HADES Flashtalk

Exploring QCD matter at high density in Ag+Ag collisions at
VSyn = 2.55 GeV measured with HADES
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Nuclear collisions at few GeV
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The HADES Experiment

> Fixed target experiment at
SIS18 (GSI, Germany)

» Magnet spectrometer

> Low mass Mini-Drift-
Chambers (MDCs)

» Time of flight walls
RPC and ToF

» RICH and ECAL for e*e™ and
photon identification

» Forward hodoscope for .- Phase 0
. LS Az Research Program
spectators detection

» Almost full azimuthal angle and polar angles between 18° and 85° covered
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Weak decay reconstruction
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» Long lifetimes - Off-vertex-topology
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» Evaluated by an artificial neural network
TMVA: arXiv:physics/0703039v5 [physics.data-an]
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Counts / 1 MeV/c?

Weak decay reconstruction
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05 B HADES Work in Progress
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HADES Work in Progress

Ag+Ag ys, = 2.55 GeV
0 - 25% most central
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» High detection resolutions = High statistic narrow signals!
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HADIES Work in Progress

Ag+Ag |s,, = 2.55 GeV
0 - 25% most central

Signal (W £ 20) = 1137 £ 71
Signal / Background = 0.33
Significance = 16.8
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Results
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The HADES Collaboration
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BACKUP
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Nuclear collisions at few GeV

> Strangeness production close to _T10%F A KO ¢
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The HADES Experiment

» PID primarily via.
momentum and velocity

» Separation of multiple
charged particles via.
specific energy loss

» Heavy-ion beamtimes:

» 2012: Au(1.23A GeV)+Au

\VSNN = 2.42 GeV
7 billion events

> 2019: Ag(1.58A GeV)+Ag

VSNN = 255 GeV
14 billion events
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Virtual Photons

» Upgraded RICH photodetection plane
involving future CBM @ FAIR technology

» Significantly improved lepton identification

)

and double-ring detection H’.
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Virtual Photons

» High statistics in all invariant mass regions

» Hint for extremely rare ¢ - e* + e~ signal
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Charged Pions
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Proton: Yield and Kinematic Distributions
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Large phase space coverage
with small statistical and
systematic errors

0

[(MeV/c) ]

Events

d’N/dp dy / N

108

107

o
w

o
©w

t

S S 2 =z
a0 w L o

<
-~

10°°

107"

0—13

F - 065<y,, <0.75 (x10") HARIS Work in Progress
cm
[ %-085<y <-0.75 (x10°) Ag+Ag |5, = 2.55 GeV

p - 0 - 10% Centrality

200 400 600 800 1000 1200 1400 1600 1800

P, [MeV/c]

Events

dN/dy /N

o f_m Work in Progress @ 0-10%
QE Ag+Ag Sy = 2.55 GeV ~®- 10 - 20%
v - p-0-30% Centrality .. .. T 20-30%
o o ®
- o ¢
OJQ: ® gesoede
L & @
of- ® ‘o0
o’ b &
C ~ hd
qg,) ;_ _._-.—!-"'-.-_-_ _-_.__._-.-m_._z
o % *
SE
- Target- and Projectile-Rapidity
o
:Ill|||||I1II|IIII|IIII|II1I|I||||||
(]
-1.5 -1 05 0 05 1 1.5
yCm

» 0-10%: Nucleons almost stopped

» 10-30%: Nucleons not stopped
and contaminated with spectators
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Protons, Deuterons, Tritons and 3He (Au+Au)

— 107 — 10% — 107 — 10°p
S gL P 0-10%Centrality | 7 P 0-10% Centrality | 7 WE t 0-10% Centrality | 7 oy 3He 0-10% Centrality
S L Preliminary | S " [ Preliminary | 5 0¥ Preliminary | S ¢ Preliminary
g Midrapidity %’ 10°F Midrapidity g 13:2: Midrapidity g | Midrapidity
= = ol = 10153r =
) 2
2 270 \M\ Z%w”N
o o Ed‘oﬁ'_\“’\ o 510‘“rw*m\
i) O izt
mm“hﬂ.&\ 10 :“‘“\
10"k E
M 10 ?MV\
1011-A~‘"\ mmfrw\
N 109;r
109\ 103[
T?\\\ mTEr
0r 10k
i 10°y
: - 10 ;
III|III|III|I\I|III|III|I |||||II||||||||||||‘ :IIII|IIII|IIII|III\|IIII|IIII|IIII|IIII|IIII|IIII -III|\II|III|III|III|I |I
0200 400 800 800 1000 1200 0 200 400 800 800 100 0 100 200 300 400 500 600 700 800 900 10 0 200 400 600 800 1000 1200
m-m, [MeV/c] m-m, [MeV/c’ m.-m, [MeV/c m-m, [MeV/c’

24.11.2021 Helmholtz program days Matter and the Universe 2021 - Simon Spies for the HADES collaboration



Flow Anisotropies
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Weak decay reconstruction
Parameter }Af
» Combinatorial background about ‘ b

factor 10,000 above signals T

X
> Long lifetimes - Off-vertex-topology DN
=%z 2

» Evaluated by an artificial neural network o =

TMVA: arXiv:physics/0703039v5 [physics.data-an] ° ° °
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Strange Yields vs. (A, )

» Production below (at) free NN-threshold:
N+N->Y+K+N:  +/s=255GeV

N+N->K+K+N+N:+/s=2.86GeV

» Energy provided by the system

» Strange hadron yields scale similar with (A;_.,):
Mult ~ (Ap,)* With a0, = 1.45 +0.06

» Hierarchy in production thresholds not reflected

» Scaling with absolute amount of ss

Part>

Mult / (A

o=1.45+0.06
x?/NDF = 5.90/10 = 0.59

Phys.Lett.B 793 (2019) 457-463
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Strange Yields vs. (A, ) «= 138003

-3 |-
1077 y2/NDF = 3.79/5 = 0.76

> Production below (at) free NN-threshold: f’ Preliminary A
N+N->Y+K+N:  4/s=2.55GeV =
N+N->K+K+N+N:+/s=2.86GeV s

» Energy provided by the system

» Strange hadron yields scale similar with (A;_.,):
Mult ~ (Ap,)* With a0, = 1.45 +0.06

» Hierarchy in production thresholds not reflected
» Scaling with absolute amount of ss

Ag+Ag -
» Slightly lower slope a,g,, = 1.38 £0.03 \Snn = 2.55 GeV

» Test for universal scaling: K~ and ¢ in Ag+Ag? 60 70 80 90100 2,90
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Isotropic Emission of Strangeness?
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Strange Light Nuclei  « @ —
= B HADES Work in Progress
> 1.4
E I Ag+Ag {syy = 2.55 GeV
> Lightest known hypernucleus: 2 121 0 - 25% most central
3H: m, = 2991 MeV/c? S T Signal (u + 26) = 1137 + 71
O - Signal / Background = 0.33
= Significance = 16.8
» Very low nuclear binding energy < 3 MeV -
0.8_—
» Reconstructed via its two-body-decay channel i
3H - 3He + 1 (BR = 1/3) 0.6~
. . o . 0.4
> First observation at midrapidity at this energy i
0.2
» Contribution to 3H lifetime measurements -
0 1

2960 2980 3000 3020 3040  306Q
M.,/ MeV/c
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*H = SHe + 1
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