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Life on earfth T=3K (1meV)

Quasars

Galaxy for
Epach of gravita fonal collapse

Recombi
Relic radiafion decouples (CBf

Matter dgmination
Onsetofjravitational instab

Nucleosy '| I
Lightelements created - 0, He. Li | t=1second '

T=1MeV |

Quark-hadron transition
Hadrans form - protons & neutrans

Electroweak phase transition | 1

Elect tic & k nucl | t=10""s
ectromagnetic & weak nuclear 3

forces become differenfiated: || T=10"GeV ||
SU(3)aSU(2)xU{1) > SU(3]aU(T1) | |

The Particle Djesert
Axions, super

Grand unification trgnsition
G- H-> SU{3)xSU2]xU1
Inflation, baryogenesis,
monopoles, cosmic strings, etc.?

The Planck epoch
The guantum gravity barrier

AVAVATA!
Theory of Inflation
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Statistical ensemble
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The only one realization of the CMB sky



Pseudo-rapidity:
n=-In(tg(6/2))

phieta_dist |
Entries 30000
Mean x 3.139
Mean y 10

RMS x !II
“JRMS




Simulating the number of produced
particles in HI collisions

ETA DISTRIBUTION FROM MONTE CARLO '

etadist

— 1/Nev dN/deta

o
]
7T

o
T
TTT

Entries
Mean

RMS

30000

0.003387
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heta_from_eta_dist

Entries 30000

Mean

RMS

1.571

1.137

Pseudo-rapididity
distribution:
dN/dn

Pseudo-rapidity:
n=-In(tg(6/2))

Polar angle
distribution:
dN/d6

eta vs phi phieta_dist
Entries 30000

Mean x 3.139
Mean y 10
RMS x 1.818
RMS y 2.4
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1phvllnl: from_eta_dist
[Entries 30000
[Mean x 3.139
iMean y 1.571
[RMS x  1.818

|
|{RMSy 1.137

Theta_from_eta vs phi |




& Morphological analysis in terms of eigenfunctions of cylinder i)
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5(z = H/2,<|>) =S(Z =—H/2,¢)

| Theta_from_eta vs phi |

z = Rcot(0) = g(en-e_n)c

Power spectrum

P(n)_ Zm‘Snml — C(An)

FFT



Power in @-direction
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Transition from cylinder to sphere

e kT :47'[21,171 iljl(‘k‘ ‘TDYZm(i{\ Wi (1)

where ¥ = (sin B cos ¢, sin O sin ¢, cos 6)

Re-mapping
e < 6,0
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f Mapping ALICE single event p

ntfies 30000

M¢an x 3.139

E

eany 1.571

MSx 1.818

RMSy 1.137

pnilbe|7/lmm eta_dist

: =
NN

| Theta_from_eta vs phi

We look at the Universe from the inside of the celestial sphere: from the Earth.
We have but ONE Universe to look at.

We look at the HI mini-verses from the outside of a sphere : the ALICE detector.

We create a new mini-verse 1000 times/sec.
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i Morphological analysis in terms of spherical harmonics i@)

-

I=2rnt/ 6
oo m=lI

T(Qj (ES) = Z Z aﬁ,mm,m(ené)

(=2 m=—I

1 21 "
Gﬂ,m — /_1 dx 0 dQSAT(QjQS) Lm(ﬁ?,fb)

Power spectrum

1
lanf +2 % Jaraf!

=577

GLESP analysis package
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Spherical Harmonics
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= All m values

100 bins in 8 and 20 bins in ®

excluded




The Power spectrum

Tolal power

10 | —— m=0 mode B

WIthout m=0

— Total power
m=0 mods
Without m=0
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Elliptic flow

Anisotropic
pressure
gradient leads to
Particle number
anisotropy

Spatial anisotropy
translates into
momentum
anisotropy due to
bulk collective
motion

[1+2v1 cos(¢p—PRr)

d¢

Hydro models reproduce v,. Require short interaction times and large cross sections => Liquid




Elliptic flow. Single realization

EEN &N &N
dp>  prdprdyds @mdpzrdy

14+2v1 cos(0—Dg)+2v5 cos 2(0— DR )+ -]

S(Z/¢)=R(Zr¢){1+2n21 VTl COS[n((I) R CDR)]}
| FFT

S(2),,=R(2), .|.% Y1 Vn[B—iCDRnR(2+eiCDR‘n R(Z

mem+n Well known effect in CMB science
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Elliptic flow. Single realization

<S(M)S*(m+2)+S*(m)S(m+2)>
2,/<|S(m)|2><S(m+2)|2>

K(V,)= =V,cos(2Pp) + 0(V,, KV>5)

<5(m+2)S* (m)=S"(m+2)S(m)> _ V,sin(2®g) + 0V, <<V>)

2i,/<|S(M)|2><S(m+2)|2>

x(V2)=

x(V2)
K(V3)

; Vo = \/X(Vz)z + K(Vy)?

tan(2dp) =




Some of the components of Aim could be in resonance with Vn
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Elliptic flow. Single realization. al,m

S(z,0)=R(z,0){1+ X1 Vs cos[n(P — Pg)]}
Z = Rcot(0) = g (eN-e™M :

S(0,0)=R(0,0){1+Xp21 Vi cos[n(dp — Pr)]}

Am = Cim T E 2 Va (Cl@_inq)R + Cl@ inCDR)
) _
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Elliptic flow. Single realization. |, m-domain

meoem+ n,m— n for the same [

“ . .) Quadrupole(l =2, m+tn <)

a2 <C22_2
Only V, !!!

Az < V(€242 +C22-2)

[=m=n-resonance




an,n — Vn (Cn,O)
n=1,2,....N
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Elliptic flow . Simulations

Input Phi modulation:

dN/dO® =
No (1+2v,cos(2D))

.

Entries 30000
Meanx 3.13
Meany 9.991
RMS x 1.855
RMSy 2.407
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B22versus V>

V2=0.30
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Detection prob. 91%



Tight correlation between harmonic
coefficients and elliptic flow

Analyzed

-+
simulated <
map with | ]
finite 0.05 F i
resolution " - Ex: b,,=0.035=>

V,= 0.1+0.01

Input to simulation (known flow)



A new method to analyse the event morphology
in Heavy lon and Particle physics has been
proposed.

* Toy model analysis suggest good resolution for
collective phenomena (elliptic flow) and point

sources (jets)
* Next steps:

— Full simulation with realistic event generator and
detector transport code

— Develop analysis for additional physics effects
— Analyse ALICE events from LHC Pb+Pb (2.76 A.TeV)
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