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Strangeness Production
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• Important Ingredient for Transport Models
• Understand Production Mechanism to look for Exotics 
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Strangeness Production

p N*

Λ
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Resonance JP Mass (  𝑮𝒆𝑽 𝒄𝟐) Γ (  𝑴𝒆𝑽 𝒄𝟐)

N*(1650)  1 2− 1.655 0.150

N*(1710)  1 2
+ 1.710 0.100

N*(1720)  3 2+ 1.720 0.250

N*(1875)  3 2
−

1.875 0.220

N*(1880)  1 2+ 1.870 0.235

N*(1895)  1 2− 2.090 0.090

N*(1900)  3 2
+ 1.900 0.0250
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Strangeness Production
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Final State Interaction
Aka: scattering length and
effective range
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Conversion Processes 
(Cusp Effect)
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Partial Wave Analysis

𝐴 : reaction amplitude 𝐴 =  𝛼 𝐴𝑡𝑟
𝛼 (𝑠) ⋅ 𝑄𝑖𝑛 ⋅ 𝐴2𝑏 𝛼 ⋅ 𝑄𝑜𝑢𝑡

𝑄𝑖𝑛, 𝑄𝑜𝑢𝑡 : spin-momentum operator  of initial and final state
𝐴2𝑏 : resonant: Breit-Wigner (for N* and Cusp)

non-resonant:  Effective range approximation, dependent on scattering parameters               

𝐴𝑡𝑟
𝛼 𝑠 = 𝑎1

𝛼 + 𝑎3
𝛼 𝑠 𝑒𝑖𝑎2

𝛼
: 𝑎1

𝛼 constant amplitude
𝑎2
𝛼 phase

𝑎3
𝛼 energy dependent amplitude

𝑑ϕ 𝑃, 𝑞1, 𝑞2, 𝑞3 : invariant three-particle phase space 

Cross-section Decomposition

A. Sarantsev et.al., Eur.Phys J A 25 2005

Bonn-Gatchina PWA Framework 

𝑑𝜎 =
2𝜋 4 𝐴 2

4 𝑘 𝑠
𝑑ϕ 𝑃, 𝑞1, 𝑞2, 𝑞3 , 𝑃 = 𝑘1 + 𝑘2



Multi-PWA 
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Data Sets

Experiment EB [GeV] pK+Λ
Statistics

Status

COSY-TOF 1.96 ~160k In Preparation (not used in the analysis)

DISTO 2.15 121 k Available

COSY-TOF 2.16 43 k Available

COSY-TOF 2.16 ~90k In Preparation (not used in the analysis)

DISTO 2.5 304 k Available

DISTO 2.85 424 k Available

FOPI 3.1 0.9 k Single PWA

HADES 3.5 21 k Single PWA

HADES PLB 742 (2015) 242-248.
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COSY-TOF Spectrometer

Acceptance: 1°-60° (polar), 2π (azimuthal)
Sec. Vertex: 𝜎𝑥,𝑦 < 1𝑚𝑚, 𝜎𝑧 < 3𝑚𝑚

𝜎𝑇𝑂𝐹 = 300𝑝𝑠
𝜎𝑀𝑀(𝑝𝐾) = 16 𝑀𝑒𝑉/𝑐2
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DISTO Spectrometer

Acceptance: 23°-43° (polar), 2π (azimuthal)
𝜎𝑝 = 5%

𝜎𝑀𝑀(𝑝𝐾) = 30 𝑀𝑒𝑉/𝑐2
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1. Solution for HADES+FOPI+DISTO25 
– Start values for the global fit 

– Energy Range wide enough for energy dependence

– High energy for higher N*-Resonances

2. Include Stepwise further data sample
– Cosy216 / DISTO21 / DISTO28

Combined Analysis
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Parameter Scan

Solution A B C D E

Loglike -67142 -67018 -66878 -66504 -66405

χ2

𝑛𝑑𝑓
(𝑛𝑑𝑓 = 4547)

9,50 9,98 9,98 10,01 10,34

N*(1650) + + + + +

N*(1710) + + + + +

N*(1720) + + + + -

N*(1875) + + - - +

N*(1880) + + + + +

N*(1895) + + + + +

N*(1900) - + + - +

Σ𝑁 (0+, 1+) + + + + +

Include different N* Resonances 
Initial pp states up to F wave  

Cusp Wave
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DISTO@2.14 GeV

12

Χ2 / ndf (ndf=428)

PWA 1.52
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Cusp!!
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COSY-TOF@2.16 GeV
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Χ2 / ndf (ndf=428)

PWA 0.44
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Cusp!!
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DISTO@2.5 GeV
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Χ2 / ndf (ndf=428)

PWA 2.56
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Cusp!!
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DISTO@2.85 GeV
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Χ2 / ndf (ndf=428)

PWA 3.55
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Cusp!!
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FOPI

16

Χ2 / ndf (ndf=428)

PWA 0.91
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HADES

17

Χ2 / ndf (ndf=428)

PWA 2.14
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HADES - WALL
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Χ2 / ndf (ndf=428)

PWA 1.86
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Total Cross Section

Value:
𝐶1 = 4.03 ± 0.57 102

𝐶2 = 1.49 ± 0.04
𝐶3 = 1.43 ± 0.39

𝜎𝑝𝐾Λ = 𝐶1 1 −
𝑠0

𝑠0 + 𝜖
2

𝐶2 𝑠0

𝑠0 + 𝜖
2

𝐶3

R.Muenzer et al.,Hyperfine 233, 159-166 (2016)
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Branching Ratio

4.3 A Part ial Wave Analysis for p+ K+ + Λ Product ion

where S is the total spin of the p + p system , L is the orbital m om entum between

the two protons and J is the total angular m om entum .

The final state is m anifold. As explained in Sect ion 2.4, the final pK+ Λ state

m ay contain several interm ediate part icles. The m ost prom inent ones are N∗ +

resonances that subsequent ly decay into K+ and Λ, see React ion (2.6). The PDG

[8] contains a list of N*-resonances but not all of them are well established.

Within this thesis no conclusion can be drawn about the precise cont ribut ion

of the different N∗ + -resonances to the invest igated final state and hence no

cross sect ion of the lat ter will be ext racted. Thus, all N*-resonances below

the m ass of 2100 MeV/c2 that have a m easured K+ Λ branching above 1% were

considered as possible cont ribut ion to the K+ Λ yield. Table 4.1 lists the selected

N*-resonances, their quantum num bers, m asses, widths and branching rat ios

into K+ Λ. Especially the branching in K+ Λ is not well known in m ost of the

cases.

Table 4 .1 : Selected N*-resonances with their propert ies [8] .

Notat ion in PDG Old notat ion Mass [GeV/c2 ] Width [GeV/c2 ] ΛK / A %

N(1650)
1

2

−
N(1650)S11 1.655 0.150 3-11

N(1710)
1

2

+
N(1710)P11 1.710 0.200 5-25

N(1720)
3

2

+
N(1720)D13 1.720 0.250 1-15

N(1875)
3

2

−
N(1875)D13 1.875 0.220 4± 2

N(1880)
1

2

+
N(1880)P11 1.870 0.235 2± 1

N(1895)
1

2

−
N(1895)S11 1.895 0.090 18± 5

N(1900)
3

2

+
N(1900)P13 1.900 0.250 0-10

Using this table, one can const ruct several allowed t ransit ions from a p + p init ial

to a N∗ + + p final state. As an exam ple, one t ransit ion will be discussed here.

A proton has the following quantum num bers JP = 1 / 2+ , where J is the total

spin of the part icle and P is it s parit y. A system of two protons can, therefore,

have a total spin S = 0 or S = 1. If one considers the S = 0 com binat ion and

assum es no orbital m om entum between the two part icles (L = 0), the quantum

num bers of the system are JP = 0+ . This state can also be characterized in

the spect roscopic notat ion (Equat ion (4.18)). Then, in this exam ple, the p + p

com binat ion is in the state 1 S0 .

If one considers, further, a final state of an N∗ (1650 ) with the quantum num -

bers JP = 1 / 2− produced together with a proton, one has to build all possible

97
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Cross Section

Non Resonant-Resonant: 20%-80%
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Initial State
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Final State Interaction in PWA
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[15] Haidenbauer et al.Nuclear Physics A,915,24-58 (2013)
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Scattering Length

Effective Range of System

𝐴2𝑏
𝛽

= 
𝑠𝑖

1+
1

2
𝑟𝛽𝑞2𝑎𝑝Λ

𝛽
+𝑖𝑞  𝑎𝑝Λ

𝛽
𝑞2𝐿 𝐹 𝑞,𝑟𝛽,𝐿

𝑎𝑝Λ
𝛽

𝑟𝛽

𝛼𝑠 = −1.43 ± 0.36 ± 0,09 𝑓𝑚 𝛼𝑡 = −1,88 ± 0,38 ± 0.10𝑓𝑚
𝑟𝑠 = 1.31 ± 0.24 ± 0,16 𝑓𝑚 𝑟𝑡 = 1.04 ± 0.78 ± 0.15𝑓𝑚

For l=0

-
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Data Sets for Cusp Analysis

Experiment EB [GeV] pK+Λ
Statistics

Status

COSY-TOF 1.96 ~160k In Preparation (not used in the analysis)

DISTO 2.15 121 k Available

COSY-TOF 2.16 43 k Available

COSY-TOF 2.16 ~90k In Preparation (not used in the analysis)

DISTO 2.5 304 k Available

DISTO 2.85 424 k Available

FOPI 3.1 0.9 k Single PWA

HADES 3.5 21 k Single PWA
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Cusp Effect
Effect close to the SN threshold 

SN Mass
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BG-PWA + Breit-Wigner approach
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BG-PWA + Flatté approach
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BG-PWA + Flatté approach
P

re
lim

in
ar

y



29

• Combined Analysis for COSY & DISTO & HADES & FOPI completed for N*

• Systematical Analysis performed 

• Excitation Function for N* and pKL extracted

• Scattering Length p-L separate for Singlet and Triplet

• Cusp Wave: preliminary studies on 4 data set

• Paper 1) is being Finalized at the Moment ( N*)

• Estimation of the global upper limit for ppK-

• Global analysis including the cusp with Flatte’

Summary and Outlook


