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Introduction

Motivation
«mc%—%; —_ P N P
2000, K

Yp
Yp rapidity gap pomeron
Diffractive jets ~ — 1
iractive Jets pt Exclusive jets ~ o — More suppressed!

1

e New experimental data on diffractive J/v, D, T production
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Introduction
General picture

Correlation limit (back-to-back) Q?

hard jets: m, ki1 ~ kol ~ Q> Qs
semi-hard jet: ks ~ Qs

Goal — TMD factorization from dipole picture
do daGe(z, zp, K1)

= H(z1,22,P1.,m
T @KPPay; 42 Pom) 2K
“hard” factor gluon diffractive TMD

m quark mass
Qs ~ GeV saturation scale
P~k; ~—ko relative momentum

K=k; +ky=—kj imbalance

>C D>

Yp
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Color Glass Condensate
Eikonal interaction

e At small x many gluons in the target — described as a classical gluon field A

o Eikonal interaction probe with color field in mixed space (x,k™"):

x, kT, > X, kT, N, j

]

Wilson line

A: helicity, 4, j: color

Path ordered exponential — resums multiple scatterings (not perturbative)

Vi a(x) = Pexp(—ig/dm+ A; (2, %) ta>

t® : SU(3) color matrix
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Color Glass Condensate
Eikonal interaction

e scattering operator S on states = color rotation (¢ — 7) in mixed space = Wilson line

k X, 1 > = ZVF ji !q(k+7x,j)>

Wilson
line

X2 X2

AN —
X1 X1

X3

QQ,

Sqq(xl,XQ = <TI‘ [VF(Xl)V;{(Xg)]> SqQQ(Xl,X%Xg) = TICF<VXG(X3)TI" [thF(Xl)taV;v(Xg)]>

7/24



Hard quarks

e Change of variables
relative momentum: P = 20k1 — z1ko

total momentum: K = ki + ko

center of mass: b = z1x1 + 22Xo
qq size: r = X1 — X2

separationg—q¢G: R =x3—b

e | Correlation limit: P,m ~ Q> K| = k3, ~ Qs

o Exponent of the Fourier transform has P - r

o WY 7999 from LCPT has Bessel function K., (r\/Q%z122 + m?)

— [<A]
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Color Glass Condensate
Effective gg dipole

e correlation limit = r < R in coordinate space

Saae(X1,%2,X3) = Syge(b,b, R+ b) ~ (U (R +b) Tr [t'U*(b)t"]) ~ ( Tr [UR + b)UT(b)]) ~ Sy(R).

Sg(R): Effective gluon-gluon dipole of transverse separation R

Suts(B, b, R+ b) — Syq(b,b) = 5,(R) — 1 = —N,(R) independent of r
N——
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Light Cone Perturbation Theory

Invariant amplitude

e Fock state expansion projectile (dipole frame)

. h*>in -~ "7*>0 + \Iﬂ*%qﬁ’qa% + \Iﬂ*%qﬁg‘qﬁg% ¥ o

|qqg>:ut N }qqg>0 + \Iqug—ﬂla|qa>o + ..

0
\QQQ_QQQJ color singlet

(P exchange)

U (k, z): perturbative light cone wavefunctions

e Invariant amplitude from scattering matrix element:

M T~ 2 ggg1 — S| yt)"

S: scattering operator
z: fraction of ¢t carried by final partons 11/24



Light Cone Perturbation Theory

Light cone wavefunction

o Y —adg — Y =999 + p a9
regular instantaneous

Regular contribution

Instantaneous contribution
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Light Cone Perturbation Theory

Light cone wavefunction

ERED +6"™Q2 /2

.oz .oz .oz . .
v —adg _ " —adg v*—qdg  _ _i _*mpyin

) =V + =e\er"H" (21,22, P,m, Q) 2o
31

regular instantaneous

. N nipm _ snmp2 2 Hin P
_ 81)\8;7” <H“L(21722,P777’L,Q) kS k/‘3 4 kBL/ (217 225 7m7Q)

k2, +Q2 2

traceless 2D tensor (IP) diagonal term

o H™: hard factor
_ ‘Pij(zl,hl)(sjn(shl—hz . Soij(zlahl)2Pan5h1*h2 - 2\/éﬁrmsél*lPnéhlh2
[ (P2 + Qo)

Hin('zl?ZzaP:maQ)

Q?=Q*zn1zm+m? Q2= - (P? +@Q?)
5 (PL 13/24




Light Cone Perturbation Theory

Light cone wavefunction

e Fourier Transform to mixed space (z,x)

(") small dipole r (color transparency)— neglect the change due to the scattering of P.

2
d“ks ks R

(2m)?

= H"(21,22,P,m,Q)

‘Iﬂ*ﬁqqg(zhzmza,P,R) :/ [\I/ﬁ;m(zl,z2,23,P,k3) + v Y22 )]

1 [gm R"R™ 9
LI (Y [,
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Light Cone Perturbation theory

Invariant amplitude

M’Y*—Nlljg ~ ggxszmHin(zh227P7m,Q)Gnm(K7Qay]P’)

where

G"M(K, O, Yp) = %/dﬁle“‘“ (6’”” - ZRRf )Q2K2(QR)N9(R) = (KKIQ( - ‘52 )Q(KL,Q,YP)
€

and

G(K1,Q,Ye) = 2(2m)Q° / - dRRJ2(K | R)K2(QR)N,(R, Ys)
0

e In collinear factorization: semi-hard gluon TMD is a target distribution. But here (!)

z3

0 ~ (P + Q%

Z1%22
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TMD factorization

Strategy
q" 2
dipole picture (LCPT) — G 2
gt longitudinal momentum photon Z1
z  fraction of ¢ carried by final partons
l T'/I;q(j 5) z3, 1—x
target variables
Py longitudinal momentum target
xp  fraction of Py carried by the P
x4 fraction of Py transferred to ¢g
qq N qq tap Yp

x = xqq/xp fraction of PPy carried by the gluon

dl'g]p(x, xp, Kl)

2K Py
' C -> 17/24

gluon DTMD — target distribution




TMD factorization

Change of variables

P (PG 5 =KD
2122 1—=x
and
dzg _ _dzp _dop 1
23 _wp—wqq_ xp 1 —x

— Gluon is seen as emitted from the P.

22

%QQ Z1
TZqq

5) z3, 1

Top

— T

Yp
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TMD factorization

Cross section

hard factor gluon DTMD
dUS;A_}qqu 2 2 o PL4+Q* 2 p? dzGp(z, K1, Yp)
= 5 17 - e.m. S - ~ - A ~ 2 u
Tondead?Kapay; (TR ey | (1 2) e 2 2K

Gluon DTMD

# density of gluons with K| and z in the PP wavefunction.

dzGp(z, K1 ,Yp) S (N2—-1)[ o [ ’
e i {Q /0 dRRJQ(KlR)Kg(QR)Ng(R,YP)]

> Same hard factor as in inclusive DIS (Dominguez, Marquet, Xiao, Yuan (2011))&

> Generalizes result of lancu, Mueller, Triantafyllopoulos, Wei (2022)¢& to heavy quarks

Q? =21220Q2 +m? Q2 =K3z/(1-x) 19/24
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Introduction
General picture

+
1, 2
Correlation limit (back-to-back) 06“0"6“( F—
koi, kal ~ Q> kii,m~ Qs 3
TZqg
— 1
Goal — TMD factorization from dipole frame
do dxg]p(l' xp, K| m)
— H P ) b bl
Tnsdmd?Ka?Pay, — 1722 P Q) 2K
“hard” factor quark diffractive TMD
Top
relative momentum P ~ ko ~ —k3 P];

imbalance K = ko + k3 = —k;

=)-=<‘>=)=

Yp
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Light Cone Perturbation theory

Invariant amplitude

e Diagrams that contribute to the amplitude

> Gluon emission by antiquark before and after shockwave

ko, 22

| o0000000000, 37 1000000,

ks, 23
R

\>—/ —_—

ki, 21

e Calculation in LCPT + change of variables:

> Gluon emission by quark

ko, 2o

/V%m

ks, z3

ki, 21

longitudinal momentum fraction z1 of the projectile — target longitudinal momentum x.
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TMD factorization

Cross section

do " a9

dzodz3d?Kd?2PdYe

dzgp(x, zp, Ki,m)
d2K

- H<Z27 Z3>PJ_)

> Hard factor:

a:Cr 1 Q*[(P? + Q%)% + Pl23 + Q23]

H(Z27Z33PL7Q):5(1_Z2_Z3) _

7 PP Qe

Quark diffractive TMD

# density of quarks with K|, x and m in the P wavefunction

dagp(z, 2p, K1 ,m) SLNCL T K% +m?
d2K T 4md 271 —x (K3 +m2)

K2 +m

Qi(z,zp, K1) =w’ [(*dRRJI(KR) K1 (wR)N(R), Q° = 223Q°
Qo(z,ap, K1) = w? [{°dRRJo(KR) Ko(wR)N(R), w?=(m?+zK?)/(1- )

(Q%(xaleyKl) %

Qo(m l’]P’,KL))
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Summary

e TMD factorization for diffractive production of a pair of heavy quarks in the CGC formalism

o Hard gq, semi-hard ¢

— known massive hard factor inclusive DIS (Dominguez, Marquet, Xiao, Yuan (2011)) &
— generalized result to heavy quarks of lancu, Mueller, Triantafyllopoulos, Wei (2022) ¢
— mass independent gluon DTMD

o Hard qg, semi-hard ¢
— new mass dependent quark DTMD

e Outlook
— quarkonium, open charm predictions for UPCs at LHC, diffraction at EIC
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Backup

e Invariant mass

k? K2 2
A4%=%k1+kﬁ2=:<lL%”+ K
21 z22 2122

k?z k2 k2 2 k2
Mig=@n+b+%ﬂ2=<ll+ﬂ-+3l+7” =ML+ K4+ 2
zZ1 z2 23 2129 23

e [3 variable

@
Q2 + Mg,
e Target longitudinal momentum fraction
o @AM+ KL Q7+ Mg,
a7 = 2Py - q P T2q Py
Tqq Q° + Mg, + K1

Tr=—

P :Q2+M§§7+Ki+k§L/2’37

1/3



Backup

e Mixed space wavefunction and scattering

o Fourier transform Pomeron term (traceless 2D tensor):

small dipole r (color transparency)— neglect the change due to the scattering of P.

; d°ks ik R i
Wp™ (21, 22, 23, P,R) = / (27(_)326“(3 RUi™ (21, 20, 23, P, k3)

2
in ko . ) knkm _5nm kgL
=H' (217227P7m)/ S ikaRIBE 2

Gluon DTMD

(2m)? k3 42
=H (zl,ZQ,P,m)%{ 5 —( = >]92K2(QR).

o The Fourier transform of Uy..(P) gives a §?(R).

*(R)N(R) — 0 due to color transparency
— We keep only the WUp term.
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Backup Gluon DTMD

e Change of variables: z3 — x or xp using

0= (4 Q) v P&
F1z2 P? +Q* + 2120+
we get
Q*=_r g2
11—z
Using also xp:
WZQMM%Q xqq:Q2+ng+Ki oo ta Q@+ Mu+K?
2¢ - Pn 2PN - q xp QP+ M7+ K3 + k3 [z
we have the change of variables:
I]P—Iqﬁ:ﬂ71:Q2+M§§+Ki+k§L/z3i _ k3. /zs
Lqq Tqq Q? +M§E+KJ2_ Q? +M<?E+KJ2-
Taking the logarithmic differential:
dzs _  dzp  _ dap 1
23 TP — Tqg zp 1 —2
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