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Fluctuation analysis for the STAR experiment
--- multi-dimensional unfolding of net-number and

temperature including volume fluctuation ---

Shinlchi Esumi
Tomonaga Center for the History of the Universe
(TCHoU), Institute of Physics, University of Tsukuba

e Looking for a critical fluctuation in conserved number and possibly
also in temperature distribution simultaneously with unfolding
method including volume fluctuation

e Volume fluctuation study with UrQMD by T. Sugiura, T.N., S.E.

e Another solution for non-binomial effect by T. Nonaka, M.K., S.E.
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6th-order cumulants
of net-proton and
net-charge

Higher-order cumulants are expected 0}

to be more sensitive to the critical
fluctuation than lower orders.
Even more statistics needed though ...
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Cheng et al, Phys. Rev. D 79, 074505
(2009) : Lattice QCD
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STAR, QM18

Unfolding result of net-proton 15F Ca/Co :
distribution with non-binomial effect 1 .
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Real-Experiment
true (unknown)

l

Toy-Experiment
true (known)

{

If the response matrix is wide
enough for the experimental
data, this should work.

I MC gene. I

[

Actual experiment

l

Experimental filter (efficiency
assumption based on Full Geant

and/or Embedding)

Response matrix
RMFor’ R|V|Rev
(Forward , Reversed)

Real-Experiment
measured

v

Toy-Experiment
measured

|

I MC reco. I

Conventional Unfolding Method
C O

Reversed RMRev

Apply CF to modify unfolded
data and repeat until it is unchanged

|

Transform CF into the generated
coordinate with Reversed RMReV

V — t

Re-folded data S Take difference from the measured

\ data to get correction factor (CF) /
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Response Matrix (including MC input weighting)

Forward Matrix (MCge" ---> MCrec)

(N_&" N,ge") (0-39, 0-39)

(0,0) (4,0) (9,0) (14,0) (19,0)

(0,4) (4,4)

(9,4)

(0,90 (4,9)

(0,14)

(N rec N brec)
a !/
table (40,40)

The integral is
normalized to 1.0

RMfor

Forward Response Matrix
for Re-folding
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Reversed Matrix (MCrec ---> MCge")

(NN, ") (0-39, 0-39)

(0,0) (4,0) (9,0) (14,0) (19,0)

(04) (44) (9,4)

~ T
(N b

-

l(0,14) 2y,

(Nagen' N bgen)
table (40,40)

The integral is
normalized to 1.0

RMreV

Reversed Response Matrix
for Un-folding
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“Incremental unfolding” procedure

Real-Experiment
true (unknown)

Toy-Experiment

This will become feasible,
once the response matrix
can be parameterized
based on the simulation.

A 4

true (known) I MC EEnE. I<

Actual experiment

Experimental filter (efficiency
assumption based on Full Geant
and/or Embedding)

Real-Experiment
measured

Response
Matrix (RM)

Toy-Experiment
measured

I MC reco\l

l

Take difference to define
correction factor (CF)

Apply CF to modify MC gene.
and sample with the filter to
get next MC reco. and repeat
until MC gene. is unchanged

A
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>

Transform CF into generated
coordinate with RM

(and smoothing CF)

Shinlchi Esumi, Univ. of Tsukuba, TCHoU




Incremental unfolding by updating the response matrix

(1) Trueis unkown, there is only exp meas. (A) 0x §-
(2) generate mc_gen (G) and sample mc_rec (B) distributions oz
(3) take difference between exp_meas. (A) and mc_rec (B) to define (C) -
(4) transform (C) to (D) by RM"" and smoothing function > =i
(5) apply this correction factor (D) to mc_gen (G) for next iteration ’
(6) repeat above steps (2)-(5) iteratively

m3
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Some examples of this hybrid unfolding with various
efficiency assumptions (critical shape 2)

'| measured shape with different efficiencies

| Eff(A) =03 5 s L Eff(A) =05 = = ) EFf(A) = 0.7 [
| Eff(B) = 0.2 1. . |-} Eff(B)=0.4 ! . |-}l Eff(B)=0.6 |l |

20

0 0 [ , o rop g Lyory 12 0 yyr
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| one of the last

reconstructed shape with incremental iterative unfolding bmk points

20

one of the last
light blue points

b i VY . 0 G 3 hr'. VT2
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Unfolding with Volume Fluctuation (V.F.)

Volume fluctuation is assumed to be known precisely according to Glauber (or any
other initial) model. V.F. naturally induces a positive correlation between N, vs N;.
Gaussian fluctuation is used in this toy model simulation.

Poisson superposition
w/o Vol. Fluc. (0%)

“n, vs ng” distribution per source will be
extracted, where the number of sources
“ns” has well known fluctuation from VF.

Poisson source : <n,>=0.15,<n;>=0.1
Gaussian fluc. : <ng> =100 +/- V.F.(%)
Ny=n,xng, Ng=ngxne

Poisson superposition Poisson superposition
with Vol. Fluc. (15%) “1 with Vol. Fluc. (20%)

Poisson superposition
with Vol. Fluc. (10%)
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“Incremental unfolding” with V.F. -

true source
(Ny,Ng)

v

Np.r fluctuation

Glauber model?

{

toy source
(naNg)

'
7
e

Volume Fluctuation filter
as superposition of sources

{

4

independent particle generation assumption

4
7
7
7
7

MC (n,,ng) |<

v

s
7
'l
e

Real-Experiment
true (unknown)

Toy-Experiment
true (known)

!

G

l

Apply CF to modify MC gene.
and sample with the filter to
get next MC reco. and repeat
until MC gene. is unchanged

Actual experiment

l

Experimental filter Response
(efficiency assumption based on Matrix (RM)
full Geant and/or Embedding) AI\ T

v
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>

Transform CF into generated
coordinate with RM

(and smoothing CF)

Shinlchi Esumi, Univ. of Tsukuba, TCHoU




| _foa ml _foa _m0OC 06 06
m m c T

EXP true w. VF | “| MCgen. w. VF

Positively
Correlated

Source
With V. F. LR L -0 - —Ea . 0000 5 > 000 bosredares bovirlonse L2001

* Modified Poisson Source M l—: —\
(positive correlation) : m - B 5 = . oo
<N~ 0.15, <ng> ~ 0.1 ke ( )m ' ii . I : ;

. ssian Vol. fluc.: L~ AV -

<h>s 100 +/- 15(%) = T N

ot

5|
0|
5|
20|
15

R

sriegeeeeeginee o uutRE (N 0 -

volumefluctuati

\

Recovery o
Source distribution

\

Y 3 o 5 o 3 o 5 \ o 3 o o | 0 3 v o p oot
Superposition of
fixed # of sources ) , : :

il .| . no corr.

0.0

EMMI Workshop - Phase Structufe, 20" tary 25, GSI : J . J : Shinfeht Esurhi, Univ. of TsuRuba, 1Cl ™2




[ ha

ma G
)

Negatively

: EXP true w. VF MC gen. w. VF
Correlated -
Source

with V.F.

* Modified Poisson Source
(negative correlation) : =
<n,>"~0.15, <ng>~0.1"

pacd

Cexp mes () | |-
il

02

LALC
P > §o . E
" : I 5 o R . T S0 H
q ¢ i 5
.

0|

volumefluctuati

\

Recovery o
Source distri

tion

\

Superposition of
fixed # of sources

‘- coz - (J—
Ii 3 no corr. S 2
¥ . 3 i L = e y < ji



Extraction of net-number and temperatures simultaneously

mean p; (P1, P2)

number (N1, N2) 1/p; dN/dp; ~ exp(-p;/T)
correlation ' = =
@ temperature (T1, T2) ok
correlation pT distributions

net-number \ of one particular
distribution @ .
N event for particle
temperature of E 1 and particle 2
O () . )) net-distribution L

<p>=2Zp;/ N jsm

TR
Wy come |
sAbwnIm b
331 Dw y o1

N2 (particle 2)
= = B R &8 & &

:c,lope’TZ (p.articl.e 2)

'<pT> P2 (p:articlé 2)

N1 (particle 1) slope T1 (particle 1) <p;> P1 (particle 1)
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Test iteration without correlations

1stiteration 3rd jteration 17t iteration

T1lvsT2

bz zsx5283

EILI b, i

~2 2858
Ly _z:z:

events

P1 vs P2

TEEE 83
22858285

P1vs P2

T1vs T2

2 2858253

Transformed difference with response matrix as correction factor for the next iteration

2 out of total 6 2D-projections are
shown for visualization purpose.
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-
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4D-Unfolding of temperature and
net-number distributions for
higher order fluctuation

dN/dp; ~

pr exp(-p./T)

slope T, (particle 1)

slope T, (particle 2)

N, (particle 2)
EMMI Workshop - Phase Structure, 2019/Mar/25, GSI

<.pT> i31 (particle 1)

<bT> P'2 (particle 2)

<p:>=2Zp;/N

Coné

N, (particle 1)

Con7?

oy |
s voo0mED

N, (particle 2)

(NGen' TGen)

[correlated input ”

anJ|

uonesayl Suipjojun <€

000

21331313

v
correlation recovered

(N Meas <p >IVIeas)

9l

5

—

P,vsP

=]

o000 e

=

212

:
0]

Shinlchi Esumi, Univ. of Tsukuba, TCHoU 17



2D view of 4-dimentional unfolding

...............................................................

- s i ok o o
cioD DS
.;“;;‘.6.&.&?¢“&.$..‘.
coonosne s
LA R A

......

True answer

10

10

2005 iiiens Gossens Aedessshans TR T S SO R S Oenssnns Bessennes

s L S
EEL R I I R A T P
; ”¥'§'&“°‘;‘6“#‘#‘“”;?\'7’”""”§ --------
it D Gy iy iy B ow el 3
oA R AT
C MmN 4

150 200 250

20*N,+T, |

-~

-]
FLTTL YT ST TP

| A B

..n..ﬂ:.ﬂ..-.

........

True answer

.................................................................

True answer

N
)

t
e

askoa

..
8
i
;

EMMI Workshop - Phase Structure, 2019/Mar/25, GSI

LI J

L

Shinlchi Esumi, Univ. of Tsukuba, TCHoU



T. Sugiura

Volume fluctuation correction (VFC) 1
Nuclear Physics A \)l:?gme 960, April 2017, Pages 114-130

Nw is fluctuating even if final state multiplicity is fixed. z
—CBWC may not be enough to eliminate VF

Nucleus1 Nucleus2

' o Independent particle production [T ooy
IPP)model  [TTTTTTTTTOC ‘

e :initial source
e : final state multiplicity

G 700 200 300 400
Ny

0 o
Under the IPP model, measured cumulants include
additional term from VF which can be written by Nw cumulants.
We can know true cumulants by subtracting additional terms (VFC)

Measured cumulant True cumulant

k1(AN)|=[(Nw)k1(An)

An : number of net-particle
Additional term caused from Ny fluctuation

k2(AN)|=((Nw)k2(An)+|(An)* K2 (Nw )
k3(AN)|=|(Nw)k3(An)|[+3{An)ka(An)k2(Nw) + (An)*k3(Nw)
K4(AN)|=|(Nw )k4(An)[+H4(An)r3(An)ka(Nw)

+3k3(An) kg (Nyw ) + 6{An)%ky(An)ks(Nw ) + (An)*ks(Nw)
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T. Sugiura

Comparison between toy model and UrQMD *
arXiv:1903.02314, T.Sugiura, T.Nonaka and S.Esumi
Toy model Il-'{emain VF UrQMD model '/SNN = 200 GeV
40 Q Net-proton, Au+Au
35 lyl < 0.5
30 Close to No VF
»s [0 Nw fixed
S » O Raw
.- —— Raw Exp
10 op VFC
- — — Poisson
% CBWC

50 100 150 200 250

<Nw> VFC does not
VFC works well seem to work well

- VFC works well by definition in toy model.
- However, does not seem to work well in UrQMD

* v Independent Particle Production model is expected to be broken in UrQMD
v Multiplicity correlation between centrality and net-proton in UrQMD

EMMI Workshop - Phase Structure, 2019/Mar/25, GSI Shinlchi Esumi, Univ. of Tsukuba, TCHoU 20



T. Sugiura . ge . .
Multiplicity correlation 3

lyl <05, Nw=200
0.25
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Analytical approach of efficiency correction

with non-binomial effects

NIM A906 (2018) 10-17, arXiv:1805.00279
T. Nonaka, M. Kitazawa, S.E.

80 (a) Hypergeometric

] (b) 'Beta-bi'nomial '

EMMI Workshop - Phase Structure, 2019/Mar/25, GSI
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a0t

20

C1(N) o

AY

'Cz(N) |

| Hypergeometric

Beta-binomial

- analytic

80
N

20

20 )

80

If the fitting works with the L-th order polynomial
function of N, the “R” can be determined in order

to solve the equations.
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Summary

e unfolding of net-distribution including volume
fluctuation and simultaneously extracting the
temperature distribution

e VVolume fluctuation vs correlated particle
production

e Analytical approach to attack non-binomial
efficiency



Hybrid iteration

--- with critical signal ---
(¢,=0.7, £,=0.65)

C, = 5.66+/- 0.01 C,=46.5+/-0.1
sm-_ | 47.4r
L[ | 10 different trials (statistically indep.) -
bl | — input ¢ :
| | —— incremental T
"l | == conventional 1

458

sl
|

wll | N IIllIlIIIlIIlIIIIl ‘IIlIIIlIIlIIIIl -lllllllllllllllllllll 1700

o o 40 &0 0 100

number of iteration

o 40 &0 0 100 o o 40 &0 0 100

response matrix from
original, 10t} 20th,/30th, 40t
incremental unfolding

0,001 o = 0,001 o
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Extracted Cumulant (C ) after unfolding iterations with V.F.

4 ; : : * Unfolding tests with 50
-+ V.F.0 % random MC inputs
- / * Poisson Source :
e — — | S— R — | S—— 7 — <n,>=0.15,<nz>=0.1
“T » - TN .| * Gaussian Vol. fluc. :
1 26 T : - 20 - : - 95 - 5 <n¢> = 100 +/- V.F.(%)
I VF.5% T . |® Ny=myxng, Ng=ngxn;
25 e e J0 S & - T . d—
b 2 A o o
N VR 10% | T N
A B o L g - S
" o2 3 od

C,, with V.F.
C,, excluding V.F.

output C,
output Cy
output C,

2 o
asalasalasalssatasaianstosalasalasslass PP PTTE PP PP T T bt = INPPE TIPS IPPIE B PR | 1 1
4 M2 MA 24 48 a2 A =¥ ] M 1 5 o A x o
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C1

C2

C3

C4
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test sample
with
correlations

10k True
100k MC

100k True
1M MC

IM True
10M MC

3 3 »* 3

0 10 20 30 40 50

2 particle/bin
0.1 GeV/bin
are not scaled
correctly yet...

Shinlchi Esumi, Univ. of Tsukuba, TCHoU 26



