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Strangeness Production

Detailed Understanding required:
- Transport Model
- Production of Exotic

00— &)

One — Boson Exchange Modell
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l Strangeness Production |I

m Meson 2016 — Krakdow — 2-7 June 2016 Robert Minzer a



N*(1650)
N*(1710)
N*(1720)
N*(1875)
N*(1880)
N*(1895)

N*(1900)

N3G al.
R6sah(2010)

Meson 2016 — Krax.



v Cyeso

Ci710 * Ci720

28 285 29 295 3 305 31 315 32 325 33 33
p [GeV/c]

S. Abd El-Samad et al.
Phys.Lett B688 (2010)

S
AR
o

MESOI’I 2016 _ Krah\




-
-

LO — NLO Calculations
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At Threshold : 2130 MeVc2

M‘ Meson 2016 — Kra.

UNIVERSITA
“RANKFURT AM MALN




corrie {4

UNIVERSITA

TRT AN M

FINUDA

-3

R

8

5 - - .
4150 -100 50 0
T e LG

counts/(10MeV/c)
3

> =

@

3
p-A invariant mass [GeV/c']

Coincidence Probability

DISTO

B (K pp) [MeV]
100

Fo

M= 2267 <2)JL

—

MiA*+p) = 2345 |

=2

MKeptp)

% of o(pp = pK'A)

£8

EI acc. =
$ 3
/ corr s *°
]| g 3
g
M. Agnello et al. =3 %9
L, Pysfeviert.o8 Q05 0 2 .
23% 24 245 25 s
(=]
o
E-27 JParc
(c)
0025 :_ D Proton coincidence
r Y. Ichika
0'02'_|:|Bnckunund Prog. The
F 2013
0.015F
0.01F i
o
0.005F N i
u P R
E, e A A LB e A

a et al.

N2

21 2.2

Meson 2016 — Kra.

24 25
MM, [GeV/c?

hine 2016

zz 2300 2350 2400
Missing Mass AM(K) [MeV/c?]

Phys.

HADES

Wave &

=

2250 2300 2350

M, [MeV/c?]

G. Agakishiev,Phys.Lett.

LEPS/
SPRINGS

% of o(pp =+ pK*A)

l Wave B %

0|

5

o 0

% of o(pp = pK'A)

2250 2300 2350
IM,, [MeV/c?]

Wave C =30 MeV
=50 MeV
=[=70 MeV

2250 2300 2350
1M, [MeV/c?]

5) 242-248

Region,

I
n

—

ds/deoss}?"/dcor
[1b / 20 [MeV/e™| |

e
n

S TT T T [ T T

o

e
3

=

s =

=

o
i

d'a/dcosby/deosfl, (95% C.L) [ b]

Upper Limit of

e

e ~T=20MeV .
5 "-V— = I'=60MeV | A, Tokayasu et
e -+ T =100 MeV al.
4 S
S, Prys.Iett. B28,
| ey (2014)

—_—

24 2.6 2.8
MM(y, K'1)X [GeVic?]|

222 224 226 228

23 232 23 2

6

signal peak mass [GeVic']




Final State Interaction % |‘b

M‘ Meson 2016 — Krai. '"ne 2016

UNIVERSITA
“RAN K ELER i il




Final State Interaction
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Experimental Data
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Data Sets

M. Maggiora et al. Nucl Phys. A835, 43 (2010)
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_ M. Roeder et al., Eur. Phys..J. A49, 157 (2013)
COSY TOF 2. 16 43k S. Jowzaee et al., Eur. Phys. J. A52, 7 (2016)
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DISTO 2.5 304k M.Maggiora, Nucl Phys. A691, 329 (2001)
M. Maggiora et al. Nucl Phys. A835, 43 (2010)
DISTO 285 424k M.Maggiora, Nucl Phys. A691, 329 (2001)
F. Balestra et al., Phys.Rev.Lett.83. 1534 (1999)
FOP| 3 1 903 R. Miinzer, Hyp. Int., 233,1-3,159-166 (2015)
HADES 3 5 21k G. Agakishiev,Phys.Lett. B742 (2015) 242-248
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The FOPI Experiment

S1S18 GSI Darmstadt

Beam Energy: 3.1 GeV

* Fixed-target Setup
* Full azimuthal coverage, 5°- 110° in polar angle
* Momentum resolution = 7% - 15 %

* Particle identification via dE/dx & ToF

Trigger Detector — SiAVIO:
A—Enhancement: 14.1 & 7.9(stat) 32
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The HADES experiment

High Acceptance Di-electron Spectrometer
GSI, Darmstadt

Beam Energy: 3.5 GeV
* Fixed-target Setup
* Full azimuthal coverage, 15°- 185° in polar angle
* Momentum resolution = 1% -5 %

* Particle identification via dE/dx & ToF

HADES Coll. (G. Agakishiev et al.),
Eur. Phys. J. A41 (2009)
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COSY-TOF Spectrometer

corrie {4

Acceptance: 1°-60° (polar), 2rt (azimuthal)
Sec. Vertex: gy 5 < 0.5mm, o, < 2.5mm

Momentum resolution = 1% -1.5%
O-MM(pK) = 15 MeV/CZ

Meson 2016 — Krakow — 2-7 June 2016

pp— K'Ap intermediate |
np fiber hodoscope |3

fiber hodoscope

“starttorte”

doublesided s
ring—p-strip

scinfillator  Si-p-strip  scinfillator  scinfillator |2
2x12 wedges 100 rings  2x96 fibers 2x192 fibersz
128 segments :

Robert Minzer 16

UVIVERSITA
el



DISTO Spectrometer

CARBON-FIBER BEAM PIPE
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Acceptance: 23°-43° (polar), 2rt (azimuthal)
g, = 5%
O-MM(pK) = 30 M@V/Cz
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Partial Wave Analysis

Bonn-Gatchina PWA Framework

A. Sarantsev et.al., Eur.Phys J A 25 2005
Cross-section Decomposition

_ @Al ) P=k +k
= ANG ¢(P, 41,92, 93), = Kq 2

A :reaction amplitude Ax A < A%. (s) (Transition amplitude of wave a)
k :3-momentum of the initial particle in the CM

S — PZ: (k1+k2)2
d$(P, q4, q2, q3): invariant three-particle phase space

Parameterization of the Transition

af Constant amplitude
AL (s) = (af + a%ﬁ)ei“g asy Phase

ag Energy dependent amp.
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The ZN Cusp Effect

Coupled Channel:

At Threshold : 2130 MeVc2

Quantum Number of Cusp: 0* / 1*(L=0,2)
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Cusp Spectral Function

The Breit-Wigner:

do , 5 1

T2 2 . 2
dmp/" ‘mR_mpA_ImpAr

Mass M, _=2.13GeV |With I =0.02GeV

cusp
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Combined Analysis
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Parameter Scan

Variation of Included N* Resonances
Five best solution used to obtain systematical error

Loglike -67142 -67018 -66878 -66405 -66393
N*(1650) + + + + +
N*(1710) + + + + +
N*(1720) 5 + + ; ;
N*(1875) + + - + +
N*(1880) + + + + +
N*(1895) + + + + +
N*(1900) - + i + -

XN — Cusp + + + + +
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PWA Results
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PWA Results

 Comparison of Experimental Data
and Results of PWA

* Using 3 Mass and 9 Angular
Spectra

» Good Agreement between
experimental data and PWA
Result
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Total Cross Section
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So C2 S ¢; C; =118 +0.4210°
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A. Sibirtsev et.al. Nucl.Phys. A632,131 (1998)
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Excitation Function

P+p—-> p+K'+A (nhonresonant)

25
20 Single Analysigq

15

o(u b)

10

Combined Analysis
5 w oKA

0

100 200 300 400 500 600 700 800 900 Contribution:
¢(Mev) 15-40%

Combined data set of data samples, provide required constraint on contributions
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Cross Section

P+p—> p+N*(->K'+A)
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Final State Interaction in PWA

Aﬁ VSi agA Scattering Length
2b .1 3.2,B8 i B 2L B
1+2r q aPAan’PAq /F(q,r ’L) rB  Effective Range of System

a;=—143 +£0.36 £0,09fm a,=—1.88+0.38+ 0.10fm
r,=131 4024 +£0,16 fm 1, =1.04+0.78 4+ 0.15fm

NLO[1] —291 fm 2.78 fm —1.54 fm 2.72 fm —1.88 fm
LO[2] —1.91 fm 1.40 fm —1.23fm 2.13 fm —1.4 fm

[2] —1.8%23 fm —1.6X52 fm
COSY- —1.25 4+ 0.08 +£0.03 fm
TOF[3]
COSY- —1.31%33,+ 0.3 —1.233+0.014+ 03 +
TOF[4] +0.16 fm 0.12 jm

[1] Nucl.Phys. A915, 24(2013) [2] Phys.Rev. 173,1452 (1968)
[3] Eur. Phys.J. A49, 157 (2013) / [4] F.Hauenstein, PhD Thesis (2014)
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Summary

e Strangeness production has to understood in elementary reaction
» Different contribution Channels (N*, Cusp Effect, FSI)
e Description requires Partial Wave Analysis.
Allow to analyze different beam data in parallel.
Combined analysis necessary to provide sufficient information
e Extraction of Excitation Function of N*
— N* play dominate role in the production at GeV Energies
e Scattering Length and effective extraction
— Values for Singlet and Triplet separately
— Separation between LO and NLO difficult.
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Outlook — 2-N Cusp

The Breit-Wigner: The Flatté parametrization:
ddpA N 1 deA FpA
- 2
dm, 5 ‘mf—z_miﬂ_jmmr dm, 5 |mR—mpA fm M+F J
. :gp/l*qp_»l 11pE:ng*qu
Mass M ,,,=2.13GeV |With ' =0.02GeV
Above the _'\-":{mig—{mIJFmP)E)*(mi;—(mp—mg.}z)
threshold 9=~ 2m, s
g, s <g,, Symmetric Belowthe  _ . V((me+m,)*—mc)*(m), c—(m,—mg)’)
g,s>>g,, Antisymmetric threshold ~ 9p= 2m, s

Incoherent Analysis by COSY-TOF S. Jowzaee et al., Eur. Phys. J. A52, 7 (2016)
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Outlook —2-N Cusp : Combined Analysis

- 500
DISTO 2.15 121k S a0 e
= 400
COSY-TOF 2.16 43Kk e
& 200
5 100
DISTO 2.5 304k 3 n—
M 20 2100 2150 1200 22 2300
MM, [MeV/c)
DISTO 2.85 424k

Resulting value:
gpa = 0.38 £0.06 +0.008 102
gpz = 1.60 £ 0.07 £ 0.03 1072
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Thank You
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collaboration

HADES Collaboration @ FOPI Collaboration

COSY-TOF Collaboration
J. Ritman, E. Roderburg
F. Hauenstein, D. Gronzka

DISTO Collaboration
M. Maggiora

Petersburg
Nuclear .
@ rmvics  Bonn Gatchina Group
A. Sarantsev

K-Cluster — Excellence Cluster Universe — TU Munich
L. Fabbietti, E. Epple, P. Klose, S.Lu, J. Siebenson, D. Soliman
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Thank for your attention
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Final State Interaction

| Partial Wave: S-Wave Singlett |
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| Partial Wave: S-Wave Triplett |
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Branching Ratio

Mass [GeV/c?] Width [GeV/c?] T/ Tau %
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N(1650)S;; 1.655 0.150 3-11
N(1710)Py; 1.710 0.200 5-25
N(1720)D13 1.720 0.250 1-15
N(1875)Dy3 1.875 0.220 442
N(1880)Py; 1.870 0.235 241
N(1895)S14 1.895 0.090 1845
N(1900)Py3 1.900 0.250 0-10
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