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Prelude 

Ajit Srivastava et. al 

Why Not photons? 
Why We are not following  
direct methodology like in  
Astrophysics?  
 
Why it is important? 



 Weather there is spatial patches in 
the temperature distribution? 

 Indicating local fluctuation or hot 
spot position? 

 Is it 1 to 1 corresponds? 
 Unlike to Big Bang what is the event-

to-event fluctuation? 
   how fluctuation really transferred? 

what is the width? 
 
 

 
 How much initial fluctuation retains 

? 
 Isothermal compressibility 

 
 
 
 

 Speed of Sound (cs) 
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Prelude  ->  Motivation 

Uli Heinz, arXiv:1304.3634v1 [nucl-th] 11 Apr 2013  

WMAP Pb-Pb collisions at the LHC after 0.2 fm/c  
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CV
= DTeff

ebye / Teff
ebye( )
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arXiv: 
0805.1521 
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METHODOLOGY 

TEMPERATURE 
FLUCTUATION  

From Fitting 
Particle Spectra 
 
From 
Mean mT  

Identified  
Particle  
Spectra  

1. Event by Event basis 
 

2.  y – ϕ  bin wise 



Whose pT spectra 
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Collision 

Produce 
Pions (π) 
in each 
event 

(Raw) 
Efficiency 

MT spectra 
Fitted with 
Boltzmann 

or <mT> 

(corrected) 
 

Inputs  
Output  

Fluctuations 
Could be   Pion Multiplicity Input Teff  pT dependent ε 

Total Input Fluctuation in Teff Output Teff 

Comparison Of  
Relative (RMS/Mean) 
 Fluctuation 

Fitting Range 

Methodology 
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How to Measure Temperature 
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2Teff
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Hydro Prediction 

Collision ==> microscopic  

 

 The Yield and pT spectra matches well  
 Drastic Energy dissipation in phase 

space 
 The dilution of fluctuation will be large 

if one look for same study with viscous 
hydro 

 Lattice Equation of State with Transition 
temperature 170 MeV 

 An wounded nucleon (WN) profile is 
considered where the initial entropy 
density is distributed around the WN 
using a 2-dimensional Gaussian 
distribution function.  
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Hydro Prediction 
Energy density and Temperature:  
 

Temporal Evolution: 

Average 

Energy 

Density 

Average 

Temperature 

Fluctuation 

In Energy 

Density 

Fluctuation 

In Temperature 

Elapsed time   

Observations from hydrodynamic calculations: 
• At early times system is inhomogeneous and quite 

violent: 
 sharp and pronounced peaks in energy densit & 

hotspots in temperature 
 Extremely large fluctuations (~90%) in energy 

density 
• With time, the system cools, expands and bin-to-bin 

variations smoothens 
• Energy density drops fast, the fluctuation in energy 

density remains almost constant up to τ∼2.5 fm, then 
falls rapidly. 

• A kink in fluctuation of temperature observed around 
same time 
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Event-by-Event : Global Fluctuation 
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CV
= DTeff

ebye / Teff
ebye( )
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 Heat Capacity, CV = 2450 
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Within The Event : Local Fluctuation 
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Map of <mT> 

Fluctuation: 

Derived Map of Temperature Fluctuation 
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Within The Event : Local Fluctuation 

< mT > Distribution 
Teff Distribution 

Teff Fluctuation 
Pion No Distribution ??? 
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Within The Event : Local Fluctuation 
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Summary -1 
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Summary - 2 

PbPb Collisions at the LHC energy for central 

collisions: 

 
• Global Temperature Fluctuations are about 2%. 

• This corresponds to heat capacity of 2450. 

• Local Temperature Fluctuations within a given event are 

about 10%. 

• The Local fluctuations may be remnants of the early 

temperature fluctuations which are seen in hydrodynamic 

fluctuations. 

• This is for the 1st time direct approach to characterize and 

make a connection of Little bangs to the Big Bang. 
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