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MotivationMotivation

Positive evidence of Positive evidence of ΘΘ++ was reported by LEPS in was reported by LEPS in 
γγdd ΛΛ(1520)(1520)ΘΘ++ reaction by detecting reaction by detecting pKpK-- (talk by Nakano).(talk by Nakano).

CLAS g10 experiment took high statistics data on photoCLAS g10 experiment took high statistics data on photo--
deuterium reaction (talk by deuterium reaction (talk by StepanyanStepanyan))

Can CLAS g10 check the LEPS Can CLAS g10 check the LEPS ΘΘ++ evidence?evidence?
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Data analysisData analysis

Analysis requires Analysis requires ……
–– p Kp K-- tracks reconstructed by CLAStracks reconstructed by CLAS
–– good tagged photongood tagged photon
–– track vertex originated from LD2 targettrack vertex originated from LD2 target
–– removal of removal of mismis--identified identified ππ-- tracktrack
–– KK-- is not from quasiis not from quasi--free free φφ photoproductionphotoproduction
–– pKpK-- pairs from pairs from ΛΛ(1520) decay(1520) decay

Search for Search for ΘΘ++ signal in missing mass for signal in missing mass for γγdd pKpK--X reactionX reaction
All g10 data was analyzed. I will focus on results from the All g10 data was analyzed. I will focus on results from the 
data with low data with low torustorus field (larger field (larger pKpK-- acceptance).acceptance).
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Background from Background from 
mismis--identified identified ππ-- track (I)track (I)

If If ππ-- is is mismis--identified as Kidentified as K--, , 
γγdd pp ππ-- p reaction can be p reaction can be 
my background.my background.

MMMMdd((γγ,p,pππ--): missing mass ): missing mass 
assuming Kassuming K-- track is track is ππ--..

MMMMdd
22((γγ,p,pππ--)>1.1 GeV)>1.1 GeV22 was was 

required.required.
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Background from Background from 
mismis--identified identified ππ-- track (II)track (II)

Again, if Again, if ππ-- is is mismis--
identified as Kidentified as K--,quasi,quasi--free free 
γγpp pp ππ--ππ++ reaction can be reaction can be 
background.background.

MMMMpp((γγ,p,pππ--): missing mass ): missing mass 
assuming Kassuming K-- track is track is ππ-- in in 
γγpp reactionreaction

MMMMpp
22((γγ,p,pππ--)>0.3 GeV)>0.3 GeV22 was was 

required.required.
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How much How much mismis--identified identified ππ cuts cuts 
affect affect ΛΛ(1520) yield?(1520) yield?

Number of Number of ΛΛ(1520) (1520) 
events before the cutsevents before the cuts

–– 29.8 +/29.8 +/-- 0.5 k events0.5 k events

after after MMMMdd((γγ,p,pππ--) cut) cut
–– 29.7  k events 29.7  k events 

after after MMMMdd((γγ,p,pππ--) and ) and 
MMMMpp((γγ,p,pππ--) cuts) cuts

–– 29.1 k events29.1 k events

MisMis--identified identified ππ−− cuts cuts 
removed  2.5% of removed  2.5% of 
ΛΛ(1520), while S/N ratio (1520), while S/N ratio 
increased by ~30%. increased by ~30%. 
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““K+K+””KK-- massmass

Background from quasiBackground from quasi--
free free φφ production was production was 
seen in M(seen in M(““KK++””KK--) ) 
spectrum assuming spectrum assuming 
γγNN KK++KK--N reaction.N reaction.

M(M(““KK++””KK--)>1.05 GeV/c)>1.05 GeV/c22

was required.was required.
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pKpK-- invariant massinvariant mass

ΛΛ(1520) selection : (1520) selection : 
1.505<1.505<M(pKM(pK--)<1.535 )<1.535 
GeV/cGeV/c22

Remaining BGRemaining BG
–– nonnon--resonant resonant pKpK-- pair pair 

from from γγdd pKpK--X(X=X(X=KK++nn, , 
KK00p,p,……))

–– ppπ π −− pair from 3 pair from 3 pionpion (or (or 
more) production (more) production (ππ++ππ−−

ππ00pn, pn, ππ++ππ−−ππ−−pppp))

BG was subtracted based BG was subtracted based 
on sidebands.on sidebands.
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Missing massMissing mass

Missing mass for Missing mass for γγdd
pKpK-- X reaction, X reaction, 
MMMMdd((γγ,pK,pK--))

Data mainly populates Data mainly populates 
at high at high MMMMdd((γγ,pK,pK--) ) 
region.region.

No statistically No statistically 
significant  narrow significant  narrow 
structure is seen in structure is seen in 
entire spectrum.entire spectrum.
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Missing mass, Missing mass, ΘΘ++ mass regionmass region

Same as previous Same as previous 
slide but zoomed in.slide but zoomed in.

No statistically No statistically 
significant peak was significant peak was 
observed.observed.

However, statistics is However, statistics is 
poor at the poor at the ΘΘ++ mass mass 
region.region.
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Missing momentumMissing momentum

Suppose Suppose ΘΘ++ is formed is formed 
by by kaonkaon exchange exchange 
followed by the followed by the 
ΛΛ(1520) photo(1520) photo--
production on nucleon, production on nucleon, 
kaonkaon momentum can momentum can 
be inferred from the be inferred from the 
missing momentum missing momentum 
((ppmismis=p=pγγ--ppΛ(1520)Λ(1520)))

Data poorly covers the Data poorly covers the 
region of the region of the ΘΘ++

formation momentum. formation momentum. 
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Comparison with LEPS dataComparison with LEPS data

S/N ratio for the LEPS S/N ratio for the LEPS ΘΘ++ signal seems to be high.signal seems to be high.
–– Possible to see the signal in low statistics sample?Possible to see the signal in low statistics sample?

This is a twoThis is a two--body reaction (body reaction (γγdd ΛΛ(1520)(1520)ΘΘ++))
–– Given photon energy and angle of Given photon energy and angle of ΛΛ(1520), reaction is (1520), reaction is 

completely determined.completely determined.

CLAS g10CLAS g10
–– tagged photon 0.8<tagged photon 0.8<EEγγ<3.6 <3.6 GeVGeV
–– High acceptance at midHigh acceptance at mid-- and large angles. and large angles. 

LEPSLEPS
–– tagged photon 1.5<tagged photon 1.5<EEγγ<2.4 <2.4 GeVGeV
–– High acceptance at small angles.High acceptance at small angles.
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Missing mass with photon Missing mass with photon 
energy cutenergy cut

EEγγ<2.4 <2.4 GeVGeV was was 
required to match the required to match the 
photon energy range photon energy range 
in LEPS data.in LEPS data.

This cut mainly This cut mainly 
removes high MM removes high MM 
events.  Almost no events.  Almost no 
change in the mass change in the mass 
spectrum near the spectrum near the ΘΘ++

mass.mass.
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Angular distribution of Angular distribution of ΛΛ(1520)(1520)

Polar angle of Polar angle of pKpK-- pair pair 
in in γγpp CM system is CM system is 
plotted for the events plotted for the events 
in in ΘΘ++ mass region; mass region; 
1.5<1.5<MMMMdd((γγ,pK,pK--)<1.6 )<1.6 
GeV/cGeV/c22..

CLAS acceptance drops CLAS acceptance drops 
rapidly in rapidly in coscosΘΘCMCM>0.4>0.4

LEPS LEPS ΛΛ(1520) event is (1520) event is 
mainly from mainly from coscosΘΘCMCM>0>0
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Missing mass with photon Missing mass with photon 
energy cut and energy cut and coscosΘΘCMCM>0>0

coscosΘΘCMCM>0 was >0 was 
required in addition to required in addition to 
EEγγ>2.4 >2.4 GeVGeV..

Statistics is too poor to Statistics is too poor to 
draw any statement on draw any statement on 
existence or nonexistence or non--
existence of existence of ΘΘ++..
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Missing mass with photon Missing mass with photon 
energy cut and energy cut and coscosΘΘCMCM>0.5>0.5

coscosΘΘCMCM>0.5 was >0.5 was 
required in addition to required in addition to 
EEγγ>2.4 >2.4 GeVGeV..

There is no event left There is no event left 
around the around the ΘΘ++ mass.mass.
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SummarySummary

Possible Possible ΘΘ++ signal was searched in inclusive signal was searched in inclusive 
ΛΛ(1520) (1520) photoproductionphotoproduction on deuterium with CLAS.on deuterium with CLAS.

No statistically significant peak was found in No statistically significant peak was found in 
MM(MM(γγ,pK,pK--) spectrum. However, statistics is poor ) spectrum. However, statistics is poor 
near near ΘΘ++ mass due to mismatch of kinematics.mass due to mismatch of kinematics.

The LEPS positive The LEPS positive ΘΘ++ signal could not be confirmed signal could not be confirmed 
by CLAS g10 experiment.by CLAS g10 experiment.


