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- partial restoration  of chiral symmetry in nuclei
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Dilepton Spectrum

tool to investigate medium effects on hadron properties
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Approaches:

- QCD sumrules: Hatsuda,Lee - PRC46, R34
mv () — _
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- Scale Invariance: Brown, Rho - PRL66, 2720
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- Many-Body approaches: Rapp, Friman,
Post, Mosel, etc.

collisions affect properties of mesons and
nucleon resonances
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DLS Puzzle

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

a

g LI
- _ . — Eam
: Brondening o me=ons & Maaa ahill : E“m m) 101 i
10° : o Ialite
- ) I;- o~
T 100 S
2 Ng 10°
3 Z
= f
5 i=
B, E
s T 10"
1 ;
3 oo 10°
10 go 01 02 0.0
M (GeV)
Ernst PRC58, 447 (1998) Klingl & Weise

- dropping mass and spectral functions don't help
- pQCD or in-medium effects on excluded
- decoherence effects Tubingen partially succesfull
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Transport Model: QMD

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

Included baryon-baryon collisions:
all elastic channels

inelastic channels NN ! NN? NN ! N ?
NN ! N? NN ! ? NR! NRO

Included pion-absorption resonance-decay channels:

N, 7 , 7 N ,N° N,

N? N (N’ , N7 Nyaa0)
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Elementary sources for €'e production

Mesonic decays:

dilepton decays of

pseudoscalar ( , , Q
and vector ( ,!, ) mesons
d M Xefe ) — g x )y (7 ete )dl\;/li
r
2
Mo CTHete ) = g(M2ezmd) 1 g
direct decays ; M! e'e ex: ;1 I e'e
Dalitz decays M! e'e ex: 21 efe ; ! ete

4-body decays M ! e "e ex: |
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Resonance Decays

consider nucleon resonances
R= :N with mass below

. R
2 GeV and spin J6 £ >
Vector Meson Dominance (VMD):
; c oy dM?2
R! N _ (R!' N ) (! )
d ( e e ) = d M e e Vi
d (R! NX = 4 (R! NV) dBvVt x )
dM

Decay modes: I N N ! N=!
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R! N transition amplitudes

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

X3
hRjTIN i = FeM?)u, ,a, q,, u
k=1
X .
F (M2) = f RNV:K 1 V= o

y ov 1 M2=m’

Spin J=1/2: 2 independent form-factors (electric/mag.+Coulomb)
Spin J=3/2: 3 independent form-factors (electric+magnetic+Coulomb)
Decay modes: ' N N I N;!

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

The model provides a uni ed description of:

meson dilepton decays: M! Xe' e

resonance dilepton decays:
R! Ne"e ;R! NXe'e

resonance meson decays:R! N (!)

resonance photo-production (decay): $ N
Free parameters:

frny ) 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 £ || My | M || Wi || Suei || S

JP 1+ 3= 3+ 3+ 1—
.') B

-contradiction meson$ radiative decays v w0l 70 | 78 | 153 | 25

R!' N $ R! N five | 13 | 38 | 22 [ 108 | 07

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

2) eVMD - include excited -states( % %
- correct asymptotics ( M I'1 )
- constraint from quark counting rules
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Medium effects: Collisional Broadening

Collisional broadening: ¢t =  + &
R .
dB(;M )R' WV = S ) L increases with meson width

+ .
B( )R' Ne e B( )R W _viere _ decreases due to increased meson
width

107 N B
Ca+Ca, 1.04 AGeV
10° a strong N*(1535)N0) cpl. 3 . .
= | - different mass region than DLS Puzzle
2 w's : - adjust collisional widths to data:
5 _
= T [ e DLS coll
% 10’ |— I,=300MeV - 150 MeV
S D - [ 150MeV ] col * 100 200 MeV at1.5 o
10" 1-5: T, = 8.4/50/100/200/400 MeV T*‘o
Wy e o e 1

M [GeV]

- similar conclusions from C+C at 1 AGeVand in agreement other

theoretical estimates (Klingl & Weise)
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Medium effects: Decoherence

eVMD - distructive interference between mesons

Assumption - emission coherent before rst collision, decoherent afte rwards
X X
( )pm2y = ()= () Mi
GT (M ) - I\/ITk — th mE Mk « M 2
k Kk
iGY (M®j ! Er Y(M%6%)jGr Y(M?)]
totalpdecoherence

. et - T
i MR MR

decay length Lp = v =

E (M)

collision length Lc =1=5

coherent decay probability
W= Lc=(Lc + Lp)

M [GeV]
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DLS experiment revisited
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Comparison with HADES

Density dependent widths:

tot — vac 4 — coll
Vv \ Y
col =100 Mev, ¢ =115MeVat g

Brown-Rho scaling:

1232

m, = my (1 = 9) =0.2
Decoherence effects included
Vacuum: Medium:
5 T T T I T T T L ] T 1 T “'g .5; l“zl ‘12‘ T [ t _"_I"|A|I:)E‘S(;até‘i ‘;
10 » 107E C+“C 2AGeV |- p0Dalitz E
C+Cat 2.0 AGeV |— QMD+eVMD = i _— i — 7 Dalitz :
vacuum S R allA* = ) in-medium results - A Dalitz
= T sum over all N' g 10 — all resonances | ]
A, —>Ne'e % — RQMD allch. | ]
Z
iﬁ:‘

— . - n—=>7yee i
> 10 =
o =
2 3
= 1 7
% 10° . =
N i - T ]
Z i ]
106 : R -
] &8
1 s’._
107 ! 3
! ! . 10..,“5‘|“‘\..‘“.\.;""'
: : ) d 0 200 300 600 800 1000
-8 1 1 .'I I 1 1 1 I 1 1 I‘l 1 1 1 I 1 1 M MV/?_
10 q 02 0.4 0.6 038 1 = [MENIE]
M [MeV]

D. Cozma —p.1



Many-body approach

Spin 1 particle in vacuum
D° (p) =

P P
p? 1 pp

+

use Lorentz covariance to write self-energy
(pn)=9 w(pin)+ p p 2(p;n)*+n n 3(pn)+ p n 4(p;n)
use gauge invariance p =0 to simplify

in vacuum =P" (p) vac(p)
in medium ~ : =T T+ L - (p)
Solve Dyson-Schwinger equation for spin-1 particle

L (p) T (® . 1pp
P2 m3 L) pz mi T(p?) mj p?

D (p)=
In-medium spectral functions for vector mesons

. P —
ALT (p2)= = (p) p (p)

P2 mZ Re LT (p+[ Im LT (p)+ p2 vac(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)

(1232), (1620), (1700), (1905)

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

3) Sigma mesonexchanges:

g :fromthedecay °! ° 1 ¥ *
g =39
4) Vacuum self-energies parametrize results of interaction for

the effective Gell-Mann-Sharp-Wagener for the !

- s - - ~
. PO __ﬁp,ﬂ) - T 7771—._'_ Tl:_.‘.'\'iiii

and of
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In-medium spectral functio
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In-medium spectral functions: ' meson
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Dilepton Spectra & HADES

with spectral functions (only "°)
no decoherence effects
missing contributions? (pn bremsstrahlung)
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Summary and Outlook

Used eVMD to describe in-medium vector meson properties

Qualitative/quantitative agreement between various many  body
approaches

Preliminary comparison with HADES dilepton data: collisio nal
effects might suf ce do describe data

Future development: extract s.f. in a self-consistent way (  for
both resonances and mesons)
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Example:

o decays

1 2Mm (! e e X))

- _(MZ m2)2+ m2 (M)?2

A. Faessler etal. PRC 61, 035206 (2000)
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Results: Full in-medium effects

Density dependent widths:
'{?t — \\//ac+ = 9 \c/oll
col =100 Mev, ¢ =115MeVat g
Brown-Rho scaling:
m, = my (1 = 0) =0.2
explore the possibility of peripheral omegas to decay in vacuum:
ot =60 MeV and ' =200MeV

D.C. PLB640, 170
(2006)
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Spectral function approach

propagator scalar particle:

‘ “1 gm?

d* exp™ h T ( x)(0) | i= A =

0 2
Zl

iZ dM 2

— A(M 2
+ ( )IO

P2 m2+ j" am2 2
Example: scalar particle with decay widths

i 1

2 M2+I||

2 M2+I|l

m

I A(pY) = =

p> m2+im (p?

m2)2 + 2

In general: full propagator is obtained by solving a Dyson-Schwinger equation

Im ((_p%))

i F(p%) = 2 I (o) A(p?) =

P2 mZ Re(p)2+[ Im ( p?)]2
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