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e constituent quark mass (~350MeV) ~
spontaneous braking of chiral symmetry

e quark condensate (qq) is an order parameter of the
chiral symmetry

Y

e In hot/dense matter,

e the chiral symmetry restoration,
e (qq) decreasing,

e hadron modification are expected

<do>
4 1<09 o In dense matter

In nuclear medium:
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For example,

e Hatsuda and Lee
(PRC46(1992)R24)
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e Muroya, Nakamura and Nonaka
(hep-lat/0208006)
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e Mmany other:
width changing, etc.
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1. invariant mass spectra

e second peak is made by ¢'s (simulation)
decaying in nuclei _EBe
(no width-changing case) o0 |
e ee channel: S SN AW
Cu

1000

e |ess final-state interaction
e p and w can be collected at _
the same time 0

e KK channel: 1000
small Q-value(=32MeV/c? ) :
= possible width change in ) TR e T P

g . 0.96 098 1 '%,02' %,oz'»
nuclei could be seen easier Invariant Mass (GeV)

soo |

500

2. branching ratio change

br(p—KTK™) : : .
br(doete) — compare with different nuclei
Cu nuclei | KK enhance case | normal | KK suppress case
(I ~10MeV) (I ~ 0MeV)
By=1.0 | 126% 100% [ 91%
=
3 ~ r0
= =nuclear radius
Z

S
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KK enhance case T

no media effect
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(ee events) (KK events)

93 11 proposal
94 4 test experiment start
96 6 construction start
96 11 first engineering run
o7 6 first physics run - ¢:99
08 4/5 2nd physics run w:95
¢:12
p/w modification observed in ee invariant mass spectra
— (K. Ozawa et al.)
99 7 3rd physics run w ~700
¢:~125 178

¢ — KTK~ invariant mass spectra
cross sections of ¢ and w are obtained
_>

00 6/12 4th physics run
01 11/12 5th physics run
02 2/3 last physics run
—recently analyzed data
(~60%o0f ee trigger) w: ~10000
¢ : ~1000
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KEK 12GeV PS and EP1B primary
beam line

~ Proton Synchrotron Ralated Facilities

EP1B primary beam line
e available upto 4 x 10°
proton per pulse(4 sec
repitition/duty ~ 50%)
e beam spot size:3mm
FWHM
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e [Bdl=0.81 Tm (r=0~ 1600mm )/ 0.71T at r=0

e thin targets (to reduce conversion) placed in-line

CHy, C Cu
interaction length (%) 0.1 0.1 0.04
radiation length(%) 0.2 0.2 0.4

e typ. 1x10° proton(12.9GeV/c)/pulse in 2sec duty
= typ. 1x10%Hz interaction on targets

Kaon Arm Electron Arm
e vertical £6° vertical £22°
horizontal horizontal
+12° ~ £54° +12° ~ £90°
e STC—-FTOF FrontGC
e Aerogel RearGC/RearLG/SidelL. G

Cerenkov counter

FrontLG
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e two stage: FrontGC + RearGC/RearLG/SidelLG
e cach segment covers about 6°
e GC : isobtane

e LG: lead glass SF6W (12cm depth=~ 7.1 radida-
tion length)

e ForwardLG: 3rd stage covering RGC acceptance
behind them

— newly installed and used in analysis of new data

FGC RGC LG
elector ID eff.(%) 55 86 85
7 rejection(with FGC) - 3.9x10™% 6.7x107*
f 7. -
A = > 1 ‘
> |EM shower l

2nd reflection mi

mirror

700mm

L
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Cylindrincal DC/Barrel DC

e CDC 10 layers

(6 vertical and 4 stereo(~0.1lradian))

e BDC 4 layers

(2 vertical and 2 stereo(~0.1radian))
e typical position resolution ~ 300um

mass resolution of the spectrometer

[events / 1MeV/c?]
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21 p) m= 493.9 MeV/c2
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T 7T invariant mass

o
A 1.8MeV/c?
K 3.6MeV/ 2
¢ — KTK~ 2.4MeV/c2
w—ete 9.6MeV/c2
é— ete 12.0MeV/c?

40
30

(target profile)

projection in X—axis
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(K. Ozawa et.al., PRL 86(2001)5019)

[events / 50MeV/c?] [events / 50MeV/c?]
100- 30_
i from light from heavy
a0l [targ ets 25 target
7 fit resul =
— fit result
60- — W™ ete
i . - ete 15
i — @~ ete
40- L 8» meter 10-
—-- combinatorial
20, Sr
07\

s i '-, f ! T i |
0 112 0 04 08 12 16 2
[GeV/E] [GeV/E]

low mass region is suppressed due to the detector acceptance

fit funciton:
N1f1(¢ = eTe ) +Nofa(p = eTe )+ Nafz(w — eTe™)
+Ngfa(w— nlete” ) +Nsfs(n—ete )
+ Ng fg(combinatorial )
where
function shapes are determined as:
f1,fo,f3 : $smeared) Breit-Wigner
fq,f5 . from the literature
fg : event mixing
4 free parameters.
N1,N3,N5 and Ng

significant excess (550 MeV/c? ~ 750 MeV/c? ) IS seen :

= meson mass modification
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Background estimation using event
mixing

rTx~invariant spectrum is described using mixed event
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(M. Ishino et.al., PRL in prep.)

[ counts/ 4 MeV/c [ counts/ 4 MeV/c

60 light targets * heavy targets
’ N (Cu, Gd)

30

i TR LT

0 I P T S 5 i s L L T =
0.96 0.98 1 1.02 1.04 106 1.08 1.1 112 1.14

[ GeV/c

fit funciton is

N1f1(¢) + Nofa(ao/ fo)+
N3 f3(non—resonant)+ Ngfa(missID)

where
function shapes are determined as:
fl,fQ,f3 . JAM simulation
fqa . event mixing
parameters are
|\|3/|\|1 by JAM

N4a/(N1+N>+N3+Ny) by expelimentally
then, N{/N»> and overall normarization are
two free parameters of the fit

well reproduced by introducing scaler meson.
= no significant spectral modification of ¢.
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production cross section

[barn

e w . consistent with
other experiment

o ¢ . ee and KK are
consistent

—M— E325data w — ee
+ ¢ — ee
- =0 - ¢ — KK

O Blobel et al (1973) P — TUT

LELENE

10 L L MRS Era | L M A |
MOWS%Q\Iumber

O

nuclear dependence a : (c(A) = o(1) x A%)

e w—sete  : a=0.85+0.08
e p >ete : a=1.27+0.21
e o > KTK~: aa=1.0140.09
— too strong dependence for ¢ 7
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— Production mechanism

= [ E325Daa

5 L —— Qo(p+tA—>wX—>e'e X)

C J —&— Qu(ptA— pX —>e’eX) -7

g'o f_simulation(JAé\/l) ) 7

- [ - 13 - Oc(p+A —wX —>e’e™X -
nuclear cascade code 2

== — Oo(p+A—wX—>e’e %)

JAM:

absolute values are not
reproduced

but tendency of mass
number dependence.

Mows%qwumber

production mechanism in JAM

'§ o(primary)/a(total) for w
SR
= | U(secomdary?/E(totO\) for ¢
dominated by: 0.8 - L .
e w . primary frag- -
mentation j
e ¢ : secondary col- o0« |
||S|On i o(primary)/o(total) for ¢
0.2 | "
i o(secondary)/g(total) for w

s
1 10 10 [A]

Knowlegde of the production mechanism could help to analysis
the modification in nuclei.
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nuclear cascade code JAM (histogram) well reproduce the data
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(low mass region is suppressed due to the detector acceptance)

fit funciton:
N1f1(¢p = ete )+ Nofa(p — eTe )+ N3afz(w — eTe™)
+ N4 fa(w — n%te™ ) +Ngfs(n—etey )
+ Ng fg(combinatorial )
where
function shapes are determined as:
f1,f>,f3 : based on JAM simulation
fq,f5 . from the literature
fg : event mixing
5 free parameters.(p/w ratio is not fixed)
N1,N2,N3,N5 and Ng

excesses are still seen below the w peak in both targets
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In the result of fitting, p/w ratio is smaller than unity.
(other experiment, p/w ~ 1 in 12GeV pp reaction)

— suggests rho meson modification.

Difference over different target is not so clear becasue of

shorter life of p.
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e KEK-PS E325 is designed to explore the chiral
symmetry restoration at normal nuclear density.

e measure ¢ — ete p/w — ete™ and o — KtTK~

e USing high intensity proton beam and thin targets,
large acceptance spectrometer to detect slowly
moving mesons in ee decay channel.

e data taking was finished at this spring.

e the modification of eTe~invariant mass spectra is
observed, which cannot be explained by known
p_ad{_onic sources. It supports the p meson modi-

ication.

e Some hints for ¢ meson modification is also seen.

e KT K~invariant mass spectra can be understood
without modification taking account of scaler mesons

(ag and fo)

e Mass number dependence of production cross sec-
tion and kinematical ditribution of detected mesons
are consistent with the JAM simulation

Outlook

e About 2 times larger statistics will be available in
near future in eTe~channel, and also more 3 times
larger statistics for KT K~—channel are expected.

e Momentum dependence of spectra should be an-
alyzed. (In slowly moving component, modification may
be enhanced.)
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