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D
pentaquarks: a potted history ...

o
§BABAR

it is ‘not obvious” that gg and ggg are the only bound states
there have long been (negative) searches for pentaquarks qqqqq

interest revived by D. Diakonov, V. Petrov, M.Polyakov,
Z. Phys. A 359, 305 (1997) [not uncontroversial .. .]

new states predicted in a 10, 8, ...

@; |ududs)

narrow (1) ©71 seen by s
— LEPS: 7C = (nN)KTK~ X J—
— DIANA: KT Xe — K8p X NS udd(ua+s)

— "everyone’ ...

Eg_’o — =~ 7T seen in

pp @ 160 GeV/c by NA49

I3

N; |uud(dd+ss))

> | dds(ua+se) ) >+ |uus(dd+se) )

@Y and other claims . .. o) lossuorad)  [ussusrad)  Jususd)
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D
- ...and a contradictory picture

a bandwagon effect was clearly present (arXiv:nucl-ex/0512042)

Photoproduction on Nuclei at

LEPS-C &S |cas-di
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S laasp
& DIpNA

HEP Electromagnetic: 8% — p K2

BELL
Arl 1[|]]]

Hermes % @;

Neutrinos

Babar

ptA— pK+X;p+p — pKo =

CORY-TDF
= %ﬂ@l

o1 E

Other &% Upper Limits

eed 1,4 () PN

iV ASH []]I[l

p+plorA) —E "+ X:etc

NAAQCERNE | wiaao

(|eeco

HEP Electromagnetic prod. & = ~

OMPRSS

Inclusive 8% ¥ —pK* Herrhes tlrl]]b (M STAR/RIHIC
Inclusive 6% — B~ p H1HERA | 8
h w1 |3 |5 |7 |92 |11 |3 3 |5 |7
months i2lz |4 |6 |8 |10|wz|l2z |4 6 |8 |10
2002 2003 2005

Charm/Beijing 06—Jun—2006

pentaquarks @ B-factories

Bruce Yabsley




D
the B-factories: asymmetric ete~ @ Vs~ Mfr(45)

KEKB / Belle PEP-II / BaBar
BellefllE 25

PEP-I11
Rings ™
Positrons e

Low Energy Ring
BABAR Detector

Electrons

High Energy Ring

L >16nb~1/s at peak L >10nb~1/s at peak
[L£dt >600fb~! on tape [ L£dt >348fb~1 on tape

high-acceptance solenoidal detectors (1.5T), with good K/n & e, u ID
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gmdl the B-factories: asymmetric ete™ @ /s ~ M~ (45) §'BaBar

KEKB / Belle PEP-II / BaBar
BellefllE 25

L >16nb~1/s at peak L >10nb~1/s at peak
[L£dt >600fb~! on tape [ L£dt >348fb~1 on tape

high-acceptance solenoidal detectors (1.5T), with good K/n & e, u ID
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PQ @ Bfact (1): exclusive B-decays

3.5

10° ((GeVv/cH)™

dBF / dMlgﬁ X

o
&

low-M (pp) enhancement
[cf. phase-space]
also seen in pA

while studying remarkable B — ppK decay structure:

Belle: BY — pﬁKg
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| (b)

(GeV/c?)

BaBar: BT — ppK™

N

4 6 8 10 12 14 16 18 20
m2, .,GeV /c?

confirms the enhancement
N.B. charmonium vetoes needed
N.B. structure also in sideband
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D ”
PQ @ Bfact (1): exclusive B-decays §©'BaBar

OT, @*TT 5 pK || M.-Z. Wang et al. (Belle), PLB 617, 141 (2005)

e standard skim, PID, ¢gq suppression

<9 6 F
_ © 8 F(c 4 F (d
e BT — ppK™, B® = ppKY, pA7; o7 ) En (@
ppKY shown here — 2. o F
s.E | 28F
e charmonium veto: reject if uﬁg S 6 f
M(pp) € (2.850, 3.128) GeV/c?, 2 b L B\ 1 W4 &
M(pp) € (3.315, 3.735) GeV/c? : T o I L
_ o 01 0 01 02 52 52255255275 53
e UML fit in M(pp) bins AE (GeV) My, (GeVic?)
e significant B-yield (all modes) 15 10
for M(pp) < 2.85 GeV/c? % B 2 . §_<b>
e nothing for (1.53,1.55) GeV/c? £0.8 08 |
0.6 20.6 |
e B(BY —» ©TP) x B(OT — pKY) 0 “ab
—7 0 - .
<23x107" @ 90% C.L. 02 02k
«++ +. -7 - e
o for ©7T = pK™: <0.9x10 %1 o0 01 02 %2 5255255275 53
AE (GeV) M, (GeV/c?)

Charm/Beijing 06—Jun—2006 pentaquarks @ B-factories Bruce Yabsley



D oy
PQ @ Bfact (1): exclusive B-decays §'BaBar

O*T+t —» pKT | B. Aubert et al. (BaBar), PRD 72, 051101 (2005)

e comparable analysis method . .. e P
2ooi —’*i‘;* +
e ... & low M(pp) yield seen % W
e dN/dM(pKT) £ dN/dM(pK) S
T Lot e,
— favours fragmentation B e T
— associated pKt
— also seen by Belle

e 90% limits on other structure

31 @ SREC

— B(BT — pA(1520)) < 1.5x107°% 8} B

_ il a3
B(e&*T+T — pKT) < 0.9 x 107 ” } m H }
[cf. Belle!] TR 'H
14 145 15 155 16 165 17 175 1.5 1.6 1.7 1.8 1.9 2
M (GeV/cz) M (GeV/cz)
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el PQ @ Bfact (2): inclusive prod™ from qg & Y(4S)

B. Aubert et al. (BaBar), Phys. Rev. Lett. 95, 042002 (2005)

Candidates / (8 MeV/cz)

©(1540)T — pK$ =5(1860)%(——) — 27 +(-)
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» A — =
-------------------------- | | — =
L N D T SN TP S
pK: Mass  (GeVi/c?) = or =1 Mass (GeV/c))
ng consistent with prod” at IP =~ — An~; extra n~ track #= ="
then binned in p* and fitted . .. (note strong =(1530)° and =,)
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Differential Cross Section fb/(GeV/c)

assume I = “narrow” (“UL"):
©7T: <5.0(11) x 107°/¢g event
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PQ @ Bfact (2): inclusive prod™ from qgq & Y (45)

B. Aubert et al. (BaBar), Phys. Rev. Lett. 95, 042002 (2005)

S O(1540) —er =
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3 ==
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- __er=
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3 4
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< 0.74(1.1) x 1072/qq event

—————— 1 :
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T : .
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] S 4
- 10 ¢
A _5: — BaBar Pq search limits ey
: O =18 MeV s
-6 Assume Br(pKs®)=25% F=1 Mev
10 - For total particle+antiparticle rate: $
- x(2J+1) where J=total angular momentum =
-7r x2 for particle+antiparticle states Assume Br(=T)=50%
10 ol
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Mass (GeV/c")

factor 8 (for ®T) or 4 (for =; ) below 8 or 10 baryon rates
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D
PQ © Bfact (3): H1l's charmed pentaquark

Y - D*p A. Aktas et al. (H1), PLB 588, 17 (2004)
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PQ © Bfact (3): H1's charmed pentaquark

pR

BABAR

@2 — D*™p

B. Aubert et al. (BaBar), PRD 73, 091101(R) (2006)
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D
PQ © Bfact (3): H1l's charmed pentaquark

©% — D*~p | | B. Aubert et al. (BaBar), PRD 73, 091101(R) (2006)

fit in bins of p*; background higher at low p* (per sideband)

e 1 also ce, T(4S5) limits

e c-frag™ and B-decay
samples 100x H1

o Bx§% & 95% limits i T
for = “narrow” (“UL") <SS00F 1 E
QO — 3
e integral less than Q400 | i VI
—5/ = 300F o — UL:T= 1MeV 3
3.4(8.8) x 1072/ qq event & : % | T UnEIavey S

n |

Bxdo/dp*

p* ’ (G4eV/c)
“[limit ~ expected rate for normal charmed baryons]”

which we are now seeing in this mass range . ..
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D N
PQ @ Bfact (3): H1l's charmed pentaquarki BaBar

Belle: exclusive B-decays, arXiv:hep-ex/0411005 conf. prelim.

BO — D* ppxT vield M(D*~p) ~ phase space
o 30[ 3 40
= - = C
o 251 235 F
R: 2 3p
c 20F c =
S °F 025 F
L B L C
15 2
10:_ 1.5 ;—
: 1 E -
5H -
Clid 05
O+l++l+ll+ ll+ll+ll llll- 0:|V M 1 M”III
-0.2 -0.1 0 0.1 0.2 28 3 32 34 36 38 4
AE (GeV) M. (D"p)

B(BY - ©%7T) x B(&Y — D*p)
B(BO — D*~pprT)

[ ©F — D% also studied; limit < 0.059 ]
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PQ @ Bfact (4): interactions in the detector

R. Mizuk et al. (Belle), Phys. Lett. B 632, 173—180 (2006)

10 [ i -
E: B 10
5o -
o4 H A -
L B | - 10
51— | - 5
10— e — El
_| | L1 1 1 | L1 1 1 | | | | N | | 1 i __
10 5 0 5 10 10 5 0 5 10

“tomography’” of inner detector: ng vertices
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PQ @ Bfact (4): interactions in the detector

+ 0
©" — pKg

BaBar conference prelim., €.g9. hep-ex/0510041

good ng at radii > 2cm
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25
™5 20 1510 5 0 5 10 15 20 25
X /cm

veto associated p, p, d, t
no sign of the ©(1540)t

e  Be in beampipe

6 ¥ 1 I | L T U | ¥ 1 1 | J 1 d | T L T | T I j

Y /cm

10°

(]

T 1 T | T 1 1 ‘ 1 F ¥ |'I‘ 1 T | 1 T 1 | 1 I I

LIIIE'I IIIII|

10

| 1 1 | 1 1 1 I 1 1 L | | | | 1 | 1 | | 1 |

_6 Il 1 Il | 1 1 .I | L 1 1 | L -I 1 | L 1 Il | L 1 L
-6 -4 -2 0 2 4 6

X /cm

N.B. halo e~ flux unknown
compare final distributions . ..
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BELLE

PQ @ Bfact (4): interactions in the detector

0
0T - PKyg

BaBar conference prelim., €.9. hep-ex/0510041

cf. HERMES e* D — pK% X

60f

ul
o
T

N
o

Candidates / (8 MeV/cZ)
= w
s> BN SR> W

candidates  Eg, Q

N

o
—_—
[ —

H e HERMES eD 1171  10.6 GeV ~0

[ + BaBar e Be 227174 9.4 ~0
01450 1500 1550 = 1600 . 1650 =
PK o Mass (GeVic?)

Vs, Q similar; N > NHERMES
N.B. low-M(pK2) acceptance

.700

Candidates / (5 MeV/cZ)

cf. ZEUS e* — pKZ X

" Normalization ++
I region +

300f .
200

: candidates  E, Q

. e ZEUS e 14622 300 GeV >20 GeV’
100} B} _

I + BaBar e Be 227174 9.4 ~0

0—"1450 1500 1550 T.600 T.650 7
PK,o Mass (Gevic?)

Vs, Q v.different

what can we say ...
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el PQ @ Bfact (4): interactions in the detector

®t — pK% | | R. Mizuk et al. (Belle), PLB 632, 173—180 (2006)

cf. A(1520)T — pK—; pKE ... 7 pA > 400 MeV/c: inelastic

BO0D | L+
| B . | 7 s

6000 = 20000 {—-+vrverer

SR 151010 R S N S —

4000

2000 : g , , |
BOQQ [ -+vvereeeeressfrmeesenemees e T

—— :

I|I 1 1 1 I|I 1 1| I|I 1 Oillllillllillllill;_?_l_f_
427145 15 155 16 165 17 0.5 1 15 2 25

good A fit: (4.1 +0.1) x 104 ev. projectiles strange; mostly K

o(©(1540)1) /0 (A(1520)) < 2.5% at 90%
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el PQ @ Bfact (4): interactions in the detector

©*t — pKY¢ R. Mizuk et al. (Belle), PLB 632, 173—180 (2006)

KT int?s: DO 5 Ktn— Fermi momentum fit

AT R — ‘
b frl
)
e

A

o5 __ b e fe TS ............
-t : \t :

C : 4 :
C 1 1 1 | L1 1 | L1 1 | | Ex
c?I..6 1.7 1.8 1.9 2 2.1

obtain <l>5*+ . o€ (pr used to solve (p, F)

: KT /g KT h/ el
given ©" /d5,, 0 /0%, eng/epK+

Charm/Beijing 06—Jun—2006 pentaquarks @ B-factories Bruce Yabsley



D

BELLE

PQ @ Bfact (4): interactions in the detector

0
Ot — PKg

R. Mizuk et al. (Belle), PLB 632, 173—-180 (2006)

ng spectrum
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limit on the width M(Ktn — ©1 — pKY) < 0.64 MeV
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D »
- DIANA (new): arXiv:hep-ex/0603017 — Yad. Fiz. §'BaBar

70 70
L (@ E ) m = 1536.71.0 MeV/c ®
60__ 1657(889) events 60__ 2
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> f S F
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= r Jﬂ” 2 0:
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8_ 30— I g- 30—
& | o F .
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10 10 % ‘
O: 0: I@IIIIIIIIIIIIIIIIIIIIIIIII ""II-JI
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70 70
o o 2
E (©) L1 2131(1151) events E () m = 1537.3+1.1 MeV/c
60 60
- h[ - 0=3.7+1.1 MeVic?
« OF ” o« SO Ng = 58.6+18.2
° o [
> 40F —LL 2 40
S s
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2 Tk il 8t
8 2
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m(pKO), GeVic® m(pK ), Gevic’
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D
- what can the B-factories say about pentaquarks?

e [the ©(1540)1 and ®*TT are not seen in B — ppK
- B (B N @(*>5) % B (@(*> N pK) < 0(1077)
— these decays are dominated by a low-M (pp) amplitude

e |inclusive ete~ prod™ rates for strange pentaquarks are low
— 0(©1) 5 & x 0(8, 10,baryons); o(=57) <  x o(8, 10)

— =g and Eg are not seen, but limits are weaker

e |H1's charmed pentaquark ©.(3100)° has not been seen

— inclusive sample 100x H1: excludes hard ¢ & B-decays
— sensitivity &~ expected rate for normal charmed baryon

e |search in pK int® = any ®1(1540) must be narrow
— inclusive rate low; M (Ktn — ©1 — pK%) < 0.64 MeV
— does not contradict the new DIANA claim
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