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Quarkonium and TMDs

Quarkonium production is considered as one of the most important processes to access
unpolarized and polarized gluon TMDs. Some example of relevant processes are:

ep/pp — Y+ X/ +v+ X/ +v+ X/...
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In this talk (ep — O + X)

Color octet Color singlet
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No Glauber vertices included: £(0) = Es,c,h
omitted during this discussion




In this talk (ep — O + X)

Quarkonium Shape Funct. Color octet mechanisms Color singlet mechanism
* A brief review * The operators and matching * Sub-leading factorization
* Diagrammatic analysis for ep * The factorization and shape funct. * The operators and matching

* Renormalization Group and scales * Factorization and Shape funct.




NRQCD regimes

Quarkonium spectrum vs EFT regions

Fragmentation

Functions
TMD Region NRQCD (NRQCD)
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Expansion in v and in A Expansion in the

A=q, /M relative velocity
will properly incorporate

quarkonium recoiling Note: it is possible to probe TMDs in this region as well but the

against soft radiation additional measurement introduces a new soft scale which

do ~ H(Q) X F(x,gr) @ S(g7) changes the factorization: e.g.,, TMD fragmentation




Quarkonium TMD Shape functions

NRQCD matrix elements with TMD structure:

Soom—o(@r) = (W'Klnlx Sy ... P(Gr —PL) Pg ... )
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Quarks Soft T™D Bound
gluons state

Quarkonium TMD-shape functions™ encode both soft and non-perturbative quarkonium related effects.
Further factorization is not possible due to Coulomb-like interactions:

> > heavy quark/antiquark

~ m(v?,v,v,v)
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Quarkonium TMD Shape functions

NRQCD matrix elements with TMD structure:
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Quarkonium at the kinematic end-point:
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Diagrammatic analysis at tree level
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Diagrammatic analysis for (e)g — Q0 + X + X,
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Diagrammatic analysis for (e)g — Q0 + X + X,
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Color octet: Matching operators

ordered diagram
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collinear soft
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Factorization

(27)*6* (py + pp — PO — Px)

do 1 12
2Eo =327T38Za;‘(PUSQ(O)IQJrX}‘

Apply matching for SCET-like factorization
procedure
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Shape functions
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Color octet contributions

The shape functions
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- Half the rapidity divergences

- Color-octet logarithm
The hard functions - At NLO the same for S and P wave
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Diagrammatic analysis at tree level
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Color singlet:“Sub-leading” contribution
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The color singlet operators are
suppressed in the 4 power
counting but enhanced in the
relative velocity, v.

Vs =10 GeV
— NRQCD (LO) 1
Singular (LO) _




Color singlet: Operators
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Color singlet: Factorization

do(cc-1) ~ Hyuypo (M, 1) @ B*P7 (2,0, M, 1) x (*S:) do(*S{") <{ do(ce-1))+ do(es-1) + do(cs-2)

\_/
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For perturbative values of transverse momentum

we can match onto the collinear PDF Note: the factorization for the cc-1 term

. does not involve any shape or soft function,
1—2 .
B (2, M, p) = / dy CV(y, z,2) ® f,/p(z, 1) only the standard quarkonium LDME.
0 :

Leading order
contributions suffer from rapidity divergences which
cancel in the sum of all operators
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Color singlet: Factorization
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These shape function have rapidity divergences at tree
level. This complicates the renormalization and
resummation procedure.
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Summary

- Presence of TMD-shape functions reveals new NP-effects unique to quarkonium production

- New TMD evolution associated with the color-octet channels

- Sub-leading factorization for the color-singlet channel reviles non trivial effects for quarkonium TMDs
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