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Is the contribution from resonances important in the energy 
regime around few GeV ( up to 10-20 ) ?  



p+p in the GeV Energy Range
Fixed Target experiments, Ekin~ AGeV

proton-proton HADES 
High Acceptance Di-Electron Spectrometer 

Fixed Target Experiment 
SIS18, Ekin=1-3 GeV/nucl 

Full azimuthal coverage, 18o-85o in polar angle 
δp/p ~ 1-3 %



Exclusive measurement of: 
• Resonances accompanying 

Strangeness Production 
• Strange Resonances 
• Molecular States

Outline

Contribution by Heavy 
Resonances to Strangeness 

Production 

Coherent Strangeness 
production 



Exclusive measurement of  : 
• Resonances accompaigning 

Strangeness Production 
• Strange Resonances 
• Molecular States

Outer Layer

!
!

K0S production together with Δ+ 

Σ*(1385) 
Λ(1405) 

!
Exclusive or semi-exclusive analysis 
Access to the angular distributions 

Rafal Lalik talk tomorrow!



Inclusive Kaon production in elementary 
collisions

Reference Measurement  of  the K0S production in p+p to 
“calibrate” the interpretation of  the p+A data, where the 
interaction between Kaons and nucleons is studied 

J.-C. Chen

Cross Sections 

08/25/2014 – Jia-Chii Berger-Chen 
PANIC 2014 Hamburg 

Reaction: p + p → σisotropic [μb] σanisotropic [μb] 

Λ + p + πା + K଴ 𝟐. 𝟑𝟕 ± 0.02ିଶ.ଷହା଴.ଵ଼ ± 0.17 𝟐. 𝟓𝟕 ± 0.02ିଵ.ଽ଼ା଴.ଶଵ ± 0.18 

Λ + ∆ାା + K଴ 𝟐𝟓. 𝟓𝟔 ± 0.08ିଵ.ସହାଵ.଼ହ ± 1.79 𝟐𝟗. 𝟐𝟕 ± 0.08ିଵ.ସ଺ାଵ.଺଻ ± 2.06 

Σ଴ + p + πା + K଴ 𝟏. 𝟒𝟎 ± 0.02ିଵ.ସ଴ା଴.ସଵ ± 0.10 𝟏. 𝟑𝟓 ± 0.02ିଵ.ଷହା଴.ଵ଴ ± 0.09 

Σ଴ + ∆ାା + K଴ 𝟗. 𝟏𝟕 ± 0.05ି଴.ଵଵାଵ.ସହ ± 0.64 𝟗. 𝟐𝟔 ± 0.05ି଴.ଷଵାଵ.ସଵ ± 0.65 

Σା + p + K଴ 𝟐𝟒. 𝟐𝟓 ± 0.63ିଵ.଼଴ାଶ.ସଶ ± 1.70 𝟐𝟔. 𝟐𝟕 ± 0.64ିଶ.ଵଷାଶ.ହ଻ ± 1.84 

Σ(1385)ା + p + K଴ 𝟏𝟑. 𝟏𝟓 ± 0.05ିଶ.଴଻ାଵ.ଽଵ ± 0.92 𝟏𝟒. 𝟑𝟓 ± 0.05ିଶ.ଵସାଵ.଻ଽ ± 1.00 

systematic uncertainties from normalization to elastics 
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New Data Base from our 
exclusive Measurements 

p+p @ 3.5 GeV

“ Medium effects in proton-induced K0 production at 3.5 GeV’ 
HADES Coll., Phys. Rev. C90 (2014) 054906

HADES Coll.], Phys. Rev. C 90, 015202 (2014) 



Κ* production in p+p collisions

p

K*+(892)

Λ/Σ

D. Mihaylov
K⇤+(892) ! K0

S + ⇡+

⇡+ + ⇡�

π+

π+ π -

K0S

�(p+ p(3.5GeV ) ! K⇤(892)+ +X) = 10.3± 1.0+1.6
�1.2 ± 0.7µb

Two channels model: 

p+ p ! p+ ⇤+K⇤+

p+ p ! p/n+ ⌃0/+ +K⇤+

Fit :Voigt function with fixed width (50.7 MeV) 
and phase-space correction factor

p+p @ 3.5 GeV

HADES Coll. arXiv:1505.06184



Resonance production 
Coupling to different final states  
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Resonances measured in elementary 
collisions

J. Siebensonp+p @ 3.5 GeV

HADES Coll. Phys. Rev. C85 (2012) 035203 
PDG Entry 2012

Angular Distributions

Non-isotropic angular distribution 
-> has to be measured and modelled 
correctly to extract the total cross-section

�⌃(1385)+ = 22.42± 0.88± 1.57+3.04
�2.23 µb



 G. Agakishiev et al. [HADES] Phys. Rev. C 87 (2013) 025201.
G. Agakishiev et al. [HADES] Nucl. Phys. A 881 (2012) 178-186.

Λ(1405) 

Σ(1385)0 

Λ(1520) 

Our Special Resonance
Resonances:                           Σ(1385)0 Λ(1405) 
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⇤(1405) : M = 1405MeV/c2(?)� = 50MeV/c2 (B = 1, S = �1 JP = 1/2�)

J. Siebenson, E. Epple



Our Special Resonance

⇤(1405) : M = 1405MeV/c2(?)� = 50MeV/c2 (B = 1, S = �1 JP = 1/2�)

K-+d  0. 68 – 0.84 GeV/c 

Nuclear	
  Physics	
  B129	
  (1977)	
  1-­‐18        

γ+p    1.77<pγ<1.99 

Nucl.Phys.	
  A835	
  (2010)	
  325-­‐328 

The spectral shape of  the Λ(1405) 
looks different for different initial 
state reactions. 
Different coupling of  the 2 poles??

J. Siebenson, E. Epple

p+ p ! ⇤(1405) +K+ + p

⌃± + ⇡⌥

⇡± + n

3.5 GeV



Our Special Resonance
J. Siebenson, L. Fabbietti

N
ucl.Phys.	
  A881	
  (2012)	
  98-­‐114

ΣN"
K"
_" π

Chiral Ansatz

Our Ansatz

J. Siebenson and L. Fabbietti, Phys. Rev. C 88 (2013) 055201

p+p 3.5 GeV

p+p 2.83 GeV
not eff. corrected



Exclusive measurement of  : 
• Resonances accompaigning 

Strangeness Production 
• Strange Resonances 
• Molecular States

Intermediate Layer

Contribution by Heavy 
Resonances to Strangeness 

Production 



Intermediate Layer

.. and possible implications for 
Dileptons too?

Manuel Lorenz talk tomorrow!

�++(2000) ! ⌃(1385)+ +K+

N+(2300) ! ⌅� +K+ +K+

Contribution by Heavy 
Resonances to Strangeness 

Production 



Resonance production 
Coupling to different final states  
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�(1900� 2000)++ ! ⌃+(1385) +K+

� = 150� 200MeV/c2

Chinowsky,+W.+et#al.+Phys.Rev.+165+(1968)+1466:1478+

Role%of%the%Δ�(1940)%in%the%π+p→K+Σ+(1385)%and%pp→nK+Σ
+(1385)%reac=ons%
Ju#Jun%Xie,%En%Wang,%Bing#Song%Zou%
%
arxiv.1405.5586%

~ 30%

J. Siebenson

Resonances measured in elementary 
collisions

p+p @ 3.5 GeV

p+ p ! �++ + n ! ⌃(1385)+ +K+ + n



Resonance production 
Coupling to different final states  

Σ+(1385)
n

K+

Δ++

ω/η
p

N+(2000)
p

Experimental data ( not corrected) 
Phase-space simulation within the 

HADES acceptance 

a.
u.

cos✓

p!
pp

Simulation in 4π  
(without detector response)

a.
u.

cos✓

p!
pp

No evidence for a heavy resonance contributing to the η or ω 
production…. yet.. :)

Resonances measured in elementary 
collisions

p+p @ 3.5 GeV
L. Fabbietti  C14-09-08.1  
e-Print: arXiv:1503.00616

https://inspirehep.net/record/1243022
http://arxiv.org/abs/arXiv:1503.00616


Production in p+A collisions ⌅�

⌅�

⇤
⇡�

p+Nb @ 3.5 GeV

p
sthr = 3.25GeV, Ethr = 3.74GeV

NN ! N⌅KK

How to produce       ?⌅

K̄Y ! ⇡⌅

Y Y ! ⌅N

⌅� = (ssd), BR(! ⇤⇡) = 99%, c⌧ = 4.91cm

⇡�

low cross-section 
also below threshold, not enough to explain the measured 
          yield ⌅/⇤

R. Kotte, C. Wendisch
Phys.Rev.Lett. 114 (2015) 21, 212301 



Excess⌅�

Findings in Ar+KCl at 1.76 AGeV and p+Nb at 3.5 GeV 
subthreshold production 

NN ! N⌅KK

Excess w.r.t. Thermal hadronization model for 
Ar+KCl 

P⌅�
= (2.0± 0.4(stat)± 0.3(norm)± 0.6(syst))⇥ 10

�4

P⌅�

P⇤+⌃0

= (1.2± 0.3(stat± 0.4(syst))⇥ 10�2

p

K+N+ (“2300”)

⌅�

K+

⇤
⇡�

⇡�

The possible contribution of  a very heavy resonance produced in p+A reactions  exploring 
the energy “reservoir” provided by the tail of  the Fermi-Momentum distribution. 
This might explain also the excess in Ar+KCl !

R. Kotte, C. Wendisch
Phys.Rev.Lett. 114 (2015) 21, 212301 

C14-09-08.1  
e-Print: arXiv:1503.00616

J. Steinheimer and M. Bleicher arXiv:1503.07305

https://inspirehep.net/record/1243022
http://arxiv.org/abs/arXiv:1503.00616


Exclusive measurement of  : 
• Resonances accompaigning 

Strangeness Production 
• Strange Resonances 
• Molecular States

Inner Layer

Contribution by Heavy 
Resonances to Strangeness 

Production 

Coherent Strangeness 
production 



Inner Layer

Coherent Strangeness 
production 

Interference of  N* resonances coupling to 
Strangeness and Partial Wave Analysis



Interferences among Resonances

proton-proton

p

K+

Λ

p+ p ! ppK� +K+ ! p+ ⇤+K+

N" N"
K"

Table 0.1: Selected N*-resonances with their properties [?].

Property Value

charge +1
strangeness -1

participants ppK−, pnK
0

JP 0−

3



Interferences among Resonances

proton-proton

p

K+

Λ

p+ p ! ppK� +K+ ! p+ ⇤+K+

N" N"
K"

Table 0.1: Selected N*-resonances with their properties [?].

Property Value

charge +1
strangeness -1

participants ppK−, pnK
0

JP 0−

3

proton-proton

p

K+

Λ

N*
How many N* do exist? 
Can these interfere with each others? 
Interference: Coherent some of  the different 
amplitudes contributing to the same final state  



Interferences among Resonances

proton-proton

p

K+

Λ

proton-proton

p

K+

Λ

N*

4.3 A Partial Wave Analysis for p+K++Λ Production

where S is the total spin of the p+p system, L is the orbital momentum between
the two protons and J is the total angular momentum.

The final state is manifold. As explained in Section 2.4, the final pK+Λ state
may contain several intermediate particles. The most prominent ones are N∗+

resonances that subsequently decay into K+ and Λ, see Reaction (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 contribution
of the different N∗+-resonances to the investigated final state and hence no
cross section of the latter will be extracted. Thus, all N*-resonances below
the mass of 2100 MeV/c2 that have a measured K+Λ branching above 1% were
considered as possible contribution to the K+Λ yield. Table 4.1 lists the selected
N*-resonances, their quantum numbers, masses, widths and branching ratios
into K+Λ. Especially the branching in K+Λ is not well known in most of the
cases.

Table 4.1: Selected N*-resonances with their properties [8].

Notation in PDG Old notation 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 construct several allowed transitions from a p+p initial
to a N∗++p final state. As an example, one transition will be discussed here.
A proton has the following quantum numbers JP = 1/2+, where J is the total
spin of the particle and P is its parity. A system of two protons can, therefore,
have a total spin S = 0 or S = 1. If one considers the S = 0 combination and
assumes no orbital momentum between the two particles (L = 0), the quantum
numbers of the system are JP = 0+. This state can also be characterized in
the spectroscopic notation (Equation (4.18)). Then, in this example, the p + p
combination is in the state 1S0.

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

N* Resonances in the PDG with measured decay 
into K+Λ 

Non Resonant final states 
(pΛ)(2S+1LJ)-K+

Given the transition amplitude for 1 possible wave

One has to sum all the possible contributing waves to get the total amplitude

E. Epple, R. Muenzer



The Partial Wave Analysis Framework

http://pwa.hiskp.uni-bonn.de/ 
A.V. Anisovich, V.V. Anisovich, E. Klempt, V.A. Nikonov and A.V. Sarantsev  
Eur. Phys. J. A 34, 129152 (2007) 

N(1650), N(1710), N(1720), N(1875), N(1880), N(1895), N(1900) 
Non-resonant PK+Λ production waves 
Interferences 

A total Amplitude is fitted event-by-event to the data and it includes:

110 different solutions have been tested to the p+p at 3.5 GeV data 
4 best solutions are identified on the base of  the likelihood of  the fit 

E. Epple, R. Muenzer



PWA Results

work%in%progress%

Inside'HADES'acceptance'

work%in%progress%

4.2 Characteristics of p+K++Λ Production

Figure 4.8: Angular correlations of the three particles for the HADES data set
(black points) shown with phase space simulations of pK+Λ (blue
dots). The upper index at the angle indicates the rest frame (RF)
in which the angle is investigated. The lower index names the two
particles between which the angle is evaluated. CM stands for the
center of mass system. B and T denotes the beam and target vector,
respectively.
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preliminary%
Data$
PS$

Angular Distributions of  the pK+Λ final stateproton-proton

p

K+

Λ

HADES Coll., Phys.Lett. B742 (2015) 242-248 

Data within acceptance



PWA Results

Angular Distributions of  the pK+Λ final stateproton-proton

p

K+

Λ

E. Epple, R. Muenzer

HADES Coll., Phys.Lett. B742 (2015) 242-248 

Data
P.W.A.

Ambiguity in the determination of  
the N* contribution 
Currently a global PWA analysis 
of  all the available data for p+p -> 
pKΛ  is carried out !!



PWA Results

proton-proton

p

K+

Λ

R. Muenzer, S. Lu

Ambiguity in the determination of  the N* contribution 
Currently a global PWA analysis of  all the available data for p+p -> pKΛ  is 
going on!!

DFG FA 898/2-1: Global PWA Analysis, TUM



Summary

* Exclusive analysis of  p+p to extract resonances 
1.Yield 
2.Angular Distributions  
3.Decay Chains from heavy resonances to lighter one 
4.Possible implications for “Excesses” seen in the strange and non-strange 

sector 
5.Molecular states 
!
* Partial Wave Analysis to evaluate interferences among resonances 
1.How this all effects the interpretation of  heavy ion collisions in the GeV 
energy range? 
!
pp, pd measurements needed for FAIR and NICA as a reference 


