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Incoherent DIS reaction

2
}MX

\\*\\.t:: 4133.//*//

Generic incoherent reaction 7v*A — X
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Time scales in DIS in the dipole picture

A
,y*
o Left mover p = (M3 /2Py, 0, Py) per
® Right mover off shell ¢ = (¢, 0, —Q*/2¢™) nucleon
® Projectile lifetime 7 ~ 2¢™"/Q? ® Contracted length

L ~2RaMn/Py ~ AV3/Py
r>L< A3 <« 1
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Coherent vs. incoherent diffraction

Diffraction: rapidity gap

Target average to be taken with CGC wave-function
Total diffraction: (T'(x,y)T(x,vy))

Coherent diffraction: Incoherent diffraction:
(T(x, y)(T(x,9)) (T(x, y)T(z,y)) — (T(x,y)(T(x,9))
Homogeneous target:
~ 6%(A) (smeared to 1/R4) Non-zero momentum transfer
Momentum transfer from the target to A conjugates to difference of impact
projectile is negligible parameters B
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Incoherent Diffraction

Variance of scattering amplitude determined by target fluctuations

¢ Particle number fluctuations (Pomeron loops)

Shape fluctuations (Hot spots)
Color fluctuations (MV model, JIMWLK)

® (), sets the scale for color fluctuations
® Power-law tail for A > Q)
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Incoherent correlator at 4-gluon exchange

Assume Gaussian CGC WF
Only pieces connecting DA with CCA survive
[llustration for 4-gluon exchange:

zis e l— T

Y

y

00000000

~
)

00090D000Q0O0Q0

Q0000
o \

000P0OpPOO0O000

- Nuclear target:
Projectile:
® Colorless substructures scatter

e Either quark or gluon dipole inelastically

. .
Elastic ® Exchange of color among them

Incoherent scattering is 1/N? suppressed
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qq contribution: 2 hard jets

Only 2 hard jets: momentum transfer is equal to pair imbalance A = K
P >A,Qs+—1,7T< B,1/Qs

191 a)l/N]./PL
AN
q,Q° U2
B~1/AL~1/Q,
T
DAVAVAV)

Expand the QCD correlator for r, 77 < B, 1/()s, other than that B is arbitrary
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2 hard jets averaged cross sections

There is a P - A angular dependence.
We focus on averaged (over angle) cross section

JA—qqX
dox aa ~ Sj_aem

2C _
d9,d¥,d2Pd2A — 473 DI 09 <75 - Hy(91,92,P1,Q) G (A L),

Hard factors H are the same as in the coherent case. Q2 = ¥119,Q>

GH(A L) = [ABBJy(A| B)®(B)[Fy(B)),

where ®(B) = %ﬁ(n‘jm and F(B)=V?InS,(B),
1 Q> for A} < Qs,
Hy ~ P for P, ~Q GH(AL) ~ o

for A > Qs,
A%
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gqg contribution: 2 hard jets + 1 semi-hard jet

Diagrammatic soft gluon:

r~1/P,

— I/Qs —

f~1/PL/

® Momentum transfer determined by pair imbalance and semi-hard jet momentum A = K + k
Again P, > A, Q,
e Size of scattering dipole is large R ~ 1/k; ~ 1/Q;

® No expansion in the dipole-dipole QCD correlator
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Tensor structure

Cross section tensor structure: H(ig)(P)Gij(A) + H(ig)(P)Qij(A)
¢ Soft gluon
H\(P) = Hg)(P1)8" + Hyg)(P1)PY
GI(A) = G(AL)6Y +0 x AY
e Soft quark
H (P) = H(g)(P1)§" 40 x PV
QY(A) = Q(A1)57 + Qi(A)AY
No P - A angular dependence in total incoherent diffractive 2+1 jets cross section
[NB: ViJ = ViV VP — 61 /2]
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2+1 jets cross section: soft gluon

deYAA—aa(g) X
d¥,d¥,d2Pd2Ad%ksdInl/z

- q ~ 2 inc(z,zp, k-
= Olem g Z(L’Zf 519 Hﬁj)(ﬁl '192, PL-, Q) = (g;s 1) gl!ltéﬂtlj:i‘;,A)

The hard factors are the same as in the coherent diffraction and the inclusive dijet production.

1 d?B d2R d%R . . 5
Gine(z, 73, k3, A) = — / d°B d°R d°R ¢~ iA-B—iky-(R—R)

T 2 27 27

« SO 2ORR A2 I (M) MK (MB)W, (R, R. B)

T

M? =

1—mk§L

W, (R, R, B) is the connected piece of the total diffractive CGC correlator in the adjoint
representation.
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2+1 jets cross section: soft quark

doYAA— (@agX
d¥sddzd?Pd?Ad?k,dInl/z

= 200, Cp Y €3 5 H\" (02,03, P1, Q) S He Lasitnn.f)

The hard factors are the same as in the coherent diffraction.

Qinc (=L Ip, kl, A)

:% 2r 2m 2«

1;’]? MK (MR)M?K (MR)W,(R, R, B)

1 /dQB d2R dQRefiA~Bfik1-(RfR)

X

b T .

W, (R, R, B) is the connected piece of the total diffractive CGC correlator in the fundamental
representation.
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Incoherent diffractive TMDs

Gluon sector: Quark sector:

da:Gif}‘C(a:,m,ks,A) S (N2 —1) Ginc(z, zp, ks, A) deg(z, zp, k1, A) _ S N: Qinc(z,zp, k1, A)

d?ksdZ2A 473 2m(1 — x) d?k.d2A 473 2m(1 — x)

Assuming fixed A | (and neglecting logarithmic dependences)

1 for k| < Q (z, 2p) ® Similar limits for (1/x)Qinc but it vanishes at small
s\ ) kL
1
Gine ~ TN2Q?2 < QA'(m zp) e Effective saturation momentum Q2 = (1 — z)Q2

4 for ki >>Qs($,fl’?)~,
kT

k1 Gine and k1 Qinc have a maximum at bk, ~ Qs
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Gluon and Quark distributions

1074

(kJ-/QS)giI\C(I? Tp, kJ.y AJ.)

(1/2) Qine(, xp, k1, AL)

05115 2 25 -3“3.5
kL/Qs,q

Fixed A | and (). Scattering amplitude is given by the MV model
® Pronunced maximun at k| ~ @s
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Incoherent DPDFs

daGie(z,ap, P A L) fd2 dzGire(z,zp,k,A)

W (and similar for quark DPDF)

dzA

Ai (GCVQ)
2
In Qs <§W) for A} < Qs(zp),
dIGm((I IP,PLaAL) Np dI(I"‘C(I xp, PLvAi) SL « A
dzA Tz dzAa " 8 5(s
QS(TP) for AL > Qs(‘L]P)
AL
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241 jets cross sections

® Parametrically larger than 2 jets: a4 (P, )/P] vs. 1/P
Total 241 incoherent diffractive cross section:

doiA—=aqg X qoiA—aa(9)X do A= (a)qgX
2

am dil dil
Well behaved:
2
do i A—adgX S| Qe asN, IDF for AL <@,
dil " 4mN, 250 Pl 4
Ai for A > Q
1

[dIT = (27)2P Py AL dA | d¥1ds]
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Difractive dijet production with a minimum rapidity gap

Fix Q% and s, so that Yp; = In1/xp; = 6.1 is fixed (EIC in DIS?)
Require a minimum rapidity gap Y[P?““
We consider two cases:

Y[PI)IHH ~ 4.5 = {L,Irg}ax ~1.1x1072
Y]PI)nin ~ 4 = ;I;]%lax ~ 1.8 x 10_2

This implies a minimum value of the splitting fraction @i, (P, )
Fix 191 == 192 = 1/2

Then P? cannot exceed a max value
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Incoherent diffractive dijet cross sections

Ao A /dIT

=

9
=Y
T

— T, 2 jets 1
-=-=T, 241 jets ||
...... L, 2 jets
—=ee L, 241 jets ||

W

vmin _ 4 5 \\‘T:\
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— T, 2 jets
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==L, 241 jets ||

A2 =1 Qo2 hi N
A =1 GeV <
L U T T T I T T T
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P? (GeV?)

Fixed momentum transfer Af_. A factor e (S /47%)dy has been neglected
Values for transversely and longitudinally polarized virtual photons.
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Incoherent diffractive dijet cross sections

—_
o
L
T
4
»
/

do5A=XX /dTT

T TTT

— T, 2 jets
=== T, 241 jets
L, 2 jets

==L, 241 jets

Ao A A /dIT

- —T, 2 jets
---T, 241 jets
------ L, 2 jets
-=-- L, 241 jets
1070 F ]
Yarn =4 SN
I 2 no T2 \.\:s
£ =16 Gev~ ~
10-7 e I S
107! 10° 10
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1

Fixed hard jet momentum P?.
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Conclusions

Incoherent diffraction at hard momenta in vA collisions in CGC.

Analytical description of the cross sections for producing hard dijets.

® |ncoherent DTMDs and DPDFs from “first principles”, for sufficiently large rapidity
gaps and/or large nuclei.

In incoherent diffraction both the 2 jets and 2+1 jets contributions are relevant for
the tipical kinematics of the EIC.
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Soft gluon diagrams and hard factors

q"Q?

1917k:1

1-91,b

Vo, ko

Q0000 b+ R

U3, k3

tr

HED (01,95, P,Q) = (92 +3)

Hég) (01,92, P, Q) = 8919

q"Q’

1-95,b

1917k:1

tr

U2, ks

Q0000 b+ R
U3, k3

Aij

(P! +Q% 5
(P? +@)*

7+

Q*rt
(P2 +@>)*
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Soft quark diagrams and hard factors

VAN

a"Q*
b+R

b+R

1,k

(P2 + Q)2 + 030" + 93P1

F[(q) 9 9 P ({) =
T 2,V3, ) = V2 - ~ o -

o, ko

U3, k3

91,k

H£q>(192, 93, P, Q) = 493503

b+R

QQ

(P2 + @2
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QCD correlators in the Gaussian approximation

Adjoint representation

e —1+F N e~ (F=N) 14 (F—f)
F? (F—f)?

_ 2 _
Wg(Rv R, B) - ﬁfQSg(R) Sg(R)

Fundamental representation

_ _e -1+ F
Wy(R,R,B) = ]\; FPS(R)S(R) %
. Sy(R)S,(R) and f— L Sy(|B + R|)S,(|1B — RJ)

2" 5,(B+R—R|)S,(B) 2" 5,(B+R—R|)S,(B)

S(R) = [Sy(R)|“#/Ne ~ | /S (R) (in the large N limit)
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2 jets cross section in the aligned jets configuration

® Change of variable from ¥, — = Qﬁigpz
1

e if (and only if) aligned jet configuration (¥ < 1):

. _
dorrA—eaX Ar2e

o Z 25 d(l/'quP?C(IL‘,ZIZ]}D,P, A)
= &
2PE2AdIn1/p Q2 f ?Pd?A w5

TMD factorization require the outgoing state to be in the aligned jets configuration
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DPDFs as a function of z
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DPDFs at fixed momentum transfer Ai. Quark DPDFs multiplied by 2ns, where ny = 3 is the
number of flavors.
The hard scale P? has been taken equal to infinity.
MV model with a gluon saturation scale Q? = 2GeV?
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