Current Status of J-PARC-HI
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J-PARC-HI Project
- Studies of densest baryonic matter in
the universe -

High-T, low density region
Production of QGP (SPS/RHIC/LHC)
Phase transition of smooth cross-over il i
‘ O O Plasma
High density region

QCD phase structures (1%t-order
phase transition, Critical Point) not
discovered

QCD phase diagram

Heavy-ion Collisions at J-PARC

Unique experimental tool to explore Hadronic sypernova explosion
the high density region Phase
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» QCD phase structure

P Properties of high-density matter
(EOS etc) ?




J-PARC-HI beam

e World’s highest intensity ~10'! Hz, Interaction rate = 108 Hz
o E_,=1-19AGeV, Vs,,=1.9-6.2GeV (U)
® |on species: p, Si,..., Au, U
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Hl accelerator scheme
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Particle production rates
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Observables for QCD phase structures

Dileptons
* Penetrating probes of dense matter

— Modification of p/w/¢ linked to chiral symmetry
restoration

Hadron measurements (high statistics)
— Event-by-event fluctuations
— Collective flow (search for 15t order transition)

Photons (real and virtual)

— Thermal radiations from QGP
Charm

—J/y, D,...

e Sensitive to initial dense matter



Probe to search for the critical point

Event-by-event fluctuations

Event-by-event fluctuations of conserved charge:

Theory
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Indications of the critical point?
— J-PARC-HI may answer that.
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Exotic hadrons
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Exotic hadrons
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" 2-particle correlation (HBT)

- Collective flow
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e Study of AA interactions from two-
particle momentum correlation

J e Other YN, YY, YYN correlation

measurements possible

e ="and Q multiplicity = 0.6/0.03 at 10 AGeV
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Gravitational waves from neutron star mergers

On 17 Aug. 2017: Gravitational wave signal with associated
electromagnetic counterpart across spectrum

o 1750 4 Lightcurve from Fermi/GBM (50 — 300 keV)
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Gravitational waves: PRL. 119, 161101 (2017), ~v-ray: APJ. 848 (2017) L13
Aslo: X-ray, UV, Optical, IR, Radio APJL, 848 (2017) L12

Talk in ALICE Week, Nov. 2017, Aleksi Kurkela 0



/ o -"'_‘

Tidal deformability

Constraining QQCD using neutron star properties SR
- - during inspiral
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contributes to

EOS?
e Requiring A(1.4M) < 800 implies that the matter is soft enough

e Upper limit for radius: R(1.4Ms) < 13.4km
o Uncertainty in e(p) at worst £60%

Talk in ALICE Week, Nov. 2017, Aleksi Kurkela . ., H



Experimental challenges

* High rate capability
— Fast detectors

* Silicon Vertex Detectors, GEM trackers, ...

— Extremely fast DAQ of 10-100MHz

—> Triggerless continuous readout + online data
reduction

e Large acceptance (~4n)
— Rapidity dependence of e-b-e fluctuations

B Toroidal magnet spectrometer

12
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Hypernuclear spectrometer (JHIPER)

Hypernuclear measurement aty, .,
— Lifetime

— Magnetic moment
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— Strangelet
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Talks for J-PARC-HI (2017)

International conferences

 Feb. 2017 QM2017 (T. Sakaguchi)
 Feb. 2017 QCS2017 (H. Sako)

e Jul.2017 SQM2017 (S. Sato)

 Aug. 2017 CPOD2017 (H. Sako)
— Plenary talk (with FAIR, NICA, NA61/SHINE)
 Dec. 2017 Reimei Workshop & J-PARC-HI Collab Meeting, Tokai, Japan

Others
e 2017/10/24 Meeting with a JAEA Director, S. Watanabe
— Introduction of J-PARC-HI
— %E}}E?%*ﬁ%ﬁ%*ﬁﬂb\BE%)EIZE‘ZSOEE'EG)Kﬂ%‘ﬁ’ﬁ%l:ouf@
a ~

International conferences in 2018
 May 2018 Quark Matter 2018, Venezia (H. Sako)
 Sep. 2018 CPOD2018, Corfu, Greece (T. Sakaguchi)



Grants-in-Aid for Scientific Research on Innovative Area for
JFY2018
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— Proposal of new research field for densest matter in the universe

— Lots of discussions among experimentalists (J-PARC, RHIC, LHC), theorists and
accelerator scientists

— This framework will lead to plans of J-PARC-HI
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R&D status

* Fast Data Acquisition System

— Participation in ALICE-Online-Offline Computing (O?) (RIKEN, Nagasaki IAS,
CNS U. Tokyo, U. Tsukuba)

— Continuous triggerless readout, online clustering/tracking

e Detectors

— MRPC-TOF (JAEA, U. Tsukuba, KEK)

* Aimed for 60ps time resolution, test with hadron measurements in p+A at J-PARC
E16

* Theory : Development of dynamical model at J-PARC

energy
— M. Kitazawa, T. Hirano, A. Ohnishi, Y. Nara, C. Nonaka, Y. Akamatsu, K. Morita,

17
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— Observable and statistics to discover CP and 15t order phase transition
— How to constrain EOS with flow, etc
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J-PARC-HI ProposallZ[RI+T

* A possible realistic strategy

— Low rate experiment based on TPC for identified
hadrons (~a few 100KHz interaction rate)

e High-order fluctuations
— 47 acceptance, with neutrons for baryon fluctuations

* Flow

« 100Hz (STAR-BES), 2kHz (STAR fixed target), SPHENIX (100-
200kHz), 50kHz (ALICE run3)

— High rate experiment for dimuon and strange
fragments (Y10MHz interaction rate)
* Modification of vector mesons with high statistics
* Hypernuclei
e Search for strangelets



Target

41t hadron spectrometer

(under consideration)

Top view
Magnet yoke
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Cathode

Dipole field = Large and uniform acceptance
Rate : 50kHz at ALICE (Collider)—> a few 100k Hz at J-PARC-HI?

— Multiplicity : ALICE/J-PARC = 20

— Higher track density with Lorentz boost : J-PARC-HI (fixed target)

Continuous triggerless readout required
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Hypernuclear/muon spectrometer

(under consideration)

Add hadron absorber to hypernuclear spectrometer

To reduce weak decay background, absorber should be in upstream part
High invariant mass resolution desirable

Dimuon trigger possible

Top view

Silicon pixel trackers

Hadron absorber+muon tracker

Trigger counter for decay

Target

Beam
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Precession magnet TOF
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fluctuations, dilepton, multi-strangeness hadron M 8| E
— Large acceptance dipole spectrometer
— Dimuon and hypernuclear spectrometer

HEOEY

Letter-Of-IntentZJ-PARC PAC~NIZ H (2016 4F)
https://j-parc.jp/researcher/Hadron/en/pac_1607/pdf/Lol_2016-16.pdf
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J-PARC-HI Collaboration

Experimental and Theoretical Nuclear Physicists and Accelerator Scientists
Experiment

94 members :

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

Theory

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

Accelerator

H. Harada, P. K. Saha, M. Kinsho, Y. Liu, J. Tamura, M. Yoshii, M. Okamura, A. Kovalenko, J. Kamiya,
H. Hotchi, A. Okabe, F. Tamura, Y. Shobuda, N. Tani, Y. Watanabe, M. Yamamoto, 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 53




