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Heavy-ion collision at 1-2 GeV/u

Hrsk-chdnce NN
collisions
Baryonic sources:
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The freeze-ouk "Cockkail’

| |
Ar+KCl @ 1.76 AGeV
0.1<p<1.1GeV/c
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How to reconstruct n° and n?
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freeze-ouyk "Cockkail’
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THE HADES AT GSI, DARMSTADT, GERMANY

= Beams provided by SIS18: proton, nuclei (E;.. 1~2 GeV/u)

Beam
= Secondary beam: &

= High Acceptance (Fixed target)
= Full azimuthal coverage
= 18° to 85° in polar angle

= Hadron and lepton identification:

= Tracking with 4x6 Multiwire
Drift Chambers and
superconducting magnet

= Time of flight measurement
with ToF and RPC Walls

Target

= Specific energy loss in MDC
and ToF

= RICH and shower detectors to identify leptons



How ko megsure TT° and M with HADES?

™“n—yy = e‘ee'e

conv

°n — ye'e = e‘ee'e

o

RICH radiator gas (C4F10)
Target-holder (C)
Beam pipe (C)

How to reconstruct |dentifying 4 Target(Au)
vy without dedicated leptons using

photon detector? photon conversion!

O 05 0.09
0.05 0.08

0.04 0.06
0.11 0.18

O ~N o
L tril

Radial [mm]

0 50 40 S0 2o oo o
Z vertex [mm]

STAR: PhysRevC.70.044902 . . .
CDF: PhysRevD.70.074008 HADES: - p+Nb 3.5 GeV: *all values are obtained from Geant3 simulations!

ALICE: Phys. Lett. B717,162 PhysRevC.88.024904
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The analysis skrdeeqy - pare 1

—e
S

Lepton identification:

Momentum < 1000 MeV/c

Momentum dependent
velocity cuts

No RICH information
IS used

Sharing of inner MDC
segments is allowed

velocity B

P
| IIIIIII|

1

-2000 -1000 0 1000 2000 300
p - sign |q| [MeV/c]

o
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The dnalysis skrdeeqy - pare 2

Combine 4 fully reconstructed lepton
candidates

PRI TR S T T B R RIS i T T T T T |""10"|""1 ..... | e e e |.....'_

= Background rejection cuts: [T I
Topological cuts on angles
between e*e-and 7.

= o, <2.5° a,<20°
= 10:10°< @, <40°
= N 40°<0,<140°

n I-l||I|IJLHJu|" |JL| l
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(8]
'Y'Y[.

UrQMD simulation
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T skakiskics from 4.3 = 10 high mulkiplicity AutAu evenks

material

Background rejection cuts:
Topological cuts on angles
between e’e”and :

200 300 400 500 a, <2.5°% a,<20°

[MeV/c?] m :10°< ® <40°

eeee

Background estimated using event mixing technique (red line)



Motivgeion for event-mixing technique

Uncorrelated yy pairs are the
main background. 2600

TEO

300
Ma*a‘a*a‘ [ME‘V,‘" '32]
UrQMD simulation analysed
with same method
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T per Event

® Spectrum after background
subtraction is corrected with
€, and normalized to the

Mean = 1325 Oy = ?0
counts 6‘6‘57 + 182

number of analysed
events (4.3 «10°)

= [ntegration of the spectra in
the 20 range gives
Mult(x®): 9.1 £ 3

= Comparable with result of
charged & from

N FOPI Mult(=’): 10.4 and
100 200 300 400 500 TAPS Mult(n’): 6.4 (Min bias!)

[MeV/c?]
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26-30.04.45 C. Behnke - 53rd Interndeiondl Winker Meeting on Nucledr Physics (Bormio, Tealy)



Phase space coverage

200 400 600 800 1000
pL [MeV/c]
Transverse momentum coverage: Rapidity coverage:
= t° with low momentum are not covered due to

the acceptance of the decay products in HADES
Coverage: 300 MeV/c <p <650 MeV/c Coverage: -0.25 <Y__ <1
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Phase spdce coverage

Invariant mass

for different

B k. Wk phase space bins,

Sy Rl Rdssaa together with
event-mixing
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7T0

Uields of T’ as funckion of m m

RELIMINARY

-
o

= The efficiency corrected
differential yields, together
with Boltzmann fits

= Single slope fit can
describe the data

= Points with large
corrections are excluded
from fit
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Uields of T’ as funckion of m o m

P‘RELIMINAR

- Tg (Y, =0)=76 +15MeV

I ~ J0. S L N

205 0

26-30.04.45

T0

= Filled circles:
measured points

= Open circles:
reflected around
mid-rapidiy

= Resulting slopes can be
fitted with a 1/cosh(y)
distribution

= Inverse slope parameter
at mid-rapidity:
T, (Y_=0):76 £15 MeV
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N skdkiskics from 4.3 * 10’ high mulkipliciey AutAu events

material

Background rejection cuts:
Topological cuts on angles
between e’e and ¥:

Q. <2.5° oc2<15°

POO 200 300 400 500 600 700
M. oo [MEV/C?] n :40°<@ <140°

Background estimated using event mixing technique (red line)



N background - subkrdcked

- Mean = 539.0 Gm' =97 | " Integration of the
| spectra in the 20 range
gives raw m counts:
#(n): 551 £ 207
= Corrections not yet
done

N
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= Reconstruction of ©° and n
via y conversion
= Number of =’ per event:
= Mult( 7°): 9.1 £ 3
= Phase space coverage
of n°signal:
= -0.25 <ch <1.0

= 300 <p <630 MeV/c

= Reconstructed inverse slope:
= T (Y_=0):76%15MeV

= Number of 11 in full beam time 104
" #(n): 551 £ 207

E, ... [AGeV]
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= A .. dependent analysis of n° and n

= Phase space dependent analysis of n

= Systematic error estimations

= Compare the resulting cross sections with the
results from dilepton analysis

m EM Calorimeter
will be added for
SIS100, FAIR
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Thank you for your gekention

The HADES Collgborgtion







Efficiency dand dcceprance eskimaeion

= Simulation:
= 10" n° with Pluto Event Generator [PoS ACAT2007 076]
T1= 39 MeV, T2= 79 MeV

= Propagation through detector geometry using Geant3 package
m £

Acc

= Tracking and event selection like in measured data

= Conversion and Branching Ratio:
= BR - c:onvy2 +BR - conv,

= |dentification of leptons, y and «°
m £
PI

e+e-y

D
me_=¢ -eg*° -(BR -conv®*+BR -conv )-¢
Tot Acc reco Y Y et+e-y Y

=1.7% - 3.5% - (3.2-10*) - 44% =8.99 - 10°
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AutAu Run @ 1.23 Agev, April 2017

HADES Au+Au beam time
v 24 days Au beam
v 8 kHz trigger rate
v 7.3 billion events

v Trigger on high multiplicity events
(40% of most central collisions)

Simulations
v UrQMD transport model

v Transport through the detector
system using Geant3 and realistic digitizers

Analysis of experimental and simulated data is identical
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Challenges of (di)lepeon reconskruction

Low momenta ' Small opening angle

_ -in 93% cases a is <3°

Otnbe Itehpton can E[).e ]Pelr(]jd —- RICH ring finder will often
ou : y the magne ICTie identify only 1 ring
behind the inner MDCs

- Reconstruction efficiency
is between 15 - 55%

—
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The SIS18 heavy-ion enerqy regime

Evolution of average p, ( T, ..

v Probing nuclear matter at:
- densities: p /p,> 2

2 temperature: T < 100 MeV
System stays above ground
state density for ~10 fm/c

2.00

o & C osition of a hot tAN gas (T) -

e 8 0 omp gas (T)
§=-
— 1.00)

L
0.50

“Resonance matter”:

2 excitation and decay of baryonic
resonances are the dominant 0.00
contribution

J life time resonance: ~1fm/c

0 25 50 75 100 125 150 175 200
T (MeV)

Vogel et al., Phys. Rev. C 78 (2008) 044909




Hok and dense Skdge: g look inside

In-medium
spectral functions>

SPS, RHIC, LHC e
-1
Additiona/’yontributions to the p-meson
self-energy in the medium

Dalitz-decay of baryonic resonances
is dominant source at low beam energies




HADES gt SIS 18 and SIS 100

v Running experiment, well understood

q-

_ _ _ HADES
v Deliver high quality data < 8-10 GeV

performance

v Setup tests with coming heavy-ion runs
at SIS-18

v Upgrade improved stability, DAQ
and time resolution of the Spectrometer




Enerqy dnd system size dependence of the
excess yield

. Itl:l;cl,lA}erb'l o 2 Multiplicity of e*e-pairs from

. | m°, n, Aand p
] 2 Good agreement for m° and n
(implemented according to the
TAPS data)

I|+

Ay232 P

Fit to the HADES &DLS & TAPS Data Points _% UrQMD Canlt fully account

me ¥ UrQMD
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"Effect" of decepkdnce

\
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Vertex of leptons coming from conversion in full phase space (left) and in acceptance (right)

Different colours represent different materials
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