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J-PARC as
a Dense QCD Lab

To explore QCD properties,
T QGP Temperature and density of

the medium should be known.
RHIC, LHC Currently we have, .
200MeV Heavy Ion Collisions
Nucleus
S
Neutron
J-PARC
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QCD physics @ J-PARC

My opinion...

High density (Neutron/quark) star

Origin of hadron mass

High density physics
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High density star

Figure:

K. Yagi, T. Hatsuda, Y.
Miake,

“Quark-Gluon Plasma”

Y Review:

% F. Weber, Prog. Part. Nucl.
Phys. 54 (2005) 193

Outer (Ate
& Inner (A+n+e)
Crust

ud, s, e

J. Schaffner-Bielich.

1 »
© ) 10
(7
% %, n,p. e u S
) ) (? = 2 |
G G o = 10
(@) 6/. o ' |
= b
% © N
(#4 oM [
Q 5|
T 10° { |
0’ ] | /
o I | i
¢ - » -4 { E \ / ."
R=10 km 0 0o 03 0.6 0.9 1.2 15

Density (fm™)

£LUUO/ LU/ 1O RAITILC, N\. Uzavva 4



Hyperon Nucleon interaction

e Studied using hyperon bound state.
- Spectroscopy of A hyper-nuclei

e Extended to study for PRC 64 (2001) 044302
s=-2 system 89Y (m*,K*) 89,Y
— Double hyper nuclei 250 5
- E hyper nuclei? KEK E369 (SKS)  f, ;A
Double hyper pudlei 2°°: AE=164MeV (FWHM) | W llen
A >
- \ T % 150
- I... . g
. .'. ) o L
» 100 |
o
S
50
0-3_0 25 -20 -15 -10 -5 0 5 10
B, (MeV)
. . (Top View) -> U, = - 30 Mev
NAGARA event : ¢ (c.f. Uy = -50 MeV)

Method: hybrid scan



Hyperon Nucleon scattering

e Direct measurements of cross section
e Current data statistics is poor

e Lattice calculation exists

I

~ 10
< =5 E251, E289
S —e— >+p scattering
:
§ R— iy 5
()_I‘""_(")";*:(‘).() -0.4 -0.2 0 2 7(1).4 0.6 0.8 1
® E289 preliminary cosOcyy

[0 E251 result

e New experimental techniques
need to be developed to
collect large statistics.

e SciFi + MPPC readout
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Deeply bound Kaon

Deeply bound K nuclear states are predicted.
Strong KN attraction suggests a deep K nuclear
potential (U, ~ 200 MeV)

A calculation shows very high density.
0> Py x10 17

M:02 Experiment for K'pp bound state

150 Formation (Missing mass)
", Decay Ap
[Ty - |
, QO 3 | o —> frma b Kpp neutron!
A. Dote et al. : PLB590 ' ‘ (N |<* .-> :
(2004) 51, etc. PP gyl . | decay _ _____ )
. A
Measure Potential, - ox"@+—> @ proton
Binding Energy,
. proton
Width
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Origin of hadron mass

>Spontaneous breaking of a symmetry is marked by:

* a non-zero order parameter, the quark 3
condensate <qq> in the case of QCD: < qq >=250MeV

qu)o.'l" — ~0 High T
<{qq >= High p

At Nuclear Density

heavy ion reactions: Y, 7. p - beams

A+A—V+X
my,(p>>py; T>>0)

J-PARC elementary reaction:

my,(p=p,;T=0)
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N A6 O re S u I tS [van Hees+RR “06]

PRL 96, 162302 (2006) 1600+ central In-In  NAGD 4
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with collisional broadening.

Next,
Try for extracting of a quark condensate

information from the data.
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PHENIX results

min. bias Au+Au at\fsNN =200 GeV

’—f . DATA
cocktail + random cc: 9.5fm

total
= vacuum p (RR+HH: 1fm)
= in-medium p (RR+HH: 1fm)
= dropping p (RR+HH: 1fm)
e in-medium p (KD+IZ: 3fm)

collisional broadening (EB+WC: 9.5fm)
collisional broadening + dropping p (EB
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e Freeze-out Cocktail +
“random” charm +
o spectral function

Low mass

e M>0.4GeV/c?:
some calculations OK

e M<0.4GeV/c?:
not reproduced

Intermediate mass

e Random charm +
thermal partonic may
work

10



Then, Nucleus

® Stable SYStem ATOM'S NUCLEUS

— No (small) need for time
development

e Saturated density

Two approaches,

Nucleon Hole

O > A |
Emitted
P, T, Y Proton/Neutron
O —
2008/10/15 ATHIC, K. Ozawa Decay 11

Target



d*cdQdE [ub/srMeV]

n bound state

K. Suzuki et al., Phys. Rev. Let., 92(2004) 072302 GSI

2M5n(d Ha) [ dw:&_]
{1 3)‘- =Sn j

B[\llaV]

L
cl ’ A ?l % ‘l :'l A A

5n(d,*Ha) oy |
[18,1- "‘Sﬂ\l

'%Sn(d,’Ha)

e
B ‘{]01?:15
PRI S PR

N

260 65 370
IHe Kinetic Energy [MeV]

n bound state is observed in
Sn(d, 3He) pion transfer reaction.

Reduction of the chiral order parameter,
f* (p)?/f7=0.64 at the normal
nuclear density (p = p, ) is indicated.

Jido-san et al. shows that =n-
nucleus scattering length is
directly connected to quark
condensate in the medium.

- 2

aw" _ (2)"(1,2)
—v = | To -7 -
(qq) b3 0

D. Jido et al., arXiv:0805.4453

New exp. will be done at RIKEN



Spectral modification ¢ — e*e-
R. Muto et al., PRL 98(2007) 042581 KEK E325

By<1.25 (SIOWLLI |
= 158 . Invariant mass spectrum for
2 R slow ¢ mesons of Cu target
2" Excess!ull — Fitting Result shows a excess at low mass
S 1 H
S 168 : }l

1 * Data side of ¢.
't it |ty Fitting Resu
+

Measured distribution contains both
modified and un-modified mass

09 1‘ . - spectra. So, modified mass spectrum
| | - is shown as a tail.

[GeV/c?]

First measurement of ¢ meson mass
spectral modification in QCD matter.



... larget/Momentum
¢ — ete
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Mass Shift: v
m,=m, (1 - a p/py) for a=0.03
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Next step

1. Detailed spectra need to be obtained
“experimentally” in w-p plane.

2. Sum rules will be calculated using

experimental data and can be compared to
QCD (gqg condendates).

3. Finally, details of spectra can be discussed.

Experiments to extract direct
physics information.

Experimental 1. High statics
requirements ) (Clear initial condition

2008/10/15 ATHIC, K. Ozawa 15



New exp 1: Upgrade of E325

e Extended to vertical (-
LeadGlass
. Calorimeter
return 5o
yoke pole
| piec
R] v

/

g T

CST +GEM S/
Pad chamber GEM tracke:

U- -
Cj Cherenko A/
radiator Targeft /g \\\77

KEKS$gheatimmeter
Plain view

Cope with 10 times larger beam intensity!!

2 2 times better mass resolution!!
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What can be achieved?
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New exp 2: Stopped o meson

Clear Initial condition

- @

_ Emitted
JU Neutron
=t
7% Y decay
‘EI | me=733-ZIaviSk §-alaseras —
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Summary

e Several interesting experiments are

proposed at J-PARC for exploring QCD
matter.

e Results of the first generation experiments
are reported.

— It seems some results show contradiction and
it should be solved by the next generation exp.

e Many experiments for exploring hadron
mass properties in nuclear medium are
being proposed.

— Explore large kinematics region
- Measurements with stopped mesons

2008/10/15 ATHIC, K. Ozawa 19
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Mass spectra measurements

KEK E325, p/w — ete-

Induce 12 GeV protons to Carbon and Cupper target, generate
vector mesons, and detect e+e- decays with large accepténc

spectrometer.
mversengrro mewserne M. Naruki et al., PRL 96 (2006) 092301 e
_events[/10dde\Ves?] 1
00 E— -+-
op Cu h oderes =
Sk |
S00°F |7 'meewe  The excess over the
i IR Ww——>e e

known hadronic sources
on the low mass side of w
peak has been observed.

400 |
200

m,=m, (1 - a p/p,) fora=10.09

0.6 0.7 0.8 0.9 Ozawa 21



120

100

80 |

60

40

20

CLAS g7a @ J-Lab

Induce photons to Liquid dueterium, Carbon, Titanium and Iron

targets, generate vector mesons, and detect e+e- decays with

R. Nasseripour et al., PRL 99 (2

large acceptance spectrometer.

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

| mommimem p — e+e-
fit result

L= - - - m#‘ e+e- ’ n“)e+e-
SERIIIIL ¢ ———-1

02 04

| .0.6. 08 1

e+e- Invariant Mass (GeV)

Fe-Ti

1.2

No peak shift of p

Only broadening is
observed

m,= m, (1 - a p/p,)

for o= 0.02 = 0.02 22
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Contradiction?

e Difference is significant

e What can cause the
difference?

— Different production
process

- Peak shift caused by
phase space effects in
pA? |
e Need spectral function of p*~ Invariant Mass (GeV/

without nuclear matter
effects

Note:

e similar momentum range  1n addition, background issue is
e E325 can go lower slightly pointed out by CLAS

2008/10/15 ATHIC, K. Ozawa 23




e \We should be careful on normalization.

CLAS = KEK

160 C l isoof
140 £ Absolute | 1o |
ligat :
120 - (o eeten
100 sign pairs :
80 +| 750
60 :
40 d {ﬂ o
20 f&&ﬁ_ LY

0 T e TR A

Background is not an issue

e Combinatorial background is evaluated by a mixed event

The problem:
Each experiment can’t apply another method.

0 025 0.5 0.75

1 ¢ 3!

o-ete-

Normalized

using mass
region
above ¢.
There is
enough

statistics




Performance of the 50-GeV PS

Numbers in parentheses are ones for the Phase 1.

Beam Energy: 50GeV
(30GeV for Slow Beam)
(40GeV for Fast Beam)
Repetition: 3.4 ~ 5-65
Flat Top Width: 0.7 ~ 2-3s
Beam Intensity: 3.3x10“ppp, 15uA
(2x10'ppp, SuA)
Elinac = 400MeV (180MeV)
Beam Power: /50kW (270kW)

2008/10/15 ATHIC, K. Ozawa 25




J-PARC

e Cascaded Accelerator Complex:

Hadron Hall (Slow

J—

Super-Kamiokande Synchrotron

2008/10/15 ATHIC, K. Ozawa 26
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QCD to observables
L= _iF:quv - Z"};n’)’”[ap - igAzta]wn - ZW'J}nwn
n n

e BIETEALMILX. QCDEEFRTH/\FOY
- NFOV(EIZTAVV)DEE. ., CouplingZgE
— Phase transition (2SR F

o NATIIN—FF—DEEFHLIONEE"?
- p(P=1) m=770 MeV : a, (I = 1+) m=1250 MeV
- N(1/2¥*) m=940 MeV : N*(1/2°) m=1535 MeV ?
~- EERAICIERICRE

o FFEFMIQCDVOBRARMICKY/N\FOVDHELREZRDMTS

2008/10/15 ATHIC, K. Ozawa 28



Theoretical approaches

e Nambu-Jona-Lasino model
— Nambu and Jona-Lasino, 1961
- Vogl and Wise, 1991
— Hatsuda and Kunihiro, 1994

e Chiral Perturbation theory

- Weinberg 1979

— Gasser and Leutwyler, 1984, 1985

e QCD sum rule

— Shifman et al., 1979
— Colangelo and Khodjamirian, 2001
— Hatsuda and Lee, 1992

e |attice QCD
- Wilson, 1974
— Karsch, 2002
e Empirical models

Vector meson mass

G.E.Brown and M. Rho,
PRL 66 (1991) 2720
m ~ <qq>

—~08(p~p,)
m  (qq)

T.Hatsuda and S. Lee,
PRC 46 (1992) R34

Eﬁ:(Lqﬁi-;azOJs
my, Po

— Potential model (De Rujula et al., 1975), Bag model (Chdos et

al., 1974)

e In addition, Collisional broadening, nuclear mean field ...

2008/10/15

ATHIC, K. Ozawa
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INS-ES TAGX experiment

Ey~0.8-1.12.GeV, sub/near-threshold p° production

PRL80(1998)241,PRC60:025203,1999.: mass reduced in

invariant mass spectra of 3He(y, p%)X ,p° --> n+n-
Phys.Lett.B528:65-72,2002: introduced cos6 analysis to
quantify the strength of rho like excitation

Phys.Rev.C68:065202,2003. In-medium p0 spectral function
study via the H-2, He-3, C-12 (y,n+ =n-) reaction.

Yield

9 3 — -
|7“'C—» Tta .\l

ﬁ ity

i

Try many models, and channels
A, N*, 3n,...

[C, K

Ey STT model | Previous
Present work
work
800-960 700-710 672+31
MeV MeV MeV
960-1120 730 74317
MeV MeV MeV




CBELSA/TAPS

TAPS, o — =% with y+A

D. Trnka et al., PRL 94 (2005) 192203
after background subtraction

o0
o
o

I N L
o - 1p, 1<0.5 GeV/e
> | :
© 600 [ NP -
= - LH
2 -3.0%
P — 400 B 7]
mg, = \/ ﬁ’n + pyy 2 |
€ 200 -
advantage: 3 : I - _
o Il ]
o 'y large branching ratio (8 % I } : 1
Yy larg g (8 %) 0 L Lp*’rr’hﬂ'
* no p-contribution (p — w% : 7 - 10 i
disadvantage: 600 700 800 900 ,
o i'-rescattering m, = m, (1 - o p/p,) for a=0.13 M, . [MeV/cT]
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Final state interaction

J.G.Messchendorp et al., Eur. Phys. J. A 11 (2001) 95 Y +Nb @ 1.2 GeV

J simulation |

inside
no rescat.

/0)

| outside

19%)

disadvantage: L G

o n'-rescattering

02 03 04 05 06 07 08 09
MnY(GeV)

no distortion by pion rescattering
expected in mass range of interest;
2008/10/15  further reduced by requiring T,_>150 MeV 32



Experimentalists face to reality
- E325 simulation-

o, « A" Bremsh « Z*, Background x Z"

m. \w
F t

18000 — C

6000 }
114000 }
12000 }
10000 }
8000 ;
6000 ;
4000 }

2000

KEK E325 Target
ma'terlal‘ “ beam (p/ | Interaction radiatlon
spill) length(%) | length(%)
V) V)
C 0.64x10° 0.2% 0.4% _
Cu X4 0.05% X4 | 0.5% X4 |

1

—— detctor effect

—— chamber res.

P IS —

1.05

1.1 1.15

1.2

15000
1000

5000

0
0.85 0.9

0.85

- 0.072a/cm?2)
n, V.0/2g/ams)

—- Breit—Wigner

internal rad.

target effect

detctor effect

chamber res.

1

| 1.15

1.2



CLAS g7b

Momentum dependence will be studied by CLAS (soon?).

Momentum Dependence — p Meson

Giessen group (U. Mosel
W. Peters et al., NPA 632 (1998) 109
M. Post et al., NPA 741 (2004) 81 . e

eereg e 0.4 GaV

BUU model of p meson
production and propagation
with nucleon resonance-hole
contributions.

Planned g7b
Conditionally approved

2008/10/15

Jaipur, Feb 8, 2008




Consideration

e Gamma beamTOAIFEIZZILNELNDIZTENSHON

TL\%,

- H. Alvensleben, et al., ” A
NPB18(1970)333- 365 £ *‘

e Initial conditionME&% RiEt I \

BHENHDB, N R A

> <0 qc 0> 0, : ‘:’+_‘¢__.i;; :_:3,:;:/ \*\1\ |
v BEERMTOAYVISHT el

DEBDOLE )

» <A|lqq|A>
v HEIREIN TOELVREDRF#

> <A’lgq|A>, <A’|qq|A’>

v EEORETE . BERIEFHESATLSL, B

(e

DN A Hproduction processiZ&>TELES,



LEPS and CLAS, ¢ in y+A

Small sensitivity for spectral modification in mass distribution
due to final state interaction. Nuclear absorption cross section

of ¢ is measured
G(A) oc A0.74£0.06

1 Giessen calculations G(PN =30+ 12_8 mb
L - = = = Giessen calculations
. 8‘ Normalized to carbon w/ Sprti;:SQS absorption
B8 streng
I M JLab (preliminary) ?? F* NFO X 3 nJ 5 ??
L A Spring8
o 0.6 T. Ishikawa et al. Phys. 0 D mn oL D
- - Lett. B 608, 215 (2005) : = U ™
- | ® New JLab data of -
0.4_— N 3 o |
0'2 L ml&} zwlﬁuj]
SRR
1 A A l A A A l A A A A l A A A A l A
% 50 100 150 200 PP, N St
1 1.025 1.05 1075 1.1 1 1025 105 1075 1.1
A K'K™ Invariant Mass  (GeV)

Results are consistent with KEK for broadening.
KEK experiment shows 3 x larger mass width in nucleus.
2008/10/15 ATHIC, K. Ozawa 36



SIRILT—BAAFEEEER

e SPS e RHIC
- CERN - BNL
-Vsy=19.6 GeV -Vs\y=200 GeV
- $n-fn 1E3ZE -&-F FHZE
- LB ISR kdol - 5m (>200MeV)

~150MeV

2008/10/15 ATHIC, K. Ozawa 37



Advantages at RHIC

o DA—HFI—F TFSXIDER

o MROIHIREDFEBIRE
- ClearZz7O0—J DE&RE

o A NEL

RaaP,) =

- PHENIX Collab.
118

& 1.65 nucl.ex 304022
: 1.4 m'véfmx
o

2
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PRLSY, 072303 ooy ®  Comyral T .oy |
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RHIC results

; ) I L | | L | L l o I | I | I L | L | L
8 107E" Au+Au & p+p at\[syy = 200 GeV E‘
N _
8810'2 0.0 GeV/e < p_<8.0 GeVic =
XS] | O min. bias Au+Au (Rund) =
= 10° g ¢ p+p (Runs) |

F 7 gz — Cocktail p+p

% E LL1ER ” both normalized to m,, < 100 MeV/c? E
104 ekl p+p NORMALIZED TO m,,<100 Mek
- e . -
10° M e E
= g O # =
105K tev g 3 .
Clear enhancement is observed in ' F
the mass region below w. =
[—l 1 1 | | I I | | I | I | I | I I I | I I | | | I | I 1 | ',

0 0.5 1 1.5 2 2.5 3 3.5 4
2008/10/15 ATHIC, K. Ozawa m,, (GeV/c?)
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o bound state in nucleus

—~®

has information about
interaction between nucleus
and meson.

Energy level of bound state ( >
@

Theoretical prediction for w bound states

Marco,Weise, PLB502(01)29 Nagahiro, Jido, Hirenzaki, NPA761(05)92
" [ romtore, 27 cev V 121 a) v=-(156.0+29.0i)plpg [MeV
otal for E, = 2.7 "( » ’ l)p/po l e ] (PP I S—
2 (% )F (5)«, ......... | 10 (0510)9'909. e
= % (0] T V—
Z s 8} {032l '@ Pu e |
Z 150 % [T —
r (032l 9 10 e
- £ 6 :
& 10} =
3 g 4
'!'3 3
5F o 2 /
0 ¢ s % S w-“;;—_ﬁ;.ﬁ—“- —— -~
50 0 50 00 -100 -50 0 50 100

<100 o 1
)008/10/15 Eg Mg+ 1B, 1 [MeV] ATHIC, K. Ozawa Eex — Eg [MeV] 40
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0 degree measurement

R.E. Chrien et al., Phys. Rev. Let., 60 (1988) 2595

18 v v T
Lab R . 1 7T T 3
a = 00 : = 4 V . o
16 L ( ) ep by 2 0 (le o total i | S0 - .o . -
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— - .. 4‘_._._‘
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— w 260k e X8 E
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. Ozawa

Negative results for n
Measurements @ 15°



Yield Estimation

Summary plot of ®™p — wn for backward

(G. Penner and U. Mosel, nucl-th/0111024,
J. Keyne et al., Phys. Rev. D 14, 28 (1976))

0.14 mb/sr @ vs = 1.8 GeV
same cross section is assumed.

0.15:—
z Beam intensity
Ep.10 107 / spill, 3 sec spill length)
3
=

Neutron Detector acceptance
AB =1°(30cmx30cm @ 7m

0.05

0.0014% . . _ . Gamma Detector acceptance

75 % for single, 42% for triple
Branching Ratio: 8.9%

oo FPtimMistic obtained yield is 31650
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Calc. by H. Nagahiro
—

New exp : n bound state

LOI@J-PARC by K. Itahashi et. al Chiral symmetry in

N*(1535)

Baryon

K=Z-KA s-wave resonance (Chiral Unitary model)
Chiral partner of nucleon (Chiral Doublet model)

nc How to study N* experimentally?

50 — cChiral doublet model

Chiral unitary model

1 I 1 1 1 1 l 1 1

n — N is strongly coupled with N*
n in nucleus makes N* and hole

Generate slowly moving n in nucleus

p(7t, n)N

Forward neutron is detected.

0 2 -
r [fm]

2008/10/15

6 missing mass distribution is measured.
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¢ bound state?
By<1.25 (Slow) Experiment 1:
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I > incident’ p momentum (GeV/c)
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