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\¢ HADES Strangeness Physics Programme

Hyperon Structure
(A(1405), Hyperon eFF)

Strangeness Production
(in pp, 7A and HIC

esons interactions
(K/ absorption,
KN potential

Hyperon-nucleon interactions
(via correlation functions)

See L. Tolos’s talk

© Clara
Schuster

Hypernucleai Hyperon polarization

(from pp to AA)

See S. Spies’s talk
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HADES at FAIR PHASE-0
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HADLS - first detector of FAIR Phase-0 (2018-ongoing)

FAR HADES

Major HADES upgrades:
» RPC (2010)

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

Forward Detector
(2021)

iTOF (2021)
> START

v yvyy

v

» various HIl beams (Au+Au, Ag+Ag) in the meantime
> light system beams: p+p@3.5GeV ('07), w+p/A ('14)
» the next beam: p+p@4.5 GeV



HADES Forward Detector upgrade

STS/FRPC
* 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

InnerTOF improves triggering efficiency and purity
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Feb22 beam time - p+p@4.5 GeV beam energy F"\IR _I'IAI> £S5

G-PAC 44: HADES 1l

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

2) Hyperon hadronic decays
3) Production of double (==, AA) and hidden strangeness ()
4) Inclusive hadron and dilepton production as a reference for p+A and heavy-ion data

FEB22 experiment from February 2022

p+p @ 4.5 beam energy
5
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Strangeness production
lyperon production

FAR HADES



Measurements of A in p+p@3.5 GeV F-\IR M

(Mainly) data driven model MADES, Phys. Ro. © 9
id  pp— reaction o{Y cross section [ub] 4 var. £(az,aq) H notes H fit result
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LW .4 Resonant production of hyperons in p+p

X
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)
250 F 2o
27 F t S
¥ 40 F N*(1895)(x14) 5 60
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p+p: 2.14 to 3.5 GeV, fixed target 8
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Heavier hyperons production

p+p@3.5 GeV p+p@3.5 GeV

data Pb® Y | A(1520) in pp and pNb

| HADES Preliminary |
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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

ptNb  Vsyy=3.2GeV Ar+KCl s, =26GeV AgHAG sy =2.55GeV

100} i -0.
" signal (+5.0 MeV) = 90 + 18 signal by mO:A7

significance = 4.6

signal/bg = 0.39
significance = 5.0 =
+ + Gauss: integral = 91 + 21 ; ‘
mean = (1317.4 + 0.6) MeV B ol e

[

p (3_5 GeV) + Nb z: d . signal (mean +10.0 MeV) = 141+ 31
n

80—

Work in progress

1 L L L
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dN/dM,_. [1/(2.5 MeV)]
N
o
[
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40 - * % 80— Gauss fit: integral = 142 + 32
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20 _+ E a0 sigma = (4 + 1) MeV
4 ' 2 B0 + J[ H J[ WL t
I | , Wish's z }Hﬁ H ﬂjf H?l # ﬂ%ﬁ- +H+‘ﬁr'ﬁ‘+ﬂ+¥’ﬁ+ﬂ
1300 1350 1400 1450 2 . . 4’ ;Jr Lt
1250 1300 1350 1400 1450 1500 1550
M, [MeV] M,, [MeV]

11
HADES, PRL 114 (2015) 212301 HADES, PRL 103 (2009) 132301
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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?

= hyperon, model comparison

SIS18 AGS SPS
20,
©10= = =
8 R
% 1L il Q40
— § | /
\1 0's + L
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1073 é o §EM é::
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107 £ _ RWUYYONE
= — - B£SMB heavy N*>ZKK
107°¢ i
1 2 3 4567810 20 30 40

Observations:

Collision Energy s, (GeV)

Does UrQMD microscopic transport models =
dominant role of high mass baryonic resonances?

Spectroscopy of N* - E+K+K is badly needed

FAR HADES

HADES, PRL 103 (2009) 132301

RVUU: F. Li et al., PRC 85 (2012) 064902
UrQMD: J. Steinheimer et al., J.Phys. G43 (2016) 015104
ART: C.M. Ko et al., PLB595 (2004) 158-164
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] v
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. o e
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Hyperon structure
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PHYSICAL REVIEW C 87, 025201 (2013)
T P |

A\(1405) structure

o (a) Thp . dalig
— A{1405
p+p@3.5 GeV |, &‘13853
& — A{1520)
data -3 — E1 nonjres.
2 _— total fit
o : e
211 decays of A(1405) are sensitive tests of its structure (Z11/KN poles) N
Line shape of A(1405): 3
« 3-m (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*11* are also allowed for Z(1385)* —
overlap of mass peaks -
HADES ECAL allows to measure A(1405) via Z°r° —pm3y, which is not allowed for Z(1385)° 2
Previous pp data suffered from low statistics, HADES can improve statistical precision by two orders 2
of magnitude il
:
. 107" Phys.Rev.Lett., 95:052301, 2005 9
aa4os) /| i = ' £y = 5530
/ ' T T (ORB) z,(HNIH) o L —Kp-—=>rnZ
/ 20 (XXX, = Soig [ mp-->K'nz
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1T [1/MeV]| > a0k 7,(BNW) ¢ - A
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sof O T = ! g I G £
HHNIE) 7, B = ; g i . g
- 1 1 1 1 i Ho : . & —
560 1380 1400 1420 1440 ©o05 i ‘- ;b - ks
Re[z] [MeV] 120 1400 Rez[MeV] © 1 i = B
i ke
Prog.Part.Nucl.Phys., 67:55-98, 2012. Phys.Rev., C77:035204, 2008. q 3 135 12 145 15 155
MI’ GeV | !1()3

1
1.3 1.4 1.5 1.6
MM(p,K*) [MeV/c’]
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LW .4 Cold matter effects on A(1520)

\
p+p@3.5 GeV .
p+Nb@3.5 GeV * is A(1520) a £(1385)r molecule?
data * studies of in-medium modifications of A(1520) Phys. Rev. C 73, 045213 (2006)
25 T T T v T 2 T
oz T | |
5 =120 p+p@3.5 GeV (scaled) A(1520)-pole
ole - p+Nb@3.5 GeV b |ee pl} g
Ofw = ; - o
= 100} 2 - P2 v
g T | HADES Prelimina = _. p/4 i
80} ry = Po ' .
E & . |— vacuum K
60} + =
- p— 10
40} -+- )
| ORI TR (Y :
7400 1450 1500 1550 1600 1650 1700 1.3 135

M e < [MeV]



LW 4 Hyperons electromagnetic decays Y - Ay*and Y - Ay

X

N %
Y

eTFF are sensitive probes oh hyperon internal structure

Measurements of eTFF

o _ "4 F@) _
timelike:  Dalitz decays: /i spacelike:
efe" BB B — Nete /| e N e N
E
2 | charge,
I { magnetic moment, ...
Lo {
[ | AR
} ' { radius
I | I
| 1 I >
—4M? 0 Q?

Space-like region |Q?>0 is inaccessible for excited hyperons

(as target or beam)

Time-like high |Q?| is probed by electron-positron annihilation

(BaBar, CLEO_C, BESIII)

Time-like low |Q?| available via Dalitz decays in HADES

2 2
AT(Rys3/2 — Nv*) = F(m, My+-)* <l+41 ‘GE/E(MM—) + (1 + 1)1 +2) |G (M) | +

|Gc<M,+l->|2)

FAIR HADES

(hyper)nucleon

16
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Hyperons electromagnetic decays Y - Ay*and Y - Ay

L.G. Aznauryan, V.D. Burkert
Progress in Particle and Nuclear Physics 67 (2012) 1-54

" T spacelike Comparison of strange and non-strange baryons: i.e.
oof {{ A(1232)— Ne*e with £(1385)°—Ae*e (flavor
o8 N ! symmetry partner of A in SU(3))
pion cloud": ™y
R N:S/z \:1 y:uz \:o U=1/2 u=0,1 \J:i/z
n S¥as, 5N
% ] T ) A A0 A A
é— o5k / pion cloud (hyper)nucleon %d dd,u - u&u uu /Q,
&)
04 ] n p/w/e \
quark core L i | :u;: :u‘uj
0.3 virtual S 2 -, £ poiaal |
Gy pn (@) for the y*p — A(1232)Pss ) photon h\ ! -
0.2 E:
B — ] sd
041 | - L :*_s 2 B
10 1 = \ /
Q* (GeV) 55l -
305
N\
8 5 T T T 5 T T T
F|=—==I& Q — . ——— o
E' g = = R&P quark core / QED| +. .+ pioncloud ¢ . pion cloud © M
o 62222 S&M brems. / QED 3L / i
g 55_ Phys. Rev. C 95, 065205 (2017) 3 : 0 o pea .
g f " &
P pro o
B o] p+p@3.5 GeV
g f T data
E =
=2 Ui
w1 e e e o e e e
éJ AT AT P DBt s D473 /,"717.',"//7'17///'/27/-‘/;/5;/////'////«{//;%’7
15 0.2 025 03 035 04 045 05
- e Phys. Rev. D 102, 054016 (2020) 17
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Hyperons electromagnetic decays Y - Ay*and Y - Ay

K/ .
beamp target/‘Y/

107 Yo Ae'e
+ = T T E
p+p@4.5 GeV [ g - e oof
i 2{ o107 le, ——CB 2%
sim - > F
3 = - — signal - Ae'e’ = 80F Complementary HADES results for
. o e la A(1520) > A e'¢’ % 0F | N(1520)—Ar'T from p+p@3.5 GeV
& %lo‘(’ | e L ¥(1385) — A e'e o *2 E
= E — A—>Ne'e Slg OF
F 70 Dalitz 3 so0b l

200 1400 1600

300 350 400

M(e*e) [MeV/c?] M(Ae*e) [MeV/c?]
1520 A{1232) E"(1385) A(1405) A{1520)
Madel Py A{1116)y  E{1198)y| A{1116)y BO(1198)y | AQ1116)y  EO{1183)y o= 3<103
NRGM][3, 4 F60[14 73 72 200 T2 156 55 W al + Background+Signal
KN threshold r{cgmr[s ] e 267 23 118 16 215 20 =02 " i -+ Background
¥CQM6] 350 266 174 S o8t HH Bl =,
1385 MIT Bag[3] 152 15 B0, 17 18, 27 16 17 o F
Chiral Bag 7] 75 1.9 32 51 3 07k
Saliton 8] 743, 170 19,11 | 44,40 13,17 €
Skyrme]d, 10] 309-348 157-209 T.7-16 3 0.6
Algebraic model[11] AT 7213 R 1160 155.7 5.1 180.4 (ST
HByP T2 [670700) | 290-470 1436 0.5
1/N. expansion|13] 298 +25  249+41 F
1192 Previous Experiments |640-120[30] | <2000[22]  <1750[22] | Z7L8[19] 10L4[19] | B3Ll1[17]  47TEL7[17] 0.4
2347[19] | 134223(16] 03k
y 159+33426(18) ~E
This experiment 479 £ 12073, 167 = 43775 0.2F
0.1
K E. Kaxiras et al., Phys.‘Rev. D32, p. 695-700 (1985) ofi i ] e Ix10°
* C. Granados et al., arXiv:1701:09130 (2017) 113014. 248 H4 @95 16 H7I 18
beamm  danget Y/ G. Ramalho et al., Phys. Rev. D93 (2016) 033004 M, [MeV/c?]
— S5

P S. Taylor et al. (CLAS Collaboration), Phys. Rev. C71, 054609
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Hyperon-nucleon interactions
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AN interactions

* EOS and “neutron star” puzzle
* purely nucleonic neutron star agrees with measurements

* strangeness softens EOS

FAR HADES

* repulsive core of AN interaction is crucial for description

JMeu

PB Demorest et al. Nature 467,
1081-1083 (2010) doi:10.1038/nature09466

PMNM

PSR JO248+0432

AN + ANM (I1) FEA J1§14-2230

M [My]

AN + ANN (1)

m—

Phys. Rev. Lett. 114, 092301

10°
107
[
i=]
© /
€107 |
85 [ |
@ | I
-
10° G|
H : \ Il’
L a |
o L e
00 03 06 O 1.2 1.5
Density (fm™)

Phys. Rev. C 53 (1996) 1416
2V
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AN interactions

" — ("), =2.9901m . . . . . .
=" ee P =2 A\p interaction studied (for the first time) via femtoscopy
< 10°
o S C _ P(pla p2)
i #Nb sy =3.2GeV 5. (P1P2) = B(oy) - P(pa)
af p Syw=3.2Ge 3" T% 1 2
Q
2.5 » %
N : . . .
=< o e+ NLO LO N Access the region of very low relative hyperon-nucleon
= s oy =321 momentum (k < 50 MeV/c)
U o -E ¢ =t ot(ry),  =2.622fm
1.5 £
F o
1t i 3 10’; 4 . -
c . | Source size uncertain
0.5 L . I ‘ | ‘ i %
0 50 100 150 200 10 ?
k [MeV/c] ok ' = AN, EN further studies in high statistic p+p and p+Ag in 2022+
—10°F — ("), =3.237fm
HADES, PRC 94 (2016) 025201 E ol L
J. Haidenbauer et al., NPA915 (2013) 24 oy
B 10’k
+
;\2. (b) ;—\LCE lr 7TIV £ (c) IALCE Ir 7TIV % 1027 p p@§.5 Gev
Souf: ® MCEmBeTIN 4 & L © AcEmEeTTey 3 sim
e | é bl B ﬁ e | N ; " %‘%— Vsl -
Syst. uncertainties Syst. uncertainties r > *_ |13 -B
2 —Fimluscopic fit (NLO) ] 25H —Fimlcsccp\'c fit E I'*o 61 [fm] L |MA- M, | <20 MeVc? 2 0.8* k=] p/\‘ - p/\zl
18 — Femtoscopic fit (LO) . — Femtoscopic fit (STAR) ” 5 H TR % i HADES psp T =45 GeV
14 © B 2 06 — AA,G=0.35 b
3 | esEpgtsey | 00 bl
12 1 j-s‘- > b= 22&; e = » ALICE pip 5 =7 TeV
1 osk 3 -'g : i ¢ AANDAA
N oI 5 \
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2 a -
k* (GeVic) k* (GeVic) / L o, 02
Phys. Rev. C 99, 024001 (2019) AN interactions a e st ! S SESS———————

2300
M, + M, [MeV c?] k* [MeV/c]
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Ag+Ag S,y =2.55GeV
non-central heavy-ion collisions &4
large orbital angular momenta &4
p+Nb /s, =3.2GeV vortical structure of the system?
global spin polarization of the particles

A polarization

:-,(:' 0* = E 07 3 '@' [ T T T TTTTT T T \\HH‘ T T \\HH‘ T TTTTT] P 8 (Sin(lPEP_¢;))>
o L - | A=
-0.1- _+_ ¢ -+ 1 + - 6— :ADEZ::II:ZH:ZS GeV 10-40% — ma, REP
+ _+_+* +,+ I 0 1 = + + + + + % — &< : . Au+Au g: 2.4 GeV 10-40% :
-0.2F \ 5 r 0.2<p,[GeVic] < 15,-05 <y, <03 E
-04- 0.3 1 F 1 ‘ ‘
0 260 460 660 860 160012601400 012 0.‘4 0‘.6 0.‘8 i 1.‘2 3;7 H 7; ;\‘_f‘ :; :;:’AEQS E(:‘:.‘:;YGEVW—AO% : ;‘:‘; E; ::f:: E(:‘:.‘:;ycevmato% =
pt [MeV/c] y F + 7 R [ 200<p, MeVic] < 1500
2 4 % 1 % 3
B - ,f_,/—"-‘ —]
(P) = —0.119 £ 0.005 (stat) £ 0.016 (syst) 1 MM 3 & b1 ﬂ - l ‘
[ JP = b | 3 I
S S wad p R I 1 L
C =l [ W posos (2020) 135208, b 55im = B o O E
Negative values of the polarization in the order *11’ b i D BB e e R e o
. t cMm
of 5 — 20% over the entire phase space sy [GeV]
HADES, Eur.Phys.J.A 50 (2014) 81 P , still shows the increasing trend from

7.7 GeV down to 2.4 GeV

F. Kornas et al., HADES, Springer
Proc.Phys. 250 (2020) 435-4593
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Table 2: Projected number of events reconstructed during 84 shifts.

G-PAC 44: HADES 1l

Electromagnetic hyperon decays ( Ayv* and A«)

Production and decay of hyperons, and Y(1385)" — Aete- | A(1520) — Aete- ¥(1385) — A~y A(1520) — Ar

inclusive hadron and dilepton production in 302 352 1484 1559

p+p reaction at 4.5 Gev Hyperon hadronic decays

1) Hyperon electromagnetic decays Y—/Ay« A{1405) — X07" — A 3 A(1405) — XHa¥ A(1520) — Am
3.6 x 10 7.2 % 107 5.2 x 10°

and YAy
2) Hyperon hadronic decayS Production of double and hidden strangeness
. _ . = — Am AA h— KTK~
3) Production of double (=— , AA) and hidden (4.7 — 47.6) x 104 (0.62 — 6.17) x 10° 3.1 % 106
StrangeneSS ((p) Inclusive measurement of hadrons and dielectrons
4) Inclusive hadron and dilepton production Moo < 0.15GeV/2| Moo > 0.15GeV/c2| w —ete~ | ¢ — ete- | Me > 1.1GeV/c?

5.8 100 | 186 x 107 69

as a reference for p+A and heavy-ion data 5.72 < 10° T4l x 107
Eur. Phys. J. A (2021) 57:138
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