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= Introduction
% Inclusive searches in e*e- for strange pentaquarks

% B decays into Baryons
o0 Search for the ®*+in B*—ppK*
0 Search for charmed pentaquarks

4 Outlook and Conclusions
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Pentaquark Searches

% Triggered by a prediction (Diakonov et al. Z.Phys. A359 (1997)
305-314) narrow peak in K*n invariant mass was observed

M.Karliner Moriond04
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Discovery of ©* (S=+1, uudds) has | [ M

1520 1540 1560 0 20 40

created a lot of excitement e el et (ieV)

World average: m=1530.5+2.0 MeV

% NA49 gave evidence of E-- (S=-2, dsdsu, 1.862 GeV)
% H1 gave evidence of charmed ©_° (ududc, 3.1 GeV)
% A number of experiments have reported negative results
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Pentaquark Searches at BaBar

B-Factories operate at Y(4S)
above BB threshold

% Primary design: study B- % . R '
decays produced in e*e- \
—Y(4S) —BB 2 Con .
ontinuum
% B factories are also produce +

copiously u d s ¢ b quarks

> We can look for pentaquarks
either inclusively (e*e—pQ+X)

or exclusively in B-decays L \‘, J \
(e.g. B_>@5p) ‘ ‘4
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PEP-II/BaBar Performance

Integrated Luminosity 1999-2004
PEP-IT top luminosity: 9.2 x 1033cm2s™!

240 BA BAR 221 fb'l on Y(4S) } 244 fb-l

220 a 23 fb! below Y(45S)
<
200 PEP-II Delivered 253 55/fb o? .
—180 BABAR Recorded 244 06/fb This corresponds to:

BAEBAR off-peak 22.68/fb
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256M B decays
510M uds events
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317M cc events

Integrated Luminosity (fb
N
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Current results use only Runs 1-3

DRUIRBLORLTH LD ﬁff’ﬁ‘ﬁ— f;%ffpﬁﬁ% 1 ) 1
1999 2000 2001 2002 3005~ ag0a 113 fb*ton Y(4S). 10 fb™* below Y(45S)
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The BaBar Detector

Electromagnetic Calorimeter — Cerenkov Detector

6580 Csl Crystals (DIRC)
p Separation

Very good acceptance
Drift Chamber

Great PID 40 layers for

tracking

Good mass resolution anddeidxPiD |

I

gy

—a good

2 Silicon Vertex
\ Tracker

5 double-layered Instrumented Flux
silicon strips
- Return

19 layers of RPCs

spectrometer -
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Particle Identification

dE/dx vs momentum

107

BABAR -

inclusive
data
sample

80% truncated mean (arbitrary units)

Track momentum (GeV/e)

DD,
DO K7t
| |
3 4
Momentum  (GeV/e)

Can separate protons from

kaons/pions very well

Our proton selection: Purity>95%, efficiency ~85%
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Inclusive Pentaquark Searches

We have performed inclusive g N
searches for: ®" |ududs)
- -
@5 N5 N5O 25+ 250 I, L’ PKs
2.0 5.5 5.7 + —
=5 =5 =5 |udd(ut, s$3 ) N5 |uud(dd, ss)
AKS LbAK-I-

‘dds(uﬁ, s§)> E;_ ‘ uus(dd, s§)>

: : - PR
Charge conjugation
is assumed o =t
‘dsdsﬁ> ‘dss(uﬁ, d&)> ‘uss(uﬁ, dd_)> ‘usu5t_1>

L»Er:r::— L»AK— L»AKS,, CF Al
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+ 10 * Pseudoscalar mesans
E O Vector mesons
v o Tensar mesons
— W Boryons
= 1 =
5 - \§=92 GeV (Blue)
5 - +s=10 GeV (Red)
. -1
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= i
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= -
= -3
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4
10 =
.5f oL
10 L For lotal particle+antiparticle rate:
F x(2J+1) where J=total ahgular momentum 8 AN
G: =2 if parficle/antiparticle states distinct 5 4
) L =5,
10 | | | | |
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Hadron production in e*e —Hadrons

T T L L Lo Lo P T T R T T T A T T T N T
0O 02 04 06 0.8 1 1.2 14 1.6 1.8 2
Mass (GeV/cY)

If the ©5 were a
"normal” baryon...
expect a production
rate of ~10-3/event
We should easily

see thisl!




Inclusive ©*—pK, Search: K Selection

¢

Ks formed from
Tt pairs
tracks must

project to within
6mm of each other

flight length from
IP to Ks vertex >0

|cos(6,,)]<0.8

-

Events/(1 MeV/c™)
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Inclusive ©®*—pKs Search

% Clean peak for A_*—pK, (52K events) but no narrow
structure at 1.54 Ge hep-ex/0502004

x1ﬂ5. H-IUE" - r T T r T T T
1.5 |

=k
=
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o
tn
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Candidates / (8 MeWr:E]I

| preliminary

n .D [ ] 5 i i i L i i " " | i i i i I i " " i N T T S E— —— — ]

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
pK’, Mass (GeV/c")

% Number of checks: stringent cuts on K, require recoiling K- and/or
anti-proton with all possible combinations. A * visible but no pentaquark
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Events,/2 [MeV/c”]

A —pK; Sample
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p*—CM momentum
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©5" and A_.* Mass Resolution

10 | 1 Terrific
| * A" Data o agreement
© g  =ASimulation {  between data
— . + B . Simulation ]
2 | - i ' and MC for A,
— 6l R, . }{ - resolution!
S g ® 3 |
_: 5
nE
| 1 Expect the 05
] L ]
£ = { resolution to be
w 2r * * & » * * F ¥
~2 MeV...can
{} i i i i 1 i i i i 1 i i i i 1 M i i i 1 i i i i 1 1
h : . : . . measure a width

p*  (GeVic) down to <IMeV
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Inclusive Search for E;--—E-n~ and E;°—E-x*
123 fb-!

4+ NA49 gave evidence of E-- (S=+2, dsdsu, 1.862 GeV) and =°

ee —>E, X (dsdsu) E-—An”
= —ET1 A" — pr”

- Displaced 7o
. ;

e e —>= OX (dssud) Vertexes p
— —_ |
=, — = A0 ;

% Two displaced vertexes with loose particle
ID )
0 Select masses near nominal A° and E p_— /
o Control samples (E:_/f )
0 5(1 530)*0 and £,(2470)° IP =
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Inclusive Search for Z5: A and E
Reconstruction

-— o 5
pr'ellmlnar'y > sas00; N=(2.58 +0.03) « 10
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Inclusive Search for Z;-- and E;°

ac'| preliminary
i &
; S [
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Inclusive Search for Z50—A%,

rE:"m:_ =0 ~2k events
P
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Inclusive Search for Z5-—A%K"™

~ 7000
=
o 6000 ' - §27, ~8k events
g M
Emm'_ | - p* <3 GeVic
.'ﬁmmz r'J '\‘ -p*>3GeVic (xi10)
W .
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More Inclusive Searches...

N;{uudsg)%AGK‘ Ni‘}(uddsg}%ﬁﬂKs
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Setting Limits for ©5*

Perform fits in bins of p*

Fitted Signal Yield

In no bin is a signal observed e+e-e@(1540)+x
EffIClenCX correction d.one b.m-by-bm to 95% CL UL o<
obtain cross-sections...integrate over p* BF f
: o 171 (363) fb for osume BF for
and get 95%-CL upper limit 0(1540)—pKs
efficiency: 13%-22% (low-->high p*) =1 (8) MeV is 1/4
00 ——/————mm+——/—"r—————7————7——— ™~ 1 -~ - - 1T 1T T T
400} CT eqsay tEziNeve Jg o d0f Lo o(1540)° %1 LMeve:
o 15 . 'L__j — UL: T =1 MeVic®
znu_-l 17 0T | —— UL:T = 8 MeV/c®
[ ) : 8 [ T .
o +——J|——%—- _“"A“Il“?"&_*_‘% il :
_200k 9 1 }] 18 100} l | ———'___L__1 ]
| 19 i }] — ]
: |3 - T -
-400F 1 1 1 "5 0r % ﬁ ﬁ % .
—600} . 15 100} 'T ) }1 ]
; = 3 £ s : S | SN SN P ]
p* (GeVic) 0 1 2 3 4 5
P (GeVic)
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Setting Limits for E;--
ete—=(1860)"" X

Same procedure as for ©5" 95% CL UL o<
. C. . assume BF for
Again, in no bin is a signal observed 25 (36) fb for -
efficiency: 6.5%-12% (low-->high p*) r=1 (18) MeV is 1/2
......................... Eﬂ_—'——'|":__'_'1"""""'"""'
- RN S BABAR
o | BABAR e | 2 of L | =(1860)
[ ] S [
[ ] = | = —
SRY & SR E— d ----- igq| 2 ) e
E:_l'—; [ T | q 4‘3 D- L] "- {+ o ﬂ l__ﬁ_
ERIABER A
E -100 | 0 4 B or=1Mevic’ O ot ! L i I ol - 1 MoVic®
L | * =8 MeV/c I : | 9T = 8 MeVic?
o} : o e S e
O _gok
_2[]{) [ e ey ] [ L N i EE ..................... ]
0 1 2 3 4 5 0 1 2 3 4 5

p* (GeVic) p* (GeVic)
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® Vs=92 GeV
B Vs=10 GeV

= oD

Limits on ©5" and
=5 are smaller
than expected for

"normal” baryons

(I\

o

ﬁ
v— + -
+ P e e —Hadrons
R \.'\
—" -1/ S A
~ -
=10 . o
= \ ¥
g , ++
-5} ) u 0~_’5‘
s 10 + e =
~ ‘. .
. n L Z A(1520)
o 10 -3 " -
= - b
= ; P
< i )
= 4 A S
10 |
5| — BaBar Pq search limits
. . r=1 MeV
10 E (Preliminary) _VF
: 0,
6/ Assume Br(pKs®)=259
10 . For total particle+antiparticle rate:
- x(2J+1) where J=total angular momentum
- x2 for p'.l;lrticle+antipe|1r1icle states

I=18 MgV =

BaBar pentaquark

I'=1 MeV $

— -

Assume Br(En)=50%

[T
0.8 1 1.2 1.4
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Baryon Production in B Decays

=% Little is understood in Baryon production in B decays

% Because of B-Factories, we are starting to get some
insight
» B—Baryons not saturated by B—charmed baryons
% Dominance of multi-body final states
BR(B—2body)<BR(B—3body)<BR(B—4body)

Baryon-Antibaryon enhancements? Exotic states?

Enhancements?
Exo1'|c states?
— Pentaquarks?

d
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B Signal Reconstruction

Enties 293 .t . . * . . [ENTRES®T 7T 10422
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Search for ©***—pK"* in
B+_>p—pK+

Preliminary g, ¢,-1 hep-ex/0408037

qﬂ"-“\ ZDZI | I T1 I T | | L | T 1 | T 1 | | L | | L | T 1 | T T I:

e L R N R IR IR LR o - ]
% 45;_ AR R &E N} 18: -
= iof E Q 16F =
on - 0 C |
§ 5.27<mp < L4 =
L B - - Nla [ =
*OF 5.29GeV/c- £ 128 —
I 10F =

20 i 4

s 8E &
10 6 =
52} # 4f— _f
gloia i L ’ B

0.4 0.3 02 -0 .1 02 03 04 - __I oo bv v v v v b v v b v by |__
) 2 4 6 8§ 10 12 14 16 18 2C

2, 4

m®,(GeV“/c)
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Search for @***—pK* in B*—ppK*
Preliminary 82 fb-!

% Pentaquark ©*+*—pK* (utuds) predicted to lie in 1.43<M(pK*)<1.70 GeV
o0 No evidence was found for @***—pK*, 90% CL limits were set
0 Other experiments have also reported negative searches

BF(B* -0 p)x BF(O™* — pK* )< 1.49x 107

||||||||||||| T T T T T T T T T T 45 L | | | ! | ' [ ' ! ! ‘ | —
% 12— | | D d - ]
= - o 4 —
5 | BABAR o S ——— ]
2 ® 35k BABAR =
= L _ ® ¢ preliminary ]
@ 8 - mdppXK 1 o 30 =
w [ — JyppK ‘ ‘ o r T .
6 * signal . 25 g
= combinatoric bkg Ll 1 - =
- T S 2 No background =
AL :
: ha e m 15_ _:
2 N | - J ! — . _
i o *rlﬂ_ tod Yoo I With background E
s, S . DI T S 27 AT T S e e ] N N I Y R Y I e

14 16 1.8 2 22 24 26 28 3 32 34 : 15 16 17 1.8 1.9 2 21 20 23

mpK+(GeWc )
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B*—>ppl<‘“ pp Invar'lan'r Mass
 BABAR

preliminary

+

* Data Signal only

Enhancement

IS asymmetric

% BF/200 MeV/c *
¥

..more high momenta
protons than
antiprotons

LS

Signal MC
+++ (phase-space)

S
|II||I|II|I||I||I|I||II||I|II|II|I_

-IIII|IIII|IIII|IIIIIIIII|IIII|IIII-

O
(for B* decays)
5 —+=
0 . t +
2 2.5 3 35 4 45
m(pp) GeV

Low mass enhancement in pp
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Events/(2.0 MeV)

BO—D™-ppn* and B°— DCpp

New Obser'va‘l'ior\ Preliminary 1125 fb-* hep-ex/0408035

B%—D-ppr* B%—D-ppr* B%—D"pp B%—D%p
130 £ 14 238 + 22 13+4 96 + 11
4: BABAR ;m ;mf g
3.:; preliminary ga § a:— 4» 4‘ %
BaBar o
Final state  Significance B(10~%) Reference B(10™%)
BY — D*~pprt 130 5.61 +0.59 4+ 0.73 6.5715 £ 1.0 ceo
BY — D_pﬁﬂ—i_ 130 3.80 £ 0.35 £ 0.46 New Decay
B° — D*%pp 4.00 0.67+£0.214£009 1.205555 £021
B — D'p 120 1.24+0.14+£0.12 1.18 +£0.15£0.16
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Mass Projections: B%— D*-ppm*

* onpeak

=
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3 3.2 3.4 3.6 3.8 & a2
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e
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r e 11 1)
R TR T T B ol "
A I .

33: B 2.2
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i W
;3 MB N
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Events/(25.0 MeV)

Mass Projections: B°— D-ppr*
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Dalitz Plot of B%— D%p

uduuc BABAR 112.5 fb-!

preliminary

-
(o]

—_
=2}
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Y Y
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—
=

8 10 12 14 16 18
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Mass Projections: B°— D%%p

4 As in the B*—ppK*, we see an asymmetric pp threshold
enhancement

% No sign of convincing structure in “"exotic” combination
% More results to come soon.

% [ < onpeak 'O Z T o - onpeak
; 12— ]signal M(DOp)+cc g%ﬁﬁ,ﬁnaw ; 12— M(D%)+cc Msignal
S [ OB - S - 05°
5 10— + £ =T= - DBi/B
P EEtMC - £l uduuc Mc { D
- Wce uuduc - - Wce
BZ_IUdS / I 8_ B uds
6:— 6:—
oL L
2:— 2:_ M H !
o- o_ = ol T

L]
2.8 3 3.2 34 3.6 3.8 4 4.2 4.4 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4
—0—
M(D p/D°p) (GeV
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Outlook and Conclusions

% Pentaquark searches at BaBar so far negative

0 No evidence so far of strange (0, E5;, N;) and charmed (©,)
pentaquarks in both exclusive B decays and inclusive searches
in e*e”

o Limits on ©5" and E5 - production cross sections lower than
what's observed for non-exotic baryons

0 Pentaquarks not yet observed in e*e- annihilations...?

% However, the search continues!
0 New inclusive modes and techniques are being implemented
0 Many exclusive modes to be investigated

0 interesting physics in the exclusive modes apart from
exotics
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