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— Tool to investigate medium effects on hadron properties

-
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PART |

Dileptons and vector mesons:

Historical overview and current status
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CERES Coll. @CERN [ G Agakichiev et al., PRL75(1995)1272]

- S-Au 200 GeV/u p,>200 MeV/c - p-Au 450 GeV p,>50 MeV/c
107 O, > 35mrad 1071, O, > 35 mrad
2.1<n <265 i 2.1<n <265

[@in,, /dn0= 125 . (@i, /dnC= 7.0

o1

[EEN
(@)
=
o 1

=
O 1

H
o
Y

[EEN
o
=
o

(d®n/dndm) / (dny, /dn) (100 MeV/c?)™
(d’n__/dndm) / (dny, /dn) (50 Mev/c?)™

0 10°] NJ I
] -9: \
10 10 g | ]
12 14 0 . . : : 12 14
m (GeV/cz) m (GeV/cz)
» HELIOS-3 Coll.: similar enhancement of low-mass dilepton
over the cocktall [M Masera et al., NPA590(1995) 93c]
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Adding 77— — ["l7: not enough when using vacuum meson properties!

S-Au CERES
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R Rapp, J. Wanbach, ANP25(2000) 1 and references therein

= One needs to consider |77~ — p* — 7]~
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In-medium scenarios
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Effective Lagrangian+mean field:

[ Brown, Rho, PRL66 (1991) 2720]

CD sum rules:
[ Hat suda, Lee,
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G QLi,C M Ko,
G E. Brown, H. Sor ge,
NPA611 (1996) 539
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e ’'complex’ spectral functions

[ R Rapp, J. Wanbach, ANP25(2000) 1]
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NAGO@CERN:
-

» evidence for no mass shift of the p Iin In+In@158 AGeV
[R Arnaldi et al., PRL96, 162302 (2006)]

» data in favour of “complex” spectral functions

o 35001
dashed : vacuum § - In-In SemiCentral
O 3000 all P ~
thick solid : R.Rapp spf = - T A
Q 2500 |
dash-dotted : Brown-Rho scaling Pl = |
) N
Q. 2000 ”
= - |
g 1500
“The p spf shows a strong broadening © 10001_
but essentially no mass shift. 5
This may rule out theoretical models 5001
linking hadron masses ol
0

directly to the chiral condensate.”
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NAGO@CERN:
-

» evidence for no mass shift of the p Iin In+In@158 AGeV
[R Arnaldi et al., PRL96, 162302 (2006)]

» data in favour of “complex” spectral functions
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H. van Hees and R Rapp, 1400  dl py
PRL97, 102301 (2006) 7 1200
g 1000 | )
% 800
3 L
_ > 600 |
“The p spf shows a strong broadening < :
but essentially no mass shift. 400 1
This may rule out theoretical models 200
linking hadron masses 0°-

directly to the chiral condensate.”
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CERES(2)@CERN:

new data set for Pb-Au@158 AGeV
(improved mass resolution in the resonance region)

» data in favour of “complex” spectral functions
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CERES(2)@CERN:
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1 AGeV= DLS Coll. @BEVELAC:

In contrast to URHIC

spectral function and/or

p dropping mass
don’t help
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‘5 —w
LI w Dalitz
5 =

Ca (1.04 GeV) Ca =

1900

C. Ernst et al.,PRC58(1998)447 E. L. Brat kovskaya et
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1 AGeV= DLS Coll. @BEVELAC:

In contrast to URHIC
spectral function and/or
p dropping mass

don’t help
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~v-A and p- A reactions

o .
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E325@KEK

~v-A and p- A reactions
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~v-A and p- A reactions

LAS @JLab
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~v-A and p- A reactions

=

TAPS Y+ A—-w+X —aly+ X
E325@KEK p+A—-V+X —ete + X (V=p,w, )
CLAS @JLab Y+A—=V+X —ete + X (V=p,w, o

EXp. 0 W

Q I' [MeV] Q I' [MeV]

TAPS 0.14 55

E325 | 0.092+0.002 vac 0.0992%0.002 vac

CLAS | 0.02%092 | 176.4%9° (C),

217.7+145 (Fe)
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PART I

In-medium spectral functions

of p and w mesons



In-medium spectral functions
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e Self-energy
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Included resonances

FESES
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spectra — p.15/3

from dilepton
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p-meson spectral function

o
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Other groups
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w-meson spectral function

o
.

1 1
A /op,np) =——Im p? = M?
o/ ( 5) ™ {p2 _m%/w —Z(p,nB)} ( )
I e ' I v ' | 3 3 2
oL | voseev
N 1L NI
D 1 3 ol
O O
= =)
2 2- =
<3 | | T <3 1_
1_
%05 1T 05 1 05 1 %

M [GeV]

Extracting in-medium properties for vector mesons from dilepton spectra — p.18/3



Non-resonant contributions

-

e Compton scattering contribution

V (k) V (k) V (k) V (k)
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— Iy~ (w)
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5L GoNN ] cxav ) 7 ) [ Machl ei dt, PRC63(2001) 024001]
— Jp
pNN — o Y

2m

ECompt _ _9. 2/ d3pN MCompt
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-
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e o-exchange contribution

V (k) V (k)
Lvve = gxlva F(’MVV) F/S‘V/)O' W
5£NNJ ) gNNJQEwO_ //Iﬁ\
gnNo. BONN OBE model N(p) N(p)

[ Machl ei dt, PRC63(2001) 024001]

Gppo . from I S B O
assuming p' — ploc — rTrT T
B(p? - ntn~ntn~)=(1.8£0.9) x 107°

Jowo - 3 Jppo

o -
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p Meson
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p-meson spectral function
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w-meson spectral function
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Other groups

——q=006eV
= 0.4 GeV

M Post, U. Mosel ,
NPA688(2001) 808
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PART Il

Theoretical description
of eTe~ production
in HIC at 1-2 AGeV



Elementary sources fore*e™ production

J Mesonic decays |

e (1)
Dilepton decays of pseudoscalar (w,n,n/) %
and vector (p, w, ¢) mesons e (H)

2
PMoXeteT) _ gnM—Xy) g p(t—eter) G
T M4
yror—eter) 0 ¢ (M2 19 2) 1 _ Amg
e e M2
direct decays M — ete
Dalitz decays : M — mete , vete, ...
4-body decays : M — wrete

A. Faessl er, C.Fuchs and M. Krivoruchenko, PRC61(2000) 035206

=
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esonance decays \

R — Nete™ decays of nucleon

resonances R = A, N*

with mass p below 2 GeV
and spin J < Z

Vector meson dominance (VMD)

dM?
M4

a0 o e |Gl |Gel [ Ge )

dF(R—>N€ e )

AT B=NY") p (v —ete)

C(NamNaM;l)
Ldecay modes: A — Np; N* — Np,w J
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B o

e Inconsistency between resonance meson decay
and photoproduction data
e wrong asymptotics for the form factors

o -
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e Inconsistency between resonance meson decay
and photoproduction data

e wrong asymptotics for the form factors
- y* e_

= Extended VMD

ASSUMPTION: interference between p and o/, p”, ...,
In radiative processes

= include excited p’, ./, p”, ..., states
In the transition form factors

M I .Krivoruchenko, B. Martenyanov, A Faessler and C. Fuchs, AP296(2002) 299
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Heavylon Collisions
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Heavylon Collisions

-

Transport model: Quantum Molecular Dynamics

-

Monte Carlo cascade + Mean field + Pauli-blocking

e Included baryon-baryon collisions:
all elastic channels
inelastic channels NN — NN*, NN — NA*,
NN — AN*, NN — AA*, NR— NR/

e Included pion-absorption = resonance-decay channels:
A= N, A* = AT(', A* = N14407T, N* = N,
N* = N, (N* — Aﬂ', N* = N1440)

e included eta-absorption via N*(1535)
n production cross sections in C+C consistent with results from TAPS

o -
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Tubingen QMD:

=

all 4* resonances with mass
below 2 GeV included

= 10 A and 11 N* resonances

Res. ['tot [MeV] Nw Np N Nmm Aq1939m™  NigaoT Nn
Ni520 125 0.08 26.63 75 18.75 31.25

Nis35 150 205 462 825 7.5 7.5 52.5
N1i720 184 324 129.3 225 67.5 15

A1232 115 ~0 115

A1620 180 16.4 45 108 27

-
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Influence of p* and w* on the dilepton yield

-

Modifications:

> dl(u, M)E=NeTe™ /g2

1 1
m2— M2 +%o  mZ+ReX — M2+ ImY

> T(w) =% D)= = T()*

o -
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Summary

-

e Current experimental data support modifications of p and w
properties in-medium

=

» UrHIC: favour a broadening of the p over a dropping of its mass
according to BR scaling.

» v+ A, p+ A: outcome not yet clear. Differrent experiments find different outcomes.
Only dropping mass? Only broadening? Dropping mass AND broadening?

» HIC at 1-2 AGeV: BR scaling seems to induce a lack of strength not supported
by the HADES data. However, big error bars in the region of the VM peak and
above: need for better resolution . Data nicely described by I't?*=I"Y2°+p/ pOFC{/O”
with Tt (py)=125 MeV, Ftpot(po):ZSO MeV.

. strong modifications of the spectral
functions of the nucleon resonances are induced. Result not supported by
experimental data. Problem : In-medium modifications of VM and nucleon
resonance spectral functions tight connected. Resonances and vector meson
should be treated on the same footing...complex coupled channel problem!

DLS puzzLE: not solved by introduction of in-medium effects.

Last ECT* conference (June '07): could be Bremsstrahlung!
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