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Unpolarized TMDF

Rapidity divergences and softift

TMDFF refactorization

. TMDFF calculation.
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Why quarkonia?

From an experimental point of view...

In particular quarkonium states such
e Easy to produce and detect <—— asJ/y, ¥(2S) and Y(nS)

® Quarkonia production is one of the processes on which the EIC
is most focused

From a theoretical point of view... !

® (Quarkonia are useful laboratories to study the interplay
between pQCD and non-perturbative QCD | We'll see later! \
® There are much more physics yet to be understood and
much more work yet to be done in quarkonium

production @
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Goal

e The main motivation is
complete the J/y production
in ep scattering

e The contribution by the
light-quark  fragmentation

have been done in
arXiv:2007.05547 [hep-ph]

e Typical process carried by
EIC: J/y production one of
the most important

(" )

But we can also find the
contribution of gluon TMDFF
in other processes!
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https://arxiv.org/abs/2007.05547

Unpolarized TMDFF

CZ)—;e_mPer_ Tr [< N, (b)yTW(b,0)
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fq/N(wv bT) —

Patrick Barry's
lecture...

How can we describe the process when a quark is produced in a hard interaction
and then fragments into a detected hadron? TMD fragmentation function

Agpp(z,br) ~ Z / DL T[] (6) X, Jf >< X, JJUIT (B, (0)]0 >

1
oo It Z
Dg—)J/v,b N[Zg X RQ}X Ag—h]/@b(z,bT) Gluon field BnJ— o g[Wn(b)ZD J—W (b)]

Renormalization factors
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Overview of rapidity divergences and Soft Function (SF)

This is well
. defined at
Cause Consecuence Solution | | =00 Jevel
Our theory is boost kY= akt kT — kT Ja kY kT 1 . 1
invariant  in  the ) > »

light-cone directions a4 — OO = Divergence k- k—[—=10

52
Now the rapidity divergences are described by the regulator. We obtain something like that... In (

Q?
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Overview of rapidity divergences and Soft Function (SF)

This is well
. defined at
Cause Consecuence Solution Og;rr‘aetofleve”
Our theory is boost Y s gkt kT Sk a kT 1 1
invariant  in  the ) | | /o —> . . P
light-cone directions @ —> OO = Divergence =

52
Now the rapidity divergences are described by the regulator. We obtain something like that... In (@

At this point, the Soft Function enters in the game to cancel all the spurious rapidity divergences.

S(by) = % < 0| [S]5] (07,07, bu) [S1S,| (07,07, 0)[0 >
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Gluon TMDFF refactorization

Quarkonia, bound states of heavy

We have two scales

quarks: massive quarks — o
perturbative QCD. The heavy quarks strongly separated :> Non-relativistic QCD
are not relativistics: v<<1 — QCD describing the (NRQCD)

turns non-perturbative

quarkonium production.

col.
p, —25+1 LB ]
TUSFEN L, D, () = S br) [ OO0 3

SDC LDME — Universals

< O >=<¢ O’XTIanCLTJ/wCLJ/waK;X‘O >
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TMDFF calculation

Dg—)J/?,b(Za bT) — Z dg—>QQ(n) (Za bT) < O|0J/¢(n)‘0 >
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TMDFF calculation

Dg—)J/w < bT

e QCD calculation at next
to leading order in a,

e Expansion around the
threshold (q = 0)

samuel.fernandez@ehu.eus

ﬁ(p)v(ﬁ) = —2¢&Y(q- o),
2
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60 =) = (Pry - P (G ot + ot as o)

q

23 L'uj LUk gT{[O-j7 Uk]v q- 0}777
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TMDFF calculation

Dy1/4(2, br) ZdQ%QQ 2, br) < 0[07¥(n)|0 >

d

<XTUjTa¢ Pcé’,cé ¢T0iTaX> = 47773; [UlTUjTaf,}ﬁTUiTan Perturbative

NRQCD
(X" Pez ez ¥'x) = 4m n/1€'€My,
(XT* Pewr e V1T x) = dmg ' T T,
(XN(—ED™ T Pos e T (—D™T) = 4m? ¢™q" y/1To€' €T,
(XN (2 D™)0 T Py e (— D™ 0ITx) = 4m? ¢ " 070" T¢'€107 T
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TMDFF calculation

Dy 5jp(2,br) = Z dg%QQ(n)(Za br) < Oloj/w(n)‘o >

-1 @

perturbative
e QCD calculation at next to Matching NRQCD
leading order in a

e Expansion around the J
threshold (q = 0)
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Feynman Diagrams

Leading order
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Some results

: C 1
Virtual da,b,c,d,e b _ dLO b asC A T
DG (2,b1) (z,b1)— p—
5t 5t ,LL2 /12
2
+21n oF +21n T 1n4mg —Hnm—g
10 123 — 10
~Al?2 4 242 -7l nf]
+2 +\2 2
Virtual SF |_> § — asCyq | —2 4 2 In 0" “¢ _1n2 (5 ) T | arxivi1502.05354
v 9 6%] v €Y ( P—|-)2 ’u2 “2 9 | [hep-ph]
b Ryd**c%e(z,b )  asCa [ 1 1
dLO(z,b,) 2 €y

In H —I—ln'u—

4 4m? m?
Real @ 372 5 10 123 — 10n
contribution!  ——— — 41n” 2 + 3 In2 + 2+
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https://arxiv.org/abs/1502.05354

Current state of the research

Two papers in progress...

Gluon TMDFF for
J/y production

In collaboration with Ignazio .
Scimemi (Complutense University Papers finished
of Madrid - IPARCOS) and > before August!

Miguel G. Echevarria (EHU)
...or so | hope

J/psi TMD shape function

In collaboration with Pieter Taels /
(University of Antwerp) and
Miguel G. Echevarria (EHU)
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