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● nπ6π6π7 from CLAS g12
● analysis issues uncovered

● reanalysis of nπ6π6π7

● analysis of Δ66 π6π7π7

● analysis of Λ K6 π6π7

Overview



Results from Jefferson Lab CLAS
CLAS g12 Experiment

Production Data
I = 60-65 nA
Eγ = 3.584 - 5.453 GeV
26.2 Billion events
mixed triggers
68 pb-1

Hadron Spectroscopy Analyses

 Ee- 5.715 GeV

γ p → n π+ π+ π- 
γ p → p π- π-+ π0 
γ p →  p K+ K- η
γ p →  Δ++ π- η
γ p →  Δ++ π- π- π+

γ p →  Λ K+π- π+

γ p →  Ξ-* K+ K+

γ p →  p p anti-p
+ ...

CLAS in Hall B 

CLAS geometry optimized for peripheral production acceptance

Photoproduction of meson via unpolarized  photons
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CLAS g12:  γp → n π+π+π- 

a2(1320) → ρπ

a1(1260) → ρπ

π2(1670) → f2π

PWA

GHP2013

C. Bookwalter(FSU)

 Unpolarized photon beam 
 * Beam is a coherent mixture of parity 

eigenstates
 * Equal production of Mε = 1+ and 1- 
 * No Mε = 0ε for π exchange dominance
 * No J=0 meson production (spin zero 

filter)
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PWA 1-+ Exotic Wave

GHP2013

 CLAS g12
C. Bookwalter(FSU)

  no 
evidence 

of  
π1(1600)

π2(1670) pure phase

E852 claim is based on 
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ϕ[1-+ - 2-+] Phase Motion



Error found in the amplitude 
calculation

Craig Aris

- helicity amplitudes are not parity eigenstates

- reflectivity amplitudes are linear combinations 
of helicity amps which are parity eigenstates.



3 p.n5+5+5-
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Using the  CLAS-g12 dataset we selected events with three charge pions, 
measured by the CLAS spectrometer and identifying a neutron by energy and 
momentum conservation.

A mass independent partial wave analysis was performed using an event 
based likelihood fit.

Aristeidis Tsaris
FSU
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 Enhance Peripheral Production  3 p.n5+5+5-
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 Further Reducing the Baryon Background 3 p.n5+5+5-
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        Features of the 3π sample 3 p.n5+5+5-
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A total of 17 partial waves were included in the 
high mass region and 13 partial waves in the low 
mass region for the PWA fit presented here.
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   Partial waves of the 3π System for        3 p.n5+5+5-
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M = 1.640 GeV
Γ  = 0.260 GeV

Intensity of 2-+ S waves

Intensity of 1-+ P waves

(GeV /c2)

(GeV /c2) (GeV /c2)

Phase difference between 
1-+1+P and 2-+1+S waves

Curve is just to 
guide the eye

Preliminary

Preliminary

Ev
en

ts
Ev

en
ts

δφ

Mass(π+π+π-)

Mass(π+π+π-)

Mass(π+π+π-)
Phase difference between 
1-+1+P and 2-+1+S waves

Mass(π+π+π-) (GeV /c2)

Curve is the phase 
motion of a pure 2-+ 
wave only

Curve is the phase 
motion of a pure 2-+ 
wave only

δφ

   Partial waves of the 3π System for        3 p.n5+5+5-

It was found that the M=0 waves are no longer required! 

HADRON 2015



Diffractively produced 3-pion and 2-pseudoscalar final states at COMPASS
Bernhard Ketzer

COMPASS Result Presented at Hadron 2015



3 p.0+ +5+5-5-
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Using the  CLAS-g12 dataset we selected events with four charge pions, 
measured by the CLAS spectrometer and identifying a proton by energy and 
momentum conservation.

A mass independent partial wave analysis was performed using an event 
based likelihood fit.

Aristeidis Tsaris
FSU
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Kinematic Separation of the Δ66 3 p.0+ +5+5-5-

Momentum 
Difference:

∣ /p51
+∣−∣ /p52

+∣ (GeV /c )
Δ+ +

Mass( p ,π fast
+ )

>0.35

Mass( p ,π slow
+ ) (GeV / c2)(GeV / c2)

Background
Δ+ +Signal

Ev
en

ts
/3

0 
M

eV
/c

Ev
en

ts
/1

4 
M

eV
/c

2

Ev
en

ts
/1

4 
M

eV
/c

2

HADRON 2015



3 p.0+ +5+5-5- Data Selection and 
 Background Reduction
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3 p.0+ +5+5-5-

Mass(π+π-π-) GeV / c2

M 2(π+ ,π fast
- )

M 2(π+ ,π fast
- )

(GeV /c2)2

(GeV /c2)2

(GeV /c2)2

(GeV /c2)2

M 3π<1.5GeV

M 3π>1.5 GeV

        Features of the 3π sample
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A total of 13 partial waves were included in the 
high mass region and 9 partial waves in the low 
mass region for the PWA fit presented here.
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 Partial waves of the 3π System off of the Δ++       3 p.0+ +5+5-5-
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3 p.0+ +5+5-5-
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The importance of the                 partial wave 
is still being investigated.
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a2(1320)

 Partial waves of the 3π System off of the Δ++       
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All particles are observed in CLAS except for 
a missing π7 which is obtained via energy-
momentum conservation.
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Lambda identification
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 Baryon Backgrounds 
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 Partial Wave Analysis 
* 16,500 events subjected to mass independent partial wave analysis

- worlds largest Λ K+ π+ π- photoproduction dataset to date
* Isospin = ½  amplitudes parameterized by JPMε(isobar)
* Main decay mode are K*(892)π6 & ρK6 but also include: K*

2(1430)π6, σK6, κπ6       

HADRON 2015



HADRON 2015
shown are the accepted yields
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HADRON 2015
shown are the accepted yields



 See Aristeidis and Hussein for details 


