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Gluon TMDs:
a largely unexplored territory

ep — e + jet + jet + X pp = J/U + v+ X pp — H(n.) + X
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Motivation

Need for a flexible model, suited to phenomenology

Correctly reproduces gluon collinear PDF...

...allows us to predict unpol. and pol. gluon TMDs

Consistent framework for quark TMDs
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Effective vertex
and gluon correlator
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Gluon TMDs at twist-2
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State of the art

.@ First calculation of leading-twist T-even quark TMDs

with scalar and axial-vector di-quarks
[R. Jakob, P. J. Mulders, and J. Rodrigues, Nucl. Phys. A626, 937 (1997)]

;& Gluon TMD PDFs and FF's

[P.J. Mulders, J. Rodrigues, Phys. Rev. D63 (2001) 094021]
[J. Rodrigues, PhD thesis (2001)]

™ Complete calculation of all the leading-twist TMDs

with scalar di-quarks
[S. Meissner, A. Metz, and K. Goeke, Phys. Rev. D76, 034002 (2007)]

;@ Inclusion of different axial-vector di-quark polarization states

and nucleon-parton-spectator form factors

(fit to PDF parametrizations) [A. Bacchetta, F. Conti, M. Radici, Phys. Rev. D78 (2008) 074010]
(application on azimuthal asymmetries) [A. Bacchetta, M. Radici, F. Conti, M. Guagnelli, Eur. Phys. J. A45 (2010) 373-388]
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Spectator-system
spectral-mass function

spectral-mass function

[Inspired by G.R. Goldstein, J.O.G. Hernandez, S. Liuti, Phys.Rev. D84 (2011) 034007]
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Spectator-system
spectral-mass function

spectral-mass function

et = v D D

[Inspired by G.R. Goldstein, J.O.G. Hernandez, S. Liuti, Phys.Rev. D84 (2011) 034007]

spectator-model TMD
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& Calculate TMDs from parton correlators
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Metodology
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# Calculate TMDs from parton correlators
& Weight TMDs over Mx via spectral function

& Integrate over parton prto get PDFs

i! Assume pr-integrated TMDs to reproduce PDF's

at the lowest scale (Q),) before evolution
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Metodology

€c

® (Calculate TMDs from parton correlators
& Weight TMDs over Mx via spectral function

& Integrate over parton prto get PDFs

i! Assume pr-integrated TMDs to reproduce PDF's

at the lowest scale (Q),) before evolution

M Fit model parameters to reproduce f; and g;

collinear PDF's
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Unpolarized gluon PDF
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Unpolarized gluon PDF
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Helicity gluon PDF

xg17(x)
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Helicity gluon PDF
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Unpolarized gluon TMD
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Unpolarized gluon TMD
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Unpolarized gluon TMD
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Unpolarized gluon TMD
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Helicity gluon TMD
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Helicity gluon TMD
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Worm-gear gluon TMD
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Worm-gear gluon TMD
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Worm-gear gluon TMD

XJ1 Tg(X, PTZ)

0.0’—1
— replica 92
— all replicas

-0.51

-1.0r

X =0.001
1.5}
O.OIIIOiZIII014IIIO.6IIIO.8

pr° [GeV]

25

1.0



600
500
400
300

200

Boer-Mulders gluon TMD

Xh7lg(

T T

X,PT%) |

— replica 92

— all replicas

0:4 0:6
pr° [GeV?]

20

0.8

1.0



Boer-Mulders gluon TMD
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Boer-Mulders gluon TMD
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Bottom line

* Each TMD shows a distinctive x- and p;-behavior

* Data on gluon TMDs will exclude many replicas
and constrain parameters not yet so well constrained

by collinear PDFs
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p-densities

@ [unpol/unpol] fi(xppy)
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p-densities

@ [unpol/unpol] fi(xppy)
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p-densities

@ [unpol/unpol] fi(xppy)
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p-densities
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[unpol/unpol] p-density

x =107 xpy (replica 92)

oo

replica 92

[ 37" -06 -04 -02 00 02 04 06

px [GeV]




[« /unpol] p-density (BM)
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[O/—] p-density (WGQG)
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[O/—] p-density (WGQG)
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Conclusions & Outlook

fZ Systematic calculation of all twist-2 T-even gluon TMDs

Spectral mass to catch small- and moderate-x effects
Simultaneous fit of /i and g1 PDFs

Uncertainty estimate via replica method

Inclusion of BFKL input on small-x tail
Extension to quark TMDs in the same framework

T-odd TMDs with one-gluon exchange in eikonal approximation

O 00 g @ @ @&

Use of models to estimate impact of new data
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Parton den31t1eS' an overview
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Effective vertices




Quark and gluon correlators

& Scalar-diquark spectator
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Quark and gluon correlators

& Scalar-diquark spectator
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Spectator-model gluon TMDs (1)

f(z,p7) = [4g M} (z*(Mx — Mg (1 — 2))* + p7((z — 2)z + 2))
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/4(2m)° My x(L7(m}) + p7)*

910 (x,p7) = |21 My — g2(Mur + Mx)) (21 M (z(Mx — Mu(1 — 2))* — p7(z — 2))
+ g2 (—Mza* (My + Mx) + pra(Mx — 3Mp) + 2p7(My — Mx)
+2Myz* (Mg — Mx)(Myg + Mx) —2(Mg — Mx)* (Mg + Mx)))]
[4(2m)° M (L (m7) + p7)*

L5 (m?) =M% + (1 —2)m? — z(1 — ) M3

41



Spectator-model gluon TMDs (2)

9ir(z,p7) = (21 My — go(My + Mx))(Mx — Mpu(1 — z))
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Spectator-model quark TMDs
scalar di-quark (1)
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Spectator-model quark TMDs
scalar di-quark (2)

2 2
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Spectator-model quark TMDs
axial-vector di-quark (1)
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Spectator-model quark TMDs
axial-vector di-quark (2)
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Nucleon-parton-spectator
effective vertex

gy pointlike
2 2
2 dip P — 1
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exponential
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Our parametrization

P (3, p2) = / MY py (MP) B (2,p2)  + / M po (M) B (2, p3)
Flo(g,p2) = / dM p, (M2) Ed (2, p2)

Pz, pr) = /dMEeaﬂs (M) 3z, p7)

F9(x,p2) — / MO, (M) F9(z, p2)
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Our parametrization
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Unpolarized gluon PDF
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Fit specifics

v>=0.51

Xtop = 0.42358 [x > 10~°] + 0.00006 [x < 10~]

| Stop = 0.339 [x > 107>+ 0.014 [x < 107] |
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[« /unpol] p-density (BM)

x =107 xpy* (replica 92)

py [GeV]
GeV?

-0.6 -04 -02 0.0 0.2 04 0.6

px [GeV]



Unpolarized valence-down PDF
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Helicity valence-down PDF
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Unpolarized valence-up PDF
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Helicity valence-up PDF
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