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tǊŜǾƛƻǳǎ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ɸ+ search by LEPS 
ʴ Ř ҦK+K-pn reaction 

Data taken in 2002-2003. 
2.0<Eɹ<2.4 GeV. 
{ƛƎƴƛŦƛŎŀƴŎŜ ƻŦ рΦмˋ ŦǊƻƳ ǎƘŀǇŜ ŀƴŀƭȅǎƛǎΦ  

  όɲό-2lnL) with/without signal) 
Mass=1524 2 3MeV/c2. 

If the peak is real, 

ÅIt should be reproducible. 
ÅIt should appear in M(nK+). 
ÅIt should not appear in M(nK-) nor in M(pK+). 
ÅFermi-motion correction should work. 



Experiment@SPring-8/LEPS 
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Two laser injection system to increase beam intensity. 
5W Ar laser Ҧ 8W solid state laser (Paladin by Coherent company). 
Beam intensity of 1Ҧ2Mcps was achieved at the maximum. 
About 2.6 times statistics was collected in 2006-2007. 

Upgrade since previous experiment 
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The same setup for Common 2006-2007 data. 
Symmetric acceptance for positive/negative charged particles. 

ǎȅƳƳŜǘǊȅ ƛƴ ɸ+κɽόмрнлύ ǇǊƻŘǳŎǘƛƻƴΦ 



Search for Q+ in Fermi-motion corrected K- missing mass 
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simple MMn(ʴΣY-)X: 30 MeV/c2  
M(nK+) by MMSA    :11 MeV/c2 

(16 MeV/c2 ŦƻǊ ɽόмрнлύ ύ 

missing momentum 

Minimum Momentum Spectator 
Approximation (MMSA):  
Assume possible minimum 
momentum configuration for the 
spectator. 

Inclusive analysis: 
p/n  unseparated 

Exclusive analysis: 
p/n  separated 

Separation of the two types of K+K- 
events from neutron and proton 
largely improves the signal sensitivity. 

For the further improvement 

In the previous analysis, only inclusive 
analysis was carried out. 

Q+ : K- missing mass 
L(1520) : K+ missing mass 
 



Inclusive Analysis 

New data was taken in 2006-2007 with almost the 
same setup. 
Blind analysis was applied to check the previous result. 

   (Selection cut is not changed from previous analysis.  
    calibration fixed before opening the box) 



/ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ɽόмрнлύ peak 

Previous New 

Peak 
position(MeV) 

1517.6 1.6 1517.8 1.0 

Peak width (MeV) 18.5 2.2 16.8 1.6 

Peak height 53.0 5.2 128.3 8.2 

S/N ratio 1.74 0.22 1.55 0.15 

MMn(ʴΣY-)X>1.6GeV/c2  
to keep the condition of the blind analysis. 

Previous data New data 

ʴǇ ҦK+ɽόмрнлύ ҦK+K-p 

K-ҞK+ 

n Ҟ p 

ʴƴ ҦK-ɸ+ҦK+K-n 

ɽόмрнлύ ǇŜŀƪ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ŎƻƴǎƛǎǘŜƴǘ ŦƻǊ ǘǿƻ Řŀǘŀ ǎŜǘǎΦ 

Is there any problems on new data? 
Is it possible to add two data sets? 



hǘƘŜǊ ŎƘŜŎƪǎΥ ˒ ŜǾŜƴǘǎ 

Pmin ŦƻǊ ˒ events 

2̝/ndf=96.6/90 
K.S test 52.4% 

New data 
Previous data 
(normalized by entry) 

Other distributions are also checked and consistent. 
We decided to add two data sets after opening the box. 



Box open for new data 

The significance is less than 2s if we perform the same shape analysis 
as the previous analysis.  

fitting w/o signal fitting w/signal 

ɽόмрнлύ Ŏǳǘ aόpK-)>1.55 GeV/c2 



Consistency check of final M(NK+) spectrum 

¢ƘŜ ƛƴŎǊŜƳŜƴǘ ƻŦ ǘƘŜ ˔2 from the best fit in  
the space of peak height and position of signal. 
ҦŀƭƳƻǎǘ оˋ deviation from two data sets. 

New data 
previous data 

Two data sets are normalized by the entry. 
In total, two data sets are consistent. 

2̝/ndf=56.4/66 
K.S test 58.8% 

Unlikely to happen Ҧ Overestimation of significance by shape analysis. 



Summing two data sets 

Statistical significance of Ϥп ˋ, peak position ~1520 MeV 
although it may contain large systematic error. 

ɽόмрнлύ Ŏǳǘ ƛǎ ƛƳǇƭŜƳŜƴǘŜŘ 
fitting w/o signal fitting w/signal 



Exclusive Analysis 
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Proton detection by using dE/ dx in Start Counter 

Pid = (Measured energy loss in SC) 
      ς (Expectation of KK) 
      ς (Half of expectation of proton) 

KKp only KKn and part of KKp 

Proton not tagged 
(Proton rejected) Proton tagged (e ~60%) 
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Signal enhancement is 
seen in proton rejected 
events. 
     should be associated 
with gn reaction. 

p/n ratio: 
1.6 before proton rejection 
0.6 after proton rejection 
 



LH2 p(miss) vs. p(dEdx) LD2 p(miss) vs. p(dEdx) LH2 p(MMSA) vs. p(dEdx) 


