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Motivation

Two particle angular correlation observed in UPC measurement at LHC
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Ultra-peripheral collisions

® b>Rs+ Rp

® equivalent photon
approximation

® photon-nuclear interaction
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Existing calculation

® Parton Wigner distribution to model real photon
W(z,b, k) = pr(z)% exp{—b*/B), — k*/A?}
where f. .(z) is the collinear parton distribution of photon
® Forward (photon direction) rapidity kinematics

® |gnored color and momentum correlation in the projectile.

; —
® UPC, ATLAS
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Difference between forward and central rapidity kinematics

® Experimental data was taken at mid rapidity

® Forward scattering at photon going direction

vep = k)
W(x, b, k) X ap
a, B
a’,
a.k P

U '(p _ k)

(a) Forward (b) Mid-rapidity

® Mid-rapidity gluon production contains Lipatov vertex which
prevents zero momentum transfer (p = k).

pi ki
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Compute cross section

Main ingredients of the approach:
® Wave function of the projectile

® Gluon production in the CGC formalism from the valance
degrees of freedom

® Eikonal scattering

® Ensemble average over projectile and the target
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Angular correlation from the cross section

From the cross section of the two gluon production

dN
Y=o
dndgid§dg;

one can extract the angular correlation function

(g, 9)
C(q’ 9) = 1 2
5= Jo E(q,0)do
set |q1| = |g2| = ¢, and 0 is the angle between the two particles
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Wave function of the projectile
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Dipole model

(S (=

® Dipole model to approximate the photon
Small Q2 suppresses the longitudinal polarization

T EX

2ee
T (2,7, 81) = —i Qﬂf Soy 5y (22 — 1+ 2Xs1)/2(1 — Z)stm(sfm)
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MV model
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® Inspired by Vector Meson Dominance Model

P

® Due to the existence of the high energy fixed point,
p-meson w.f. at asymptotically high energy = nucleus w. f.

® Valence degrees of freedom p,(x) follow the distribution
defined by McLerran-Venugopalan (MV) model
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Gluon production
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Create gluons within initial states

One account for the emission of the gluons using coherent
operators

. . i T
O = peiV2S Padebl (g @) [al (6@)ta;a(6)]

with the background field

24 _ 9 2 (GE_y)i ~a
ihem = = [y ISy

® MYV model source pg
® 5% (x) = blo(x1)t Zgbﬂcr(ml)cs(m(w —@1) — dho (x2)t%, dgo (22)0 (x — 22)

® pg(C7m) - ab 777 CLC 77’

5T
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The cross section

a1
dndg}dédqd — (2w

X (7*|CT§TC(LI’G(U, ul)a,;b(f, u2)ai q(n, w1)aj (&, ﬁg)CTS'Ch’*)

)4 /d2u1d2u2d2ﬂ1d2ﬂ267im(uliﬁl)eii%(uzi%)

where C' = C¢Cy), and n > &,
Cy =1 +VE [ Porbipg(on) [alf (0, 01) + ai (n,00)]

Ce ~1 +i\/§/d%2 (Bl (w2) + 85} (n, 02) ) [0 (€, 02) + al (€, v2)]

e (C|v*) Initial state

e S S-matrix

o C’CL%(,(&,I_LQ)CT dressed gluons in the final state
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Organize the cross section

Organize the cross section Y. according to the order of p

Y=Yo+33+3,

. . g
s TR

V) 4/!b\’l/m S,

I Il o
(a) Z2(p%) (b) Z3(p?) (c) Sa(pY)
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Eikonal scattering
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Eikonal scattering

® Eikonal scattering
V(x) :'Pexp{ig/_oo dm*taA;(ﬁ,:c)}
U(x) :'Pexp{ig/_oo dx*T“Ag(ﬁ,m)}
® Rotation in the color space

S = Vap(x)bg(x)
Sda ()8 = V], (x)ds(x)
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Continue the calculation of X

Use X5 as example, in coordinate space,

Yo = 4/d2w/d2:i:fi(ﬁ1 — @) fH(ur — @) f7 (a2 — 1) f7 (w2 — w1) (o (2)palx)) p
([0 )T UV (u2) = U )] [U(@2) - V@)U @)rev@))] , )
where fi(x) = Wgr) 5.
¢ Kinematic factors (Eikonal emission vertices)

® Projectile (photon)

® Target (nucleus)
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Expectation values for projectile and target
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Dipole expectation values

® Expectation values for ¢g

§dd’
5 (Jz(i — 1) — 8% (& — 22)) (52(:13 —z1) — 6% (x — z2))

(9dlpar (®)pa(w)|qq) =

(aalp® (@1)p" (@2)p° (x3)]qq)

_fabe 2 2 2 2
7T <(5( >($2 — Zl) + (S( )(:122 — ZQ)> il_ll?’ (5( )(il:z — z1) — (5( )(931 — Z2))

21, zo are the transverse coordinates of quark and anti-quark.

® Average over different dipole size r = z1 — 29

va@pa(@)) p =3 [ [ ErvL s G taaloa @)pat@la)
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MV model projectile average

® MV model describes the distribution of classical color source
not quantum operators.

W(Pa)zoxp{_'/m%}

® Two and three point correlators
(pa(@)pp(W))r1v = (pa(@)ps(¥))mv = 6 (@ — y)das
(ba@)ppW)pe(rv = ~ 553 (@ — )6 (y = 2)Tg 2
® Symmetrization of ps
Pa()pe(y) = {pa(®), po(yY)} + [pa(T), pr ()]
= u(@pn(y) = 30~ 1) T5pe(@)
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Target average(l)
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“Dipole” approximation

Phys. Rev. D 96, 074018, Kovner, Rezaeian

Dense target — Saturated

L serves the role of correlation

S
length in transverse plane

For the example configuration

Tr [U(m‘l)U1L (mg)U(mg)UT (174)]

N§171 Tr [U(xl)UT(mg)] Tr [U(wg)UT(z4)}+

see also talk by A. Kovner
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Target average (Il)

We only have one type of Wilson line correlator in momentum
space
<Tr [U(kl)T“UT(kg)U(kg)TaUT(k4)] >T
=115, ([U7 (k1)U (ko) U9 (k) U (k)] )

(2m)?
N2 —1
+ (N2 —1)6%46°°6) (ky + k3)D(k1)63 (ko + ka)D(—k2)

N TS, )2{ (N2 = 1)8%¢696® (k1 — ka) D(k1)8) (kg — ka) D(ks)

(N2 — 1)26%¢5¢462) (ky — kq)D(k1)6@ (ks — kg)D(ka)}

here the dipole D(p) is defined as

1
N2 -1

D(p) = / dx%ipzm(m (x)U(O)))T
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The structure of analytic results(X,)

® Dipole model

AN(2) / _ _
— 5 S1Z(eg, g1 + g2 + k + k[) D(—k)D(—k)
dndq}dédg3 i !
(N2 —1DI(q2,q2 + k,q2 + k) — D(q2, k + g2,k + q2)
(1 + g2+ k+Ek)?

® S| -Transverse area
* Z(es.|P|) = [ drre3 K3 (esr) (1 — Jo(|r|| P1)

* MV model

dN
2 /d xp’( / D(k1 + q1)D(—k2 + q2)
dq? dq3dnde kl 2

(k2 — k1) - L(g2, k2) (o

{vz =1 T —h)?
(k2 — k1) - L(g2, k2) (k2 — k1) - L(g2, 92 — k2 — k1)
(ke —k)? (kg — k1)?
* Li(p,q) = g — Z—; (Lipatov vertex)
° (p7 »q) ( k:) ° L(p7 q)
NC STATE
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Numerical results

We now consider different contribution to the total cross section.
We normalize them to show their relative strength.
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Back-to-back correlation
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Symmetrization of >y

V(/‘/\/\/E\/\f o
MM,

* MV model

i
U | U
(pa(@)pp(y)pe(2)pa(w))uy '
_ u45ab6cd6(2) (x — y)é(z)( u) + u45ac5bd5(2) (x — 2)5(2) (y —u)
+ u169452°52) (2 — )6 (2 — u) + O(u?) (not fully symmetric)

® Dipole model

1
1+ )(éabzscd + §9¢8bd 4 §9955¢) 4 (not fully symmetric)

12N, 6N

Tr(t“tbtctd> =
. 24 _ Esym + Znsym

e 3™ is the signal.
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SU™ non-symmetric part, ¢ = Q,
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Also gives us back-to-back correlation.
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¥V, symmetric part,q = Q
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As what was done in experimental analysis, we subtract
backgrounds and normalize the signal. The preliminary results
shows similar correlations in CGC calculation.

Stay tuned for the comparision with (ATLAS) experimental data!
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Summary and outlook

® We analytically derived inclusive two gluon production in UPC
at mid-rapidity.
® To estimate systematic uncertainty originated from the poor

knowledge of the real photon wave function, we studied two
limiting cases.

® Both models result in qualitatively similar correlation.
Quantitatively, the amplitude of azimuthal anisotropy for MV
model is about two times the dipole model.

® Qur results show similar correlation as experimental data.

® Further development

To compare with experimental data
To incorporate rapidity difference
To extend to EIC physics
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