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Introduction %)fe\m‘fg

°

Hadrons come In gqq and ¢g configurations

QCD c
Pentad

uarks had been proposed

1976)

out never seen (Lipkin, he

oes not prohibit other quark combinations

(as early as
0-ph/9804218).

The first observations of a gqqqq

have b

een made this year.

pentaquark state
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WJ*F) Pentaquark Predictions %&

nK* or pK°

©1(1540)
uudds

D. Diakonov et al.,
Z. Phys. A359(97)305
chiral soliton model
spin-3 anti-decuplet
Pi1(1710) as anchor
Mg+ = 1530 MeV
'~ 15 MeV
S=+1,1=0

N(1710)

>(1880)

=42(2050)

=7 or XK~ 20t or XTKO

ddssu uussd
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T. Nakano et al.,

hep-ex/0301020 -
PRL 91(03)012002 3
v — KK p 3
yn (12C)— K= (K*™n) 3

Mo+ = 1540 + 10 MeV & s| |

[ < 25 MeV N
Ny//Np = 4.6

> MMchi — MMvKi —MM7K+K— + Mpy

=

LEPS at SPring-8 4/ 4
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15 1.6 1.7 1.8
M M‘;K+ (GeVi/c?)

Events/(0.02 GeV/c?)

15 1.6 1.7 1.8
M M‘\:/K- (GeVic?)

o (a) CHtarget. Solid: K™K~ signal sample.
Dashed: p tag showing vp — KTA(1520) - KT K p

# (b) Solid: CH target signal sample. Dashed: LH5

target, same cuts.
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A. Dolgolenko et al.,
hep-ex/0304040

KT Xe— K2pXe'
Mg+ = 1539 + 2 MeV
[' <9 MeV

N, /N, = 4.4

(@) all measured K%
events

(b) K% events with K
and p In the forward di-
rection and on opposite
sides of the beam

A —
ITEP Bubble Chamber 44

Nev=1112
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N@*Fa CLAS d, Jefferson Lab /{7

S. Stepanyan et al.,

hep-ex/0307018 BL
vd — pK~(K*n) -
Mg+ = 1542 + 5 MeV } -
[' <21 MeV 25
Ng/+/Np =5.3 f
% 20 - \
signal (solid) i st
A(1520) events (dotted) :
10 |
sE . . oL b
O: | | I=---| L II I ..... II |_||—|
1.6 1.7 1.8 1.9

M(nK™*) [ GeV/c?]

Lunteren 10/10/03 — p.6/2



NIBEER

50

J. Barth etal,, ol
hep-ex/0307083 :
vp — KYK™n

Mg+ = 1540 £ 6 MeV

[ < 25 MeV -
Ny/v/Np = 4.8 b

30 |

20 |

| | | | | | 11
0.4 0.6 0.8
mass(T' 11)/GeV

40

35

30

25

20

15

10

# (a) 7t7n~ spectrum for nK* cut on ©°

® (b) nK™* with 777~ sideband background

subtraction

-
SAPHIR, ELSA, Bonn  t/Z

ounts

-~
~
~

mass(nK")/GeV
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CLAS, Jefferson Lab %e\r%

V. Kubarovsky et al.,
hep-ex/0307088

vp — T K~ (K'n)
Mg+ = 1540 + 10 MeV
[' < 32 MeV

N, /N, = 4.8

22.5

20

17.5

[EY
&)

12.5

N/20 M eV/c?

~
Ul
T T

[EY
o
T T T

n 2 /ndf 3258 | 27
P1 26.59 + 8.156
- P2 1537 +  0.3394E-02
P3 0.1442E-01 +  0.4994E-02
- P4 7.631 + 0.8350
14 1.6 1.8 2 2.2 2.4

M (nK™), GeV/c?
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A. Asratyan et al.,
hep-ex/0309042
v(V)A — KdpX

Mg+ = 1533 +£ 5 MeV
[' <20 MeV

N, /N, = 6.7

Upper: full spectrum
Lower: expanded scale
around the peak

comb. /10 MeV

NIBEER BEBC, CERN & 15 Bub. Ch., FNAL Yo'd

=

Neon plus Deuterium

N
II|III|III|III|III|III|III|III|III|III|III|III

ST

m(Kgp)

2.2

, GeV

2.4

2.6

mass

eeeeee

Chi2 / ndf =22.33/21
=1.533+0.004737
igma =0.008379 + 0.002043
=25.56 £6.417
=1.214 £ 0.5881
=17.71+4.732

J

1.6 1.7

|
18

m(Kgp) , GeV

1.9
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Just released

vd — K9pX

Mg+ = 1526 + 3 MeV
[' < 18 MeV

N, //Ny = 5.6

Eventd 8 MeV

80

70

60

50

40

30

20

10

=

HERMES, DESY /4

[ NJN, =71.7/163.6 D - Kg+p+X

- in 20 interval HERMES preliminary
| Fit GausstP4

- Chi2=1.4

N

M=1526 + 2(stat) £2(sys) MeV
0 =75+ 24(stat) MeV

1.45 1.5 1.95 1.6 1.65 1.7

M (T Ttp) [GeV]
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The HERMES experiment

TARGET

CELL /

HODOSCOPE HO

STEEL PLATE

FRONT
MUON
HODO

DRIFT
CHAMBERS

y

FIELD CLAMPS ‘\ TRIGGER HODOSCOPE H1

DRIFT CHAMBERS

-- 270 mrad

PRESHOWER  (H2)_

MONITOR

TRD

= _ 270 mrad

WIDE ANGLE
MUON HODOSCOPE

\CAL{)RIMEIER

LUMINOSITY

b7

&rmes

170 mrad— — ~

140 mrad

27.5 GeV

140 mrad

IRON WALL /1\70\mTad- .

MUON HODOSCOPES

T T

2 3 4 5 6 7 8
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N@*I’a HERMES Event Selection %?fe\m‘fé

Distance between

2 Tl tracks T
ed — Kng @,/'/
RICH PID Distance between K% . g \ _ 0
By — 976 GeV and proton track \ D'Ztantce be:_vveen K?decay
eam — 2/ . 7S and interaction poin
d targets from 1998-2000 s \ >z coordinate
1<p,<9,1<pr<15GeV B oton

nTx~ track distance < 1 cm
pK! track distance < 0.6 cm
ZCBA < 2.6°

K? decay length > 7 cm
485 < M +,.- < 509 MeV
target vertex cut

fiducial volume cut
Eliminate A°(1116)
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Nﬂ*ﬁ HERMES K, Identification %)'fe\m‘fg

o KO from rtr
® My error <1 MeV

» background is small ™
s width o — 7 MeV o ¢
® 20 cuts on K, 0o | ++
» 1 MeV agreement i
with PDG mass for: + '
p(T70)[m 7] | *
$(1020)[K T K] -
A(1116)[pr*] | P
A*(1520)[K ~p] I

O | | | | | | |
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6
M(m'n) GeV
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Nﬁ*ﬁ HERMES MC and result %?fe\m‘fé

o Left: MC simulation with T = 2 MeV, M = 1540 MeV.
MC result: M =15404+0.3 MeV and o0 = 74+ 0.2 MeV.

# Right: final K% spectrum

3 . D K X
= 80 e - Rerpr
x'/ndf 1490 / 11 o - HERMES preliminary
250 - Constant 2405 + 13.30 | i
an 1540 +  0.2692E-03 $ 70
f ma 0.6994E-02 + 0.2385E-03 L,>J i
200 | 60 7
50 |
150 B
40
100 30 |
20 |
50 — :
| | &L 10 | f
01'4\ T T \1.\45\ T T \lﬁS‘ T ‘1"\55‘ T T ‘1g‘ T ‘l.\65‘ T 1 ‘1\'7‘ O 7\ L L \ L L L L \ L L L L \ L L L L \ L L L L \ L L L L \
Invariant Mass (T 1tp) (GeV) 1.45 15 1.55 1.6 1.65 1.7

M(TTTip) [GeV]
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The CLAS spectrometer %@%

Jefferson Lab
CLAS Detector

E,= 2474, 3.115 GeV
10~ r.l. radiator

photon tagger

4 x 10%+/s

2.3 x 10'%+ > 1.51 GeV

3-5% energy resolution
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500

Events
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Events

® N, =126
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o) A T T U T E S
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a)
left: MM 7T K~ cuton n

P1
i P2
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- P4
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0.8972
0.2357E-01
20.24

7.916
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T s ST TR R
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Nﬂ*"' CLAS Proton

N/20 M eV/c?

=
hlte

o left: all yp - 7T K~ K*n events

# right: cut on cos 6., the angle between the (K—77)

system and the ~

250 |- 225 V/naf 3288 | 27
B B i P1 26.59 + 8.156
20 - P2 1.537 + 0.3394E-02
i - P3 0.1442E-01 +  0.4994E-02
15 [
150 | K : i
! H 3 125 |
= :
_ ST
100 < !
I 75 |
50 S
25 [
O i | | | | | | ‘ | | | ‘ | | | | 0 : | | | ‘ | | | ‘ | | | ‘ | t ] . L L
1.4 1.6 1.8 2 2.2 2.4 1.4 1.6 1.8 2 2.2 2.4
M(nK ™), Gev/c? M (nK ™), GeV/c?
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Comparison of Experiments %e\r%

Sequence

0

Theta Particle by diff Experiments

1520 1530 1540 1550
Reported Mass MeV

10

*

HERMESOo
ITEP-2T
SAPHIRT
JLAB2T
JLAB1T
ITEP-1T

SPring I

0

20

40 60

Reported Width MeV
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Nﬁjﬁl’a Conclusions 444

uudds state seen with mass 1525-1540 MeV.
Little is known about the quantum numbers.

Probably I = 0: no state in pK™ mass spectrum.

JLab CLAS EO03-113 (Hicks, Stepanyan) approved
for 30 days with 20x current statistics.

e o o o

°

Much more data expected from HERMES.

°

Theoretical models are rampant.
1700 < M=-- < 2100 MeV.

# The search is on for more pentagquarks.

o CERN NA49 hep-ex/0310014 (8 Oct): first
evidence for ddssiu; Ns/+/Np = 4.0; =~ at 1862 £ 2
MeV; I' < 18 MeV.
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