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0. Motivation

e Exclusive pair production at LO Inclusive diffractive 241

‘1+=Q2 0, q+*(“22
)

Yﬁ

Yp

Yp

e L — More suppressed! do =N
d6:d6,d2P " P8 ppressect d0:d0,2PA2KdYs Pt

e New experimental data on inclusive heavy quark production J/v¢, D, T
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0. Coherent 241 diffraction

o 2+1
— back-to-back qq (ki1 =~ ko1 ) + soft g (ks1 ~ Qs) qt, Q*

— Strong scattering effective gg dipole: R ~ i > r

(!) Massive quarks = small r: no need for ki > Qs Ys
e Elastic coherent: target does not break
— Imbalance K1 = |k1 + k2| ~ k31 Yp

—» Colorless exchange: Pomeron

e Diffractive: large rapidity gap Yp = In( )

1
Xp

QZ _ Q2 + Mgﬁg

=5 Xp =
Q%+ Miag

B

2q - Py WET 9 0, 03 010,
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1. Cross section diffractive 2-+1:
Small 5 (large My4,)
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1. Small 3 (large M,z,)

Kinematics
¢, Q?
e Correlation limit: k3| ~ Qs < ki1, kot ~ Q VY <
Q? Ys
e Very soft gluon: 03 < o< 1
— Emission in the eikonal approximation
Yp
I 2 M2
~ Mqﬁg — 63 >Q Mqﬁ
— Small 3 Py
2 2
M2,:ﬁ+k7§ IL% i 2,:k7% é+i_K2 520722 X]P’:%
996 G 03 6102 90 6 6162 Q2+ M2, 2q - Py

qqg
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Light-cone perturbation theory

e Fock state expansion in momentum space

h*>in -~ |,y*>0 + Zq/w*arﬁ‘qa% + Z\I/-y*%qﬁg’qag% + o

D
qag)p. ~ |aag), + > YT |qgg), + -
—_— o

color singlet
orthonormalization states

ki + k3 0

e Light-cone wavefunctions

€x (kltp(91)5h1,—h2 - \/§m€h15h1,h2)
Q2+ KL

\Ilw;ﬁqa(elvkl) ~ 5(11&2

01 k1

\Ij’y;_)qag(eh 937 k17 k3) ~ t;1a2 (kk?’260> [\Ilw*ﬁqa(gl + 03’ ki + k3) - \Il’y*_ﬂﬁ(a17 kl) A
3L
O3 ks

oU(0) = (261 —1)6" +ic"h and Q° = Q*016, + m®
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Scattering off the CGC

e Invariant amplitude from scattering matrix element:

MTEE M aqe|S -1y

Eikonal interaction

e Color Glass Condensate theory

Many gluons in the target — described as a classical gluon field A(x)

e Scattering operator & — color rotation in mixed space:

Sla(k®,xo, 1) = > V(x)ila(k™, %))
J
Wilson Line: path ordered exponential, resums multiple scatterings
V(x) = Pexp (7I.g/dX+A; (X+,X)ta)
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Scattering off the CGC

e Scattering amplitude: Q= Q%0102 + m’

. . . . . _ _ i _ L
M’h—%qqg(kh k2, k3) ~ / eflk1x7:k2,V*lk3Z[,-LPU(QI)QKI(QrL)%(Shl_hZ — \/EmKo(er)EzzélAéhlhz]

7 —qq
(=2 =
X |:€a ('X—Z|2 ‘y—2‘2>(5qqg( 7y7 ) Sqq( ’y)):|
a9 — qqg
xr T
y | T \mﬁ . |7
z z
Swalx,y) = 5 (Tr VOOV ()] Suelz,x.y) = - (U@ T [EVEOEV )
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Correlation limit

e To obtain factorization we use correlation limit (k31 ~ Qs < ki1, ko1 ~ Q) + change of variables:

relative momentum: P = Ok, — 61k> ki =P+ 6K
total momentum: K = k1 + k> k= —P +0:K
—
center of mass: b= 0;1x + by x=b+ br
ggsize: r=x-—y y=b—0ir

and R = z — b is the separation between the gluon and the qg pair.
e The exponent in the Fourier transform of the amplitude is now P - r + (K + k3) - b+ k3 - R which gives

6@ (K + k3) for an homogeneous target.
— Correlation limit: P, ~ Q> K| = k31 ~ Qs
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Correlation limit

e Correlation limit in momentum space P, ~ Q > K, = ks, ~ Qs or heavy quarks
— in coordinate space

Saae(X,¥,2) = Sgag(b, b, R+ b) ~ <Uba(R +b)Tr [t"V(b)tav*(b)D ~ <Tr [U(R + b)uf(b)]> = S.(R)

S¢(R): Effective gluon-gluon dipole of transverse separation R

TR

Sqag(b, b, R + b) — Sq5(b, b) ~ Sg(R) — 1 = —T¢(R) .

Independent of the size r of the gg pair.
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TMD factorization

e With the change of variables, the amplitude factorizes:

./Vlv?aqég(p7 K) = /d2rd2Re—iPAr+iKR i@U(Ql)\FC)KI(\/ar)r—:zShl_hQ — \/EmKo(\FC)r)eﬁ,zéhlhz]

YT — qg

y {fr?"z(anm 3 2R’;"2Rn) (5g(R) ~ 1>}

a9 — qqg
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TMD factorization

e Factorized amplitude
M'yT%qqg Ei)\ﬁ*m Hln(P Q) gnm(K Y]P)
———  — —
hard factor semi-hard factor
Hard factor:
; = i 1 ; 2P/ p" ; P"
m o 1y - ~/n = _ 1 s
H (P7 Q) - I(2ﬂ-) {SO (0) Pi + 02 <6 Pi + @2) 5’7177’72 Ehl2\/§rn (Pi + 62)26h11h2:|

Q° = Q%0162 + m?
Semi-hard tensorial distribution:

nm i nm 2R™R" R,Y K"K™ 6nm
g (K, Y[P):/d2ReKR<(5 _ = >7;g(R2 P) :< K2 )Q(K Y]P)
€1

where
g(K,%ﬁ::2@w)/m if “(R, Y) (KL R)
0
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TMD factorization

e Cross section

do 5 Slaemozse?
= 5(1 — 01 — 02)6%(K + kg) 2EXemOEF oy
10:00,d0, 2K 2Pk, — O =00 = 02)0 (K + ka) == 50 = Cr
P4 ~4 P2
x (B +8) X om P lig(ki ve)p
[P? + Q7] [P? + Q7]

Q= 616,Q* + m?

Same hard factor as in inclusive DIS (Dominguez, Marquet, Xiao, Yuan (2011))&’
Same result as in lancu, Mueller, Triantafyllopoulos, Wei (2022)&, now with heavy quarks
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2. Cross section diffractive 2+1:
Generic 8
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2. Generic [

Kinematics
e Correlation limit: K1 = k31 ~ Qs < ki1, kot ~ Q or heavy quarks.

2
e Relatively soft gluon: 635 ~ % < 1

e Generic values of 61 and 6,.
P2+ & L @+P

Mga ~ = B~ — 5 X~ — 5
6102 Q2+ P} + 010,k Q2+ P2 + 010>k
Q> =0:10Q° + m’

— When K2 /Q? ~ 65 then 8 ~ O(1)
and 03 < 1sostill1 —03 =1 and 03 + 91’2 = 91’2.

— We keep the terms in the LCPT vertices that are linear in 05: regular and instantaneous diagrams.
Omit terms of O(02P.,0:K.,..)
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Corrections to V998 wavefunction

e Regular diagram

(ka + %ib) (g&ij(91)(kl + k3 Y Spy—py — \ﬁmd,z(shlhz)
Q2 4 (ki + k31 )?

\IJ”’?_"ﬁg(kl,kQ ~ <M€20+€22 )
3L

(k3 + %kl) (@U(Gl)k{éhl_hz — \/imeﬂ,zéhlhz
@+ KL

Q> = 010.Q* + m’
where in the gluon emission energy denominator

2 s kL +mt K +m
M —93{6? + o + 7
~ ﬁ(/ﬂ +Q?)
T 0.0,
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Corrections to V9% wavefunction

e Regular diagrams
©¥(61)5 8y 1, _ ©1(01)2P Py 1, — 2v/2me}, P Sy, k3 k3"
Q+P? (Q2+ P2 )2 k3 + M2

Hard factor Hn(P)

U (P, ks) ~

M Q)P P O~y — V2meh, PO,
ke + M2 (@2 + P2)?

e Instantaneous diagrams

2 ij jm
im M 2 (91)6

UM (P, ks) ~ A

(Poks) ~ e p2 Q2
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Corrections to V9% wavefunction

e Total wavefunction: regular 4 instantaneous diagrams

tot(P k3) reg(P k3)+\pmst(P k3)

Kk 4 6" M3 /2

:HI"(P) k2L +M2

(") This can be decomposed into a traceless 2D tensor and a diagonal part:

KK =5 ()
k3 + M? 2
\I/]pv(P7 k3) \Ildiag(P)

Uin (P, ks) = H"(P) 5"
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Corrections to V9% wavefunction

e For P2 > Q?, we neglect the change due to the scattering of the relative momentum P. The Fourier

transform of the traceless 2D tensor w.r.t ks :

\llim P.R) = in d2k3 ik3-R_; nm
]P’( ’ )_H (P) (2ﬂ_)2e wl?’

2
. ks ju,.p KEKE — 6L
:H’”(P)/ e 2
(2r) K2+ M2
B in 1 6nm Ran )
- (P)%[ . —( = ) MKy (MR)

The Fourier transform of U4, (P) gives a 6°(R). When multiplying it with the eikonal scattering
amplitude 7¢(R) it gives zero by color transparency. We keep only the Up wavefunction.
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TMD factorization

The pomeron term gives the amplitude

MYTEE = L EmH(P)G™ (K, M, Ye)
where
KnKm _ 6nm
K2~ 2

2R"R™
RY

G"(K,M, Yp) = /d2Re’KR (5"m — >M2KQ(MR)7;(R, Yp) = ( )g(K,M, Yr)

and

G(K, M, Ys) = 2(2m) M? /Oo dRRA(KR)Ka(MR)Tz(R, Yz)

e In collinear factorization: semi-hard gluon TMD is a target distribution. But
03

M2:@(Pi+@2)
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TMD factorization

e To factorize the amplitude, we need a change of variables from "plus” to "minus” longitudinal
momentum x or xp. Using

A2 2
M22;%(o2+Pi) X~ — Q4P e
1v2 QZ+P2L+91927§
we get
M = 2Kt
Using also xp:
sz% = X @+ M2+ K2
2q - Pn xp QP+ M+ K+ K5 /05

we have the change of variables:
X]P—an_ﬁ_l_02+M§E+Ki+kgl/03_l_ K31 /03
X Xag @+ M2+ K2 Q*+ Mz, + K3

Taking the logarithmic differential:

s de _ de 1

03 Xp — Xqg xp 1—x
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TMD factorization

Then the cross section can be written in the factorized form:

do
d61d0>d2Kd2Pd Yp

dXG]p>(X7 Xp, Ki)

. 2 52
—H(91792>Q 7PL) d2K

with the hard factor:

4 A4 2
H(01,05, Q*, P1) = 6(1 — 01 — 02)temavsef (9% + 95) it e A O S

= + - - =2
P2+ Q" P2+ Q"

Q* = 6:16,Q* + m?

and the semi-hard factor (diffractive gluon TMD):

dxGp(x, xe, K1) _ Si(N2 —1) [G(KL, x, V&)
d?K B 473 2m(1 — x)
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Summary

o Diffractive 241 with massive quarks:

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

— Same result as in lancu, Mueller, Triantafyllopoulos, Wei (2022)&, now with heavy
quarks

e Outlook

— Diffractive 241 with soft quark (massive)
— Predictions
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