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- SBxS - massless Goldstone bosons, chiral
partners (r — o,p — a1)

- partial restoration of chiral symmetry in nuclei
- medium effects - precursor of xS restoration

- How? dropping masses; melting of resonances
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Ultrarelativstic vs. medium energy HICs

100s AGeV: CERES, HELIOS (CERN SPS)
hadronic cocktail: p,w, ¢, 1,7 — ete™

CERES/NA45

p;>02GeV
2.1<n<2.65
@ >35mrad

® 96 data

cocktail
10° L ckil + free =x
cktl + in-med. xx
————— cktl + pQCD

(AN, /emdM)/(dN,, /o) [100MeV/c’]”

>
>
Ny
S
RS
ialt 7
~ A =
- AN 2a
k) N
>
v
\
\
N

Pb(158AGeV)+Au

<N, >=250

0.0 0.5

1.0 1.5

M, [GeV]

Agakichiev PRL75, 1272

NA45: dropping p, in-medium spectral

functions 77—
g+g— ete™

— p* — ete™ or pQCD:

NAG6O: rules out naive dropping mass sce-

nario

few AGeV range DLS/BEVALAC:
1.0 AGeV C+C and Ca+Ca

— Fym
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Ernst PRC58, 447(1998)
- dropping mass and spectral functions
don't help
- pQCD or in-medium effects on 7
excluded

DLS Puzzle
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Elementary sources for e e~ production

Mesonic decays:

dilepton decays of
pseudoscalar (7 ,n,n/)
and vector (p, w, ¢) mesons

d]_"(./\/l—>Xe+e_) — dP(M—>X7*)Ml—1(7*—>e+e_) dM>
M4

4mg

M2

direct decays M — ete” ex: p,w — ete”
Dalitz decays M — metTe™ ex: ™ — vyete™ ,n — yeTe
4-body decays : M — mmete” ex:n—wtn ete”
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Resonance Decays

consider nucleon resonances
R=A* N* with mass below

: R
2 GeV and spin J< I >
Vector Meson Dominance (VMD):
— * . _y d M?
dF(R—>N6+e ) - dF(R—>N'y )MF('Y —ete)
7w M4

(r—nv) BV X
d M

dF(R—>NX'y* — 4T

Decay modes: A* — Np N* — Np/w
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Dilepton spectrum: example
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Resonance list:

N*: N(1440), N(1520), N(1535), N(1650), N(1680), N(1720)

A*: A(1232), A(1620), A(1700), A(1905)
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R — N~ transition amplitudes

Covariant description for nuclear resonances
R = A*, N* with arbitrary spin and parity
Helicity amplitudes:

3
(RIT|Ny) = Y Fuo(M?)g,..,q8, - qp,_, I, ue"
k=1
Fu(M?) = ZfRNV,k 1 V= pw
v [0AVe 1—M2/m%/’ 7

Spin J=1/2: 2 independent form-factors (electric/mag.+Coulomb)
Spin J=3/2: 3 independent form-factors (electric+magnetic+Coulomb)
Decay modes: A* - Np N* — Np,w

Krivoruchenko Ann.Phys. 206, 299 (2002)
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The VMD Model

The model provides a unified description of:
- meson dilepton decays: M — X et e~

- resonance dilepton decays:
R—Nete  ,R—-NXetTe™

- resonance meson decays: R — N p(w)
- resonance photo-production (decay): < N~
Free parameters:

fRNp(w) « data

Problem: inconsistency between resonance meson decays
and photo-production data
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Naive VMD vs. eVMD

Problems naive VMD:
-form factors have wrong asymptotics
-contradiction meson < radiative decays

R Nigao | Nis20 | Nivoo | Aq232 | Avs20

JP 1+ 3= 3+ 3+ 1—
2 2 2

=~

frn, | <260 7.0 | 78 | 153 | 25
R— Ny~ R— Np finvo | 13 38 | 22 | 108 | 07

Possible solutions:
1) modify f, vertex (M — 0 f,, — 0) and
add direct RN~ coupling (Friman Pirner)

2) eVMD - include excited p-states (o', p'’)
- correct asymptotics (M — o)
- constraint from quark counting rules
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Transport Model: QMD

Transport model: Quantum Molecular Dynamics
Monte Carlo cascade + Mean field + Pauli-blocking  + in medium cross section
all 4* resonances below 2 GeV - 10 A* and 11 N*

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;\NW,A*;\AT{',A*;\N14407T,N*;\N7T,
N* = N, (N*;\Aﬂ', N*;\N1440)

e meson production/absorption: p,w,n
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Medium Effects

Approaches: 1) Traditional

- QCD sumrules: HatsudaLee - PRC46, R34
AL my (p) -1 —al
myv (po) Po
ol - Scale invariance: Brown, Rho - PRL66, 2720
< my _ My _ fx o~
my  my  fx ~ 0.8

it 2) Many-Body approaches: Rapp, Friman, Post,

- 1 Mosel, efc.

0 ‘ : \ ‘ \ ‘

’ R " - effective models for meson-baryon interactions

- in-medium self-energies
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Medium effects: Collisional Broadening

Collisional broadening: T'{%* = I'y, + I

R
dB(u, M)F=NV = drfl\i‘;g‘;;M) - increases with meson width

g . T _ .
B(p)=Ne e~ B(u)t Y —V=gie= - decreases due to increased meson
1%
width

10—
i Ca+Ca, 1.04 AGeV
10° a strong N*(1535)N0) cpl. 3 . .
_ - different mass region than DLS Puzzle
S ' : - adjust collisional widths to data:
E E
= F e ] i
% e |— %:Ssoo MeV i FEO ~ 150 MeV
T | |- [ 150 Mey 7 reett ~ 100+200 MeV at 1.5p
10" 1-5: T, = 8.4/50/100/200/400 MeV T“o
L S ¥ HE ¥ S T S—1
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- similar conclusions from C+C at 1 AGeV and in agreement other

theoretical estimates (Klingl& Weise)
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Comparison with HADES

Density dependent widths:
Diot = [vac 4 /oo TN
Fgo” =100 MeV, I'eott =115 MeV at pg
Brown-Rho scaling:
myj, =my (1 —ap/po) «=0.2
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Many-body approach

use Lorentz covariance to write self-energy
Suv (P, n) = guw X1(p, ) + pupv B2(p, n) + ny ny X3(p,n) + ppnw Xa(p, n)
use gauge invariance p,, 3*¥ = 0 to simplify

invacuum @ X,, = PE,/ (P) Lvac(p)
inmedium @ X, =T, ZT(p) + Ly ZL(p)

Solve Dyson-Schwinger equation for spin-1 particle

D,W(p) - _ L.U«’/(p) . Tlﬂ/(p) o+ 1 pﬂpy
p? —mg —Sk(p?)  p?-mg—XT(p?) mg p?

In-medium spectral functions for vector mesons

1 —Im XL T (p) + /p2Tvec(p
AL,T(pQ) — ( ) ( )

7 [p? = mg — ReXLT(p]2 + [~ ImEL-T (p) + /p? [vec(p))?
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In-medium self-energies from eVMD

1) Nucleonic Resonances Contributions: forward Compton scattering
resonances: N*(1440), N*(1520), N*(1535), N*(1650), N*(1680)
A*(1232), A*(1620), A*(1700), A*(1905)

2) Nonresonant scattering of vector mesons off nucleons:
pNN and wNN: Bonn nucleon-nucleon potential model

3) Sigma meson exchanges:
9ppo from the decay po — poa —atr

Juwo=39ppo

o=

4) Vacuum self-energies parametrize results of prrm interaction for p and of
the effective Gell-Mann-Sharp-Wagener for the w
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In-medium spectral functions: p meson
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In-medium spectral functions: w meson
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Dilepton Spectra & HADES
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-iteration of meson and resonance spfs important
-omitted contribution: nucleon-nucleon bremsstrahlung
-issues: poorly known RNw couplings

-under investigation: C+C @ 1.0 AGeV and elementary reactions
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Summary and Outlook

Used eVMD to describe in-medium vector meson properties

Qualitative/quantitative agreement between various many body
approaches

Brown-Rho mass scaling of vector meson masses seems to be excluded

Preliminary comparison with HADES dilepton data: collisional effects
might suffice do describe data

No effect? of partial chiral symmetry restoration on vector mesons
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Spectral function approach

propagator scalar particle:

[ @ ew @ire@e@ie) = [T B 4w
ex €T =
b 0 27 p2 — M2 + e
.Z oo M2 .
_ ( . / d A(M?) 1 |
p?2 —m?2 + e Am2 2T p2 — M2 + e
Example: scalar particle with decay widths T’
( 1 mI

2 —
= Alp7) = T (02 — m2)2 4 I2

p?2 — m2 + imD
In general: full propagator is obtained by solving a Dyson-Schwinger equation

i 1 —Im(3(p?))

iAF(pQ):pQ—m% 5 0?) —>A(P) _;[pg_mo ReX(p?)]2 4 [- Im S(p?) ]2

— 00— O
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