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DUETS IN THE DIPOLE PICTURE OF DIS AT HIGH ENERGY

Right moving (RM) virtual photon, left moving (LM) hadron/nucleus
~v* decay to RM ¢q pair, scattering off strong color field
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Size r = x — y, center of energy b = Y1 + Joy

Dijet imbalance A = kq + ko, relative momentum P = ¥9k; — V1 ko
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VIRTUAL PHOTON WAVEFUNCTION

No scattering ~~ no b dependence
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qq component of transverse v* in coordinate space
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with wavefunction (WF)
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o contains EM vertex helicity structure

Incoherent Diffractive Dijet Production in Electron DIS off Large Nuclei D. Triantafyllopoulos, ECT*



SCATTERING AND DIFFRACTIVE PROJECTION

Eikonal multiple scattering of quark off target color field
V(x) = Texp [ig/dmﬂf“ﬁl (x7, )
For the ¢q pair let

b = [V(@)Vi(y) — 1],

Diffraction: close dipole color line in DA (and separately in CCA)
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DIFFRACTIVE DIJET CROSS SECTION

In transverse sector

do_'y; A—qqX

D . Qlem Nc 2 2 2 d b d d d
dv,dd, A2PA2A 22 (Z ef) O(1=d1~b2) (01 +v2) 21 21 27 2m
% e—iA-(bffa)fiP(r—?) % Q2K1 (QT)Kl( ) ( ) (y7 :f:)>

QCD dynamics in correlator (T'(x,y)T (y,x))
Target average to be taken with CGC wave-function

o (T'(z,y)){T(y,z)) — Coherent diffraction

o (T(x,y)T(y,x)) — (T(x,y))(T(y,z)) — Incoherent diffraction
Homogeneous target: coherent diffraction ~ 6*(A) (smeared to 1/R4)

Negligible momentum transfer and dijet imbalance
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INCOHERENT PROCESS AND MOMENTUM TRANSFER

Variance of scattering amplitude
Wp = (T(z,y)T(y,z)) — (T(,y))(T(y,T))
@ Pomeron loops: particle number fluctuations in target
@ Hot spots (Mintysaari,Schenke; Demirci, Lappi, Schlichting)
@ 1/N2 color fluctuations (MV model, JIMWLK) (Marquet, Weigert)
Homogeneous target: =, 7, B = b — b independent variables

dggg"Aaq@X B SL /dzB d2r 42 ,,. AB_iP-(r7)
d,dd, 2 PA2A “or 2 271' or €

X ? "0k, (Qr)K1(QF)Wp(r, 7, B)
~> Non-zero momentum transfer and dijet imbalance
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SOME KINEMATICS

@ Energy conservation

o1 (kKL _Q"’ Pt A%
xgapPN—2q—+(ﬁ1+19 +Q>:>:vgap— +@+§

o<1> <<1

Consider Yg,,, as independent of P

@ Symmetric splitting ¥ ~ J5 ~ 1/2

vrA—qqX yrA—qqX
dop — 9,0, dop
d191d’l92 dZPd2A \,—’d?’]ldng d2Pd2A
~1/4
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CGC CORRELATOR AT 4-GLUON EXCHANGE

Assume Gaussian CGC WF, only pieces connecting DA with CCA survive:

z o

2 ML i
. y:ﬁvv ﬁw
C —— ) ( " >
C E g ) C - D

4

iz 2 (as ag)(ag az) = 4N22<azay><ayaz> ZW a3 0§ ) (o} o)

a,b

Target colorless substructures exchange only one gluon in DA (CCA)

Put together all 16 terms, add/subtract “same point correlators”

1

Wh(r, 7, B) ~ SN2 1)

FRo'e' T (B)O" 0T (B)

Incoherent scattering <+ 1/N? suppression
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CGC CORRELATOR INCLUDING SATURATION

Extend above to include saturation in the correlation limit
P> AJ_,QS —> 7“777<<B,1/QS
x /NI/PL
q+7Q2 '192 Y

B~1/AL~1/Q;
z
S 2 VAVAV
~1/P."g
(T'T) known at finite-NN.., expand for small r, 7, let B arbitrary

- C i y
7, B) ~ 2—;3 rErE B(S,(B)) [0°07 InSy(B)] [080' In S, (B)]

semi—hard

Same structure as in 4 gluon exchange approxximation

Angular correlation between r and B, hence between P and A
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TENSORIAL FACTORIZATION OF CROSS SECTION

Hard integrals over r,7 factorize from semi-hard over B

Factorization holds at cross section (not at amplitude) level

dag}A*}qqx SJ_aem N(: 2 2
d91dds i2PA2A 473 (Z 6f) 5(1=91-92) (91 + 93) 2N3 )AD‘

Reduced cross section

‘A ‘ zks P Q)H]ls*(P Q) gljk‘l( )

hard semi—hard

Hard factor trivial to calculate
8i PPk ps
(P? +Q2)?

2

H¥F(P,Q) = NIGETSE

(6% P® + 6 P" + 6" P") +
Scales like 1/P} for Q ~ Py
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SEMI-HARD FUNCTION AND ITS DECOMPOSITION

Semi-hard factor with dimension of mass squared

g = | CB 88 4(5,(B)) (09 10 5,(B)] [9"0 In 5, (B)]

Square of structure 9°97 In S, (B) appearing in WW gluon TMD
Tensor decomposition of g” kl(A) decomposed into terms with 6 and A
~ Four scalar coefficients gl()">(Al): analogs of G and zh (unpolarized

and linearly polarized dsitributions gluon distribution in inclusive dijets)

_ d’B
ghh—hA = / 5 e A B O(S,(B))[F2, F2, FyF_ cos2pap, F? cosdday)]
71'
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(REDUCED) CROSS SECTION

Compact analytic expression in correlation limit P, > A, Q,

APE(3Q" + P1) o) 5 8Q'PT ()

AW T4 _ P il A
|A | P2 +Q2) g ( )Jr (PJ2_+Q2)6 gD ( L)

16Q%P2(Q? — P?)cos2¢ (1) 8Q? Pt cos4¢ (2)
— A)— —————- A

@ Simple 1D integration (Bessel transform) to get g(”)( A)
@ Dependence on P;, A, and also on ¢ = Z(P,A)
@ For Q ~ P, all hard factors ~ 1/PE, like in exclusive dijets

@ One-to-one correspondence between angles ¢, and ¢:

COSNPap ~> COSNG
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MOMENTUM DEPENDENCE OF “DISTRIBUTIONS”

i — g g |] 100 Ay — gy
10 1) 2, AY =3 1) 2]
...... (AL — g2 (AL) e g(AL) = G2 (AL

104 | v 102 b collBK U
107! 10° 10! 107! 10° 10!
A [Gev) A [GeV]
. . . B*Q% 4
Analytic estimates in MV model S,(B) = exp [— =*4 In 57|
2 4
% for AL > Qs
g(+) ~ L
P o (12 @ e A%
QA (hl A—S — hl F) for AL < Qs

Overall Q](3+) > QS) > gg), while gg) may be neglected
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AVERAGED CROSS SECTION
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6 1 s
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- If Ay ~ Qs, double suppression 1/N2 x Q%/P? w.r.t. inclusive
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ANGULAR CORRELATION (cos 2¢)

0.3 T T T T T T T T T -
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@ Saturation leads to suppression of anisotropy

@ Both T and L vanish at P, = Q

Incoherent Diffractive Dijet Production in Electron DIS off Large Nuclei D. Triantafyllopoulos, ECT*



SCRATCHING MY HEAD

Exact numerical solution in for arbitrary P, A and Qg (Mintysaari et al)
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@ Very good agreement in longitudinal sector
@ Puzzling in the transverse sector:

e zero not at P| = Q)

o for fixed P, > @, minimum as a function of A
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KINEMATIC AND “GENUINE” SATURATION CORRECTIONS
Three scales, classify corrections (Altinoluk, Boussarie, Fujii, Kotko, Marquet,
Mehtar-Tani, Watanabe...)

@ Genuine saturation twists (Q?/P%)™: numerical implementation

@ Kinematic twists (A2 /P?)": resummation ~ improved TMD

Done for inclusive dijets (Boussarie, Mantysaari, Salazar, Schenke)

Calculate just first kinematic twist

6|Ag|2 _ % 1kmne(P Q) Hjls*(P Q) gu,klmn(A)

G ()= [ S8 e a8, ()00 S, ()04 1n5,(3)]
Next to leading kinematic twist vs leading twist

- 5WD/WD NT2/B2 ~ Ai/PJZ_\/
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(cos2¢) WITH NL KINEMATIC TWIST
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@ No qualitative change in longitudinal sector v/

@ New features in transverse sector

o for fixed P, minimum as a function of A| vV

e sign change at P, value which increases with A} v
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“24+1” JETS CONTRIBUTION (WORKING PROGRESS)

@ Diffractive projection to qgg state Yy > 1

@ Connected part in target average

Two sources for dijet imbalance ki + ks:
@ Momentum transfer from nucleus
@ Kick due to gluon emission k3

If k3. < Py, then gluon dipole configuration scatters
Keep 1/NC2 piece of <Tng> (Kovchegov, Wertepny)
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DOMINANCE OF ¢qg CONTRIBUTION (WORKING PROGRESS)

@ Simple, but illustrative case: P; > k31 > A1, Qs
(T, T,) simplifies, analytical calculation
dogt 47X Qf
S

2P2Ad%k; © P A K,

@ Gluon integration dominated by lower limit

Eventually exact integration should be determined by k3, ~ A

X A—=qigX
dor 9 1 Qt

2PEA T PT AL

Larger than gG component
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CONCLUSION

@ Incoherent diffractive dijet production

@ Color fluctuations source of incoherency

@ Correlation limit jet momenta P, > momentum transfer A
@ Power-law tail at high A, saturation at small A

@ Process with extra gluon dominates in twist expansion in hard jet

momentum
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SOME GENERAL QUESTIONS

CGC (small-z) vs Collinear Factorization

®

Odderon, perturbative vs non-perturbative

Measuring di-jets and di-hadrons at the EIC

(4

Relevant value of Q5 at the EIC, especially for exclusive processes

Coherent vs Incoherent Diffraction
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