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Charm of high baryon density regime
QCD Phase diagram

* QCD Phase structures
e 15t iti
15t order phase boundary, QCD critical O Quark-Gluon

QGPC O Plasma

point, color superconductor
e Restoration of chiral symmetry
* In-medium modification of vector mesons

* Properties of high-density matter QCD Critical Point

e Baryon density, EOS, and hydrodynamical
properties (viscosity) etc.

- Neutron stars and mergers

Color
Hadron Super

@ Fiﬁdronlc s conducto
ase p+A Neutron Star !
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How high in density can we go”? (JAM)

Four Volume
Vi(pen) = dt d>x
— 00 p(z)>ptn

Lifetime f

V4(Pth) =
T p—
(Pun) maxVs(pen, t)
Note

V, may be relevant for the dilepton production rate.

M. Kitazawa, Reimei Workshop, June 2024, H. Taya, A. Jinno, M. Kitazawa, Y. Nara, arXiv:2409.07685
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#“IH"“MIPH— Cascade —— FS
~ Pm/Po=3,4,5,6

~

O /syy = 2.6~5 GeV would be the best energy to create p = 3p, with largest V,.

M. Kitazawa, Reimei Workshop, June 2024, H. Taya, A. Jinno, M. Kitazawa, Y. Nara, arXiv:2409.07685
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Looks like it’s AGS energy. Did we overlook in the past?

e Statistics

* The high baryon density events are very rare.
* AGS experiment didn’t earn enough statistics to look for these events

* Event selection
* Centrality is the main event classification variables.
* We might have to invent new event selection variables to enrich the high baryon density events.

* Dilepton

* Had the dilepton been measured at AGS, people may have discovered something strange, and
have been motivated to run longer

There is no ifs in the history. We just should plan new experiments at AGS energy NOW
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World’s faC|I|t|es exploring high-density regime
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Collision energy |'sy [GeV]

T. Galatyuk, https://github.com/tgalatyuk/interaction_rate_facilities, updated in Feb. 2024
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* Energy ranges:
Vsy=2-10GeV to
explore high-density
regime

* High-luminosity
measurements are
very important for
dileptons
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World’s faC|I|t|es exploring high-density regime
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* Energy ranges:
Vsy=2-10GeV to
explore high-density
regime

* High-luminosity
measurements are
very important for
dileptons

J-PARC:

E., (Au) =1-12 AGeV >
\syn (Au) = 1.9-4.9 GeV

T. Galatyuk, https://github.com/tgalatyuk/interaction_rate_facilities, updated in Feb. 2024
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World’s facilities exploring high—density regime
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T. Galatyuk, https://github.com/tgalatyuk/interaction_rate_facilities, updated in Feb. 2024
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* Energy ranges:
Vsy=2-10GeV to
explore high-density
regime

* High-luminosity
measurements are
very important for
dileptons

J-PARC:

Elab (AU) - 1'12 AGeV 9
\syn (Au) = 1.9-4.9 GeV
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The evolution of AA Facilities

AA FACILITIES CHART

' Label Format: FCC-ee  bmmmmmemm - | FCC-hh: 391 TeV, 2.5MHz |

. VSan , Interaction Rate i.__________________________:—:---——————————-——————————-————--———'

(%) V5w for Pb-Pb collisions CEPC  t-------- i_ _____ §?EF_E5_"_ _}_T_‘?\_/______?i '
v I High energy collisions

| LHC/HL-LHC: 5.5TeV, ~50/100 kHz

RHIC

- 200GeV i + unified picture of QCD particle production from

* QGP properties and relation to the dynamics of
its constituents;

~15 kHz small to large systems;
| + emergence of collectivity and QGP-like
signatures in small systems;
SPS: 4.9-17.3Gev, 10,000 kHz
FAIR: 2.7-5Gev, 10,000 kHz . High (B)density collisions
: | » Onset of deconfinement via energy scans; !
NICA: 2.7-11Gev, 6 kHz « Direct observation of 1%t order phase transition;
= i + Search for the Critical Endpoint !
> HIAF: 1.8-2.7Gev, 50 kHz . (IQCD: g > 300, T < 140)
: S : : * QGP constituents at high ng = Neutron Star EOS !
| i JPARC-HI: 2-6.2Gev, 10,000 kHz  "-y7===--=mmmmmsmrosomemsoooees jmmmmmmmmmmmmomoomnoomnn o
| | | | | | | || | H n | H | |
2020 2030 2040 2050 2060 2070 2080 2090
Luciano Musa (CERN) | QM2023 | 9 September 2023 2
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J-PARC-H| Collaboration

135 members :

Experimental and Theoretical Nuclear Physicists and Accelerator Scientists
Experiment

J. K. Ahn, K. Aoki, S. Ashikaga, O. Busch, M. Chiu, T. Chujo, P. Cirkovic, T. Csorgo, D. Devetak, G. David, M. Djordjevic, S. Esumi, P.
Garg, R. Guernane, T. Gunji, T. Hachiya, H. Hamagaki, S. Hasegawa, B. S. Hong, S. H. Hwang, M. Ichikawa, Y. Ichikawa, T. Ichisawa,
K. Imai, M. Inaba, M. Kaneta, H. Kato, B. C. Kim, E. J. Kim, X. Luo, Y. Miake, J. Milosevic, D. Mishra, Y. Morino, L. Nadjdjerd,j, S.
Nagamiya, T. Nakamura, M. Naruki, K. Nishio, T. Nonaka, M. Ogino, K. Oyama, K. Ozawa, T. R. Saito, A. Sakaguchi, T. Sakaguchi, S.
Sakai, H. Sako, K. Sato, S. Sato, S. Sawada, K. Shigaki, S. Shimansky, M. Shimomura, M. Stojanovic, H. Sugimura, Y. Takeuchi, H.
Tamura, K. H. Tanaka, Y. Tanaka, K. Tanida, N. Xu, S. Yokkaichi, I. K. Yoo

Theory

Y. Akamatsu, M. Asakawa, K. Fukushima, H. Fujii, T. Hatsuda, M. Harada, T. Hirano, K. Itakura, M. Kitazawa, T. Maruyama, K.
Morita, K. Murase, A. Nakamura, Y. Nara, C. Nonaka, A. Ohnishi, M. Oka

Accelerator

E. Chishiro, H. Harada, Y. Hashimoto, N. Hayashi, K. Hirano, H. Hotchi, K. Ishii, T. Ito, M. Kinsho, R. Kitamura, A. Kovalenko, J.
Kamiya, N. Kikuzawa, T. Kimura, Y. Kondo, H. Kuboki, Y. Kurimoto, Y. Liu, S. Meigo, A. Miura, T. Miyao, T. Morishita, Y. Morita, K.
Moriya, R. Muto, T. Nakanoya, K. Niki, H. Oguri, C. Ohmori, A. Okabe, M. Okamura, P. K. Saha, K. Sato, Y. Sato, T. Shibata, T.
Shimokawa, K. Si’\indo, S. Shinozaki, M. Shirakata, Y. Shobuda, K. Suganuma, Y. Sugiyama, H. Takahashi, T. Takayanagi, F. Tamura, J.
Tamura, N. Tani, M. Tomisawa, T. Toyama, Y. Watanabe, K. Yamamoto, M. Yamamoto, M. Yoshii, M. Yoshimoto

ASRC/JAEA, J-PARC/JAEA, J-PARC/KEK, Tokyo Inst. Tech, Hiroshima U, Osaka U, U Tsukuba, Tsukuba U Tech, CNS, U Tokyo, Tohoku
U, Nagasaki IAS, Kyoto U, RIKEN, Akita International U, Nagoya U, Sophia U, U Tokyo, YITP/Kyoto U, Nara Women’s U, KEK, BNL,
Mainz U, GSI, Central China Normal U, Korea U, Chonbuk National U, Pusan National U, JINR, U Belgrade, Wigner RCP, KRF, Stony
Brook U, Bhaba Atomic Research Centre, Far Eastern Federal U, Grenoble U
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Hl acceleration scheme for J-PARC-HI

Hadron
Experimental
Facility

-

Au: 500AMeV

R |
~ & Synchrotron

(MR)
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HI Injector and facility

53 m

........

< 63.5m

[ o SR

HI Injector

?12/5/|2024 RCS

E
Fric AP Conceptual design
L aammsmamss by H. Harada (J-PARC)
‘ EEmEEEmEEE . . Experimental
I oRF \u::;:; o bl
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I et “Tokai HI Frontier
I Project” at JAEA
I [
* Super-heavy
p= I nuclear physics
- | Experimental area 1
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. . * Reactor fuels and
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Experimental area

. ¥ . e Conceptual design
HI Injector and facility HI Injector LR L S

A ;R.F. " .Vertical . EXpe;irzaental
"SRF :;:dniztg (8-20MeV/u) 17; 5 5
- : Tokai HI Frontier
53m i Project” at JAEA
- gy [ 4 I |
\ i - * Super-heavy
— I nuclear physics
] FFFT = T - ] Experimental area ;
| U, s (8-20Mev/u) * Nuclear chemistry
e | ] ‘ l LT ‘ ‘N * Reactor fuels and
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© ‘ | - * J-PARC-HI Injector
R SR - ! B il K EK PS
e o Experimental area
. :l_‘ o | INETHS B OOSter 4 (gO-ZOOMeV/u)
' | ' ..H'Fe._r"ﬁ_.-—._r-—s._---—-._.r—"—\_."':}f L ,-.-_n—- /_ .
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Conceptual design
by H. Harada (J-PARC)

“Tokai HI Frontier
Project” at JAEA

e Super-heavy
nuclear physics

* Nuclear chemistry

* Reactor fuels and
materials

* J-PARC-HI Injector

S‘) Nuclear Science Research Institute 1F
NATIONAL LABDRATORY R :d\=!‘xnce§!c$cient§ Resea}:clh (Eetntter @
. o e Experimental area
HI Injector and facility : et
Hl Injector -
A—HHHHH— N
SRE Vertical Xxperimenta
" Bending |:| s
"SRF Magnet (S‘ZOMEV/U)
l
53m I
- g [ Y ( 1l [
} [l
F- T 8 ] Experimental area
} | 1S (8-20MeV/u)
E : ‘ l == el | -
g =g ooyl T W W ——
o i
© | ) [ 81
CEE T | ol
| b High energy Experimental area
3 |_L | INBTH (80-200MeV/u)
\ L L]T V74 | Hightintensity I.—*—*l
[ Vertical
B ==l u| - Booster : Bencing
| net 1
#_'___.-:—"' - o i | |
T % ) High energy
€ . \\ \ I Experimental
» ! area
X bi? / {“ (80-
C& 'o N Lc 3 200MeV/u)
| i ol (=]
| - 04 "e f’. r i E
3Gev |V 9 2
Im .
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Experimental area
(0.5-5MeV/u)

Experimenta |

area
(8-20MeV/u)

Experimental area
(8-20MeV/u)

SC Cavity
New System!
Design
Completed !

Japan Atomic Energy Agency
Nuclear Science Research Institute
Advanced Science Research Center

@
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New H-| Linac Construction using Old SC Cavity

64.9MHz
RFQ

64.9MHz (,=0.055)
Section A

/ ECR-IS

233 34+

129.8MHz (B,=0.10)
Section B

~

New New ! New

0.5 MeV/u
(B= 0.033)

----------------------------------------------------------------

! 1

4.5 MeV/u 8.0 MeV/u
(B=0.098) Reuse! (B=0.130)
..................... i

gQM (Triplet)

»

'><1o/

40 Existing
SC Cavity
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Superconducting Tandem Booster Linac

BAA 23—y E

Superconducting Booster
EBAF Ly hE LINAC (Existing)

Tandem [ s
o /f:./ﬂpl// \ i -
L S

"'".

B—EA ATV E

T—RE—8—H v bE
Ba

aME)r

= FRsE C:||_‘| "
A4 BRDERBEA
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Demolishing old KEK-12GeV PS
Accelerator Complex for...

Experimental area
(80-200MeV/u)

4
"ﬁN—».—*—ﬁ
] -

Nl O

Vertical l
Bending
Magnet
Experimental
area
(80-
200MeV/u)
(=g
o
i
X
>
=
(9]
L 4

Already shut down

KEK 500MeV Booster
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Bl
..KEK-PS Booster to be plugged into J-PARC-H|
(80-200MeV/u)
-
e f | ]
- I_ Experimental
sooMev g
200MeV/u)
B
:
v

Real Radius ~6m.
Circumference 37.7m.

Max. B 0.84T.

Repetition Rate 10Hz.
Betatron Frequency is
2.17,/2.30y

Max Energy (proton) 500MeV
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Particle production rates with ~10'° Hz beam

Strangelets: P. Braun-Munzinger J.Phys.G21 (1995)L17
103':;;;55555555555555551015

410"
=10
410"
1012
110
2410'°
= 10°
2108
=10’
210°

10 é@""”ammjjjé ....... TR e e e 108
e e ol LR

Spill time = 6 sec

Beam : ~10%° Hz
0.1 % target

— Min-bias interaction
rate 10’Hz

Yield / month

In 1 month experiment:
p,0,0>ee 10°-10'
Hypernuelei 010 s, o= i e BN o D T, S e Bl

5 e T iy L W Rl e R 1)
P g e o S LT T M e

- . | S SE T T e e R T
HSD calculations in FAIR Baseline Technical MRS TRt Wt R e
Report (Mar 2006) St DAERRPE | S P D RS aR W L i SR L T
A. Andronic, PLB697 (2011) 203 L o T S i o ST v o T

'w e Eﬂ vt <'nm'a ﬁ
3

12/5/2024 19

Zimanyi school 2024



BROOKHAVEN 5 (200000, (@D
J-PARC-HI Staging Strategy (Experiments)

Proton
beam line

El6 sgectrometer

T R A e e PRl T
wp At g e et L Pt S s R

ension of the proton beam line

E 1. E16: p+A experiment (2020-) ’

'ﬁ Baseline data and detector R&D for HIC

Fjﬁf J:i\/ l I ‘

12/5/2024 Zimanyi school 2024 20
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J-PARC-HI Staging Strategy (Experiments)

Proton
beam line

El6 sgectrometer

E16: p+A experlment (2020-)
sellne data and detector R&D for HIC

2 J-PARC- HI Phase I

Upgraded E16

Low-rate HIC (up to ~108 Hz HI beams)
12/5/2024 Zimanyi school 2024 21
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J-PARC-HI Staging Strategy (Experiments)

ZIMANYI SCHOOL 2024

Proton
beam line

El6 sgectrometer

i, - i
iy BN S e R I LT o

Extension of the proton beam line

Upgraded E16
Low-rate HIC (up to ~108 Hz HI beams)

12/5/2024

Zimanyi school 2024

|l || LEeLs ST7 77 L] L] ] L
1. E16: p+A experiment (2020') spectrometer};-rx"_ :
Baseline data and detector R&D for HIC
1 ﬁﬂl%l J:i\\/w | ﬂL—. H:' ) H‘;“-
2. )-PARC-HI Phase-| 3. ]-PARC-HI Phase-Il

Large acceptance high-rate spectrometer
(up to ~10*! Hz HI beams)

22
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MATIONAL LABORATORY vanced Science Research Center '_‘102 h UrQMD mOdeI
- s T © [ 8AGeV Au+Au (0-10% central) -
Initial focus: Dileptons 2 AL E
S |
“ . ” . . i , =
Penetrating probe” w/o strong interaction s [N\ &
o  Retain information of high-density matter %10_2 N B
o  Various physics can be studied in each mass range e — X, =
...'. .‘ ~ ‘ay ""EE
1. =°n Dalitz decay region (m<0.2 GeV/c?) 107 b o N
Search for precursor of critical point or color PP
superconductor e N T T N -
0 0.2 0.4 0.6 0.8 1 ;.2
2 p ® ¢ (LMR O 2_1 1 GeV/CZ) Endres, van Hees, Bleicher, PRC 93 054901(2016) Mee [GeV/c]
In-mediu_m modification due to chiral symmetry p—a; chiral mixing at high T and low density
restoration B T TIMev=100 === |
AR
3. ¢ and higher mass (IMR: 1.0-1.5 GeV/c) - ' 170 +=m o= 1

Spectral change due to chiral mixing of p-a; and ¢-f;

4. Thermal photon (LMR: 0.2-1.1, IMR: 1.1-3 GeV/c?)
Search for phase transition with temperature
measurement

A. Sakai M. Harada, C. Nonaka, C.
Sasaki, K. Shigaki, S. Yano,
EPJ Web Conf. 296, 07008 (2024) M (GeV)
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Current: J-PARC E16/E88 : ¢ -> e*e” and K*K

o

@.S.”P

Japan Atomic Energy Agency
Nuclear Science Research Institute
Advanced Science Research Center
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in p+A

ZIMANYI SCHOOL 2024

E16: dielectron including ¢—>e+e-

Leadglass
Carg rmu ers

GEM trackers

Beam

Cherenkov
radiator

Gsl + GEM

HBD ///0ps/

Expected spectrum (15k ¢, p+Cu)

—_— %> /ndf 88.95/51

N0160_1"""" ! ! = !

- 5 i | Prob 0.000795

I T O R I
excess N¢

©
© %
~ 60
W
b

85 0.9 095 1 105 1.1 1.15 12

Previous experiment KEK-E325 ~ 3k p—>e+e-
JFY2020-2024 Commissioning completed

JFY2025- Physics Run 1
~15k ¢p>e+e- (6x E325)
JFY20277- Physics Run 2

~69k dp->e+e- (23x E325)

E88: ¢—>K+K- (proposed in 2022)

AC

A

b
A
coil

cam
N

MRPC

\ =

v}*’,
|57
55

a

SC

\

124 T’jmﬁaéker

~1M b K+K-

”“:, Preliminary HSD model
i Calculations (P. Gubler)
0016 :
0.014 w/ *~—— No mass shift
0.012 mass |

001 shift ‘l
0.008 4 By <1.25
0.006
o) ’f ﬂi w/ KN interaction
0.002

0 |
0.95 1.0 115 1

I\Qﬁﬂ‘a‘\yl S hooI 2024
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Thermal photon measurements through dielectrons
~Proposal submitted to PAC as Phase | HI physics (2022)~

PbGl C a\l:)rimctcr bcam

» Upgrade of forward trackers and EM calorimeter of E16

PWO Crystals and
ALICE-PHOS module

herenkov

radiator Target

\l] leI + GEM
GEM tracker

1<y <2 & O<beafm  * signal pairs g 40
5‘ laky . H0_> E+'ET ; 228
"% i —— n—e'ey 100-d ay =
8 I e Beamtime 8 2%
: — doete 5 s
3 —— thermal 2
o € 150
T=150MeV % 125
= P. Senger, CBM,
180 ! Particles 2020,
75 eHADES | 3(2), 320-335;
50
1 10
02 04 06 08 1 12 14 18 18 2 Collision Energy (Vs,,) [GeV]

M,, GeV/c?

12/5/2024 Zimanyi school 2024
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Next spectrometer design for “Phase 1.5”

« Studies in progress
« In Phase | and Phase Il up to 1x108 Hz

. La e acceptance measurements of dielectrons
hadrons

200cm 2 GTRs + MRPC

A

»
»

“ TPC )

26cm
Drift velocity T
80mm/us

i
‘ ‘ HV membrane l

TOF : 26 e-n separation p<=0.4 GeV/c

12/5
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L ow-mass di-electron measurement with Phase 1.5

e+e- invariant mass spectra
from CSC (color superconductor)

orecursor PHASEL pair efficiency PHASE1.5 pair efficiency
-0.08 <y b<2 & 0<b<4fm
EU-U?’— é— +  w/o pair cut(M_<0.06GeV/c?)
510" CSC(T=1.2T, 100%) Yoo 1‘:ylab{2 ff +  with pair cut(M_<0.06GeV/c?)
< B e CSC(T=1 .2TC 10%) : - L
E10 , 10— e*ey 0.05F ; SN PSP
= — n—e’ey ahdhe - +*+*“:::*+
—— free quark - ::*
b RS S
o 1y
. E &t’:
L 0.05;—
2 .225 :II‘I\Illlllll||\|\||||||||||\|‘||||||||
M.. GeV/c 02 04 06 08 1 12 14 16 18 2
M,, GeV/c?
| | T ol

O O, Gevie - Improvement of pair efficiency
Based on theory calculation by T. Nishimura, M.  Factor of 10~100 at LMR

Kitazawa, T. Kunihiro, PTEP 2022, 093D002  Factor of ~5 at IMR

Ill]lll |- Il[l
0 002 004 0.06 0.08 0.

12/5/2024 Zimanyi school 2024 ¥



Japan AtomicEncray Ageney ZIMANYI SCHOOL 2024
P [ OSSRy
nOONHATEN S )

Phase 2 Detector (Hadron, Dimuon, Hypernuclei)

* |dentified charged particles

* ~4m acceptance

i 3 * Silicon Pixel Tracker (SPT) (6 < 4°) (hadron) = GEM tracker
+absorber (dimuon)

Top view

Magnet yoke Sé, ou
, MRPC-TOF _ ([l & g2 e TPC (6 > 4°) , MRPC-TOF
O
| = * Interaction Rate : <=1 MHz
:_':) e Triggerless DAQ system
A e o . 0 L0 .
4 /PC = e Centrality : Multiplicity counter + Zero-degree calorimeter
3 SP (]
=2
Target| [t 1T T | 1Ml ¢ 4 ZCAL
S \ » Setup will be changed as going to hadron,
mc ©B=15T dimuon, and hypernuclei measurement.
I, 2m
* Design is still conceptual and has a large
| —m degree of freedom to implement new idea.
5 3.5 i 150
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No High Energy Heavy-lon Accelerator Facility in Asia Pacific region
e J-PARC-HI will change the game plan of our field.

J-PARC-HI project is making steady progress
* Proposal of measuring thermal photons through dileptons have been submitted.

HI injector and the facilities are being designed

* Repurposing old but existing KEK-PS 500-MeV Booster ring and JAEA Tandem Booster linac, we save
construction money and construction time of Heavy-lon injector.

* Conceptual design is planned to be wrapped up by the end of JFY2024.
* Once the project was approved, the accelerator part will be completed in ~6 years.

Staged plan for the experiment is settled.
* Phase 1: Adding forward tracker and EM calorimeter to E16/E88 experiment
* Phase 1.5: Repurpose of E16/E88 detector that still fits to the same area.

Participation of international institutions is highly appreciated
e And more proposals using J-PARC-HI beam/detector would help put forward the project.
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Backup
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p—a, and ¢—f, chiral mixing in dilepton spectra

Dilepton invariant mass distribution
expected at J-PARC E16 in p+A with f-f; mixing

Chiral mixing = signal of axial vector in dilepton

Chiral symmetry restoration = degeneration of vector and

axial vector mesons = Change of dilepton spectrum 10%;
1 T=0 — w/ Chiral Mixing
p—a; chiral mixing at high T and low density 103 A — w/o Chiral Mixing
| | | | I | ISti
[ n TMeV=100 === | c _ Pb target, E16 Run2 statjstics,
P 130 = == S 102. 30%CSR, 0.2 < p < 0.8 GeV/c
| —— = ] s
L N Hﬁ — S 2N\ c=0.4p/p, (GeV) ]
1 1
' 10! ; -
10° _ .
g2.5¢ _With ratio
© 2.0 7 without {staterr
o
o 1.5+
B 1.0+
2 0.5
0.0 T T T T T T
04 06 08 1 12 14 0.75 1.00 1.25 1.50 1.75 2.00
M (GeV) m [GeV]
A. Sakai M. Harada, C. Nonaka, C. Sasaki, K. Shigaki, S. Yano, R. Ejima, P. Gubler, C. Sasaki, K. Shigaki, in preparation

EPJ Web Conf. 296, 07008 (2024)
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Hypernuclei

— Efficient production of strangeness at J-PARC energy
— Search for Rare particles/nuclei

* Hypernuclei, strangelets, dibaryons, etc. . Strangelets
— Particle interactions __Exotic
A ) Hadrons
* Femtoscopy (two-particle momentum correlation) =T—
—>EOS "> Interaction
Hypernuclei
J-PARC-HI VPARCHI
s 1055— o e, e =H -
+E : T ||\|||| T T T TTTTT T T TTTTT T T \III: OE 105; ,'_R%'\ I:4HEI4|-|_9 ,\‘:\H
k%% i i 5 H e
K 1
0.1 ; ; :' ——— LL wio residual
L _ i LL with residual
06| ; ) .
i i / QS+BB interaction
nnT I ||\|||| | [ III\I‘ | [ |||H| | (I |||7 | .\ n" I 0|.1 I 012 I 013 I U.I‘ 0.5
10 102 103 Vs (GeV) 10°4 ;I.‘JO E— 19 Q (GeVic) 4
A. Andronic!#4F%Rthcl. Phys. A 837 (2010) 65 A. Andronic, PLB697 é’??nyzo%h ZWNN (GeV) STAR, PRL114 (2015) 022301 >
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Existing SC Cavity at old 20UR Tandem VdG

/fi_ x\ @K R (SF6)

BREHT ~ || REnTREE Superconducting Booster
. b F—SFIECR A A ViR
B2 b1 i LINAC for 20UR Tandem VdG
— MERENES
I is existing!
BRNSL
| RLybFz—v Beam energy with 20UR+SCBooster
1500
B4 mEE _ A A IEE E’ Beam energy with 20UR+SCBooster/
- | 1000
"I
"
% B soof
I = Tandem Only
e
$|} //l- L 1 1
E 0 50 100 150 200 250
J_zb— = PR TSR3 (A)

Typical Acceleration Energy
suE A ~100 region: 10 MeV/u
A ~50region: 20 MeV/u
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Charm hadrons at J-PARC-HI?

J. Steinheimer,: A. Botvina, M. Bleicher, PRC95 014911 (2017), UrQMD calculations

10? AC”epK —_— 1% = 1A GeV, Au+Au, min. bias
AutAucentral: X i 1% p+p: S
o0 f I ;} A -0- Jy
e B HSD J/ -
HSD Jiy 4ii= R SD Jiy 10 A
—o— A o0 b O- A,
2 Cc Q' s i
210 iia -
S - 210°
S 10* : IT
— ' .
= 10° : —
= { ] % Coalescence
E 10° a - <107 F  parameter
.ff?’q —- v =022 {A NN}
. ' .b’ =0.10
‘ —h— v_ =007 {A NNN}
SIS100 ' :
10 12 \ - L §t 1 A 1 A 1 A 1[]-9 L i & i L 1 L I L
5 7 8 9 0 1 2 3 4 2
\J [GeV] Mass Number A

e Ac: Study of dlquark contents in QGP?

* 1-2 order enhancement in A+A near threshold due to multi-step processes
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Dilepton excess radiation from Ag + Ag (+/syy = 2.5 GeV)

Lower beam energies toward higher density region
2024: Au+Au sy =2.23,2.14GeV

2025:Au+Au \sy=2.23, low B-field (for lower Mee)

Excess radiation observed in Ag+Ag

1|_ F T T T T ‘ T T | T T T ‘ T T | T T ‘ T T T t
G 10—3; Ag+Ag |, =2.55 GeV 0-40%
S - HADES work in progress §
8 107 g > 9, P _>0.1GeVic 4
§8 1 0—5 ‘ —=— Data é
Q 3 1" '-_ Cocktail Sum .
4 6L e o, =
28 10 B ' 2 -"'.-". E
- —(&D .- .
'Ci 107°¢ \ W *1'**1' 5
= I ]
z _8 : B-370g10- ) :
— 107 1v ‘ E
B :" c&; ﬁll .
1 079 % ‘:;. T g
1 0—1 0 : L1 i ‘ | I | ‘ | L1 | | Lol ‘ L1 | | L1 ‘ LI ‘:

0 02 04 06 038 1 1.2 14
M., (GeV/c?)

——y =y ———-

Ag+Ag at \/syy = 2.55 GeV

o
L

1/N_, dN*YdM,, (GeV/c?)"

—
<
e

108"

G

Ag+Ag Ys,,=2.55 GeV 0-40% _|

HADES work in progress

Cocktail + sim. NN sub.

dN/dM g o M2Z exp(-Moe/kT)

¥2N=1.4

+1.2  +1.
kT =779 13, -1

62 03 04 05 06 07 08 b
M, (GeV/c?)
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o 1073 HADES Work in progress =
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J PARC E16 Collaboration

RIKEN S. Yokkaichi, H. En'yo, F. Sakuma
KEK K. Aoki, R. Honda, K. Ozawa, R. Muto, Y. Morino, W. Nakai, S. Sawada
U-Tokyo T.N. Murakami, J. Kakunaga

RCNP H. Noumi, K. Shirotori, T.N. Takahashi, S. Ashikaga
Kyoto-U M. Naruki, S. Nagafusa, S. Nakasuga, S. Ochiai
JASRI A. Kiyomichi

BNL T. Sakaguchi

JAEA M. Ichikawa, H. Sako, S. Sato

Tohoku-U S. Kajikawa _t
U-Tsukuba T. Chujo, S. Esumi, T. Nonaka fi'*-q
Hiroshima-U R. Ejima, K. Shigaki, R. Yamada, Y. L. Yamaguchlr\r,
NiAS H. Hamagaki b
Academia Sinica W.-C. Chang, C.-H. Lin
GSI J. Heuser, A.R.Rodriguez, M.Teklishyn
Goethe-U/GSI A. Toia, D.R.Garces
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dielectron measurements at w/E16 upgrade

42

» Forward modules will be upgraded for high multiplicity counting in HIC
» The most inner GEM Tracker must be upgraded and replaced with 4 SSDs
» Lead Glass Calorimeter are also upgraded to Lead Tungsten (PWO,) Calorimeter

BY Beam Axis

beam

PbGl Ca{:)ﬁmetes

-450-15° 15° 45°

PWO Crystals and
ALICE-PHOS module

herenkov |
radiator

Target

N
N~
g
SN~
)
D
§]
=N
N
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GEM Tracker (GTR) Silicon Tracker System (STS) from CBM

-

P 3 -
£ g <% = = hist106c_emp

L [ y ¥ . = ie 193263
1.237

Illll

Mean y 5.166
'« | Std Devx 0.5964 |,

A
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Lead Glass Calorimeter (LG)

103k (b) — electron candidates by HBD
,  —-pion candidates by HBD
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"< B /‘"“P ‘“éi?é@ﬁz’experlment (Hadron setup)

y-pr Acceptance

P
* |dentified charged particles -
e ~4m acceptance g: a
* Silicon Pixel Tracker (SPT) (0 < 4°) -
Top view 45° * TPC (0 >4°) 3
Magnet yoke & o * MRPC-TOF
y MRPC-TOF = ‘a>'34g * Interaction Rate : <=1 MHz i
= g * Triggerless DAQ system -
o [
< e Centrality : Multiplicity counter + Zero-degree i
i = calorimeter
N >
3 || SP g )
Target X e e | ZCAL :
NI a
3 0
v 2m i
U— —60(
V e f_
- P
—2—
o 3.5 SR 1509 E) 406 os '"']24(6' \‘H';).a 0
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ase | experiment (Dimuon setup)

* Replace TPC by:
* Pb absorbers and GEM trackers
* Dimuon Online Trigger
» 7-layer forward and barrel Silicon Pixel

Trackers
* |nteraction Rate : 10 MHz
| Vi Pb absorber * Dimuon trigger : event reduction of I-PARC-HI simulation. U+U
/ ~3/100 at 6 %» absorber T g ,
/ / GEM Vsyn=4.5 GeV, Min-bias (54k’
- | /: v trackers Generated cocktail Reconstructed spectrum
I /o.) : 104 & Blue: Signal+BG
—— M—— Y - W > upy - Black: BG Bee>2°
— L. L= > 105
N o>nlup i Red: Signal 2°<0<80°
ol 10"
|| \\\ ) o p>0.1GeV/c
T i wr
| N\ : |
10;— 10e H
002 04 08 08 '"12 T4 16 18 ‘2 Ry el
2 04 06 0. e, (Govic 0 02 04 06 08 1 12 14 1& ((13.2%22;
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2 ase’itexperiment (Hypernuclear Setup)
Top view &
Closed geometry : Sweeping magnet and
Collimator , MRPC-TOF
Limit the acceptance to beam rapidity _ .
, Sweeping magnet (5T)

Only beam and fragments can reach 2" dipole Collimator
magnet \ s PC

. 2 : - Target 5 SP T Decay of Hyper
* Lifetime and Magnetic moment of hypernuclei \ l nucleus YT~
 Search for new hypernuclei and strangelet < o i i e e | A 4

| Beam fragment
* Interaction Rate : ~¥100 MHz ®B=1.5T [0~
2.4m Slit m
| ——
12C +12C at 15 A GeV T "C 4\He
He 4 H °Li “4He
n A 7 H H 5 g HAA
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UrQMD model
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S
= 1
=
~
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