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* Discussion with FTHHMH. Frhws. JUR. &R, &B. L0,
R, ZR. ¥E. FheEn

* Neutron measurement for net-baryon fluctuation

* Key issues on the fluctuation measurement
pileup events, non-binomial detector responses,
centrality resolution and volume fluctuation

* Detectors for the centrality determination

* Multi-dimensional femto-scopic correlation
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AMPT 20GeV Au+Au collisions
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Peripheral collisions

Central collisions
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beam

~100 PMTs (half TOF panel) have
been used for this neutron detector.

direction (z)
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RHIC-PHENIX TOF ~0.5 panel

15 x 15 x 640 (or 430) mm3
BC-404 (only PMTs re-used)

Neutron detector R&D for the future High-Density
Quark-Nuclear Matter experiment
in FAIR-CBM and J-PARC-HI
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Tracking efficiency and

response matrix for unfolding correction
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Reconstructing particle number distributions with convoluting volume fluctuations

Non-binomial efficiency correction
(Unfolding method)
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FIG. 4. (Top) Correction functions in the generated coordinates. White-colored bins represent the large negative value outside
the z-axis range. (Middle) Toy-MC distributions in the generated coordinates. (Bottom) Toy-MC net-particle distributions in
the generated coordinates. The 1st to 4th row from left to right show distributions at the Oth (initial condition), 1st, 10th and
100th iteration. The most right panels show distributions for the toy-experiment sample.
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ShinIchi Esumi,‘-E] Kana Nakagawa,! and Toshihiro Nonakalfz-

! Tomonaga Center for the History of the Universe, University of Tsukuba, Tsukuba, Ibaraki 305, Japan
2 Key Laboratory of Quark & Lepton Physics (MOE) and Institute of Particle Physics,
Central China Normal University, Wuhan 430079, China

‘We propose methods to reconstruct particle distributions with and without considering initial
volume fluctuations. This approach enables us to correct for detector efficiencies and initial volume
fluctuations simultaneously. Our study suggests such a tool could investigate the possible bimodal
structure of net-proton distribution in Au+Au collisions at \/sxn = 7.7 GeV as a signature of
first-order phase transition and critical point of hadronic matter [1}/2].

NIM A987, 164802 (2021)
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A general procedure for detector-response correction of higher order cumulants

Toshihiro Nonaka,l'Qﬂ Masakiyo Kita.zawa,s"' and ShinIchi Esumiz'

alternative method with moment expansion

NIM A906, 10 (2018)
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Centrality determination

trying to improve the centrality resolution by increasing
the number of charged particle (as much as in the TPC
even in the case of Fixed target mode) excluding protons

with Centrality Bin Width Correction (CBWC)

Reference Multiplicity
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We need more direct ways

to determine N, experimentally.
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AMPT model

simulation
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Centrality selection with the Forward Wall

FW made of plastic scintillator tiles
covering polar angles 8 = 0.5° — 7.5°
= protons & clusters dominate i.e. a pseudorapidity of n = 2.7 — 5.4
= centrality selection based on (HADES itself covers y = 0 — 1.8)

= hit mult in TOF & RPC

= or track mult

= or FW sum of charges =2m

=>» reduce auto-correlations!

In 1.23 GeV/u Au+Au collisions:

=» Used for event-plane reconstruction

Pre-Shower Forward Wall

Beam

cross section of 1 of 6 HADES sectors

4x4, 8x8, 16x16 cm? tiles

07/11/2023 EMMI RRTF | R.Holzmann (GSI) 18
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Centrality estimators in the HADES experiment

N, .. centrality Based on full simulation with events
from 1QMD + MST clusterizer
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volume fluctuations 6V = 6Ny ¢,
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=» We use FW for fluct. analysis
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Centrality determination
in HADES experiment

P (Nprot, £ Qrw). Unfortunately, such a complete model is not
yet at hand, and we have hence taken the pragmatic approach
to (1) use the centrality selector with lowest correlations and
(2) modify the volume cumulants based on the resulting Ny;
distributions such as to express the correlation-affected Npart

events
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Au+Au 3 GeV STAR:
CBWC only

with participant based centrality

. . without volume correction
Centrality dependence of cumulant ratio
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Acceptance dependence of cumulant ratio
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~ 4° HADES
-« Forward-Central
"+ correlation

SRS HADES 2.4 GeV Au+Au

Centrality Qrw (spectators)
Nhit or Ny« (participants)

CBWC Qrw (spectators)
Npit or N« (participants)

VFC Qrw (spectators)
Niit or Ny« (participants)

STAR fixed target mode :
EPD (eta= 2.5~ 6)
TPC (eta=0~ 2.3)

STAR 3 GeV Aut+Au

TPC (participants)
EPD (spectators)

TPC (participants)
EPD (spectators)

TPC (participants)
EPD (spectators)

CBWoC is to take into account the variation of the mean within a centrality bin,
which is effectively correcting for the volume fluctuation.

J-PARC-HI Coll. Meeting, 22/Feb/2024, Riken/Tokyo
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Participant Spectator
Detector (PSD)

Centrality and
Reaction
plane
determination

J-PARC-HI Coll. Meeting, 22/Feb/2024, Riken/Tokyo
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spectator region <€ > participant region

EPD mult./ring

27GeV Au+Au TPC multiplicity

Forward-backward event-plane correlation

STAR collider mode :
EPD (|eta] =2 ~ 5)
TPC (Jeta] = 0 ~ 1.5)
(for zvtx ~ 0 cm)

e (I)zbackward

(I)lbackwa rd
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Machine learning of centrality
with neural network

“old-standard” back-propagation :

T;::f: sigmoldifunchien with EPD ring inputs plus z-vertex
input hidden F(x) o educated to the measured TPC multiplicity
layer layer 2 S /
j hidden
East, , em—(y
28 ‘ing1 - layers K 27GeV Au+Au 50k education events and 50k test events (EPD+TPC)
Eastrin——>gz ] = - ] X
Eastring:,,
[ [ ] output 16 ADC sum values from 2 arms + zvertex = 33 input neurons
| | [ layer L T o Do oo D Lan o e | i || e ok i
West = | Walnol[n,]  woinding ] - X.[n,] centrality
Westr—ingz 3 ] VA [nl] - BEIRE j WC[nZ][n3] — 41740 ref. mult.
- | Velnd | Vv 1 Wolnslng] 3 hidden layers (n1=66, n2=30, n3=10 neurons) .
Zo = el <%
- A . L] Vo [ng] back-propagation to modify weight W and bias V| Total normalized error | -
_______ X;3[Nn;] Error (target-output) : E = 0.5 (X;[n,] = X,[n,])? sum;per 1k events
dE/dX, = X;-X, , dX,/dY,=F'(X,) , dY,/dWy=X, '}{With SOk test samples |..i-
n /[ dE/dW,, = (dE/dX,) (dX,/dY,) (dY,/dW,)
Xo[no| — X,[n,] F(x)=1/(1+exp(-x)) W.. = V\? X _;( F ;(/ )2 J/aWo é : : :
X.[n,] ~ p=Wp+ o (Xpe-X,) F(X) X
1ttt Xl[nI] = F(Yl[nl]) VD - VD +0 (XT'X4) F’(X4) : ; ; | :
Vln,] = 20 (W,lnoling] Xolnol} + V,ln,] AE/dX, = (%,-X,) F/(X,) W,
T 2lo 3
1 ith 1
output layer with 1 neuron (as refmult) number of iterations
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AMPT 10GeV Au+Au

0.6

vl = <cos(¢p-R.P.)>
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0.2

¢ = atan2(py, px)

-0.6

5000

:lllilllil|IilllillIilllilllilllilllilll
% 2 4 6 8 10

12 14 16 18 20

-6 -4 -2 0 2 4 6

J-PARC-HI Coll. Meeting, 22/Feb/2024, Riken/Tokyo

—45C

50

0

0.5

| )
ol V2ge, = <€082(0gp-R.P.

-6 -4 -2 0 2 4 6

Shinlchi Esumi, Univ. of Tsukuba, TCHoU

o L N I N N W Vlgeo = <cos(¢gsp-R.P.)>

>

25



P, P
pi+, pi+ k __ t |
pi-, pi-

D

Q) ———

o,

= ,
wn

v .

J-PARC-HI Coll. Meeting, 22/Feb/2024gRikanithval bins Shinlchi Esumi, Univ. of Tsukuba, TCHoU 26



AMPT 10GeV Au+Au A
full acceptance (n=[-1.5, 1.5])

100% efficiency (pT > 50MeV/C) wumpp ~108 events used here
no R?P. resolut?/o(np(oRp ~1) ) realistically ~1010 needed
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Summary

* Discussion with other colleagues

* Neutron measurement for net-baryon fluctuation
* Key issues on the fluctuation measurement

* Detectors for the centrality determination

* Multi-dimensional femto-scopic correlation



AMPT 19GeV Au+Au
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AMPT 27GeV Au+Au
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AMPT 19GeV Au+Au
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AMPT 27GeV Au+Au
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gOut-gSide correlations

suiq e19

azimuthal bins
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glLong-qOut correlations
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glLong-qgSide correlations
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gLong-gOut-qgSide correlation
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azimuthal bins
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3D fitting function
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