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The BaBar detector at PEP-II
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Particle Identification

ππππ

All triggers

e+e- �qq events
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Data Sample for this Analysis



What Has Been Observed….

± ±

±

nK+, pKS

θθθθ++++(ududs):  
LEPS+CLAS+others

m=~1525�1555 MeV/c2

ΓΓΓΓ< 21 MeV

ΞΞΞΞ−−(dsdsu):  
NA49
m=1862 2 MeV/c2

ΓΓΓΓ< 18 MeV

θθθθc
0000(ududc):  

H1
m=3099 6 MeV/c2

ΓΓΓΓ < 28 MeV
± ±

CLAS (γγγγp)



� Several (>10) observations 
� different environments
� typically 4 – 7 σ σ σ σ significance

� Broad range of mass values
�Mean Mass: 1534 MeV/c2

�RMS: > 10 MeV/c2

�Narrow Resonance: (Γ Γ Γ Γ < 9 MeV ) 

After failing to find any convincing evidence for 
exotic baryons for over 30 years: ΘΘΘΘ+ (1540)
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Negative Searches

ΘΘΘΘ+ Not seen by CDF, HyperCP,

E690, HERA-B, Aleph,
Delphi, Phenix ………

ΞΞΞΞ3/2 Not seen by CDF, E690,

HERA-B, WA49……

Note: All of these are inclusive production searches



Search for Inclusive Pentaquark
Production in e+e- Annihilation at BaBar

�Characterized by:
�Very large data sample (~124fb-1)
�Excellent mass resolution
�Excellent PID
�Good Efficiency
�If produced in jets or B-Decays should be 

seen
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e.g. D. Diakonov et al

Z. Phys. A 359, 305 (1997)
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ΛΛΛΛc
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Search for ΘΘΘΘ5555(1540)+����p Ks
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Detection Efficiency 
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ΛΛΛΛc
+ ���� p Ks

0 Control Sample
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ΘΘΘΘ

•

Total cross section U.L. @ 95% c.l.

ΓΓΓΓ MeV ΓΓΓΓ

< 183 fb < 363  fb

⊗

•Differential Limit 
independent of  production 
mechanism

•Model Independent Integral



Search for: ΞΞΞΞ5(1862)- -����ΞΞΞΞ-ππππ-

ΞΞΞΞ5(1862)0 ����ΞΞΞΞ-ππππ+

•

ΛΛΛΛ ΞΞΞΞ−−−−

• : 
ΞΞΞΞ*0(1530)����ΞΞΞΞ-ππππ+

ΞΞΞΞc(2470) ����ΞΞΞΞ-ππππ+



ΞΞΞΞ−−−−ππππ−−−−, Ξ, Ξ, Ξ, Ξ−−−−ππππ+  +  +  +  Invariant Mass

No Signal for ΞΞΞΞ5
--

No Signal for Ξ5
0

95% c.l. U.L. on ΞΞΞΞ−−−− −−−−

cross section:
< 33.7  fb (ΓΓΓΓ = 18 MeV)

~5K events

~2K events



Search for ΞΞΞΞ5
0 ����ΛΚΛΚΛΚΛΚs

0
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•Analysis method similar to above
•Control Signal:

ΞΞΞΞc
0 ����ΛΛΛΛKs

0 ~2K events)

No Signal for ΞΞΞΞ5
0

95% c.l. U.L. on ΞΞΞΞ5
0 production 

cross section x ΒΒΒΒF:

< 83 fb    Γ=1Γ=1Γ=1Γ=1MeV

<205 fb Γ=18Γ=18Γ=18Γ=18MeV



Search for ΞΞΞΞ- ����ΛΚΛΚΛΚΛΚ−−−−

ΛΛΛΛ selection as above
• Combine with identified K-

• Control signal ΩΩΩΩ−−−− (~8K events)

95% c.l. U.L. on  production 
cross section x ΒΒΒΒF :

< 84 fb   Γ=1Γ=1Γ=1Γ=1MeV

<181 fb Γ=18Γ=18Γ=18Γ=18MeV

No Signal for Ξ5
-



Additional Searches

• ΣΣΣΣ0K+, ΣΣΣΣ0K-, ΣΣΣΣ0Ks
0

•

N5
+ ����ΛΛΛΛK+ N5

0����ΛΛΛΛKS

ΣΣΣΣ5
+���� KS



Results in perspective 

• Assume pentaquarks have J= ½

• expect ΒF(θ5
+�pKs

0)  = 25%
• expect ΒF(Ξ5

-- �Ξ-π-) ~ 50%
• ΒF for Ξ5

-, Ξ5
0 very unclear

If pentaquark production follows 
the trend for ordinary baryon 
production then we expect:

~ 8x10-4 ΘΘΘΘ5
+ per qq event

~ 4x10-5 ΞΞΞΞ5
-- per qq event

• Limits are below expectations;
ΘΘΘΘ5

+: 1.1x10-4 (Γ =   8 MeV)
ΞΞΞΞ--:     2x10-5 (Γ = 18 MeV)



Summary

�Large ΛΛΛΛ, ΞΞΞΞ-, ΞΞΞΞ*0, ΩΩΩΩ-, ΞΞΞΞc
0, ΛΛΛΛc signals 

observed in e+e- interactions
�No signal for any pentaquark state:

�Production of ΘΘΘΘ5555(1540)+, ΞΞΞΞ5555(1860)-- well below 
that of ordinary baryons of similar mass.

�No narrow peaks for other 105+85 states in 
several search modes.

�The Search Continues………
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