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Motivation — QCD at high ug

CExpected first order phase transition 2801

ending in a conjectured critical end point - /

towards low u;, j W Quark—gluon plasma
y;

JHigh uy-region is not accessible by Lattice

QCD calculations. (Sign-Problem) oz E é/
JOnly effective approaches 150 %? Wy,

S 8 - \ o- _
~ i (qq} T"“H \\ ~ . —
JExperimental Access: Heavy-lon 1007 (@3, i -
collisions at energies at a few GeV ; s 7;/?
. , Hadrons ¢
JExperimental observables: 50 | i+ !
] Particle yields, Emisson spectra, Anisotropic ﬁ
flow, Femtoscopy and E-by-E fluctuations of .
net-baryon number oL | | | Nuclei X |
0 200 400 600 800 1,000
Hp (MeV)

The HADES Collaboration. Probing dense baryon-rich matter with virtual photons. Nat. Phys. 15, 1040-1045 (2019)
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Event-by-Event Fluctuations

. Study structure of freeze-out in detail by looking at higher order moments of

particle yields

(Basic idea: Count number of particles emitted per event, extract moments or other
distribution measures

Moments

Factorial Moments

Moments

Factorial Moments == Factorial Cumulants

K, = Mean

Kk, = Variance
K3 =<N3> -3
K, =<N*> —4

< N™ >=YP(N)N™

Cp =YP(NN(N—=1)..(N—m+ 1)

===

——  Cumulants

Cumulants
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Event-by-Event Fluctuations  cussnvoume

Equation of State

In the context of statistical model: l
E; — uN

J How to compare measurement with

theory predictions? Zeee(V, T, 1) =2exp(— —)

4

Definition of Moments

< N™>=YP(N)N™

0 In(Zgck) 0%In(ZgcE)

<N>= CEE, <N?> —<N>?=
Other distribution measures: a(?)
Central Moments

on L, 0Un(Z

Cumulants ———— o = g5 (D)
S 9x
Factorial Cumulants Toootr 3 (%)n

“Generating Function”

- Cumulants of baryon number can be connected to n-order derivatives of the partition function
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Experimental goal:
Extract higher order cumulant ratios

HADES: Phys.Rev.C 102 (2020) 2, 024914 ot : ;

AR P L 00T, oba501 EIMeasure energy excitation function of-hlgher grder cumulant
= T ratios of net-baryons (protons as proxy in experiment)
[@X o
é_ L "‘>"~ ¥ STAR (0-5%) ;

— [0} B HADES (0-10%) . - .
b > ® CE generator 1 - Expected non-monotonic trend for critical behaviour
= - —a— CE analytical
(@) " LV ----HRG K 1
o - L = — =7
S 4 9F % g
z B E g ]
o- ¥ ¥ i
i ? — — — | Drawing by Anar Rustamov
i " o Iyl < gz . | M.heng et ) PRO7O 4508020000 o =
o
- S <P < EOVIe - ' Probing low energy regime by STAR and HADES
-2 Ll L] ' LHADES published proton cumulants data for Au+Au at 1.23 AGeV

1 10 10° U Analysis of higher order cumulants for Ag+Ag (1.58 AGeV) and Ag+Ag (1.23 AGeV)
Plot taken from VSNN [GeV] is Ongoing.

Anar Rustamov DOI: 10.1051/epjconf/202327601007, EPJ Web Conf. 276 (2023) 01007) Dln March 2024 measurement Of Au+Au 0.8 AGeV
CPOD talk by Anar Rustamov, Mon 05/20 LRatios do not cancel out volume effects!
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https://inspirehep.net/authors/1058331
https://doi.org/10.1051/epjconf/202327601007

Experimental challenges

Dynamic/Signal _
fluctuations

Beam quality variation

“Bad” events (Pile-Up...)
Contaminated event
(Reaction with target frame...)
Centrality selection window
Centrality estimator can cause
auto-correlations

- We do not measure at
constant volume!

o0 0Ooo

Centrality selection:
Signal fluctuation are
averaged over
volume

—>
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“Volume” Distribution

Imperfect detector

Measured

efficiencies distorts ‘ o
_ distribution
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18000 Reconstructed Distribution (GEANT)

True Distribution (UrQMD)
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O Limited acceptance

O Detector tracking
inefficiencies

O Particle mis-
identification
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Centrality estimation in experimental data

JRequirement for centrality selector:
Scales monotonically with number of

participants or spectators ,/o".";\‘
byt
_ [ P JAtG..
For fluctuation analysis: ,'0.'.'.} ,_:%,:..'.
DO R
: . . TN g
(JCorrelation of centrality estimatorto 3..;,;“‘—'....; ...................... W
protons should be as small as possible ",J‘ W
to avoid auto correlations ¥

START VETO

i oo s o HADES

A\ R g QTOF + RPC Hits
Charged Tracks
dForward Wall

Before collision

Spectators

"
' "0 O e 4 o) 'S \:
DNl I T I
L '_';:'.‘;_..,.;‘.::."{'g'f;-.‘4&,;—:-'.w°-.. §
N RS R IR e, ol R gmell B e et g : ...................
Participants
MUCH TOF
LCBM:

QSTS + MVD Hits
U Charged tracks

U Charged Meson tracks
LFSD Measurement
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Centrality estimation in experimental data

Transport + HADES GEANT Simulation Au+Au 1.23 AGeV PHQMD + CBM Simulation Au+Au 12 AGeV
Q ' o 1.2 —N
0 6_ UrQMD — (b) : C — CiT:rged tracks
i T | = —— m tracks
T N | - — EPSD
Yy e yoi 0.5 trk ] 0.8~
0.4~ yeyt02 ——" - LQHADES e ]
T T T - QTOF + RPC Hits Mm
- - T hit - A=
0.2 o - L Charged tracks -
R e | 0.2-
e dForward Wall W
a 0=
0 F ________________ ] M
L:”.:::::::‘.““ - . -0.2 O
- 12_1__;?’& EQFW r
| — | _D 4 __ | | | | | | | 11 1 | 11 | | 111 | |
0 5 10 15 0 2 4 6 8 10 12 14
Impact Parameter [fm]
Phys.Rev.C 102 (2020) 2, 024914 b [fm]

cov(Centrality Estimator, N pmt)

P Ox0y

LCBM:
LSTS + MVD Hits
L Charged tracks
U Charged meson tracks
LFSD Measurement
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How to connect centrality estimator with volume
guantities? — Glauber Mode

TGlauberMC[1|]

_ NN Cross Section and Nuclei properties

Sample impact parameter b

Randomly distribute nucleons according to Fermi
Distribution

JFit MC-distribution to the
measured one = X% Minimization

Perform collision based on straight line approximation

_)Nw:Ncol

Nsoures = fNpare + (1 = f)Neou MC Process defined by

Sample Number of Hits Nyqcks

. (Draw from e.g. Negative Binomial, Gaussian,
Nsoures times Poisson) (u' k' f )

F(n + k) (&Y

Pﬂ,k(n) = F(n+ DI(k) * (% N 1)n+k

[1] Improved version of the PHOBOS Glauber Monte Carlo
‘ C. Loizides (LBL, Berkeley), J. Nagle (Colorado U.), P. Steinberg (Brookhaven)
SoftwareX 1-2 (2015) 13-18, SoftwareX 1-2 (2015), 13-18

Output:
Ntrqcks—Distribution, N4, — Distribution.

Correlation betweenN;,4cksand b, Ny g1
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https://inspirehep.net/literature/1310629
https://inspirehep.net/authors/1021169
https://inspirehep.net/institutions/902953
https://inspirehep.net/authors/996269
https://inspirehep.net/institutions/902748
https://inspirehep.net/authors/1053894
https://inspirehep.net/institutions/902689

How to connect centrality estimator with
volume quantities? — Glauber Model

> lauber Fit th Fit
10° 4 Z = HADES FW Entries 1000000
T . . - M 2893
\\\ CBM 1T PHQMD + CBM Sim 12AGeV C Et?‘jalgev 076
0 =
10 \ ! =
10% ciac o 4. s .
Fitting of MC-Process to measured distribution
\ i
02 | |
1 10° =—L
! F
108 r |||]
10
CY . Enllisrle?Dr;OOOO
|| | . i e |
L= T woo A 10° R TR T B T B - I R T T B
0 2505 et ':_‘\ 50 300 1] 1000 2000 10ty 6000 F000
200 :? ™,  racks R ”K\m‘m LA * Cew
5 ) - | :l:’\\_ 102 o S, '*,frix y ~
AR (;; 4 \
- i ] ] H
o % %.| Extraction of relation to geometry and “volume” parameters | i ‘ﬂ ‘w
L S T z=‘_\'-‘1 12 '1' 1 B 20 1%[%‘“ '|”L|"‘ H'”M“m‘ Nl P
b [fm] 0 50 100 150 200 250
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Definition of volume at low energies?
Sources for particle emission?

In literature usually
/ for Glauber:
v\ Npare = Ny

Only accessible in transport

O Number of binary [ Nucleons that under O Wounded nucleons + models, not in Glauber
collisions went at least one Nucleons that interacted
" inelastic collision with produced particles.

v \ g Furthermore, for low collision
............................. Y. energies:
#1 Npari=5, Neou=4 » Interaction of particles with
#2 Npar=1, Neoi=4 spectators
Mzn&—”i::ﬁ 3 Negr = flNeow + (1= )Ny > AEc) low energies most of the
I= Nparr=10, Nean=11 protons are not produced, but
rescattered

Carroll et. all (2003). PHOBOS at RHIC: Some global observations. Pramana. 61. 865-876. 10.1007/BF02704455
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Volume effects on cumulants
- Independent Source Model

JHow to describe volume contributions
in observed particle cumulants?

ki(N) =< Ng,., ><n >
JIModel with simplest assumption:
ISources of particle production are

statistical independent [*][**] ;
»Moment generating function factorizes fes(N) = < Ngye > kez(n) + k1 (Mka (Wkz (Nre) +< > k3 (Ngre)

NS () = Mo k4(N) =< Ngpe > k4(n) +4<n> kg(n)kz (Nsrc) + 3k§(n)k2(Nsrc)

datm

My(8) = (My(D]"° | p—) +6 <n > ky(Mks(Nere)+< n > ky(Noye)

JIndependent source model can also

ky(N) =< Ngpe > ky(n)+<n >2 k3 (Nsrc)

V. Skokov, B. Friman, K. Redlich, Volume Fluctuations and Higher

be applied to covariances [*]
Order Cumulants of the Net Baryon Number, Phys. Rev. C 88 (2013)
034911. arXiv:1205.4756, doi:10.1103/PhysRev(C.88.034911
km (N) ._ Oberserved parthle Cumulants Bridging the gap between event-by-event fluctuation measurements and theory
o— ] ] *%] predictions in relativistic nuclear collisions
km (n) Sln‘gle source parthle Cumualnts [ ] P. Braun-Munzinger (Darmstadt, EMMI and Heidelberg U.), A. Rustamov (Heidelberg
U. and NNRC, Baku), J. Stachel (Heidelberg U.) Nucl.Phys.A 960 (2017), 114-130

k,,(Ng..) = Cumulants of sources\participants
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Volume Correction — Novel Procedure
Cumulants of sources

JTo obtain single source particle
cumulants, need to know cumulants of
participants

JUse cumulants from MC simulation

(Transport, Glauber,...) =2 Relay on further
assumptions / model dependence

IBetter: Data driven approach

INovel procedure based on event
mixing:

A model-free procedure to correct for volume
fluctuations in E-by-E analyses of particle multiplicities
Anar Rustamov, Joachim Stroth, Romain Holzmann
Nucl.Phys.A 1034 (2023), 122641

ni events

gvent guantities (centrality)

Event 1 {n1 charged tracks)

|

Event ni

LS

nZ events

Event 2 {n2 charged tracks)

Event 3

-

Event n2+1

L
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@ from cov[*He,d] ® from cov[t-m]

[ ] o T T T T T T T T T T ) T T T T T T T
A = @ from cov[p,’He] from cov[*He,{]
u I =z D 03 | @ from cov[p,d] from cuvﬁHe,ﬂ |
-.\!: . | @ from covlp.i] ® from cov[d-t]
"“g | & from covipm] from cov[d-r]
=
=
h¥

Cumulants of sources

J Event mixing removes correlations between particles 0.01 S
»In case of Poisson like behaviour one expects for the emission per sources: i <2NW>'-’ =N ()
» k,,(n) =<n>, cov(iny,n,;) =0 o
0-10 10-20 20-30 30-40
2 5 ko(Nw) centrality[%]
ko(N) = (Nw) (n) + (n)" ke(Nw) = (IN) + (N) N )2 Nucl.Phys.A 1034 (2023), 122641
w A — 1 . T T T r T T T T T r T T T ]
ra(Nw) Z%0.03 ® from (o) -
CO’U(Nl, NQ) = (nl) (ﬂz) I‘%g(Nw) = (N1> <N2> — y : ® from x,('He) A -
(Nw) z [ e
!N 002__ ® from x,(x) |
‘ ka2 (Nw) - cov(Ny, Ny) Ka(Nw) _ Ka(N) B i I
(Nw)* (N1) (N2) (Nw)? (NY?  (N) :
0.01- Ka(Nw) _ KalV) 1|
I (Nw)® (W) ()
(] Procedure can be extended with the same argument to higher orders. T rw-ra——rs

centrality[%]
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Volume Correction

Generalized correction scheme

INew paper by V. Koch, A. Rustamov, R. Holzmann & J. Stroth
J Mathematical generalization using factorial cumulants

J They found that event mixing is equivalent to charged tracks

] Additional Bias terms that account for difference to Poisson
distribution

Controlling volume fluctuations for studies of critical phenomena
in nuclear collisions

Romain Holzmann, Volker Koch, Anar Rustamov, Joachim Stroth
e-Print: 2403.03598 [nucl-th]
https://arxiv.org/pdf/2403.03598.pdf

H.Q[NH..] o Cg[j‘rf] - Cg[ﬂtr]
(Nw)? (M)*

U Independent w.r.t

Cy[M] — Cy[M]

to average Binwv rs[Nu] Co[M) k[N Cs[M] — C3[M]

efficiency (N, (M)? (N,)? (M)
g [*Mw] _ _ﬁ(jg[.’l!] H;_;[f"i‘ru,] B 46&[ﬂ1] f:.ﬂrlr} + 3@3[1\!]? ) [I‘\"'w]
(N} (M)2 (N,)® (Mr)?

(Ny)* (M)

C,, (M) = Factorial Cumulants of charged tracks, for fixed N,,

C,(M) := Factorial Cumulants of charged tracks, averaged over N, := what we can measure in experiment

CPOD 2024

16


https://inspirehep.net/literature/2765779
https://inspirehep.net/authors/1005673
https://inspirehep.net/authors/1002475
https://inspirehep.net/authors/1058331
https://inspirehep.net/authors/1022460
https://arxiv.org/abs/2403.03598

Volume Correction - Test

Toy model - Reco. of participant cumulants

Particle
Sarticioant - Number
articipant generation Particle Generation ictributi
‘ ‘ Detector Effects ‘ Distribution
Glauber Model Poisson, Negative Binomial folded with
| Y ] | Volume
o Centraiity 00Ky Distribution
bl . : - = = Negative Binomial
e o e B - ol O HADES, Ag+Ag 1.58 AGeV (Real Data): Cumulants of Negative
R Binomial
- BE- oA B f=1u=035k=24 -
i F Ca) = (0= Vg
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Volume Correction

Test in HADES Simulation

Charged Track Distribution

350

300

250

200

Aim:

Reconstruct cumulants of
participants from
cumulants of all charged
tracks or mixed event
single particle sample

—

CPOD 2024
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Counts

Distribution of Source / Participants
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Poisson Toy Model

VVolume Correction
oy model — Reco. of participant cumulants

g 30 M« Truth MC 2 06 2 I
o g 8 C
® E [ 2 1sfF
o5l @ Reco. from all tracks » g4l r
: i
20~ 0.2} -
; L
15/ of- ®'® oF
- 05 ®
10 ® ® -0.2f n 9
[ E L
o -0.4F -
—1.5_—
U 1 1 1 1 I 1 1 1 1 I I 1 1 1 1 —D 5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200 0 50 100 150 200 2 50 100 150 200
<Nsm> {Nsrcb «:N“:»

U For Poissonian particle emission bias terms vanish, good agreement with MC Truth
» Formulars are implemented correctly
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HADES Toy Model

VVolume Correction
Toy model - Rec. of participant cumulants

v 30 : g T @ 06 e TruthmMc 2 2r . | ok« Tunmc
=) ' E 1 E - ' '
7] : = 3 3 -
- : g - : ] S
25f=---sssesembecnneeaeo-] @) Reco. from all tracks @ 04 1| @ Reco fromalliracks . ' ' @ Reco. fomall tracks
“ s , : | SR S .
) SR A 7] R S 7] R S oo
1 1 1 - : : :
: : i’ ] : ® O L SECP PP
1 1 1 r 1 * 1 1
T IRt Rt EEREITER . 3*’ ----------------------- . : :
: ¥ ] : T S i L RN N —
: : : L e !g
10~,! ----------------------- i) LR T TEEEE T CETRPPRPP T CEREPETLEEE P PPEEPPPLEE | CREECEIE CREETPLEEEE R PREEE L
- : : - : :
i : B[ b
[ R ] B LR R 'E
1 B s
- [ [ ] ] ] L
1 1 1 1 1 L
U 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _Uﬁ 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 _25 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200 "0 50 100 150 200 "0 50 100 150 200
=N_ = <N_ = =N_ =
src S src

 HADES Negative Binomial Toy Model exhibit good agreement with MC Truth
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HADES Toy Model

VVolume Correction
Toy model - Rec. of participant cumulants

k= : g L X :
@ s - = -
- : : 2 F : | @ Reco.fromalltracks S T @ Reco fromalltracks
25k -reeerrriatanaaaaaaaad @ Reco.fromalltracks O p4p i - F : eco. from a
3 : F 1:-_ ............................................
3 r
2] PP 5. 2 S - Ay 31 ] SR R
=

U 1 L1 1 I L1 1 1 I 1 1 1 1 I 1 1 L1 —06 1 L1 __1 I L1 __1 1 I 1 L1 __1 I L1 __1

] | ] [ [ B [
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200

<N_.> =N_.> <N__=

 HADES Negative Binomial Toy Model exhibit good agreement with MC Truth

(J Contribution from Bias terms are small
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Volume Correction
Toy model - Influence of Bias terms

k. (Ny)
<N, S ;
%10
k. (Ny)
- IVW >£ c —0.02_
0.004 - 0.04f n k,(N,)
0: Oi —0.065
0-5lll1TIII1-5IIII2I<I2-5III3III3-5 (}.511.52T2.53\4.5 _(},oaf
AL - B ] ]
C3[M] —C3[M —3 Co[M] K3 [Ny =
<M>2 <M >? <M>3 M3 T Tomsz 22
w
U Bias terms for HADES-Neg.-Bino-Toy // \
rrllodel a;e §mall as cumulants are AL G m] . 6 T3[M] 13[Nyy)] . 4 T [M]<M>+3C5[M]2 2[Ny,] )
close to Poisson <M>*% <M>*% <M>2Z2 <N,,>3 <M>2 <Ny,>2
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Fluctuation measure between particle A and B

Volume Correction g

2[A4,B| =
. . . 4, B] <A+B>
[est In HADES Simulation  se=ssese
M. |. Gorenstein, M. Gazdzicki, Strongly Intensive Quantities, Phys.
No correlations =2 X[4,B] = 1 Rev. C 84 (2011) 014904
O Simulation: Smash+(Clustering) Ag+Ag 1.58 AGeV
® ]
@ [l ~ 1.2 ® [He3, d]
= 1.2— . . ® [Heg, dl Q C . .. [He3, 1]
) - | w/o Event Mixing (He3. 1 3 - | With Event Mixing ® 1
N - , : ® [ 2 1.15— . ® [
3 ] ———— S R———— S ® [ S - : ®
N C i : (« © A | - ® bl
| L ° o ® [prl —_ 1 1__ [, ]
— T | SO SESR O PSORSS S In*, ] N T '
NARA T : 3| C
3| - A+ -
A+ 7K St S SO PSS S m | S 1 05:
Q< = Y Vv |V -
V|V C + 1= W L ) T
;_t 1__ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 6; : -/ ~ A4 -/
S - ¢« @ & @& ¥ 3 -
3 ] ® . A e o ® A 0.95—
A 0-95C ® < -
< - H H H vV o
Vv e S LIS SO S I 09—
ll - H H H E‘ -
] C : i : << r
i 0.85 e e e = 0.85[—
X - H H H -
0.8 0-10 % 10-20 % 20-30 % 30-40 % 0.8 0-10 % 10-20 % 20-30 % 30-40 %

v Event mixing scheme successfully removes correlations
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No acceptance restriction

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV
[ Test on Generator level

MC Truth: Cumulants of N,

Sigma

25

30

e i mic

w

. Reco. from all fracks

Skewness

08

e Tunmc
-

. Reco. from all tracks

Kurtosis

sfe Tt mc

. Reco. from all racks

® r

® 0] SERPEES SEPERPSEERREE ® - 1] SERECRR CURPETY SRCRP

- : : : : : ] SCCRPET REDPOEE: SECPEEE T ERRRE 0.4 - -merdenmes bemeeens ARECPRETEELRRLE SRTCRPE
20f=------ ponmnebeeseee AR IR b [ ; ; ; ; ; . : : : : :

b 5 5 5 s I S R IR L N S S SO TS SN A

L 9 0:0 g s F s i s : - : s : s

T | (Oear : : e : : SRS SRR ] * ----- T T
. . Do 5 [ SRR . > SOUNNN IR S 4;.2_* ....... S R

II|IIIIIIII 1
250

150 200

1
150 200 250

1 111
300 0 50

qu>
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No acceptance restriction

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV | MC Truth: Cumulants of N,
[ Test on Generator level

* Truth MC * Truth MC
w 30 . . I!l Truth MC p B} - 1
E : : = @ 2 3 Reco. from all tracks
‘%’ . Reco. from 5 . Reco. from all tracks é; L .
® - % 08 -==---renmreemn ° Z 08fp-----mmmmammmemees ® ¢
25|__ ----------------------- . P . 06 ___________________ .. p . 06_ _________________________________ E ___________
1 H . . .
3 ] Y CRERCECEPEE R REEE e emeneees 04 mrmme e oo me e
20f=-rmm e e : : '
! 02 i T T A
(1) ST SRR, 'i ----- ' ----- @ 0 * S LCRTe IEPEPEPRRRE oo
: L3 :
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Acceptance Restriction: |[ycm| < 0.4

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV | MC Truth: Cumulants of N,
[ Test on Generator level
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No acceptance restriction

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV | MC Truth: Cumulants of N,
[ Test on Generator level
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Volume Correction

Test in HADES Simulation

Acceptance Restriction: |[ycm| < 0.4

O Smash+(Clustering) Ag+Ag 1.58 AGeV

MC Truth: Cumulants of Ng,..

1 Test after HADES track reconstruction (GEANT 3.4)

CPOD 2024
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Summary

UIn experiment, extracted cumulants are averaged over distribution of participants

» Need to correct for this effect, before doing any comparisons with theory predictions

L Centrality selection and connection to volume parameters in experiment is done via implementation of the MC Glauber Model, Fits to measured
centrality selectors, e.g. hits, number of tracks (For fluctuation studies = auto-correlations!)

] Use Forward Wall (Spectator measurement), Meson tracks

UIndependent Source Model describes how single particle cumulants are entangled with cumulants of participants

JFor the extraction of the participant’s cumulants a novel procedure based on event mixing and
charged tracks has been presented and tested

» Test in HADES-Neg.Bino.-Model show reasonable agreement with MC Truth = Particle emission close to Poisson
» For Transport simulation, method seems to be sensitive to N, not N4,

» Reasonable performance for Variance and Kurtosis, Deviations for Skewness!

> Over correction in transport when considering bias terms = Assumption of independent source model violated?
> Not invariant w.r.t to efficiency correction = = No average binomial behaviour in HADES experiment
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Outlook
Handle efficiency issue
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Noar? Noard Binomial (Multiple Eff. Bins), Reg. Unfolding, Moment

J. Adamczewski-Musch, et al., Proton-number fluctuations in VsN N

=2.4 GeV Au + Au collisions studied with the High-Acceptance Di- Expa nSiO n | d e nt|ty m ethod
Electron Spectrometer (HADES), Phys. Rev. C 102 (2) (2020) 024914 ’
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Kn(Ny)
Ny

Statistical independent sources === k,(N,,) =

Outlook
s the independent source model valid?

Smash with Clustering Ag+Ag 1.58 AGeV —0.2<y.m<0.2 400< p,<1600MeV/c
0.1 *
5 O] > e
~ 009 ® K < 0.09 ®
- - e K °
008 o _
0.07f ,,,,,,,,,
o.oef
0.05f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0.04" 04/8 498
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I\IW

O Scaling of reduced proton cumulants is not constant = Assumption of independent sources not fulfilled in
transport model. Experimental data we can not test, here we relay on Negative Binomial Toy model
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Kn(Ny)

O ut‘ OO k Statistical independent sources === k,(N,,) = N—w
s the independent source model valid?

See also Sugiura, Nonaka & Esumi
Definition: k, =K /V withV=A . PRC 100 (2019)

Norot (yoiO.Q) K /A pan VS A N (7,0-2) % /A, Vs A,

part

IQMD K o L Potential Solution:
c0.08— L = i_.:’__'_—:nc'\ 1‘_1__._—4—'4""_ B . . .
gl e ] ok S —— QO Find effective quantity for Number of
006%?53?4_ L T T Sources
0.041- - ; . JF O Ny, dependence, incorporate non-
; K3 oo UMD |,y li it
ineari
oo 4’* 0.02- + Y
. —¢— i © UrQMD 123 AusAu . |k
0 - nolLVL1, no FWcleancut —= . . .
ey e o d Combine mathematical ansatz with Taylor
100 200 300 B T BT [ R T
A A :
—— par par expansion (as proposed by HADES)
—> Skokov et al. assumption (k, = cst) is not fulfilled! con5|der|ng also SIOpeS?

— Extend formalism to NLO: K, = K, + kg, - (V — _17)
and N2LO: k,, = K, + K - (V = V) + K} (V —V)?

details given in Adamczewski-Musch et al. PRC 102 (2020)
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Thank you for your attention!
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Acceptance Restriction: |[ycm| < 0.4

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV | MC Truth: Cumulants of N,
[ Test on Generator level
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Acceptance Restriction: |[ycm| < 0.4

Volume Correction
Test in HADES Simulation

O Smash+(Clustering) Ag+Ag 1.58 AGeV | MC Truth: Cumulants of N,
[ Test on Generator level
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Acceptance Restriction: |[ycm| < 0.4

Volume Correction
Test in HADES Simulation

O UrQMD+(Clustering) Au+Au 1.23 AGeV| MC Truth: Cumulants of N,
[ Test on Generator level
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