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GPDSé====pTMDS




GPDSé="csc==pT DS

* LIMITATIONS: the connection is model-inspired and
not general

 ADVANTAGES: it is possible to give an estimate of
angular momentum for the first time using also TMD
data
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Angular momenta

Jaffe, Manohar Ji




Angular momenta
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This work




Ji’s total angular mom.
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Ji’s total angular mom.

Forward limits of GPDs
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Ji’s total angular mom.

Forward limits of GPDs
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Well-known unpolarized PDF Mpossible

to measure directly




The only “data” on E(x,0,0)

Anomalous magnetic moments
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The lensing function




Naomi Makins, last week

Phenomenology: Sivers Mechanism Assuming
R
@ M. Burkardt: Chromodynamic lensing
Electromagnetic coupling ~ (J 0 tJ 3) stronger for oncoming quarks
We observe (sin(} — ¢5)) 5 > 0
(and opposite for T )
‘ \ -, for ¢4 =0, ¢! = /2 preferred
FSI kick
® Model agrees!
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Stan Brodsky, Transversity2011
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Stan Brodsky, Transversity2011
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This image occurred 6 times in Stan’s talk.

The word “lensing” occurred 8 times.
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The physical picture

& Burkardt, PRD66 (02)




The physical picture

Distortion In Impact
parameter
(related to GP

& Burkardt, PRD66 (02)




The physical picture

& Burkardt, PRD66 (02)




The physical picture

Final-state interaction
(lensing function)
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& Burkardt, PRD66 (02)
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The physical picture

Final-state interaction
(lensing function)
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The Sivers function
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&  Based on model calculation A.B., Conti, Guagnelli, Radici, EP] A45 (2010)




The Sivers function
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Distortion In transverse-momentum space

& Based on model calculation A.B., Conti, Guagnelli, Radici, EP] A45 (2010)




Origin of Sivers function

ET

& f Brodsky, Pasquini, Xiao, Yuan, PLB687 (2010)
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Origin of Sivers function

ET

E(x,0,0) = lim (— . : - {(¢+(x, kr + (1 — x)qT)*w_(x, k’T)})

qgr—0\ ¢, —iq, 1673

& f Brodsky, Pasquini, Xiao, Yuan, PLB687 (2010)
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Origin of Sivers function

& Brodsky, Hwang, Schmidt PLB 530 (02)
& Ji,\Yuan, PLB 543 (02)
&  Gamberg, Schlegel, PLB 685 (2010)
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Origin of Sivers function

v (z, kr + 1) ¢+($7kT)

E

Light-front wavetunctions, same as in E(x,0,0)

& Brodsky, Hwang, Schmidt PLB 530 (02)
& Ji,\Yuan, PLB 543 (02)
&  Gamberg, Schlegel, PLB 685 (2010)
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Origin of Sivers function

Final-state color nteracHes
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Origin of Sivers function

Final-state color nteracHes

Vv (z, kr + l1) ¢+($7kT)

E

Light-front wavetunctions, same as in E(x,0,0)

& Brodsky, Hwang, Schmidt PLB 530 (02)
& Ji,\Yuan, PLB 543 (02)
&  Gamberg, Schlegel, PLB 685 (2010)
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The lensing function

TR e /
—/d2ET k- T ’;\%S% firl(z, k2) =~ /d2gTIq’i(£U,gT) T [;\35% (Sq(xﬁ%)>
. o o \
Sivers function | ensing tunction = EilFoiNEESEhE

£ Burkardt, PRD66 (02)
& Meissner; Metz, Goeke, PRD76 (07)
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Spectator model results
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@  Burkardt, Hwang, PRD69 (04)

Lu, Schmias PREZSS(GH)
A.B., F. Conti, M. Radici, PRD /8 (08)
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Spectator model results
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Lensing function (flavor independent)

& Burkardt, Hwang, PRDé69 (04)

Lu, Schmidt, PRD75 (07)
AB., F. Conti, M. Radici, PRD 78 (08)
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.

Sivers TM

Our assumption

7 (23Q7) = —L(x) B*(,0,0;Q7)

D

|

Lensing function




Using available data

fi2(@;Q2) = —L(x) E*(2,0,0; Q2),




Using available data
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Using available data

5 01F 5
= [ T 1(0)a 2 : 2
> i (@3QF) = —L(z) B*(2,0,0;Q}),
L oo05f, t+ t1
€ o, ,
ER
T 0 _________________
s === Use SIDIS S (7 o
L e ste : |:t/efs ashymmetry t e}% @
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<-
= o+++Jf+ .geff;Zon Lab
B 0.1 . | g '
I_ I-Illllll I I p— u’U d’l) S’U
/’%:0.05:_“ = ; ?_ZE (2,0,0) — E*(x,0,0) — E (w,0,0)_
z E + + + + n : gl do Uy So |
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~ | ,
e Use anomalous magnetic
-1 1 .
e x moments to constrain integral
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Data fitting




Choice of functional form

e Sivers function

* Lensing function




Choice of functional form

e Sivers function

100 (2, p3) o O (1 — 2/a®) (1 — o) £ (z) e P /ME ¢=P3/ 93

* Lensing function
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Choice of functional form

e Sivers function

possible node Transverse-momentum Gaussian

S N

100 (2, p3) o O (1 — 2/a®) (1 — o) £ (z) e P/ ME ¢=P3/ 95

S

fixed large-x behavior unpolarized PDF

* Lensing function
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Choice of functional form

e Sivers function

possible node Transverse-momentum Gaussian

S N

100 (2, p3) o O (1 — 2/a®) (1 — o) £ (z) e P/ ME ¢=P3/ 95

S

fixed large-x behavior unpolarized PDF

* Lensing function L(z) =
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Some details on the fit

221 SIDIS data points + 2 anomalous magnetic moments
* 10 parameters
e X?/dof=1.32

e no TMD evolution
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Best-fit parameters

L0 (@, %) oc 0% (1 — z/a) (1 — 2) f1" (z) € PH/ME &P/ (7h)

cv O c O
—0.229 - 0.002|1.591 = 0.009|0.054 = 0.107 | —0.083 = 0.122
My [GeV] K [GeV] n v
0.346 = 0.015 |1.888 +=0.009{0.392 == 0.040| 0.783 = 0.001
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Fit vs. data (example
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Resulting Sivers function
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Resulting Sivers function
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Pavia 2011
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Pavia 2011 Torino 2011

0.10 0.10R

0.05/ 0.05!

O-OO/N 0,00 | et

0.05 y -0.05}
, P i up
- Q=1GeV Q=1.6 GeV
~0.10 ‘ | ~0.10L L -
107 1072 107 1 10°° 1072 10- 1
X X
X f1LT(1)E x) - X f1J_7(_1)ﬁ(X)
0.005
! 0.005+
0.000; '
| 0.000|
~0.005 '
? ~0.005 : :
ool | | i | | Anselmino et al. arXiv:1 107.4446
1073 1072 107" 1 1073 1072 10-" 1
X X

Thursday, 16 February 2012



Pavia 2011 Torino 2011
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Resulting E(x,0,0) function

X E(x,0,0)

B9(2,0,0;Q%) o — o (1 — x/a?) (1 — )" f(z : Q2)
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Results on angular momenta




B =0.220 4 0.0027 055,  J® = 0.015 £ 0.003 55 S

J¢ = —0.007 £ 0.003 3508, J* = 0.022 £ 0.00525 gg0;

J® = 0.0067 g 006 J?® = 0.00673:005-

Q? = 4 GeV?
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Available extractions

0.10
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Available extractions
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Extractions and lattice QCD
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Other versions of the plot
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and I. Thomas' talk
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Conclusions

* The data are compatible with our assumptions

* We obtain results for the Sivers function and for quark
angular momenta in agreement with other extractions

* \We can estimate also sea-quark angular momenta

* More work is needed, especially to assess the (probably
large) errors due to the choice of functional form.

» Our approach can complement GPD studies
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