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Outline

* Motivation and experimental method

* New results on the Leptonic B meson decays from BaBar:

Part A: Part B:
B —=T'v(l=eun1), B —=TU'l" (Ll'=e,u,1)

* Summary
Including lepton flavor
violating (LFV) modes!!
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Motivation

TM & @ Nelvana

* Clean SM prediction, highly suppressed [ ¢ . . o o

B(B*t - ITy) = '! F5|Vis*75

/Z | dominates, extract fB more
GEF mpm? ( ’-’":2 ) precisely through experiment.

yal

/ ‘\ Sce_nario_2: Using |Vub| from

Dependence on the semileptonic experiments, and £,

lepton mass. from LQCD. Test new physics
“corrections” to the SM
prediction.
+ Potentially sensitive to new physics |
* SUSY, leptoquarks, Higgs |
* lepton universality? No dependence on the \

lepton flavor here!

+ o, Pt 2
R+ vy = H{B - ¢ HJ = [1 — m E:
Bsy (BT — 1) (1+etan

Correction factor due to
MSSM Higgs at tree level.
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Experimental Method

/ ’- =~ ) -
+ Leptonic B decays without T are very clean ; V! A \
+ No final state hadrons / \
* High momentum lepton signature I

* missing momentum carried by v |

+,0
\ b signal |
AE=E,—s/2 \ .
N l/

Y(4
_ - m =+ sl4— p; (43)
, Ve KE,KS ~ /
/ \ \ For many analyses presented today, one of
| D" < B | the B mesons is reconstructed hadronically:
tag/ * greatly suppresses qq (g=u,d,s,c) and
\ N / P T'T events,
S o __Tfﬁﬁ ~ + allows the determination of the signal B
rest frame — an even better handle on

Although not discussed today, BaBar signal kinematics,
also considers semileptonic B tags! » smaller signal selection efficiency
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B"‘ —) l"' vV vl=T (using hadronic B tag)

*l=e,u
b Vi b Vg v
a) SM process X’
b) H" mediation (e.g. MSSM) s o HY Z
c) LFV susy loop (a) (b) ©
T o+ . T ¢+ gt
Previous BR Upper Limits
B*—t'v B*—u'v B'—e™v
SM BR 1.5+0.4x10™ 5.2x107 1.2x10™"
BaBar <1.8x10* <6.2x10°® <7.9x10°®
Belle ~(1.8+0.5+0.5)x10™ <9.8x10” <1.7x10°
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B —1Tv

Various approaches used by BaBar
* reconstruct one B meson in

. el
hadronic modes S
- T T T = -
/7 K K\
S
[ S
\D<*) 4—/Btagl
. .0, Yds) _ — ~ 20R |
T ,TT \ o N Combinatorial background
N - A 10} \
— ; Vg T ——_-".,

140 BaBar | | signal L2 523 524 525 526 527 5.28 52'9 5:!
%' 120 l'+'l | \ / m,, (GeV/c?)
O 100 — _+
ﬁ! 80 ween 1
=] —f—ﬁzlj'—\-— data - signal MC . 0
P e kaMC - consider 71% of T decay modes,

E a0 &Q\ comb bkg MC . . . ) .
E L signal selection: extra energy in the
w S “ A\ 1 12 N\ 15 NN\ calorimeter, missing mass, event
E,__(GeV) shape variables.
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B —1Tv

TM & @ Nelvana

Systematic uncertainties:

s total ~12 % Background estimated by fitting m_
—— — on E___sideband and signal regions
Source of systematics e™ u™ a7 77" Total extra
MC statistics 3.1 0.6 1.5 2.6 4.3 . —
Particle Identifieation 1.5 1.3 0.2 0.2 2.0 considerable statistical

=" 1.4 1.4

Teacking T 0401 16 58 uncertainty on the bkg.
| Eextra 4.7 0.6 0.9 2.6 8.8
Signal B 11.6 \]
Tag B 9 T decay mode Expected backgroun¥ Observed
Total 12 T — e up 147 +£137 4
77— ptp 1.78 £ 097 5]
ot ero+211 | 10
) . A S LY 4,23 4 1,39 5
Total signal selection ATl modes [la27 £303 ' 24 |
efficiency: (9.8+0.3)% . 7 f
7
-

-
with hadronic tags: B(B =1 v)=(1.8"y; (stat.)+0.4(bkg.)£0.2(syst.))x 10"

with semileptonic tags: B(B — T v)=(0.88, (stat.)=0.11 (syst.))x 10~
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B" — I'v (I=e,u)

+ Reconstruct one B meson in hadronic modes
+ less sensitive to signal than inclusive approach, [

> oF [ v -
* much lower background (<<1), S Cmen 1
+ excellent method for the future precision studies & i signal MC -
in high luminosity B factories Sos- BaBar -
k=] el - S S s N T
. $22 523 524 525 526 527 528 529 53
- = - = 10° )
Y v oS _ -~ “Em L — M= asasianes
\ } e, L e
. -~ =~ 1%
Pt (I > EK A Siof [Cew' MC| :
+ _ — ce
) l\ _ \B tax—> D% | E 50 unz.t{ﬂqﬂ,dﬁ} .
| « L v S §277523 524 525 56 527 528 529 53
\ N L o By, My (GeV/c))
\

a Signal side selection criteria:
monoenergetic lepton in signal B frame.
missing momentum (carried by the neutrino),

extra energy in the calorimeter (should be close to zero)

30/04/2008 Miika Klemetti PHENOOS page 8



B" — I'v (lI=e,u)

» Unbinned maximum () N |
likelihood (ML) fit on £lrey ) = = [l Inefe@) + nao(0) Signal PDF
lepton momentum in (arbitrary scaling)
the signal B rest frame
= g, i e
}}Ei_ | - BABAR %3 BalBaR
+ -
+ data points O Brev] O
e | ] §
. =
Background and I ] i
signal ML fit g
LE EZ 212223242529272829 3 ;E 212223242526272829 3
Lepton momenfum (GeV/c) Lepton momentum (GeV/c)
} +
i £ (number of events “under the peak”)
erot X 10°] 135 +4 120 + 4
n; MC | 2.66 £0.13 5.74 +0.25
n; 2.6T+0.19 5.67+0.3
ne |7007£0.03 —0.11+0.05  REVEIRVIIUEIgETgIIES
g,ﬂ,;‘%lﬂ,b_ 5_‘2“;1-3;5 515[];1'3@'51 - PDF shape, B tagging, statistics.
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0 +7- * B’ — ee, uu, eu
B Hll *BOQQT,MT

a) SM penguin =
b) SM box* ;—-—< ~<>£
H -

c) LFV susy loop

*LFV modes also possible with neutrino oscillation

a)‘

Previous BR Upper Limits

B’—»e'e B’—u'w B’—e'w B'—e'vt Bl-u't
SM 1.9x10"™  8.0x10™ 0 0 0
BaBar <6.1x10® <8.3x10° <18x10° - -
CLEO/CDF <8.3x107 <1.8x10®°® <15x107 <1.3x10* <3.8x10°
PHENOOS page 10
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BO s e+e_, M+M_a 3+M_

» B® candidate formed from two oppositely charged tracks
with a common vertex
» Dominant background from B’—x*n and B*—K*r
* other BB backgrounds are negligible thanks to
stringent Particle ID (PID) requirements

Other backgrounds:
« QED events: require at least 4

charged tracks per event
« non-resonant gq or t*t~ events: event

shape cuts (sphericity, R,, Fisher discr.)

normalized 2" Fox-
Wolfram moment

momentum weighted by 0™ and 2™
Legendre moments L ,(cos 6)

PID efficiencies:
* ~93% electrons (fakes ~0.1%)
* ~73% muons (fakes ~3%)
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BO s e+e_, M+M_9 3+M_

T & @ Nelvana

+ ML fit on AE, m__, and Fisher discr.

ES’

* background shapes derived - —_— _signal

from h*h- MC | BaBar | (arbitrary scaling)
» float only the number of signal 2%  BaBar |

and background events i = ol

i3 .
915 o ois % g i S I

« Dominant uncertainty ARlGESY ] K 0 -

from Particle ID (~4%)

mgs (GeV/c?) [B® — pu]

+ data points

30 BaBar"
e (%) Nyw  |UL(BF) x 10-9 background
BY s ete” 16.6+0.3 0.6+2.1 11.3 \—
BY - utp~ 15.74£02 —4.9+1.4 5.2 -
BY - e*pT 17.14£02 1.1+1.8 9.2

0

Fisher [B” = uu]
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B’ —e't, u't

< Use hadronic B reconstruction
< Analysis very similar to B*—1*v, with additional

tau reconstruction
< if no second lepton ID, T decay mode

assigned by finding the smallest |AE |

AE; =) E. +p,—177T7TGeV,
i

Other signal selection:

T & @ Nelvana

7 decay mode|Branching Fraction
€ Velr 17.8440.05
L Vulr 17.36+0.05
T Vs 10.904+0.07
7 v, 25.50+0.10
7w w0 7 p, 9.2540.12
9.33+0.08
S ~90%

E.ﬁ—l- I_l"'-[ i

e

signal MC|

15 -1 05 0 05 1 15 2

A E, (GeV)

m_, missing momentum, extra

energy in the calorimeter, event
shape variables.

Entries / 0.1 GeV

-15

-1 05 0 05
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B’ —e't, u't

* Unbinned ML fit on
lepton momentum in

the signal B rest frame

GeV/c

+ data points

Background and

) = e [Tt + mfoi)
Mg, ) = ngfalt) +npfolt)l], -
’ Nt oY Signal PDF
(arbitrary scaling)
| BB | I BlBar-
l B" et | B" w

Entries / 0.025 GeV/c

signal ML fit £ b -
0 071819 2 21222924252627 J1819 2 21222324252627
Lepton Momenthm (GeV/c) Lepton momentum (GeV/c)
- rE-"T” b7 (number of events “under the peak”)
€tot X 107 32+ 2 27+2 higher background than for B*—I*v
ng; MC |8694+0.27 12.14 £0.45
Ty, 9,35 £ 0.35 13.03 £0.31
n | 0-02 ﬁp.ﬂl 0.01 ﬁ?.m « Main uncertainties
B x 10 0" ntl ) : . ..
, —10 PDF shape, B tagging, statistics.
BT TL T8 %10 ° 2.2x10 ° P 99119
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Summary

Leptonic B decays

Hadronic and semileptonic B tags:

B(B =1 v)=(1.2+0.4(stat.)+0.3 (bkg.)=0.2(syst.))x 10"

—

#of BB pairs BaBar BRUL __—  Status

B"— t'v

B°— u'w
B°— e'e”
B°— e*u”

383 M

384 M

—— : .
Published in PRD

5.2x10°
11.3x10°® Published in PRD
9.2x10°

+ No evidence of physics beyond the Standard Model.
* All of these analyses will be updated with the full BaBar data set,

which is now

available.

30/04/2008
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Summary 2

TM & @ Nelvana

B(B'—=1'v)=(1.2%0.4(stat.)=0.3(bkg.) = 0.2 (syst.))x 10~"

Leptonic B decays B(B =7 v)=(1.7914 (stat.) g5y (syst.))X 104J/

# of BB pairs Prev. Best UL /BaBar BR UL/ Status
B gy 383 M ~————" Ppublished in PRD

5.2x10°
B°— e'e” 384 M 6.1x10° 11.3x10°® Published in PRD
B°— e'u” 18x10°® 9.2x10°®

BaBar, Belle, CLEO, CDF
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BaBar Detector

Integrated Luminosity [fb™]

Asymmetric e to e" collisions at PEP-II
at the Y(4S) resonance it g 1.5T Solenoid
(IFR)
Drift Chamber

Js=10.58 GeV

As of 2008/04/01 00:00

e* (3.1 GeV)

Babar

PEP Il Delivered LUMINOsity: 550.45/fp oo
BaBar Recorded Luminosity: 529.06/fb
BaBar Recorded Y(4s): 432.89/tb

500

BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb

e~ (9.0 GeV)

400 :_ Off Peak Luminosity: 51.48/fb it . 4

i . ] Electromagnetic

N : E&EEEEEEEW i Cherenkov Detector e b

[ T Recordd Lominasy viza i Silicon Vertex (EMC)
3001 : (DIRC) s

: ' ] The results presented today are based
o /= v on data from runs 1-5, ~350M BB pairs.

st et
&

S & & &£ & &£ &£ &£
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