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Probing EM structure of dense/hot s
hadronic matter HADES

Sources of lepton pairs
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first-chance
collisions hot/dense fireball

freeze-out



Characteristics of dilepton rates (cocktail)

Characteristic features of
dilepton invariant mass spectra
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Low mass:

- continuum enhancement?

- in-medium modification of vector
mesons = link to the chiral symmetry
restoration?¢

Infermediate mass:
- QGP thermal radiation?
- heavy-flavor modification?

High mass:

- J/ suppression ¢
enhancement ¢

- Drell-Yan, primordial emission



Understanding the mass spectra

S. Damjanovic, Trento 2010
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Peripheral data More central data
well described by meson decay Clear excess of data above decay
‘cocktail’ (m,m’, p, w, $) and DDbar ‘cocktail’. But, what is the spectral

shape of the excesse 4



Isolation of excess dimuons

S. Damjanovic, Trento 2010

Phys. Rev. Lett. 96 (2006) 162302
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all p affter subtraction, a smooth
- ) T underlying continuum

\ nm: fixyield at p; >1 GeV profiting
20000 f , i from the very high sensitivity of
the spectral shape of the Dalitz
decay to any underlying
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accuracy 2-3%, but results robust to
mistakes even at the 10% level




Excess mass spectira in 12 centrality bins

S. Damjanovic, Trento 2010

Eur.Phys.J.C 49 (2007) 235
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Acceptance corrections

S. Damjanovic, Trento 2010

Acce
Q
N

ptance

—
<

: TRl

—®- 020<M<0.40
—®- 040<M<0.60
—¥-060<M<0.80
—¥—0.80<M<1.00
—*— 1.00<M<2.00

103

05

15 2
P, (GeVlc)

reduce 4-dimensional acceptance
correction in M-p;-y-CosOqs to (mostly) 2-
dimensional corrections in pairs of variables.
Example M-p;, using measured vy distributions
and COsO; distributions as an
input; same for other pairs (iteration)

requires separate treatment of the excess
and the other sources, due to differences in
the y and the cosB. distribution

acceptance vs. M, p;, Yy, and cos©
understood to within <10%, based on @
detailed study of the peripheral data



(&N, /dMd)/(dN_/d) (20 MeV)”
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Centrality dependence of excess mass spectra
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very fast evolution from
vacuum p to Planck-like
spectra

increasing masking of
residual freeze-out o



Angular distributions

S. Damjanovic, Trento 2010

Phys. Rev. Lett. 102 (2009) 222301
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HADES pair acceptance
HADIES

Opening angle > 9°

acceptance
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Reconstruction of i° and n decays through conversion

September 2008 run: 3.5 GeV p+Nb: = 9.2 - 10?7 LVL1 events:

= Meson 2 ye*e + pair conversion of photon: meson - e*e e*e-
= Meson = yy + conversion of both photons: meson > e*e- e*e-
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Nearly full phase-space
coverage forn
detection!



Ar+KCl data, E,,,=1.76 GeV/u
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e+e- angular distributions
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Omega in cold nuclear matter

Phys.Lett. B715 (2012) 304-309
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= First measurement of in-medium vector meson decays in the relevant
momentum region (high-momentum o mesons “decouple” from the medium)

= o suppressed, in-medium decays buried under p-like contribution



p+Nb data, E,;,=3.5 GeV
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pp reference =
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= Coupling of p to baryonic resonances
- Cross check with hadronic final states
needed!



PNb - pp - w

Phys.Lett. B715 (2012) 304-309
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NN reference
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HADES : PLB 690 (2010) 118
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Origin of the low-mass pair excess in C+C

collisions -
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pn collisions

10 (), 125 GeV |————
o 10" @ HADES: p+n(d) IQMD: pn E
Ng 10.2 - —-1:' Dalitz
N —--—-ADaliz | 7}
@ 10° _iﬁem'pp ]
E 10* ]
=
T 10 ]
O
© 10° ? ]
107 T ]
0.0 01.1 01.2 013 01.4 01.5 0i6 0:7 08
M [GeV/c’]
= 102f. quasi-free p+n  ;
L 10! 1.25 GeV 1
> 0 n Dalitz decay
® 10 1
O .1 ]
5 10 0 ]
510 ® 1
s 10 1
% 10_ — L
-c 10' | ] [ [ ] X\ [ -!
10 5" 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.

M (GeV/c?)

8

dspat1.25GaV

dofdm,, PVGeV ]

T L}

ama-—'o—

x— eey

n—a'ay - -- -

A— M’J

pn Brems.

o3 620)
3

81,51535

GiBUU total —

0 0.1

0.2
dilepton mass m__ [GeV]

03 04 05

17T 7T T T
pn@1.25 Ge

| IIIIILLEl_

1 IIIIIII| IIIIII| 1 IIIIIII|

1
0

2 03 04 05 06
M [GeV]



Dileptons at RHIC and LHC
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STAR Beam Energy Scan

pair production rate

—_ —_ —_
ol o| oI
w [\ -

—
oI
N

STAR Preliminary

Au+Au Minimum Bias

1 1 1 1

62.4 GeV

sys. uncertainty
— cocktail

@ data

...... + medium modifications| 1t

| 1

1 1

1 1 1

02 0

4 06 08 1

0 02 O

4 06 O
dielectron invariant mass

8 1 0 O

.6 08 1

2 04 O

22



Acceptance corrected excess mass spectrum

[Eur. Phys. J. C 59 (2009) 607-623]

CERN

Chiral 2010, AIP Conf.Proc. 1322 (2010) 1-10

Courier 11/ 2009, 31-35
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~ exponential fall-off > ‘Planck-like’
fitto dN/dM o« M°” xexp(-M /T)

range 1.1-2.0 GeV: T=205+12 MeV
1.1-2.4 GeV: T=230£10 MeV

described by R/R, D/Z and H/R models
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Future explorations
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Look for non-monotonic behavior of T
as a function of Vs, 2 (Note, T< T, .. )

Appearance (disappearance) of
QGP radiation

What would pp and pA say?



