTION PLANE




TMDs & FFs in SIDIS

How TMDs show up?
HADRON PRODUCTION PLANE
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v' One photon exchange approximation

v Q - oo and small Py,
v’ Factorization assumed to be working (not too crazy)

v’ Expansion of hadronic tensor in orders of (M/Q) up to tree level
P. J. Mulders and R. D. Tangerman, Nucl. Phys. B461 (1996) [hep-ph/9510301]



TMDs & FFs in SIDIS 2

SIDIS cross section involves 18 structure functions and
as a result of factorization, they are such convolutions:

C [WfD] = X zeg jdzkldzp'r 62(ij_ _PJ__PhT) W(pT,kT) fa(x,kl) Da(Z,PJ_Z)
a
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TMDs & FFs in SIDIS 2

SIDIS cross section involves 18 structure functions and

as a result of factorization, they are such convolutions: Non-perturbative

ClwfD]= Zea jdzk d*Pr 8%(zk; — Py — Pyr) w(pr, kr) fex, ky) Da(Z PJ_Z)

qq correlator parametrized up to twist-3:
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SIDIS cross section involves 18 structure functions and

as a result of factorization, they are such convolutions: Non-perturbative

ClwfD]= Zea jdzk d*Pr 8%(zk; — Py — Pyr) w(pr, kr) fex, ky) Da(Z PJ_Z)

qq correlator parametrized up to twist-3:
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8 Leading TMDs fi fle 91, ngr hy, h1L; thr hy
165Ub|ead|ngTMDS e, eT;--; fl; fT)")g ;gT;--;h; hl’“
2 Leading FFs D,, Hi
4 Subleading FFs E, Dl; H, Gt
qgq correlator parameterized up to twist-3: fl, Jr EL ) fT’ ,é,..,Dt, H,E Gt

g Is there a way to make life easier?!



Wandzura-Wilczek Approximation 3
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Wandzura-Wilczek Approximation 3

Twist-3 Twist-2 &1 Twist-3
k% m H H P?
1. Equations of motion gr =9gr t WﬂfT + thl ) P + FH% AT
h
2. Gaussian Ansatz fi (x, k%) = f2(x) 2 exp(— k_z) Widths of the Gaussians ?
7T< l> ( l) e Regular extractions
2 * Lattice calculations
D}(z,P%) = D}(2) exp(—+—=~) * Positivity bounds
m(P?) (P?)

Well-known and supported by both experimental data and effective models



Wandzura-Wilczek Approximation 3

Twist-3 Twist-2 & 1 Twist-3
k% m H H P?
1. Equations of motion dr = gr + WﬂfT + quh , ~ =7 + FHll ) e e
h
k2
2. Gaussian Ansatz fil(x, k2) = f(x) 2 exp(— k_z) Widths of the Gaussians ?
7T< l> ( l) e Regular extractions
2 e Lattice calculations
Dh(z PZ) = DI'(2) ! exp(— P—) * Positivity bounds
T a(pg) (P?)

Well-known and supported by both experimental data and effective models)

3. WW-Approximation g% (x) = j —gi(y) + g><)

1d S
0 =2x [ hE)+ 3o



Wandzura-Wilczek Approximation 4
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v" Quark models (10-30%)
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Wandzura-Wilczek Approximation 5
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and 6 more SFs with same or more number of unknowns TMDs
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Asymmetries in WW-type-Approximation

SIDIS differential cross section in terms of all single/double spin asymmetries : Azimuthal angle dependent
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Asymmetries in WW-type-Approximation
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Asymmetries in WW-type-Approximation
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Asymmetries in WW-type-Approximation

WW-approximation results on subleading twist: - positive hadrons COMPASS
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Remarks 11

1. There are two classes of WW-type relations:

twist-3 —— twist-2 xfla(x» ki) ~ f1a(x» ki)

2 Both Gaussians?

. L :
twist-3 —— transverse moment of a twist-2 X g%(X, kf) ~ Wg#l(% ki) Not beautiful!

Do the convolutions without WW then use the integrated WW-type relations.
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1. There are two classes of WW-type relations:

twist-3 —— twist-2 X fla(x» ki) ~ f1a(x» ki)
k2 Both Gaussians?
twist-3 —— transverse moment of a twist-2 X gr (X, kf) ~ Wg#l(x, ki) Not beautiful!

Do the convolutions without WW then use the integrated WW-type relations.

2. The alternative treatment is bulkier but OK most of the times except when it comes
to respect sum rules of T-odd TMDs. This happens e.g. in case of FUSlTn((pS) where the

T-odd Sievers function imposes sum rule to vanish.



Conclusion 12

* Presented a full treatment of SIDIS asymmetries based on 6 TMDs and
2 FFs basis ready for phenomenology and event generators.

* Tested the applicability of WW-approximation type with available
data.

* Made prediction for upcoming data from JLab, COMPASS, HERMES &
the future EIC.

* Opened some how a window to investigate the gqgq TMDs.
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* Presented a full treatment of SIDIS asymmetries based on 6 TMDs and
2 FFs basis ready for phenomenology and event generators.

* Tested the applicability of WW-approximation type with available
data.

* Made prediction for upcoming data from JLab, COMPASS, HERMES &
the future EIC.

* Opened some how a window to investigate the qgq TMDs.
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Spin Asymmetries in WW-type-Approximation
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Introduction : SIDIS SF’s & spin asymmetries
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TMDs physical interpretations
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Boer-Mulders worm-gear T

O nucleon with transverse or longitudinal spin

= @ parton with transverse or longitudinal spin

ety parton transverse momentum

Proton goes out of the screen. Photon goes mto the screen k, — intrinsic transverse momentum of the quark
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