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@ Motivation for electromagnetic probes <+ hadron resonances

© Resonance model at SIS energies (with J. Weil, U. Mosel)
@ The Transport Model GiBUU
@ Baryon-resonance model at SIS energies
@ Dileptons in pp and pNb reactions at HADES

© Dilepton production at the SPS (with R. Rapp)
@ Hadronic many-body theory
@ Dilepton emission from thermal and nonthermal sources
o Comparison to NA60 data

@ Medium modfications of the A (with R. Rapp)

© Conclusions and Outlook
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Electromagnetic probes in heavy-ion collisions

@ ~,/™: no strong interactions T

- " .. 70, n Dalitz decays
o reflect whole “history” of collision:

e from pre-equilibrium phase

o from thermalized medium
QGP and hot hadron gas

o from VM decays after thermal
freezeout

dN/(dy dm)

- T~
Drell-Yan }
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[Fig. by A. Drees]

@ vacuum and in-medium
hadron properties needed!

- -
[R. Rapp, J. Wambach, HvH, Landoldt-Bérnstein, 1/23, 4-1 (2010), arXiv: 0901.3289 [hep-ph] |
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Electromagnetic Probes and Vector Mesons

@ /"~ thermal emission rates < em. current-correlation function, 1,

[L. McLerran, T. Toimela 85, H. A. Weldon 90, C. Gale, J.I. Kapusta 91]

dNe*e* m CK2
— £ ° —_o Im I_I(ret) f
d4xd4q g 3q27T3 nv (q) q2=M§+e, B(qO)
@ vector-meson dominance model: o
P
[ = swosmmovn
v gl
@ hadronic many-body theory for vector mesons
T k
' ‘ B, a, Kl""
p ® P p p
T N, K, 7,...

@ elementary processes < cut self-energy diagrams
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The GiBUU Model

GiBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project

@ Boltzmann-Uehling-Uhlenbeck (BUU) framework for hadronic
transport

reaction types: pA, mA, YA, €A, VA, AA
open-source modular Fortran 95/2003 code

version control via Subversion

publicly available realeases:
http://gibuu.physik.uni-giessen.de

@ Review: [O. Buss et al, Phys. Rept. 512, 1 (2012)]
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The Boltzmann-Uehling-Uhlenbeck Equation

@ time evolution of phase-space distribution functions
[0: + (VpHi) - Vi = (VicHy) - Vplfi(, %, B) = leonlfis - fir- - ]

@ Hamiltonian H;

e selfconsistent hadronic mean fields, Coulomb potential,
“off-shell potential”

@ collision term Iy

e two- and three-body decays/collisions
e multiple coupled-channel problem
e resonances described with relativistic Breit-Wigner distribution

1 Im T
=—— o ImM = —/p2T
Alxp) 7 (p?2 — M2 —Rel)2 + (Im )2’ m P

e off-shell propagation: test particles with off-shell potential
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Resonance Model

@ reactions dominated by resonance scattering: ab —+ R — cd
@ Breit-Wigner cross-section formula

2sp +1 Am slapsRrMR—cd
(255 +1)(2sp + 1) 2, (s — m%)2 + sTZ,

@ applicable for low-energy nuclear reactions Ey, < 1.1 GeV

Oab—R—cd =

(] examp|e: UTI"p—)ﬂ"p [Teis (PhD thesis 1996), data: Baldini et al, Landolt-Bornstein 12 (1987)]
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Resonance Model

o further cross sections
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Extension to HADES energies

o keep same resonances (parameters from Manley analysis)

My Iy | M= /167 [mb GeV=] branching ratio in %

rating  [MeV] [MeV] | NR AR N niN T A pN oN aN*(1440) oA

P1:(1440) FREE 1462 301 70 — 69 — 22p — 9 — —
S11(1535) A 1534 151 8 60 51 43 — 2g+1p 1 2 —
S11(1650) Hhkk 1659 173 4 12 89 3 2p 3p 2 1 —
Dy3(1520) HhE 1524 124 4 12 59 — bBs+ 16p 215 — — —
D5 (1675) ok 1676 159 17 — a7 — 53p — — — —
P13(1720) * 1717 383 4 12 13 — — 87p — — —
Fi5(1680) Hhkk 1684 139 1 12 70 — 10p + 1p 5p +2p 12 — —
P43(1232) AR 1232 118 OBE 210 w00 — — — — — —
Sa1(1620) * 1672 154 7 21 9 — 62p 255 +4p — — —
D :;(1 700) * 1762 599 7 21 14 — Tds+4dp 8s — — —
21(1910) Hhkk 1882 239 14 — 23 — — — — 67 10,

F 43(1600) ok 1706 430 14 — 12 — 68p — — 20 —
F; r,(lf)ﬂ‘)) A 1881 327 7 21 12 — 1p 87p — — —
Fir(19 Hhkk 1945 300 14 — 38 — 18p — — — 44p

@ production channels in Teis: NN — NA, NN — NN*, NA*,
NN — AA

@ extension to NN — AN*, AA*, NN — NN,

NN — NN p, NNw, NN7w, NN,
NN — BYK (B=N,A, Y =A,¥)
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Extension to HADES energies

@ good description of total pp, pn (inelastic) cross section

pp =X np - X
40

35

30

25

Ginel [Mb]

sqri(s) [GeV] sqri(s) [GeV]

o dilepton sources
o Dalitz decays: 7%, — Y00~ w — 7%~ A — NI~
® p,w, ¢ — L0 invariant mass /"/~ spectra =
spectral properties of vector mesons
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p p at HADES (Ex, = 3.5 GeV)

Hendrik van Hees
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at HADES (Eyin = 3.5 GeV)

transverse momentum py [GeV]
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“p meson” in

@ production through hadron resonances
NN — NR — NNp, NN — NA — NNmp

p%e*e'
1800 ‘ D{5(1520) "~ " all Res. —
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@ “p"-line shape “modified” already in elementary hadronic reactions
@ due to production mechanism via resonances
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pNb at HADES (3.5 GeV)

@ medium effects built in transport model

e binding effects, Fermi smearing, Pauli blocking
o final-state interactions
e production from secondary collisions

@ sensitivity on medium effects of vector-meson spectral functions?

p + Nb at 3.5 GeV
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Dileptons at the SPS: Hadronic many-body theory

@ radiation from thermal sources: Hadronic many-body theory

-10 T -100

T
— vacuum

— vacuum O
gl pr=0 80l Pp es™ 1
- B.en_o . p(770) o — py . ~0.68p,
> - Ppet=0-08P > ,
> ol ol ]
° o T=180MeV
O 4 T=180MeV Jagy ]
B | q=03Gev i ®(782)  6(1020)k
2 201 1\ ]
/ \
8504 06 0% i 12 67 0.8 CER 1
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[R. Rapp, J. Wambach 99]

@ baryon effects important
@ ng+ng relevant quantity (not net-baryon density)!

B' 2, K....
Sp p ©mfm
L LI TTOEO

N, K, «,...

Hendrik van Hees (GU Frankfurt) Hadron resonances March 07, 2012 15 / 27

T
,
’0‘0’0’0’6‘\
@



Sources of dilepton emission in heavy-ion collisions

@ initial hard processes: Drell Yan

@ ‘core” < emission from thermal source [McLeran, Toimela 1985]
1 dN(thermaI N(thermal)
— d*x [ dy | Mdp—————Acc(M

use cylindrical thermal fireball with QGP, mixed and hadronic phase
@ ‘“corona” & emission from “primordial” mesons (jet-quenching)

© after thermal freeze-out < emission from “freeze-out” mesons

[Cooper, Frye 1975]

N(fo) _ @ dotf ( ,u/-l—) [Mmeson—se+e- A
= o quda®tg(u,q —F————AcCC

rmeson
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M spectra (in pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

107 b TETg=175 MeV, a,=0.1 ¢*/fm  NAGO —e— |
all g inmedp —-=—
T QGP
primp ===~
FOp ——

47 mix
DY

(I/Ng) &Ny, /(@M dn) (20 MeV)!

0.2 0.4 0.6 0.8 1 1.2 14
M (GeV)
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n pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)
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n pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)
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M spectra (in pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

(I/Ng) &Ny, /(@M dn) (20 MeV)!

Hendrik van Hees
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M spectra

(in pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

(I/Ng) &Ny, /(@M dn) (20 MeV)!
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M spectra (in pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

107 b TETg=175 MeV, a,=0.1 ¢*/fm  NAGO —e— |
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— primp - - - -
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<
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M spectra

(in pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

(I/Ng) &Ny, /(@M dn) (20 MeV)!

Hendrik van Hees
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n pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)
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n pr slices)

@ norm corrected by ~3% due to centrality correction
(min-bias data: (Ng,) = 120, calculation N, = 140)

107 b TETg=175 MeV, a,=0.1 ¢*/fm  NAGO e
in-medp =—-=—
2.2 GeV<q<2.4 GeV op
— primp - - - -
% 109t Fop —— |
= 4T mix —=—=—"
o DY —
2 0 ——
=3 O =———
=107t O-tex === A
% total ——
< +O-tex ==+
Z .
5 107 F 4
g
- ¢
]0'9 E } iii_ 4
RIS . D
0.2 0.4 0.6 0.8 1 12 14
M (GeV)

Hendrik van Hees (GU Frankfurt) Hadron resonances March 07, 2012 17 / 27



Importance of baryon effects

@ baryonic interactions important!
@ in-medium broadening

@ low-mass taill

- 10° it | " NA6) ——
c Mgy no baryons
E full model
Q)

=107}
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o]
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2
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21 10-8

N

o

5 all qp

& T=T,,=175 MeV, a=0.1 ¢*/fm

= 10” ‘ ‘ ‘ ‘

02 04 06 08 1 12 14
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Dilepton rates: Had gas < QGP

@ in-medium hadron gas matches

LA B B B
10°F I=1 — freeHG = :
. — in-med HG ] with QGP
10°k - freeQGP 1 -
: T free po— @ similar results also for ~y rates
7
107F 3 u i
. s T=150MeV - @ “quark-hadron duality”!?
100 F N 3 . . .
> N E @ consistent with chiral-symmetry
IR d .
S restoration
E - ] i - "
N;ms%—_\ T=180MeV @ “resonance melting” rather than
S 10°F . “dropping masses”
3 E
%wm”l 1
10°F
10°¢ <
£ I 1 3

00 05 10 15
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n
o
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Medium modfications of the A

[HvH, R. Rapp, Phys. Lett. B 606, 59 (2005); J. Phys. G 31, S203 (2005)]

A TN scattermg phase shlft

180

—— ok Model fit ]
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Medium modifications of pions and nucleons

° pionS' nucleon and A-hole excitations

e

@ short-range correlations: Migdal resummation

s
S CO D

-2 .- =

@ nucleons: wN and 7B,
B=A(1232), N*(1440), N*(1535), A*(1600), A*(1620)
@ coupling constants fitted to partial decay widths B — /N

s "

—v——+—>‘é.B/\o—>-
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Medium modifications of pions

In- Medlum T Spectral Functlon

70 A \ \
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>
S 400
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Medium modifications of nucleons

In Medlum N- spectral functlon
301 — ———
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Medium Modifications of the A

@ same diagram as in vacuum with dressed pion- and nucleon
propagators

° same resummed Migdal loops as for the pion

@ 4-fermion vertices: same Migdal parameters as for the pion
P o . (S

o B'=A(1232), N*(1440), N*(1520), A*(1600), A*(1620), N*(1700),
A*(1700)
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Medium Modifications of the A

A(1232) Spectral Function at RHIC
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Medium Modifications of the A

A(1232) Spectral Function at SIS—O6

25¢
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Conclusions and Outlook

@ dilepton spectra < in-medium em. current correlator

@ SIS energies

e SPS

GiBUU for pp, pn with resonance model for all HADES energies

np still a problem?

p Nb, AA work in progress

similar study within UrQMD in progress (with S. Endres, M. Bleicher)

and RHIC energies

excess yield dominated by radiation from thermal sources

baryons essential for in-medium properties of vector mesons

melting vector mesons with little mass shift

“quark-hadron duality” of £t¢~ rates around T,

compatible with chiral symmetry restoration!

studies in UrQMD(+hydro hybrid) model (with S. Endres, M. Bleicher)
= see talk by Marcus Bleicher

@ Medium modifications of the A
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