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Why dileptons I

measured (DLS, HADES)

without finalstate interaction

vector mesons decay to dileptons — vector mesons in matter



IQMD I

nucleons, A’s, m’s and kaons propagate

baryon-baryon potential: Skyrme, Yukawa, Coulomb, symmetry

and a momentum dep. interaction
very good description of the flow and pion, kaon data upto 2 GeV
e parametrization of the 1, p and w production cross section

e 7 production: two production channel, direct and via the N(1535)
resonance

e correct momentum distribution of



n,w, p production cross sections
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Dilepton production I

Dalitz-decay of baryon resonances
Zetenyi, Wolf, Phys. Rev, C67 (2003) 044002;
Heavy Ion Phys. 17 (2003) 27

Dalitz-decay of m, n and w
pn bremsstrahlung not negligible

Direct decay of vector mesons and n



Bremsstrahlung I
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Summary of IQMD I

data not precise enough to observe vector meson modification in

matter

Simple model with very precise meson production
® no vector meson and eta rescattering
e mesons decay at creation

® no low mass p production except 77~ annihilation



Why off-shell transport I

medium effects on the spectrum of vector mesons
— indication of mass shift of longliving w’s

how they get on-shell (energy-momentum conservation)

if it is broad, even the local density approximation has no precise

meaning



BUU

e Boltzmann-Uhling-Uhlenbeck equation

8F+8H8F_8H8F
ot oOp Oox 0Ox Op

e potential: momentum dependent, soft: K=215 MeV
U = A+ B () + 02 [ gL

1+(1010’>27
A

=C, H-= \/(m0—|—U(p,X))2_|_p2

Teis et al., Z. Phys. 1997

e testparticle method



Collision term '

e NN «— NR, NN « AA
e baryon resonance can decay via 9 channels
R < N, Nn, No, Np, Nw, Ar, N(1440)7, KA, KX
e 24 baryon resonances + A and X baryons
m,n,o,p,w and kaons
® M <= P, T <> T, TP <> W

e for resonances: energy dependent with

o o ~ A(MR)A"®(s, Mf, M)

o decay time ~ 1/T
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Cross sections '

Elastic baryon-baryon cross section is fitted to the elastic pp data
Meson absorption cross sections are given by

O'7T N = —\ SN T acltors
NoR T VP (s —m3) + sI'2,

Baryon resonance parameters: mass, width, branching ratios are fit-

ted by describing the meson production channels in 7/N collisions:

27 baryons, 6 mesons. Fit is done by the Minuit package (CERN)
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Off-shell transport I

Kadanoff-Baym equation for retarded Green-function

Wigner-transformation, gradient expansion

transport equation for F, = f,(z,p,t)A,

Cassing, Juchem (2000) and Leupold (2000)



Transport equations I

—

= — - 2_P2_M2—_RexTet o
dX; 1 1 _ ret i 0 (4) ,
o Wil b |2 + Vo Res + e T |
> - 2_P2_MZ2—ReX"¢ =
dP; 1 1 ret “ 0 0 (4)
ret 2 p2 2 ret
de; 1 1 8Re§](i) n €;—P2—M; —Rezm T ;)
dt 1—0(7;) 2¢; ot F(z) ot

e where C(; renormalization factor
e2—P2_M2—_Rexret
_ 1 0 ret i T 0 (i) O
Cliy = 34 [a_ Re2y + I 9e; F(i)]
dangerous, C(; can be 1

if C'y) > 0.5 we use 1_};(,) = 1.33(1 + Cy)

However C';) = 0 do not change the results substantially

e the last equation can be rewritten as
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dt F(z) dt




Medium effects '

e imaginary part (collisional broadening):
I'=1",4c + nvory

e real part (mass shift)
M = Myoe +n/n,AM
AM, = —50 MeV, AM, = —120 MeV

e danger of double counting
collision term already contains partly the mixing of mesons with
resonance-hole excitations

but sum up only to finite order



Evolution of masses '
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Evolution of masses '
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Evolution of the w spectrum I
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Summary I

e BUU with off-shell propagation
® The in-medium modification of vector mesons is contraversal
e scveral theoretical uncertainties

e needs of precise data in
— comparison with DLS

— pp, pn collision (bremsstrahlung, resonance-dalitz decay)

— CC and Au+Au 1 GeV



