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Chiral symmetry restoration in dense matter

* |n hot/dense matter, chiral symmetry is expected to restore
- hadron modification is expected in such matter

e uark-antiquark condensate (order parameter)
~2/3 even at the normal nuclear density, T=0

41<3a>, 1]

In nuclear medium:

/ Normal nuclear density

Temperature

* Many theoretical predictions of vector meson (mass/width)
modification in dense medium,

- Brown & Rho ('91) : m*(p)/mo~fn*/ f ~0.8 at p=p,

P
Density

- Hatsuda&Lee('92) , Klingle, Keiser & Weise ('97), Muroya,
Nakamura & Nonaka('03), etc. " INPC2004 04Jun29 S.Yokkaichi |
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Expected Invariant mass spectrain e’e channel
* smaller FSl in €'e decay channel Doty atdenucl 2 decay et e

e y
* double peak or tail-like structure ] @ p /_q)\
* second peak ismade by inside- \)
(

nucleus decay (modified meson) - N )
] eXpeCted in vacuum _ modified
* comparison of pand @ e'e shape|_c 0+ w
- p (770) & w(783) : Kw LL
]?"'m :Be \IJ 0?5 = 1 [GeV]

e |larger production cross section
* larger decay prob. inside nuclel

* cannot distinguishp & wine'e |t i |
- @ (1020) : narrow width N L

* smaller decay prob. inside nuclei

e smaller production crosssection || maaniess @ 5
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Experiment KEK-PS E325
e 12GeV p+A -> plwlp +X (p/lw/p->ee, ¢->K'K™ )

e Experimental key issues:

- Very thin target to suppress the conversion electron background
(typ. 0.1% interaction/0.2% radiation length of C)

- To compensate the thin target, high intensity proton beam to collect
high statistics (typ. 10° ppp -> 10°Hz interaction)

- Large acceptance spectrometer to detect slowly moving mesons,
which have larger probability decaying inside nuclel (1<(8y<3)

Collaboration

J. Chiba, H. En'yo, Y. Fukao, H. Funahashi, H. Hamagaki, M. leiri, M. Ishino, H. Kanda,
M. Kitaguchi, S. Mihara, K. Miwa, T. Miyashita, T. Murakami, T. Nakura, M. Naruki,

M. Nomachi, K.Ozawa, F. Sakuma, O. Sasaki, H.D.Sato, M .Sekimoto, T.Tabaru,
K.H. Tanaka, M.Togawa, S. Yamada, S.Y okkaichi, Y.Y oshimura
(Kyoto Univ. , RIKEN, KEK, CNS-U.Tokyo, ICEPP-U.Tokyo, Tohoku-Univ.)
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(Cont'd)

E325 spectrometer
: located at KEK-PS EP1-B pri beam li
History of E325 o rimary beam line

- 1996 const. start
- '97 data taking start

- '98 first ee data
e PRL86(01)5019
- 99,00,01,02....

e X100 statistics

- presented today
- '02 completed

~ spectrometer paper
 NIM A516(04)390
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Experimental setup

schematic plan view of spectrometer

e Spectrometer Magnet soo0 |
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Experimental setup - Detectors

3000

Electron ID counters
Gas Cherenkov &

Lead GlassEMC %

total 3x10™ TTrejection ;gng

with 78% e efficiency
In two-stage operation

Tracker ——
Three Drift Chambers_igos
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* Typical e'e Event 3oe

— bluedectron
— red : other
— Invariant mass of o
eletron pair is
calculated 0
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Observed €' invariant mass spectra

from 2002 run data (~70% of
total data)

C & Cu target
clear resonance peaks
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Fitting with known sources - e
[ %
e Hadronic sources of €'e’ 7 C — fitresylt
—
- plwlp->e'e, w—>T1e'e , n->yee | 13eey
e | | background
- Breit-Wigner shape (no modification is ol J
assumed) :
- Geant4 detector simulation (energy loss of N ij\
€'/e In detector, acceptance, etc.) e Ve )
* Combinatorial background : event mixing +
methOd 1000 L @(e\.\ \
. Cu —— fit result
* Relative abundance of these components a0 | P — ;;tjg:_-
are determined by the fitting | =38,
‘ Ejozgrcfuid
* excess at the low-mass side of w (0.6L0.75 GeV) |
* pP—meson component seemsto be vanished ! tE e B }d‘oé’s(éei?/c)
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Fitting results (BK G subtracted)

p/oo—O 0+-0.01(stat.)+-0.2(sys.) , 0.0+-0.05(stat.)+-0.5(sys.)
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* However, p/w~1informer experiment (p+p, 1974)
........... suggests the excess 1s from modified p mesons?
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Discussion: Toy model including modification

e Assumptions to include the nuclear size effect in the fitting shape

- meson fly through the nucleus, decay with modified mass if the decay
point isinside nucle

* meson production point : incident surface of nucle

* meson momentum : measured distribution in our experiment

* nuclear density distribution : Woods-Saxon type eL
— ®) e — e

p/w
o modification as: m*/mO =1-0.16 pD/pO q R
(Hatsuda & Lee, '92,'95)

o (width modification & momentum dependence of modification ©
are not taken into account)

* p/wratioisfixed to unity as measured in former exp.
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Fitting results by the toy model
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* thetendency of the data are reproduced qualitatively by the model

" INPC2004 04Jun29 S.Yokkaichi |




e'e spectra of ¢ meson
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* Clear peak isaready seen, ~1000 ¢ sfor each target

* precise analysisison going _ INPC2004 04Jun29 S.Yokkaichi |




Summary

KEK-PS E325 measured the €'e (& K*'K™) decay of Sowly
moving vector mesons in nuclel produced by 12-GeV
proton beam, to explore the chiral symmetry restoration at
the normal nuclear density.

Observed €'e invariant mass spectra have excesses below
the w meson peak, which cannot be explained by known
hadronic sources in normal (unmodified) shape. These
suggest modification of (at least) p meson.

Simple model calculation including predicted modification
reproduces the observed spectra qualitatively.

Analysison @ meson (e’ €& K'K") isaso on going.
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