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Ridge 1in small systems observed in experiments
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long range ridge structure -« the plateau at 2 < |An| < 3.6
* the rebound at |An| = 4

TAACMS collab., J. Phys. G 38 (2011) 124051.




The physics underlying long range ridge correlations
in small systems is inconclusive yet.

Final state effects, 1.e. Hydrodynamics
Initial correlations, CGC




Color glass

Ay

CGC dynamics describe Initial state in high energy collisions

Color glass Glﬁ
v =[5
b

strong longitudinal color field
approximately boost invariant

esto, L. McLerran, C. Pajares, NPA 781 (2007)201. S



Achievement of CGC on long range ridge correlations

Color Glass
* N, and p; dependence of the long

range azimuthal correlations 1n pPb

D
collisions at 5.02 TeV at the LHC

q

e Describe CMS, ALICE and ATLAS
data simultaneously with a common set
Color Glass
of parameters
a graph

usling, R. Venugopalan, Phys. Rev. D 87 (2013) 051502 (R).
. Dusling, R. Venugopalan, Phys. Rev. D 87 (2013) 054014.
Dusling, R. Venugopalan, Phys. Rev. D 87 (2013) 094034.

(1) Only focus on azimuthal correlations at large |An|
(2) Lack a clear physical picture of correlation
structure 1n 1 direction

We will focus on 7 direction in this study. 6



Effective degrees of freedom in CGC
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Color sources Strong color field Color sources
large x small x large x
Ao

quantum evolution (rcBK eq.)
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Gluons of different x are located at different

rapidity regions

Gluon dynamics 1s a function of y. 8

i a— , +right moving projectile




Observable:
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where “p” and “q” are used to mark the two gluons.




(1) Physical Picture of Long Range Ridge Correlations
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(2) Rapidity correlations and dependences on p; and /Sy )
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Maximum corr. at p; = q; ~Qss + Qsp = 2Qsp =
1.5 GeV

At lower energy, no small x 1n the central rapidity
region, no ridge
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(3) Fine structures of azimuthal correlations

To explore the contributions of different x degrees of
freedom

C(Ap) = f dop f ddg 0(Pq — dp — A¢)C(pl:yp» qJ.:Yq)

* Finer binningin p;
ependences on specific y, not Ay

pp@~/s =7 TeV
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Fine Structures around A¢p = /2
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* p.=1.5 GeV: asingle bump at
Ap =m/2
* p.=1.8 GeV: double bumps at

* p.=1.0GeV: avalley
* p,=1.5GeV: asingle bump
* p,=1.8 GeV: asingle bump

 p,;=2.0GeV: flat Ap = 1, 2
* p;=2.5GeV: avalley * p,=2.0 GeV: double shoulders

at Ap = 1, 2
F‘%ﬁ structures 1s related to harmonic components of cos nAdg. 13



Fine structures in azimuthal corr. show up when:

* Finer binning in p; (integration over p; will
smear 1t)

ear p; ~2Q, = 1.8 GeV, associated with the
saturation momentum of colliding particles

* At least one gluon located at small rapidity,
specific to small-x region
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(4) Two dimensional Ay-A@ correlations

* Per-trigger yield

F(ag, Ay) = & Nassr
Ntrig dAGdAy
006 _
oosk vitzaza] * Yy 1, Y(Ag) 1
| —Y¥.:[0.9, 09} contribution of source

| gluons
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1 d2 JNsame

1 d2 Npair _
Sy Ad) = dAydAg’
NTrig dAydA¢ 1 d2 Nmixed
B A 5 A = ’
(Ay, Ad) Nryg dAydAg
S(Ay, Ag)

* Approximate normalization factor
assyming a boost mvariant rapidity distribution

Dusling, R. Venugopalan, Phys. Rev. D 87 (2013) 094034.

B(Ay, Ad) _ Ay

B(O, O) I ymax . ymin

Correct normalization scheme
use real single-gluon distribution
16
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Y(A

integrated correlation function
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* The rebound is more easily observed in the
differential correlation function ---
a more obvious “W” shape
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PHENIX and STAR collaborations report different values of v2
/ v3. Their detectors cover forward and central rapidity regions.

Gluon dynamics 1s a function of rapidity. Due this, there may
iscrepancy between PHENIX and STAR measurements.
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* Physical Picture: D1

has dif

SUMMARY

) Al

erent rapidity regions

e Calcul

erent degrees of freedom of gluon

ate ridge corr. at large |Ay|

ructures in Ay direction consistent with
CMS measurements

These features can be used to directly test
the CGC dynamics
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Thank you!
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* the leading logarithmic accuracy in x
* the leading graphs of IZ?—l

* P1,qL = Qs

* one-loop approximation of BK eq.

« AAMQS initial condition

* Q%p = 0.168 GeV? pp collision at 7 TeV, Q2 =

0.504 GeV?

the leading order Balitsky-Kovchegov (BK) equation with
nning coupling kernel, Balitsky’s prescription

dipole forward scattering amplitude

a0, Ky ) = 4a fdzr e®1Ti[1 — Nyq (r, V)]
S

unintegrated gluon dis. (uGD)
* aphenomenological extrapolation of uGD at large x

B
d(x,k,) = ( ) D (x0, k) for x > xg

1—x

—Xo
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