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* Discussion with 新井⽥、野中(俊宏)、⼩沢、佐甲、佐藤、⼭⼝、
北沢、奈良、平野、野中(千穂)

* 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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新井⽥ ：Polarization, Femtoscopy（ハドロン相関）, 中性⼦運動量
野中（俊） ：バリオン数ゆらぎ、中性⼦検出効率、UrQMD計算
江⾓ ：中性⼦検出器を含めたbaryon
⼩沢 ：⾼密度側の相図、CSC、φ→KK、a0/f0
佐甲 ：primary neutron, Geant計算、charmed meson <-> CSC、light nuclei
佐藤 ：PID hadron production, energy scan
⼭⼝ ：Chiral Mixing（ee）, Femtoscopy (HBT, バリオン密度の⾮⼀様性, Hadron相関）
北沢 ：中性⼦のEfficiency、陽⼦のAcceptance、Event選択、⾼密度事象、精密化
奈良 ：Fragment, Nuclear cluster, coalescenceで⼗分か？v1/v2のpT/rapidity dep.

JAM 様々なEOSのテスト、pT, y分布、v1, v2, バリオン数ゆらぎ、EOS＋CEP
平野 ：流体・コア＋コロナでDynamics、平衡・⾮平衡の割合、バリオン拡散

JAMの中の流体計算（粘性、ゆらぎ）を使って、粒⼦⽐、PID、臨界点モデル
e-by-e ストッピング

野中（千） ：平衡化、流体化、RattiによるCEPモデルを使ってみる、（電）磁場を⼊れた流体
JAM（+流体）に電磁場を⼊れることが可能か？Potentialならすぐ
recombination/coalescence
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AMPT 20GeV Au+Au collisions
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Net-baryon number distribution

Peripheral collisions Central collisions

p, pbar only
50% of n, nbar
including n, nbar
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RHIC-PHENIX TOF ~0.5 panel

beam
direction (z)

Possibility to have converter
(1 or 2 cm) between layers

15 x 15 x 640 (or 430) mm3

BC-404 (only PMTs re-used)

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

Neutron detector R&D for the future High-Density 
Quark-Nuclear Matter experiment 
in FAIR-CBM and J-PARC-HI
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Au+Au 2.4 GeV HADES
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Pile-up events from 
high rate measurements

segmented vertex

• with/without TOF hit requirement
• Pile-up correction (next slide)
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Tracking efficiency and 
response matrix for unfolding correction

unfoldedBES-I

detector efficiency for 
multi-particles detection with full Geant simulationbased on embedding simulation

(Non-)binomial assumption
for detector response

PRC104 (2021) 024902
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Au+Au 2.4 GeV HADES

detector response
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Non-binomial efficiency correction 
(Unfolding method)

NIM A987, 164802 (2021)

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)

big difference

We need more direct ways 
to determine Npart experimentally.PRC104 (2021) 024902 PRC107 (2023) 024908

BES-I
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Xiaofeng Luo (CCNU)

different ”CBWC” corrections 
with various reference multiplicity 
including Npart-CBWC

centrality 
resolution

over-
correction?

AMPT model 
simulation
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Centrality determination 
in HADES experiment
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with CBWC

without CBWC

STAR 3GeV net-proton PRC PRL

HADES
with VFC
no CBWC
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<Npart>

STAR BES1: CBWC only

Au+Au 3 GeV STAR: 
CBWC onlyCentrality dependence of cumulant ratio

Au+Au 2.4 GeV HADES
with spectator based centrality
with volume correction

with participant based centrality
without volume correction
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Acceptance dependence of cumulant ratio
Au+Au 3 GeV STAR: CBWC onlyAu+Au 2.4 GeV HADES
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HADES 2.4 GeV Au+Au STAR 3 GeV Au+Au

Centrality QFW (spectators) TPC (participants)
Nhit or Ntrk (participants) EPD (spectators)

CBWC QFW (spectators) TPC (participants)
Nhit or Ntrk (participants) EPD (spectators)

VFC QFW (spectators) TPC (participants)
Nhit or Ntrk (participants) EPD (spectators)

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

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

HADES 
Forward-Central 
correlation

J-PARC-HI Coll. Meeting, 22/Feb/2024, Riken/Tokyo ShinIchi Esumi, Univ. of Tsukuba, TCHoU 19



Participant Spectator 
Detector (PSD) 

Centrality and 
Reaction 
plane 
determination
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STAR collider mode :
EPD (|eta| = 2 ~ 5)
TPC (|eta| = 0 ~ 1.5)
(for zvtx ~ 0 cm)
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ring1 ring16

EPDE

EPDW

Zvtx
[-200,-120]

Zvtx
[-120,-40]

Zvtx
[-40, 40]

Zvtx
[40, 120]

Zvtx
[120, 200]

EPDE

EPDW

refMult + refMult2 (= refMult3+protons)

nMip sum
vs 

TPC mult.

(nMipMaxCut=6) 

19.6GeV 
Au+Au
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Machine learning of centrality 
with neural network

“old-standard” back-propagation : 
with EPD ring inputs plus z-vertex
educated to the measured TPC multiplicity 
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AMPT 10GeV Au+Au

v1 = <cos(f-R.P.)>
v2 = <cos2(f-R.P.)>

f= atan2(py, px)

v1geo = <cos(fsp-R.P.)>
v2geo = <cos2(fsp-R.P.)>

fsp = atan2(y, x)
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pi-, pi-

eta bins

azimuthal bins

pi+, pi+

p, p
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AMPT 10GeV Au+Au
full acceptance (h = [-1.5, 1.5])
100% efficiency (pT > 50MeV/c)
no R.P. resolution (sR.P. = 1)
600M events

~108 events used here
realistically ~1010 needed pT1

pT2

side view size
qT-side : RT-side

depth + time duration
qT-out : RT-out

z

x

pz

px
vn(pT, eta)

en(pT, eta)

横⽅向
奥⾏＋時間
Rout

横⽅向
幅
Rside

ビーム軸⽅向
Rlong

Rside-Rout Rout-Rlong Rside-Rlong

-1.5 < h < -1.0
-1.0 < h < -0.5
-0.5 < h <  0.0
0.0 < h <  0.5
0.5 < h <  1.0
1.0 < h <  1.5
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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
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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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qOut-qSide correlations

eta bins

azimuthal bins
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qLong-qOut correlations
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qLong-qSide correlations
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qLong-qOut-qSide correlation

eta bins

azimuthal bins
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3D fitting function
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