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Motivation and introduction

The two particle correlations show a striking similarity between high
multiplicity pA and AA collisions at fixed multiplicity.
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Motivation and introduction

The two particle correlations show a striking similarity between
high multiplicity pA and AA collisions at fixed multiplicity.
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Motivation and introduction

The two particle correlations show a striking similarity between high
multiplicity pA and AA collisions at fixed multiplicity.
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Question: Do they originate from the same physics?

Idea: They both emerge from a collective response to the
geometry dictated by lm% = f(dN/dy).
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“Conformal dynamics” (as an elliptical cow)

>

The initial state is described by N independently
distributed clusters such that the multiplicity N o¢ Nyt

There is a single dimensionful parameter that controls the
equilibration dynamics:

lmfp X 1/Tz‘ (e.g. saturation inspired model: o Qs)
The equilibration dynamics is conformal:
b 1 _ dN
- X T = f (@)

Flow emerges as a collective response to the geometry:

V23 = k2 3(lmsp/L) X €3
—_— ~—

response coefficient — geometry

. . . 272 U £ 1 1
. saturation inspired model: Ngjust = 7Q5L° = =2 o )
L QsL \/dN/dy
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Independent cluster model and flow in AA

> Nt point like, independent clusters distributed as

n(e) =n(z) +on(z) . (On(z)in(y)) =n(@)s?(z - y)

» Flow is sourced both by:

> average geometry 7i(x)

» fluctuations dn(x)
(Bhalerao, Ollitrault, nucl-th/0607009)

» Eccentricity in AA:

4
2 2 : o0
€3)AA = € + de , 06) = 5
< 2) S ,‘ <\,2.>/ < 2> Nclust<r2>2
average fluctuations
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Eccentricity in pA and scaling relation

» Eccentricity in AA: (3)aa= € +  (Jed)

v‘
average  flyctuations
» Eccentricity in pA: (e3),a =  (Je3)
~—~—
fluctuations

= To compare the vss, scale out the average geometry from AA:

2

(v2{2})PbPbrsal = /1 — 2678(7)2{2})%%
(€3) PbPb

» If the conformal scaling relation (ksaa = k2,4) holds expect

(v2{2}) PoPbrsa = k21/ (8€3) popy =~ kay/ (6€3) b = (V2{2}),Pp
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» Remarkable agreement between the fluctuation driven part
of (Ug{?})pbpb and (UQ{Q})ppb!

2
» The scaling factor 4/1 — ——=— is a nontrivial function of
(€3) PoPb

multiplicity and is calculated by Glauber model (not a fit!).
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Triangular flow
» Linear response: vz = k3+/(€3)

<7,6>

(3) = (d€3) = N8 € fluctuations both in pA and AA

> EXCpeCt (Ug{Q})pbpb = k‘3\/ <66§>pbpb ~ k‘3 <(5€§>pr = (1}3{2})pr
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Triangular flow
» Linear response: vz = k3+/(€3)

<7,6>

(3) = (d€3) = N8 € fluctuations both in pA and AA

> Excpect (v3{2}) pops = ks/(0€3) popy = ks\/(0€3)ppe = (v3{2})pPy
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Transverse momentum dependence of the flow

» Scaling argument (dictated by “conformal dynamics”):

pPr
o= & < gox o a(gn)
response coef. geometry

universal function at fixed dN/dy

. (pT)pPp
> Input: (pT)PbPB

~ 1.25 (ALICE, arXiv:1307.1094)

» Expect:

Lpvpy _ Tipry i
> R = it~ 1.25 (pA is smaller and hotter)

> [UQ{Q}(PT)}pr = ["U?{Q} (p?T)]Pbe,rscl
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Scaling of ve(pr)
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Scaling of v3(pr)
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HBT radius

» The recent ALICE measurement reveals that %Pi’;f: ~14
P

at the highest multiplicity measured (avicE, arxiv:1404.1194)
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» Compare with the conformal scaling result IZ% ~ 1.25
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Remarks: geometric fluctuations
» pA and AA have different fluctuations in geometry:

T4 T6

» Radial profile of pA? Does it matter? Not so much!

(UQ)AA,rscl. _ \/<56%>AA ’ \/wﬁghlard—sphere ~ 0.85

2 2
(UQ)ZJA <5€2>p14 <5€2>Gaussian
12+
. ° 1 e
» The difference comes as a square & .|
. b -
root of a double ratio! S el
» Gaussian profile does a good job § ., | , o |
° [Be2gaus / Bezaal "~ ——
for AA. o2 2>gau5/<5 e ]
s e € IV
> Similar for vs. 0 ~OE/gaus ! (95AA
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Conclusions

» The similarities as well as the differences between the high
multiplicity pA and AA can be explained in a quantitative
fashion by a simple conformal scaling framework.

» At fixed dN/dy, lyfp/L is the same for pA and AA (pA is
smaller but hotter).

» No need to fine tune initial conditions for the scaling to
work.

» It seems phenomenologically reasonable to conclude that vy
and v3 in pA and AA stem from the same collective physics
(response to geometry).
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