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D, (2460)*

e Shortly thereafter, second narrow state observed in
D".(2112)* n°. Initial uncertainty: new particle? Or
D’(2317)* + random photon?
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e More recently, another D, meson at 2.86 GeV
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X(3872)

PRD 71:071103, 2005
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Charmonium

e Two heavy quarks,
spins Td or TT + orbital
angular momenta
— mass spectrum of
states is basically
calculable

Below DD threshold states are
narrow; above, generally broad
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Alternatives

tairaqualk DD* molecule m
also [c d ¢ d] 2" neutral state l

[c u ¢ d] charged partner = 3872.2 + 0.8 MeV:
M(DOD 0) = 3871.81 + 0.36 MeV
e Distinguish between alternatives by mass;
branching fractions; charged or neutral
partners; quantum numbers.
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® Are these the same X°? Am=2.7 + 1.6 MeV.

® Is the decay X — J/yp,p — ttn ?
If so, X — Jhy nn® forbidden. .
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Charged Partner
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® Would seem to rule out tetraquark interpretation
B0 — X-Kt<5.4x10%vs

Bt — XOK+=(11.4+£2.0) x 10°
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0809.0042 [hep-ex]

X(3872) — J/wy or w(25)

B — X Kt, X—>J/\|fy B+ — X K*, X — y(2S)y
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Tremendous effort to correctly

handle impact of threshold on
mass and width

® Mass is 46 higher than Jiyrntt ™, but could be

threshold effect.
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What is the X(3872)?

e CDF angular analysis: JP¢ = 1++ or 2+. Belle
analysis favors 1+,

» 1+*: would favor molecule;
» 2% would favor charmonium;
» but decay rates are also relevant.

e Still an open gquestion...
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Y(3940) = J/y o
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M=23915+4 MeV (vs M = 3943 + 20 MeV Belle)

e May be y.,(2P), standard charmonium,

» might expect larger DD* decay rate and radiative
decays
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Y (4260)

e ISR production: ete”— (y)r'nJ/y = JFC =1~
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Y(4260) — DD

Mass of DD produced in ISR
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® Hybrid 1 states expected. Lightest consistent
with 4.26 GeV. Expect other hybrids, some with
non-standard JP¢ such as 1. -




7(4430)

o Study B — y - K to look for Z(4430)" seen by
Belle in v (2S) . Would be four-quark state.

® Huge effort to understand K - mass & angular
distributions. Both y(2S) - and J/y 1.
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Pentaquarks

PRL 95:042002, 2005

o BABAR failed to discover Pentaquarks.
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A(2940)*

PRL 98:012001, 2007

® A new charm baryon decaying to p D° (not pD*)

Candidates / (2.5 MeV/c?)
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Observation of the n,,

Bottomonium (bb) Spectrum
Y(4S) Discovered 30 years ago
mass (G

BB threshold

Y
h,(2P)

%p1(2P) %2(2P)

?b(ﬁj)- ¥o(1P)  Xer(1P) Xs2(1P)

Not even a hint
in 30 years_of

searching
-wave

< > < =
1* 0+ 1

P-wave

® QCD should be able to explain Y(1S)/n, mass
difference (20100 MeV). 24



Analysis Method

® Y(3S) = v,
® Look for photon only. E, =911 MeV if M(n,,) =
9.4 GeV.

e Problem: many other photons. Particular issue
is ete” — yY(15) (E,= 856 MeV). Depending on
M(n,), detector resolution leads to significant
overlap with signal.
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PRL 101:071801, 2008

Observed Spectrum

10000_!lll|llII|IIIII|IIIII|IIII|IIII

S _ .
S so00f Subtract continuum =
w | \

(@) L

(«)

0]
=
S
=)

-~ subtract continuum + y, + Y(1S)

(o)
(e
(e}
S

2
o
XIO3 ] 54000
500 g 2000
- /M
400
300
2001 1 N(n,) = 19200 + 2000
B 1 M=9389 +4 MeV
100~ — o | BF=(4.8+£1.3)x 10*
- Xb YY(1S) Continuum qq &/7 .
N | generi? Y — yX| | ]
8.5 0.6 0.7 0.8 0.9 1 1.1
E, (GeV) 26



Light Higgs A"

Many extensions to the standard model include
a light higgs: Y — yA°. BF as large as 104,

If dark matter particle y is
also light, then A° — yy may

be dominant i,
—8 G

= final state is y + “nothing”

70% Dark Energy

N ” /
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0808.0017 [hep-eX]

AV — invisible

e Enabled by extensive modifications to trigger.
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Summary

Although not a big part of our original physics
plan, new particle searches (and discoveries)

have become one of the most exciting parts of
the BABAR program.

The Y running has produced new opportunities.

Apologies to anyone whose analysis | neg-
lected, and thanks to everyone who helped with
the slides, even if they didn’t know it.
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