Pentaquarks: An Experimental Overview
Curtis A. Meyer

Based, in part, on work carried out with Alex Dzierba and Adam Szczepaniak
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Before 2003 .... searches for flavor exotic 0
baryons showed no evidence for such & +1
)
states. o
¢ &
Since 2003 .... Hadronic Physics has i &
been very interesting. 1§
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Spectacular Development "

1997: Diakonov, Petrov and Polykov use a chiral 5 o1 wudds
soliton model to predict a decuplet of pentaquark ﬁ i
baryons. The lightest has S=+1 and a mass of ¥
1530 MeV and expected to be narrow.

Zeit. Phys. A359, 305 (1997).
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%.40 g o =" ddssu =1 wussd
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ol O'= K™ 2003: T. Nakano et al. y n — K*Kn
= / on a Carbon target.

20| ]l Phys. Rev. Lett. 91, 012002, (2003)
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T " " Reaction searched - QM
: Claim
Positive Sightings Experiment Claim = g0,
publication y Al
e+ e+ pA— pKoX e+
LEPS v Cipr KON SVD
PRL 91 (2003) 012002 K™n hep-ex/0401024 Kosp
vy d— K*K-np ON v A— KO pX ON
CLAS y p— ©K'K*n A BC at CERN & FNAL .
PRL 91 (2003) 252001, PRL 92 (2004) 032001 K™ hep-ex/0309042 K sP
+ "nKO.X +
y p— K9%K*n OM ep— e'pK°g Q)
SAPHIR > . HERMES| (quasi-real photoproduction)
Phys.Lett B572 (2003) 127 K™n Phys.Lett.B585(2004) 213 KOgp
+K O et ep— e'pKo%X O+
cosy | PP=2KP ZEUS
Phys.Lett.B595 (2004) 127 KOgp Phys.Lett.B592(2004)7 Kogp
K*Xe—s KOSX’ O pPp— =1 X E‘S
DIANA NA49
Phys.Atom.Nucl.66(2003)1715 KOgp PRL 92(2004)042003
p+CsHg— KO%pX ON ep— e’pD*X 0,
JINR H1
hep-ex/0401024 KOSp Phys.Lett.B588(2004)17
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The Data

Reported Significance
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Summary of Results

+ p— N o |
© Bs~ B
Spring$8 : Na49: Mass: 1862 MeV
Spring8 . : :
DL : Width < Resolution
CLAS d
CLAS p
Diana
HERMES
SVD Q) 0
neutrino C
NOMAD
COSY H1: Mass: 3100 MeV
ZEUS .
Width ~10 MeV
1520 1530 1540 1550 1560

Mass (MeV/cz)

A narrow structure whose width is
less than experimental resolution

Old data constrain I'e<1MeV

3 g . Pentaquarks
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St at | St | CS Experiment  Signal

Background Significance

g = S Publ. & &> g,
' Vb Spring8 19 17 466 46 32 26
£y = S Spring8 56 162 4.4 3.8 29
2 = Js=+b SPAHIR 55 56 485 73 52 43
E CLAS (d) 43 54 526 5.9 44 35

3 = CLAS (p) 41 35 785 6.9 47 3.9
s+ 2b DIANA 29 44 44s 44 34 27

v 18 9 6.7c 6.0 35 3.0

HERMES 51 150  4.3-6.26 4.2 36 27

COSY 57 95 4-65 5.9 47 37

ZEUS 230 1080 465 7.0 6.4 4.7

SVD 35 93 560 3.6 3.1 24

NOMAD 33 59 43c 4.3 34 27

NA49 38 43 425 5.8 42 34

NA49 69 75 58 8.0 58 4.7

H1 50.6 51.7 5-66 7.0 50 4.1
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Zeus Result zeus
> ! T R
PhyS Lett. B591 (2004) 7. g 350:
.2 € Fragmentation, g o
. - Q2>20GeV?2 g o
ﬁf;k é }‘-h E 250/
s s - -k Mass=1465 £ | —m
7 T . Width=15 200l oREE -
368 Events \ o ' :
Interesting Result NI F
~6000 A fragmentation is X5 iy
~200 A(1520) ¢ agood source of e
230 O o M o)

Observe: Ot

What does Ax look like? mass=1.521 GeV width=6.1 MeV

(many X—Amn) 230 Events on 1080 Background
No Signal for: E¢ , ©°,
2 : iy entaquarks
e -~ Miami 2004 renad (U.Karshon, Pentaquark-04) !




Negative Reports

CDF pp — PX ®+® . ALEPH | Hadronic Z decays e+ o0
hep-ex/0408025,0410024 B © Submitted to Phys. Lett. B B
HyperCP | (=*,K*,p)Cu — PX e+ DELPHI | Hadronic Z decays e+
hep-ex/0410027 hep-ex/0410080
SELEX | (mp.Z)p— PX ® |L3 vy — ©0 ®*
Quark Confinement 2004 hep-ex/0410080
FOCUS Yy p— PX ®+® . WAS89 2’N— PX
hep-ex/0412021 By © hep-ex/0410029 Es
E690 pp— PX ®"  |ZEUS |ep—PX 6.0
QNP2004 - ch hep-ex/0410029 B
BES ete— Iy (y(2S) o+ HERA-B | pA— PX et
PRD 70 (2004) 012004 PRL 93 (2004) 212003 Ee
BELLE KN— PX ©* SPHINX | pC(N)— 6 K X 0*
hep-ep/0411005 0. EPJ A21 (2004) 455
BaBar ete— Y (49) CH PHENIX | AuAu— PX e*
hep-ex/0408064 B J.Phys.G 30 (2004) S1201
COMPASS O
E‘S
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NA49 =25(1860) = (1862) — = @
fixed target experiment at CERN - spectrometer —(} vay | —— 4
158 GeV/c proton beam =(I862) — =7
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Null Results

=.(1860)

15U B
BABAR
U prelirinary
20 .
(100
Wi
I_I i
| 148 XN 17 ] , e N
(= ) Inv Mass [GeVic | -
%
s =
5 o
s
. 29(1532) BABAR s
/ preliminary O
il g i
- |
i i
i =(2470) g
L | =,
Anlif— i J.ggfgf jg
| | e
=
]
i L L 'h?HT-*-TH*“Fﬂiztzu
| oy ] i [

(Tt I Mis [Gevie |

Pentaquarks

100

0 . 4
. o -
00 __
0 | | I I
- P E
o=l b bt

'- = | . .
20- R -
. g e Bovxpe
AT R ;
o k|
14 18 1a 2 22

mass, Gel! r:

10



Null Result =:(1860) | =T (1862) — =

COF Run Il Praliminary = (l Rhi}) . =
=« 1500 T
ﬁ I‘ =220 ph’
) = track found in SVX
- 1 =(1850 ALEPH and ZEUS also null result
= ‘L L
- i 2 Signal = 59391 £+ 536 ] 277.6_/ 179
= | Wwﬁ#“m”i | " Z 20000 Mass = 153242 +0.05 MeV/c?
i t E 17500 Width = 10.39 = 0.16 MeV/c™
£ 15000 - o . . P-wave energy-dependent-width Breit-Wigner
e = 12500 S{1500) gignal convoluted with ¢=3.1 MeV resolution
10000 - .q cxp(bq+cq:+d{]3+eq+)
o BACEEIHnN where g = M(E ") = m(Z7) — m(rc")
500
J i 5000
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Cvidence for a narrow anti-charmed baryvon state

HI Collaboration

Physies Letters B 588 (2004) 17-24
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Null Results|6.(3100) — D"
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Bubble Chamber

aE0 Mew'o

K p=K™n™n

40 .."r . "‘
k ...,.: I._'_ .'.._ E -..' : |.B IIlI ’ _ '.I

=
.4
& I T L | 1 ¥ 1 1 L] I T r 1 L I i
0.4 0.5 0.6 0.7
2 2
M K;fl[ﬁE"u"}

1 848 Goeldis

30 22 24 16

6 18

Miipr) Gev®

Pentaquarks

No signals in the Dalitz Plots
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PROPERTIES OF THE INELASTIC K*p REACTIONS BETWEEN

Scatterlng Data 1.2 AND 1.7 GeV/:

A. BERTHON, L. MONTANET. E. PAUL, P. SAETR.E*andD"-I SENDALL
CERY, Genevy

_L{f ,U — _.'.{43.{.1 i : )
K*n P-wave Phase Shifts

M Published
A Resonance
® Data Points

"]

50

6 [Degrees]

21 24 271 10

2l 42T 3D e
Mp K"} Gos? Mtlpl'( ] G!V'_

'}

1
(4]
[ =

T

L] L] L]
1.537 1575  1.610

400 600 '
Lab Momentum [MeV/c]

1MeV wide resonance at 1540
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The Numbers

Positive Results

Some Negative Results

Experiment s b A A(1520) ¢ Experiment A A(1520) ¢
Spring 8 19 17 25 E690 5000
Spring 8 56 162 180 ALEPH 2800
SAPHIR 55 56 530 CDF 3300 16000
CLAS(d) 43 54 212 126 BaBar 10000000 100000
CLAS(p) 41 35 HERA-B 5000 3000 50000
DIANA 29 44 1152 SPHINX 5500 23700 12000
v 19 8 HYPERCP
HERMES 51 150 850 COMPASS
COSsY 57 95 BELLE 15520
ZEUS 230 1080 5700° 193
SVD 35 93 260 = =(1530) D D
NOMAD 33 59
E690 15000
S b = D* ALEPH 3350 200 25000
CDF 36000 1000 3000000 536000
NA49 38 43 1640 BaBar 258000 17000
H1 50 52 3000 HERA-B 18000
ZEUS 2600 160
WAS89 676000
FOCUS 84000 36000
* Estimate from cross section
Pentaquarks

Miami 2004
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Kinematic Reflections

Low Energy Experiments

E=2.50 GeV
: _ = E =2.75 GeV
Produce a spin-2 or spin-3 resonance that 7 g
decays to K*K-. &)
Have non-uniform populations of |m|=0,1,2,... = ,
\
+ ,¢.K- ‘
Produces a broad enhancement near 1.5 NME : |
PEICSICAL RENTEW 2069 palahR: 2o S 1
The evidence for a pentaguark signal and kinematic reflections |
A R Deierba, L Borop, ML Swal und 5, Teage 2 4

Saepreanneat v Meaes, Sdiene Corce e Bleemmvn et S 474005 L85

3
2 0t
AP Srcecpaniuk T m (K n)

Dlepatetmeny of dvernetamd Yoo Theors Contevs g Cversi @eaanaran, nfinie 474005, 8251
tReceived 13 Meseber 20030 publisied 25 heech 20040

$(1020) ®*(1540)

5
[(GeV/ch)?

50—
: 3.1 GeV Data Set 8.2(1320) i I f
10 Measured || | |-}r+1 L |}r+1 i
- / i I| | i | || by
I Qs |- i
30l B | e "\\
= | | o Y
: CLAS - / \\ AR
20:_ 01— ,.'II1 || W '1,'. II | III."'II II|I
E | II|I | |I .k_ I'-II I| | f I||I
10 [/ ' |
: f- HES |'I | II: -'I 1\'\II' III fx II|
N : i |I I.' ] I|
R EER ARV EEEE R R R SR YR "l
M(K+K-) GeV 'UI .II. s :.HI o, II-‘; e .I. I
1.5 1.6 1.7 1'3. " 1.9 2 2.

g —— Pentaquarks
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Kinematic Reflection?
The CLAS yd — p n K*K- Data

+
Mass (Kn) Mass (K*K") Mass (K*n
30 \ I . 400 | . | . 40 : T ‘ T ‘ | ‘
00 — - LUl
m;‘ 20 m;‘ _;:
= s ¢
=] < =
z 151 3 2 . ek
(= (=1 —
: F :
g g z
& 10 & =
111111 =i
0
0 :
) ‘ 1
2 2
My [GeVieT] M [GeVieT]

Solid lines are predicted using K*K-resonances

Pentaquarks (Dzierba, et al.)

s Miami 2004
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Statistical Fluctuation
CLAS Published

&

Simple Physics
~ Background

8

g‘r

You need to understand your
background to claim a new
discovery!

lgilli

- Naive Background

—
w
T

Events/0.01 (GeV/c?)

(=3
=
T

Dzierba

[ e B g Background
15 1 17 1.8 1.9
M(nK") [ GeV/c’ ]
N S DN S S (N SR

257 -

un
B

20+ -

15+ -

0= 1 T 1 1 1 T
145 150 155 160 16 170 175

Miami 2004

1.505 GeV to 1.575 GeV

E (0 Clas Simple Background
Ll cClas Physics Background
I A Dzierba/Szczepaniak Background

1 F

/

Probabilit
o

36 38 40 42 44
Counts in Peak

Pentaquarks

Chance of the Background Fluctuating
into the observed signal
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Games

Use Dzierba
Background

Generate 40
random spectra

3 are Fake
1is CLAS

~ Miami 2004

1.5 1.6 1.7

M(K*n)

15 1.6 1.7
M(K *n)

Pentaquarks

30 F
25 F

20 F

15 |

10 F

D i 1 1 I 1 1 I I 1 1 1 I 1 1

15 1.6 1.7
M(K*n)

D - | 1 I 1 1 I I 1 1 1 I 1 ] ]

1.5 1.6 1.7
M(K*n)
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Severe Cuts \  ass ()
Y p— n*K*K(n) missing L Ay

.+

Uncut Spectrum

1 §
t
-
Y.‘-\'
%
‘
Events ! 10 MeV/ic

N /.f’ i & :F I |
. : . &
' H+ : ¢ L 7
N i a " .‘#Iulu-:{'] u.'u:.'xc’; - -
W.-<K \/VVW:"<
4 !
L . s
NN Mass (K*n) Mass (K-K*n)

o d an , -E ot
Design cuts to remove diagrams (b), | | I
(c) and (d) . o

2 2 K 1B | -Hluhlll.."r'l..':ll : . "-I:nf-i';;'l NP
t,,.| < 0.28 GeV i i
ni ‘ . :
cos 0"+ < 0.6 | / L e

ALk .(;...1_.-,-5. TN SRR

After Cuts

Bt A0 CLAS: Phys. Rev. Lett. 92, 032001,(2004) 2




Monte Carlo Study yp—Aalf, aorf,»KK

K* | YM (coso, ¢) |2 YL,

All runs — Y21
K 40000 E 15000 c
30000 ;_ 10000 {\/\ 20994 =
20000 B E
10000 B |, 50 | .
G = L L1111 D i | 1 1 1 1 1 1 1 G i 1 1 1
3 4 3] & = i 1 i 1 2
pbeam a? decay angle
10009 - s000 F 4000
R R0 = aoon F BRI
aw 5009 - : 3000
2500 [ 2000 & 1000 E
G | 1 1 1 | 1 1 D C_1 1 1 1 | 1 1 1 G | 1 1 1 1 1 1 1
2 3 1 2 3 0.8 1 1.5
K+ k— n mass K+ n rnoss K— pi+ moss
s E 150 699 &
C = 400 |
| < 2 : 0o :
|t ] <0.28 GeV? ok i e 2
I::I B I 1 1 I 1 1 D :I 1 1 1 | 1 1 1 I::I C 1 1 I 1 1 1 1
2 3 1 2 3 o5 1 15
K+ K— n mass teut K+ n maoss tout K— pi+ mass teut
200 F 150 F 00 E
150 E E
* E 100 200 E
and cos 0+ <0.6 wE ; :
51 F a0 E 100 E
|:| E I 1 1 I 1 1 D C_1 1 1 1 | | 1 G | 1 I 1 1 1 1
2 3 1 2 3 0.5 1 1.5
E+ K— n mass tout+ K+ n mass tout+ K— pit+ mass tout+
Pentaquarks 23
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Ghost Tracks

A (p>2GeV/c)— pr
o 025 -
% 8000
O 0.2
6000
H0.15
= 4000
0.1
2000
0.05
%

20000

15000

It IS easy to manufacture narrow peaks
In the data near 1.5GeV that appear to™
decay to p Kg .

%

Pentaquarks

. Miami 2004

Mass(n*r)

Selec¢t Kg

I

.2 0.3 0.4 0.5

0. 0.6, 07
il AV 2aVlia™

Mass(pKgcreatela @

il

/

4 1.45 1.5

1.55

m(pn' ) (GeV/c)

(M. Longo QNP 2004)
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=. Pentaquark

One low statistics report by NA49

Nine negative results.
Null results in both similar and different production mechanisms.
1-2 orders of magnitude more data in known resonances.

®. Pentaquark

One low statistics report by H1

Five negative results.

Null results in both the same and different production mechanisms.

Factor of 10 to 1000 times for data in known resonances.

Pentaquarks

= Miami 2004
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®* Pentaquark

11 low-statistics reports near 1500 MeV

Low-energy reports suffer from some combination of the following:
(a) Fermi motion effects.

(b) Severe cuts whose effects may not have been adequately studied.
(c) Insufficiently constrained reactions.
(d) Kinematic reflections.

15 new high-statistics searches in a number of reactions with
excellent resolution that have come up empty.

Bubble chamber data from decades ago show no evidence.

KN scattering data severely limit this

The Zeus result is interesting.
It suggests that fragmentation is a good way to produce the ®*.

Not really consistent with ALEPH, BaBar, BELLE, CDF, ...
What does H1 have to say on this?

e — Pentaquarks 26
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PDG 2004
6(1540)* MASS

As s done through the Rewview, papzrs are listed oy wvear. with the |atest
vear first and within each year they zre listed alphzbetically. NAKANC 03

was the earliest paper.

It is difficult to deny a status of three stars and a place in the Summary
Tables for a state that six experiments claim to have seen. Nevertheless,
g5 distussed in Lhe abowve nole, we believe L redasonable Lo Lave some
reservations about the existence of this state on the basis of the present

evidence.
VALLE | MEV} EVTS QOCUMENT D TECHN COMIAAENT
153¢.2+ 1.6 OUR AVERAGE
1533 + 5 27 L ASRATYAN 04 BC o 7 in p.d Ne, BEEC and 15-
fit
1555 + 10 41 2 KUBAROVSKY04 CLAS ~p » 7' K K'ln
1530 + 2 29 3BARMIN 03 XEBC K'!'Xe - KUYpXe
1540 + 4 +2 63 4 BARTH 03 SPHR ~p - nK'KY
1540 +1¢ 19 I NAKANO 03 LEPS ~ 12C . K'K »nX
1542 + 5 43 O STEPANYAN 03 CLAS ~d > K! K pn
Pentaquarks 27

~ Miami 2004



Conclusions

The possible existence of

pentaquarks is still very much
an experimental question, and

the data do not look very
convincing.

If they exist, they not only have
exotic quantum numbers, but

very exotic production and
decay modes.

Pentaquark Stock Value

2004

Jan.

Jun.

Dec.

| hope that the issue can be settled soon — but | am

not buying stock.

.. Miami 2004
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