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Probleme:

Description of gy - distributions in collinear factorization at gr <« @

Idea of TMD factorization: Vi e

small transverse momentum o+ from

“intrinsic” transverse parton momentum Ry
=> different kind of factorization
= additional degree of freedom of partonic motion

O TMD factorization theorem

(gluon-gluon) Gaas Q - detected

o ae
X events

Eia o dPS |H|? ] kot ﬁlzka 83 (ko + ko — qr) T(®a, kar) T2, ko) + O(qT/Q)!

- Fa X Fb — C[Pa Fb]
O wvalid for pp - collisions with color singlet final states

[Collins; L, Ma, Yuan; Riu; Rogers, Mulders; ...]




TMD gluonic matrix element

= capmy | Danp =Ptk (PIFn(0) W F™ (A + 2r)|P)




TMD gluonic matrix element

— z2(P-n) (27)3

d\ d’zr otAZ(P-n)+ikr 27 (P|F"*(0) W F”B(An + 27)|P)

Parameterization:

- k3KE—5

L (3, kr) = & | — 9%° 7 (z,k3) -

—> TMD distribution of unpolarized gluons

hy9 —> TMD distribution of Linearly polarized gluons

[Mulders, Rodrigues]




TMD gluonic matrix element

= sxpmy | Lt €SP kTET(PIFT(0) W ™ (An + 2r)|P)

Parameterization:

- k3KE—5

L (3, kr) = & | — 9%° 7 (z,k3) -

—> TMD distribution of unpolarized gluons

hy9 —> TMD distribution of Linearly polarized gluons

[Mulders, Rodrigues]

O] both TMD distributions essentia Ly unknown
O hy'9 prop. to transverse momentum Ry, absent tn coll. factorization

01 hy'9 causes gluon MeLLoL’cg flip (won-pert.) => azimuthal modulations




LiwearLg Polarized Gluowns

O ‘Posi’ci\/itgj bouwnd
[Mulders, Rodrigues]
positivitg bound often (partiaLLg) saturated tn models (pert., Color glass Condensate)

Linear pola rizatlon Ln transverse plane

O both gluown distributions fundamental properties of the

nucleon structure!




Gluon TMDs
from

pp - collisions
at the LHC
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Photon Patr production
[Rin, M.S., Vogelsang, PRL 107, 062001 (2011)]
quark TMDs gluon TMDs at O (X2)
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O wo colored final state (yy, yZ, ZZ) = TMD factorization ok

0O contaminations from guark contributions:

only Fy - structure [cos (40)-modulation] purely gluonic

YY - production: huge background from n° - decays,
need Lsolated photowns: isolation cuts

YZ or ZZ - production: enough statistics?




Single Ruarkontum - production tn pp - collistons

[LO: Boer, Plsano, PRDEG, 09400F; NLO: Ma, Wawng, Zhao, PRDES, 01402F]

exclusive production of a heavy Quarkoniuwm state (color stnglet model):
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Single Ruarkontum - production tn pp - collistons

[LO: Boer, Plsano, PRDEG, 09400F; NLO: Ma, Wawng, Zhao, PRDES, 01402F]

exclusive production of a heavy Quarkoniuwm state (color stnglet model):

1 (1
S-waves: L=0, )=0: 1 - S(() : 25+1
J

P +£:> (777X7 _ﬁ_ A P-waves: L=1, J=0,2: X0,2: 3P(§712)

RR - rest frame: non-relativistic approach
neglect relative quark momenta tn haro part

[ s vuo®) = —=Ro0] [ A hoys, ) = et (0

no contamination from quark sector (at LO)

TMD - formalism (g~ A, @ = My):

do(n o\X

et~ oyt -ment] B o, irem+mtoml] RO ooy e
(iw principle) possible to extract both TMD - structures!

Not posstble to tune the hard scale, @ = Mg not that Large!

Transv. Momentum g+ must be very small
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Y (O/y) + v - production at the LHC

[den Dunnen, Lansberg, Plsano, M.S., PRL112, 212001 (2014)]

=> production of back-to-back Ruarkonium - Photon pairs (gqr € & : TMD factorization)
=> need colouwr singlet final state:
uarkontum (Y or )/y) must be exctusiveLg produced (Color Singlet Model)
Photon needs to be Lsolated, avold photon fragmentation




Y ()/y) + v - production at the LHC
[den Dunnen, Lansberg, Pisano, M.S., PRL112, 212001 (2014)]

=> production of back-to-back Ruarkonium - Photon pairs (gqr € & : TMD factorization)

=> need colouwr singlet final state:
uarkontum (Y or )/y) must be BXOLM.SL\/CLa produced (Color Singlet Model)
Photon needs to be Lsolated, avold photon fragmentation

gt - ntegrated cross sectiown at the LHC

Direct back-to-back Onium + y at sqrt(s)=14 TeV
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main contribution from gluon fuston
Y - production:
Color Octet (Fragm.)< Color Singlet ¢/

)/ - production:
Color Octet = Color Stnglet X
Lsolation of )/y?

At R = 20 eV, cross section = 100 {0
Large enough for reasonable statistics

already at > Tev (ow tape at ATLAS)
9




Py + Py,

(Py+ Pyy)’
Pyr+ Pyya

MQ

Viodedn = CWSW:;;%) (Fi (52, cos ) CIf¢ f2)

=1=F3( — o8 0) (Clws f? hy] + {z, & a1}) cos(2¢)
_. 008 6) Cluwa hi” hi?] cos(d9) + Qer/Q))

Factors F4, F=, F. perturbativeLU at LO => NLO: future work...
no F - term => pure £19 - extraction from g - distribution possible
2-particle funal state: azimuthal cos (20) and cos (40) - modulation
Advantages compared to Single Exclusive N - production pp = NX:
- can tuwne the hard scale @, ‘Probe TMD evolution
- larger g - distributions can be probed
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first experimental verification of Linearly polarized gluons
‘POSSUOLC at the LHC! 11




unpolarized and Linearly polarized
gluon TMDs are fundamental properties
of the nucleon structure!
O  Uwnearly polarzed gluons generate

azimuthal modulations
— can be useful tools tn particle physies
O Gluon TMDs cawn be probed tn
Ruarkonium + 7y - production
with already existing LHC data!




