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Introduction

In recent years, spectroscopy has become exciting again
Many new states have been found,
not all easily incorporated in standard qq/qqq model

» New Dg; charm meson states

» New cc and cc-like states such as X(3872), Y(3940)

» Candidates for pentaquark states have been reported
by many experiments; still controversial since not
seen by many other high statistics experiments

| will cover the BaBar studies of the last two subjects
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e*e” experiment running at Y(4S) resonance

Electromagnetic Calorimeter
6580 Csl crystals

e* |ID, n° KL and yreco

Cherenkov Detector
(DIRC)
144 quartz bars
K, separation
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Instrumented Flux Return
19 layers of RPCs

utand KL ID

e’ 3.1 GeV]

-

X

Drift Chamber
40 layers
Tracking + dE/dx

Silicon Vertex
Tracker
5 layers of double-sided
silicon strips
Tracking + dE/dx
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BaBar D
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BaBar has recently
restarted data-taking
after long shutdown

Scheduled to double
dataset by next summer

Results presented here
are based on subsamples
of the full dataset



Discovered by Belle in
B:—J/y n'n K* decays

Confirmed by BaBar,CDF and DO
Mass: 3871.4+1.4 MeV/c?

Several interpretations of the state:

> Ordinary charmonium state gl ol ool

> Mass disagrees with most potential models M(J/y nr) (GeV)
2 Weakly bound DD* molecule state

» Mass very close to D°D%* threshold

o> Highly suppressed B*—X(3872)°K° rate predicted
> Diquark-antidiquark state

> Different mass eigenstates predicted in B and B* decays

with [Am|>5 MeV/c?

Brian Petersen 5




Exclusive B*—>X (387 ion

B*—>X(3872)°K*, X(3872)°—=J/yr'n

210 fb! _
50l  DABAR 301 BABAR
B preliminary preliminary
! [ N=51+14
B (6.965tat)

|
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Events / ( 0.0025 GeV/c”)
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Events / ( 0.0025 GeV/c”)
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1 Ly
e g, AN RISy, oy m“||| _,_..
85— Bas 5.3 08 385 30 385 4
M. (GeVic") m(J/yrn) (GeVic?)
(mes = /(s/2+p; - PB)*/E} — P})
m(X(3872)°) = 3871.3+0.6+0.1 MeV/c?
BF (B*—XK*, X'—J/yr'n) =  (8.5+2.3+0.8)x10°
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Exclusive B"—)X(3872)0KO Reconstruction

BO—>X(3872)°Ks, X(3872)°—J/yr'm

210 fb i
ew.  BABAR g BABAR
I B
S 6: ! = B‘ [ (2.70stat)
= | S o T +
o 4 = * ® -
§ . g ¢ -
= ol 11
L I 2 l... L -l-i- TlT.T
ye . 98 385 39* ago5
M, (GeVic™) m(J/yan) (GeVic?)
m(X(3872)°) = 3868.6+1.2+0.2 MeV/c2 Need more
BF (B->X°K?, X°—J/yrm) = (5.122.8+0.7)x10¢  statistics to
discriminate
Am=2.7+1.3 MeV/c? among
0.15<BF(B°—X°K°)/BF(B*—X°K*)<1.34 @ 90% CL models. ..
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Search for X(3872)

Data suggest X(3872)° decays through J/wyp°
o If so, ly3572,= 1 and we expect to find X(3872)-— J/yp~

2 Predict BF(B— X"K) ~ 2 BF(B — X°K) if isospin conserved in B decays

Search for B> X-K* and B-— XK with X= > J/yp-

o, ——B0——— -, [—— B ——PRD71031501(2005)

> 50/ * * * k = } H 212 fb!

> 40 = | + * |

sl il il 20/, M | ‘U it

5 200 1 8 |

2 10l 1 1 @ | l |
038385 39 395 03838 39 73.95

m(J/yn %) (GeV/c) m(J/ynw’) (GeV/c)

BF (B°—>XK*, X—>J/yn’1)<5.4x10° @ 90% CL
BF(B—>XKs, X—>J/yn’t)< 11x10° @ 90% CL

No evidence for a X(3872)%, isovector hypothesis excluded
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/ ) Fully reconstruct one B
K > Example: B—>D®™

B/'@ > Find recoiling kaon
e ——— Y(4§)\"_ » Calculate kaon momentum
n in other B rest frame

Breco D" <K
- Fully reconstructed
. " - B*sample i 1

» Two-body B—>XK decays give & e 2101
k . K < 6000F BABAR 3
peaks in K momentum spectra 2t " cininary f 5
, - L2 = 3 [ &
» mix = y/m4 +ms —2Exmp - foA :
> Allows measurement of 3006 R -
absolute BF (B—>XK) for any state™ ™" E
1000 ="""" —]
s L g L 53

my.q (GeV/c)
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600 Preliminary -
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Use non-observation of X(3872)°
and BaBar-Belle average

BF (B*—>X°K", X°—J/ym'm)=(13.7+2.2)x10

to extract lower limit:

Events/10 MeV/c

6

Clear J/\p and n signals

300

250

200

150

100F

50F

P

N(J/y)=258+42
N(n.) =266+42

210 b e

'BABAR E

preliminary 7

5 155 1.6 165 1.7 175 1.8 185 1.9 195 2
Kaon momentum (GeV/c)

BF (X(3872)°—J /yrm)>4.3% at 90% CL
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Preliminary upper limits given at 90%CL

Brian Petersen

Branching Fractions from
BaBar inclusive BaBar exclusive
measurements measurements

Particle | BF(10~%) | BF (PDG2004) | BF(BABAR)
Ne 8.9+1.5 9.012.7 13.4+4.4
J /0 8.1£1.6 10.04:0.4 10.64:0.5
Xc0 <1.8 6+2.4+t2.1 2.7x0.7
Xecl 7.0x1.6 0.841.2 5.8+0.7
X2 <2 No entry <0.3
Ne(2S) 3.1+1.5 No entry
w(2S) 4.24+1.4 0.840.4 06.240.5
v(3770) | 3.2£2.3 No entry
X(3872) <3.2 No entry
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Double

Can study cc states in e*e—J/yccC events

» Reconstruct J/y—ll

> Suppress ISR events
» Look at recoil mass

Only observe states with even C-parity: n¢(1S),%co, Nc(2S)

— 124 fb! —

tio

é - B 'SR v(29) _E
CoEmE oy xey
" BABAR | ‘
preliminary + | , Iy
A
L. I " 1 HHIHI ", =
St s TR

= Production mechanism is
e‘e > y* —> J/ycC not e'e —»y*y* — J/ycC
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M, (GeVic?)
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Extract production cross section for e*e'—J/wyccC :

Born Cross-section (fb)

1.5
17.6 +£2.875%

1.4
10.3£2.57 1%

J/Y + ce(—> 2 charged) e X0 7.(29)
N(signals) 127 + 20 81 + 16 121 + 20
Efficiency (%) 29.5 0.7 32.2 £ 0.7 30.2 0.8

+2.4
16.4 + 3.7+ 24

Mass ( MeV/c?)

1.
2984.8 + 4.0755

3420.5 + 4.8 55

3645.0 + 5.5 12

Theoretical predictions are based on Nonrelativistic QCD:

Tc | XcO0 | Nc(25)
Braaten and Lee 2.31+1.09 2.28+1.03 0.96+0.45
Liu, He and Chao 5.5 6.9 3.7

Cross sections significantly larger than NRQCD prediction
Possibly because relativistic corrections not included?
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Look for ere-— X(3872)%,

X(3872)—=>Jhy -,
J —>up 189 bt w(2S

Only observable if
X(3872)° is J°¢=1" state

Events/0.05 GeV/c~

et
=
=

No signal is observed

Set an UL @ 90% CL:
BF(X(3872) »>J/y trn) - T <6.2eV o

0

150 -

X(3872)°

UL

0.4 0.6 .
m(2u2mw) - m(2p) (GeV/c?)
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|
PRD 71 052001(2005)

0.8 1

14



Pentaquark Contro

Since first reported by LEPS, many expenments have
reported evidence of poss1ble pentaquark states

Experiment | State | Production Decay Significance
LEPS vC,, Kn 4.6 ¢
CLAS vd Kn 5.20
CLAS P Kn 7.80
SAPHIR ) Kn 4.80
COosy pp K°p 3.7¢
JINR 0N p(C;Hy) K°p 5.5¢
SVD pA K°p 5.60
DIANA KXe K°p 4.4c
nBC VA K°.p 6.70
NOMAD vA K°p 430
HERMES ed K°p 5.8c
ZEUS ep K°p 4.6c
NA49 Z.—~ pp =7 5.8c
H1 O, ep D*p 5.4c

\ Contradicted by high
statistics CLAS
measurement

> ©,(1540)" [uudds]

<«— =;(1860)[ddssu]
+— O,.(3100)°[uuddc]

Many other high statistics experiments report no evidence
for pentaquark states - existence is still being debated

Brian Petersen
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Pentaquark Sea

BaBar has searched for pentaquarks in several places:
> In inclusive production in e*e’ interactions:

> Searched for: ©.(1540)"—>pKs, Z.(1860) == n-

> Also searched for other pentaquark states

> In electro- and hadro-production

> Use inner detector as target for off-momentum beam
electrons and hadrons from e*e” interactions

> Searched for ®,(1540) " —pK;

Brian Petersen
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Inclusive ete-

Large signals for Ac—pKs, =2(1530)°—>=Z=n" and EL—E nt
. 123fb"  e'e—Kp X _eesEm
x10° gl n Accepted by PRL | X10° m— ;mﬂ i Accepted by PRL
: NESQ'F } IH+HH|H | ’r’r’rlhlhl| | ol S 1800 H&ﬂﬁ Mm -:
S | % _ |+H *{ ﬂ |H ol 51 600 ﬁq’rwﬂ :
| ok ll” 3 2 iyt ]
21.0H S Hi“ s | & 1400} H*iﬂ“i .
S | g |} IH| Z10F S | L l*” ]
£ , i 1 | £ r200f Wi
%‘DE ESB}I* c(m)~2MeV/c H|+++i %1 | UH}DD; :
S TTs0 550 .""55,'[ = TTideeidee iS00 1950
| { b -Jk..q.w_ﬂ -
0050535 96 — 35 40 45 50 U5y 25 = am'_'= 20 45 50
pK: Mass  (GeV/c?)

T orEn Mass (GeV/c)

No pentaquark signals seen
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Production Cross

Non-observation converted to productlon Cross sectlon limits
Assume BF(©,(1540)—pKs)=25% and BF(Z,(1860) —Z1)=50%

Upper limits with different width assumptions

123 b

.......... Accepted by.JPRL

@(1540)° —er'= 1MeV - L .
—-er=8¥eV 4 | imits on total cross sections:

% —g==ea=—e—] FOr =1 MeV:

>

2

5 ‘ _

E ——— % —_— e E G(®5(1540)+) <171 fb@95% CL

g I Bl S8 I o(24(1860)7) < 25 fb @ 95% CL

g nﬁ% i & “““—F‘t‘ﬁ: For I'=8(18) MeV:

3~ }l H 5(04(1540)") <363 fb @ 95% CL

O i il
D (24(1860)7) < 36 fb @ 95% CL

p* (GeV/c)
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Pentaquark Cross Sections Comparison

Compare rate limits to “normal baryons”

1 ¢
F b e e"—Hadrons
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i F
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10 e
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; 8,
oI Assume Beipkst)=2 h

10 = For total padicle+antiparticle rate:

E w2 )+ 1) where J=totl angular momeniam
L =2 for particle+aniparticle states

& Js=32GeV
B Js=10 G eV

= 15 hie |} =—
T=1 all e—

—--
b

Assume B1=="F 0%
L L | L L

0.8 1 13 14 1.6
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2

Mass (GeVie)

Limits are well below
rate observed for
“normal” baryons

What rate to expect
for pentaquarks?
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Electro- and Hadro-Production of pKs

Hadroproduction:

» Secondary interactions in detector material of
hadrons produced in e*e  annihilations

I Schematic plan v1ew of interaction region

Electroproduction: 9 Geyy

» Off-beam e~ and e* bent -
into Be beam pipe in
horizontal plane by
final focusing magnets

different )%and Z scales
Brian Petersen 20



Reconstruct pKs vertices
not coming from IP

Vertex locations match
detector material
distribution very well
Beam Pipe an_d SVT
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Search in Hadro-Prod

X1 KS candidates : _ ww— Proton Candidates
% 4oo§: Signal_ band E % =2 e
= 350F E 5
g 3oo§_ E A
& o - :
iZZ:SMeband oo Sldebandj
R VM(““)‘M(Kg)pDG/(MeV/c) _ p DCH [GeV/e]
~230f" —
Protons and kaons are C ok ; o
cleanly selected S RsSIENALT A :
S BABAR
Searching in all events 5 " preliminary E
. . [ - . E
(mainly hadro-production) s - E
no pentaquark signal is 00 e e
- sidebands
observed F KS ;
[L]:L — ILnIL':n L.:': — L':n‘:nI — Lff:

o 0 2
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Y /cm
il |

X /cm

Again no pentaquark
signal is observed

Requiring a third particle

also does not show any signal g
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Events /2 (MeV/c?)

Electro-production studied

by selecting region where
most off-momentum electrons
hit Beryllium beam pipe

~ 230 fb

eBe production

C }, tt t t J
200E- BABAR i hattt by g i ’fi++++j'++’f+++"g—l
I800E-  preliminary H E
1600 - L =

= ot =
1400 F ; ]
1200 ++” =
1000 M —

800F- , -
600 + =
400 i— . #muﬁm#un*mw:#mmﬂrﬂﬂ*u we, et b by MF;
200 * =
: 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 F

4 1.45 1.5 1.55 1.6

0 2

M(K p) / GeV/e
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X(3872) state
> Clear X(3872)° sighal observed in B*—XK* decays
> Measured m(X(3872)°) = 3871.3+0.6+0.1 MeV/c?

> No charged state X(3872)* has been found

> No signal is observed in ISR events

» Recoil B analysis puts lower limit on X(3872)° BF

> More statistics needed to definitively discriminate
among X(3872) models

Pentaquarks

> No signal in e*e  production - limits are well below
normal baryon production cross sections
> No signal for ©,(1540)" in electro- and hadro-production
in detector material
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