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Excited states:  quark model

 exp. values
 U. Löring et al.
 Eur.Phys.J. A10 
  (2001) 395

N* resonances

• parity pattern  + → + →  –  !?!
• effective degrees of freedom ??

"missing resonances"

Nucleon
P = +

Roper(1440)
P = +

S11(1535)
P = –
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Λ(1600)
P = +

Λ(1405)
P = –Λ g.s.

P = +

• parity pattern OK
• masses reversed ??

Λ* resonances
Excited states:  quark model
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Λ(1600)
P = +

Λ(1405)
P = –Λ g.s.

P = +

• parity pattern OK
• masses reversed ??

Λ* resonances

• parity OK
• mass < 1535 ?
• angular mom.

Excited states:  quark model
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Excited states:  LQCD

R.G. Edwards et al., 
Phys. Rev. D84 (2011) 074508

• mπ =  396 MeV

• reproduces q-models
• wrong parity pattern

• but:   no decays !

nucleon
P = +

Roper(1440)
P = +

S11(1535)
P = –

Excited states:  Lattice QCD
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Status spectroscopy

• missing resonances ?

• relevant degrees of freedom ?

E. Klempt, A. Sarantsev,
U. Thoma et al.

• inclusion of CLAS, GRAAL, MAMI, ELSA data
• confirmation of known resonances

w/ improved parameters
• observation of few new states 

• 3 const. quarks unlikely
• quark – diquark ??
• meson d.o.f.  ? 
e.g. 

L.Ya. Glozman and D.O. Riska,
Phys. Rep. 268 (1996) 263

C. Garcia-Recio et al., PLB 582 (2004) 49

M. Lutz, E. Kolomeitsev, PLB 585 (2004) 243



Λ(1405)

J.M.M. Hall et al. [Adelaide group], 
Phys. Rev. Lett. 114 (2015) 132002

"molecule" as dominating
 Fock component 

genuine 3q
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L-QCDStatus spectroscopy:
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context c-quark sector
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context c-quark sector
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X(3872)Ψ'

   M(π+π-l+l-)- M(l+l-)

X(3872) 

B± →  K± π+π– J/ψ

PRD	  77	  (2008)	  
111101	  

BaBar / SLAC

PRL	  103	  (2009)	  152001
CDF / Tevatron

PRL91,	  262001(2003)Belle
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X(3872)Ψ'

   M(π+π-l+l-)- M(l+l-)

X(3872) 

B± →  K± π+π– J/ψ

PRD	  77	  (2008)	  
111101	  

BaBar / SLAC

PRL	  103	  (2009)	  152001
CDF / Tevatron

LHCb 2015

PC
+(4380, 4450)

PRL91,	  262001(2003)Belle

p J/ψ

D* Σc  ?

PB / VB hidden c predicted from
meson-baryon interactions:
Oset, Zou et al., PRL 105 (2010)

"new N*cc states are simply 
brothers or sisters of the well 
known N*(1535) and Λ*(1405)
... and many other dynamically
generated states ..."

R. Aaij et al., PRL 115 (2015) 072001

context c-quark sector



uds sector ?
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uds sector – threshold dynamics
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 R. Ewald et al. (CB/TAPS), PLB 713 (2012)

γ + p -> K0 + Σ+      anomaly @ K* threshold 

most forward bin
<cos θK

cm> = 0.83 

16H. Schmieden



 R. Ewald et al. (CB/TAPS), PLB 713 (2012)

γ + p -> K0 + Σ+      anomaly @ K* threshold 

most forward bin
<cos θK

cm> = 0.83 

K

K*

π

K

N Λ/Σ

also:
Ramos & Oset,
PLB 727 (2013) 287

17H. Schmieden



H. Schmieden

 R. Ewald et al. (CB/TAPS), PLB 713 (2012)

γ + p -> K0 + Σ+      anomaly @ K* threshold 

most forward bin
<cos θK

cm> = 0.83 

K

K*

π

K

N Λ/Σ

also:
Ramos & Oset,
PLB 727 (2013) 287

18

proton

neutron
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uds sector ?
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parallels between c and s sectors
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parallels between c and s sectors

D*D X(3872)
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uds sector ?
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parallels between c and s sectors

D*
Σc

q  ➞  [qq]

PC(4380/4450)

3  ⇿  3
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uds sector ?
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parallels between c and s sectors

π

π
D*

D

Σc

Λ*c
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uds sector ?
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parallels between c and s sectors

π

π
K*

K

Σ

Λ*
(1520)H. Schmieden



K

K*

π

K

N Λ/Σ

K

K+

K-

p Λ(1405) p

low t

"parallel"
kinematics

t-channel Kinematics 

π

Σ
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BGO-OD !
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BGO-OD experiment @ELSA:      accelerator
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BGO-OD experiment @ELSA:      accelerator

characteristics

• energy  0.8 – 3.2 GeV
• internal current   ~ 100 mA
• extracted current  ~ 1 fA – 10 nA
• "single electron" extraction
• macroscopic duty-factor  ~ 70 – 80% 
• electron polarisation ~ 60 – 80% 
• detector beam test area
• energy tagged photon beams
• 2 HP experimental areas:
• CBELSA/TAPS w/BoFroST polarised target
• BGO-OD

H. Schmieden



BGO-OD

30

BGO-OD experiment @ELSA:      accelerator

characteristics

• energy  0.8 – 3.2 GeV
• internal current   ~ 100 mA
• extracted current  ~ 1 fA – 10 nA
• "single electron" extraction
• macroscopic duty-factor  ~ 70 – 80% 
• electron polarisation ~ 60 – 80% 
• detector beam test area
• energy tagged photon beams
• 2 HP experimental areas:
• CBELSA/TAPS w/BoFroST polarised target
• BGO-OD

H. Schmieden



BGO-OD experiment

• combination of BGO central calorimeter & forward spectrometer
• high momentum resolution, excellent neutral & charged particle id 

spokespersons:  P. Levi Sandri (Frascati) & H.S. (Bonn)
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Vorstellung Fachschaft – Dezember 2014

BGO-OD experiment at ELSA
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First Results from  BGO-OD 
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all preliminary
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BGO 2γ reconstruction OD pos. charged particles

Particle ID & event reconstruction
central forward few days of data

H. Schmieden
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cross sections (bench marks)

γ + p 
work of G. Scheluchin

Preliminary

p π0 p η 

p ω 



First Results strangeness photoproduction 
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• overview – channel ID

• x-sec for (extreme forward) K+ Yg.s.  
close to final

• K+ Λ(1405)
preliminary

• K0 Σ+,0    off proton & neutron targets
event reconstruction

H. Schmieden



Overview  γ + p  →  K⁺ + X
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forward K⁺ in spectrometer work of T. Jude

• Y* at very low t

• Identify Y* states from (K+ π0) recoiling mass 

‣ K+ Λ  →  K+ π0 n                [missing neutron mass from (K+ π0) system]

‣ K+ Λ(1405)  →  K+ π0 Σ0    [missing Σ0 mass from (K+ π0) system]

‣ K+ Σ(1385)  →  K+ π0 Λ      [missing Λ mass from (K+ π0) system]

H. Schmieden
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Extracting K+ Λ /Σ signals 
work of T. Jude

H. Schmieden



Bydzovsky and Skoupil, arXiv:1211.2684      
Proceedings SNP12

→  important constraint for 
      hypernuclei production 

work of T. Jude
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γ + p  →  K⁺ Λg.s. / Σg.s.   @ forward angles

→  also Yg.s. almost uncontrained
      by data

K⁺ Σ

K⁺ Λ.

H. Schmieden



work of T. Jude
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γ + p  →  K⁺ Λg.s.             @ forward angles

Eγ [MeV]

dσ
/d
Ω

 [µ
b/

sr
]

• unprecedented polar angular resolution
• ongoing analysis:  statistical error to be reduced by 1/2
• more data to come

H. Schmieden
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preliminary

γ + p  →  K⁺ + Σ(1193)    full angular range
work of G. ScheluchinK⁺ nearly 4π acceptance & kinematic fit / neural network analysis

H. Schmieden



KHuK meeting Dec 2016

Λ(1405):  neutral decay mode
work of G. Scheluchin
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γ + p ➝ K+ Λ(1405)

(πΣ)0

π0 Σ0(1192)

π– p

Λ(1116) + γ

isospin forbidden
for Σ(1385)

Θcm (K+) = 0 ... 45o Θcm (K+) = 45 ... 90o

• full reconstruction of decay topology
• K+Λ(1405) → K+ π0 Σ0 → K+ γ γ γ π– p

• complements CLAS data

H. Schmieden
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work of B.-E. Reitz

• K0 → π+ π–  

• Σ+ → p π0

signal

background • K0 → π0 π0  

• Σ+ → X

work of S. Alef

w/ kinematic fit prior to kinematic fit

~1/3 subset of data 

H. Schmieden



K0 from neutron target
2 day test beam

• K0 → 2π0 in BGO

• n(neutral)   < 6
• n(charged) < 3

• p from Σ0 → p π– in 
forward spectrometer

in addition:

45

work of T. Jude

H. Schmieden



K0 from neutron target
2 day test beam

• K0 → 2π0 in BGO

• n(neutral)   < 6
• n(charged) < 3

• p from Σ0 → p π– in 
forward spectrometer

in addition:
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work of T. Jude

3 week 

data taking

ahead

H. Schmieden



Summary

• new BGO-OD experiment @ELSA

• unique for meson photoproduction

–  optimised for "forward kinematics"  ⬄ low-t processes

• first (very) preliminary results from s-sector

–  K+ Λ photoproduction at (very) forward angles
–  K+ Σ0  as check for Y* production
–  K+ Λ(1405)  line shape (& cross sections)
–  K0 Σ+ from proton target over K* threshold
–  K0 from neutron target (initial tests)

• open trigger:  KY(*) data simultaneously, also η' etc.

• data taking ongoing
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Thanks to:

• all collaborators in BGO-OD

• especially
S. Alef, P. Bauer, K. Kohl, B. Reitz, 
G. Scheluchin, Ch. Tillmanns, 
D. Spülbeck (present PhD, Master's 
and Bachelor students), and
T. Jude (postdoc)

• ELSA crew for beam 

• DFG for financial support
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extra slides

49H. Schmieden



 γ p → η' p    @ threshold
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all time GRAAL data
• nodal structure
➞  interference w/ P/D-wave
• quickly decreasing w/ Eγ 
➞  narrow structure
• ideal for BGO-OD
➞  recoil p in OD spectrometerText

BGO-OD
Θlab ≲ 10o  ⇿

ΔEthresh ≲ 30 MeV

H. Schmieden



K⁺ ID in BGO Ball
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T.C. Jude et al.,
PLB 735 (2014) 112


