Hypernuclei at HADES
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Nuclear collisions at few GeV
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Nuclear collisions at few GeV
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» Hypernuclei might allow deductions on their underlying
Y-N interactions relevant for the nuclear EOS at high densities
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Data: Phys.Lett.B 793 (2019) 457-463



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
spectators detection

Research Program

» Almost full azimuthal angle and polar angles between 18° and 85° covered
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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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Charged Particles

Analysis of Protons, Light Nuclei and Pions
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» 0-10%: Nucleons almost stopped
» 10-30%: Nucleons not stopped

and contaminated with spectators
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Weak Decays

Reconstruction and Analysis of weakly decaying Hadrons
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Weak decay reconstruction
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» Long lifetimes - Off-vertex-topology

» Evaluated by an artificial neural network
TMVA: arXiv:physics/0703039v5 [physics.data-an]
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Weak decay reconstruction
Parameter }Af
» Combinatorial background about ‘ b

factor 10,000 above signals T
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Counts / N,

Reconstruction and Analysis of A Hyperons

x107°
1= HADES Preliminary
I Ag+Ag YSy = 2.55 GeV
L 0 - 25% most central
0.8~ Signal (i + 26) = (2.45 + 0.01) x 10°
i Signal / Background = 3.26
i Significance = 1370.6
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» Very significant signal

m,,. [MeV/c?]

» Detailed analyses of hyperon
production possible

27.06.2022

[(MeV/c)

Events
-
o

e

t

107"

d®N/dp dy / N

1077
10—8 -
10°°

i 0—10

1 0—11

1 0—12

10—13

10°8 = 045<y_ <055 (x10%  HADES Preliminary
102 ¥-0.75<y_ <-065(x107)  Ag+Ag \sy = 2.55GeV

A - 0 - 10% Centrality

:?EW&

%

Il

200

400 600 800 1000 1200 1400 1600
P, [MeV/c]

dN/dt/ N

_ RADES Preliminary
Ag+Ag Vs, = 2.55 GeV
A - 0 - 10% Centrality
10*‘__
10‘5__
L —e— Experimental Yield
i l:l Systematic Err.
| —— PDG-t=263ps
10_6—|II|III|III|III|III|III|III|III
0 200 400 600 800 1000 1200 1400
tdeca\y [DS]
> Lifetime measurement as test-case
» Result of (262 £ 2 * 3) ps

compatible with PDG value
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Reconstruction and Analysis of K2 Mesons
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» Very significant signal

» Detailed analyses of strange
meson production possible
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compatible with PDG value
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Hypernuclei

Reconstruction and Analysis of Hypernuclei
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Hypernuclear Properties

The Hypertriton — 3H The Hyperhydrogen4 — tH

» Mass of = 3923 MeV/c?

» Binding energy B(H) = 2.63 MeV/A
- = 3.3 B(3H)

» Mass of = 2991 MeV/c?
» Binding energy B(3H) = 0.79 MeV/A

» Primarily four mesonic decay channels:
> 3H->3He+n~ (BR=27%)
» 3H>t+n (BR = 13%)
» 3H > d+p+7m (BR=40%)
» 3H->d+n+n°(BR=20%)

» Primarily three mesonic decay channels:
» tH > ‘He + = (BR = 50%)
> dH->t+p+7m (BR=33%)
> 4H->t+n+m0 (BR=17%)

- » Compared to the 3H higher binding energy
Lightest known hypernucleus and BR of the two-body decay channel

» Current World-Average Lifetime: (211 £ 9) ps > Current World-Average Lifetime: (218 £ 5) ps
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Hypernuclei from Ag(1.58A GeV)+Ag

» Reconstruction method = B . O
s I HADES Preliminary s I HADES Preliminary
developed f dke 2 2 Z °F
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» Multi-differential analysis of Hypernuclei production possible
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New: Hypernuclei from Au(1.23A GeV)+Au
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> In case of the tH sufficient statistics to analyze the production differentially
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*H Two-Body Decay: 3H — 3He + 1t
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*H Two-Body Decay: 3H — 3He + 1t
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108

N

—®— Experimental Yield

D Systematic Err.

— Free A-1=263ps

HADIES Preliminary
Ag+Ag sy, = 2.55 GeV

®H - 0 - 25% Centrality

0

27.06.2022

200 400 600

800 1000 1200
tdecay [DS]

» 3H Lifetime measurement to contribute to resolving
the 3H lifetime puzzle

» Lifetime of (256 + 22 + 36) ps compatible with free A
lifetime measured

» Further uncertainty analyses required
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“H Two-Body Decay: tH - “He + 1t
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“H Two-Body Decay: tH - “He + 1t
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» +H Lifetime measurement to contribute to world data
on Hypernuclei lifetimes

» Lifetime of (222 + 8 + 13) ps compatible with earlier
measurements measured

» Further uncertainty analyses required
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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 a, ,,, = 1.45 £ 0.06

Par

» Hierarchy in production thresholds not reflected

» Scaling with absolute amount of ss

| | | |
i o=1.45+0.03
| 42/NDF = 27.62/10 = 2.76

Parl>

Mult / (A

j\O

Au+Au

(A
[ ]

\VSNN = 2.42 GeV
| | | | |
80 90100 200 300 400

Part

Phys.Lett.B 793 (2019) 457-463
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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 a, .., = 1.45 +0.06

» Hierarchy in production thresholds not reflected
» Scaling with absolute amount of ss
» Ag+Ag slope equal within errors a,,,, = 1.46 £ 0.03

» Further reduction of systematic uncertainties ongoing
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1
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New:

» 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 a, ,,, = 1.45 £ 0.06

Par

» Ag+Ag slope equal within errors Opging = 1.46 £0.03

» 3H and 4H Hypernuclei scale also with similar but
significantly steeper slope of a, , =2.77 £ 0.18

» Reflects the increased availability of nucleons in
more central collisions
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»> HADES detector upgraded with FAIR i o cccscseve o
v ® SE
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» 14 billion Ag(1.58A GeV)+Ag events £ ¢
collected in 2019 run of
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» Very detailed analyses of bulk particles I 0”0 o0 i ol
(Protons, Light Nuclei and Pions) 0 a-1d61000 ERBEEPreimnay | 1 £ S c oo e o s gf
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. . . . F K* i w0l @ o & J & ¥ & &
» High quality analysis of weak decays with an /@/ﬂ/ﬁ/ I + .
artificial neural network A%% I TLLEE
> First multi-differential analysis of 3H and 4H gw SRS
production around mid-rapidity at SIS18 o I Sor s s
energies S0 I S R S
» Contribution to 3H and %H lifetime we2772018 1R
¥2/NDF = 0.09/3 = 0.03 - o0~ 4 é,m:” §§‘@ 5
measurements L s Y |
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Outlook: Hypernuclei at SIS100 / CBM

» Energy Excitation functions of Hypernuclei e r
=5 . HADES Preliminary
» Steep rise at low energies due to % 02k *
strangeness production threshold © P ® HADES
[ ¥ STAR
» Drop at high energies due to vanishing B + ALICE
baryon dominance = I —— Thermal
: : 107§ 8
» Maximum production rates around -
\/Syn =4 -5 GeV (CBM physics program) - o _
» Only sparse data on Hypernulcei production I el e
rates available 107 l | | |
10 10° 10°
> Available data support expected trend Originally from: Phys. Rev.Lett. 128 (2022) 20, 202301 | S [G€V]
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The HADES Collaboration
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/\ d N/d y S p e Ct r u I I I zg @__ HADIES Preliminary —8— |ntegrated Yield
% S L Ag+Ag {sy, = 2.55 GeV Systematic Err.
» Longitudinal anisotropy of particle emission % &5?‘_— A - 0 - 10% Centrality T =105 MeV
due to only partial stopping of nucleons in B
the collision zone [
S L
» Longitudinal and transverse kinetic spectra &“‘:_
cannot be described by statistical model with -
single effective temperature QS
Q [
» Effective Temperature of 105 MeV describes Qfo_—
transverse spectra but results in too narrow o [
longitudinal spectrum (Orange Function) Qv:—
QL
» An extended model with additional parameter ol
n describing the longitudinal anisotropy allows Nals
precise description with T =117 MeV and oL |
n =0.21 (Blue Function) -1 —0.5 0 0.5 1
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A\ Lifetime t vs. Decay Length VDX
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A\ Lifetime t vs. Decay Length VDX
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° | I | | | T
St ra n ge YI e | d S VS (A ) 103 o =1.46£0.03 HADES Preliminary —
) Part +?/NDF = 11.41/9 =1.27 A i
K* i
» Production below (at) free NN-threshold: .
N+N H+ A 0[Ba[MeV]  *He+A |
N+ N ‘ w [
> Ene Side remark: Why are the production ]
rates of AH above the ones of 3H? —
17 0.942 + 0.036
> Strang 17 1.081£0.046 14050003 /
M |t i o e s 1.088 +0.019 He 1y |
u H e i
Unlike the 3H, the 4H (and the tHe) have i
> Ag+Agd bound excited states which are populated 1
in addition to the ground states -, |
> 3Han 0~ 2.169 £ 0.042

A. f1 0" 2.347 + 0.036 —
, R _ //ﬁ x%/NDF = 0.09/3 = 0.03 1

» Reflects the increased availability of nucleons in A |

60 70 80 90100 200

more central collisions
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