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Status of PQ search
•Recently, many experiments reported about a possible exotic state 

with 5 quarks, called Θ+, decaying into n-K+ or p-Ks

•Majority low energy photo-production experiments, but also high 
energy experiments

•Statistics usually small ( <100 events)

•Significance between 4.4σ and 7σ

•The mass varies between 1526 and 1542 MeV/c2

•The width is dominated by the experimental resolution (<20 MeV)

•Negative results start to appear from higher energy experiment 
with much higher statistics, though none is published.



Models

One experiment claimes to have seen Ξ-- (NA49)
One experiment claimes to have seen Θc (H1)
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Search for PQ at HERA-B
The HERA-B data (920 GeV proton-nuclueus collisions) with large Ks
and Ξ samples have been used to search for Pentaquarks in the 
following channels:
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HERA-B detector
• pA interaction at Ecms = 41.6 GeV and rate ~ 2 MHz

• Large acceptance at mid-rapidity (y: 15-160 mrad, x: 15-220 mrad)



Ring Imaging CHerenkov detector
Performance of proton RICH identification
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Data Sample

Data taken in October 2002 – February 2003 

~200×106 “minimum bias” events (12C, 184W and 48Ti)

Interaction trigger: 

events with at least 20 hits in the RICH and energy deposited in the 
ECAL > 1 GeV were written to tape at ~1 kHz. 



Reconstruction of Ks, Λ
Selection criteria Ks and Λ

dist. closest approach < 700 µm
ptcτ > 0.05 (GeV/c)×cm

Backgound rejection: 95%
Signal efficiency: 90%  

Armenteros plot
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Λ contaminations in the Ks are excluded

9.4 × 1051.8Λ
4.5 × 1051.8Λ

3.6 × 1064.9Ks

NExp. Res. (MeV/c2)
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Λ1520 → pK: similar channel and energy

proton likelihood > 0.95

Kaon likelihood > 0.95

Carbon target

Despite of a large 
combinatorial background,  
a signal is visible at 1520 
MeV/c2 for both particle 
and antiparticle.

Simulation of kinematic 
reflections of two-body 
decays are also shown.

good proton and Kaon identification

N(Λ1520) = 2.0 × 103 N(Λ1520) = 1.0 × 103



Search for Θ+ at HERA-B
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Θ+: Monte Carlo

Kinematic: flat xf (n=0),  B = 2.1 (GeV/c)-2

Width at generation = 50 keV/c2

Exp. mass resolution = 3.2 ± 0.2 MeV/c2

Acceptance for p-Ks and p-K is similar at mid-
rapidity (the average acceptance is ~ 4%) .
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Θ+: experimental mass spectrum

No evidence of resonances in the mass region around 1540 MeV/c2.

Preliminary

(hep-ex/0403020)

Proton likelihood > 0.95

Most of the background 
originate from random 
combinations of proton and 
Ks coming from different 
physical processes

Carbon target 

solid line is 

event mixing

after background subtraction

Mass GeV/c2

Counts/10 MeV/c2
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Θ+: Systematic study

No signal around 1540 MeV/c2

• Kinematics (dca, vertex displacement, momentum…)

• low multiplicity events Counts/10 MeV/c2

• strangeness tag

Mass GeV/c2

K-(us)
Λ(uds)

Ks
p

p

wire

Θ+ (uudds) π+

π-

Preliminary



The preliminary cross section upper limit at mid-rapidity for Carbon is:

BR × dσ/dxf < 17 µb (95% C.L.)

Assuming an A2/3 nuclear dependence*:

BR × dσ/dxf < 3 µb/N (95% C.L.)

*geometric effect only

Θ+: cross section upper limit 
With the standard procedure in PDG (Eur. J. Phys., C15 (2000) 1), we have 
estimated the upper limit (N) on the number of counts. 

BR = branching ratio 

N = upper limit on counts in signal bin

L  = luminosity

ε = efficiency (from MC)
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Since at mid-rapidity the acceptance for Θ+ (1540) is very similar to Λ1520, 
the upper limit for the particle yield ratio has been estimated.

Assuming a branching ratio of 0.25 for Θ+ -> p Ks, we get 

Θ+/Λ1520 < 0.03 (95% C.L.)

Θ+: yield relative to Λ1520 

Ni = signal counts  

εi = efficiency (from MC)

BRi = branching ratio
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yield prediction

Θ+: comparison with theory

Relative yield      Θ+/Λ1520

Letessier (hep-ph/0310188) used a statistical 
hadronization model for heavy ion collisions.

Becattini (hep-ph/0310049) obtained a similar 
value for p-p collisions at Ecms = 17.2 GeV/c2

The upper limit on Θ+/Λ1520 measured 
with HERA-B is significantly lower:

Yield        Θ+/Λ1520  < 0.03



Search for Ξ-- at HERA-B

Ξ--(1862) -> Ξ- π-
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Reconstruction of Ξ → Λπ
Selection criteria Λ

dist. from primary > 3cm

impact(p) + impact(π) > 1 mm

dca < 1mm

Selection criteria Ξ-

dist. from the primary > 2.5 cm

z(Λ) > z(Ξ)

impact(π) > impact(Λ) 

impact(Ξ) < 1 mm

All targets

event mixing

Λ

π-

Ξ-

p

π-

Decay chain
Backgound rejection: 96%
Signal efficiency: 87%  



Reconstruction of Ξ → Λπ

Ξ- → Λπ-

After 
background 
subtraction

Ξ+ → Λπ+

After 
background 
subtraction

8182 ± 2712.61321 ± 0.04Ξ+

11789 ± 1362.61321 ± 0.03Ξ-

NExp. Res. (MeV/c2)Mass (MeV/c2)
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Ξ0
(1530) → Ξ π: similar channel

Selection criteria Ξ-

No further cuts applied

Selection criteria Ξ0
(1530)

π: impact to primary < 3 mm

π: π+e+µ rich lik. > 0.01

π: electron ECAL lik. < 0.9 

All targets

Ξ0
(1530) signal is clearly visible.

Possible weak evidence of higher broad 
resonances

(hep-ex/0403020)

solid line is 

event mixing
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Ξ0
(1530) → Ξ π: similar channel

After 
background 
subtraction

After 
background 
subtraction

937 ± 762.871532.1  ± 0.4Ξ0

1443 ± 902.871532.6 ± 0.2Ξ0

NExp. Res. (MeV/c2)Mass (MeV/c2)

Ξ0 → Ξ-π+ Ξ0 → Ξ+π-
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Ξ--: experimental mass spectrum

solid line is 

event mixing

No evidence for resonances in the mass region around 1862 MeV/c2.

Preliminary
(hep-ex/0403020)

No further cuts applied.

The only difference is that Ξ
and π have the same charge.

The experimental mass resolution is 6.6 MeV/c2 for Ξ--(1862) 

HERA-B has better resolution and higher Ξ0 statistics than NA49:

---> we should see a narrow signal !!
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Ξ--: quantitative results
• At mid-rapidity, the sensitivity in BR × dσ/dxf is < 25 µb/nucleon 
(hep-ex/0403020). 

• Preliminary particle yield ratio for the full sample: 
BR × Ξ- -(1862)/Ξ0(1530)  < 0.077 (95% C.L.)
BR × Ξ++ (1862)/Ξ0(1530)  < 0.058 (95% C.L.)

• Models are not yet available

• NA49 did not yet explicitely quote a value (hep-ex/0310014)



Conclusion
• The minimum bias data collected with HERA-B in pA interactions at 

Ecms = 41.6 GeV has been analysed.

• Clear signals from  Ξ0(1530) → Ξ- π+  and Λ1520 → pK- decays (and c.c) 

• No evidence for pentaquarks in p-Ks and Ξ-π channels

• Preliminary upper limits for Θ+
(1540), with proton momentum [20, 55] GeV/c

BR × dσ/dxf < 3 µb/nucleon (95% C.L.) 
Θ+ (1540)/Λ1520 < 0.03  (95% C.L.)

•Preliminary upper limits for Ξ--(1862)
BR × dσ/dxf < 25 µb/nucleon (95% C.L.) 

BR × Ξ- -(1862)/Ξ0(1530) < 0.077 (95% C.L.)
BR × Ξ++ (1862)/Ξ0(1530) < 0.058 (95% C.L.)



M. Longo (www.qnp2004.org/5q_talks/LongoQNP.pdf)
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Back up slides
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p-Ks: fake
Carbon target

p lik. > 0.95

Black:        real , no lambda cont
Solid red:  fake, lambda cont.
Cross red: fake, no lambda cont.


