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Correlations within the CGC - |

Final state correlations carry the imprint of the partonic correlations that
exist in the initial state:

" Glasma Graph” contributions to particle production:

@ A. Dumitru, F. Gelis, L. McLerran and R. Venugopalan, Nucl. Phys. A 810
(2008) 91

o A. Dumitru, F. Gelis, J. Jalilian-Marian, T. Lappi, Phys.Lett. B697 (2011)

21

K. Dusling, R. Venugopalan, Phys.Rev.Lett. 108 (2012) 262001

K. Dusling, R. Venugopalan, Phys.Rev. D87 (2013) 051502

K. Dusling, R. Venugopalan, Phys.Rev. D87 (2013) 054014

K. Dusling, R. Venugopalan, Phys. Rev. D 87 (2013) no.9, 094034

K. Dusling, M. Mace, R. Venugopalan, Phys. Rev. Lett. 120 (2018) no.4,

042002

o K. Dusling, M. Mace, R. Venugopalan, Phys. Rev. D 97 (2018) no.1, 016014
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Correlations within the CGC - I

(k2 = g2) (ki=q) v (hi—a) (k2 = q2)

92 q a2

Glasma graph calculation contains two physical effects:

@ Bose enhancement of the gluons in the projectile wave function.
T.A., N. Armesto, G. Beuf, A. Kovner, M. Lublinsky, Phys.Lett. B751 (2015) 448-452
o x [5(2)(k1 -kt @)+ —q+k - qz)}
e Hanbury-Brown-Twiss (HBT) correlations between gluons far separated in rapidity.
7 o< [00(k — ko) + 6@ (ks + ko) |
o kr-factorized approach
Y. V. Kovchegov, D. E. Wertepny, Nucl. Phys. A 906 (2013) 50
Y. V. Kovchegov, D. E. Wertepny, Nucl. Phys. A 925 (2014) 254
o Glasma graph approach:
T.A., N. Armesto, G. Beuf, A. Kovner, M. Lublinsky, Phys.Lett. B752 (2016) 113-121
Glasma graph approach dilute-dense collisions: kr-factorized approach
T.A., N. Armesto, D. E. Wertepny, arXiv:1804.02910 [hep-ph]
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Double inclusive gluon production

2 (x2) 27 (y2)

do o2 / ki (21— 21) +iko (22— 22)
- 471— e 1 1 1 2 2 2
d2kydmd2kadny (4m)? 1725

<[ A 2)AE - A e~ 2 = ) (7 ) el 02) (02))
X1X2Y1Y2

x([U(@) = U6a)] ™ [U1(@) = U()] ** [U(z2) - UGe)] ™ [UN(22) - UT()] ™) |
Weiszacker-Williams field A’ is given by

l(Xiy) /dke—lk(x y)k

A=ty =) o
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Projectile averaging in double inclusive gluon production

The color charge densities factorizes into a product of all possible Wick contractions:

(p ()™ (a)o™ ()™ (), = (™ ()™ () (o™ )™ (1)),
+(p 0" (1)), (P70 (), + (07 ) (12)) (7 02)” (),

Average of two projectile color charges we take a general form:
(PP, = 542(x.y)
The double inclusive production cross section:

do 2 2/ iki(z1—21)+iky (22— i i(5 j i(5
= as(4n ek (a=a1)tik:(22-2) Al(x1 — z1)A (21 — 1) A (2 — 2)A (22 — o)
d?kydnd?kadn s(4m) Jnzzz, xxayiye

X {Hz(xl,xQ)NZ(yhyz) <tr { [U(z1) — U(x1)] [Uf(zl) — UT(YI)} [U(22) - U(y2)] [U1-(22) — U1-(><2)}}>

T

T

+12(x1, y1) 12 (%2, y2) <tr { [U(z1) — U(x1)] [U?(Zl) — U?(yl)} } tr { [U(z2) — U(x)] [U?(Eg) — Ui(yz)} }>

+//2(X1.y2)/12(><2.y1)<tr{:U(Zl) — U(x)] [UT(21) — UT(0)] [U(z2) — U(x2)] [UT(22) — UT(y2)] }>T}
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Double inclusive gluon production

For a translationally invariant target:

(D(x1, %)) T = (2;7)12 e e (D(qy)) 7

d’qr d’qy d’A
<Q(X17X27X37X4)>T = (277)12 (271')22 (271')2

e ba ) it () g =i -(atre—xs =) (Q(qy, qp, A)) 7

x (p () 0e)) (P 0n)p(52))

with Li(k,q) = (=2 — &

TYPE A
do 5 2/ n2 /d q d’q d’A
Phidn o |y s~ W Ve ) | Gy Gryz e (A9 AT

x 12[(ki = = 8/2), (ke + a2 + B/2)| 1] = (ki = a1+ 8/2), ~(ka + @2 = /2)]
x Li(ky, g1+ A/2) L ki, qu — A/2) U (ko, —qo + D)2) 1 (ka, —g2 — A2)
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Double inclusive gluon production

)

o <P'”(><1)ﬂb1 (y1)>P<p”(Xz)pb2(yz)>P

TYPE B
B | -1 [ L0 L 5 pa)
Phdmdhkodn | e ‘ (@m)? (2m2 T

x ? [(kl —aq1), — (ki — th)] u? [(k2 —q2), —(k2 — Q2)] L (ki qu)L (K1, q1) U (ko, q2) L (Ko, 02)

7/1



Projectile averaging in double inclusive gluon production

P (y2)

{ a b\ [ a2 by
(P (a)p%(y2)) (P72 02)P™ (1))

TYPE C
do 204-\2( N2 /d2q1 d*q d*A \
_ = 4 NZ—-1 —— 5 { . q2,A))
d2kdny d2kodny twpe g (4m)*(Ne ) (2m)2 (27)? (2r)2 Q(q1, g2, A)) 7

X HZ{* (k1 —q1—2A/2), (ko —q2 - A/2)]M2{* (k2 — g2+ 2/2), (ki — q1 +A/2)]
x Lk, g + 8/2)L ki, g — A/2) U(ka, g2 — A/2) U (ka, ga + A )2)
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Target Averaging in double inclusive production

@ The cross section involves integration over the four coordinates = the main contribution will come
from the region where as many points are far away from each other as possible .

o However, all four points can not be far away from each other since the target field ensemble has to
be color invariant.

@ color neutralization in the target ensemble is achieved on transverse distance scales of order 1/Qs.

@ in order to have a non vanishing S-matrix, the objects that scatter must be color singlets of size of

0(1/Qs).

=the maximal contribution must come from the configurations where the four points are
combined into pairs, such that each pair is a singlet and the distance between the pairs is
large.

Taking into account only such configurations is equivalent to the calculation of target averages in which
one factorizes the average of a product of any number of U matrices into averages of pairs with the
basic “Wick contraction” given by

(Ub0U=y)) , = 6700 g (VU] = 50 1 )

where

d(x,y) =(D(x.y) T
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Target Averaging in double inclusive production

Using these physical assumptions

Qly,zv))T = d(xy)d(z,v)+d(x,v)d(z,y) + d(x,z)d(y, v)

1
NZ 1

yz [dxVd(y,2) + d(x 2)d(v. )]

(D(x,y)D(z,v))T = d(x,y)d(z,v)+ (Ng%l

should be plugged in the double inclusive gluon production cross section

do -~
d2k1d7]1d2k2d172 B

02(4r)? / e-(a—a) ik (z-2) / At — 21)AI(Z — y1) A (o — 22) A (2 — o)
71212022 X1X2Y1Yy2

X{“RMJ&MBWLH)<”{U“4)*UVﬂHUVi)*UWhﬂ[W@)*UUﬂHUWQ)’Uw&”}>

T

#1212 ) (e { [UGa) - V)] (U'(2) ~ U1 0)] e { [U0a2) — U] [U1(22) - U] })

T

+/ﬂ<n.m>/ﬂ<m1><n{,U<zn ~ UG)] [UN(@) = UT(0)] [U(z2) - UGe)] [U'(22) - U1 (32)] }> , }
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Factorized cross section

Plug in the factorized double-dipole and quadrupole amplitudes in the double inclusive cross section:

do 200-\2( N2 2/ Pq P 1
= — o+ +———h+ 75—t
dzkldnldzkzdnz as(47r) (Nc 1) (27‘,)2 (27‘,)2 d( ) ((72) b + N ] 1+ (N — 1)2 2

with

lo = p? [(kl —q1),(q1 — kl)} e [(kz - q2),(q2 — kz)} Li(ky, q)L (ki, 1) (Ko, g2) U (ko 02)

b= (ks = ), (02 = ko)1 [k = o) = )] s ) ks ) ks ) s )

+ 12 [(k = @), (0 — )| 12 [ (ke = @2), — (1 = @2) | L ks, )L ke, 02) U oy 1)U o, 2)
Jr(kz‘)*kz)

b= #2{(/(1 —q1), —(ki — GQ)} [(k2 - q), (g1 — kQ)} L(ky, 1)L (ki, q2) (o, —q1) U (ka, —q2)
+ (ko = —ko)
+ 12 = q), —(ke = a2) | 2] = (K + ). (a1 + k)| L' Cr, @n) L (ke —2) D (ke —a1) (K, 2)
+ (k2 = —ko)

Type A - quadrupole
Type B - double dipole
Type C - quadrupole
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Identifying terms in double inclusive production - |

W2kp) =T (%) Fl(k + p)R]

R = radius of the projectile.
T = transverse dependent distribution of the valence charges.
F(x) = soft form factor which is maximal at x = 0.

do d’q; d?q, 1 1
a§(4ﬂ')2(N§ — 1)2/ (271_)12 (271_)22 d(q1)d(g2)4 o + M1 h+ 7(N2 iy h
c c

Phidydhody,

lo o< 12 [(kl —aq1). (g1 — kl)} IS [(kz - a), (32 — kz)}
@ uncorrelated production: emission of two independent gluons
@ originates from Type B - double dipole contribution

/1 has two contributions:
() 12| (ki — @), (@ kz)J/’2 {(‘Q @): (1 — ki) | o< F{[(ki — q1) — (k2 — @2)]R}
o forward Bose enhancement of gluons ki — g1 and kp — qo in the projectile wave function.
@ originates from Type C - quadrupole contribution
(i) 12 (s = qu). (a1 — o) 122 [ (ke = @), (ks = @2)] ox F2[(hs = ko)R]
@ contribution to forward HBT correlations of gluons ki and k.
@ originates from Type C - quadrupole contribution

e The mirror image ko — —ko originates from Type A- quadrupole term: Gives contribution to

backward HBT/Bose enhancement
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Identifying terms in double inclusive production - Il

do _
d2k1d7]1d2k2d7]2 -

2 2
0‘5(47)2(1\’3 - 1)2/ éﬂ,q)lQ ((;ﬂ,q)zz d(th)d(qz){/o + ﬁlw + ﬁb}

I has two contributions:
0 12[(k = ). ~(ks = @) (k2 — @2). (a1 — k)| ox P2{(en — )R]

o forward Bose enhancement of gluons q1 and q» in the target wave function.
@ originates from Type B - double-dipole contribution

(i) 12 [(ks = 1) (ke = @2) | 12| = (ku + @2). (a1 + ko) | o F2[(ks — 1) = (ko — @2)R]
o O(1/N?) correction to the forward Bose enhancement of gluons ki — q1 and k» — go.
@ originates from Type C - quadrupole contribution
o its mirror image ky — —ka originates from Type A - quadrupole term gives O(1/N2) correction
to the backward Bose enhancement.

We have identified all the terms in the double inclusive production.
Leading N, term gives uncorrelated production.

The quantum interference effects that we are looking for appears at O(1/N?).

© 0 ©0 0O

O(1/N%) terms give target Bose enhancement contribution and N-supressed correction to
projectile Bose enhancement contribution.
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Triple inclusive gluon production
P (23)@ P (2) Iﬂ“‘(rn) ' pb‘(yl)I 27 ()@ P ()
ky 3 ky

1

ky 4 ko
z2 3 Z
ks 1 ks

‘ BN ‘

do 3 3 / ko 21) ke ( 22)+iks-( 25)
=« 471. e’ 1'(Z1—21 12 (z22—22 1k3:(23—23
a k1d771 a k2d7]2 a k3d7]3 s ( ) 717122732373

X / Al — z1)Al(Z1 — y1)A (2 — 22)A (22 — y2) AX(xs — 23)AX(Z3 — v3)
X1Y1X2y2X3y3
x (o™ ()0 ()™ ()™ (1) (v2)p™(33) )

e (U = ) (U], = ) (U = U ™ (0 = U™ (0 = )™ (U, = )

z3 Y:
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Projectile averaging in triple inclusive gluon production

ai ,az a; b ay by a3 bz a 2, a3

(omomozonolzon) = (ool ) (02e) (2ei) + (el [(sZeR) etz + (e ) p2e)]

+(p2otz) (o) oot2) + (o2nl) (oot + (omot2) (o) oliotz) + (ofiotz) (oot

/ a1 a2\ |/ a3 b1\ / b2 b3\ / ~as b\ / b1 b3\ / ~a2 ha3\ |/ ,a1 b2\ / b1 b3\ /a1 b3\ / b1 b\
+ \PxPxy) |:<\/)Xj/)}/l /“\/)yz/)w ) T P3Py, ) \\/),Vl/)yj / + \PxaPx3) | \Px1Pys f/\/),V;/))G / + \/)Xlﬂ,‘/s /\Py /),VQ /
/ a bi\[/ a1 as\/ by b3\ , / a1 b3\ / a3 b\ / ay b3\ [/ a1 bo\/ a3 b1\ | /a1 as\/ b1 bo\]
+ PPy ) {wxl P ) Pya Py ) PPy )PPy )| + (Perys ) [(P% Py Py ) + (Pxpse ) Py Py2)

@ three-dipole contribution to the three-gluon production

o dipole-quadrupole contribution to the three-gluon production

® sextupole contribution to the three-gluon production
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ddd-contribution to three-gluon production

oc (pz o) (p2nt) (o

! {

do
d2kydny d?kodi d2ksdns
xAl(x1 — 21)Al(Z1 — »)A (= 22) 4 (22 — y2) A* (x5 — 23)AK (23 — y3) 12 (x1, Y1) (32, y2) 112 (3, y3)

({1 = Ul = G5} {10 = UG, ~ UL} e {105 - U0, ~ UL}
.

— a3 (47} / o251 +ike-(2-22)+iks-(z3-23)
ddd 212122222323 X1Y1X2)Y2X3Y3

Pairwise factorization of a generic three-dipole amplitude:
<D(><1.,)<{)D(x27 Xé)D(X3,Xé)> ;= d(x1,x1)d(x2,x5)d(x3, x5)

e { 0. [ ) 4) + o )0, 0)] + ) [ 200 ) + e, )l )

M)

+ d(X3,xé)[d(xl,xz)d(x{,xé) + d(xl,xé)d(X{,Xz)] } +0 (ﬁ)
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ddd-contribution to three-gluon production

the three-dipole contribution to the triple inclusive gluon production cross section as
d?q1 d®qy d°qs
5z d(a1)d(g2)d(gs)

ol (amp (2 -1 [ S8 ER R

do
d2k1d'!]1 dzkzdnz d2k3d7]3 ddd
1 1
a0 + T [faa + gz + hiaas| + O (s
><{ 111.0+(N2 12 1dd,1 + ladd,2 + lada,3| + ((N§71)4>}

where we have defined l4q4,0 as
ladao = p2 (ki — qu, g1 — k1) B2 (ke — G2, G2 — ko) P (k3 — q3,q3 — k3)
x Like, )L (ky, q1) U ke, g2) U (ka, g2) L (s, g3) L% (ks, g3)

O (1/N#) terms:
laaa,s = laaa + (ks — —ks)

with
Taaan = 12 (ki — qu, g1 — k1) 12 (ko — 92, 93 — ko) 112(ks — g3, 92 — k3)

x L(ky, qu)L (k1 q1) ke, g2) (K2, q3) L* (ks, 3)L* (K3, q2)
The remaining terms can be defined by using the explicit expression of /jqq,; and the symmetry

properties:
ladaz = laaar (1 2) + (ks — —k3)
laaa,s = laaa1 (1 < 3) + (ke = —k2)
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dQ contribution to three-gluon production

a a:

o (ool (05202 aot2) + (poi2) (p50E) | + (1 D)+ (1 3)

HS

o

ks 1 ks

% +

do
d2kydm d2kodnn d?ksdns

xAl(x1 — z1)Al(Z1 — y1) A (x2 — 22) A (22 — o) A¥(x3 — 23)AK (23 — y3)
(i aon) e ([Ua - U ~ U}

— a3 (4r)} / oikr-(z21- 1) ko (2222 ik (25— 25)
dQ 212122222373

X1y1X2Y2X3Y3

x (120, 38)2(2,y3) tr {[Us, = Upl[U, = ULIIUz — Usl[UL — UL]}

20,8020, 32) t {[Us — ULV, ~ UL ~ UG — UR1}) )
]
+(1<2)+ (1+3)
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dQ contribution to three-gluon production

Pairwise contraction for a generic dipole-quadrupole term reads

1
(D1, ) QU ,30.4) )~ d(x, ) [dxe, 4)d (3. 36) + . 54)d 0x3,38) | + 3794 d e, ) (5 4)

NC
dQ contribution to the three gluon production:
do 3032 pe [ o e d’e
= 4 NZ -1 — d(q1)d(q2)d
d?kidi d2kednp d?ksdigs |4q o (4 (Ve =) (2m)? (2m)? (27)? (a)d(q2)d(as)

1 U ! ! 1
X{ [/dQ,l +lag2 + LlQ..‘S} + -1 [/dcg,l +liqa + /dQ.B] +0 [
where we have introduced the same notation used in the three-dipole contribution and we define

lig1 = liq + (ke = —ka)
IAQ,l = IéQ.l + (k2 = —ko)
with
a1 = 12k — q1.q1 — k1) 1P (ke — G2, G5 — ks) 12 (ks — 3. G2 — ko)
x Li(ky, qu)L (ke q1) U (ka, g2) U (Ko, q2) L¥ (ks, g3)L* (K3, 43)
+ 12 (kL — qu, g1 — k1) i (ke — G2, G2 — ks) 1% (ks — g3, 43 — ko)
x Li(ky, qu)L (ke q1) U (ka, g2) U (Ko, q3) L¥ (ks, g3)L* (K3, q2)

Thqn =12k — a1, a1 — ki) P (— ko — @3, @2 + ks) 1 (k2 — G2, G3 — ka)
X L(ki, )L (k1 @1) U (Ko, @)U (ka, —a3) L (K3, q3)L¥ (K3, —q2)
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X contribution to three-gluon production

Sextupole contribution:

do
Phodi Phodi dPkadis
XA — 20)A (21 = 1) A (e — 2)A(22 — 12) A (3 — 23)A%(23 — 13)

x <u2(><2,x3) [#Q(Xl,n) 12 (v1.y3) tr {[Us, — Uy, J[US, — UL 11Uz, — UJIUL, — ULTIUz, — Usl[UL — ULT}
1w

=a? (47r)3/ eikl’(zl*il)+ik2'(12*22)4’”(3'(13*23)/
X 212122222373

X1Y1X2Y2X3Y3

+ 120, ya)2 (01, 2) tr {[Usy = UnJIUL = UL1[Us — UL = UnllUs, = UglIUL, = ULT})
+ 120,) (1202203, ) tr {[Us, — Uy l[UL — ULIIUz — UaJIUL, = ULIIU, — U (U, — UL}

120 (3. 2) tr {[Usy = UnlIUL, = ULI[Uz, — UL, = ULIUS — U IV — ULT})
+ 120, 1) (1200, )2 (2,8) 1 {[Usy = UnllU, = ULz, — UglIUL, = ULIIU= — UJIUL — ULT}

+ 120, Y9120, ) e {[Uny = U JIUL, = U U, — U U, — ULIIU-, — UglIU, — UL1})
+ 120c2,33) (1200 x0)02(02,31) tr {[Us, = Us]IUL = ULz — UnlUL, — ULIIUS = ULIIU, — ULT}

#0200, s ) [0 UJIU% — U0 — UL — VLI, — ULI0L — U1}) )
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X contribution to three-gluon production

Pairwise contraction of a generic sextupole term:
<X(x1,x{,x2,xé,X3,x§)>T = d(x1,x1)d(x2, x5)d(x3, 5) + d(x1,55)d(x2, x1)d(x3, %5)
1
+ d(Xl,X{)d(Xz,Xé)d(X37Xé) +d(x, Xé)d(X?n X{)d(xl) Xé) +d(xs, Xé)d(xlA,Xé)d(XQ,X{) +0 (ﬁ)
c

X-contribution to the three gluon production cross section

do o3 (43 (N2 /dzth d’q d’qs
Phadn Phodm Phadis | ~ % 7 Ve =) | 502 e e (adl@)d(as)

X{[’M et bt bt i) +O<(N§1—l))+0<(N§i1)2>}

Iy = [/X1 T (ks — 7/(3)] + [/3’(71 Tk = 7k1)}

—~
—

where

The terms /x » and /x 5 can again be defined by using the symmetry properties as

I = [fxfl(l 5225335 1)+ (ks — —k3)] + [/}'(,1(1 —+2,253,351)+ (k — —kl)]

I.s = [fxfl(l 53,3522 1)+ (ks = —k3)] + [/}'(,1(1 —+3,352251)+ (k- —kl)]
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Identifying terms in triple inclusive gluon production

Three-gluon cross section can be organized as

do -~
dzkldT]l d2k2d772 d2k3d7]3 -

2 2 2
o (4r)* (N2 — 1)3/ (5;:)12 (C;:)zz (‘;:)32 d(q1)d(92)d(g3)

1
e 7[/ lios + 1 }
X{ 1dd,0 + N2 1 4Q,1 + laQ.2 + 1laqQ,3

1
+m [ [Iddd,l + laaa,2 + /ddd,3} + [IAQ_I + g2 + ’c’lQ,g] + [IX,I +ix2+ ks +Ixa+ /x,s] ] }
c

lada,0 o p?(k1 — qu, q1 — k1)p?(k2 — g2, g2 — k2)p?(ks — q3. g3 — k3)

@ classical contribution: emission of three independent gluons.

laq,1 has two contributions:

(i) #2(ki = a1, 1 — ki) 1? (ko — 42,03 — k3) 12 (ks — G3, G2 — ka) o F2 {[(k2 — q2) — (ks — @3)] R}
@ Independent emission of ki and Bose enhancement of ko — q» and k3 — g3.

(i) p2(ki— qu, q1 — ki) g2 (ko — G2, G2 — k3) (k3 — 3, 3 — ko) o< F? [(ko — k3)R]
@ Independent emission of ky and HBT of k, and k3.

® l4q2 and lyq 3 exhibit the same behavior as /4,1 but with gluons interchanged.
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Identifying terms in triple inclusive gluon production - Il

" d’q d*q d’gs

do — o3 (4m)P (N2 — 1)3/ 2 ()7 (2 A(@)d(@2) ()

d2k1d7]1 d2k2d7]2 d2k3d7]3

1
X{lddd‘() + n-1 {IdQ,l + lag,2 + ldQ,s]

1

+m [ [/ddd.l + laad,2 + /ddd,s] + MQJ + lhga+ /éQ,g] + [/x,1 + 2+ s+ kat+ IX,S} ] }
c

laaan = 12(ki — g1, q1 — k1) 112 (ke — G2, g3 — ko) 1 (k3 — g3, g2 — k) o< F2 [(g3 — q2)R]
@ Independent emission of k; and Bose enhancement of q3 and q» in the target.

® lgdd,2 and lqqq,3 exhibit the same behavior as /4qq,1 but with gluons interchanged.

ligr = 12 (ki — g1, q1 — k1) 1?(— ko — 3, G2 + k3) (k2 — G2, 93 — ka)
o F2{[(k — q2) — (ks — @3)] R}

@ Independent emission of k; and Bose enhancement of ko — q» and k3 — qs.

. IéQ,z and IéQ,:s exhibit the same behavior as IéQJ but with gluons interchanged.
o Nc-supressed correction to first term of lyq 1.
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Identifying terms in triple inclusive gluon production - Il

d’q1 d?qx d%qs
(27)? (27m)? (27)?

do = o3 (4n)P (N2 — 1)? d(q1)d(02)(q5)

d2kydm d2kedmn d?ksdnz

1
X4 lddd,0 + N1 [ldQ,l + lag2 + /dQ,B}
2

1
+7(N2 1y [ [/ddd,l + laaa2 + /ddd,S] + |:Ic/1Q,1 + liga+ IAQ);}} + [Ix_1 +lxo+ s+ kgt lx_g] ] }
c

Ix 1 has four contributions: oc F [(ko + ki1)R] F? {[(ki — q1) + (ks — q3)] R}
o (forward-backward) HBT of ki and ky with (forward-backward) Bose enhancement of
ki — q1 and k3 — g3.

e Ix 9 and /x 3 exhibit the same behavior as /x ; with the gluons intercahnged.
Ix 4 has four contributions:
o F{[(k2 = q2) — (ks — @3)IR}F{[(k1 — q1) — (ks — @3)]R} F{[(ks — q1) — (k2 — @2)]R}

@ Forward Bose enhancement of ky — q1, ko — g2 and kz — q3.

Ix 5 has four contributions: o< F[(ky — ki)R] F[(ki — k3)R]| F[(ko — k)R]
@ Forward HBT of ki, ko and k3.
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Conclusions and Outlook

@ We have calculated the double and triple inclusive gluon production in glasma graph
approximation for dilute-dense collisions.

o We have identified all the quantum interference terms both in double and triple
inclusive gluon production. We have shown that in the double inclusive case the
Bose enhancement and HBT correlations stems from the quadrupole term where as
in the triple inclusive case these these effects stem from the sextupole term.

@ In the glasma graph calculation, which is based on the dilute-dilute limit, and is
therefore symmetric between the projectile and the target, the Bose enhancement in
the target wave function is of the leading order in 1/N, just like the Bose
enhancement in the projectile. In the complete dilute-dense framework, although
present, is suppressed as 1/N§ relative to the projectile Bose enhancement effect.
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BACKUP SLIDES




<D(x1, x1)D(x2, x5) D(x3, x§)> ;= d(x1,x1)d(x2,x5)d(x3, x5)

1
+W{d(>ﬁvx{)[ (32, x3)d (x5, x3) + d (32, X4)d (x5, x3) ]

[
[

i d0a.) [d0a.x4)d06,54) + d(xt, ) d (0. )|
(NC

+ d(x2, x5) |d(x1, x3)d(x1, x5) + d(x1,x3)d(x{, x3)

+ d(x3,x3) |d(x1, x2)d(x], x3) + d(x1, x5)d( X17X2)]}
+

+ d(x1,%5) |d(x3, x1)d(x2, X5) + d(x1, x5)d(x3, x2)

[ ]
+ d(x1,x3) [d(xz,xl (5, x5) + d(xq, x5)d( x27x3)]
[ ]

+ d(x1,x5) |d(x2, x1)d(x3, %5) + d(x1, x5)d (x2, X3) }
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NZ_1
+ 1
(N2

<D(X1’X{)Q(X2’X§,xs,X§)>T = d(x1,x{)[d(xz,xé)d(x3,X§) + d(Xz,Xé,)d(X&Xé)]
1

+yz 190 x1)d 0, x5)d (0, 3)
-1 {d(XL x2) [d(xt, %) (s, 14) + d(xd, x4) (x4, )]

+ d(x1, %) [d(xLXz)d(meé) +d(xq, x3)d(x2, Xé)]

1
+

+ d(x1,x5) [d(X{,xa)d(xz,xé) A0 x0)d (s, Xé)] }
m{d(%’ ¥ [d(XI, x2)d(x, x3) + d(x1,x3)d(x{7X2)]

+ d(x1,x3) [d(x{7xé)d(x27xé) AL XZ)]

+ d(x2, x3) [d()q,xﬁ)d(X{’)é) + d(x{,xé)d(xhxé)] }
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(X0, x06,5,4)) = dlxa,x4)d(x, )d(xs,34) + dx1.4)d e, ) d (s, 39)
1

+ d(x1,x1)d(x2, x3)d(x3,%3) + d(x2, %3)d(x3, x1)d(x1, x3) + d(x3, x3)d (x1,3)d (%2, x1)
o1 {d(Xh x1)d(x2, x3)d(x3, x3) + d(x2, x3)d (33, x1)d (x5, x1) + d(x3,3)d(x1, x2)d(x1, x3)

+ d(x2, x3)d(x1,4)d(x1, %5) + d(x3, x1)d (x2, x1)d (53, %5) + d(><17Xz)d(X37X£)d(X§7X{)}
1

+(N2 1)? {d(xlv)Q)d(X?nX{)d(xéaxé) +d(x, X3)d(X1,Xé)d(X§‘X{) + d(X37X1)d(X2’X§)d(X{7X£)
1) ) )
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X contribution to three-gluon production

ki = [ix1 + (k3 — *ks)] + [7;'(1 + (k1 — *kl)}

with i ; and i)/(,l defined as

1= 1(ke — g2, g2 — k) 12 (k1 — qu, 93 — ks) 12 (ks — g3, q1 — k2)
X Li(kl q)L (ki, q2) U (ka, 2) U (K2, q1)L* (K3, q3)L* (ks, 43)
+ 12 (ko + G2, k1 — G2) 1P (ks — G3,q1 — ki) 117 (q3 — ks, —q1 — ko)
x L(ky, qu)L (k1 q2) U (ka, —q1) L' (ka, —q2) L (K3, g3) L* (ks, q3)

By =1k — a2, 92 — ko) 12 (ko — qu, ks — q3) 1%(q1 — k1, g3 — k3)
x Liky, qu)L (k1 q2) U (ka, g1) U (ka, q2) L (s, g3) L* (ks, g3)
+ pP (ki — g2, @2 — ko) pP (ko + 1, g3 — k3) pP (ks — g3, k1 — q1)
x Li(ki, —q2)L (k1, 1) U (ko, —q1) U (ka, q2) L (s, a3)L* (K3, g3)
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X contribution to three-gluon production

=P (ke — 2, q1 — ki) P (k1 — qu. g3 — ka) 1% (ks — G3. G2 — ko)

L(ky, 1)L (ki, q1) U (e, a2) U (Ko, q2) L k3,q3)/-k(k3,CI3)+(k3 — —ks)
+ 12 (ka — G2, 3 — ks) 1P (ks — g3, k1 — 1) 12 (q1 — k1. @2 — ko)
x L(ki, q1)L (k1 1) U (Ko, q2) (Ko, o) LK
+uP (ke — g2, k1 — q1) P (ks — g3, q1 — K
X Li(k1701)Li(k17Q1)Lj(k27qz)l-j(k27qz)l-
+ 12 (@ — b, q3 — k3) P (k1 — q1, 32 — ko
x L(ky, q1)L (ku, q1) U (Ko, q2) 1 (Ko, g2) LK

/

(

)1

(ks, q3)L*(ks, q3) + (k1 — —k1)
) 12(q3 — k3, 2 — ka)

(k3. q3)L* (K3, q3) + (ks — —k3)
) 12 (k2 — q2. ks — q3)

(K3, g3)L¥ (K3, g3) + (k1 — —k1)

=P (ko — G2, g2 — ki) P (k1 — g1, q1 — ka) 1% (ks — g3, g3 — ko)
L(ky, 1)L (ki, q2) U ke, q2) L (K2, t73)/-k(k37 @)L (ks, q1) + (ks — —ks)

+ 12 (ke — G2, G2 — k3) P (ks — g3, g3 + ki) 1?(q1 — ko, —k1 — q1)

x Lk, —qu) L (k1 —a3) U (ka, @2) L (ka, q1) L (K3, g3) L* (s, G2) + (ky = —k1)
+uP (ke + qu ki — qu) p? (ks — g3, g3 — ki) 1% (g2 — ks, —ka — q2)

x L' (k17Q1)L (ki, q3) U (ka, — @) U (Ko, —q1) L* (k3, q3) L (ks, @) + (ks — —ks)
+ 1P (ko + g3, ks — q3) P (— k1 — q1. g1 — k3) 1P (k1 — G2. G2 — ko)

X L(ky, —qu) L (ku, a2) U (ka, g2) 1 (ka, — ) L (K3, g3) L (ks, 1) + (k1 — —ka)
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