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Gluon TMDs at twist-2
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Gluon TMDs at twist-2
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Gluon TMDs:
a largely unexplored territory

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

O Need for a flexible model, suited to phenomenology

O Concurrent enhancement of quark-TMD description

O Consistent framework for all parton TMDs



Effective vertices




Quark and gluon correlators

& Scalar-diquark spectator
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Quark and gluon correlators

& Scalar-diquark spectator
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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

et = v D D

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

spectator-model TMD
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Metodology

Calculate TMDs from parton correlators
Weight TMDs over Mx via spectral function
Integrate over parton prto get PDFs
Perform a first explorative analysis:

M Guess-fit of unpolarized PDFs

M Prediction for helicity PDFs
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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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Unpolarized gluon PDF
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Unpolarized valence-up PDF
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Unpolarized valence-up PDF
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Unpolarized valence-down PDF
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Unpolarized valence-down
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Helicity gluon PDF
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Unpolarized gluon TMD
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Helicity gluon TMD
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Conclusions & Outlook

M Systematic calculation of all twist-2 T-even parton TMDs

M Spectral mass to catch small- and moderate-x effects

M Encouraging results from guess-fit of fi + prediction for g:
S11E g g

]

O
U]
]

Simultaneous fit of /i and g1 with BFKL input on small-x tail
Effect of collinear evolution to be gauged
T-odd TMDs with one-gluon exchange in eikonal approximation

Extraction of gluon TMDs from golden channels
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Spectator-model gluon TMDs (1)

f(z,p7) = [4g M} (z*(Mx — Mg (1 — 2))* + p7((z — 2)z + 2))
— 4g1goMpuz*(Mpy + Mx)(Mx — My (1 — z))? + p2)
+ g5 (prx (M7 (3x — 2) + 2MyMxx + M3 (x + 2))
+a*(Mp + Mx)*(Mx — My (1 —2))* + 2(p7)?)]
/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
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Spectator-model gluon TMDs (2)

9ir(z,p7) = (21 My — go(My + Mx))(Mx — Mpu(1 — z))
(—291 My (1 — 2) — g2Mxx) — g2p7)) ]
/(2(2m)° My (L% (m}) + p7)?)

h?(w,p7) = [(4gi M7 (1 — o) + g5 (z(M% — M7 (1 - 2)) + p7))]
/((2m) (L% (my) + p7)°)

L5 (m?) =aM% + (1 —x)m? — (1 — ) M7
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Spectator-model quark TMDs
scalar di-quark (1)

q(s) r ) — gg (m + :EM) i pT] (1— z)

1 (z,p7) (27‘(‘)3 9 [p% n L2( 2)]2

a(s) (. 2y _ g2 [(m+zM)? —p2] (1 — )
9iL ( pT) (27'(')3 2 [pT + L2(m2)]2
gi’(T)(a: pi): 93 M(m+axM) (1 —x)

(2m)3  [p7 + LE(m?)]?
1 q(s
hqu( )(x,pT) _gg;)(m pi)

L5 (m?) =xMx + (1 — 2)m* — z(1 — z) M3
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Spectator-model quark TMDs
scalar di-quark (2)

2 2
1 q(s) 2 B Js M (1_33)
]’L1T (33 pT) (27_‘_)3 [p% + Lg(mz)]g
2
S S y o= 1 qg(s
Wi (2,p7) = W (0. P2) + 5305 i (@, p2)
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Spectator-model quark TMDs
axial-vector di-quark (1)

gz pr(142)+ (m4aM)? (1 —x)
- (2m)3 2 [p2 + LZ(m?)]2 (1 — x)

9o Pr(1+2%)— (m+aM)* (1 —x)°
(2m)%  2pz + Lg(m?)]* (1 — )

2
q(a) . 9q M x (m - xM)
ng (xapT) (27.‘_)3 [p% + Lg(mQ)]Q

g% (2, p2) =

L5 (m?) = aM% + (1 —2)m® — z(1 — )Mz
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Spectator-model quark TMDs
axial-vector di-quark (2)

1 g(a
hlLQ( )(xva) — gcllé“)(xap:r)/x 9
; z p3
his) (@, p2) = — 8

1 g(a
P (2, p2) = 0
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Nucleon-parton-spectator
effective vertex

gy pointlike
2 2
2 dip P — 1
gx(p”) = sz ; S 2 dipolar
p* — A%

exponential
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Helicity gluon TMD
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Unpolarized valence-up TMD
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Helicity valence-up TMD
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Unpolarized valence-down TMD
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Helicity valence-down TMD
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Unpolarized sea TMD
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