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HADIES

Puzzles, facts, lessons from dileptons
in few GeV energy regime

Tetyana Galatyuk for the HADES Collaboration
Goethe-Universitét Frankfurt / EMMI

Outline:

% Probing resonance matter with HADES:
dileptons and strangeness

x et*e” pairs: from elementary to heavy-ion collisions

x HADES and the Phase Diagram of Matter

x The perspectives and challenges at FAIR
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Nuclear matter in the universe
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Nuclear matter in the universe
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Transient existence of a dense/hot phase
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Transient existence of a dense/hot phase
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first-chance dense phase:
collisions t<10 fm/c

Challenge
Extract information on the high density phase
o Is extreme matter created at SIS?

o Same in the whole volume or <dense and “corona’ like>
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The SIS heavy-ion energy regime — baryon dominated!
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Evolution of average p; (t
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o Long lifetime of the high density phase:

> System stays above ground state
density for > 15 fm/c

o densities: pray/Po < 2-3
o temperature: T <100 MeV
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Electromagnetic structure of dense/hot matter

©

Bremsstrahlung

Decays of (long-lived)
neutral mesons (n°, 1, w)

l+

o Lepton pairs couple to hadrons through time-like virtual photons.

o The reconstruction of virtual photons via dileptons gives access to the
electromagnetic properties of nuclear matter under extreme conditions.

o Observable: short-lived vector mesons (p, w, ¢)

Strong coupling of y* to Vector Meson - VMD model
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The p meson in nuclear matter

Ad(ditional contributions to the p-meson
self-energy in the medium

S. Leupold, U. Mosel, Post et al.
NPA 741 (2004) 81, NPA 780 (2006) 187

Meson nucleon molecules?




The experimental challenge...

"There’s no such thing as a free lunch™

o Lepton pairs are rare probes (Branching Ratio < 104)
o at SIS energies sub-threshold Vector Meson production

o Large combinatorial background in e*e” from:

o Dalitz decays (n°)
o Conversion pairs

I: + H.Wallace, 1943



The DLS at LBNL
DiLepton Spectrometer

Scirtilkator

The —— puzzle !

Observed excess remained
unexplained over years
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Even more puzzling

= No consistent explanation of pair production in elementary reactions
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High Acceptance Di-Electron Spectrometer

HADES strategy:
/ \ il Systematic di-electron
@ T ) spectroscopy in NN, AA, pA,

7N and A collisions
HADES

®

Pre-Shower

.é

: N\ TOFino

o Beams provided by SIS18: &, p, nuclei

Full azimuthal coverage
o Hadron and lepton PID

O

e*e” pair acceptance 0.35
o Mass resolution 2 % (p/w region)

o

o ~80.000 channels
o NOW: 20 kHz event rate (500 Mbyte/s peak data rate)
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Is there any medium radiation?

Efficiency corrected di-electron spectra
normalized to the number of neutral pions
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Is there any medium radiation?

Efficiency corrected di-electron spectra
normalized to the number of neutral pions
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Worid Scientic Lactere Notes ie Pryeis - Vol 71

he QCD Vacuum,
Hadrons and
Superdense Matter

LAt Berkeley BEVALAC the DLS spectrometer
was built to study dileptons... A striking
dilepton signal was found, but my guess is its
reality will probably never be understood,
although this mass/energy region will be soon
tested by the HADES experiment at GSI*

E. Shuryak
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,DLS" puzzle solved by Bremsstrahlung?
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Elementary reactions with HADES

“If you are out to describe the truth, leave elegance to the tailor™

+ A. Einstein

o Goal:
o Understand baryonic lepton pair production
o Establish cocktail of ,free“ hadron decays - reference for HI collisions



Elementary reactions with HADES
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@ “If you are out to describe the truth, leave elegance to the tailor™

@ International Workshop in Obergurgl, Austria 2011

o Goal:

o Understand baryonic lepton pair production
o Establish cocktail of ,free“ hadron decays = reference for Hl collisions
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Origen of the low-mass pair excess in C+C collisions
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HADES pp and dp (tagged n) data vs. models
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2 n+p case: Different schemes for implementing gauge invariance
2 OBE effective models reproduce p+p, but not (yet) n+p !

o N-A transition electromagnetic form factors N N
Wan and lachello, int. J. Mod. Phys. A20 (2005) 1846
Krivoruchenko et al. Phys. Rev. D 65 (2001) 017502
Model: Pluto ROOT based event generator N N
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Close to a theoretical explanation
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Elementary reactions in transport models
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2 NN bremsstrahlung are calculated within the SPA model,
restricting the emission process to elastic NN collisions

o A contribution is treated explicitly by producing and decaying
the resonance within a Dalitz-decay model in inelastic collisions

o The interference of elastic and inelastic channels is neglected.
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The interference effects
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MiL distribution of e*e~ in pp and pn collisions
as a coherent sum (solid lines) vs. an
incoherent summation (dashed lines)
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% The interference effects become significant at higher values of the di-electron
- invariant mass and reduce the cross section by a factor of about 2 — 2.5/
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Investigation of w meson modifications at nuclear ground state density

@ Efficiency corrected data, normalized to Efficiency corrected data, normalized to
the number of pp elastic events n0 yield (via measured n*)
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Results:
o Mass resolution: o, = 16 MeV/c?
o VM region practically background free: S/B ratio > 10
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Electron pairs from pp collisions at 3.5 GeV
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Comparison with Pluto cocktail
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A-N transition EM form factor
Two—component VDM type model
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Electron pairs from pp collisions at 3.5 GeV

Comparison with Pluto cocktail
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In-medium (cold nuclear matter) effects

(é?)) Laboratory momentum distributions Fast and slow e*e- sources
for inside and outside decay of w R AR
2 g —=— p+Nb (3.5 GeV)
0.8 T T2 - —e— p+p (3.5GeV)
p+Nb s 5L ]
_ 0.7 e inside -g 10 P o > 800 MeV/c
Q_Q 0.6 O outside © of
D 05 10 ‘\:. 1
P 4
z O3fe e, : *?‘*»&q
— 02F o % 10%E
~— wq Qb 3 * t t
0.1% - fast“ eter ﬁ m HH
....|....|....|.. n 10°F
0.5 1 2 2.5 0 I 2(;0 | 4(;0 6(1)0 | 18(;0 11000 1200
[GeV/c]
M, (MeV/c %)
35%ofpairswithp<800MeV/cin 3 qeef T T T
p/w mass range S Y —a— pND(B5GeV)
1§<10‘° g 05k —e— p+p(3.5GeV)
09f % N F4 "

o
(o]
TTTT

3 p . < 800 MeVic
HADES /ﬁﬁ' 3 )4'::'., E
3;‘//15 - 3

© O O O O ¢
N
TT[ T T [T T[T T[T TITT Tt

1
1/NnodN/dEe%((l\c/>leV/c) )
T
_+_
_+_
_+_
_+_
L
A
i
4

” 4

04
10—8 o ” + E
03[ + + ++ 3 t f ]
+ ,Slow* ete T ]
-9 - _
0.1F + v +.+.+ L S ——— l .

F ot L -+- 0 200 400 600 800 1000 1200
0 400 800 1 200 1 600 2000

M., (MeV/c ?)

@ International Workshop in Obergurgl, Austria 2011

P.. (MeV/c)



Tatyana Galatyuk, Univ. Frankfurt

Is there physics beyond free N+N?

@ . , o First observation of w>e*e” peak in
Efficiency corrected dielectron spectra heavy-ion collisions at SIS energies

from Ar+KCI at Em =1.76 GeV/u

o First evidence for ,true“ excess (strong
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Is there physics beyond free N+N?

@ . , o First observation of w>e*e” peak in
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Dilepton pair excess: from SPS to SIS...

(@) CERES: Phys. Rev. Lett. 91 (2003) 042301
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- Main source: ttn”— p — e*e
- Strength of dilepton yield at low masses
is due to coupling to baryons!

@ International Workshop in Obergurgl, Austria 2011
\



Tatyana Galatyuk, Univ. Frankfurt

Dilepton pair excess: from SPS to SIS...
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Dilepton pair excess: from SPS to SIS...

CERES: Phys. Rev. Lett. 91 (2003) 042301

Tatyana Galatyuk, Univ. Frankfurt
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Hadron multiplicities at SIS and Statistical Hadronization Model

@ — THERMUS calculation: T, y, and R fit to Extracted (T, ) fit in the systematics of
e HADES Ar+KCI (1.76 GeV/u) data the Statistical Hadronization Model
T I I I ! ! ® RHIC/SPS/AGS (a)
10 200 % RHIC/SPS/AGS/SIS (b) —
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- 3 ? | S At e
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<
2 THERMUS fit: S.Wheaton and J.Cleymans,
S  J.Phys.G31(2005)S1069 . L :
§ Statistical Hadronization Model describes
s o hadron abundances accept in case of:
S Thermal equilibration also at low | = (s=-2) vield
S energies (high ug) in particular 2 large B (s=-2) yie
4§ concerning multi-strange hadrons?
~



Strangeness production in 1.76 GeV/u Ar+KCI

72\

BN
=

HADIS

Phys. Rev. Let.,
103, 132301, (2009)
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o Double strange baryon
o First observation at SIS p
Vs-Vs,;, = -630MeV ERNE 1
- Extreme and exotic phase of :> 298 % 4 Py <:
Nuclear Matter at SIS 7 % 24‘76

@ Strange quarks “trapped” in bubbles?



Searching for landmarks of the phase diagram of matter at high ug

CERES, NA60

ALICE, STAR, PHENIX

o Highly interesting results from
experiments - importance of

baryons
%' ¢ 1
= 0.9
— Quark-Gluon Plasma
— 0.8
0.7
\\\\\ ~ _Ist order phase boundary? 0.6
hiral? \\\\\ —0.5
arkyonic? —10.4
—0.3
—0.2
_ 01 DLS,HADES
Nuclei
A o
% 500 1000 1500
b, [MeV




Searching for landmarks of the phase diagram of matter at high ug

CERES, NA60 o Highly interesting results from

ALICE, STAR, PHENIX experiments - importance of
baryons

o No measurements for beam
energies of 2 — 40 GeV/u
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HADES upgrade: The RPC time-of-flight
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HADES DAQ upgrade

$21U043J3|2 PUD JuU04} 3y} 0}
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MDC AddOn

v
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=== | TRB +
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RICH AddOn
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for Time WaII,Start,VetQ

Tatyana Galatyuk, Univ. Frankfurt

Ethernet

LVL1 Trigger box

Commissioning run
(Au+Au) November 2010

20kHz Event rate and
250 Mbyte/s Data rate
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Summary

®

HADES provides high-quality data for understanding di-electron and
strangeness production in elementary and heavy-ion collisions at SIS
energy regime.

o Long-lived states of compressed nuclear matter are
produced in HIC at few GeV energy regime

o This state of matter might be much more exotic
as a hadron gas

o Observations:
- “Thermal” hadron production (with some exceptions)
- Strong broadening of in-medium states

@ International Workshop in Obergurgl, Austria 2011
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The future at FAIR

@

SIS100:
o Joint running of HADES and preCBM:
o Emissivity of hot/dense nuclear matter

o Spectral functions of p/w in dense
(baryon dominated) hadronic matter

o Multi-strange particle and lepton pair
excitation functions

o Charm production in proton induced
reactions
SIS300:

o Full exploitation of rare probes a highest ug;
fluctuations, flow

@ International Workshop in Obergurgl, Austria 2011
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The HADES Collaboration
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Thanks for the dilepton
workshop in 1991...




Bornus slides
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Exclusive A - pete in p+p collisions at E,;,, = 1.25 GeV

@ _!\/Iass of missing particle (M)
Do we really measure pp=>pA*->ppe*e ? ans
9

Check by detecting three particles in
the final state, i.e. p, e*, e

T I T 1 T T I T 1 1 T I T 1T 1 T | T 1T T T I T 1 T T I T

M,,>140 MeV/c?

N
o

N

‘llllllllllllllllllllll

1N, dN/AMZ™® [1/(GeV/c?)]
on

05} ]

e L . ,/"/ e 1+ {3

o ldentification of the final state vs. less ,,x’\/.&@‘xﬂ?f,.o" 085 09 095 1 105 1.1
acceptance -3 e0tag M,™ [GeVicT]

2 Much lower background
o Allows determination of the:
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o Electromagnetic transition form factor?

Invariant mass distribution of pe*e-
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Exclusive A = pete : angular distributions
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Systematic of the excess yield

@
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