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Why to be Interested in Baryons?

� No understanding of strong 

interaction without under-

standing the excitation

pattern of baryons!

� Strong worldwide activity in 

„Baryon Spectroscopy“ with

photo-induced reactions
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Open Questions

� Missing resonances

� Wrong masses, wrong sequence

� Relevant degrees of freedom?

� 3-quark  or quark-diquark structure?

� single particle excitation modes

� meson-baryon dynamics
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Ω∗ : 0 ∗∗∗∗Ξ∗ : 1 ∗∗∗∗

Λ∗ : 8 ∗∗∗∗

Σ∗ : 5 ∗∗∗∗

N∗ : 10 ∗∗∗∗

∆ :    7 ∗∗∗∗

U. Löring, B.Ch. Metsch, H.R. Petry,
Eur. Phys. J A 10 (2001) 309, 395,447

Excited Hyperon States?
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SU(6) x O(3) 
Classification

PDG:

� octet Ξ states: no 
partner states of most 
known N* states

� Ξ(1820) and Ξ(2030) 

“educated guess”

� decuplet Ξ and Ω states: 
no ∆* partner state

� note on Ξ resonances: 

“… nothing of significance on Ξ 

resonances has been added since 

our 1988 edition.”

PDG 2008
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Data on Ξ States:  Ξ(1530)

� The only reasonably well 
studied Ξ resonance:

� Ξ(1530) - decuplet g.s.
JP = 3/2+

� Г = 9…10 MeV

� decay: ~100% Ξπ

� BaBar measured the    

Ξ(1530)0 spin J = 3/2 in              
Λc

+ � Ξ-π+ K+

6

J = 3/2

J = 5/2

B. Aubert et al.,
PRD 78 (2008) 034008

BaBar 2008

Compare to ∆!!
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Why to Study Excited Baryons with PANDA? 

� Large cross sections for p p � B B*

� σ(pp � ΞΞ) ≈ µb

� σ(pp � ΩΩ) ≈ 0.03 … 0.1µb  (prediction)

� No extra mesons to balance strangeness or charm

� Symmetry in baryon and antibaryon observables

� Capabilities of the PANDA detector

� PANDA is particularly suited for double & triple strange 

baryon spectroscopy !!

_

_ _

_

_ _

__
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4. List of physics subtopics:

Study excited states of

• double-strange hyperons (Ξ∗)

• triple-strange hyperons (Ω∗)

• charmed hyperons (Λ�
∗ , Σ�

∗) 

• hidden-charm nucleons (���̅)

• non-strange baryons (�∗)

• single-strange hyperons (Λ∗, Σ∗) 

high rates already at 
1% of design lumi

Physics Subtopics in Baryon Spectroscopy at PANDA
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Expected Rates

� initial phase: 
 ≅ 10��cm��s�� instead of 
 ≅ 2 ∙ 10��cm��s��	

� nevertheless the ΞΞ� production rate will be ���� ≅ 10/s ≅ 10�/d

� for ΩΩ� production we expect ���� ≅ 0.3/s ≅ 3 ∙ 10"/d

� for excited states the cross section should be of the same order

of magnitude as for the ground state for given # $ #%&'

� the detected rate depends on the specific decay mode

(branching & reconstruction efficiency)

� e.g. (̅( → Ξ� *Ξ∗� → Ξ� *Ξ�+, → Λ�+*Λ+�+, → (̅+*+*(+�+�+,	

assume - . 0.5 ∙ 0.64� . 0.2 and 2 . 5% � �456 ≅ 10"/d
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PANDA Physics Book: Ξ* � Ξπ

• characteristic event topology

• σ ~ µb:  ~107 Ξ /d produced

• final states to be studied:        
Ξ* � Ξπ, Ξ η, ΛK, ΣK,      

Ξ(1530)π, Ξππ, …

• benchmark channel:               
6.57 GeV/c  p p � Ξ-Ξ+ π0

• no empty regions or
discontinuities in Dalitz plot

• Ξ-π0 mass resolution < 4 MeV;  

rec. eff. ~15%, S/B >19*

*DPM generated background

_ _

_ _

_

to be repeated with Pandaroot



Dec2, 2015 p. 11Albrecht Gillitzer

Recent Simulation & Analysis Activities

� New subgroup on “Hyperon Physics” joining efforts related to 
reaction dynamics and spectroscopy

� Ξ+Ξ- (g.s.)  at p = 4.0 GeV/c   Karin Schönning / A.G. (completed)

� Ξ+Ξ(1690)-, Ξ(1690)- � ΛK- at p = 4.1 GeV/c

André Zambanini, analysis completed, PhD thesis handed in

� Λ(1520) � Λe+e- Dalitz decay in Λ(*)Λ*

Jacek Biernat, on-going

� extension of vertex fitters and

� Ξ+Ξ(1820)-, Ξ(1820)- � ΛK- & c.c. (started recently)

Jennifer Pütz, PhD thesis devoted to Ξ* spectroscopy

_

_

_

_
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André Zambanini
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André Zambanini
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André Zambanini



Dec2, 2015 p. 15Albrecht Gillitzer

pp � Ξ+Ξ(1820)- & c.c.
_ _

Jenny Pütz

� p = 4.6 GeV/c

� Used ideal tracking and „best“ particle id

� Selected only final state particles with �78%9 : 4 in 

any inner tracking detector (MVD, STT, GEM)
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pp � Ξ+Ξ(1820)- & c.c.  Reconstruction Efficiencies
_ _

Jenny Pütz
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Ongoing & Future Simulation & Analysis Activities

� Λ(1520) � Λe+e- Dalitz decay in Λ(*)Λ*,  Jacek Biernat (Cracow)

� Ξ+Ξ(1820)-, Ξ(1820)- � ΛK- & c.c.,  Jenny Pütz (FZ Jülich)

not covered:

� single strange hyperons (Λ,Σ)

� triple strange hyperons (Ω)

� charmed baryons (Λc,Σc)

� hidden charm baryons (N*
cc)

_

_
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Conclusion

� baryon spectroscopy group in much better shape

� further work needed on:

� realistic pattern reconstruction for displaced tracks

� tracking & PID in Forward Spectrometer

� vertex fitters (decay trees, …)

� PWA

� only part of the physics program covered in simulation and

analysis

� further participation highly welcome

� Ralf Kliemt (Computing Session)


