Zimanyi 2009 Winter School

Kolmogorov-Smirnov test and rapidity
fluctuations in heavy ion collisions

lvan Melo (Zilina)

in collaboration with

Boris Tomasik (Banska Bystrica),
Giorgio Torrieri (Frankfurt), Marcus Bleicher (Frankfurt)
Sasha Vogel (Frankfurt)



Outline:

- Event-by-event fluctuations of
rapidity distributions

- Kolmogorov-Smirnov (KS) test
and its application on simulated data
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rapidity distribution in a single event
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If we have droplets, each event will look differently
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The measure of difference between events

Kolmogorov—Smirnov test:
Are two empirical distributions generated from the
same underlying probability distribution?
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Kolmogorov-Smirnov: theorems
How are the D's distributed?

Smirnov (1944):
If we have two sets of data generated independently from the
same underlying distribution, then D's are distributed

according to
USRS

Q=1lim P(y/nD >t)= 1-2: (—1)* exp (—2k2t2) with n =

nq g —>00
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This is independent from the
underlying distribution!
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For events generated from the same distribution, Q's will be distributed
uniformly.




Rapidities uniform on (0,1), Poisson multiplicities 20 - 10

Increéase Polason mulliplicities from 20, 50, 200 0 5000; 0<y<1, 1045 palrad 05 events; NumRec. approximation
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Droplet generator DRAGON

MC generator of (momenta and positions of) particles emitted
from a fragmented fireball

B. Tomasik, arXiv:0806.4770 [nucl-th], published

in Computer Physics Communications.
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rapidity KS test, y=(-0.5, 0.5), RHIC
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pairs

Number of

Study of different particle species

rapidity KS test, y=(-0.5, 0.5)

RHIC Au+Au collisions at /s = 200 AGeV
FAIR Au+Au at \/3 = 7.6 AGeV

20000
r hadrons
18000 —R=112
16000 —-R=10
14000~ | R=24
12000
10000f =R
8000
2
11500
i -
11000[— ——R=146 -
(]
= L —— R=-1.1
n o — —
'S 10500 “R=-0.18
a; |
_Q L
E - P l
= L 1
H [ | Tt P
10000_-;--:”“_,‘_1 o L -
BO00. . o oo i o6 by s 1 oo o 4 s L g Pl Bl 6 0 LG
0 01 02 03 04 05 06 07 08 09 1

V =10 fm”3

16000
15000
14000

213000
Q

airs

1=

2 12000

E

2 11000
10000

9000

Charged hadrons
—— R=635

8000 —

o

14000

13000

12000

11000

number of pairs

10000

9000

o

droplets
no droplets

11500 _—
— R=17.4
%11000:— —=R=1.5
s | L. _ S
5 R =0.68
2 10500 [
E - |
=
c N | R,
10000 l— I F—="]
e K b= 3™
- _'_I_!:JI_l—
95000~ o0l
0 01 02 03 04 05 06 07 08 09 1
Q
125001
12000 [
E pandp
11500 — R=-0.22
%110007 —--R=-24 |7
| e R=-25
~ 10500 —
2
£
=]
| =
09 1

l. Melo, B. Tomasik, et.al. Phys.Rev.C80:024904,2009.




Energy and momentum conservation

(preliminary)
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Fig. 3. Q-histograms demonstrating the 4-momentum
conservation: for stable particles (solid red line), for
resonances decaying into two daughters (dashed blue
line), and decayed resonances with a cut y > 0 (dotted
green line).
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Conclusions

KS test is a sensitive tool in the search for fluctuations

Identify sources of fluctuations other than droplets
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Back-up slides
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Spinodal fragmentation at phase transition

Example: linear sigma model coupled to quarks
[O. Scavenius et al., Phys. Rev. D 63 (2001) 116003]

125

_12 - phase transition Hadron gas

What is fast?
bubble nucleation rate < expansion rate

I' =T* exp(- F/T) H
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Effect of finite experimental resolution
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Comparison of Kolmogorov formula with improved one
for finite multiplicity n (Li-Chien, 1956)
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Toy droplets: decreasing number of droplets

‘ ni droplets, n2 multiplicity, mean-=uniferm(-1,1), rapidities->Gaus({mean,0.707),10%5 pairs/1 05 events I
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S ,EJJ".I'? odal decom P osition - from Wikipedia, the free encyclopedia

1k ]
e ;r:' Spinodsl decomposition is a process oy which a mixiure of two materials can separate into
*I._“;:.-”]E‘IF].;U[ distinct regions with different material concenfrations. [This differs from nucleation in that
T Frew Ewiprspvdi

spinodal phase separation acours throughout the material, not just at nucleation sites ]

Phase separation may ccour whenever a matenal finds itself in the thermodynamically unsfable region
of the phase diagram. The boundary of this unstable region (the binodal) is signaled by a common
tangent of the thermodynamic potential. Inside the binodal boundary, the spinadal region is entered
wihen the curvature of the potential turns negative. The binodal and spincdal mest at the crbical point.
It is when a material is brought into the spinodal phase region that spinodal decomposition can ooour.

To reach the spinodal region of the phase diagram, the system rmust be brought through the binodal

region where nucleation may occur. For spinadal decomposition to be realized, a very fast fransition
[a quench) is required to evalve the system from the stable region through the meta-stable nucleation
regicn and well into the mechanically unstable spinodal phase region.

In the spinodal phase region, the thermodynamics favors spontansous separation of the components.
Sut large regions will change their concentrations only slowly due o the amount of material that must
be moved, and =mall regions will shrink away dus to the ensrgy cost of the inferface between the two
different component matenals. Thus domains of a charactenstic spinodal length scale will be favored

and since the growth is exponential, such domain sizes will come to dominate the morphology in the
course of the associated spinodal fime.




Spinodal fragmentation at phase transition

Example: linear sigma model coupled to quarks
[O. Scavenius et al., Phys. Rev. D 63 (2001) 116003]

L= qiy"d-g(o+iystalq
+ " (0,0d'c+ O,m.0'm)-Uo, )
where
UGs,m)= M4 (c"+ o' =v')'-h,0
q=(ud)
Tt=(ﬂ§1, T, 7153)
O = (o, m)

Veffz U(G TE) + V

V,(®) = —d Tf [Qw}q log (1+F rz;m,)

What is fast?
bubble nucleation rate < expansion rate

[' =T* exp(- F/T) H
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Supercooling down to spinodal

O. Scavenius et al., Phys. Rev. D 63 (2001) 116003:
compare nucleation rate with Hubble constant (1D)
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Introducing resonances into generator

-05 <y <0.5 V=10 fm"3, foT = 100 MeV, Tch = 165 MeV, 1075 pairs/10"4 events
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Rapidity cuts

V=10 fm~3

(droplets at RHIC).charged hadrons, -0.5 < y < 0.5, phi(0,2Pi), 10°5 random pairs, Li-Chien y KS
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