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Motivation

«  Cross-over at low g and
1st-order phase transition at high pg

—> Critical point

« Event-by-event fluctuations of conserved quantities
are expected to be a signature of discontinuity in
the QCD phase diagram
— Charge Q / baryon number B / strangeness S

»  Experimental observable:
— Cumulants of event-by-event net-particle
multiplicity distributions
— (Net-)proton (proxy for net-baryon)
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Experimental Observables

Cumulants of event-by-event net-particle multiplicity distributions
— (Net-)proton (proxy for net-baryon)
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Previous investigations

Higher order moments of net-proton distributions from the STAR Collaboration
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Previous investigations

Higher order moments of net-proton distributions from the STAR Collaboration

Au+Au Collisions
Net-proton 1
0.4<p <2 (GeV/c),lyl<0.5

@ 0-5%
O 5-10%
b
Y

AT

30-40% -
70-80% -

6 10 20

100 200

STAR

HADES?

baseline

Melanie Szala

©
0p]

1 B $ T T T
osf 78 :
9 % :
0.6 + =
- e i
04 % ]
8
! i ]
021 ]
: . g
+ STAR Preliminary ]
0 —~———q]-—--—- - T - g T === 71— —]
6 10 20 100 200
Colliding Energy VSNN (GeV)
S0 STAR
. L bascline
arXiv:1309.5681v1
HADES? J arXiv:1503.02558

Stephanov, CPOD 2014
FAIRNESS 2017 6



HADES Spectrometer

High Acceptance DiElectron Spectrometer

Located at SIS18, GSI
Large acceptance
* Full azimuthal and polar angle
coverage of @ = 18 — 85°
Fast detector
« Trigger rate up to 8kHz
(large statistics)

Au +Au @1.23 AGeV, \sy\=2.41 GeV

. 15 fold segmented Au target

. 7.4 x 10° events recorded

. Trigger on 47% most central collisions
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Proton Analysis
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Event selection

e 0-10%, . 20-30%, 30-40% central events eay e
selected with the Forward Wall 1500 mean = 4.5

mean = 8.5

Track selection 1000
* Y=Yem +0.2 I
* p,=400-1600 MeV/c

500

If N;= 0 > Poisson distribution: S-o=k-0"=1 - l
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Efficiency correction

Efficiency = acc x det. eff x rec. eff

Investigations of efficiency correction in UrQMD simulations:

- Correct the moments
Bzdak & Koch, PRC 86 (2012);
Xiaofeng Luo, arXiv:1410.3914 (2014)

—> Unfolding
G. D'Agostino, Nucl. Instr. Meth. A 362 (19995) 487.
J. Albert et al. (MAGIC), Nucl. Instr. Meth. A 583 (2007) 494.
S. Schmitt, J. Instr. 7 (2012) T10003.
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Correct the moments

net proton number

x10°
1600 Mean,casureq Mean,,,
et Reconstructed proton Calculate Variance easured Correct Variancey,
1200 N moments moments
i distribution
Skewness, cured Skewness,.
800;
m— | s | | o
Zzﬂ efficiency
o o . L o correction e
g 19 = 0 s Np,,f,g per evenb;0 SkeW Slgmeasured SkeW Slgtrue
*Qi *Qin?2
Kurt SIgzmeasured Kurt Slg true

Self-consistency check

« UrQMD protons - reference
« UrQMD + Geant reconstructed protons = efficiency correction

Bzdak & Koch, PRC 86 (2012);
Xiaofeng Luo, arXiv:1410.3914 (2014)
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UrQMD
Correct the moments
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Efficiency correction
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Efficiency correction

Efficiency: strong effect on
centrality

Efficiency depends on number of
tracks per event

Detector divided into 6 sectors
« Efficiency is sector dependent

=>

(®)

CIC) = efficiency sector 0

O '+ efficiency sector 1
—> Efficiency correction % 06

«  Event-by-event \

* Particle number in sector
30-40 %
* yand p,dependent S
0.5 0-10% — 2 ‘

T
Ni.cks/SECtOT
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UrQMD

Correct moments — event-by-event -
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UrQMD

Correct moments — event-by-event -
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Unfolding

measured distribution true distribution
5 net proton number

x10 . , net proton number
1600 UnfOIdlng e
1400 e
sl Matrix inversion e
600! 400
400
. Cmm——

% 1o 20 30 40 N,;,,ff,pereverﬁo Fo|d|ng % 10 20 30 a0 &;,fﬂ;;;vgn‘i‘)

UrQMD + GEANT UrQMD protons
(recon. protons)
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Unfolding procedure

Unfolding via matrix inversion —

— y: measured histogram LY gl A ..................
y - A * X X: true histogram st
A: response matrix -
9 f|nd|ng X ' * * detector resolution ~J
§ o Y
: ‘g * statistical fluctuations

-= T ] |y

Unfortunately, A is often quasi-singular and can not be inverted (ill-conditioned problem!)

ROOT package by S. Schmitt - TUnfold, TUnfoldSys, TUnfoldDensity

Minimize in a least-squares procedure the ,Lagrangian®.

L(x,A) =Ly + Lo+ L3

L1 =(y—Ax) 'V, ' (y — Az), L,: least square minimization

Lo =7%(x — frzo) (L'L)(x — frzo), L,: describes regularisation
T

L3 =AY —e z) L,: area constraint
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Response function
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Unfolded distributions

unfolded distribution

unfolded distribution
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Comparing methods UrQMD
— Correct moments vs. Unfolding -
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Efficiency correction

- Correct the moments

Bzdak & Koch, PRC 86 (2012);
Xiaofeng Luo, arXiv:1410.3914 (2014)

—> Correct moment on unfold
G. D*Agostino, Nucl. Instr. Meth. A 362 (1995) 487.
J. Albert et al. (MAGIC), Nucl. Instr. Meth. A 583 (2007) 494.
S. Schmitt, J. Instr. 7 (2012) T10003.
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RealData
Results (eff. Corr.)
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PO|SSO n izer Aytotal > AYaccept»Aycorr

S.-o K - 02

3 B 21 C Au+Au collisions at sy, =2.41GeV
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Experimental Observables

Cumulants of event-by-event net-particle multiplicity distributions
— (Net-)proton (proxy for net-baryon)

2 AU

Negative Skew Positive Skew positive and negative
K4/U (large tail to the left) (large tail to the right) kurtosis

Mean M
Variance 7l

Skewness  §

Kurtosis K

Cumulant ratios to cancel volume effects

oK oK
K

—> Cumulant ratios cancel only mean volume effects!
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Volume Fluctuations

—> The effect of volume fluctuations on cumulants of the net baryon number

€1 =k, k., baryon number cumulants
C) =Ky + x,zvz, ¢, volume affected cumulants
3 = k3 + 3Kk v + K|3v3’ v, volume fluctuations cumulants

Cy = Kq + (41(31(1 + 3K22)v2 +4 6I(2K;2v3 + K]‘v4,

OAAAJ

10000:— '.\
- Npart ~ volume “r
— Modeled (Glauber and iQMD) N, distribution to sooof-
calculate the volume fluctuation cumulants
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Fully corrected scaled moments
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« Error bands corresponds to 5% systematic error on proton efficiencies
» Scaled cumulants deviate from Poisson
* \olume corrections on x4/x2 smallest for most central
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Poisson Limit: Ay—=>0
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Comparison with STAR - (Net-) Proton
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Conclusions

Study of centrality selection and efficiency correction in simulation

Introduction of two different eff. correction methods
« Within error bars, both methods deliver compatible results

First look to volume fluctuation correction
 Volume correction influences higher order moments

Choice of phase-space bin ? (p,, Y)

Fluctuations on baryon number
» Bound protons?!

500 1000 1500 2000

mom / Z [MeV/c]
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_The HADES Collaboration
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Backup
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Theoretical Expectation

Misha Stephanov, CPOD 2014

T, GeV QGP S O T, GeV QGP K 02
critical a8 critical ;
point K - point K
N 1 N
0.1- 0.1-
hadron gas hadron gas
nuclear nuclear
matter \ matter
0 1 KUB, GeV 0 1 KUB, GeV
' SO
STAR
fL baseline baseline
HADES? NG HADES? NE
Melanie Szala

FAIRNESS 2017 32



Correct the moments
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Xiaofeng Luo, arXiv:1410.3914 (2014)
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