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Outline

Heavy lons Collisions
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Hyperons in Heavy lons Collisions at HADES

Py |

> 2012: Au+Au @ 1.23AGeV (+/snN = 2.42GeV)
7 billion events

> 2019: Ag+Ag @ 1.58 AGeV (+/snn = 2.55GeV)
14 billion events

> Strangenes production close to free NN threshold:
N+N—-Y+ N+ K- +/syn = 2.55 GeV
N+N—-N+ N+ K+ K — /5y = 2.86 GeV
> Strangeness exchange process: I
= *
Y+ n—N+ K L

> Production of Hypernuclei favored by baryon dominance of the
fireball:
1. Produce A
2. A must find nucleons

> Sweet spot for hypernuclei production is below 10 GeV — FAIR
energies
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A hyperon in Ag+Ag
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meson in Ag+Ag
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Hypernuclei in HIC

hypertriton — *H
> mass = 2991 MeV ¢ 2
> binding energy B( JH) = 0.79 MeV/A
> decay branches:

decay channel BR [%]
3H-3He + o~ 27
XH—% + 70 13
gH—>d +p+ T 40
/?H—>d +n+ 0 20

> world average lifetime 211 + 9 ps
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hyperhydrogen-4 — {H

mass = 3923 MeV ¢ 2
binding energy B( *H) = 2.63MeV/A ~ 3.3 B( H)
decay branches:
decay channel BR [%]
AHo%He + 1 50
KH—>t +p+ 33
XH—>t +n+ 17

world average lifetime 218 + 5ps
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Hypertriton in HIC: >H—3He + -
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Hypertriton in HIC: >H—°He + =~ — lifetime
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Hyperhydrogen-4 in HIC: fH—*He + i~
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Hyperhydrogen-4 in HIC: tH—*He + n~ — lifetime
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Hypernuclei in HIC: Au+Au
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Strangeness yields

Au+Au: PLB 793 (2019) 457-463 Ag+Ag
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Strangeness yields

Au+Au: PLB 793 (2019) 457-463 Ag+Ag
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Outline

p+p at 3.5 GeV
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New results from 3.5 GeV — 20 exclusive

> new reactions are analyzed — new anaylsis tools for HADES are being developped (HADES + PANDA

— Neural networks (K. Sumara, W. Esmail, K. Nowakowski)

cooperation):

— Kinematic refit (W. Esmail, J. Riegier. J. Regina)
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New results from 3.5 GeV — %(1385)" inclusive

Inclusive analysis

. 10° [ Subracted tSigma MWD
© 4 Entries 17774
> E Mean 1440
= £ Std D 97.8
S 35F = 2
= F
e r - all data minus sideband
S aE
% E (Blue) - Signal + Background fit
8 25 (Green) - Signal (Breit-Wigner) fit
E (Red) - Background (polynomial) fit
2F
15F
1=
0.5
K e L x10°
10. 25 13 135 14 145 15 155 16 1.65

Invariant Mass [MeV/c?]

M, = 1382.96 + 0.59 MeV/c’
I, =32.7+ 19 MeV/c?
Yield = 15010 + 540 counts

PHYSICAL REVIEW C 85, 035203 (2012)
T T

300 ‘ ]
>(1385)" - A+

<’€ —~-data
B — A non. res.
3 200 —x%on. res.
E -==rnisidentification
5 I Breit-Wigner
=
3 100 ;
o |

0 '

1.3 1.4 1.5 1.6
M(A,m)  [MeV/c?]

Op+p—nK*+3(1385)+ = 2227 +0.89 £ 1 565;?(7) ub

> data from p+p @3.5 GeV are most important sources for projections for p+p @4.5GeV
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p+p@3.5GeV and p+Nb@3.5 GeV beams (2007)

production via p+p—pK*A(1520)[Arn* ]
Antn~ threshold is 220 MeV below total energy for p+p

inclusive analysis of pr~n*=~ final state

dominating backgroud from A**x~ A**r~ channel
also from p+p—A[pr~ K[zt~ |pr*

[MeV]
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wrpn

M
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New results from 3.5 GeV — A(1520) inclusive — reference for dilepton decay channel

p+p@3.5GeV and p+Nb@3.5 GeV beams (2007)

production via p+p—pK*A(1520)[Arn* ]
Antn~ threshold is 220 MeV below total energy for p+p

inclusive analysis of pr~n*=~ final state

dominating backgroud from A**x~ A**r~ channel
also from p+p—A[pr~ K[zt~ |pr*

A selection
10000
8000}
\\ » TMVA based selection
6000
> Aset- Me (1015,1025)

. Ux > B set - outside above
2000]- V- B . . .

r BJB/ > no simulations required
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A(1520) production at 3.5 GeV — reference for dilepton decay channel

A selection

> topological cuts selected by TMVA

A(1520) selection

> sideband analysis for A(1520)

signal

Warszawa. 25.05.2023
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Cross-sections normalizations

p+p p+Nb
> data driven model > with use of UrQMD model
J. Aamczewski-Musch et al. (HADES), Phys. Rev. C 95, 015207 (2017) G. Agakishiev et al. (HADES) Eur. Phys. J. A. 50 (2014)
no.  Channel o [ub] > no A(1520) production included
3-body reactions > but non-resonant Ar~rn* can be simulated
1 A(1520)pK* 56+1.1=0471 > A(1520) simulated with thermal source from Pluto:
2 AAWKO 29.45 +0.08*157 +2.06 > — a static (not expanding) thermal source characterized
3 X0AHKO 9.26 +0.05; 11" +0.65 by temperature Ts = 75MeV and rapidity ys = 1.04
4 Z(1385)*pK° 14.05 + 005:1213 +1.00 . The ch2 test for a different thermal source parameters )
5  A* A(1405)K°  5.0+20% Fout N
6 A*X2(1385°K° 35+20% E ’
7 A*S(13859K0  2.3+20%
4-body reactions ..
Apr*KO 257 +0.02*920 +0.18 A
9  X0pr*K° 1.35+0.02*3-1% + 0.09 s
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1520) candidates

Bt & M (1520) MeV/e®] o p(1520) MeV/c]
p+p pa PDG 1619.5+1.0 not appl.
p+p 1504.5 + 4.7 147 6.7
> red — non-resonant An*n~ aof sim 1515.6 + 2.1 11.3+36
background af + +
. 10 ‘ i
> - 0.0
green — A(1520) signal § %Jr %ﬂ Oprpa(iszox = 7.1 1.1+ 39 pb
M‘UO ‘S‘DU 1 S‘DU 17‘00 ‘4‘00 ‘5‘00 |5‘DD 1700
M . o [MeV] M. < MeV]
p+Nb \
3120
> red — URQMD non-resonant A=x*=~ background * -
. 80
> green — A(1520) signal sof-
" H “oF
> orange — 3(1385) signal oF
FHL TR s
of A(1520) M [MeV/c?] 7 [MeV/c?] [MeV/c?] e R T 0
Mg e n[MeV] M o n[MeV]
p+p 1504.5 +4.7 147 +£6.7 156 +1.0
p+Nb 1507.7 +3.3 147467 346+52 Op+Nb—A(1520)X = 497 +045+ ggg mb
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Cold matter effects on A(1520)

> is A(1520) a >(1385)r molecule? >
> studies of in-medium modifications of A(1405) ‘gg 120F
92 i
25 T T T T T [ © 100} +
_ 20f ] 80} +
e g - !
= - 60} + |
— 15F / 1 I |
] ' i 40f
X g 20:
’_ﬁ IO [ / P . 7] -
A - 1t
2 oy M
: ‘ 1400 1450 1500 1550 1600 1650 1700
Mp%. = n[MeV]

1.6
of A(1520) M [MeV/c?] o [MeV/c?] [MeV/c?]
phys. Rew. G 73, 045213 (2006) p+p 1504.5 + 4.7 147 +6.7 15.6+1.0
p+Nb 1507.7 + 3.3 147 £6.7 346+52
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pK*A combined PWA analysis

> combined PWA analysis of COSY-TOF, DISTO, FOPI and HADES
> contriution of seven N* resonances to pK*A

> 90 % of pK* A production gies via resonances

3 - S 80 -
50
= % 70 E
LR 3 N*(1895)(x14) 260 f
K , o
©o * )
20F i./'/ '\/ N (1650166 0 E N*(1875)(x20)
10 F | , =+ N*(1710) fg /J/‘ N: (1880)
o e e N(IT20) 0 5 I N(1900)20)
0 200 400 600 800 1000 0 200 400 600 800
fs- M, (MeV) fs-M, . (MeV)

Phys. Lett. B 785, 574-580 (2018)
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Outline

p+p at 4.5 GeV
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Hyperons at HADES in p+p reactions

A WO N =

G-PAC 44: HADES il

Production and decay of hyperons, and inclusive hadron
and dilepton production in p+p reaction at 4.5 GeV

. Hyperon electromagnetic decays Y—Ay* and Y- Ay

. Hyperon hadronic decays

. Production of double (==, AA) and hidden strangeness (¢)

. Inclusive hadron and dilepton production as a reference for p+A and heavy-ion

data

p+p experiment executed in February-March 2022

Production and electromagnetic decay of hyperons: a feasibility study with
HADES as a Phase-0 experiment at FAIR

HADES + HADES@PANDA collaborations
Eur.Phys.J.A57,138(2021)
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Eur. Phys. J. A 57, 138 (2021)

Hyperons electromagnetic form factors with HADES

pion cloud (hyper)nucleon

Electromagnetic transitions form-factors (e TFF)

> eTFF are sensitive probes of hyperon internal structure
F(Q?)

p/w/o

virtual
photon

timelike: ~ Dalitz decays:
ete” - BB B — Nete™

spacelike:
e N —e N

charge,
magnetic moment, ...

—anr 0 QZ = 0: . g&%/p%EnDcloud/uED
. . . , , & THTIRRISE e e
— Space-like region |Q?| > 0 is inaccessible for excited hyperons (as a @ 6|72z ssubrems. 1 GED
target or beam) g st
— Time-like high |Q?] is probed by electron-positron anihillation (BaBar, ? :7 RN R
CLEO-C, BESIII) g0
— Time-like low |Q?| available via Dalitz decays in HADES, sensitivity to g —
Vector Meson (p/w/¢p) — Vector Dominance Model — pion/kaon cloud P LA T L

contributions M, (6°) [GeV/ct]
HADES is an excellent experiment for a Dalitz decay Phys.Rev. C95 (2017) no.6, 065205
measurements
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Comparison of strange and non-strange baryons
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Hyperon electromagnetic/hadronic decays

Radiative decay Y—Aete™

> Tests VDM hypothesis (coupling to p,w) for hyperons.

> nn decays complementary to dileptons.
4

’
/
K/ B
beam__target
P

counts.
20.0 MeV

> Independent A(1520) reconstruction via An~n* decay
(BR =6 %), and

> (1385) via Ax (BR = 87 %)

pp — A(1520)+X — An+X

P S P WL
1400 1500 1600 1700
Mz 2. [MeV]

Reference HADES results from p+p

Warszawa. 25.05.2023 R. Lalik

@3.5GeV (t.b.pub.)

Yoee

Projections for HADES with p+p @4.5 GeV; Expected: ~300 events/Y

Hadronic decay A(1520)—An*n+ X

x10°

counts / 20.0 MeV'
N
8

1400 1500 1600

1700
M. [MeV]
Projections for HADES p+p

@4.5GeV;
Expected: ~500k events
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Hyperon electromagnetic decays

»0 production

g- 1520-8i E
] 200 —+ pata
______ Kpltnrestold » 5 200 \ﬂ | » Reconstruction of 20 as reference for A
e e b production and feed-down in Y—Aete~
2

il
i,

Recent HADES results for EuaAY with p+p @3.5GeV (t.b.p)

Ratio Data/Sim
omoo
S et

5,

2

= 4H¢{f!A}}+*HH
L R 8
3 M, [GeVic?

L Radiative decays of Y—Ay

_ e .

» Complementary to Dalitz decay 24 peoaousona 3o P
E 4 Signal Hegion z e

. . 0 N3 jS\geband g
> Y internal structure sensitive to Ay/X%y Ed £
o = I Projections for HADES with
transition rates £25 p+p @4.5GeV:

3

Expected: 1500 events

o

> 3(1385)% and A(1520)— Ay measured
by CLAS

i 10°
% 6 002 002 0.1 16 8
MM (pK°A) [GeV2/ic*] My, [MeV/c*]
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Hyperon hadronic decays - /

PHYSICAL REVIEW C 87, 025201 (2013
= =

0 : - . r . @ Tt ~-data
2,(ORB) %(HNIH) _
201 x X%, )
_ z,(BMN) ~ Z(BNW) 2 o5
Z 4ok ) i
2 s
2
E -60 - . 3
04 0
/ 80 .
o /.”;(/;Bﬂ | | ZZ(HINJH) | 7BMN)
-100 —
60 ) 0 Imlel DMeV] 1360 1380 1400 1420 1440 =
Ry 140 Rez [MeV] 3
=
Prog.Part.Nucl.Phys., 67:55-98, 2012. Phys.Rev., C77:035204, 2008. ié
H
E

> Y decays of A(1405) are sensitive tests of its structure

> Line shape of A(1405) ruled by two poles:

o ¥-n (pp beams [HADES, ANKE])

o K-N (K beams [LEPS] and electro-production [CLAS])
> A(1405) measured in HADES in pp@3.5 GeV via ©*n*

do/dM [ub/(MeV/c?)]

> *x* also allowed for 3(1385)* — overlap of mass peaks

L
16

14 15

. . . | leV/c?]

> ECAL allows to measure A(1405) via 207%—pn~3y, which is not allowed for X(1385)° S
Reference HADES results with p+p

> HADES can improve statistical precision by two orders of magnitude @35GeV
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geness reactions — =~ production

> Motivated by HADES-puzzle of =~ enhancement in p+Nb and Ar+KCl , K/‘
. . . . . eam target
> Production through intermediate high mass (>2 GeV ¢~2) baryonic or PN
hyperon resonance ?? — pp data needed k‘
PRL 114, 212301 (2015) x107
“‘C PHPFI+T AT HT G, =3.6 pb
1071 2 [ — prArK I ¥ total signal
= 4 PHA+K +1t +m ¥ E4p+KT+K?
Qo 0
= — n+A+K +2n*
s p+Z0+K 4t 6. =035 ub
% | — p+p+K 4K } total signal
° § E+p+KT+K*

w AKCI ¢GiBUU oL
103 * UrQMQ I
. 10— s [ P v,
Sy - VS [GeV] e o L
¢ L L I ey e ) L
1 10 102 10° 260" 7280 1300 1320 1340 1360 1380
Vsyy [GeV] M., [MeV c?

Reference HADES results with p+Nb @3.5 GeV and Ar+KCl @1.76 GeV Projections for HADES with p+p @4.5 GeV
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Double strangeness reactions — AA production

750
i I |M, - M, | <20 Meve?
3 p
beam [arge{<< § 4 — ﬁ/A\;kg: soud
P g
K’ 3 Y
> Sensitive to Y-N and Y-Y interaction 05555 N
At Ma,
> Complementary to PANDA program of AA at p+p 5 —
308 k=19, -P,|
> HADES measured pA correlations (Phys.Rev. C94 (2016) no.2, 025201), z HADES p+p T, = 45 GeV
coherent studies with ALICE for pA and AA (Phys. Rev. C 99, 024001) 208 — e
_ @ ALICEﬁp Vs=7TeV
> ALICE identified 6M A and A, but only a small fraction in the interesting 04 ¢ oamem
region of k? < 200 MeV ¢! oal-
> In HADES smaller contribution from feed-down of higher excited states,

and smaller source-size corrections B0 200 500 i

Projections for HADES with p+p @4.5 GeV
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Expected count rates in p+p@4.5 GeV

Electromagnetic hyperon decays (Ay* and Ay)

$(1385)°—Ae*e- A(1520)—Aete" $(1385)—>Ay A(1520)—>Ay
302 352 1484 1559

Hyperon hadronic decays

A(1405)-%070 A 3y A(1405)—>X*r* A(1520)>An x*
3.6x10* 7.2x10* 5.2x 105

Production of double and hidden strangeness

2 —oAn” AA p—K*K~
(4.7 — 47.6) x 10* (0.62-6.17) x 10* 3.1x 108
Inclusive measurement of hadrons and dielectrons
Mee < 0.15GeV/c? Mee > 0.15GeV/c? w—ete” p—ete” Mee > 1.1GeV/c?
5.72x 108 7.41 x 108 5.8x10* 1.86 x 10° 69

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

Hades
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HADES — High Acceptance Dielectron Spectrometer

HADES in 2007 HADES in 2022 Major HADES upgrades:

& RPC (2010)

Pion Tracker (2014)

ECAL (2017-2021)
RICH upgrade (2018)
Forward Detector (2021)
iTOF (2021)
new START (2021)

YV VY VY VY VvV VvYY

Previous experiments:

> various HI beams (Ar+KCl,
Au+Au, Ag+Ag)
> light system beams:
> p+p@3.5GeV ('07)
p+Nb@3.5 GeV ('07)
nT+p /n”+A ((14)
p+p@4.5GeV ('22)

vYyvy

I I I L
oo E 7 2000 3000 2000 2000 3000 2000
Momentur / Charge [MeVic] Momentum  Charge [MeVic]
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START system

Low Gain Avalanche Detectors for the HADES reaction time (T) detector upgrade
(Eur. Phys. J. A (2020) 56: 183)

Warszawa. 25.05.2023

vy VY VY VY

TO detector
mounting position

R S—

LH2 target

timing < 100 ps

PCB in the beam vacuum
rate capability 108 p/s
2cm x 2cm, 96 channels
pitch 387 um

R. Lalik
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Inner TOF

> new trigger detector

> main goal — suppres empty events in HADES
> can also serve as a secondary TO

12 3 4 5 6 7
iTOF paddle multiplicity per event

Warszawa. 25.05.2023

PT1: HADES META MULT >=2
PT4: HADES META MULT && ITOF

R. Lalik
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Forward Detector

> FZ Juelich/IPN Orsay > UJ Krakow

> 704 straws > 1024 straws
> PANDA-STS straws > PANDA-FT straws
Also:

> INP FAS — gas system for HADES
FD/PANDA FT
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Summary
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HADES at FAIR

IHADLES - first detector of FAIR Phase-0 (2018-ongoing)

| Super-FRS (NUSTAR)

SIs1

8 SIS100
(p, m A) [{

p. P. A)
—_—————
HADE l
Eneam
45 10 [Gev]
2 [AGeV]
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Summary

> HADES has rich hyperon program in HIC and elementary reactions.
> HADES has unique dilepton and hadron measurement capabilities.
> HADES can provide first data of hyperon Dalitz decay.

Model of Hyperon Dalitz decay
in the macroscpopic scale

THANK YOU FOR YOUR

ATTENTION
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