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Introduction

J-PARC will achieve designed beam
power with proton beams in a few
years

e 1MW at 3GeV
e 0.75MW at 30 GeV

We started discussing experimental
and accelerator schemes for heavy
ion program at J-PARC

We aim at studies of QCD phase
structures in high baryon density
regime at J-PARC

» RHIC low energy scan, NICA, FAIR

3/30/2012

Early Universe The Phases of QCD
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Low and High energy programs

“Low energy” program (Linac)
for unstable nuclei research

lon species

— Ne, Ar, Fe, Ni, Kr, Xe,...,U
Beam energy

— 1-10 AMeV (U)

Beam current

— 10-30ppA

— 10ms, 25Hz

“High Enegy” Program (50 GeV MR)

* |lon species
— p, Si, Cu, Au, U
Au—>U

— Baryon density
* 7.5p, 2 8.6p, (JAM)

— Duration at p>5p,
* 4> 7fm/c

* Beam energy

— 1 -11.6 AGeV (U) (v/syny = 4.9GeV
— Possibly 19 AGeV( /syny = 6.2GeV)

* Rate
— 10%9-10! ions per cycle (~a few sec)
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Possible accelerator schemes
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An example of acceleration scheme (with new HI Linac)

197Au32+

Linac

13AMeV

.529 oI
SC-ECR “"X
RFQ 7 x IH-DTL Short o
[Ionsource -'- — - - J/ ,

Multi-turn
injection

Chopping=60%
Efficiency=100%

197Au32+

Au3?*, 10puA CW

25Hz, 0.5ms

3.1x10%%/pulse

1.0x1019/bunch

190AMeV 11.5AGeV

197Au79+

Y. Liu, J-PARC HI Meeting

8.0x1019/MR cycle

(upper limit)



Physics goals

e Systematic and precise hadron measurements
— Identified particle spectra (K/r,...)
— Multi-strange baryons

— Correlations (Event-by-event fluctuations, flow, HBT)
Published low-mass enhancement

° EleCtronS and Muons factors  p Braun-Munzinger, JHI2014 workshop
— Di-lepton spectra of p/®w/¢ I T WADES
. © o A CERES
* Rare particles g . . Naso
— Hypernuclei <7 " PHENIX
— Exotic hadrons ® | |
+ A(1405) " |
* H-dibaryon 3_ | | |
 Kpp 2% + | ¥ + | L]
— Charm - e * + |
o PP
* Photons ' h

Maximum baryon density

at freezeout
(Randrup, PRC74(2006)047901)

— Thermal photons from QGP
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Yield (dN/dy) for 10° events

A. Andronic, PLB697 (2011) 203

Hypernuclei

Maximum yield at J-PARC

e coalescence of high-density
baryons

Hypernuclei S=-3 in HI
collisions

Closed geometry configuration
for projectile region?

j PARC m 102 10°

KEK Report 2000-11 - :
Expression of Interest for TARGET / i . |
Nuclear/Hadron Physics Experiments by COLTALOT _ / |
d ' '
at the 50-GeV Proton Synchrotron ?‘#ﬁ;‘f}iﬂ 3 lm mifiscomened < Cnm!nm 5

e el I Clerenkov cowsler
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Particle production rates

Beam : 101 Hz

0.1% target

-2 Interaction rate 108 Hz
Centrality trigger 0.1%

- 100kHz

DAQ rate = 100kHz

NxBR

In 1 month experiment:

p,0,0>ee 108-10°

D,J/Y 10 (20AGeV)
(103 (10AGeV))

Hypernuclei 10°-10%°

Ref: HSD calculations in FAIR Baseline
Technical Report (Mar 2006)
A. Andronic, PLB697 (2011) 203
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Experimental requirements
* High rate capability

— Fast detectors
e Silicon trackers, MPGD (e.g. GEM) trackers, ...

— Extremely fast DAQ
e >=100kHz

* High granularity

Pixel size < 3x3mm?
(at 1m, O<2deg, 10% occupancy)

e Large acceptance (~4m)

— Multiplicity for e-b-e fluctuations
— Backward physics (target fragment region)

11



Preliminary

Spectrometer Design

Top View

TOF

Solenoid (BL=1Tm))

lSiIicon pixel/strj

W

trackers / i \100

30°

|_—
—

—t

' GEM trackers

; T Multiplitity [ |
e

1

d—ba

TR

0.3m 2m

hadron-ID (6<117°)
e-ID : 6<30°

u-1D : B<25°

20° = mid rapidity

Im

Centrality
MC + ZCAL

TOF (5m from target)

\

Dipole
(BL=1.5Tm)

|

Muon dipole
Muon
tracker
>
ZCAL
—
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Particle-ID methods

e—7 separation
RICH (C.F,, )
p<3.4GeV/c (20mrad)

L — 7 separation Dual radiator RICH
 p<0.8 GeV/c (HERMES type)
TOF with 30ps (MRPD) in 5 m TOF
e p=0.8-1.5GeV/c
RICH (Aerogel)
* p>1.5 GeV/c (20mrad)
Fe absorbers + Trackers

EMCAL (e,y ID)
PbWO,
15X, (14cm)

13
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Simulation results (Preliminary)

Momentum vs m? (dipole spectrometer)

proton(rec)

Moy ey

| —aoc

—30C

—{20¢

Charge x p (GeV/c)

III\II II‘III‘III‘III‘III
02 04 06 08 1 12 1.4

0

rapidity M?2 (GeV/c?)
Acceptance TOF Resolution 50ps
o 97.2%

Position resolution
K 91.7% Silicon trackers : 14-23um
GEM trackers: 0.2-0.5mm
T 82.9%
dp/p=1.3% (solenoid)
1% * p (GeV/c) (dipole)



N,. in 1.5 MeV bin

2 2 3

2

° IRARURRERLL SR Y SRR L

Simulated di-electron spectrum

(preliminary)

1<y<2
withe

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

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

—#— UL simulation| |
—&- LS simulation|
---- ' = eey :
S
- = eey
--p— ee

,6,,>15% 100.0 B events
= 0.7.at SPD

{I’Eﬁlafsi?ﬁgle leg detection)

1.2 1.4
Mo [GeVic?]

Calculations by T. Gunji and T. Sakaguchi

Based on piO spectra of JAM
Other hadrons mT-scaled

b<1fm (0.25% centrality)
Momentum resolution 2%
Electron efficiency 50%

No detector response
1011 events

<100k events/sec
x 1 month running
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Summary

* A heavyion program at J-PARC is under discussion
* Preliminary experimental setup has been designed
* Acceleration schemes are under design

Prospects

e Design of accelerators and experiments
— A first complete design by Mar 2015 (White paper)
* DetectorR&D

— J-PARC E16 (electron/hadron in p+A)

— J-PARC proton beams (1010 Hz)
— Starting in 2016

e We wish international collaboration




J-PARC HI Collaboration

S. Nagamiya (JAEA/KEK/RIKEN)
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K. Ozawa, Y. Liu (J-PARC/KEK)

T. Sakaguchi (BNL)

K. Shigaki (Hiroshima Univ.)

T. Chujo (Univ. of Tsukuba)

T. Gunji (CNS, Univ. of Tokyo)

M. Kaneta (Tohoku Univ.)
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U+U at 10 AGeV (Preliminary)
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PID and momentum (Preliminary)

8 <10°

Momentum vs m? (with TOF). ;¢°
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TOF Resolution 50ps
Position resolution

Silicon trackers : 14-23um
GEM trackers: 0.2-0.5mm

dp/p 1.3% (solenoid)
1%/GeV (dipole)
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Three Extreme Region on Chart of Nuclel

Search for Heaviest N=Z Nuclei  ( R. Grzywacz )
Search for Super-heavy Nuclei (S. Heinz)
Search for Heaviest N=126 Nuclei ( K. Nishio)

150

100

50
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Search for Super-Heavy Nuclel

10l 238U + 248Cm .
(6MeV/u) i
_ [] H H
B I '\0
- o \o!
o AN
+5 100 1 i
S
O
Z |
[ B2 248Cm
‘ : 238
80 U
by V. Zagrebaev (FLNR)
I I I I I

I l
120 140 160 180
Protons



Search for Heaviest N=126 Nuclel

cm /
Am / / /
Pu |y // //
Np / / V / /
U /
> a )I—/ 7 7 Z A
Pa 82Kr + 140Ce s 222P|* s 220p|; |
Th o 82Kr + 144Nd — 224Cm* — 222Cm
AcC / / y 82K + 144Sm —s 226CF _, 224(Cf
//, y //, //, y N I I I N N N Y B

120 125, | 130 135 140
- Neutrons

New Region Predicted by H. Koura, ASRC/JAEA




1/ separation with RICH

Cherenkov Angle for e (green), 1 (red) and x (blue)

—u
o

n = 1.01 (silica aerogels)

=
[a%

Cheretgkmr @gle [Omd]
N

0.08
n =1.0017 (C,F,; gas)
0.06
0.04 —
0.02—
ﬂ_ | | | I B
0 05 1 1.5 3.5 4
mom [GeV/c]

P<0.8GeV/c

« TOF (MRPD)

* 30 separation
c,=20ps, L=3m

0.8<p<1.5GeV/c
RICH(aerogel)

P>1.5 GeV/c
Fe absorbers
+trackers
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Required pixel size at 10% occupancy
at 1m from the target

| |1AGev  |5AGev 10AGeV

0<2deg  17x17mm? 5x5mm? 3x3mm?

0=10deg 18x18mm? 7.5x7.5mm? 6x6mm?

0=30deg 25x25mm? 21x21mm?  20x20mm?



Heavy-ion programs in the world

Accelerator | Type Beam C.M. Beam rate / Interaction Year of
energy energy | Luminosity rate (sec?) experiment
(AGeV) Vs
(AGeV)
Low energy Collider 8-62 1026 -10%’cm=2s?t 600~6000 2004-2010
RHIC (Vs=20AGeV) (Vs=20AeV) 2017-2018
(BNL) (Otorai=6b)
NICA Collider 4-11 10%7 cm2s1 ~6000 2015-
(JINR) (Vs=9AGeV (Cyorai=6b) (BM@N)
Au+Au) 2017- MPD
SIS-100 Fixed target 2-11(Au) 2-5 2x10%9 cycle? 10°-10’ 2019-2024
(FAIR) (2s cycle,U%%) (detector)
J-PARC Fixed target 0.1-12(U) 1.9-4.9 10%°-10'1cycle?! 107-10% ?

(0.1% target)

References

RHIC: A. Fedotov, LEReC Review, 2013

FAIR: FAIR Baseline Technical Review, C. Strum, INPC2013, Firenze, Italy; S. Seddiki, FAIRNESS-2013
NICA : A. Kovalenko, Joint US-CERN-Japan-Russia Accelerator School, Shizuoka, Japan, 2013
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N,. in 1.5 MeV bin

2

2

107

10°

1..:},{2 0, :,.150 5. u M E‘H’EI‘ItE —&— UL simulation
~ iy . —=— LS simulation
--- ' 5 eey
-eae T €O
n - eey
............................................................ o pos ee
w— ee

=== ee

o Y
C |

I IIIIIII]_ I IIIIIII+ [ IIIIIII_!-.I IIIIIIIl [ IIIIIII|_
____-':.:l: -.-""""'I,:_I
0%

i R N e
.'l L.--k--LL.J..JJ.-—..L—:JJ_J..‘Jh__L_..L..L...L...L_...l_..L_l J '.-.'. -l .IJ- i--L 1 lﬁ

0 0.2 0.4 0.6 0.8 1 1.2 1.4

mee [GeV]

29



Baryon density
from light to heavy ions

~
e,

P/Pg

—d
O

10 AGeV/c
Au+Au-~>U+U

— Baryon density
* 7.5p, 2 8.6p,

— Duration at p>5p,
* 4> 7fm/c

U beam is necessary
at J-PARC!

U+U

Baryon density
=

o))
T ? T T T T
o

S 1020 T30

JAM model t (fm/C)
Y. Nara, et al, Phys. Rev. C61,024901(1999) 30
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U+U at 5 AGeV/c

(GeV/c)
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U+U at 1 AGeV/c

proton(measured,no TOF)

(GeV/c)
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% Why heavy ion for hypernuclei ? (1)

Advantage of heavy 1on to K-beam

= S=-3 hypernucle1
Only possible by HI collisions

= Double hypernucler

Fragments from =-C.N,O atoms (Emulsion) ¢He,,, !°Be,,
4 5 5 : - o o :
H, .. "Hys. "He,, may be much more produced by HI

= Neutron/proton rich hypernucler

Light hypernuclei not produced by (v.K+) (n-.K+)....

nnnnA. “H,, %H,. %He,, "He,, °Li,. '“Li,. °Be,...

See Presentation by Masashi Kaneta
Kenlchi Imai, J-PARC HI meeting (2013/4/24) 33



Narrow centrality
cut taking
advantage of high
rate beams
— Ultra-central
— Many narrow
Centrality ranges

Centrality Trigger

* We would like to see very central events
— assuming b=17fm is maximum

E

8

Atrk3+nirkd+nirkS+Hnt e +n
: B
=]

200f

B

Triggering (E,,, = 10GeV case)

— b{lfm: ND-ZS% Central Ever\l‘ﬂ (MNarlrad se rad mAaimE=)
Impact parameter resolution

~0.62 fm

b dist. for N, (4<0<14°)>450 only

— FYI, b<0.5fm = ~0.06%

Ntrk(4<68<14°) vs b

a5 h3
405 Entries 1457
E Mean 1.347
35 RMS 0.5772
E L %2/ ndf 69.97 /81
30 Constant 31.82+1.09
25:_ Mean 1.322£0.018
C Sigma  0.6155+0.0153
20 ‘
15—
‘ *
10— {;
iy
: f
=h L L - L il
0 0.5 1 1.5 2 25

b [fm]



Injection system of RCS for Au beam

L= ji_>/\ H é
|':_—_-i‘3§ . _2
|§ 2;— ™~ -~V _g
= .. Ext.KMs Ext.septa QFM QDL QFL QD)é

U5 | Transverse pr]’]nar\'

collimator

njection section N
Longitudinal g ]

primary collimator oy oy
Lo g

i 3-50BT




10AGeV/c 4

vl b b e Lo WA ERENE R AR
05 0 05 1 15 2 25

1AGeV/c

102E-

107"

107k

N,,=462
N,=175

N,=15.4
N,.=0.0

25 3 35 2
rapidity

101

107k

102

10°E

T B B N
25 3

p. (GeVic)
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Dileptons at J-Parc energy

Landscape for J-Parc

Intermediate Mass Range

Low

DDbar is very hard
QGP thermal radiation is on

Mass Range

in-medium modification of
vector mesons (link to chiral
symmetry restoration)

Thermal radiation

--Is T T T T T T ]
a 10° @ ® P+P\Syy =200 GeV 3
:1- ® Au+Auyfy=200GeV (MinBias) ]
2 | - —
10 %‘ ® AutAuf5, =200 GeV (Central) »
e L]
04 ’ E
; - ® ¢ *
107
107
10° ; | | =
0 0.5 1 1.5 2 2.5 3 35

M,, (GeV/e?)

E

[ an)

E

= )

Eo

Eo

E DD

;E B

3

L Low- Intermediate- Igh-Mass Region
- >10fm >1fm <0.1fm

E l l | l l l l | l l l l | l l l l
0 1 2 4 £

mass [GeV/c2]



Photon feasibility study

0.1 T events 1<y<2, b<1fm

Blue: piO, Black: eta, Red: decay
photons from pi0 and eta

Direct photon signal is assumed to
be 2% of background photons

Statistical error only

No hadron contamination, photon
efficiency is taken into account.

dN/dp dy (GeVrc)

bkgd.

Hy

Ymeas

o n
[measl {bkgd.

s and their decay ¥'s in P,

10°
107
10
Y
1 Yo
.o.'lr- .
1o p X7
\ ““, L N .I ,
0 05 1 15 2 25 3
p. (GeVvrc)
1.05 TmeasIthgd, for real photon
1.04F
1.03F
1_02_M
1.01F
P m o e
:....I....I‘...I....I....I...‘
099 05 1 15 2 25 3
p. (GeV/c)
105 Ve Sly o for internal conversion
1.04F
1.03F
1_02%
1.01F
A
:. L 1 PR 1 1 M R T T
0.99; 05 1 75 ) 25 3

p_ (GeVic)



Electron feasibility study

* Huge background is a problem
* Very small jet-originated
background
— No cross-pair
— No charm contribution

* Base on pi0 spectra obtained
from JAM event generator

— Other hadrons mT-scaled

e 1<y<2 (inlab), b<1fm (0.25%
centrality)

* 0.1T events (by one month
running)

2014-03-17 T. Sakaguchi@J-Parc HI workshop 39



Beam Energy Scan of dielectrons

1 | |
10 19.6 GeV ] 62.4 GeV ] 200 GeV
0 sys. uncertainty
10 E — cocktail E
% | A + medium modifications
E 1 STAR Preliminary ® data
S 10 ¢ Au+Au Minimum Bias [
3
3 42
a 10 E
.E _____
107 ;
10—4 . . . . . . . . . . . . . . .
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
dielectron invariant mass
gl|® 19.6 Gev STAR Prelimi
reliminary .
T 2l o Saow  LMR excess observed for all energies
X 6 L9 206V * systematic measurement of excess
g j “ { I« Model calculations appear to provide robust
g { 7 description from RHIC down to SPS energies
O . . . .
S 5 ‘} + 1+ Measurements consistent with in-medium p
s 1 broadening
oo { ! — expected to depend on total baryon density
-1 L 1 1 L L
0.2 0.3 0.4 0.5 0.6 0.7
2014-03-17 dielectron invariant mass, M, (GeV/c?)

40
T. Sakaguchi@J-Parc HI workshop



Photon calculation

Using UrQMD, low pT photons are calculated at FAIR energy
— arxiv:1211.2401

— Bremsstrahlung nt —> mtty is dominant

Elliptic flow is estimated of the order of 1-2%

we—— v+ 71—+ 3
R — sum :
100k, N0 e Bremsstrahlung
VNG e QGP ;

=1 \ '

o SN other hadronic channels !
> 107 ¢ )
Q 3
< ]
aﬁ:‘ 107 3

Lo+l U+U ]

E b<3.4fm

10_5 'r Ela.b = 35 AGEV e N o '.J‘ J: ) i

s urQMD Tsol
.[ Deconfinement Hybrid calculation
10% 5 1.0 1.5 2.0 2.5 3.0 3.5




Centrality cut

* Correlating two Ntrks in different angle region

— Possibility of higher selection power of very central events
— Ntrk(0<6<4°) vs Ntrk(4<6<14°) looks good
— Reds are b<1 events

MNtrk(0<B<4°) vs Ntrk(4<08<147) Ntrk(4<6<14%) vs Ntrk(18<6<28°)
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SPD

N

SPD

SSD
SSD
GEM TR

o b~ W

6 GEM TR
7 GEM TR
He
TOF

Total

Solenoid spectrometer
* Pixel size (<6x6mm? at 1m at 6>10°)

detector
1

1.5

3

10
14
30

50
75
75
85

Pixel
size(¢xz)
(mm2)

0.05x0.4
0.05x0.4

0.08x1
0.08x1
2x10

3x15
5x20

0.3mm
0.3mm

0.3mm
0.3mm

0.025mm
0.050mm
0.027mm

—> pTcut=0.26GeV/c

Polyimide(286mm)

Kapton(286mm)
Mylar(285mm)
Cu(1.44mm)

He (568.192m)

B=2T

1.05e-3
1.05e-3

1.05e-3
1.05e-3
2.32e-3

2.32e-3
2.32e-3
1.30e-3

1.25%
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O 00 N O

Dipole spectrometer (new)
* Pixel size (<6x6mm? at 1m at 6<10°)

Layer | detector Pixel size(XxY)
(mm2)

SPD

SSD
SSD
GEM TR

GEM TR
GEM TR
GEM TR
GEM TR
RICH
EMCAL
He

15

32
44.8
180

190
360
370
530
410
540
150

0.05x0.4
0.05x0.4

0.08x1
0.08x1
2x10

3x15
5x20
5x20

0.3mm
0.3mm

0.3mm
0.3mm

0.025mm
0.100mm
0.027mm

Polyimide(286mm)

Kapton(286mm)
Mylar(285mm)
Cu(14.35mm)

He(568.192mm)

1.05e-3
1.05e-3

1.05e-3
1.05e-3
2.32e-3

2.32e-3
2.32e-3
2.32e-3

2.64e-3



p_ (GeVic)

P, (GeV/c)

1.5

U+U at 5 AGeV/c

0.8

0.6

0.4
0.2
U]

18 225 3 35 4
rapidity
0<40° (acc=76.0%)
:_ i_'.-.
4 05 0 05 15 2 25 3 35

rapidity

P, (GeVic)

=

P, (GeVic)

Mid-rapidity ~ 25 deg

0<20° (acc=47.5%)

Yy 2 25 3 35 4
rapidity
8<50° (acc=83.3%)

3 15
rapidity

p_ (GeVic)

T

P, (GeVic)

[nd

9<30° (acc=64.7%)

3 35
rapidity

2 25

9<60° (acc=88.3%)

3 35
rapidity

2 25
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P, {GeVic)

P, (GeV/c)

1.5

U+U at 1 AGeV/c

no cut

2.2
2

—1.8
—1.6
—[1.4
—1.2

0.8
0.6

0.4
0.2

3 35
rapidity

Y,n=0.5

8<40° (acc=59.9%)

1.8
—1.6
14
1.2
=1
—|o.8

0.6
0.4
0.2
U]

15 2 25

3 35 4
rapidity

0<20° (acc=23.2%)

1
5 °F
; - I“E
= F
25
gzsf 1.4
~ F
a .
2 1.2
- =
15
[ .5
1 —.6
g a
oS-
L 2
[ HR
U355 o os 1 18 2 285 3 35 4
rapidity

8<50° (acc=72.8%)

— 3_
3
Qa5 1.8
& .6
i —i.4
[ 1.2
15
[ =1
C A lo.a
s

3 35 4
rapidity

Mid-rapidity ~ 30 deg

9<30° (acc=42.9%)
r
: =
3 25 :— 8
= —.8
e [
2 —qi4
E 1.2
15 —
r —0.8
=
C &
osf 4
C .2
TR
rapidity
9<60° (acc=81.8%)
— 3
T T
3z °r
Q25— —1.8
s F —1.6
2 E 1.4
F 1.2
1.5
E . -
E —0.8
F .
0sf 4
F 2

3 35
rapidity
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Summary of acceptance and pixel size

Acceptance
T TiaGey |sAcev | 10AGev
0<20deg 23.2% 47.5% 57.5%
0<30deg 42.9% 64.7% 72.7%
0<40deg 59.9% 76.0% 81.9%

Required pixel size at 10% occupancy at 1m from the target

| |1AGev  [5AGev 10AGeV

0<2deg 17x17mm?2  5x5mm? 3x3mm?

0=10deg 18x18mm?  7.5x7.5mm?  6x6mm?

0=30deg 25x25mm?  21x21mm? 20x20mm?
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p_ (GeV/c)

(GeV/c)

P

2.

.5

5

+

n

I0.3

05 0 05 15 25 3 35
rapidity
n*(measured,no TOF)
= I0.3
0.3
—0.2
T 0.2

0.1

(GeV/c)

2.5

R

IIIIlllw_l‘lIII|IIII‘IIII|IIII

1.5

Acceptance(n*)

n*(measured)
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Acceptance (K*)

3 3
S ID.D
1]
S L
s —0.0
C —0.0
2_
E —0.0
:_ 0.0
- 0.0
- 0.0
- 0.0
- 0.0
%7705 0 05 1 15 2 25 3 35 4 °
rapidity K*(measured)
K*(measured,no TOF)
—~ 3
3 = f
s % Izo 3L I20
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