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OUTLINE

@ motivation: in-medium physics
@ the GiBUU transport model

@ dileptons from HADES:
p—+p@1.25GeV

p+p @35 GeV .
b+ Nb @ 3.5 GeV GiBUU

@ conclusions
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MOTIVATION: HADRONS IN MEDIUM
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@ how do vector mesons behave inside a
hadronic medium?
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o Hatsuda/Lee: mass shift
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o extended sum-rule analysis by
Leupold/Peters/Mosel,
including finite width (NPA 628, 1998)

@ coupling to resonances can introduce
additional structures in the spectral
function (Post, 2003)
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THE GIBUU TRANSPORT MODEL

o BUU-type hadronic transport model

@ unified framework for various types of reactions
(pA, A, YA, eA, VA, AA) and observables

e modular and well-documented Fortran code (F95/2003)
o collaborative effort, version control via Subversion
@ publicly available releases (open source)

o http://gibuu.physik.uni-giessen.de

GiBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project
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THE BUU EQUATION

o BUU equation describes space-time evolution of phase space
density f;(7, t, p) for each particle species i (i = N, A, 7, p,...):

(0r + (V5H;) V7 — (V#H) V) fi(7, t, B) = lean[fi, , -]

o Hamiltonian H;:
o hadronic mean fields, Coulomb, “off-shell potential”
o collision term I..:

o decays and scattering processes (2- and 3-body)
o depends on all f; = coupled-channel problem
o low energy: resonance model energy: PYTHIA

@ model includes 61 baryons and 21 mesons

@ solve numerically via test-particle method:

f=> 0(F=7)o(p—pi)
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GIBUU: CoLLISION TERM

E_kin= E_kin= E_kin=
1.25 GeV 2.2 GeV 3.5 GeV

sqri(s)
2.0 L 25 | 30 [GeV]
26+0.2GeV
Resonance Model: PYTHIA:
o Teis et al. o Lund String Model
o all processes go via Res. prod. @ high energy event generator
o NN — NR o few GeV up to TeV region
o R—7nN/2xN/qN/pN @ only non-strange res.: A

J. WEIL (JLU GIESSEN VECTOR MESONS IN COLD NUCLEAR MATTER



RESONANCE MODEL (TEIS)
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p+ p @1.25 GeV
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P+P @ 1.25 GEV, MASS SPECTRUM
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P+P @Q 1.25 GEV, pr AND RAP. SPECTRA
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p+ p @35 GeV
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P+P @ 3.5 GEV, MASS SPECTRUM
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P+P @ 3.5 GEV, MASS SPECTRUM
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P+P @Q 3.5 GEV, p AND pr SPECTRA
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o perfect agreement (with slight Pythia adjustment)
@ problems only in high mass bin




P+P @ 3.5 GEV, RAP. AND 0., SPECTRA

rapidity y
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o discrepancy at forward angles
o filtering problem?!?




A DALITZ DECAY

@ transition form factor A — N~*
o space-like region: data from electroproduction
o basically unknown in time-like region (no data)

@ best available guess for time-like region:
two-component quark model (Wan/lachello, IJMP A20, 2005)
Fr(1-7e"q%) 2 Fu(q?)

3 MAID 2005 ——
10 const. --
Wan/lachello ----




MASS SPECTRUM WITH A FORM FACTOR
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MASS SPECTRUM WITH A FORM FACTOR
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p7 SPECTRA WITHA FORM FACTOR

transverse momentum py [GeV]
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P+ P @ 3.5 GEV viA RES. MODEL
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“MIXED SIGNALS”
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“MIXED “ pr SPECTRA

transverse momentum p, [GeV]
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o + Nb @ 3.5 GeV
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NEXT STEP: P+NB@3.5 GEV

o cocktail composition basically fixed by p+p
(elementary cross sections, branching ratios, form factors, ...)

@ use p+p as a base line for p+Nb

@ additional medium effects:
1) FSI, absorption, rescattering
2) secondary production processes
3) modified spectral functions

@ vector mesons in medium:
p: sensitive to direct modification of mass spectrum?
w/¢: transparency ratio / absorption

o unfortunately p+p still leaves us with some uncertainties ...
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P+NBQ@3.5 GEV, MASS SPECTRUM
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P+NBQ@3.5 GEV, MASS SPECTRUM
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P+NBQ3.5 GEV, pr

AND RAP.
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02 04 06 08 1
T

middle mass bin (150<m<550)

high mass bin (m>550MeV)

p'relim. da'ta o
GiBUU total




CONCLUSIONS

Q@ p+p@125GeV:

o reasonable agreement with data
o some trouble with filters/cuts?

Q p+ p @35 GeV:

o very good agreement with data
only puzzle: intermediate mass gap
A Dalitz form factor
p production via resonances

@ p+ Nb @35 GeV:

discrepancy in pi0 channel

e normalization issue?

o check pion spectral

e no conclusions on VN in medium yet

QO C+C/Ar+ KCI:
o stay tuned!
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Back-Up Slides
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CROSS SECTION

A* production cross sections (inclusive/exclusive)

100 ‘ : —_———
| pp - pA” data ——
; data fit ——--
; pp - A" ——
| pp — pAT — ==+
10 ]
= !
E |
g ™~ §
o \\
1 | t\ i 1
o 71‘1::1:“,\_
0.1 ! : ! ! ! !
3 3.5 4 4.5 5 55

J. WEIL (JLU C ) VECTOR MESONS IN COLD NUCLEAR MATTER



w DALITZ DECAY: w — 7mlete

@ inclusive w production cross section fixed by w — eTe™,
BR(w — eTe™) well known: 7.2-107°

o w Dalitz branching also well known
o form factor fixed by NAG6O data (Arnaldi et al., PLB 677)

plain VMD —— !
Terschluesen/Leupold ----- !
GiBUU/Effenberger ------ !
data [NAGO] —— !




DIRECT 7) DECAY: 1) — ete”

o exp. upper limit (WASA, Berlowski et al., PRD 77, 2008):
BR(n — eTe™) <2.7-107°

o HADES might be able to push down this limit ...

o theor. prediction (Browder et al., PRD 56, 1997):
BR(n — ete™) ~107°
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P+NBQ@3.5 GEV, MASS SPECTRUM
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P+NBQ@3.5 GEV, MASS SPECTRUM
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P+NB@3.5 GEV, MASS SPECTRUM
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P1oN OBSERVABLES

@ pions are important for normalization
@ can serve as a cross check for dilepton spectra

@ GiBUU nicely describes inclusive pion data by HARP
(Gallmeister, NPA 826, 2009)
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OFF-SHELL TRANSPORT

o off-shell EOM for test particles
[Cassing/Juchem (NPA 665, 2000), Leupold (NPA 672, 2000)]:

. 1 1 0 ar;
fi - 1—C 2E |:2pl aﬁ,R (Z)+Xlap1:| )
. 1 170 or;
P = “1_CaE [a Re(Z)er,aq‘] ,
1 [0 ar;

G = = [8_E;Re(zi)+Xi8_E;] )
v o= Mo M da

' I Todt

@ incorporate density-dependent self energies ¥;, I'; ~ Im(%;)
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