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Introduction

QCD is the underlying theory of the strong interaction but...its realization in
hadronic physics is not completely understood

Why do the observed hadrons combine only in two colorless configurations?
meson baryon

@

In 2003 this did’'t seem to be anymore true:

experimental observation of an "exotic” hadron made
of 4 g and 1 anti-q was made by the LEPS col. -
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Pentaquark experimental results

....over the next year: 10 (almost all) low energy experiments found
evidence of a possible ©* pentaquark state

- different probes/targets » structures have few counts in the peaks
. different Labs « mass discrepancies 1522+1555 MeV
- high statistical significance reported (c = 4) background shape not known, in some
case probably underestimated
« some exp. did not tag strangeness

There were questions about some of these observations but given the
weight of positive supporting evidence reported by early 2004, the PDG
assigned 3-star status to the ©* in its 2004 edition.

Subsequently 16 high energy experiments did not found any ©* signal

» different production mechanism * high statistics
- different kinematic region * better estimation of background

No direct contradiction of positive results * Set upper limits

Also unclear the existence of the ©_* , ©** , E--



The CLAS program

To try to solve the controversy, JLab and the CLAS Coll. started in 2004 a
broad experimental program for pentaquark study with dedicated high statistic
and high resolution experiments
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JLab accelerator CEBAF

Superconducting recirculating
electron accelerator

* Continuous Electron Beam

- Energy 0.8-5.7 GeV

- 200nA, polarization 75-80%

- Simultaneous delivery to 3Halls
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Broad angular coverage

(8° + 140° in LAB frame)

* Charged particle momentum
resolution ~0.5% forward dir

CLAS is designed
Yo measure exclusive reactions
with multi-particle final states
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CLAS measures masses at the level of 1-2 MeV
Resolution: few MeV for invariant masses
10 MeV for missing masses
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 The nK+ mass spectrum is smooth
* No structures found around 1540 MeV




G10: Upper limit on the elementary cross
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¢ Small cross section
¢ Low detection efficiency No structures found around 1540 MeV




K 0" — st v K* (n)

@3 charged particles detected
@neutron by missing mass
@subtraction of hyperon

K'®* — n* - p (K?)
©@One KO detected via its

K, —n*m

€@Final state identified
using missing mass
@Detected K, can be
either from ©* or from K?°

@Background of hyperons
decaying in the same final
state rejected:

production (A(1520), =) y= vp — A(1115) n* X
adifferent kinematic cuts for = YP — p ¢ >pK.K,
comparison with SAPHIR data = L +;w"fx*mm%
L & *"#w
3’ | #”i'h{‘d'mﬂi*
o 2000 54,0 7, *24000 N N”"am
= | M\i f ”70, R 3 i S
= i | H{ 400 - ‘)) Uy, © 5000 o,
> i - ﬂ‘v So o
2 i W ' 2 i ",
= 1500 — y i 200 - | L W”’W%
(] H{} +m -0'? “P‘f‘ 0l'lllIllll!llllllIllllllllll[llMT""
i oy ol L 14 15 16 17 18 19 2 21 22
- IIJHH#H 1.4 1.6 1.8 Mk (GeV)
1000 — {#* #ﬁtd} '5 6000~
i = - f«w*'f‘*tww -
{ iy o O ey,
- thy Z4000— !
# f = S e
. . g [ “,
so0— 1 ©7(1540)7 "y S T o
' o, 2000 — S
- W g : *M‘“"’wﬂ,
i3 s
| | | | ) | Iw“"“ 0—1II|III|III|III|III|III|III[‘IN\IMT’N
°3 " w > 22 4 15 16 17 18 19 2 21 22
M, +(GeV) M, (yp—KX) (GeV)




Ot search

@ Antidecuplet predicts I=0 ; in 27-plet |=1

@ For Capstick et al., ©* is a member of an isotensor multiplet - 8° 6* @** @***

@ STAR found strong evidence (4.2 o) for ©** in d+Au collisions with M=1528 MeV
o SAPHIR,CLAS,HERMES,ZEUS,... did not found any signal in pK* mass spectra

3000

2000
1000
|

1.5 1.6 1.7 1.8 1.9 2 21 2.2 23
M(pK") (GeV/c?)

7 -
SAAA AV S K E ™ | 3p
'l'i f] 600
K E P g 500 1
: e § 400
> = 300
P ®-|—|-’\ +
200
K 100
2 topologies: " Tls e 17 18 19 2 21 25 33
» all three particles detected in CLAS 7 0
2 p
» p K+ detected and K- reconstructed fu 5000 i
via missing mass technique Z 4000 .
:
-

Removal of the A(1520) and ¢(1020)




yp — K0 ®*: cross section UL

Yield
@ O* signal searched for as narrow resonance |>
over a smooth background in the (nK*) and é’
(pK,) spectrum < 1800 |
¢ Resonance width inferred from MC simul., *21600 g
assuming a negligible intrinsic width gl‘“"’ g
1200 |
@ Background described as 5t order pol. O ool /
o gnal and background yields extracted so 4 7
600 —
« binned/unbinned spectra (2, likel., window fit) :ZZ -, 4t t
« including/excluding ©* mass region S

14 145 1.5 155 1.6 165 17 1.75 1.8

@ Mass range (1520-1600 MeV) scanned in 5 M(nK*)(GeV)
MeV steps

@ Upper limit derived using Feldman and 200F
Cousins approach 1502—
EfficienCV 10();:
CLAS detection efficiency evaluated using 50%: -0.8 < cosOcy; < -0. 6
different ©+ production model ‘{

4 ;45 1|5 1|55 1|6 I“ﬁ nlfz h’ee]\?)l




Pentaquark @ CLAS

UPPER LIMIT o (95%CL)
1.52 < M(©*) < 1.56 GeV

o (yp— 6K’ <1 nb
PRL 96, 042001 (2006)
PRD 74, 032001 (2006)

o(yp— 0+ K-)< 0.15 nb
PRL 97, 102001 (2006)

G(‘Yn—>K'@+)< 3Nnb correction factor ~10

dependent on the rescattering model used

PRL 96, 212001 (2006)
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Where we are now.....

ORIGINAL EXPERIMENT

REPEATED MEASUREMENT

Exp Reaction o Exp Reaction Stat X | Results
CLAS yd — pnK'K* | ~5 CLAS yd — pnK-K* | >6 Oror <3 nb
SAPHIR |yp — K°K*'n | ~5 CLAS yp — K°K*n >10 Oror <1 nb
HERMES |e+d — pKOX | ~4 BaBar |e+Be — pK°X |>100 No ©*
DIANA |K*Xe — pK°X |~4 |Belle K*Si —» pK°X |~10 No ©*+T'y.< 1 MeV
DIANA | K*Xe — pK°X | ~4 DIANA | K*Xe — pK°X | ~2 0 4.3-7.3
LEPS 1€C—->KKX |~4 LEPS vd — K* K- X ~5 ~3-50
SVD-2 pA — K%X ~5-6 | SVD-2 | pA — KX ~3-4 ~8 o

WORK IN PROGRESS
Exp Reaction o Comment
ZEUS |etp —>pK’X |~4-5 Analysis of new data with improved vertex det
cosY | pp — K=" ~5 Analysis of new data with 5X statistics
CLAS |yp — n*K'K*n | ~7-8 Run in 2008
CLAS |yd - K K*'E" | ~4 (by NA49) | Analysis in progress




Events

CLAS on deuteron: where were we wrong?
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Are we at the end of the story ?
S.I. Nam, A. Hosaka, H.-C. Kim Phys. Lett. B633 (2006) 483

If ®* has spin-parity 3/2* production rate for the proton target is significantly
suppressed as compared to that of the neutron

— negative evidence from CLAS on proton target and positive from LEPS on deuteron
taget are not inconsistent (BUT: CLAS didn’t find any signal neither on proton nor on
neutron in HIGH STATISTICS experiment !!)

Guzey hep-ph/0608129

In the yd — AnK* the ©* signal disappears after the integration over p, as a result of
the cancellation between the interference and signal contributions

— Consistence of the CLAS conclusion that no structures were observed

— No disagreement between the theory and the experiment and the CLAS result does
not refute the existence of the ©*

M. Amarian, D. Diakonov, M. Poliakov hep-ph/0612150

They suggest to look for the ®* production in interfence with a known resonance
yielding the same final state but having a high production rate
CLAS g11 (proton) data are being re-analyzed following this approach



Conclusions

* In 2004, a comprehensive program to search for pentaquarks in high
statistic and high resolution experiments have been started by the CLAS
Collaboration at Jefferson Lab

* No evidence for pentaquark signals have been found in the 4
photoproduction channels studied so far

* From these results, CLAS set upper limit on production cross sections on
proton and neutron of the order of few nb or less

* The outlook for the ®* looks bleak, anyhow it seems we have to wait a
little bit more to put the last word on the pentaquark existence:

« the data are still contradictory (LEPS has been able to reproduce a peak in a
“repeat” measurement)

» analysis, using higher statistics data, from some experiments that initially
claimed the pentaquark, are still in progress (ZEUS, COSY)

» some theories are able to explain the negative results obtained by CLAS

* In the meantime.....

The PDG assigned 1-star status to the ©*in its 2006 edition



Support slides



Positive Results

LEPS vC,, = K K'n ®* |SVD pA — KX e*
PRL 91(2003) 012002 K* n hep-ex/0401024 KO p
CLAS vd = K* Knp ®* | ITEP (V) vA — KX e
PRL 91(2003) 252001 PRL s K* Kt + Phvs. Atom. Nucl. 67 KO
92(2004) 032001 YP K" Konm Kin (203684) 62? - P
SAPHIR vp — KOK*n ©* |JINR p+C;H, — KX e
Phys. Lett. B572(2003)127 K* n hep-ex/0403044 np —>npK+K' Ko P

hep-ex/0404003

hep-ex/0410016
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Phys. Atom. Nucl. 66 Ko Talk@neutrino 2004 KO P
(2003) 1715 P Conference
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Phys. Lett. B585(2004)213 KO p PRL 92(2004) 042003
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Negative Results
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