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What this is all about

@ Prior to scattering, gluons in the hadronic wavefunction are correlated via Bose
enhancement.

o At small x DIS, there is a non-zero probability that the dipole’s quark and the
antiquark scatter on the correlated gluons.

@ The final jets’ momenta will carry the information about the correlation in the
hadronic wavefunction.
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The Color Glass Condensate [E. Iancu, R. Venugopalan arXiv:hep-ph/0303204]

In CGC, the nuclear wavefunction is split into the valence modes and the soft modes.

(W) = |s0) ® |v)

o Computing the expectation value of an operator O,
(W] Ow) = / (DDA W (o]’ 0], A]

with the normalisation
(P|w)y =1

@ The weight function is a Gaussian.

2
Wio] = oS G iz pa®Ri®)

The McLerran-Venugopalan model. ‘
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Density matrix in CGC [H. Duan, C. Akkaya, A. Kovner, V. V. Skokov arXiv:hep-ph/2001.01726]

pa (k)P (k) ;
pr = N/Dpe L3 Clps, #1) [0) (O C* (pe, 62)

Normalization of states are given by

Qe n az 7/ n

<nc &) Vn! n!

Multigluon states:

[T o). me(- HH“C(W )"

n! n!
k

The action of the coherent operator on the soft gluon vacuum:

f bL(B)[al ()+al(—k)]

Clo) = 10)
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Calculation in the CGC

@ The matrix elements of p, between states in the momentum space Fock basis:

Prma,s = (e(q); me(=9)|pr()]ac(q), Be(—g)) = (1 — R)

X O(nt8),(m+a) ;

¢\
R: 1 =
( +292u2)

@ Correlator of two gluons:

D(k,p) = Tr (pray (k)al (p)as(k)ac(p)) -

(n+B)! (5)"*5
vnlmla!p!

2

<a:(kl)ab(k2)> =Tr (ﬁ?‘a«j(kﬂab(kﬁ) = (2'”)25(2)(&1 - Ez)dab Z”Pmm,n,m

n,m

2-2

g K

= (2m)* 8@ (k) — ky)dar =5
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Bose Enhancement [T. Altinoluk, N. Armesto, G. Beuf, A. Kovner, M. Lublinsky arXiv: hep-ph/1503.07126]

@ Probability amplitude for finding a boson at 7 and the other at ' is

3 . ’
(@l (ne"(e(r)a(r) o) = n* + /(;17‘336”7“_”71(17)

o Considering a coherent state,

|b(z)) = exp (i/d?’xbi(x)(ai(m) +a' (Jc))) |0)
Computing the 2-particle correlator in this state gives

(b(@)|a" (z)a" (y)a' ()a’ (y) [b(x)) =b"(2)b" ()b (y)V (y)
=n(z)n(y)
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What about the CGC then? [T. Altinoluk, N. Armesto, G. Beuf, A. Kovner, M. Lublinsky arXiv: hep-ph/1503.07126]

@ In the MV model,

(ag (k1) (ky)) # 0

Instead

(af (ky)ay (ky)) =(2m)%6@ (k, + W%
:<aa(kl)ab(k2)>

@ Hence, the 2-gluon correlator is

D(k,p) =Tr (pray (k)ad (p)as(k)ac(p))
-~ RN > 9B
—<s<NC neh )(suvc nes )

n(k) n(p)

2-2\ 2
+(2m)* (N2~ 1)8 (gk“) 6@ (k +p) +0%) (k — p)

back-to-back collinear
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Dipole Picture of DIS [Y. V. Kovchegov, E. Levin Quantum Chromodynamics at High Energy]

o In high energy we use the dipole picture of DIS.
@ The photon splits into a ¢q pair and interacts with the target.

@ The total cross section is given by

1
@)= [ [ e )
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Incoherent Diffractive Dijet Production in DIS s roa ilar, D. N. Triantaf S. Y. Wei arXiv:

hep-ph/2302.01106]

~

@ A rapidity gap between the scattered gq
pair and the target remnants.

@ The qq is in a color singlet state.

&
[
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o0qaosansnsd

The part of the cross section that describes the interaction of the dipole with the target
1
Mncoherenl diffractive = ﬁ <’I‘1‘ l:VT (£2 ) V(gl )] Tr l:VT (gll ) V(gé)] >
c

- Nigmv*(g2>V@1>>Tr<v*@;W@’l»

. S|
5 5 1z ¥ /
o7 (@, Q%) = /d“z/ 7%[( )\‘1" (g, 2)[?0 1 (2, V)
i Jo z — Z
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Averaging in MV model

@ MV model defines the correlation between the static color charges

(p"(@" )" (v, y) = 6@ )o@ — )6 (2 —y)
@ In the covariant gauge,

PA; (27 ,z) = gpalz,z)

_ g _
= Au(@7,z) =~ /dzg In(lz = ylA) pl@”,y)
@ Hence, the correlation between the soft gluon fields is

(A*(z7,2)A"(y ™, y)) = 6% 1 (x7)6(z™ —y ) L(z —y)

where
2

L=y = G / d*zIn(lz - 21A) In(|z - ylA) -
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Dilute approximation

o Expanding the Wilson line,

Viz) =1+ (‘2)4 (CfgzuzL(0)> +igt*aa(z) (1 + (ZQ)QCng'fL(O))

+oo
zg/ /immum%mAm,y

@ The dipole factor:

STV V@) =1+ Tt (a0 () — 0@ (@) — an(e)
)

. 4(Cfg2 =2\2

4 lig ) [L(0) — L(z — y)]?

2

@ We can drop the first and the last term as the diffractive cross-section contains
F=TrViV(e) — (T Vi)V ().

Cfgsﬁ4 ’ ’ ’ 7\\2
.'.-/\/:ﬁffractivc ~ AN (L(Ql _Ql) - L(§1 _ﬁg) - L(Ql _Qg) + L(Qi _Qiii
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Analysis of the cross-section

@ The cross-section is

do_fyZA—)q(jX

Fi1Ey——————

T Bkdks |

2,2 szg i S d2q
—0em — L Lk k, —

= qu (271_)4 (271_)2 (Q) (71 +72 Q)
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e+ ki —a)? G+kl Gtk —a)? & +E]

Gem€qy (2m)6

o i /(27 L(@)L(ky +k — 9)
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(aig am)
e?+k§ 6?4’&%

1
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1
9)? (Efz + (ky — )

1
—2 +
(ei-&-kf

€ + k3

1

)) + E?Jr(klg —q)? (E?Jr(klg -q)?
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—9 +
(6? + k2

& + k3

)) +2e?+(71
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Finite color neutralisation scale

@ The sum of all source is color neutral.

(k) = / dye=*p(y) X% [ ayo(y) =0

@ We introduce a color neutralisation scale.

(0@ k)" (v E)) = 5
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Result for dilute approximation
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Figure: MV model with the color neutralization scale m = Qs.
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Why not Inclusive DIS?

~

b @ The term in the cross section describing the
= , = >M interaction of the dipole with nucleus is
% [ E ‘1:’3 % 1 T
= E . % = M =1+ NCTT<VT(£2)V(£1) [VT(llz)V@;)] )
E 1 1

- ETI“(VT(%)V(%» - ETNVT(&'Q)V(&Q))

The term that gave rise to Bose enhancement in diffractive process was
proportional to

Lz, — @) L(zy — ) X SapOpar |7 tr(tt")] [NL tr(t“/tb/)].
And,

tr(t“/t”’)} -G

1 . 1
Suv it [ n(t'8)] [ =

c c

The same combination of L contributes to the inclusive case as well, but with a
different color factor

Cy

2N,
NC STATE
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Beyond Dilute Approximation

@ As z decreases, no. of partons as well as the parton density increases.

o Taking the MV model as the initial point of the theory and then evolving it in x
using the JIMWLK evolution equation.

s S 52 abVV
Wy =— [ d"zd
Oy Wy D) / X Qéaa(x*7g)5ab(yivy) tn g
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Result for Beyond Dilute Approximaion and including small-x evolution
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Result contd...
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Figure: Incoherent Diffractive production for collinear configuration A¢ = 0 as a function o f
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Conclusion

@ In dilute approximation, for m = 0 as well as m = @, the correlator has a
maximum at zero angle as long as the momenta of the two gluons are close to
each other.

@ The color neutralization scale makes the maximum more robust.
o For inclusive dijet production there is a ’dip’ from the Bose enhancement terms.

@ At higher energies we see a similar outcome due to the fact that upon evolving
in energy the theory naturally generates a color neutralisation scale.

@ Evolving from ;Y = 0 to Y = .4 significantly increases the Bose
enhancement signal.

o Further evolution to asY = .8 doesn’t change the correlation.
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