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A\ production

» Resonances play significant role in the low energy QCD sector (/s < 5GeV) reactions.

> pp = pK*A ~10% > pp —» KoAprt ~10% > pp — A(1405)A**K®  ~90%
> pp =2 pPR—- pK*A  290% > pp —» KOAA™  ~90% > pp = AlprKO ~10%
non-resonant production intermediate resonances production associated resonance production
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Studying A in proton+proton reactions

» Pin down contribution of A*, 2*, A*, A** and N* resonances in the beam kinetic energy regime of 3.5 GeV.
» Tuning of transport models (GiBUU, UrQMD) and calculations.
» Production in elementary system as input for AN interaction in nucleus (p ~ pg) and neutron stars (p > po).
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AN - attractive, ANN — repulsive ?
(Ap scattering from = + A — A + K data in Hades)
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N\ production channels

pp — reaction cross section [pb]  anisotropy HADES meas. notes

3-body channels

A+p+K* 36.26 v v 1
S0+ p+K* 15.5 v 2]
A+ AT+ KO 29.45 v v 31

0 4 At 4 KO 9.26 v v 3]
A+ AT +K? 9.82 v from res. mod.
£O+ At +K* 3.27 v from res. mod.
¥(1385)" + n+ K* 22.42 v v 4]
2(1385:)(; tpt Ki) 14.05 v v B3] [1]  G. Agakishiev et al. PL B742 (2015).
E(1385)% +p+ K 6.0 v v 151 [2] M. Abdel-Bary et al. EPJ Ad6 (2010). [Erratum: EPJA46.435(2010)].
A(1405) + p + K* 9.2 v v [4] [3] G. Agakishiev et al. PR C90 (2014).
A(1520) +p + K* 5.6 v v (4] [4] G. Agakishiev et al. PR C85 (2012).
ATA(1405)K° 50 6] 5] G. Agakishiev et al. PR C87 (2013).
A**Z(li{SS)OKU 35 161 [6] G. Agakishiev et al. PR C90 (2014).
A*E(BSS)*KU 2.3 161
ATA(1405)K* 2.3 compl. to above
A*3(1385)0K* 2.3 compl. to above

4-body channels

A+p+7t+K° 2.98 v 3]
A+n+7t+K" 221 fit res. mod.
A+p+7Y+K*F 1.72 fit res. mod.
0 4 ptat + KO 134 v 31
20 4047t +K* 221 fit res. mod.
30 4 p 470 + K+ 1.72 fit res. mod.
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HADES — High Acceptance Di-Electron Spectrometer

See G. Agakishiev et al. EPJ A41 (2009) for details

> located in GSI Helmholtzzentrum for Heavy
lon Research, Darmstadt, Germany

> fixed-target experiment

> SIS18, beams up to

> 3.5GeV for protons
> 1.25AGeV for Au
> 0.6GeV/cto 2GeV/c for charged pions
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> 85 % of azimuthal coverage

> polar angle interval from 18°to 85°

» forward coverage of 0°to 7°

> momentum resolution 1% to 4 %

> very efficient PID (i.e. kaons) via dE/dx, TOF

R. Lalik



Experimental production of Hyperons

> low energy (close to the threshold Vsnn — VSw:) €xperiments allow to reach large densities

PP = @ O =— prd
{ - .
pNb — @ X @ =——  Oprod. +0scat.  density ~ pg
Agakishiev et al. Eur. Phys. J. A50 (2014) 81
Au+Au

oo -
[ [ ——  Oprod. +0scat.  density ~ 3pp
< L%
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N\ reconstruction in HADES

A decay modes:
pr~  63.9+05%

> duction in LH, target regi

production |.n ly arget region O 358+ 05%
> reconstruction via A — pr~ decay
> tracking in four layers of Multiwire Drift Chambers

L T . > cT =78.9mm

» particle identification with dE/dx and momentum

(magnetic field) > PVres =3.8mm

> SVres=1.8mm

!
3
8 Magnet
° Secondary K
Vertex (SV)
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Vertex (PV)

MDC tracking

Beam 5
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Invariant mass and analysis chain

» Several topological cuts are applied to purify the sample

Production Model
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S I : |
L ! 1 M= 1115122 £0.009 MeV/c? s
8 r 1 1 $=(2582+12)x10° S/B=047 Dlgltlzat|0n
100 | |
[ ; | M= 1115.683 % 0.006 MeV/c®
r o A Correction matrix
[ ! ! Data Correction
[ -~ jk and Normalization
S e E e peesstesetesrer Comparison
1100 1150
Invariant Mass of p and 7 [MeV ¢?] .
» S =~ 258k As
» S/B=047
Conducted differential analyses Cross-check analysis
> pr-yms > Full phase-space

> peMS.cos HUmS
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Kinematical distributions from data
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Kinematical distributions from data

08<y, <-06 04<y, <02 00<y, <02
375 < p, < 450 [MeV/c] 375 < p, < 450 [MeV/c] 375 < p, < 450 [MeV/c]
E M"/ > Fit of the (r~,p) invariant mass distribution in each
2 b ) .
(Pt-Yems) OF (Pems-COS Bcms) bin — extraction of
signal (see figures below).
) 1100 1150 1100 1150 1100 1150
M [MeV/c?] M [MeV/c?] M [MeV/c?]
x10° x10°
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— = 12
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E 19038 - 22243 >§ 2213.6 | 6223.2 57934 3849.4 65.556 8
Q_‘_‘ Q 101.27 1390.3 14659 1185 481.01 6
4757.2 =z
1041.7 t\_b 4
2
L L L Il L O L L L L L L L 0
Y8 06 04 02 0 0.2 -1 -0.8-06-04-02 0 02 04 06
Yem cosb,
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Geometrical acceptance and reconstruction efficiency

p [MeV ¢
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47t simulation input

Reconstructed signal

02 04
Y,

cm

02 04°

cm

Corrections procedure:

1. All channels are simulated with weights equal to
their cross sections and anisotropy (SIM sample).

2. Further they are filtered with the HADES acceptance
and efficiency (FSS sample)

3. A = FSS/SIM determines correction matrix
4. Data correction in each bin: D™ = p™meas //F

Normalization:

» Data are normalized to total proton-proton elastic
cross-section.
A. Rustamov, AIP Conf. Proc. 1257, 736—740 (2010)

» The normalization uncertainty is +7.3 %.

Data corrected in such a way can be compared with 47
simulations (within the acceptance only).
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Experimental data and production model
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—— HADES pp
B8 Prod. model

—— A+p+K" (PWA)

— A+AT+KT

—— A+AT 4K
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- 2% ANKY

S 20 ATKC

£*(1385)+n+K*

A(2050)" +n

£°(1385)+p+K

x%(1385)+p+K*

A(1405)+p+K*

A(1520)+p+K*

AT +A(1405)+K°

< A™4x%(1385)+K°

A'+E*(1385)+K°

- - A"+A(1405)+K*
A'+2°(1385)+K*

0



Experimental data and production model
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Although model is based on solid experimental results from various exclusive channels, a few of them are based
only on approximations:
» pK=0 — production anisotropy (absent) was extrapolated from COSY measurement at 2.95 GeV beam energy.

> The A* channels were approximated with the measurements of the A** channels: factor 3 from the isospin
rule for the cross section, the same anisotropy.

> A*(A**)Y” cross section approximated with another HADES analysis, no anisotropy constrained.

HADES upgrade (to be ready in 2018):

> Electromagnetic Calorimeter (ECAL) —
reconstruction of 20 — A +y

> Forward Detector (FD) — bigger
acceptance required by A* channels
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Extraction of the total cross section

for cos 0 distribution

x10°

0.0366 0.00802 0.00373 0.0037 0.00229 0.00197 0.00173
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Extraction of the total cross section

for cos 0 distribution

x10°

0.0366 0.00802 0.00373 0.0037 0.00229 0.00197 0.00173

-0.0666 0.0321 0.0253 0.0199 0.0177 0.0223 0.0305

0.246 | 0.116 0.0621 0.0553 0.0487 0.0462 0.0592 0.0804
0.307 0.0907 0.0877 0.0875 0.0906 ' 0.122

0.122  0.123

p,. [MeVc

0.1  0.0942 0.0894 0.0863 0.0849
0.0424 0.0414 0.0407 0.0402 0.0399

0.00664 0.00659 0.00656 0.00657 0.00655

-0.5 0.5

d°c/dcostdp__ [1/MeV ¢

0

]
cos6,,

With simulation extrapolation

Data fully cover one hemisphere. We need to mirror the spectrum over cos 6cms = 0 to cover full phase-space.
Overlapping points are averaged with error weights.
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Extraction of the total cross section

for cos 0 distribution

p,. [MeVc
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Extraction of the total cross section

for y distribution
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Extraction of the total cross section

for y distribution
—
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With simulation extrapolation

Data fully cover one hemisphere. We need to mirror spectrum over cos O¢ms = 0 to cover full phase-space.
Overlapping points are averaged with errors weights.
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Extraction of the total cross section

for y distribution
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o(pp — A\ + X) cross section extraction

do/dcos6, [1b/0.2]

o(x) = 6/2 [ a Pg(x)+a,Py(x)+a,Py(x) ]

i 6p=207.7 £1.1 =
a, = 1.000 +0.000
ay= 0,812 + 0,014

n
o
o

L e 2’2 0,168 + 0.017 =
100+
: - oS
O S5 o 05 1
€086,
71 0.3
6 =2058+1.5 718493 b

» cross-section

+ exp. statistical

+ exp. syst. (corrections)

+ exp. syst. (normalization)
+ model extrapolation
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> simple average:

. 200 ===
8 - — —+—
S i
g |
= [
Z 100 T -
5 i
] i
=== ——
B84 004 Los
0=208.8+1.1*39:83+0% 1p
alpp —» A+ X)=2073+13*5% +84 0% b
» cross-check analysis:
olpp > A+X)=201.9+4.1*78 £ 147 b
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World data

pp — A + X: comparison to world data

- 4 ppoA+Xselectedworlddata i COSY pp—pKA
" #  HADES pp—A+X ¥ LB pp—pKA ¢
1 03 ¢ ppoA+Xmodel  ----- pKA phase-space fit
Y HADES pp—pKA

. PSR

—_
(@)
N

%Yv%f ¥y

cross-section [ub]

' Y

gﬁi
25 3 35 4 45 5 55 6
/s [GeV]

INPC 2016, Adelaide, Australia R. Lalik



Summary

» Cross section of the A production was estimated to:

olpp — A+ X)=207.3+ 1383 £84 9% b,

> Differential cross section has been determined — significant anisotropy is found for the A production.

» Model accuratly describes experimental spectra in range —0.6 < cos O.ms < 0.6 and for p > 500 MeV/c.

» But undershoots data in backward direction at cos O.ms < —0.6.

» Looking forward for the future experiments at HADES with ECAL and FD, also p+p.
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HADES collaboration

Thanks to all HADES collaborators
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Differential distributions of the model

Production model, all channels summed coherently

pi-y<™s phase space
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Hunting for A in proton-proton reaction

Motivation
10° Neutron star mass-radius diagram.
10™ p
P
g | /0
E’ [/ U,=+30 MeV
-2 1 T
s 10 / s U=18Mev ]
10° | Y s =
A Lo &
: A =
10 " A »(-sb
0.0 03 0.6 0'973 12 15 7 8 9 10 1" 12 13 14 15
Density (fm~) Radius (km)
PB Demorest et al. Nature 467,

1081-1083 (2010) doi:10.1038/nature09466

Phys. Rev. C 53 (1996) 1416
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Hunting for A in proton-proton reaction

Motivation

Phys. Rev. Lett. 114, 092301
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