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Outline

* BABAR overview

e B> I*I" (and D~ 171)

* B~ (p0)Yy

* B*» K*vv andB*-» w'vv

* Lepton flavour violation: T7-> Uy

e Pentaquark searches: 0O (1540)* and =5(1860)

°* Summary

All results are preliminary unless otherwise specified



The BABAR experiment

* Qperating at centre of mass energy Magnet flux return

of 10.58 GeV for Y(4S)» BB EM calorimeter instrumented with

. . 6580 CsI(T1) RPCs (» LSTys)
* Asymmetric beam energies produce crystals

boost of 3=0.56 in lab frame 15T
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BABAR performance
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244 fb! of data since startup in 1999 | BABAR
20 Run 4
- ~245 million BB pairs plus an additional “° PEP- Deverd 255 550
~23 fb! of off-resonance data ";80- BABAR off-peak 22 68/
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Two sextants of upgraded muon -
system (LST based) installed during
summer 2004

Run 3
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Anticipate startup in mid-March

4p |
— “Run 5” startup originally scheduled for ull |
Oct 2004 delayed by an electrical accident B A A A AR AR A A
and subsequent investigation

— run extended until summer 2006, with
target luminosity of 500fb!

— remainder of muon system upgrade
deferred until 2006 shutdown




Rare decays: B'» I'l

* Theoretically very clean: within SM only non-
vanishing operator is O, (axial-current) and SM predictions

hadronic matrix element is f_ Br(B® — ete’) =~ 10
b4 Br(B — pu) = 10710

B 0 |+ B O |+
1 qu{
M t,c,u‘ ‘v Br(B - t't7) = 1038
1
) d I -
d I W l

— New Physics can enhance rate by factor ~100 or more

* Experimentally very straightforward: @ 2500"
Z 2500
— Distinguish B decays from continuum using “event :’E,zooof
] [
% 1500
<

shape” variables \ e'\
e \

// e+
SRRV IS YRS Y

Then contrain kinematics of identified leptons to be 0 02 04 06 08 1
consistent with a B meson parent... CosOy




B~ I'I

B® — WW simulation
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Signal efficiencies obtained from MC _ ) 2
s mes = \/Ebea,m o p*B
* efficiency systematics of 5.7%, 7.1% and 6.8 % AEFE* = E% _ 1*
(for ee, uu, el) due to mgg and AE shapes, ceatt
tracking and PID - .
. . channel | N,ps N £[%)]
Backgrounds estimated by extrapolating 0 _ oto=| 0 1071 0311918 +1°
ideband regions in data into signal region Bn —wee | 0 0r=03al821
51 g g g B® — utu| 0 |0.72+0.26{15.9 +1.1
Limits obtained from unblinded signal yields [B"—e¢*pT| 2 [1.20£044]18.1 £ 1.2

in data using modified frequentist method




B> I'l andD’~ I

S04 . T, - Based on 111 fb! :
o = e+e B . . o1 ]
=021 . ;‘ ) M H 1 BB~ e*e) <6.1x10° at90% C.L
= oL -.%.D 1. D BB prw) <83x 10° hep-ex/0408096
o ';:'_-_: v cden e T ] BB efus) <18 x 10 (submitted to PRL)
ES;P O Ve mli'%éewc:‘]s'g BABAR Preliminary!
D02 & w7, ]
2 ok T TET : .
o2ft Ty e o] e Also published limits on D » 1*I
L e Al . .
525 °’5[.é5 Y — sensitive to NP couplings to up-type quarks
= : - Veto D’ produced in B decays P, > 2.4GeV/c
:: i : = and require D™ = D’t* to reduce
. [ . I] . combinatorial backgrounds
= ety o
:; T Based on 122 fb! (incl. offpeak)
i ﬂLﬂJu]J_IlI L B(D'~ e'e) <12x 106  at90% C.L.
B(D' - u'w)<1.3x10°  PRL93:191801, 2004
| |ﬂ [’l” ‘” B(D - e*u+) <0.81 x 10°  (hep-ex/0408023)
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B~ p(770)y and B~ 0X7382)y

* FCNC processes proceed via EM penguin processes
in SM with top quark in the loop W MV

* Rates related by spectator quark model b o ~ N s,
u,c,
1

E[B — (J{}, -.,L-‘j ’J'] = = {L‘?(B_F — I,r_}+*l['] -+

2 TRo

- SM B[B-» (p,®) vy] ~(0.9 -1.8) x 10" but also possible New Physics
contributions

° Analysis on full dataset searches for modes B*- p*y, B> p°y
and B’-» oy

—

|B+

[B(Bg — p™) + B(Bz — w)] }

- select p°-> wnw, pt-> wmn’, - 7w n° candidates from combinations of
pions with 630 < m(nnt) < 940 MeV/c* and 764 < m(nt'nt °) < 795 MeV/c?

— background primarily from ee» qq with energetic photon from ISR or ©%mn
decays, or from other radiative B decays

— photons candidates required to survive a ©°(1) mass window “veto” in which
they are combined with other photons with E > 30(250) MeV



B~ (p,®)7y results

e Additional bg rejection using neural net Based on 191 fb :
based on ROE (R2, cos 0°,.T , moments etc.) B(B*~ p'y) <18 x10°

and Fisher based on signal (67 ,60yetc) = B(B" > p'1) <04x107
B(B°» oY) <1.0x10°

* Yield extracted from 4-dimensional B[ B~ (p,0)y] < 1.2 x10°
extended maximum likelihood fit: at 90% C.L
a4, ] B. Aubert et al., PRL 94,011801 (2005)
%60 §407
220 I . p, ® Y (combined)
2 522 sziiEzizge‘sﬂisz) 1 _—- , ; v ?:Ffa;_lprehmmary
§ 4T = 30/ g — k P @ Belle preliminary
S 30/ % I tl | ] i?aeftb-il
= 2 - " ietal
5 2 M py hep-phi0403075
@ - [ Bosch etal,
10F I g hep-ph/0106081
— ' ) = " T
8 005 0 0.5 0 1 2 3 4 5

fisher

Combined (p,w) v fit Branching Fraction




~ Unitarity triangle constraints

* Ratio of b= dy tob- sy modes constrains ratio of the CKM

elements [V 4l/IVl:
Ali et al. hep-ph/0405075

B|B — (p/w)y] Vi 21— mﬁ/ﬂfﬁ ’ 21 L AR
B(B— K*y) ‘Ih 1 —m2.. /M3 /j" . ‘
flavour SU(3) breaking weak annihilation
(>=0.85 +0.10 correction AR=0.1 +0.1
* Using B[B~ (p.0)y] and BABAR b m /0070 |
measurement of B- K*vy, obtain 05 N M [omedm \§
limit of <0.029 (90% C.L.) onthe , : E
ratio of branching fractions . f ]
B. Aubert etal., PRD 70, 112006 (2004) . ¢ |/~ :
* Neglecting theoretical uncertainties o1 :
yields [V IVl <0.19 i, I %N

-04 -0.2 0 0.2 04 06 08 1



B*- K*vv (and T'vVv)

* b~ svv branching fraction theoretically clean and potentially
sensitive to New Physics

- No photonic penguin (only Z penguin) and a single Wilson coefficient (C,);
no long distance contributions

v SM ; ’ non-SM Higgs
W \z W'r’]{_i_}{"/* @‘“f’i#

f W ' I f W
i 1 b 1 :;-_ 1 }
vt

-

=

W

* Experimental limits can constrain everything from charged Higgs
and SUSY to scalar dark matter couplings (Bird et al., PRL 93,201803 (2004))

* Presence of neutrinos in the final state makes experimental search
challenging, hence search only for exclusive decays

— Standard model: B(B* - K*vv) ~ 4 x10°



Recoil method

* Physics with a single-B “beam” (a.k.a. “recoil analysis”)

— exclusively reconstruct the decay of one B from Y(4S)» BB in either a
hadronic or semileptonic decay mode

— Hadronic B reconstruction efficiency of ~0.2% yields ~2000 charged-B
“tags” per fb"! ; Semileptonic reconstruction yields ~5000 per fb!
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- B*>» K*vv (had+SL recoil)

* Require only a single charged track

N W
o o
_I_ L ] ) LI I

—
o

Hadronic tag

E

(GeV)

extra

(K* with pg > 1.25 GeV/c) and little
or no additional calorimeter energy E:D-)
(E . <250 MeV) Q
extra a
O15] Iz
= e
&I &
0 10+ L
ad
o
:g 5- reverse PID
o i requirement
Bl g for B* » mvv
0 search
px (GeV/c) \
Tag Hadronic Semileptonic
Efficiency (%) 0.055+£0.005 0.115 £ 0.009
Background 39+1.1 34 1.2 %
Observed events 3 6

(*non-peaking only)

Based on 82 fb!:
B(B*-» K*vw)< 52x 107
B(B*-» mwvv) <10x 10°?°

at 90% C.L.

hep-ex/0411061
(accepted by PRL)




~ Neutrinoless © decays (LFV)

* Lepton flavour violation in T decays among the most theoretically
clean signatures of New Physics

— Occurs at level of ~107* in the SM (with non-zero neutrino mass)

— NP models predict enhancements up to current experimental limits and

enhancements in T decays relative to L decays (very model specific!)

Signal hemisphere

© T Uy

~

232 tb! (on and off peak data) corresponding\~\
to 2.07x10° e*e” » 1T"T" events

Divide events into “signal” and “tag”
hemispheres (based on thrust axis)

Look for l—y combination consistent with a T
parent in events with 1-1 or 1-3 topologies

Include additional tag modes: e, i, h and 3h Tag hemisphere



T"‘ -) u+ Y l‘eSllltS Pliérlfn?lﬁlry!

Define signal region as 20 ellipse in:

TN

3]

- AE=E,, - s/2 >
— mmgc = invariant mass resulting from Qy g
kinematic fit with E,, constrained to /s/2 g

.. .. @
Additional bg rejection from neural net
2 o

(mmiss’ meiss > pt gmax’ COSGH’ mvz) Lﬁ

Total of 4 events observed in all tag modes
(expect 6.2 + 0.5 background)

— signal efficiency ~7.4%

— Dominant backgrounds are e*e" » WL~ (66%)
and e'e = 1T (27%)

— Limits extracted from extended ML fit to mgc

==

N
o

b
3]

® Data - Background Fit — Uy

T T 1 T 1 -
: | | l | :
o +~
5 + f
0 | L
1.6 1.8 2.0 5
mg. (GeV/c")
Based on 232 fb!:
B(t"-» u7y) <6.8 x10°
at 90% C.L.
hep-ex/0502032
(submitted to PRL)

Also BABAR limits on T = 11l & lhh  PRL92:121801, 2004 and hep-ex/0409036



Pentaquark searches

* Recent pentaquark frenzy triggered by paper by D.Diakonok, V.
Petrov and M. Polyakov Z.Phys. A 359 (1997) 305., and evidence for

©+(1540) from several experimental groups

— Chiral soliton model with N*(1710) as input, and mass splitting of ~180MeV

- “Exotic” ©%(1540) would have to have minimal quark content of ududs

e BABAR preliminary results presented s j_,

at ICHEP 04 (hep-ex/0408064; BABAR-
CONEF-04/36)
| udd(ui, s§) )

— Search for 0+(1540), =-(1860), =°(1860)  =ax,
as well as other members of the

+ )
5 ‘ududs>

L'sz

NJSr |wud(dd, ss

AK”*

. . s(uu, 88 E+ uus _, sS
antidecuplet and corresponding octet ddsut ) s (df' ji
Phg
* Results recently submitted to PRL - -
= =5
‘dsds ‘dss(uﬁ, d&)> ‘uss(uﬁ, dd_)> ‘ususa>

T LAk LAk, 22t



0 (1540)",

X110

Candidates/ (8 MeV/c™)

sy =
] n
T T T T

n
—r—

=.(1860)" and

(1860)0

e Search for O+ K’ (K%~ mm [( ................
" PRV T +|H+H|I*”|i|*+'“+|'l+ﬂ|+
— Use all events accepted by trigger ¢ , HH|| A iﬂ lHi '
(>99% efficient for ee» qq) Em- r ||+" IHHHH
— Reconstructed invariant mass E '|| IH*|i+
resolution ranges from 2 — 8 MeV/c & iﬁ BABAR "y '
depending on mode and momentum. §°% - T Preliminary|
© 1,500 1650 1600
98000 A .*NaK’ decays
S ———— _
|zaso) o ! ] peak oo MeV /e e .
= 1800 ”l#li, — ] b 15 2.0 25 3.0 3B 4.0 45 50
= IWA jy = 1 pKs Mass  (GeVi/c?)
Lk *Illuluw wulﬂlhll HS i - - -0 — +
IIMHIW . e = "> = wand =~ =T
= Mg with = > A ,A°> pr
,,,,,,,,,,,,,,,,,,,,, ; — observe 290000 =" candidates
_ 1800 1850 1900 1950 with S:B of 23:1 in A% mass
e S S Y — signal efficiency of 6.5% (low p*)
1 2.0 Eﬂ::_SEJrDrE_qBT._UMESS S{.gewczﬁﬂ 45 50 to 12% (hlgh p*)




Pentaquark results Preliminary!

e No evidence for 0 (1540)* or =5(1860)

* Production mechanism not known:

— model-independent limits derived on
inclusive production rates by fitting mass : S S NN U NN SR

spectra in bins of p*

— signal width varied from 1 MeV/c? up to ;
natural widths of 8(18) MeV/c? for ©(1540)*
(=(1860)7) reported by other experiments

@(1540)+ —oT= 1 MeVic 1
——oT = 8MeV/c’ |

-1

i ge—e-

s £(1860) " —oT = 1VeVE
o /| ——ar =18 MeVlc’

—_—— I

|
[m+]
(=]

L)

Differential Cros
A
——e—
:n_lﬁ—i
. —
—e
—
o
s ]
1
1
I
|

....................

- yields quoted relative to total number of both ¢ 1 2 0 Pleeve)

ee » qq and Y(4S) events

e If ©(1540)* or =5(1860)"
pentaquarks exist, they are
suppressed in e*e” = qq
relative to ordinary baryons of
similar mass by at least factors
of 8 and 4 respectively

Pentaquark Cross-section e*e- (q yield

state UL (fb) UL (10%/event)
0++0- 171 (363) 5 (11)
=4I 25 (36) 0.74 (1.1)

[ =1MeV/c? (['=natural width)
Based on 123 fb'! of BABAR data
hep-ex/0502004 (submitted to PRL)




~ Baryon production rates in e*e’

= 1 ¢ P
+ - P e ¢ >Hadrons ® s=92 GeV
— - . m Js=10 GeV
S.:./ -17 T A s <
— 10 = -
= f :
= B
S -2f _
510 = e
=" c - A(1520)
210 [ BABAR
: - L4 L4 '
= - Preliminary!
—
10 E \
iy I BaBar Pq search limits 1—=.? Eez
I'= e
10 = |
. 95 =18 MeV
-0 Assume BripKs"=25% F;1 MeV —
10 £ For total particle+antiparticle rate: I
- =(2J+1) where J=total angular momentum Ee -
7 =2 for particle+antipariicle states Assume Br{Z 7}—50%
10 e [ S (S EN S S RS
0.8 1 1.2 1.4 1.6 1.8 22
Mass (GeV/cH)




Summary

Present BABAR data set has permitted sensitive searches for rare
B, T and charm decays as well as exotic processes

— currently ~240 fb! recorded; anticipate doubling by summer 2006
Stringent (and interesting) limits on EW penguin processes
- B-p/oy,B- K/mrvv,B’> I'I', D> I'I

— “Recoil method” analyses now have O(10°) reconstructed (hadronic +
semileptonic) B decays, giving interesting sensitivity to modes with
otherwise intractable backgrounds (e.g. B» Kvv)

Comprehensive limits on LFV 1n T decays

No evidence for pentaquark production in e*e



Backup slides



Events / 10 MeV/c”

T decay LFV results

Based on 91.5 fb! :
B(t - ee'e) <14x 107 at 90% C.L.
B(t » uee) <l4x 107
B(t» we'te) <14x 107 PRL92:121801,2004
B(t - e <14x 107 (hep-ex/0312027)
B(t- eupnw) <14x107
B(t-» puu) <14x 107
[ T —oeee T o u'ee .'
S I N - S v 4 1 O T . I
[ T opee [ T f
41 :
: | :
o1 i L-“ulti] n _uuﬂL IR
[ T oen’pn [ T puw
i i
UM L0y S A |
-0.6 -04 -0.2 -0 02 9 -0.4 -0.2 0 0.2 5,0«

A M (GeV/c)

AMI(GeVic)

B(t
B(t
B(t
B(t
B(t
B(tT
B(t
B(t
B(t
B(t
B(t
B(tT
B(t
B(t

hep-ex/0409036 (presented ar TAUO4)

Based on 221 fb! :
- ¢ K'K) <14x 107
- ¢ K') <1.7 x 107
- e n'K) <32x 107
- e7nn) <1.2x 107
- w K'K) <25x 107
- wK't) <32x 107
- W tK) <2.6x 107
- W) <29x 107
- ¢ K'K) <1.5x 107
- ¢ K't) <1.8x 107
> enn) <2.7x107
- w K'K) <4.8x 107
- wK'mt) <22x 107
- wnn) <0.7x 107
at 90% C.L.




~ Charged partner of the X(3872)

* Narrow J/P ™ resonance observed in B- - X K- decays by Belle and
confirmed by other experiments including BABAR (hep-ex/0406022)

— kinematic distribution of 7t~ consistent with p® = 7'~ hence might expect
isospin partner decay X - J/¥ p

% T
= 3000+ > 1500~
e Reconstruct BY - X- K* and - >
- £ 2000} | 1000f
B » X K withX » J¥nn® G g
" ool 5 500- f

- J¥ > ete,u'uw ; K-

F(d)

- Retain B candidates with iy Tﬁ}% 4001
Impg—mgl < 5 MeV/c? and AE < 20 MeV % _
- 0.67 < m(n*n°) < 0.78 MeV/c? 5001 e H i
0 02 82 505 53

AE (GeV) Mg (GeWcz)



X results

* No evidence of signal apparent
either in Dalitz plots or in
m(J/Y ntw®) distributions

Isovector signal hypothesis

predicts:
BB~ X K, X'» J/¥ ') =
2 x B(B» X(3872)K, X~ J/¥ w' )

comparison of X limits with
BABAR X(3872) result excludes
1sovector-X hypothesis

BABAR
Preliminary!
— 24 ~ 24 s
rlu rlo :(bJ R . ]
> 22 2 20F sl B- 1
S 20} S 20} e e,
o 18} o 18 ]
S 16} S I6F R
= 14} 3 EmE T e
I 2 3 4 5 [ 2 3 4 5
mX(p’K*) (GeV/c) m2(p'K}) (GeVic)
% oL@ * * % 20} (b 1
2 40 * { 1 =
=t |l =
200 1T Sl |
§20f 1 % |
0 | i | 1 0 i | i i
38 385 39 395 38 385 39 395
m(J/yrn®) (GeV/c) m(J/yrr®) (GeVic)

(likelihood ratio favours null
hypothesis by factor 1.1 x10*)

Based on 212 fb! :
B(B°» XKt X - J¥nn’)<54x10°
B(B’» X'K° X - J¥nmn')<22x10°
at 90% C.L.
hep-ex/0412051 (submitted to PRD-RC)




B( B~ K*y) results

® BaBar82fb’
® Belle 78 b
® Cleo9fb’
e 1 Cheng & Chua, hep-ph/0401141 (CLFQM)
0,y ——p——at [ Safir, hep-ph/0109232 (LCSR)
K 2 IR - y [ Xiao & Zhuang, hep-phi0310097 (LAT) .
IIIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|x10-

0 1 2 3 4 5 6 7 8

Branching Fraction




B~ K¥*y CP asymmetry

-0.3

P
@ BaBar I |. .I y ACP K v
® Belle
[ ] Hurth et al.
hep-ph/0312260 N i & III 4 & XY
[ | Kagan & Neubert i P a
hep-ph/0110078
) 5
! b A Ky
I I I 5
|—|-II—Q—H AO' 1 !
| | ] | | ] ] | ] | ] ] ] | | ] ] ] | ] ] ] ] | | | ] |
-0.2 -0.1 0 0.1 0.2

Asymmetry

0.3



- Hadron production rates in e+e-

* Adapted from PDG, K.Hagiwara et at., Phys. Rev. D 66, 010001

(2002)

Mean rate per event / (2J+1)

_4:
10 -

e¢'e’—>Hadrons

-5 I BaBar Pq search limits

® s=92 GeV
m Vs=10 GeV

T=1MeV
10 =
_6: Assume BripKs")=25% ll:jaMr\gsV -
10 £ For fotal particle+antiparticle rate: -|V_
F x(2J+1) where J=total angular momentum g -
71 x2 for particle+antiparlicle states Assume Br(Z w)=50%
10 . | R M N P B e
0.8 1 1.2 1.4 1.6 1.8 2

Mass (GeV/c?)

Mean rate per event / (2J+1)

-
—
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[
—

-
=

-
—

10

10

10

Hadron production in e'e —Hadrons

E * Pseudoscalar mesons
O Vector mesons
& Tensor mesons
B Baryons
& Ns=92 GeV (Blue)
. Ns=10 GeV (Red)
=17
=2
=3
4
) For total patticle+antiparticle rate:
x(2J+1) where J=total ahgular momentum 0
67 »2 if particle/antiparticle states distinct 5 /]\
Bt P R R R R S S R AR R ¥
0 02 04 06 08 1 1.2 14 1.6 1.8 2

Mass (GeV/c?)
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B*~ p"y and B’> p%y

BABAR |

*
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