


Intro & Motivation

large amounts of new dilepton data measured by HADES are
becoming available

will help to improve our understanding of vector mesons in
medium

proper models are needed to understand & interpret those
data

we rely on transport-based approaches:

“pure” microscopic transport
“coarse-grained” transport

in order to understand dilepton spectra we also need to
understand pion production:

normalization of dilepton spectra to Nπ

both are dominated by resonance dynamics at SIS (few GeV)
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Coarse Graining

(with S. Endres, H. van Hees, M. Bleicher)
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“Coarse Graining”

PhD project of S. Endres

put UrQMD simulation onto space-time grid

for each cell, determine baryon and energy density

use equation of state to calculate local temperature and
baryo-chemical potential

calculate thermal dilepton rates using Rapp-Wambach
spectral function (Rapp 1997, NPA 617)
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Results: NA60 & HADES

NA60: benchmark result, essentially
reproducing earlier calc. by
Rapp/Hees (in a fireball model)

Endres, Hees, Weil, Bleicher, arXiv:1412.1965

HADES: genuinely new result
(to be published soon)

best description of ArKCl dilepton
spectrum yet
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CG: Conclusions

coarse-graining provides
important connection between
SPS and SIS energies

data in both energy regimes
seem to be compatible with
in-medium SF by Rapp et al.

ρ meson SF is modified in
medium mostly due to coupling
to baryon resonances (N∗)

Open Questions:

what are the most significant contributions to the in-medium
ρ SF at SIS energies (which resonances, Bremsstrahlung?)

can we understand this physics in a microscopic description?

how to make a connection to ’elementary-beam’
measurements (pp, pA, πp, πA)
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Pure Transport

(with the GiBUU model)
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The GiBUU transport model

microscopic, non-equilibrium description of nuclear reactions
BUU equ.: space-time evolution of phase-space density F

(from gradient expansion of Kadanoff-Baym eq.)

∂(p0−H)
∂pµ

∂F (x ,p)
∂xµ

−
∂(p0−H)

∂xµ

∂F (x ,p)
∂pµ

= C (x , p)

Hamiltonian H:
hadronic mean fields, Coulomb

collision term C (x , p):
decays and scattering processes (2- and 3-body)
low energy: resonance model, high energy: string fragment.

model includes 61 baryons and 22 mesons
http://gibuu.hepforge.org, O. Buss et al., Phys. Rep. 512 (2012)
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HADES: pp
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ρ shape already nontrivial in pp collisions due to production
mechanism via resonances
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in-medium cross section for ∆ production

prescription according to Song/Ko (arXiv:1403.7363):

σNN→N∆(ρ) = σNN→N∆(0) · exp(−Aρ/ρ0)

with A = 1.2

cross section reduced to 30% at ρ0 and to 9% at 2ρ0

in-medium modification applied only to NN → N∆

other sources of pions not modified:

NN → NNπ background
NN → ∆∆
NN → NN∗
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ArKCl@1.76: pions and dileptons
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reasonable agreement with charged-pion yields

dilepton spectrum described within 30%

Janus Weil Dilepton and pion productionat SIS energies



pion beam

✶�
✲✁

✶�
✲✂

✶�
✵

✶�
✂

✶�
✁

✶�
✸

✶�
✹

� �✥✶ �✥✄ �✥☎ �✥✆ �✥✝ �✥✞

❞
s
✴❞
✟
❡
❡

✠♠
❜
✴✡
☛
☞
✌

✍✎✏✑✒✓✔✕ ✖✗✘✘ ✖✙✙ ✚✛✑✜✢

♣
✲
✒

✒❧✣✤ ✦ ✞✧� ★✑✜

✛✎●✩✩ ✓✔✓✗✏

♣
✪

✫ ✑
✰
✑

✲
❣

❤ ✫ ✑
✰
✑

✲
❣

◆✬ ✜★✭
✭✂✸✮✶✝✄�✯

❙✂✂✮✶✝☎✝✯

❉ ✜★✭

❉✬ ✜★✭

♣◆ ●✱✑✖✘✥

✳✷✺✻

✳✷✼

✳✷✻

✳✷✽

✳✷✾
✷ ✷✿✳ ✷✿❀ ✷✿❁ ✷✿❂ ✷✿❃

❄❅
❆❄
❇ ❚
❈❊
❋❆
❍
■❏
❑

✷ ✷✿✳ ✷✿❀ ✷✿❁ ✷✿❂ ✷✿❃

t▲▼❖P◗❘▲P❘ ❯❱❯❘❖t❲❯ ❳❨ ❩❬❘❭❪

✳✷✺✻

✳✷✼

✳✷✻

✳✷✽

✳✷✾
✷ ✷✿✳ ✷✿❀ ✷✿❁ ✷✿❂ ✷✿❃

❄❅
❆❄
❇ ❚
❈❊
❋❆
❍
■❏
❑

✳✷✺✽

✳✷✺✻

✳✷✼

✳✷✻

✳✷✽

❫❂ ❫❀ ✷ ❀ ❂ ❴

❄❅
❆❄
❵
❈❊
❋❑

❯ ❛ ✳❂✷ ❝❘❭

❫❂ ❫❀ ✷ ❀ ❂ ❴
▲▼❳r❢rt✐ ✐

✳❂✷ ❝❘❭ ❛ ❯ ❛ ❀❥✷ ❝❘❭

❫❂ ❫❀ ✷ ❀ ❂ ❴

✳✷✺✽

✳✷✺✻

✳✷✼

✳✷✻

✳✷✽

❄❅
❆❄
❵
❈❊
❋❑

❀❥✷ ❝❘❭ ❛ ❯

❬r❦♥♥ t❱t▼♦
q✉ ❭❝✈
✇✉ ❭❝✈

①② ③ ❘④❘✺⑤

⑥ ③ ❘④❘✺⑤
①q ❦▲❘❯P✿

✇ ❭❝✈

GiBUU prediction, waiting for data

pion-beam data will help to constrain resonance contributions
and form factors
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Summary / Conclusions / Outlook

we have studied dilepton production at SIS in two approaches:
’pure’ and ’coarse-grained’ transport

both agree qualitatively on the importance of baryonic
Dalitz-like contributions to the dilepton spectrum

further constraints from pion-beam measurements will improve
our quantitative understanding of resonance contributions

check how models compare to AuAu data
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