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HADES Hyperons Physics Program

Hyperon Production
(in pp and HI collisions)

Hyperon Structure
(A\(1405), Hyperon eFF)

Hyperon-nucleon interactions
(via correlation functions)

Hypernucleai Hyperon polarization

(from pp to AA)
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Measurements of A in p+p@3.5 GeV

HADES, Phys. Rev. C 95,
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Resonant production of strangeness in p+p

Combined PWA analysis of COSY-TOF, DISTO, FOPI and HADES data
Contribution of seven N* resonances to pK*A

90% of pKA goes via resonances (at HADES energy)

Phys. Lett. B 785, 574-580 (2018)
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Heavy hyperons production

p+p@3.5 GeV /\(1520) In pp and pr
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/\ hyperon
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Strangeness production in HIC at SIS18

Strangeness production is an important probe for the QCD matter formed in HIC at SIS18
No dedicated “strangeness runs”, anticipated statistics in A+A runs dictated by dielectron program
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AE I T T T T T T T T
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Scaling with absolute amount of strangeness not with individual
hadron states

* Phys. Lett. B 778 (2018) 403-407

050 100 200 363\ ) 0 76 8090100 (2;\;0 * Phys. Lett. B 793 (2019) 457-463
0 ¢ o

HADES, Phys.Lett.B 793 (2019) 457
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= hyperon

Multi-strange baryons - historically a signature for QGP
An impressive set of data, however data below AGS energies are missing for less abundant particles (Z,Q)!

= (far below NN production threshold) is observed by HADES
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=" hyperon, model comparison
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HADES, PRL 103 (2009) 132301
RVUU: F. Li et al., PRC 85 (2012) 064902
UrQMD: J. Steinheimer et al., J.Phys. G43 (2016) 015104
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ART: C.M. Ko et al., PLB595 (2004) 158-164
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Observations:
Double strange hyperon multiplicity above
expectation of Statistical Hadronization
Model (SHM)
Not in equilibrium?
Role of YY interaction, high mass
baryonic resonances?
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Does UrQMD microscopic transport models E
dominant role of high mass baryonic resonances?

Spectroscopy of N* - Z+K+K is badly needed
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A(1405) structure

211 decays of A(1405) are sensitive tests of its structure (Z11/KN poles)

Line shape of A(1405):

* 2-1 (pp beams [HADES, ANKE])

* K-N (K beams [LEPS] and electro-production [CLAS])

NA(1405) measured in HADES in p+p@3.5 GeV via 2*11*, but Z*r* are also allowed for
2(1385)" — overlap of mass peaks
HADES ECAL allows to measure A(1405) via Z°® —p1-3y, which is not allowed for Z(1385)°
Previous pp data suffered from low statistics, HADES can improve statistical precision by two

orders of magnitude
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Cold matter effects on A(1520)
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* is A(1520) a £(1385)xr molecule?
* studies of in-medium modifications of A(1520)
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Hyperons electromagnetic decays Y—Ay* and Y—Ay

eTFF are sensitive probes oh hyperon internal structure
Measurements of eTFF
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Space-like region |Q?>0 is inaccessible for excited hyperons
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Time-like high |Q?| is probed by electron-positron annihilation beam

(BaBar, CLEO_C, BESIII)
Time-like low |Q?| available via Dalitz decays in HADES
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Hyperons electromagnetic decays Y—Ay* and Y—Ay

Comparison of strange and non-strange baryons: i.e. A(1232)— Ne*e  with £(1385)°—Ae*e
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Hyperons electromagnetic decays Y—Ay* and Y—Ay
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AN Interactions

EOS and “neutron star” puzzle

purely nucleonic neutron star agrees with measurements
strangeness softens EOS

* repulsive core of AN interaction is crucial for description
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AN interactions [ [ I ey
In r I n = " R e Ap interaction studied (for the first time) via femtoscopy
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Hypernuclei in HADES

Sensitivity to hypernuclei production in the mid-rapidity region
First observation in HADES in the Ag+Ag run /s y, =2.55 GeV:

~1000 3 H in 7x10° events

allows lifetime measurement, understanding the production mechanism

x10°
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FAIR PHASE-0: HADES Forward Detector upgrade

IHADI=S - first detector of FAIR Phase-0 (2018-ongoing) Major HADES upgrades:
> RPC (2010)

Pion Tracker (2014)
ECAL (2017-2021)
RICH (2018)

Forward Detector
(2021)

SIETET0 (Y _ > iTOF (2021)
W 44 ) > START

» various HI beams (Au+Au, Ag+Ag) in the meantime
> light system beams: p+p@3.5 GeV ('07), t+p/A ('14)
> the next beam: p+p@4.5 GeV

v v vy

Sis18 SIS100
(p. 7, A) (P, P A)

panda
Epeam

45 10 [GeV]
2 [AGeV]
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HADES Forward Detector upgrade: STS

Instruments the field-free forward hemisphere

Straw Tube Stations (STS) compatible with
Phase-1 PANDA STT and FT

Boost physics capability for hyperon e/m transition Ffs

Forward Detector

Target )

STS1 and STS2 installed and tested in HADES veto 7
fRPC full installation in Nov ‘21 (half setup tested) ,nnermF/

Straw Tracker

InnerTOF project to improve triggering efficiency (Q4/2021)

/ N\ \SiPMs
A
\

/3|
scintillators
paddles per
MDC sector

N
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FAIR PHASE-0: HADES Forward Detector upgrade

February 21 test beam
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Summary

G-PAC 44: HADES il

Production and decay of hyperons, and inclusive hadron and

dilepton production in p+p reaction at 4.5 GeV

1) Hyperon electromagnetic decays Y—Ay* and Y—/Ay

HADIES

Table 2: Projected number of events reconstructed during 84 shifts.

2) Hyperon hadronic decays

Electromagnetic hyperon decays ( Ay* and Ay)

3) Production of double (=— , AA) and hidden

A(1520) — Ay

A(1520) - Aete— (1385) — A~y
1484 1559

352 ‘

%(1385)" — Aete—
302

Hyperon hadronic decays

strangeness (@)
4) Inclusive hadron and dilepton production
as a reference for p+A and heavy-ion data

A(1520) — At

A(1405) — TEq+
5.2 % 10°

A(1405) — 010 = A 34
7.2 % 10°

3.6 x 10

Production of double and hidden strangeness

AA ¢ — KK
(0.62 — 6.17) x 104 3.1 10°

=7 = An

(4.7 — 47.6) x 101

Inclusive measurement of hadrons and dielectrons

PRODUCTION AND DECAY OF HYPERONS
AND INCLUSIVE HADRON AND DILEPTON
P

w —eter

Mee = 0.15GeV /e?
5.8 % 10%

¢ —ete
741 % 10°

1.86G x 10°

Mee < 0.15 GeV/e?
69

5.72 x 106

Mee > 1.1GeV/e?

p+p@4.5 GeV beam
scheduled for
February 2022

Eur. Phys. J. A (2021) 57:138
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