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IntroductionIntroductionIntroduction

• The value of BR( φ  " η′ γ) can clarify the η′

structure;

• R = BR(φ  " η′ γ )/ BR( φ  " η γ) is related to the 
value of the η – η′ mixing angle;

Kloe 2000 data:  subsample ∫ L dt = 16.6 pb-1

•• The value ofThe value of BRBR(( φ  φ  "" ηη′′ γγ)) can can clarify theclarify the ηη′′

structurestructure;;

• R = BRBR((φ  φ  "" ηη′′ γ γ ))/ / BRBR(( φ  φ  "" ηη γγ)) isis related torelated to the the 
value of the value of the ηη –– ηη′′ mixing anglemixing angle;;

KloeKloe 2000 data:  2000 data:  subsamplesubsample ∫∫ L L dtdt = = 16.6 pb16.6 pb--11



The η – η′ mixing angleThe The ηη –– ηη′′ mixing anglemixing angle

• The value of the mixing angle has been a puzzle for 
many years: both in theoretical predictions and in 
phenomenological analyses it varies as much as
-23o " -10o

• Recent results in the framework of χPT + 1/N C suggest
two mixing angles in the octect-singlet basis (H. Leutwyler, 
Nucl. Phys. Proc. Suppl. 64, 223 (98) )

•• The value of the The value of the mixing angle has beenmixing angle has been a puzzle a puzzle for for 
many yearsmany years: : bothboth in in theoretical predictions andtheoretical predictions and in in 
phenomenological analyses it varies as much asphenomenological analyses it varies as much as
--2323oo "" --1010oo

•• Recent resultsRecent results in in the framework of the framework of χχPTPT + 1/N + 1/N CC suggestsuggest
two two mixing anglesmixing angles in in the octectthe octect--singlet basissinglet basis (H. Leutwyler, 
Nucl. Phys. Proc. Suppl. 64, 223 (98) )



$$$$ ππππ0 γγγγ """" γ γ γγ γ γγ γ γγ γ γ
 φ φ φ φ 
%%%% ηηηη γγγγ """" γ γ γγ γ γγ γ γγ γ γ

$$$$$$$$ ππππππππ00 γγγγγγγγ """""""" γ γ γγ γ γγ γ γγ γ γγ γ γγ γ γγ γ γγ γ γ
  φ φ φ φ φ φ φ φ 
%%%%%%%% ηηηηηηηη γγγγγγγγ """""""" γ γ γγ γ γγ γ γγ γ γγ γ γγ γ γγ γ γγ γ γ

We use these channels as a check of the  We use these channels as a check of the  
radiative decay analysis consistencyradiative decay analysis consistency

Both decaysBoth decays generate 3 generate 3 γ γ from thefrom the IPIP (( t t –– l/cl/c ≤≤ 55••σσtt ))

Common strategy

• Kin. fit with global energy momentum conservation

• Photon assignment: minimization of χ2 (π0 γ) χ2 (η γ)

Common strategyCommon strategy

•• KinKin. . fit with global energy momentum conservationfit with global energy momentum conservation

•• Photon assignmentPhoton assignment: : minimization ofminimization of χχ2 2 ((ππ0 0 γγ)) χχ22 ((ηη γγ))



co
s

co
s θθ

γγγγ

∆∆EEγγ γγ MeVMeV

γγ invariant
mass distribution

γγ γγ invariantinvariant
massmass distributiondistribution

cosθγγ and ∆Eγγ define
the two signal bands 
vs QED background

coscosθθγγγγ and and ∆∆EEγγγγ definedefine
thethe two two signal bands signal bands 
vsvs QED backgroundQED background

SignalSignal selectionselection

ππππππππ00γγγγγγγγ

ηγηγηγηγηγηγηγηγ

γγ γγ invariantinvariant mass     (mass     (MeVMeV))



γγγγ invariantinvariant mass (mass (bckgbckg. . subtractedsubtracted) () (MeVMeV))

Γ(φ " η γ " γ γ γ)
=

Γ(φ" π0γ " γ γ γ)

KLOE* * : BR(φ" π0γ) = (1.377 ± 0.007± 0.05) • 10-3

PDG’00  : BR(φ" π0γ) = (1.26 ± 0.10) • 10-3

ΓΓ((φ φ "" η γη γ "" γ γ γγ γ γ))
==

ΓΓ((φφ "" ππ00γγ "" γ γ γγ γ γ))

KLOEKLOE* ** * :: BR(BR(φφ "" ππ00γγ)) = (1.377 = (1.377 ±± 0.0070.007±± 0.05) 0.05) •• 1010--33

PDGPDG’’00  :00  : BRBR((φφ "" ππ00γγ)) = (1.26 = (1.26 ±± 0.10) 0.10) •• 1010--33

γγ invariant mass
distribution after

background subtraction

γγ γγ invariantinvariant massmass
distribution afterdistribution after

background background subtractionsubtraction

ππππππππ00 η η η η η η η η 

KLOE 1999  KLOE 1999  ((2.4 pb2.4 pb--11)      )      (3.92 (3.92 ±± 0.05 0.05 ±± 0.13)0.13)

KLOE 2000 KLOE 2000 ** ((16.6 pb16.6 pb--11)   )   (3.75 (3.75 ±± 0.02 0.02 ±± 0.09)0.09)

* Kloe internal note 217
* * Kloe internal note 234



φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− ηηηη γ γ γ γ """" ππππ++++ ππππ−−−− γγγγγγγγγγγγφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− ηηηηηηηη γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− γγγγγγγγγγγγγγγγγγγγγγγγ

Main background:

φφφφ """" KS KL
φφφφ """" ππππ++++ ππππ−−−− ππππ0000

 (electromagnetic cluster 
 splitting-accidentals )

φφφφ """" ηηηη γ  γ  γ  γ  """" ππππ++++ ππππ−−−− ππππ0000 γ γ γ γ """" ππππ++++ ππππ−−−− γ γγ γγ γγ γ γγγγ
(good control sample)

MainMain background:background:

φφφφφφφφ """""""" KKS S KKLL
φφφφφφφφ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− ππππππππ00000000

  ((electromagneticelectromagnetic cluster cluster 
  splittingsplitting--accidentalsaccidentals ))

φφφφφφφφ """""""" ηηηηηηηη γ  γ  γ  γ  γ  γ  γ  γ  """""""" ππππππππ++++++++ ππππππππ−−−−−−−− ππππππππ00000000 γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− γ γγ γγ γγ γγ γγ γγ γγ γ γγγγγγγγ
((good control samplegood control sample))



• 3 γ from the IP ( t – l/c ≤ 5•σt )

• 1 charged vertex in cylindrical region around IP
( ρ < 4 cm ;  z< 8 cm )

• Eπ+ + Eπ
_  <<<< 430 MeV 

for φ  " η′ γ

• Eπ+ + Eπ
_  <<<< 550 MeV 

for φ  " η γ

•• 3 3 γ γ from thefrom the IPIP (( t t –– l/cl/c ≤≤ 55••σσtt ))

•• 1 1 charged vertexcharged vertex in in cylindrical region aroundcylindrical region around IPIP
( ( ρ ρ << 4 cm ; 4 cm ;  zz<< 8 cm 8 cm ))

•• EEππ++ + + EEππ
_  _  <<<<<<<< 430 430 MeV MeV 

forfor φ  φ  "" ηη′′ γγ

•• EEππ++ + + EEππ
_  _  <<<<<<<< 550 550 MeV MeV 

forfor φ  φ  "" ηη γγ

φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− ηηηη γ γ γ γ """" ππππ++++ ππππ−−−− γγγγγγγγγγγγφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− ηηηηηηηη γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− γγγγγγγγγγγγγγγγγγγγγγγγ

EEππ++ + + EEππ
__ ((MeVMeV))

EEππ++ + + EEππ
__ ((MeVMeV))

EEππ++ + + EEππ
__ ((MeVMeV))

φφφφφφφφ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− ππππππππ00000000

φφφφφφφφ """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ

φφφφφφφφ """""""" η γη γη γη γη γη γη γη γ



Cluster energy 
spectra for the  

decays:
φ" η γ and φ" η′ γ

Cluster Cluster energy energy 
spectra for the  spectra for the  

decaysdecays::
φφ "" ηη γγ and and φφ "" ηη′′ γγ

γγS  S  energy spectrumenergy spectrum φφ "" ηη′′ γγ ((MeVMeV))

γγS  S  energy spectrumenergy spectrum φφ "" ηη γγ ((MeVMeV))

E1 E1 vsvs E2 (E2 (after kinafter kin. . fitfit)        ()        (MeVMeV))
M

eV
M

eV

Kinematic fit with     Kinematic fit with     
global energy momentum global energy momentum 
conservationconservation; ; 

P P (χ(χ(χ(χ(χ(χ(χ(χ22222222)  )  )  )  )  )  )  )  >>>>>>>> 1 1 %%%%%%%% cut is appliedcut is applied



MeVMeV

M
eV

M
eV ηη γγ

ηη′′ γγ

Using the two most 
energetic γ, we can

distinguish the decays: 
η′ γ and η γ

Using theUsing the two two most most 
energeticenergetic γγ, , wewe cancan

distinguish the decaysdistinguish the decays: : 
ηη′′ γγ andand ηη γγ

All All kinematical quantities relevantkinematical quantities relevant
for selectionfor selection can can be checked with thebe checked with the
φ φ φ φ φ φ φ φ """""""" ηηηηηηηη γγγγγγγγ sample to find discrepancies sample to find discrepancies 
withwith Monte Carlo.Monte Carlo.

All All variablesvariables are in are in good agreement good agreement 
withwith Monte Carlo.Monte Carlo.



φφφφφφφφ """""""" ηηηηηηηη γ                           φ  γ                           φ  γ                           φ  γ                           φ  γ                           φ  γ                           φ  γ                           φ  γ                           φ  """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ

ππππ0

ηηηη′′′′ηηηη

ηηηη

Invariant mass 
before and after 

kin. fit

Invariant mass 
before and after 

kin. fit



Radiative γ energy         π momentum

Monte Carlo-Data 
comparison

Monte CarloMonte Carlo--Data Data 
comparisoncomparison

φ" η γ 
control sample

φφ"" ηη γ γ 
control samplecontrol sample

Charged vertex ρ ρ ρ ρ Charged π π π π opening angle



MeVMeV

The background has been 
evaluated by the data

TheThe background background has been has been 
evaluatedevaluated by by thethe datadata

kinematic fit with no 
mass constraint

kinematic fit withkinematic fit with no no 
mass mass constraintconstraint

M
eV

M
eV

ηηηηηηηη′′′′′′′′ invariantinvariant mass           (mass           (MeVMeV))



R = = = = BR(φ  (φ  (φ  (φ  """" ηηηη′′′′ γ) / γ) / γ) / γ) / BR(φ  (φ  (φ  (φ  """" ηηηη γ)γ)γ)γ)R R = = = = = = = = BRBR(φ  (φ  (φ  (φ  (φ  (φ  (φ  (φ  """""""" ηηηηηηηη′′′′′′′′ γ) / γ) / γ) / γ) / γ) / γ) / γ) / γ) / BRBR(φ  (φ  (φ  (φ  (φ  (φ  (φ  (φ  """""""" ηηηηηηηη γ)γ)γ)γ)γ)γ)γ)γ)

R = ( Nη′ εη′ / Nη εη )•RBR= (5.3 ± 0.5(stat) ± 0.3(sys))•10-3R = ( Nη′ εη′ / Nη εη )•RBR= (5.3 ± 0.5(stat) ± 0.3(sys))•10-3

Using PDG’00 for BR(φ  (φ  (φ  (φ  """" ηηηη γ)γ)γ)γ) :
BR(φ  φ  φ  φ  """" ηηηη′′′′ γγγγ) = (6.8 ± 0.6(stat) ± 0.5(sys))•10-5

(hep-ex 0107022  Kloe collaboration)

Using PDG’00 for BR(φ  (φ  (φ  (φ  """" ηηηη γ)γ)γ)γ) :
BRBR((φ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ) =) = (6.8 (6.8 ±± 0.60.6((statstat)) ±± 0.50.5((syssys))))••1010--55

(hep-ex 0107022  Kloe collaboration)



The η – η′ mixing angleThe The ηη –– ηη′′ mixing anglemixing angle

Using two different approaches (Bramon et al. Eur. Phys. J. 
C7 (99); Phys. Lett. B503(01) and P. Ball, J.M. Frere and M. Tytgat 
Phys. Lett. B365(1996) -Feldmann Int. J. Mod. Phys. A15 (00)) , 
we extract the mixing angle 
(hep-ex 0107022  Kloe collaboration)

UsingUsing two two different approachesdifferent approaches ((Bramon et al. Eur. Phys. J. 
C7 (99); Phys. Lett. B503(01) and P. Ball, J.M. Frere and M. Tytgat 
Phys. Lett. B365(1996) -Feldmann Int. J. Mod. Phys. A15 (00)) , ) , 
we extract the we extract the mixing angle mixing angle 
(hep-ex 0107022  Kloe collaboration)

θθθθP = (-14.7° )
Bramon’s approach

θθθθθθθθPP = (= (--14.714.7°° ))
Bramon’s approachBramon’s approach

+1.7+1.7°°

--1.51.5°°

In Feldmann’s approach two mixing 
angles in the octect-singlet basis

θθθθ8 ≈≈≈≈ -20.5° θθθθ0 ≈≈≈≈ -8.5°

In In Feldmann’s approach two two mixing mixing 
anglesangles in in the octectthe octect--singlet basissinglet basis

θθθθθθθθ88 ≈≈≈≈≈≈≈≈ --20.520.5°° θθθθθθθθ0 0 ≈≈≈≈≈≈≈≈ --8.58.5°°



φφφφ """" ηηηη′′′′ γγγγ
 %%%% η πη πη πη π0 0 0 0 ππππ0000

 %%%% 4γ4γ4γ4γ
 ππππ0000 ππππ++++ ππππ−−−−

 %%%% 2γ2γ2γ2γ

φφφφφφφφ """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ
  %%%%%%%% η πη πη πη πη πη πη πη π0 0 0 0 0 0 0 0 ππππππππ00000000

  %%%%%%%% 4γ4γ4γ4γ4γ4γ4γ4γ
  ππππππππ00000000 ππππππππ++++++++ ππππππππ−−−−−−−−

  %%%%%%%% 2γ2γ2γ2γ2γ2γ2γ2γ

φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− 7γ7γ7γ7γφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− 7γ7γ7γ7γ7γ7γ7γ7γ

No way to distinguish the two channels

Main background is produced by decay
φφφφ """" KS KL (electromagnetic cluster splitting-accidentals)
 

No No way to distinguish theway to distinguish the two two channelschannels

MainMain background background is producedis produced by by decaydecay
φφφφφφφφ """""""" KKS S KKLL ((electromagneticelectromagnetic cluster cluster splittingsplitting--accidentalsaccidentals))
  

φφφφ """" ηηηη′′′′ γγγγ
 %%%% ηηηη ππππ++++ ππππ−−−−

 %%%% ππππ0 0 0 0 ππππ0 0 0 0 ππππ0000

 %%%% 6γ6γ6γ6γ

φφφφφφφφ """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ
  %%%%%%%% ηηηηηηηη ππππππππ++++++++ ππππππππ−−−−−−−−

  %%%%%%%% ππππππππ0 0 0 0 0 0 0 0 ππππππππ0 0 0 0 0 0 0 0 ππππππππ00000000

  %%%%%%%% 6γ6γ6γ6γ6γ6γ6γ6γ



• 7 γ from the IP ( t – l/c ≤ 5•σt )

• 1 charged vertex in cylindrical region around IP
( ρ < 4 cm ;  z< 8 cm )

• Ktag veto

• cut on cosθπ+π−and
Eπ+ + Eπ

_  

•• 7 7 γ γ from thefrom the IPIP (( t t –– l/cl/c ≤≤ 55••σσtt ))

•• 1 1 charged vertexcharged vertex in in cylindrical region aroundcylindrical region around IPIP
( ( ρ ρ << 4 cm ; 4 cm ;  zz<< 8 cm 8 cm ))

•• KtagKtag vetoveto

•• cut oncut on coscosθθππ+π+π−− andand
EEππ++ + + EEππ

_  _  

φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− 7γ7γ7γ7γφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− 7γ7γ7γ7γ7γ7γ7γ7γ

EEππ++ + + EEππ
__

after Ktagafter Ktag

EEππ++ + + EEππ
__

before Ktagbefore Ktag

MeV

MeV



MeV

EEππ++ + + EEππ
__

ΝΝΝΝηηηη′′′′ = 150 ±±±± 12(stat.)
events after background subtraction

ΝΝΝΝΝΝΝΝηηηηηηηη′′′′′′′′ = = 150 150 ±±±±±±±± 1212(stat.)(stat.)
events after background subtractionevents after background subtraction

φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− 7γ7γ7γ7γφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− 7γ7γ7γ7γ7γ7γ7γ7γ



φ  φ  φ  φ  """" ηηηη′′′′ γ γ γ γ """" ππππ++++ ππππ−−−− 7γ7γ7γ7γφ  φ  φ  φ  φ  φ  φ  φ  """""""" ηηηηηηηη′′′′′′′′ γ γ γ γ γ γ γ γ """""""" ππππππππ++++++++ ππππππππ−−−−−−−− 7γ7γ7γ7γ7γ7γ7γ7γ

There are no events with the same topology, There are no events with the same topology, 
i.e. no control sample for si.e. no control sample for systematicystematic checkcheck

However However this is this is a a different approach different approach 
toto measure measure BRBR(φ  (φ  (φ  (φ  (φ  (φ  (φ  (φ  """""""" ηηηηηηηη′′′′′′′′ γ),γ),γ),γ),γ),γ),γ),γ),
to to be be comparecomparedd with the one with the one 
obtained using obtained using ππ++ ππ−− 3γ3γ final final 
state.state.

The results are consistent inThe results are consistent in
one one σσ..

NN
η ηηηη ηηη′ ′′′

′ ′′′
pe

r
pe

r p
bpb

-- 11

Run Run 



ConclusionsConclusionsConclusions

Kloe 2000 data:  subsample ∫ L dt = 16.6 pb-1

• PDG’00:          BR(φ" π0γ) = (1.26 ± 0.10) • 10-3

KLOE:             BR(φ" π0γ) = (1.377 ± 0.007± 0.05) • 10-3

(using 3 γ final state; Kloe memo 234-2000)

KloeKloe 2000 data:  2000 data:  subsamplesubsample ∫∫ L L dtdt = = 16.6 pb16.6 pb--11

•• PDGPDG’’00:          00:          BRBR((φφ "" ππ00γγ)) = (1.26 = (1.26 ±± 0.10) 0.10) •• 1010--33

KLOE:             KLOE:             BRBR((φφ "" ππ00γγ)) == (1.377 (1.377 ±± 0.0070.007±± 0.05) 0.05) •• 1010--33

((using 3 γ final state; Kloe memo 234-2000)

φφφφ """" ππππ0 γγγγφφφφφφφφ """""""" ππππππππ00 γγγγγγγγ



ConclusionsConclusionsConclusions

• PDG’00:          BR(φ  " η′ γ) = (6.7         )•10-5

KLOE:             BR(φ  " η′ γ) = (6.8 ± 0.6(stat) ± 0.5(sys))•10-5

(using π+ π− 3 γ final state; hep-ex 0107022  
Kloe collaboration ) 

• KLOE:   mixing angle best evaluation

•• PDGPDG’’00:          00:          BR(BR(φ  φ  "" ηη′′ γγ)) == (6.7         )(6.7         )••1010--55

KLOE:             KLOE:             BR(BR(φ  φ  "" ηη′′ γγ)) == (6.8 (6.8 ±± 0.60.6((statstat)) ±± 0.50.5((syssys))))••1010--55

((using ππ++ ππ−− 3 γ final state; hep-ex 0107022  
Kloe collaboration ) 

•• KLOE:   KLOE:   mixing angle mixing angle best evaluationbest evaluation

+ 3.5+ 3.5
-- 3.13.1

θθθθP = (-14.7° )θθθθθθθθPP = (= (--14.714.7°° ))+1.7+1.7°°

--1.51.5°°

φφφφ """" ηηηη′′′′ γγγγφφφφφφφφ """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ



ConclusionsConclusionsConclusions

•The η′ Kloe result rules out models with large
gluonium content in η′

•Two mixing angles first evaluation 

••The The ηη′′ KloeKloe result rules out models with largeresult rules out models with large
gluoniumgluonium content in content in ηη′′

••Two Two mixing angles mixing angles ffirstirst evaluation evaluation 

φφφφ """" ηηηη′′′′ γγγγφφφφφφφφ """""""" ηηηηηηηη′′′′′′′′ γγγγγγγγ


