Variety of Strangeness
Physics with HADES

Mo., 4.3.2013
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Strangeness in Matter HADES

N. Mishustin P. B. Demorest et al:, thurel467 (2010)

J. Schaffner and I.
Phys. Rev. C 53, 3 (1996)
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The HADES experiment

ZA\

High Acceptance Di-electron Spectrometer
GSI, Darmstadt

Y4

HADES Coll. (G. Agakishiev et al.),
Eur. Phys. J. A4l (2009)

* Fixed-target experiment
* Full azimuthal coverage, 15°- 85° in polar angle -
* Momentum resolution=1%-5%

* Particle identification via dE/dx & Tof
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Strange Resonances in p+p
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The A(1405) s

Resonance in 21t

I(JF) = o(37)

A(1405)
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The A(1405) o

Resonance in 21t

I(JF) = o3 7)
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The A(1405) s

Resonance in 21t

I(JF) = o3 7)
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The A(1405) EATES
Resonance in 21t
1(JF) = 0(37)
N\(1405)
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The A(1405) TS

Resonance in 21t

I(JF) = o3 7)

A(1405)
4 Resonances: 2(1385)% A(1405) A

L ] 1 l | >

i | |

1200 1300 1400 1500
Vs [MeV]
Thresholds in KN

\ MeV 1327-1337 1432-1437 )

KN — interaction is attractive in the 1=0 channel
 possibility of KN bound states
 K-N potential in the Vacuum
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The A(1405)

Resonance in 21t

I(JF) = o3 7)

A(1405)

Resonance

Bound state

Resonances: 2(1385)% A(1405) A
| | d l —
1200 1300 1400 1500
Vs [MeV]
Thresholds in KN
\ MeV 1327-1337 1432-1437 y
KN — interaction is attractive in the 1=0 channel Hyodo et al., Prog.Part.Nucl.Phys. 67 (2012)
* possibility of KN bound states O B I
e K-N potential in the Vacuum Magas et al., Phys.Rev.Lett. 95 (2005)
* Coupled channel approach based on Chiral ;;iﬁeiteilé’l.Ifugig/z%lz;tzf7éj5é2?2§)99)
Dynamics generates the A(1405) dynamically = R.H. Dalitz et al., Phys. Rev. 153 (1967)
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Reaction - Reconstruction HADES
p+p 22 A(1405) +p+ K™
- YT + 7T
- 16.11%
> Y _|_7T—I—
L. n-+m 33.33%

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 11



. . V7 A\
Reaction - Reconstruction HADES

3.5G€V> A(1405) @@

p+tp
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Results —
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HADES coll. (G. Agakishiev et al.) Phys. Rev. C 87, 025201 (2013)
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HADES Signal in the Context RADES
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Agreement with t-Experiments o=

D.W. Thomas et al. Nuclear Physics B56 (1973)
A. Engler et al. Phys. Rev. Lett. 15, 5 (1965)
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Theory vs. experiment HADES

) ¥
MU

D.W. Thomas et al. Nuclear Physics B56 (1973) Hyodo et al., Phys.Rev. C68 (2003) 065203
A. Engler et al. Phys. Rev. Lett. 15, 5 (1965)
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HADES

Kaonic Cluster

Is this possible?

N Wy
Y
Part of the A(1405) Resonance

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013



A

The Kaonic Cluster HADES

Charge +1
Strangeness -1

Configurations  ppK-, pnK°

Baryon Number 2
[ 1
S 0
|, 1> |1/2,+1/2>
JP 0

Range of predictions for
binding energy (B) and width (I
B(ppK’)= 14-80 MeV

[(ppK) = 40-110 MeV/c?

\_ %
Y
Iy =1
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pn combination

p+p
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—— AN+p
— 3% +p
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Mass observables

N\

HADIES

Inside HADES acceptance

P

400

200

| | |
1600 1800 2000 2200
2
IM, . [MeV/c?]

Inside WALL acceptance

* .
N* ? TWO/-/(I'npr ‘

i

L3

| | oY
1800 2000 ) 2200
IM,, [MeV/c?]

[
1600

og’E’Ss

Counts - Normalized

Counts - Normalized

s0- ppK-?
++++
g
400 J t
#
4
g '
200 4 *
& +
R T
IM,, [MeV/c?]
4 -2
. +++ +++ ppK r
t
co
+
200|- + i
+ ++++++ ;
. o,
+ e,
D00 2200 2400 2600

IM,, [MeV/c?]

®: E. Epple for the HADES collaboration

DPG Frihjahrstagung, Dresden 2013 19




£ |.gs:
—
+
U

Mass observables

A

HADIES

Inside HADES acceptance
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Mass observables HADES
Inside HADES acceptance

Wo,-/r
- 600 l::T'in g"ess mass of A+p =2053.96 MeV/c?
ﬁ ;++++ ++ mass of 2%4p = 2130.82 MeV/c?
E anoL ﬂ 4 mass of p+p+K =2370.22 MeV/c?
2 +++ .
@ #o "
E 200- 4
Q + +
(&) #

Ow‘h;zbo 2:4'00 2600
o [MeVic?] What are the background sources
Inside WALL acceptance that obscure the signal?

4 Work 1,
o
N 400 f ++++ ; Progy €ss
£ T
S f
T t #H
é i Mty fu
) + i 4
(&) + +**+

- | LI ]
2%00 2200 2400 2600
2
M, [MeV/c?]

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 21



AN
Sources for p+K*+A AADES

Searched Signal

3.5GeV .
p+p 2225 "ppk " +K*)

Expected background process

3.5GeV
p+p =5 NFF 4

N+ KT
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Sources for p+K*+A

A

HADES

Searched Signal

3.5GeV .
p+p 2225 "ppk " +K*)

Expected background process

5GeV
D+p 3.5GeV, it

—r
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Sources for p+K*+A =0
Searched Signal Observables 4t
p+p 3-5GE‘V: "PPK™" +@ 1o Simulation
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(1650) ar My MV
N *+
p+p 3SGeV N*+_|_ N**(1720) 0.8
N*+(1900) |
L"C/DF N*+(2190) £
§ 0.4 77
% 22 2.4 26 | 24510

o4 [MeV/c?]

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 24



7 A\
Bonn-Gatchina PWA f:\

http://pwa.hiskp.uni-bonn.de/

A.V. Anisovich, V.V. Anisovich, E. Klempt, V.A. Nikonov and A.V. Sarantsev
Fur. Phys. J. A 34(2007)

What we included to model the PK*A process:
N* Resonances in the PDG with measured decay into K*A

Notation in PDG old Mass GeV/c? | Width GeV/c? | Tak/Tau
N(1650) = | N(1650)S11 1.655 0.150 3-11%
N(1710) 7 | N(1710)P1; 1.710 0.200 5-25%
N(1720) 27 | N(1720)D13 | 1.720 0.250 1-15%
N(1875) 2~ | N(1875)D13 1.875 0.220 ?
N(1880) £* | N(1880)P11 |  1.870 0.235 ?
N(1895) 2~ | N(1895)S11 1.895 0.090 ?
N(1900) 27 | N(1900)P;3 1.900 0.250 0-10%

And the production of pK*A via non resonant waves

This is a log-likelihood minimization on an event-by-event base

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 25




N\

laa® | |
1600 1800 2000 2200
2
IM, . [MeV/c?]

0 \ |
2000 2200 2400 2600

IM,, [MeV/c?]

Systematic uncertainty HADES
Inside HADES acceptance
- W, . | Dat

} N* ? _ppK? 9% ata
? t ; ° PP " ?p"ogresS Systematic of
= a00 } ++ } +++++++++++ = 4 S best PWA
£ b E 400 b # solutions
2 1 'H'+ 2 4
- i % - § :
" t " +
€ 2 % € 2000 !
= = *&
3 ¥ 3 :

000 1800 2000 2300~ Ao 2200 240 Z600
IM,, [MeV/c?] IM,, [MeV/c?]
Inside WALL acceptance
- WYork s, ]
f N* ? } n py,

T +++ b g +++ +H 9ress
5 pool * ST % ppK?
E oy g {4
5 f 5 f
= ++ hit < t #
2 L » 200 4
3 - f A 3 + Jr++++++++
o + +++ S t 4

4 +*++* + +++++

®: E. Epple for the HADES collaboration

DPG Frihjahrstagung, Dresden 2013 26




AN
LO Ca I-p-va | u e HADIES
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Local-p-value HADES
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Local-p-value HADES
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Local-p-value HADES
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HADES

P+p

S—38

Cold medium effects
S=+1
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Reaction ATES

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 32



. 7 A\
K-Nucleus Potential HADES

Inside the Nucleus:
The K° experiences a potential
due to the surrounding nucleons.

HADES Ar+KCl 1.76 A GeV

HADES Collaboration (G. Agakishiev et al.),
Phys. Rev. C 82, 044907 (2010)

x1 0'6 '0.0I7< yc.m. <0.07

Blscher et al.
Fur. Phys. J. A 22, 301 (2004)

=1.5)
10

I T
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m —1QMD (c = 0.0)

s 30f “IQMD (o = 0.5)]
FOPI t+A, ANKE p+A © —1QMD (o = 0.7)
Benabderrahmane et al. E 20 _:gmg EG‘ = :g;

- - o =1.2)

Phys. Rev. Lett. 102, 182501 (2009) % _1QMD (@ = 1.35)

>

2

S

=

T

Uope = #2015 MeV extracted
from comparison with 0
transport-model calculations
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p, [Mev/c] of K%

Transport simulations with

Uope = +39 MeV fit the data best
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Reconstructed Signal HADES
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Tuned GIBUU s

s acc. and eff. corrected data

_ -“ON _ GIBUU simulations (---orkg.,—tuned)
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K. Tsushima, A. Sibirtsev, and A. W. Thomas,

Phys.Rev. C 59, 369 (1999) p+p— ATt +A+KC x 0.4

p+p— ATT/At + 9% K0 x0.7

p+p— ATt +Y* +K0  implemented
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HADES

Tuned GIBUU
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HADES

P, distributions in p+Nb

p+Nb @ 3.5 GeV Zy, =41, Ny, =52

Things to be aware of:

1. p+p could be tuned to the data

2. Some p+n cross sections are not constrained by experiment
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An Outlook on A's HADES

T T T I I -
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Au+Au
Work in progress
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Strangeness in Au+Au 1. 25 AGeV AADES
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Pion induced reactions
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Tracker for the -Beam EatEs
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Tracker for the m-Beam HADES

Q Quadrupole magnet
D Dipole magnet

Pion .
Production e .
Diamon
Target\ Q Q . Silicon Detectors detector
SIS g i ” | . |
: 33m .
Rafal Lalik, HK 35.3, Di 14:45
Poster

Joana Wirth, HK 52.21, Mi 16:45
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Tracker for the m-Beam HADES

Will be ready by autumn

Q Quadrupole magnet
D Dipole magnet

Pion o
Production A 0 .
RS iamon
Target\ Q Q . Silicon Detectors detector
SIS g i ” | . |
: 33m .
Rafal Lalik, HK 35.3, Di 14:45
Poster

Joana Wirth, HK 52.21, Mi 16:45
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t + C/Cu/Pb
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Physics with Pion Beams _—

t + C/Cu/Pb
Ugpt = +1 U(r)
Takes into account the modified Takes into account the presence of
energy of a particle inside a nucleus more than one open channel.
* Modified production rates * Inelastic scattering
* Modified momentum distributions * Absorption by formation of a
resonance
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Physics with Pion Beams HADES

How to measure?

t

do/dp [ub/(MeV/c)]

0.05<y :: <015 pt

distributions

%

500

1000
p, [MeVic]

t + C/Cu/Pb

+1 U(r)

How to measure?

Differential ratios of particle yield

KO,K*,K-, d and A

Transparency measurement
On-A—-K-+X

f(A) - On-cok-+x

Ta=
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What you should take home RADES

* A(1405) measured for the first time produced in p+p in the Z*/-nt/*
decay channels
Anomalous mass shift similar to pion induced reactions
* A search for kaonic nuclear bound states has revealed no signal at 3.5 GeV

* A large statistic of K% is analyzed in p+p and p+Nb

Data are compatible with GIBUU including a potential

Measurement of elementary production cross sections is on the way and
essential for the description of nuclear systems

First signals from Au+Au yield a lot of prospect for future physics results

Pion-beam experiment — planned for this year
Measurement of real and imaginary part for KN potential

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 48
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HADIES

Backup
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s HADES Talks 1 s

e HK 17.3 Mo 17:15 HSZ-204
m° and 7 production in proton-induced reactions measured with HADES
Malgorzata Gumberidze
* HK 52.32 Mi 16:45 HSZ 2.0G
General readout scheme for the HADES Electromagnetic
Calorimeter: status and perspectives
Behruz Kardan
e HK 35.3 Di 14:45 WIL-A221
Development of the Pion Tracker for HADES spectrometer
Rafal Lalik
e HK 4.5 Mo 12:15 HSZ-204
Reconstruction of rare hadronic signals in Au+Au at 1.23A GeV with HADES
Manuel Lorenz
e HK 4.2 Mo 11:30 HSZ-204
HADES at SIS-100
Jerzy Pietraszko
* HK 54.5 Mi 16:45 HSZ 3.0G
Upper limit of the Hypertriton production in the Ar+KCl collision system at 1.76 AGeV
with HADES
Timo Scheib
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HADES Talks 2 s

e HK 10.6 Mo 12:15 WIL-A221
Performance of the HADES DAQ in Au+Au
Jan Michel
e HK17.5 Mo 17:45 HSZ-204
Produktion von A-Hyperonen und ¢-Mesonen in Reaktionen von p (@3.5 GeV)+Nb.
Christian Wendisch
* HK 17.6 Mo 18:00 HSZ-204
Production and interaction of neutral kaons in proton proton
and proton-nucleus reactions at 3.5 GeV beam energy
Kirill Lapidus
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HADES Poster HADES
e HK 55.1 Mi 16:45 HSZ 3.0G

Production of p, d and t in Ar+KClI-Collisions at 1.76AGeV
Heidi Schuldes
e HK 55.2 Mi 16:45 HSZ 3.0G
Leptonenidentifikation in Au+Au bei 1,23 GeV/u
Patrick Sellheim
 HK 55.4 Mi 16:45 HSZ 3.0G
Systematics of pi® and eta Dalitz decays in the Gold on Gold beam time of HADES
Claudia Behnke
 HK 55.3 Mi 16:45 HSZ 3.0G
How | found high momentum leptons in HADES
Szymon Harabasz
* HK 54.11 Mi 16:45 HSZ 3.0G
Study of the A(1116) interaction with the cold nuclear environment
Oliver Arnold
e HK52.21 Mi 16:45 HSZ 2.0G
Development of a cooling system and vacuum chamber for the pion tracker for HADES
Joana Wirth
e« HK52.22 Mi 16:45 HSZ 2.0G
Data-driven calibration proceedure for the HADES electromagnetic calorimeter
Dimitar Mihaylov
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Reaction Systems

ZA\

HADES

System Energy
2002 C+C 2 AGeV
2004 C+C 1 AGeV
2005 Ar+KCl 1.756 AGeV
2006 p+p 1.25 GeV
2007 p+p 3.5 GeV
2007 d+p 1.25 AGeV
2008 p+Nb 3.5 GeV
2012 Au+Au 1.25 AGeV

®: E. Epple for the HADES collaboration
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Reaction Systems

ZA\

HADIES

Year YA Energy
2002 C+C 2 AGeV
2004 C+C 1AGeV
2005 Ar+KCl 1.756 AGeV
2006 p+p 1.25 GeV
2007 p+p 3.5 GeV
2007 d+p 1.25 AGeV
2008 p+Nb 3.5 GeV
2012 Au+Au 1.25 AGeV

>2013 m+p, n+A p=0.8+1.7 GeV/c

>2015, FAIR C+C, Ni+Ni up to 8 AGeV

®: E. Epple for the HADES collaboration
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Reaction Systems

ZA\

HADIES

Year YA Energy
2002 C+C 2 AGeV
2004 C+C 1AGeV
2005 Ar+KCl 1.756 AGeV
2006 p+p 1.25 GeV
2007 p+p 3.5 GeV
2007 d+p 1.25 AGeV
2008 p+Nb 3.5 GeV
2012 Au+Au 1.25 AGeV

>2013 n+p, n+A p=0.8+1.7 GeV/c

>2015, FAIR C+C, Ni+Ni up to 8 AGeV

®: E. Epple for the HADES collaboration
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Backup

Resonances in p+p
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The 3(1385)* s

5(1385)*

Resonance in 21t

p(3.5GeV) +p — X(1385)" + KT +n

p . |—> A7x™
17y =134 I
HADES coll. (G. Agakishiev et al.) Phys. Rev. C 85, 035203 (2012)
I I I I I T
+ + 20— —— data —]
300— 2(1383) > A+ — non. res.
—_ - A++
% ——data e sum
S — A non. res. = 15— .7 m
é’ 200 —3%non. res. . e f_+7 i
pos — misidentification ) ]
g Breit-Wigner ol 10}~ IR
[ —sum T3 WWW
S 100 — ©
o | 5[ —
© i
Pl 4. —Femetats X108
0" 93 12 15 16 0 05 0 05 1
35GeV) +p =E(1385)T + KT +n :
p(‘ ,) P IE(H ) Total cross section
p(35GEV) +p =i +n 2942 4+ 0.99 + 1.577304 /11
Ly (1385)" + K+ c = ' D223 1
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Reaction - Reconstruction HADES

D+ 3.5GeV, A(1405) +@+@
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counts

100

Reaction - Reconstruction

ZA\

HADIES
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A** contribution HADES

G. Agakishiev (HADES Coll.), Nuclear Physics A 881 (2012)
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More Observables HADES
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Figure 1.9: Angular distributions for the X7~ data sample. First row shows the production angles
of the A(1405) candidate, the proton and the K* in the CMS. Second row displays the three possible
G-.J angles. In the third row the three helicity angles are plotted.
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Figure 1.10: Angular distributions for the ¥ ~#1 data sample. First row shows the production

angles of the A(1405) candidate, the proton and the KT in the CMS. Second row displays the three
possible G-T angles. In the third row the three helicity angles are plotted. ng, Dresden 2013 64



Acc corrected CMS distribution
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6 T T T
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Comparison with ANKE —

p+p 4.3 GeV/c p+p 3.65GeV/c
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Theoretical Line Shapes HADES
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Theoretical Line Shapes HADES
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Theoretical Line Shapes HADES
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Discussion HADES
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Kaonic Cluster

Is this possible?

N Wy
Y
Part of the A(1405) Resonance
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The Idea of bound kaonic-nuclear clusters ufﬁ%

Is this possible?

N J
Y
Part of the A(1405) resonance

Prediction of deeply bound Anti-Kaon nuclear states

S. Wycech, Nucl.Phys. A450 399 (1986)
T. Yamazaki and Y. Akaishi, Phys Lett. B 535 (2002)
T. Yamazaki and Y. Akaishi, Phys Rev. C 65 (2002)

Variational calculations Fadeev Calculations

T. Yamazaki, Y. Akaishi Phys. Rev. C76 (2007) N.V. Shevchenko, A. Gal, J. Mares, Phys. Rev. Lett. 98 (2007)

A. Doté, T. Hyodo, W. Weise Nucl. Phys. A804 (2008) N.V. Shevchenko, A. Gal, J. Mares, J. Révay, Phys. Rev. C76 (2007)
A. Doté, T. Hyodo, W. Weise Phys. Rev. C79 (2009) Y. Ikeda, T. Sato, Phys. Rev. C76 (2007)

S. Wycech, A. M. Green, Phys. Rev. C79 (2009) Y. Ikeda, T. Sato, Phys. Rev. C79 (2009)

N. Barnea, A. Gal, E. Z. Liverts, Phys. Lett. B712 (2012) Y. Ikeda, H. Kamano T. Sato, Prog. Theor. Phys. 124 (2010)

E. Oset et al. Nucl. Phys. A881 (2012)

B(ppK)= 14-80 MeV
MppK) = 40-110 MeV/c?

W. Weise, R. Hartle, Nucl.Phys. A 804 (2008) 173-185
A. Cieply, E. Friedman, A. Gal, D. Gazda, J. Mares, Phys. Rev. C 84 (2011) 045206
D. Gazda, E. Friedman, A. Gal, J. Mares, Phys.Rev. C76 (2007) 055204
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Previous Results HADES
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Partial Wave analysis HADES

Cross Section for the production of three particles out of a collision of two particle

(Q;rr)”‘ Al?
do = 2 dDy(P,q1,q2,93),  P=ki+Fk
o 4\k|\/E 3(P,q1.92,4q3) 1 9

A - reaction amplitude

k — 3-momentum of the initial particle in the CM

s — P?=(k,+k,)?

d®,(Pq,q,45) — invariant three-particles phase space

The decomposition of the scattering amplitude into partial waves can be written as follows:

A= AL()Q (LI An(i, SaLado)(si) x QL™ ., (i SaLaTpS'LIT) . (2)

[ e

S,L,J —spin, orbital mom. and total angular momentum of the pp system
S,,L,J,—spin, orbital mom. and total angular momentum of the two particle system in fin. state

S,”  —spin, orbital mom. between the two particle system and the third particle with four mom. g,
multiindex a — possible combinations of the S, L,J, S,, L,, J,, S, L and i
A% (s) - transition Amplitude

A2 (i,S, L,J,) — rescattering process in he final two-particle channel (e.g. production of A)

A. Sarantsev, Private communication
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Fitting Procedure HADES

The transition Amplitude is parameterized as follows

o (s) = (af +a5v/5) e

This is a log-likelihood minimization on an event-by-event base
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HADES

Backup

Cold medium effects

P+p

S—38
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K-N scattering

%/R

Inside the Nucleus:

The K° undergoes scattering processes

KO+N = KO +N
K%4+p = K* +n

Deviates the momentum
Disappearance of K°

KO+N = K0 +N + 1t Reduces the momentum

15

“ LM oK
— g =
o ‘i [_ 4
E st S
O i .

3l i
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Picture: M. Effenberger, PhD. Giessen, 1999.

®: E. Epple for the HADES collaboration

DPG Frihjahrstagung, Dresden 2013 80




. . 72\
Tuning of cross sections for HADES

Resonance model

TABLE I. Reactions with the largest contributions to the K°

production in p+p collisions at 3.5 GeV and corresponding
cross sections.

Reaction b

p+p—=3Yt+p+K° 21.29
p+p—+A+p+at +K° 18.40
p—l—pﬁzn—l—p—l—ﬂ"——l—ﬁfﬂ 12.38

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 81



27, NN
- A\
Statistic HADES
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HADES

P, distributions in p+Nb

s acc. and eff. corrected data
GIBUU simulations (==with pot.,

w/o pot.)
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Zn, =43, Ny, =52
Things to be aware of:
1. p+p could be tuned to the data
2. Some p+n cross sections are a free parameter
Kirill Lapidus, HK 17.6, Mo 18:00
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Rapidity density distribution HADES
p,,m.\“m p+p @ 3.5 GeV - __m.\“oN p+Nb @ 3.5 GeV
E gtV » Data
> 9r » GIBUU w. pot
"g -® GIBUU w/o pot

15 5 05 0 05 1 15
y yNN
cM CM
p+p
SEEe
olptp— K%+ X)=113.0=7.9 ub Cross Section for p+Nb is model dependent

Kirill Lapidus, HK 17.6, Mo 18:00
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Rapidity density distribution HADES

D p+Nb @ 3.5 GeV K® from primary reactions
GIBUU -, P¥P, pn

do/dy [mb]
N

K° from secondary reactions

[\JIIII|IIII|IIII|IIII|IIII

2 AN, TN, K*n
1
Lt el A S ~
- -1.5 05 0 0.5 1.5 2
yNN
CM

A strong shift of the rapidity distribution towards the
target rapidity is to large extent influenced by the elastic
scattering processes K°N ->K°N.

Rapidity distribution is influenced by KN scattering
and serves as a measure of the kaon-nucleon in-medium
interaction
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KN —in-medium scattering HADES

p+Nb @ 3.5 GeV

® Data

» GIBUU w. pot

* GIBUU w/o pot.
GIBUU w. pot., 6,,*1.2
GIBUU w. pot., 0,,,*0.8

do/dy [mb]
F

1 15
NN
yCM

Is in agreement with vacuum KN scattering cross section

Kirill Lapidus, HK 17.6, Mo 18:00
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More about Cross Sections HADES
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More about Cross Sections HADES

77\
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More about Cross Sections HADES
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Signals of A** s

c}e_'
D
S W°
S
£,
%o.os
(o)
L
g . \ 0
1%00 1100 1200 1300 1400 1500 1000 1100 1200 1300 1400 1500
M(p,x*) [MeV/c? M(p,x*) [MeV/c?]
4 )
p+tp2>A+p+mtt+K°®  =0.8 pb p+p—> =2.4 ub
p+p> A+A+H+KO ~26 ub p+p=> S0+ +KO =9 b
p+p>3(1385)"+p+K°=3 pb

®: E. Epple for the HADES collaboration DPG Frihjahrstagung, Dresden 2013 90



A

HADES

Backup

Pion induced reactions
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Strange physics with m-Beams HADES

m+p 2 P n rc+p =2 A(1405) K©
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HADES

10 81— / 2s, 50% daq dead time, 0.8 duty, 5% interaction target

Counts per DAY
T R I
6%10° 3.8%10° 4.4*105
K+ 1.5%106 1.5%108 1.4*106
K- 1.2* 10° 0.8*10° 7*10
) 1500 4500 10.000

+ plenty of A
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