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HI1GGS PRODUCTION

arXiv:1109.1444

Gluons trigger most of the scattering processes at high energies.

When two linearly polarized gluons, one from each hadron, participate in the scattering could give a term independent

of the azimutal angle.
In this way they can contribute to production of scalar or pseudoscalar particle.
Linearly polarized gluon leads to a modulation of the Higgs transverse momentum.

The contribution of linearly polarized gluons is 1 %.

Hadronic part of Higgs production cross section
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POLARIZE

QUARKONIUM—PAIR PRODUCTION

arXiv:1710.01684
@ Linearly polarized gluons can also generate a cos 2¢(cos 4¢) modulation in azimuthal angle in gluon-fusuion scattering
where a single(double) gluon-helicity flips occur.
@ Among the quarkonium-associated-production di-J/+ production has been the object of the largest number of
experimental studies at the LHC and Tevatron: arXiv: 1109.0963, arXiv:1406.2380, arXiv:1406.2380, arXiv:1612.07451.
@ For TMD factorization to apply, di-QQ production should result from a Single Parton Scattering and Final State
Interaction should be negligible, which is satisfy when quarkonia are produced via CST.
@ In the limet Mg << Mgg we have F ~ Fy.
*]

(cos4¢) gets close to 50 % in the PQQT region probed by CMS and ATLAS.

Cross section

do
dMged YQQdﬁéQT dQ

cos2¢ (F3 (W3® Gg®h#g) +F:: (W3/®h1Lg®flg)) +
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i (cos n¢) is defined as
| do
i dpcosng ——————
' 4 dMQQdYQQdPgQTdQ
N (cos ngp) = i
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CTORIZATION THEOREMS AND TMD

EXAMPLE: DRELL-YAN

arXiv:1111.4996

h‘ //7 . .
7@’/ @ The cross section can be factorized
] as the product of TMDPDFs
1z p @ The hard component hard is
——( ) process dependent and can be
h. v calculated by perturbation theory.

DIFFERENTIAL CROSS SECTION FOR A DRELL-YAN PROCESS
do _Am P GG/

N 285 |Cv (a2
dQ2dydgs 3N sQ? £~ ;
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CTORIZATION THEOREMS AND TMD

FACTORIZATION THEOREMS AND TMDs

arXiv:1111.4996

HADRONIC PART OF DRELL-YAN PROCESS

do~ / dye Y (hy (p,s1) 2 (B, 2) [T (v) J¥ (0)| Ay (. 51) 2 (B, 52)

FACTORIZED HADRONIC PART

do ~ /dbre*"‘”bT |C0 (@)|? ®rey (1, b7) D1y (x2, bT)S (b7)

In this form, we have a double counting of the soft modes. We need to
subtract them from the TMDPDFs.
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FACTORIZATION THEOREMS AND TMD

FACTORIZATION THEOREMS AND TMDs

arXiv:1111.4996

FACTORIZED HADRONIC PART

dor /dee*""TbT & (@) |2 Dr e py (X1, bT) Prrepy (X2, bT)

S(br)
Zzero —bin Zzero —bin

The Zyero—pin depends of the regularization scheme.

SOFT FUNCTION

Trc

S(br) = 1< o]T[sTTsT] (0%,07,br) T [5]"s]] (o)]

Soft function is a colourless object. arxiv: 1511.05590
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FACTORIZATION THEOREMS AND TMD

TMD

We use their definition in impact parameter space. arxiv: 1702.06558

GruoN TMD

N1 rdh
@ <x, b) = — [ 22" NE (An+ br) W (A, br) Fyu (0)
xpt J 2«

QUARK TMD

~ dx .
o5 (x,B) = [ Ze ™ g (An+ br) W (A, br) 4; (0)
27

W (N, br) =W, (An+b7) S IX WX W, (0)
X

Wilson lines make the operator gauge invariant.
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FACTORIZATION THEOREMS AND TMD

0-SCHEME AND SOFT FUNCTION

arXiv: 1604.07869
SOFT WILSON LINES

. oo - oo _st
S (y) = Pexp [—ig/ ddﬁ-A(y+ﬁG)] — Sp(y) = Pexp [—ig/ don - A(y + no)e 0]
0 0

Sn(y) = Pexp |:ig /j don-A(y + na):| — Sp(y) = Pexp |:ig /j don-A(y + no) e+5_0:|

oo oo

WILSON LINES
Ws (y) = Pexp [—ig/oo doh - A(y + ﬁa)] — 5 (y) = Pexp [—ig/oo dofn - A(y + ho) e75+gxi|
0 0

W, (y) = Pexp |:ig/j don-A(y + no'):| — Sp(y) = Pexp |:ig/0

— oo

don- A(y + no) e+6—0x:|

Only the limit 6 — 0 is relevant (and gauge invariant). The different
definition of the regularization in the W and S Wilson lines solve the
zero-bin problem.
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FACTORIZATION THEOREMS AND TMD

0-SCHEME AND SOFT FUNCTION

With the §-scheme we get

‘ Zzero—bin = S(bT) ‘

FACTORIZED AND REGULARIZES HADRONIC PART

2 Drpy (X1, b1,6,8; 11,C) Prrp, (X2, b1, 6,63 1, C)
VS (br,€,6 11, C) VS (br,€,611,C)

do~ [ dbre rr[C, (@2 1)

1 .
o The term regularized the rapidity divergences.

\/5 (bTa € J; H, C)

@ We have a new scale ( associated with rapidity divergences.
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FACTORIZATION THEOREMS AND TMD

FACTORIZATION THEOREMS AND TMDs

@ The cross section for Drell-Yan and SIDIS process can be written as
the product of TMDs. This allows to manage in a consistent way the
rapidity divergences.

o We have a nonperturbative well-defined TMD. We provide a
perturbative calculation of TMD to extract its matching coefficient
with unintegrated distribution in the asymptotic large-g7 limit
without any reference to particular scattering process.
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FACTORIZATION THEOREMS AND TMD

PoLARIZED TMDS AND SMALL-b OPE
Decomposition over Lorentz invariants arXiv:0009343, arXiv:1502.05354
oL <x, B) —(h ‘CD’“’ (x, B) ‘ h)

1 3 g 1 g#y bH b”
=5 (—g#yflg — i€’ S gt +2h ¢ (T + 2 + -

e ff TMDPDFs of unpolarized gluons up to NNLO. arxiv:1604.07869
° glgL TMDPDFs of helicity gluons up to NLO. arxiv:1502.05354, arxiv: 1702.06558

° hng TMDPDFs of linearly polarized gluons.
OPE a twist-2

@y (x:8) = | (Gooa (x.B))™ @ 6000 + | (Coos (:8)) 7 900 ()] 4
UNPOLARIZED PDFs

1
¢q<—h,ij = <h |¢IJ (X)| h> = Efq (X)'Y
1
¢g<—h,uu (X) = <h |¢IJJJI h) = 7§g;z—ufg (X) +oe
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,ATION THEOR

TMD

arXiv:1604.07869

REGULARIZED TMD
Gluon TMD

THY QI = Zg (€ 1,C) Z3 (€6 )~ S (b, €, 8, ) /2 THV bare

COEFFICIENT C

=l e ), 8
r

r«f’ ff'

Lorentz structures allow up to twist-2

re = {gh", e, b by /b%}
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FACTORIZATION THEOREMS AND TMD

MATCHING COEFFICIENT

2
COEFFICIENT Cg[ig

g (x, L) = c3DE) ) (L) + Ca TiNe D) (%, L) + CRTNeDEL 1 (x, L)

. X2 b2 . .
with Lx = log <4e_2§E>. The functions D; (x, L,) can be written as

2n
DI (x, L) =3 DM (x) Lk
k=0

where i = CoTrN¢, C2, Cg TriN¢
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FACTORIZATION THEOREMS AND TMD

MATCHING COEFFICIENTS

COEFFICIENT Cyx TrNg
oo _ 8 (—17 4 16x3x% 4+ x3 — 6xLog (x))

CA Ter - 9X

COEFFICIENT Cg TriNf

8 (2 (=1 +x)? + xLog (x)z)

X

20  _
DCF TI’Nf -

(UCM) [LINEARLY POLARIZED GLUONS TMDPDFs A DIS 2019 TORINO 15 / 17



SUMMARY

SUMMARY

o Linearly polarized gluons have phenomenological interest and still
there is a lack of knowledge about them.

o Factorization theorems allow identify universal independent object:

— TMDPDFs.

@ Using d-scheme for regularized rapidity divergences we are able to
identified Zero-bin = S (b1, €,9; 1, C).

o Rapidity divergences have their own renormalization scale (.

o Coefficient CI?l (x, L,,) is well defined and only depends of x and
logaritmicaly of br.
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SUMMARY

Thanks for your attention!!!
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