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J-PARCIZBITA/N\FOV-RFEHEDBE

.| “Stable”

Strange hadronic matter (A — =)

Strangeness

Dense matter in HI collisions
Strangeness in neutron stars (p>3-4 pg)

3-dimensional nuclear chart

by M. Kaneta inspired by HYPO6 conference poster
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PAC  July/24/2017

«+J-PARC MR: Beam power history

+ In the operation from Jan to April 2017, the beam power was mostly about 470 KW with
2.4x10' protons per pulse.

* The beam power of SX mode was limited to ~37 KW in June 2017 because of ESS trouble.

500 ]
(kW) Max. delivered power:
Fast extraction ~ 470 kW (2.4x1074 ppp)
T Slow extraction ~ 37 kW (4.3 x1013 ppp) |
. =) 100kW (1.2x10%ppp) in 2019
2 o ¢k .
o
e
1+]
I-E 200 ]
100 ]
- X - -
0 T ' -- - '
01/012010 010172012 01/01/2014 01/01/2016 01/01/2017

Date 7

F. Naito, J-PARC PAC, July 2017

7



J-PARC/\ KO > EEZ RS

_E10 19

Y @@e

Pentaquark ©*

Hypernuclei

Strangen
ess

6

K meson

Implantation of
Kaon and the
nuclear shrinkage

E16

Bound

Free quarks quarks

What is the origin of hadron mass?

2014/03/1: Kaonic nucleus J-PARC HI' WS, K. Ozawa Vector meson in nucleus



K1.8 Beamline

o

H. Takahashi, et al, Prog Theor
Exp Phys. 2012;2012(1).
doi:10.1093/ptep/pts023




K1.8 beamline spectrometer

* BH1, BH2

— Scintillation counter

— 1/K/p separation
with TOF

* BAC

— Beam Aerogel
Cherenkov counter

 BC1-BC4

— Beam tracking wire
chambers

H. Takahashi, et al, Prog Theor
Exp Phys. 2012;2012(1). 10
doi:10.1093/ptep/pts023



SKS Spectrometer

SKS: Superconducting
dipole magnet (2.5 T)
SDC1-4 : drift chambers
AC1-2: Aerogel Cherenkov
counters (m)

LC : Lucite Cherenkov
counter (m, K)

TOF : Time-of-Flight counter
(plastic scintillator)

Missing massi%

It : A+B->C+D
my=sqrt((E,+E,-E.)*-(p,+Py-P.)?)
EFAETSHELWIDEEZRHE
HIZRIET HAE

A:E—Ls (m, K). B: B EAZ#(p,=0,
E,=m,), C: leading & R #IF(m, K)
BIZIE K-+p D> Ke+X

SKS spectrometer . SKS

SDC3

SDC4

. gl : SDhC2
SV —/ X SDCI

TOF 9%

Q13

. AC2
LC

H. Takahashi, et al, Prog Theor
Exp Phys. 2012;2012(1).

doi:10.1093/ptep/pts023 H



E19 )
Search for pentaquark ®*(uudds)

Shirotori et al.. PRL 109, 132002 (2012).

n+p— K +X @ 1.92 GeV/e

‘:‘3 " ® data . ' i n ol
Roaal | E19-1st TP—KO
2 3°°‘?;"'b§EEg?5u'a'a‘;’y I : i N
3 [ (sim) ‘ % K,
E | :' \\ Il
3 200+ - 2 A
2 : ! I \\ /
B | —_-— @ >—
ST B SRS || LD Kooy, svoinns KR | GBI N !
100 *ﬁ 5 ; P : )
: g‘}jfl l\% (1)s-channel
T A
Ol — S
1.45

- o
1.5 1.55

1.6

v s-channel dominance

Missing mass [GeV/c?] vV Tg% gve € Opy

=>» Upper limit of decay width

* 0.72 MeV for %+
* 3.1 MeV for %-

8

No prominent peak structure
* Upper limit: < 0.26 ub/sr
@ 1.51-1.55 GeV/c?

Moritsu, HYP2012



J-PARC E13%E& (2015448)

THl 11 L XIOS
Hyperball-J 150 [e(05n) _ I
N cq (O VIT-BEERLELEE
liquid He| | 1T LTW_JLTTJ i > ;K Ge (0.064) Ui
cﬁyostat _ Al 14 PWo SPO SKS IOO:_ '('ieii(_l..*%) )
! magnet 2> [ N/ YFe(0847) *AL(1L01)
- 50 = \YI; wahy ™ &
j— ] % r v \”r o —e(1.039)
N = 0 e
\\ 11 T > ii.l_l |_| [ > ? O; T
- " &-7—‘ T FoL
K BH2 ﬁgi ’:le u u N e E_ l;’ (b) JHCI\//\-*Z%EFI l_,f:t%
Ja SDC sSDC2 D bOt q \ (D) &
ol 4 ] SAC R 1 He: 1 -0 (1.406)
BAC K thiiea R IOO;: ‘*J]"llkﬁ j
KigHas | AL LT ' s0E g
pulse-tube T T £ PO " ;
cooler Tt £ ‘ ‘ iU i r.q’\dl“f_, .lw,?m_«.__“
 20cm, 05 10 15 20 25

A/IBIRIVF—  [MeV]
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MEMMEOBENOFER

/E%&I:Aﬁ%élhé\ ;

RIEEICHTHTERMIE

4 H
‘ A HEE
HEE 1.406 MeV/c?
1.09 MeV/c? SEAV R THIE)
| ' S | w=E
p: B&BF 1.15MeV/c?
n: fEF l l
o EhE Ik R8

REBICKO>TRERES HEX
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E27
Search for a K'pp bound state

T d>K'X
=\ ";@m @ attractive KN interaction X=K—pp_)Ap’ zop’ Yn'p

@ Kbar — nuclei bound states?

<
&3
LIl

Q

w @ K
[N
IIIIIIIIII

o
[43)
IIIII

5K3

o
o]
on
LRRNRR
—
"

o

(€]
IIIIIII

o O o f
—
|
-

o
<

IANRRRRE BN
)

TR PR N A FE R EE T BN AN AT E
2 21 22 23 24 25 26
MM, [GeV/c?]

o

AT1AAM 140y [WDISTI(15MEVIC?
o
N
|

M=2275+-18 MeV
Binding energy = 95+-18 MeV
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EQ7
Double Hypernuclei with Emulsion

i Emulsion
GAﬂyperball-):(:) glflack

= P=>AA+ 28 MeV

93D

(KURAMA Magnet)

Aimin% at measurement of 100
double hypernuclei

Experiment done in Apr-Jul 2017
Emulsion analysis is underway

17



E42

Search for H-dibaryon (uuddss) in ?C(K-,K*)X

'§ 220[-
“: 8 A Combinaorizd 90 AA i 200/~
_’5 i é P nn:u .A:Al.\'-u S 180 H(2250)
- = Hliase Space sor
> " K50+ "Beags i} ad E 160
“ Sovvins INC. (FSTOFF) 8 140+
KEK- E522 2 E’.—u-;r-,:l s 120
% I.: S INC =TSHESC DR 100
~ L 80
:E‘ e 60
™ |
'.‘i:: ¢ Y 40 [~
= 05 t’:: ; 20
o] P22 224 226 228

0 25 50 75

' m-2m, (MeV/c?)

H>2A->7mmppin TPC

Helmholtz

Diamond
target

K-beam
10%/pulse

11000 AA events
and 1440 H-dibaryons

1.0 ub/sr (I'y;=0)
Y. Nara et al, NPA 614 (1997) 433
A. Ohnishi et al, NPA670 (2000) 297c;
Few-body Syst. Suppl. 12 (2000) 367;
23 232 234 236 NPA684(2001),595

M\ \)(GeVieT)  \PABY1(2001) 242c.

K+

K* Spectrometer



106HzE — L% & & drift
volumel ZH& &
 GEM. Gating GridIZ

HypTPC

£BBAE 1\ T

O—@HN#l

AZ % drift volume 12 4

B> KILIKH

Field cage

L;'.A'; W

Readout
pads

GEM
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E16 : p+tABIZEIZH T HEFXTERL
RF#ZPDOIFHEFDEIE

KEK-E325

< 150 -
: - Pb target ﬂ] $(1020)
‘é 100+ Proton

50

My /My =1—Cv - (p/p)

Cy = 0.30(s5)/((u) + (dd))
T. Hatsuda, QM97

Y 1 1 12 oS 1
e*e” invariafit‘mass &
1@ o] !
4
1.050 L L A B
voas |- ‘ Experiment starts in 2019 /1
3 'q:____ro.la beam
GO = ST LeadGlass
- R N = =~ e N Calorimeter
9‘:0‘975 — N 3 coi l'l";’ ‘
E‘osso 1 ¥=022 ] ~ plec | “‘%”\,, ‘
' A O X
0800 SIUPEPE ISPEPION I ITEN BT 4 ‘-‘ P X \ B -
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1]/ 20

GEM tracker

J-PARC HI WS, K. Ozawa
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QGP and QCD Phase Diagram

heat pPESSUF‘e quark-gluon
plasma

i ..@g*

ﬁ

http://www.bnl.gov/rhic/QGP.htm

; 0.3 early universe
()
G |LHC Quark Gluon Plasma
— ‘RHIC oz
o <yy>~0
0.2 ros500er SPS
""""""""" ri-critical point

order

. AGS
vlr('r:_:'wm line colour
superconductor — |

) Hadronic phase
<yy> >0

<y> ~ (-0.23 GeV®  GSI

\ 2SC
hadron " Fermi CFL
vacuum 985 “N_ |iquid  neutron stars core
0 0.4 GeV nuclei
~0.40G0 0.93 GeV
np(GeV)

R. Pasechnik, Universe 3 (2017) no.1, 7



Time evolution of a heavy-ion collision

HEEREORT
S>EBEDHETE

N1g7 77

FEHMEFEDHRE
SHFDEFEDHE

e S

Chemil

odynamic

Evolution

Hydre

Energy Stopping
Hard Collisions

H. Wang, arXiv:1304.2073 [nucl-ex]

Initial state

T. Nayak, Pramana 79 (2012) 719-735 25
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J-PARCE 1 # > &TIE](J-PARC-HI)

SPS/RHIC/LHCIZH[THQGPDHF R

SR IBNJAVEE)
FRERFE LV R R A —/\— (#&FQCD = :
(-4 5) mae ol

‘ Critical Point
- TR

SZEHEE(CHITSH QD &I BES - | - 1
AER(—RIBEB. BRR)

J-PARC-HI (TR EZEMEZ LR PARC hadron/nucl.éxg FAIR = NIGY

>Z,
(Pg~7Po) @ Hﬁdronic
JPARCHIO) B 1% . Compactseys /L5
» QCDAEFEE D fZBA
» BEEEYMEOME DREH
» IREEAFE (EOS) &
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Highest baryon density in HIC at J-PARC-HI

RHIC/LHC(\s,>=200GeV) J-PARC/AGS(Vs\=4~6GeV)

' .
‘ Nucleons
stop

AN
-

_‘ : ._, Nucleons
penetrate

Dense
Baryonic

matter -
K. Itakura —
Pmax 1Ppat 20 AGeV
Baryon stopping observed at AGS i ! ' ' ! T i el
y PPINg Au+Au b<3.4 fm Pl o
80_— A AGS AGSy. &l : —+— 10 GeV |
| (E802,E877.E917) . —8— 20 GeV
(75 ! . a —e— 30 GeV
£ - mSPs : =
~S | SPSy ¢ i
2 cof _(a9) r { ey
2 7| ®RHIC a* ; g ) £ s L
I - (BRAHMS) 4‘ 3 i RHIC ,\"‘., 2 f P Y - .H: -
” B A A E i E 4+ A X . i N
= 40 4 ro | I 2NN R K
A ; ’ ' s g OO TP
-O | //‘ LN B 3 !
~ | 2 b d .. A p S ~q
Z 20+ SR
=~ B A J# S 9 5
L ; ; 0o =~ ; z'a e'" é 1b 1'2 1'4
0 | L -14 | L ‘Il Lo JAM mOdEI time (fm/c)

30
Y. Nara, et al, Phys. Rev. C61,024901(1999)



Evolution of the Universe

Expansion of the Universe

Ar'[cr the Big Bang, the universe expanded and cooled. At about 107 second, the universe consisted of a soup of quarks, gluons, electrons, and

neutrinos. When the temperature of the Universe, T e cooled to aboutr 10" K, this soup coalesced into protons, neutrons, and electrons. As time

progressed, some of the pmmns mcl neutrons formed deuterium, helium, and lithium nuclei. Still later, electrons combined with protons and these
low-mass nu\lu H‘C L)LK to gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more massive
Jlodm g

chemical dumn[« g Ste m ixupunn\ ac) form the most massive elements and disperse them into space. Our earth was formed from

SUPCT et

Big  quark-gluon proton & neutron formation of formation of star dispersion of
Bang plasma formation low-mass nuclei neutral atoms formation massive elements
Tsiiisi 10" K 10° K 4,000 K 50 K-3 K <S0K-3K
3 min 400,000 yr 3x107yr >3 % 107 yr

time 3 10% s

Life Cycle of a Star

Red Giant Planetary Nebula

Neutron Star - '
Stellar Nebula . \ Neutron star
Massive Star @ merger

Red Supernova
Supergiant P Black Hole




fraction

INANOADTAV A

AEEED2EODEEPEFEDHER

o aa Hyperon Puzzle (or Hyperon Crisis)
10° \Q J. Bchaffner-Bielich., Demoreqqal.. .\famre46"f.*010) 1081 (Oct.28, 2010).
10~ ,,p-f ' EOS with
/4'6’ e O ¥ hyperons
& g7 ,"\\ or Kaons
/ / ‘l
10-2 ‘/ /l.l :'
|
o0 1
P A=
o :
107 l { . : .4 X o S , . : . : - : - Quark matter
0.0 0.3 06 0.9 1.2 1.5 BOE ¥ WLl I TR TRNEON
x -3
! Density (fm °) o Y TP A.Ohnishi @ Hokkaido U., Nov. 11, 2016 4
) H. Tamura, HADRON2017
Po Proposed solutions
n,pM/\)! FIZKkY,

SHEICHBELYEA )
DB AT D * Hadron-QuarkEHREH



Gravitational waves from neutron star mergers

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

= 1750 4 Lighteurve from Fermi/GBM (50 — 300 keV)
2o ol

%

5 1500

S

E %

@ 1250

=

1000 4 Al
9:\ ~r | 1 |
3 750

Frequency (Hz)

ST -8 6 4 2 0 2 4 6

Time from merger (s)

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 %



Constraining QCD using neutron

3 I I I I I

0.5 Excluded!

- M <2M_ ¥
max SO

- A(1.4M_ )>800, Excluded! ——

star properties

;@

Tidal deformability
during inspiral

000

1000

100

p—
o

T IIIHIII T llllllll T llllllll T T T

pressure [MeV /fm?]

LI B T

:l lill:lll 1

TT T T T T

................................

ol vl vl

:l Iill:lll

11 12 13 14 15

R [km]

1000 10000

energy density [MeV/fm’]

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

e Upper limit for radius: R(1.4M) < 13.4km

e Uncertainty in e(p) at worst +=60%

Talk in ALICE Week, Nov. 2017, Aleksi Kurkela
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BAT A

7282 FHL V-

PIEFEICEET OMMR

Neutron Star

EOS
Collective flow (=2 initial pressure)

YN, YY, YYN interactions
Two/three-particle momentum
correlations

Strange quark matter
Search for strangelets
(E. Witten, PRD30 (1984) 272)

Strange Quark Star

Surface
¢ Degenerate
electron layer,

Core

. == Qn

color-superconduciing)

F. Weber, Mod. Phys. Lett. A 29 (2014) 1430022

Surface
¢ Hydrogen/Halium plasma
* lron nucled

Outer Crust
e jons
* Electron gas

Inner Crust

* Heavy ions

* Relativistic electron gas
e Superfluid neutrons

Outer Core
* Neutrons, prolons
* Elactrons, muons

Inner Core

¢ Neutrons

* Superconducting protons
. -

. ans (X A=)

* Deltas (A)

e Boson (x K) condensates

o Deconfined (u,d,s) quarks/color-

superconducting quark matter

NS NS-NS merger | HIC
T (MeV) <10 40-70" ~120 (@ chem. freezeout)
B (G) 1010-1013 ** ~1013*** ~1016 "
Z,N Z~0 Z~0 Z~N
lifetime ~10°y ~1s ~10 fm/c ~ 10%s

*R. Oechslin et al, Astron. Astrophys. 467 (2007) 395, **K. Tuchin, Adv. High Energy Phys. 2013:490495

***T, Kawamura et al, PRD94 064012 (2016)

38



Interaction rate [Hz]

J-PARCIZEBITA

E(FUE

— L

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
~ Statistics
1 year at AGS =5 min at J-PARC-HI

i Beam rate: 1011 Hz
~ _FAIR SIS+100 CBM
S Las ) 0.1% A, target
.;— eveednnend bbb, | = INteraction rate: 108Hz
= . | NICA (2017 x
- tD——«o (flxed targ t): | ' :
e i :N CA colllder) (2020) In one month experiment:
- N : . 10 12
- _RHIC BES | | po.pPee:r 101-10
= : Hypernuclei: 10* — 102
- JJ¥,D: 107-10°
a Strangelets: 1- 102
E | : | - . Ref: HSD calculations in FAIR Baseline Technical
= gHighesf bar‘?yonidensiiy Report (Mar 2006)

L — ey | N A. Andronic, PLB697 (2011) 203
1 10

Collision energy VS [GeV]

Strangelets: P. Braun-Munzinger,
J. Phys. G21 (1995) L17 39




B4 E—LMNE

-+

W
proton (existing)
U3t - f{ = HI (under plan)
stripging
20 AMeV ; f»-ﬁl:r*-%
HI Linac | Buliding: 6 i UG
£ %booster' SN HH p/HI to HD
' P Parallel oper 50 GeV MR
stripping ’ HI(MR) 3230 GeV (p)
U35+ Y66+ « *“"*“*A-.a.\ p(MLF)
20 > 67 AMeV |

H- Linac: 0.4 GeV R
62 > 735 AMeV |92+
0.73 > 11.2 AGeV
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J-PARC-HIZH[THQCDIEIEE - 14
+Z2EOSICEET 4 A=

L T k%t

— Modification of p/w/¢ linked to QCD vacuum properties
NV (E#RET)

— Event-by-event fluctuations

— Collective flow (search for 15t order transition)

— 2 particle correlations of hyperons and nucleons

It

— Thermal radiations from QGP
Fy—L/ANOY

—J/y, D

e Sensitive to initial dense matter 41



B FER LD N ED+—0 5

KR, BEEEZRTIL, EEER
BEMICENA TS

— BUVEE0DEER-GoldstonerRY Y (nHh Bl F)

- BRDIA—V 5 HE(qq)

N=| I=l/\

l_jtﬂﬂs r‘]Lu

- (qq)=0

EI2EHEMFMEDRIEIFE S

AAZIVHIE: I —IDIL—N—FZBEEREV AL
DEEEBEREVHD THRILIZERY D3t

AV(©)

BR/EEE

(qq) =0

AV(0)

(Chifal circle)

KR 1EZE
(qq) # 0

FRIRE. R FR=EFFEDFK2002

[Z&Y . DATILTFRE*D

ﬂr l<qg>, .|

Normal
. Nucleus

, SRR B8

Density
1.050 T R -
BE=
1025 |- . (I) =0
S y=0.12 —
S T 450 ===
o b o EEICE
= R G s
v S B
Sous | 4 A%k
» e
H 0.850 N y~022
0.925 |-
(b)
U JUO #—A—LJ_L.L AL ‘ 1. _] -
0 06 1 15
0/po

My, /My =1—Cv - (p/ po)
Cy = 0.30(s3)/((u) + (dd))
T. Hatsuda, QM97



Low-mass di- Ieptons

Modification of vector mesons (p, ®, ¢) in high density matter
—>Change of QCD vacuum property (quark condensate)

l<qg>, 4|

Normal

J )
XN
i Nucleus

Temperature 7 =
Density

Low mass enhancement factor
= Measured dilepton (p region)

<Mm.. (<N, ;mo u.v:c’) »

10° ~
|

Pb-Au 158 AGeV
Oy Bret* T %

CERES/INA45
Prakmmar

P,>200 MeVie
B,.735 mrad
2.14<2.65

Baseline in p+p collision

Dielectron and Dimuon

measurements

— Good systematic studies
Highest ever statistics at J-PARC

— Moment analysis

fdmeeN(mee)mee" (n=12..)

—> Direct extraction of QCD vaccuum

property

(quark and gluon condensate)
Hayano and Hatsuda, RMP82, 2949

-t
o

X Factor
N w 5 (6)] <0> ~ o 0] ©

—_—
77

- J-PARC

10

%
I

02 04 06 08 1 12 14 16 18
m,(GoVIc)

@ SPS-NAG6O In+In, 158AGeV/c

[ SIS-HADES Ar+KCl 1.76AGeV/c

A SPS-CERES

B PHEMIX A ) '
(Phys. Rev. C 93, 014904)
STAR Au+Au

T. Galatyuk,
ECT*, Trento 2007

P N



Event-by-event fluctuations

Event-by-event fluctuations of conserved charge:

Probe to search for the critical point
J-PARC

B i NET-PrDtDI‘Il N
4 [ D.4-=:pT<:2 (GeV/c),lyl<0.5 ]
| ® @ 0'50/0 T
3L 4 o 5-10% -
L # [70-80% 1
‘“b [T mm UrQMD, 0-5%
v 21

of 7 i $ i STAR Preliminary
6 10 20 100 200
S (GEV)

X. Luo, Quark Matter 2015

Theory

M.A. Stephanoy,
PRL107, 052301 (2011).

| T, GeV

critical
point

nuclear
. :
\matter

0 l s, GeV

Enhancement of 4t-order
fluctuations at low energies

Indications of the critical point?
— J-PARC-HI may answer that.

50



Hyperon cor

AA correlation function

® ANBD AR

== LL wio residual

e LL with residual

g:p QS+BB interaction

J

’ | ! "
0 0.1 0.2 0.3 04

relation in HI collisions

e Study of AA interactions from two-
particle momentum correlation

J Other YN, YY, YYN correlation

Q (Gevic) measurements possible
STAR, PRL114 (2015) 022301 _ e
o ( ) e X and Q multiplicity = 0.6/0.03 at 10 AGeV
o G i * Qp: K. Morita et al, Phys. Rev. C94 (2016)
I (/‘3;2(8) 031901
g gnan STAR  Nagara
hg : ] en(s) I /l/
i »| STAR
D A (Morita et al
Y . . . . . . PRC91(2015)024916)
0 1 2

[1/a | (fm™)
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Direct photon production at RHIC

- 3
& — 3
—_ o - Y X
& PH  ENIX Au+Au .,7_+ X, |y]<0.35
g 10 i preliminary 0-86%, \S,, = 62.4 GeV
i 2 P, ‘ Fit - Exp[-p,/T,,]
B, 1E T =0.211: 0.024 + 0.044 GeV
o:- -_& ot . . < A n
= The invariant }’leld of direct
\-n 10_1? . o . .
o E ﬁ | . o photons in min bias 0-86%
“ — .‘. - -
€ 102 at 62.4 GeV collision energy
” N..-scaled pQCD \
107E - 1=05p 3
: —_— =10 p?
104 1= n"?()p' S
E ! R B T e b e T = | ! | T~
0 0.5 1 1.5 2 25 3
P, [GeV/c]
'-‘§ 10 ;, PHYENIX AutAu—~~: X, |y|<0.35
2 F m preliminary 0-86%, %y = 39 GoV
e = [ *_ Fit = Expl-p,/T 4]
s F ﬁ T, = 0.177 £ 0,031+ 0,068 GeV
S .
The invariant yield of direct S0 -
: I B F
photons in min bias 0-86% = el '
=" = -
at 39 GeV collision energy = F
. 107 .
104 ;r
105 fogh oS ENRSY N NN PREG, I IS
2 0 05 1 15 2 25 3
14 V. Khachatryvan CPOD 17 p_ [GeVic]
/ ) T




\

T [MeVic]

T_« vs. collision energy

350 P—H\/E_le Phys. Rev. C 91, 064904 (2015)
E G e PHENIX ys,, = 200 GeV, 0-92%
a0 preliminary Fitrange p, = [0.6 GeV, 2.0 GeV]
= AutAu T,, =242+ 28+ 7 MeVic
250 — ALICE \s,, = 2760 GeV, 0-20%
= Fit range p_ < [0.9 GeV, 2.1 GeV]
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The extracted T 4 at four collision energies: 2760 GeV, 200 GeV, 62.4 GeV and 39 GeV
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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)
— Coverage for low beam energies
— Maximum multiplicity for e-b-e fluctuations

m) Toroidal magnet spectrometer
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Beam View uon Tracker

JHITS

| DA D L& " s I
J-PARC Heavy lon

P

Toroidal Spectrormeter

Coils = insensitive
area
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B¢ variations ~+-20%

Toroid coils
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Spectrometer performance

U+U at 10AGeV/c with JAM + GEANT4

 Assumption for simplicity
— Half-spherical toroidal shape
— Uniform B, field
— No dead area due to coils

 Acceptance>=78%

H. Sako, B.C.Kim ¢ /K separation 2.5GeV/c (2.50)
Assuming TOF resolution of 50 ps
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Hypernuclear spectrometer (JHIPER)

Hypernuclear measurement aty, .,
— Lifetime

— Magnetic moment

- S$=-1,-2,-3,...
— Strangelet
T . 7T trigger counter
op view ,
i Collimatar 1.5m JHIPER
Target | ~ 1 -
TPC 3 3 )
[ — || pllbypernucleds o, |y AH=>*He+r
3 -
lon Beam T — nucleus
Dipo|e magnet 0.5m TOF At 107 Hz interaction rate
Charge| | v - Trigger rate : 4.0x103 Hz
counte : Experiment with full beam
Precession magnet rate may be feasible!
6Li+ 12C at 15 A GeV ﬁi’ff~1~2m .
15Tm magnet =15m10T?  (‘aaaH) (o) 5Li *He
TwH o PuH SmH 4MH 4, He

nA TH_ ﬁH

=n =n —
An “

| | Ann

i : * i : |

Ir:‘HI’mh |

\ No/zﬁﬂammaﬁon from non-stranae nuc!e;

If found, discovery of negative nuclei

|
30 40 [em]
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FED

/K/pE —LIZ&BI-PARCD/\FO EER

o NAN—.IXVTauoNnNkOY KPEFIRFZ. RFEZBFDORIK)Lth
BFDWHEZF

J-PARCEAF 3 KETE

« BENUAVEEYMBEOERIZKS. QCDMEBELFEFEICEET HIES
ZEYEDIHE

- HERBREL—FDEAAE—L (10N Hz) IZ&AHBEHTIE
— 1990FRIZITHNT-AGSTILAIE TELEM>-EEEH A= DAIE

— Event-by-event fluctuations, dileptons, multi-strangeness systems
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