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Meet the HADES

(High Acceptance Di-Electron Spectrometer)

100 m

/A Interaction rate:
M EShigianliy ot \J = 8 kHz in Apr 2012 Au+Au (sy)Y2 =2.42 GeV

@ Planned facilit
’ = 16kHz in Mar 2019 Ag+Ag (syn)¥2 =2.42 GeV and 2.55 GeV

Heavy ion collisions possible now Pion and nucleon beams:
at (SNN)UZ =2-3GeVin fixed-target mode =  Reference measurements (vacuum, cold QCD matter)

= Electromagnetic structure of baryons and hyperons

B Experiments
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The HADES physics case
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[HADES Collab., Nature Physics 15 (2019) 1040]
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Properties of matter occuring in neutron star mergers

Au+Au, /Spy = 2.4 GeV
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[Universe 5 (1019) 129,
Fig. credit: T. Galaty uk,
M. Hanauske, F. Seck]

T <70 MeV, p= 3pyin both cases
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Electromagnetic probes
of strongly interacting matter
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Schematic spectral distribution of lepton pairs
emitted in ultra-relativistic heavy ion collisions
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Describing the electromagnetic rate %) UNIVERSITAT
ARy, a2 1 In-medium parametrization of the spectral function
dTp - — 71-33I}12 fB(p(]; T) g Dy Im H'L’]‘i_[(j\[: ;B T) [R. Rapp, J. Wambach: Eur. Phys. J. A 6(1999) 415]

Boltzmann factor

(M, pipup, T) =

In vacuum the spectral function
has been precisely measured:
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Coupling to baryons — strong broadening of the SF
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[Data: NA60 Collab., AIP Conf. Proc. 1322 (2010) 1-10,

Model: H. v. Hees, R. Rapp, NPA 608 (2008) 339-387]

Describes the dilepton
spectra from:

ALICE

[Phys.Rev.C 99 (2019) 2, 024002)

STAR

[Phys.Lett.B 750 (2015) 64-71]
[arXiv:1810.10159 [nucl-exX]

NAGO

[Phys.Rev.Lett. 96 (2006) 162302)

CERES

[Phys.LettB 666 (2008) 425-429]

HADES

[Nature Phys. 15 (2019) 10, 1040-1045]
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Towards the few-GeV energy regime
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Lower beam energy:

Lower temperature

Less abundant meson production
Slower thermalization

Local thermal equilibrium at best

Possibilities:
Microscopic transport models
Coarse graining of the hadronic transport

Simulate (ensemble average of) events with
transport model

Divide the evolution in 4D spacetime cells
Calculate bulk properties in each cell (T, pg, Veon)

Calculate thermal dilepton rates
for these parameters

Add up the contributions of all the cells

Phys. Rev. C 66, 014903 (2002)
Phys. Rev. C 92, 014911 (2015)
Eur. Phys.J. A,52 5 (2016) 131
Phys. Rev. C 98, 054908 (2018)

Momentum distribution of nucleons
(based on UrQMD)
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DATA ANALYSIS
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Electron Identification
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= Track quality selection PID with multi-layer perceptron (MLP)
with momentum i Ctest | o 10 %gg;gggmm
H H (] o]
» Particle velocity 20,20 1 8
S £
5
=

Electromagnetic shower

Cherenkov radiation

All combined ina multivariate analysis (neural networks)

Purity of single lepton identification at least 98 %

0.18f

0160

i
o

L L1 M T B R
100 200 300 400 500
Epochs

Train and test do no split
— No signal of overtraining

Plateau reached
— Sufficient number
of training epochs

—_

107"

g, e, i

0.2 0.4 0.6 0.8 1
MLP y(x)

Distributions drop rapidly
— Good discrimination power

Train and test overlap
— Abilty of the model to
generalze for unseen data
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Selection of Signal Leptons

TECHNISCHE
UNIVERSITAT
DARMSTADT
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Extracting in-medium radiation

[HADES Collab., MS in preparation,
cf. also Nature Phy sics 15 (2019) 1040]

SN . R T 11— = ppandnp measured at the
\V4 L 103 HADES  Au+Au |5,=2.42 GeV _]
210 ; preliminary 0-40% NN Same_beam energ)_/ account
‘ : 3 ] for primary interaction
A S 1 ETL « Au+AU back tracking 3
4 E::1 PR - aurAuringinder 1w Cocktail of long-lived meson
Hadronic LT 55 . o E . .
Y %\eff% weeee 3 sourcesis simulated
5 10 ; 3 .
; iR %;ﬁ e 1 = Aftersubtracting the two one
0 10 JHL b E gets in-medium radiation
Erqeu;lih/rium z gl "’_'L}"*é’eT T 1 | ,:
— N = 1000 I L { = This can be extrapolated to 4n
- 1% VLA (L . without much systematics
Incoming Heavy Ton Beams - / ll L
10710T| L |EJ‘; L1 | | L P'I’h‘;" L | L .\L | l‘| I | [
0 02 04 06 08 1 12
M., (GeV/c?)
P \ A/
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Thermal dileptons at high pg

Au+Au,M=2‘.4G‘|eV‘ - ‘I-‘|A‘D|;:S‘ . .
1072l 0% conay preliminary » Thermal dilepton productionrates

NN ref., n subtracted

]‘ L 1
FP(po; T) 3 Y 1m (M. p; g, T)

(sta) T 3'31syst)

MeV

dRy “2131\1

Bp  w3M?2

KgTjropan = 74.5 + 2.9

Boltzmann factor

= Boltzmann factor dominates the exponential shape of the
spectrum if ImIIg,/M? does not change much with M

[0v0T (6T02) ST SoISAud ainyeN osje *Jo ‘uoireredaid ul S “*ge|i0od SIAVH]

ar }
= af » Slope of the invariant mass not affected by the fireball
=3 v2indf = 13.3/15 :
= ' expansion
o 2%
T 1 ¢¢¢¢+*++++++ + + * True measure of the (average) source temperature
Oi L L L 1
0.2 0.4 0.6 0.8
M, (GeV/c?)
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Thermal dileptons at high pg

()’R[[ (.l’"}z_“I\I B 1
— = — = po:T) = g | Im IS (M., p; i, T
d.‘;p ﬂ_'gﬂ[z .f (xl 0 ) 3 J,E 1 P,T\[( .l( |l B )
Spectral function
A - " Vaowmp ] o~ [ Aeejsm-zeGev - —HsDso |
Q 1072 - 0-40% centrality —— HSD - Q 1072 L 0-40% centrality pcoll broad + & + Brems. (W, 2N |
E —— SMASH F ran 3 : et
% E NN ref., n subtracted % E NN ref., 1 subtracted —EGA§:n1:GCG R Meltlng Of p Clearly V|S|b|e
910,3; HADES 910,3 § — —— GSl-Texas A&M CG ;
2 oreliminary 2 Fane e e { = Collisional broadening is not sufficientto
B 104E 4 D104k 4 account for that
& g & g E
z I Z | 1
757 _ 757 _ .
‘ZZQO , : ‘ZZJO .. 1 p melting handled properly by local
= ool f\f?ﬁ_\ = oe| aDES % | equilibrium (CG) approach
:\‘/H\‘ ‘\H‘[h‘:; E 1 Co b T
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 CG FRA: Phys. Rev. C 92, 014911 (2015)
Mee (GeV/CZ) Mee (GeV/CZ) CG GSI—Tex_as A&M: Eur. Phys. J. A,52 5 (2016) 131
CG SMASH: Phys. Rev. C 98, 054908 (2018)
HSD: Phys. Rev. C 87, 064907 (2013)
PLUTO: J. Phys. Conf. Ser 219, 032039 (2010)
TV
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Excess yield

Dependence on the centrality and p;
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| Au+Au, ‘lllswm =2.4 GeV
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NN ref., 11 subtracted
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= Strongerdependence at higher p,

» None of the models describes all the trends fully
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Temperature

7 TECHNISCHE
UNIVERSITAT
DARMSTADT

Dependence on the centrality and p;
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)

part

07.12.2020 | Zimanyi School Winter Workshop 2020 | Szymon Harabasz | 15

B\

) | =

%

WM



Boltzmann fits to transverse momentum
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2z
AutAu, i[5, = 24 GeV Me};ﬂ;\”z; ;
0-40% centrality :225 v
NN ref,, nsublracted  ~, 300- 375
HADES % 375- 450

preliminary —+450 - 600
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107
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a” = sl 5
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s [T
10-15__ 1 1 1 1 | L 1 1 | k-lx_\--_h“""h.. __
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— 1 dN <mtc2
D: dpt kgT
Assumes pure Boltzmann nature of the source:
d3N ( E
dp kgT

7I\I|IIII|IIII|IIII|IIII|II\II\I\\I7
- 0-40% centrality ]
100} NN ref., n subtracted ]
80_— g Hy_ff]‘f
60 Lrr i
40:_ — Eﬂi data: T, = Ty + 0.5M (B _:
| Pluto thermal p .
| —— GSI-Texas AZM CG B
o0 - SMASH 1.6 CG HADES
- —— HSD 4.0
B o coll, broad. + A + Brems. (N, nh) prellmlnary 7
0.\.I....I....I....I....I..\.\.\.\Iu

200 300 400 500 600 700 800
M,. (MeV/c?)

kBTslope = kgTyin +%Meecz(ﬂ)2

» Fit to the model points:
« CG: Ty, =65MeV/kg () =0.19
+  HSD: Ty, =74 MeV/kg,{B) = 0.05
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TOWARDS THE DILEPTON EXCITATION
FUNCTION

25\
2\ W

07.12.2020 | Zimanyi School Winter Workshop 2020 | Szymon Harabasz | 17 ZAN
= = M zoEs O




TECHNISCHE
UNIVERSITAT
DARMSTADT

L] [J. H. Otto, PhD project, JLU Gief3en]
120 . — ET T T T T L — I T T T T— FroT I
: i % : )\gJ(Ag ﬁL o Ge\\/ ctl_‘-_)_ 10750, Ag+Ag |5,,=2.55 GeV 0-40% |
100~ 0] 10—3 z HADES work in progress < % & HADESDwork in progress
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. . Fe A B o™ v by b dliadoy 13
Number of raw SIg nal pairs 0 02 04 06 08 1 0 200 400 600 800 1000 1200 1400
2
Experiment # analyzed events Mee < 0.12 GeV/c? 0.12 < Mee < 0.45 GeV/c? Mee > 0.45 GeV/c? Mee (GeV/C ) Mee [MeV/CZ]
Au+Au (syn)¥2=2.42 GeV 2.4 x10° 1.15x10°% 1.53x104 581
. . I
Ag+Ag (snn)¥2=2.42 GeV 5.9x108 1.12x10°% 1.59x104 901 Very hlgh qua“ty Of the data'
Ag+Ag (snn)Y2=2.55 GeV 4.0x10° 8.80x10° 1.53x10° 10916
725 N\
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Exciting physics around the corner
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" Fitin 0.2 < M,, (GeV/c?) <0.7 }
" HADES work in progress

[{] l
A1, 1]

5] Au+AU, {S,p = 2.42 GeV -
o1 Ag+Ag, {5y = 2.42 GeV

10%-wide centrality classes
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Conclusions
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2
@

HADES explores baryon rich matter at SIS 18

Properly extracted dilepton excess yield agrees well with theory predictions
Differential spectra depending on p; and rapidity have been presented
Boltzmann temperature and characteristics of the spectra function are studied

Upgraded RICH photodetector (FAIR Phase 0, together with CBM) allows for
unprecedented precision of dielectron data
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Stay tuned for...
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dN/dM [GeV/c?]?

9:
0

Sensitivity of dilepton yield

to a phase transition

[F. Seck et al., arXiv:2010.0461]

=

™ L L s
™7fm + T>50 MeV + | 0.9, p =0

= hydro with PT + S/A<5

—— hydro no PT + SIA<S

—— coarse-grained UrQMD

voal ol il

AT TR M|

A

I AT RN R
02 04 06 08 1

17 14
M., [GeV/c?]

Extension of the Au+Au
analysis to peripheral events

Excess yield

[N SChI|d Master s prolect at TU Darmstadt]

0

Inlegral in 0. 3 <M, (GeV/cz) <0. 7

HADES work in progress

@#ﬁm

[‘F S ] Au+AU, Sy = 2.42 GeV |
C] Ag+Ag, {San = 242 GeV

10%-wide centrality classes

f¢ ]

P T RS B
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part

)

Temperature (MeV)

HADES BES 0.2-0.8A GeV

[New beam time proposal]

Liquid-Gas
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Baryochemical potential (MeV)
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EXTRA SLIDES
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Azimuthal anisotropy of virtual photons
DARMSTADT
0.15 — — .
- 1 HADES preliminary
F [AurAu, [, = 2.4 GeV ] 0.02——— I 02— —
0-15 0-40% centrality ] r 0740%ceni|trality ) —~— 1 v,--0048
[ | HADES preliminary 1 0; - Sg‘:’;‘;:,:'}};jﬁ:;zGe"’“ p R I
0.05
N ] 70.02_
= Gi } ‘ B =-0.04
—0.05: : -0.06 n
_0.1j 1 70.08_* -
OB L B T T v E— T 200 400 600
0 02 04 06 08 Centrality [%] p; [MeVic]
Mee [GeV/c?]
= Calculate the flow of the excess radiationvg® = == pin— = py?
=  Estimate hadrcin_floo;/v contribution: =  HADESIs capable of extracting v, of thermal dileptons
%:90% — r = 09 ,v¥ = —0.051614 " For more conclusive results larger statistics is needed

n: 10% -- assume the same value v}
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Boltzmann fits to M., as a function of rapidity

‘I:_"\ 1037I T | T T T ‘ T T T T | T T Iyli’\‘, \‘ T T Ii F\m [ T | T | T T ‘ T T | T T |_
o Au+Au, (s, = 2.4 GeV oM X
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§ e A : ==
= I T —»- Total n 3
g P[] %E'S% 3 60
s 100 kR y = I (})
° - = L e e I
g Pl || T 4 ‘_Const/cosh(y) ]
2107 N
S = T E‘K_
& | S . i i
<105 g e = 20~ AULAU, Sy = 24 GeV |
V. B S e T~ ] | HADES 0-40% centrality |
O = B | preliminary NN ref., n subtracted |
10—7 1 L | L L 1 ‘ I | I 1 1 | 1 1 1 G Il L | L Il L | L 1 1 ‘ 1 L L | L L L |
0.3 0.4 0.5 0.6 0.7 0.4 0.6 0.8 1 1.2
M,. (GeV/c?) y
Consistent (within uncertainties) with thermal ansatz
Tslope < 1/ cosh (Y)
- NA
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NAGO excess p,; dependent

S [ NAGOInn s [ NABOInn S [ NABOInn = [ NAGO In-in
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I * dala & ot * data & sdata | & * dala
= " RH = v RH = v RH = v RH
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