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®Brown & Rho ("91)
m*/m=0.8 (p=p,)

®Hatsuda & Lee ('92)
m*/m=1-0.16p/p, for p/®
m*/m=1-0.03p/p, for ¢

®Muroya, Nakamura & Nonaka ('03)
Lattice Calc.
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M.Sekimoto et al., NIM, A516, 390 (2004).
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S.Leupold, V.Metag and U.Mosel, arXiv: 0907.2388

HADRONS IN STRONGLY INTERACTING MATTER

STEFAN LEUPOLD?*, VOLKER METAG? AND ULRICH MCSEL®
stefan.leupold@theo. physik uni-giessen. de

a: Institut fuer Theoretische Physik
b: II. Physikalisches Institut
Universitaet Giessen, Giessen, D-35392, Germany

We review the current status of theories and experiments aiming at an understanding
and a determination of the properties of light vector and scalar mesons inside strongly
interacting hadronic matter. Starting from a discussion of the relevant symmetries of
QUCD and their connection with the hadronic description through QCD sum rules we
then discuss hadronic models used to calculate the in-medium self-energies of hadrons
and their spectral functions. The difficulties to link these calculated properties to actual
obgervables are emphasized. Finally, we review in detail all the running experiments
searching for in-medium changes of vector and scalar mesons, both with relativistic
heavy-ion reactions as well as with elementary reactions on (cold) nuclei. Inconsistencies
among experimental results are discussed. While almost all experiments observe a con-
siderable broadening of vector mesons inside the nuclear medium, no evidence for mass

changes is observed in the majoritx of the eXRerimentS.
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Large solid angle charged particle spectromet
(with large gap dipole magnet)

r

®Large acceptance for forward going
¢® meson (for missing mass analysis)
®Large solid angle for the decay
particles, K+ and A, from ¢ mesic
nucleus

/ expected signal

200
1go  Cutarget ++ < Assumption in the simulation:
160;— ly:4.2x10 MeV + “»*Spectrometer missing mass resolution = 18 MeV (o)
140;_ 4idays vl 210KW + + “*Fermi momentum in nucleus is taking into account in the
120 simulation
100; :%: ++ Iy in nucleus assumed to be broaden 10 time more than
805 # + natural width
igg ++ :%IH “*bound state with 30 MeV B.E. exist
20;_ orbs | a ST - Blue triangle: Missing mass spectra of unbound ¢ meson
Qﬁbo' & 0 50100 Redcircle Expected signals /
B.E. [MeV]
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A search for deeply-bound kaonic nuclear states
by in-flight 3He(K",n) reaction
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Temperature p

(po=3x10%g/cm3)
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[RF#% (MeV] [MeV]
K-p 27 40 3.5p,
K-pp 48 61 3.1p,
K-ppp 97 13 9.2p,
K-ppn 118 21 8.8pg

=
. L
E!}

(pg=3x10%g/cm3=0.17/fm?3)
Po

T.Yamazaki, A.Dote, Y.Akiaishi PLB587,167(2004).
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I8

various theoretical predictions for ‘kaonj

Binding Energy
(MeV)

Method Width (MeV)

Akaishi, Yamazaki

PLB533, 70 (2002). ATMS
Ivanov, Kienle, Marton, Widmann Chiral 58 (non-mesonic)
nucl-th/0512037 Lagrangian
Shevchenko, Gal, Mares
PRL98, 082301 (2007). Il 90-110
Ikeda, Sato

PRC76, 035203 (2007). Faddeev 74

DIBIES; (B (E) UHEE chiral SU(3) 40-70 (rXN-decay)

nucl-th/0802.0238

150IIII|IIII|IIIII|IIII|IIII

: whether the binding energy
is deep or shallow
how broad is the width ?

- Koike, Harada

3 PLB652, 262 (2007).
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PRL, 94, 212303 (2005)
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signature of kaonic nuclei
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each experiment measures only formation or decay
(except for E549 experiment)

the situation is still controversial 11!

We need conclusive evidence with

observation of formation and decay !
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®binding energy = 100MeV/c?
®lsotropic decay of K-pp
®with forward neutron
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200942 A MDrun

On Feb. 12t, 2009, the first beam was

transported to K1.8BR beam-line!
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E175RERBA8 (Kaonic 3He X-ray spectroscopy)
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KKpp?

&% 1F &[5 F % FAL\/=double-strangeness & i},
P+po K+K+K+K

[X. IRILF—D~100MeVRE TR ATRE

g

LAL. BL. KKppRIFIRREZE N+ RVRIFBIREZ L OTHFHELS
HDELIE, FHEREFEHeFZ AL T2OOKPEFESTUKPMEF
RFRZEZEVHEELEREELNDH D!

theoretical calc.
[Yamazaki, Dote, Akaishi

D+ °He — K* +K® + K"K~ pp PL,B587,167 2004.]

B.E.>109MeV €@ B.E.=117MeV, =35MeV

P+ ‘He—> K" +K°+K K ppn
B.E.>129MeV €@ B.E.=221MeV, T=37MeV




BE, FflE G FZ /L) Tdouble-strangeness &£ i Z i /- E5R(L?

ME— . CERN LEARTITH N T-OBELIXZEERIZH LV T, double-strangeness
ERNRESNTUODD, FEEIZTDLGUVDERETLAELY

(" NP A797, 109 (2007). [OBELIX at rest] )

pbar+*He 2 2K*2Xp = 2K"2n2np:  (0.17+-0.04)x10*
2K 2 nm =2 2Kt 27 3n: (2.71+-0.47)x10*
2K*2-An =2 2K*p272n: (1.21+-0.29)x10*

\_ 2K*K'A2n =2 2K*K'pt2n: (0.28+-0.14)x10* )

J-PARC/ZH 11D, RIEGFZ /L V\/~double-strangeness 4 i E58
stopped- pbar+He 9 KKpp > AAZBIE S HEEREZLESF = J-PARC Lol

Letter of Intent for J-PARC

Double Anti-kaon Production in Nuclei by Stopped
Anti-proton Annihilation

dated on 17 / 06 / 2008

M. Iwasakil, P. Kienle®*, H. Ohnishi!, F. Sakuma'*, and J. Zmeskal®
LRIKEN, Japan
28tefan Meyer Institut fir subatomare Physik, Austria
3 Technische Universitat Munchen, Germany

KK ppFEDKHEFRF#%. =B5IZIEH-dibaryon3F
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