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Size �utuations
pT -�utuationsResultsConlusionsBasi idea

〈r〉 = 2.95 fm
197Au + 197Au, Nw = 198

〈r〉 = 2.83 fmAn event with the same number of wounded nuleons Nw mayhave a di�erent shape and sizeSmaller initial size → larger hydrodynami �ow → larger pT(and vie versa)Thus size �utuations ause event-by-event pT �utuationsHow strong? . . . PRC C80:051902,2009, arXiv:0907.3216Wojieh Broniowski Size �utuations



Size �utuations
pT -�utuationsResultsConlusionsSize �utuationsaverage transverse size in a given event:
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pT -�utuationsResultsConlusionsGLISSANDOSaled σ at �xed Nw:

σscaled =
σ (〈r〉)
〈〈r〉〉bottom: wounded, top: mixed

(Nprod ∼ αNw/2 + (1−α)Nbin)
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In the wounded nuleon model the σscaled is insensitive σNN , heneinsensitive to the ollision energy. In the mixed model somedependene omes from α, ranging from 0.12 to 0.3.Wojieh Broniowski Size �utuations
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pT -�utuationsResultsConlusionsHydrodynamis with statistial hadronizationHydro arries over the initial size �utuation to (observed) 〈pT 〉�utuations �hydrodynami push�Initial state → hydrodynamis → freezeout → hadronsMore ompressed initial ondition leads to a faster build-up of�ow, and then higher transverse veloity at freezeout, whih inturn leads to higher 〈pT 〉It will turn out that σ(〈pT 〉)/〈〈pT 〉〉 ≃ Aσ(〈r〉)/〈〈r〉〉We estimate the proportionality onstant via simulations withLhyquid (Chojnaki, Florkowski) and visous hydro (Bo»ek andWyskiel) and use THERMINATORWojieh Broniowski Size �utuations
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pT -�utuationsResultsConlusions2+1 perfet hydro (solution of the HBT puzzle)

PRL 101 (2008) 022301Wojieh Broniowski Size �utuations



Size �utuations
pT -�utuationsResultsConlusionsFlutuations of the FO surfaeFlutuations of the size of the initial ondition → hydro →�utuations of the freezeout surfae and veloity
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Size �utuations
pT -�utuationsResultsConlusionsEvent-by-event hydrodynamis our wayInstead of 1 000 000 events, just two are enough!

The distribution of the 〈r〉 (at fixed Nw) is to a very good approximation
Gaussian:

f(〈r〉) ∼ exp

(

− (〈r〉 − 〈〈r〉〉)2
2σ2(〈r〉)

)

Imagine we ran simulations with fixed 〈r〉 (no size fluctuations). Then
particles would have some average momentum p̄T . Since hydrodynamic
evolution is deterministic, p̄T is a (very complicated) function of 〈r〉. We
can now use the Taylor expansion around 〈〈r〉〉:

p̄T − 〈〈pT 〉〉 =
dp̄T

d〈r〉
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The distribution of 〈p̄T 〉 becomes

f(p̄T ) ∼ exp
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Size �utuations
pT -�utuationsResultsConlusionsDynamial �utuationsThe full statistial distribution f(〈pT 〉) is a folding of the statistialdistribution of 〈pT 〉 at a �xed initial size, entered around a ertain

p̄T , with the distribution of p̄T entered around 〈〈pT 〉〉:
f(〈pT 〉) ∼

∫
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,where σdyn = σ(〈r〉) dp̄T

d〈r〉
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The whole thing an be done with other measures of �utuations,e.g., ΦpT
, FpT

, . . .
Wojieh Broniowski Size �utuations
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wounded-nuleon model (red rosses)mixed model (blue rosses)mixed model overshoots the data by 20% whih an perhapsbe redued with weake hydro push (e.g. visosity, 3+1)proper entrality dependene is approx. reprodued:
σdyn/〈〈pT 〉〉 ∼ 1/

√
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pT -�utuationsResultsConlusionsVisous hydro[Bo»ek & Wyskiel 2009℄
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pT -�utuationsResultsConlusionsVarious hydro alulations
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pT -�utuationsResultsConlusionsConnetion to EoS

Scaled standar deviation of 〈pT 〉 is connected to thermodynamic

properties (Ollitrault ’91)
σdyn

〈〈pT 〉〉
=

P

ε

σ(〈s〉)
〈〈s〉〉 = 2

P

ε

σ(〈r〉)
〈〈r〉〉

s – entropy density, ε – energy density, P – pressure (last equality

follows from 〈s〉 ∼ 1/〈r〉2)

Wojieh Broniowski Size �utuations
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pT -�utuationsResultsConlusionsConnetion to EoS

Scaled standar deviation of 〈pT 〉 is connected to thermodynamic

properties (Ollitrault ’91)
σdyn

〈〈pT 〉〉
=
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ε

σ(〈s〉)
〈〈s〉〉 = 2
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σ(〈r〉)
〈〈r〉〉

s – entropy density, ε – energy density, P – pressure (last equality

follows from 〈s〉 ∼ 1/〈r〉2)
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One can study average properties of the equation of state (its stiffness)Wojieh Broniowski Size �utuations



Size �utuations
pT -�utuationsResultsConlusionsConlusionsA few perent �utuations of the initial size, present inGlauber approahes, explain via hydro the experimentallyobserved 〈pT 〉 �utuations.The e�et is robustProper saling with the number of wounded nuleons � properdependene on entralityA very weak dependene on the inident energy � as in theexperimentLittle left for further e�ets, suh as minijets, lusters, et.Visosity helps to redue by 20% and leads to exellentagreement with the dataAverage information on P/ε aording to Ollitrault's formulaWojieh Broniowski Size �utuations
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