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OUTLINE

@ OverviEW
© THE B-FACTORIES

© THE MEASUREMENTS
@ Leptonic decays
@ Radiative leptonic decays
@ Lepton flavour violation

@ SummaRry
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B LEPTONIC DECAYS

@ A great variety of decays and rare searches.

@ Leptonic decays
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B LEPTONIC DECAYS

@ A great variety of decays and rare searches.
@ Leptonic decays

e B— v

e B— uv

o B—ev
@ Radiative leptonic decays

o B—~lp
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B LEPTONIC DECAYS

@ A great variety of decays and rare searches.
@ Leptonic decays
e B— 71w
e B— uv
e B—eb
@ Radiative leptonic decays
o B—~lp
@ Lepton flavour violating decays

e B
e B— K

@ Not a comprehensive list...but some of the most recent/relevant results.
@ Motivation?
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PURE LEPTONIC DECAYS

@ In the Standard Model
@ Tree level mediated by only W
boson.
@ Helicity suppressed
e B—ri~107*
o B— uv~10"7
e B er 10712
@ Sensitive to fg, given V,;,
@ V,, and fg dominate SM
uncertainty.

GE-mB

B(B — tv) =

M. Bellis April. 2010
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PURE LEPTONIC DECAYS BEYOND SM

@ Decay mediated by a Higgs

@ Charged Higgs contribution is not helicity
suppressed.

@ Model dependent prediction.

2
B(B = wyomom = B(B— ) x (1—tan? BB )2
m
H

2 2
tan mg  ,

B(B —¢ = BB—-W)x(1l—-———2>
( v)susy ( v) x ( 1+770t3"5mf.,

W.S. Hou, Phys.Rev.D., 48 (1993) 2342
Akeroyd, Recksiegel J.Phys.G29:2311-2317, 2003
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PURE LEPTONIC DECAYS BEYOND SM

@ Complex interplay amongst the T) It
“unknowns” . B+
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PURE LEPTONIC DECAYS BEYOND SM

@ Complex interplay amongst the
“unknowns” .

] fB
e QCD
o Vi
@ CKM matrix
@ New physics
e 2HDM,SUSY,MSSMetc.
o B(B — (v)
@ Experimental measurement
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PURE LEPTONIC DECAYS BEYOND SM

@ Complex interplay amongst the T) I+
“unknowns” . B+

o B(B — (p)
o Experimental measurement
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FiT AT THE SM AND BEYOND

@ The name of the game is to interpret measurements in a consistent framework.
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FiT AT THE SM AND BEYOND

@ The name of the game is to interpret measurements in a consistent framework.

@ Tensions...
@ V,p and sin(23)
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FiT AT THE SM AND BEYOND

@ The name of the game is to interpret measurements in a consistent framework.

@ Tensions...
@ V,p and sin(23)
e fg and B(B — Tv)
@ “Freedom” to choose what values to use.
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FiT AT THE SM AND BEYOND
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FiT AT THE SM AND BEYOND
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LEPTON FLAVOUR UNIVERSALITY TEST

b,
@ Potentially large violations of LF universality can

appear in helicity-suppressed charged-current .
modes within the MSSM.

@ Large tanpf

[(B — i)™ =T(B — 7, )+T(B — )+ (B — i)

G.Isidori, P.Paradisi, Phys.Lett.B 639,499
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LEPTON FLAVOUR UNIVERSALITY TEST

b,
@ Potentially large violations of LF universality can

appear in helicity-suppressed charged-current .
modes within the MSSM.

@ Large tanpf
M(B — po)*? =T(B — pv,)+M(B — p:)+T(B — po;)

® (B — ) =SM
MNB— p)=~0
@ (B — pir) o« scalar LEV amplitude

G.Isidori, P.Paradisi, Phys.Lett.B 639,499
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LEPTON FLAVOUR UNIVERSALITY TEST

b,
@ Potentially large violations of LF universality can

appear in helicity-suppressed charged-current .
modes within the MSSM.

@ Large tanpf
M(B — po)*? =T(B — pv,)+M(B — p:)+T(B — po;)

N(B — u7,) = SM
MNB— p)=~0
(B — puvr) o scalar LFV amplitude

Experimental probe

Out of reach of current B-factories.

rB—uv rB—ev
TH — 122 TEe
e R = BSro R = rBo+p

@ Prediction in non-minimal LFV

® RTH ~ 10%RTHM
RTe ~ 103R7e,SM

G.Isidori, P.Paradisi, Phys.Lett.B 639,499
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THE B-FACTORIES

@ The B-factories
o Belle (KEK)
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THE B-FACTORIES

@ The B-factories
o Belle (KEK)

e BaBar (SLAC)

M. Bellis

April. 2010

BABAR Detector

[ MuonHadron Detector
Magnet Coil

M EtectronPhoton Detector L\

M cherenkov Detector . i o

B rracking chamber

M support Tube

7 Vertex Detector
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THE B-FACTORIES

@ The B-factories ~ T(TLS) resonances
o Belle (KEK) E |T=54KeV | BB
e BaBar (SLAC) e b | threshold {
@R T(4S . S !
an on T(4S) resonance S s} §! res2kev |
@ Wealth of rich physics under the < i{ ©,.=7nb 1
resonance (c¢, 7777, ...) ok 'ﬁ I'=20 KeV I 1
‘ Pi 4% 6 =dnbi_
R N A 1 T'=20 MeV]
+Q,‘ + ‘w" O ._..s-.\,rl"“"u.ﬁ,,,.
1 Y(1S) YeS)  Y@s) T Yus)

0
944 946 10.00 10.02 1034 1037 1054 1058 1062

Mass (GeV/c2)
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THE B-FACTORIES

@ The B-factories ~ T(TLS) resonances
o Belle (KEK) E " |r=54KeV : BB
e BaBar (SLAC) T up g | threshold {
@ Ran on T(4S) resonance. ,__:E " *0 =32 KeV :
< i{ ©,.=7nb 1
Towp " I'=20 KeV I ]
b1 4\ Lo _=4nbl
@ Wealth of backgrounds under the 'y bl “, Sy 1 =20 MeVj
resonance. +, t ! T Ty L P BN
\E/ T‘(IS) ) T{ZS) ‘1'(3S)| . T@S)

0
944 946 10.00 10.02 1034 1037 1054 1058 1062

Mass (GeV/c2)

M. Bellis April. 2010 FNAL 11 /26



THE B-FACTORIES

@ The B-factories

o Belle (KEK)
e BaBar (SLAC)

@ Ran on T(4S) resonance.

@ Wealth of backgrounds under the
resonance.

@ High luminosity

@ On the order of 1.5 billion BB pairs in
the world’s dataset!

M. Bellis April. 2010

>1lab'!

Integrated Luminosity
1000
On-resonance: /_/_/J
4S:711 fb*
L, 58:121fb™"
38:3fb™"
" -1
600l | 25:24 fb o
1S:5.7 fb
Off -resonance: 87 fb™* /'/
400 //
200 //
0
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B-FACTORY PHYSICS

@ Colliding ete™ beams
@ Running on the T(4S)

resonance.
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B-FACTORY PHYSICS

@ Colliding ete™ beams

@ Running on the T(4S)
resonance.

@ Decays to BB

M. Bellis

One B will decay to
our signal of interest.
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B-FACTORY PHYSICS

@ Colliding ete™ beams
@ Running on the T(4S)

resonance.
@ Decays to BB

@ One B will decay to
our signal of interest.

@ The other B decays
in any number of
ways.

et
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BEAM CONSTRAINTS

Signal process (Monte Carlo)
@ B mass

@ Beam energy resolution is better than B T Enies: 1922
energy (combined track B) resolution.

300

200

events/MeV

522 524 5.26 5.28

B mass GeV/c?

Al

background processes (Monte Carlo)

Entries: 11248

events/MeV

522 524 5.26 528

B mass GeV/c?
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BEAM CONSTRAINTS

Signal process (Monte Carlo)
@ B mass

@ Beam energy resolution is better than B o
energy (combined track B) resolution.

@ mes =1/75— (p5)>

Entries: 14328

1500

1000

events/MeV

8z 5.2 524 5.26 5.28 53

Mg GeV/c?

Al

background processes (Monte Carlo)

600 Entries: 47036

400

events/MeV

528

.22 5.24 5.26 5
Mg GeV/c
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BEAM CONSTRAINTS

@ B mass

@ Beam energy resolution is better than B
energy (combined track B) resolution.

@ mgs =

1
35— (PE)2

@ AE=E};—1s

M. Bellis

April. 2010

Signal

Al

events/MeV

| background processes (Monte Carlo)

events/MeV

process (Monte Carlo)

1200~

1000 —

800—

600—

400~

200~

Entries: 14328

Entries: 47036
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BEAM CONSTRAINTS

Signal process (Monte Carlo)
° B mass Entries: 14328

@ Beam energy resolution is better than B
energy (combined track B) resolution.

@ mes = /15— (pp)?

@ AE=E}—1/s

@ Discriminating power in 2D plane.

All background processes (Monte Carlo)

Entries: 47036
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TAGGING METHODS

@ Completely reconstruct one B.

@ Bieco or Btag \ //'

@ Search the other B for decays of interest. i
@ Biecoit OF Bsig /
@1€£

o1l

e

B
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TAGGING METHODS

@ Completely reconstruct one B.

@ Bieco or Btag \ //'

@ Search the other B for decays of interest. i
@ Biecoit OF Bsig /
@1€£

@ Two tagging methods: oif

e

B
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TAGGING METHODS

@ Completely reconstruct one B.

@ Bieco or Btag \ //'

@ Search the other B for decays of interest. i
@ Biecoit OF Bsig /
@ Two tagging methods: Brcort
o H. 1
adronic tag ot .-

@ More pure.

@ Less efficient. (~ 0.2%) =
o ~ 1000 different decay modes! A ‘% Breco
e B D™ 4 r l|
e B — D) + /® !
(*)
° ? — D™ 4 rk T(‘// \TC
: I
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TAGGING METHODS

@ Compl
°

@ Search the other B for decays of interest.

etely reconstruct one B.

Breco or B tag

Birecoit OF Bsig

@ Two tagging methods:

@ Hadro
°

nic tag

More pure.

Less efficient. (~ 0.2%)

~ 1000 different decay modes!
B— D™ 4 x

B — D™ 4+ 7

B — D) 4 K

@ Semileptonic tag

M. Bellis

Less pure.

More efficient. (~ 1.5%)

v leads to “missing” energy
Handful of different decay modes.
B — D™

April. 2010
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14 / 26



B — (v WITH SEMILEPTONIC TAG

@ Topology, kinematics and particle ID are used to suppress background.

Phys.Rev.D80:051101,2010 (arXiv:0809.4027) 459 x 10° BB pairs
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B — (v WITH SEMILEPTONIC TAG

@ Topology, kinematics and particle ID are used to suppress background.
@ Ecxtra strongest discriminating variable.

@ Extra neutral energy in the reaction.
@ v will not deposit extra energy.
@ Peaks at 0 for reaction of interest.

Phys.Rev.D80:051101,2010 (arXiv:0809.4027) 459 x 10° BB pairs
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B — (v WITH SEMILEPTONIC TAG

@ Topology, kinematics and particle ID are used to suppress background.

@ Ecxtra strongest discriminating variable.

@ Extra neutral energy in the reaction.

@ v will not deposit extra energy.

@ Peaks at 0 for reaction of interest.
@ Look at multiple decay modes of the 7!

o T = evv

o T — ubv

e T TV

e T —pv

Phys.Rev.D80:051101,2010 (arXiv:0809.4027) 459 x 10° BB pairs
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B — /v RESULTS

@ BT
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B — /v RESULTS

120

@ BT
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B — /v RESULTS

@ BT

%2 160
o E
e T — evv & HoE
o T — pbv S e
5 100
a2 F
80—
o
40
20
oE | | | | |
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B — /v RESULTS

@ BT
e T — evv
@ T — uvv
e T — TV

250

150

Events/0.125 GeV
©
8

g
'

]

50|
0 L L L L
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S
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B — /v RESULTS

@ BT

T — evv
T — pvv
T — TV
T — pV

April. 2010

Events/0.125 GeV

Events/0.125 GeV

[
3

. Generic MC

—=On Peak Data

— Signal MC
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B — /v RESULTS

@ BT >
8 450
@ T — evv & 400
o T — ubv g
S 300
@ T — TV & 250
e 7T — pv 200
@ B — i (Total) 150
100
e SL: 50
B(B — 79) = 1.84£0.84£0.1x10~* % ;
@ Had: Eeia (GeV)
B(B — 77) = 1.8+04+02x107% L
3 30;* [ Generic MC
"r_i’ £ —— On Peak Data
s PE —— Signal MC
5 0F
2 E
=] y
155
10;
sE
05 0.2 0.4 0.6 0.8 1 12

B (GeV)
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B — /v RESULTS

@ BT

T — evv
T — pvv
T — TV
T — pV

@ B — 7 (Total)

M. Bellis

SL:

B(B — 79) = 1.84£0.84£0.1x10~*
Had:

B(B — 79) = 1.84+0.4+£0.2x10~*
=

PRL 97,251802 (2006)

arXiv:0809.3834

SL:

B(B — 77) = 1.654:0.44-0.4x10~*
Had:

B(B — 1) = 1.794£0.54+0.5x10~*

April. 2010

(using the BaBar
published SL result)

T T T T T T T T
= OCD [Vaolfs! | Vabhiat
v m— |
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—=— FNAL/MILC ‘08
9% Andreas
=t~ HPQCD '09 Kronfeld
PR \\\\lll\\\\||||\\|||||\Phlen|o|09
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fa(MeV)
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B — /v RESULTS

@ B — uv

@ 11 observed

@ 15+10 expected bkg.
e B(B — up)UL90% = 11 x 1076

@ B—ev

@ 17 observed

@ 24+11 expected bkg.
e B(B — ep)ULI0% = 7.7 x 10~°

M. Bellis

April. 2010

t
B (GeV)

Poowero

O PeskData
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t
Eoin (GeV)

FNAL

17 / 26



B — e/uv INCLUSIVE

@ Very rare (BR~ 10~7,107 12 respectively)
@ Other experimental methods?
@ Inclusive measurement. -
@ Very strong signal-side signature... B
recoil
e+ / e-
(BTEI'U
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B — e/uv INCLUSIVE

Very rare (BR~ 10~7,10~12 respectively) /

Other experimental methods?

Inclusive measurement. -
Very strong signal-side signature... [
Tec

A single, monochromatic lepton in the B @
rest frame.

e+ e-
@ Momentum smeared distribution in
the CM frame. B

@ Apply tight particle ID criteria and
reject events with more leptons.
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B — e/uv INCLUSIVE

Very rare (BR~ 10~7,10~12 respectively) /

Other experimental methods?

Inclusive measurement. -
Very strong signal-side signature... [
Tec

A single, monochromatic lepton in the B @
rest frame.

e+ e-
@ Momentum smeared distribution in
the CM frame. B

@ Apply tight particle ID criteria and
reject events with more leptons.

@ Inclusive approach for the rest of the
event.

@ Highly efficient...but high
background too.

@ Build an inclusive 4-momentum
with everything else in the event.

@ Discriminate with mgs and AE

@ Background suppression with
kinematic and topological variables
combined with a Fisher
discriminant.
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B — e/uv INCLUSIVE RESULTS

@ Simultaneous fit to: 60
@ mgs of the inclusive B.
@ py: transformed lepton momentum

(CM and B rest frame)

50
40
307
20:

Events / (0.0022 )

10

4

L L bissdisad
526 528 53
myg [GeV/c?]

200(~ ! B

150,

Events / (1 GeV/c)

100|

50,

'
w
(=}
W

10 15 20
Perr (GeVlc)
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B — e/uv INCLUSIVE RESULTS

@ Simultaneous fit to:

@ mgs of the inclusive B.
@ py: transformed lepton momentum
(CM and B rest frame)

@ B—ev

e Bat90% CL < 1.9 x 106

M. Bellis

April. 2010

Events / (0.0022 )

Events / (1 GeV/c)

60
sof
40
307
20:
10

9‘2 5“22 5.

FESST TS
24 526 528 53

myg [GeV/c?]

200(~

150,

100|

50,

(b)

1
5

15 20
Perr (GeVlc)
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B — e/uv INCLUSIVE RESULTS

@ Simultaneous fit to: w
@ mgs of the inclusive B. §
o pj: transformed lepton momentum 3
(CM and B rest frame) §
m
@ B—ev
e Bat90% CL < 1.9 x 107
® B—pup o e ==
_6 22 524 526 528 53
@ Bat90% CL < 1.0 x 10 Mg, [GeV/c?]
— F T T B
3 60 + @ A
< sor
5 40r
2 [
30?
20
10?
%
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B — e/uv INCLUSIVE RESULTS

@ Simultaneous fit to:

@ mgs of the inclusive B.
@ py: transformed lepton momentum
(CM and B rest frame)

@ B—ev
e Bat90% CL < 1.9 x 106
o Bat90% CL < 0.98 x 106 2

® B pui 2 e
_6 22 524 526 528 53
@ Bat90% CL < 1.0 x 10 Mg, [GeV/c?]

o Bat90% CL < 1.7 x 10— E=

Events / (0.0018 )

60 J( @ ]

Events /(1 GeV)
w
<
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B — (vy WITH HADRONIC TAGS

@ No helicity suppression. § !
@ Dependence on agy and form factors. ; w
@ Model dependent B 7 L VAVAVAVAV

o HQET LO: fa = fy v

@ Others: f4 =0

@ Experimentally, making no requirements
on lepton or photon momenta reduces the
model dependence.

ocGE mp
2887

Q_Q
Vi * fgmpTa (3= = =)?

B(BT — ¢tuvy) =
( vy) e N

PRD 80,111105 (2009) arXiv:0907.1681 465 x 10°BB pairs
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B — (vy WITH HADRONIC TAGS RESULTS

@ Model independent estimation of B.

M. Bellis

Cut and count analysis with UL
determined with frequentist
approach.

April. 2010

Entries/(0.2 GeV?/c®)

Entries/(0.2 GeV?/c*)
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B — (vy WITH HADRONIC TAGS RESULTS

@ Model independent estimation of 5. :5
@ Cut and count analysis with UL g
determined with frequentist 3
approach. g
® B— eﬁfy 05—1 ~0.5 ‘ :"""m”‘k’[m' m'

e FC CL band: < 17 x 10~6 m, Gy

Entries/(0.2 GeV?/c*)

1442 AA( 25 w” ”
1
. (Ge! /ct)
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B — (vy WITH HADRONIC TAGS RESULTS

@ Model independent estimation of 5. :5
@ Cut and count analysis with UL g
determined with frequentist 3
approach. & o
@ B— 617’)/ "a Lo ‘ :,,..'ﬁenmmf. m—
o FCCL band: <17 x 106 R i, o
@ B — uvy “§ E
e FC CL band: < 26 x 10~ ]
@ B — lvy %
e FC CL band: < 15 x 107° ol
o B=647175128 x 1070 at 2.10 e o Todhe

M. Bellis April. 2010 FNAL 21 /26



B — (vy WITH HADRONIC TAGS RESULTS

)

@ Model dependent estimation of 5.

@ Cut on £ —~ angle and v — v angle
in hypothesis of f4 = fiy or f4 =0

Entries/(0.2 GeV?/c’)

S
257 3" 58,
m%e (GeV*ic)

i
2

Entries/(0.2 GeV?/c*)
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B — (vy WITH HADRONIC TAGS RESULTS

@ Model dependent estimation of 5. :5
@ Cut on £ —~ angle and v — v angle g
in hypothesis of f4 = fiy or f4 =0 g
@ fap="fy : E
® eDy < 8.4 x107° e R g A
o uiy < 6.7x 1076 e ‘“‘2 “ eY”’

e (iy <3.0x107°

Entries/(0.2 GeV?/c*)

1442 AA( 25 gl
1
. (Ge! /ct)
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B — (vy WITH HADRONIC TAGS RESULTS

@ Model dependent estimation of 5. :5
@ Cut on £ —~ angle and v — v angle g
in hypothesis of f4 = fiy or f4 =0 3
@ fy="fy b
0 evy < 8.4 x 10_6 054 ~05 ‘ :Mm”‘wﬂ ‘m,
o uby < 6.7x 1070 - , ey
® liy <3.0x107° 2 ]
@ fp="fy g
o ey <84x10°° 3

° uy < 6.7 x107°
e fiy <3.0x107°

442 AA( 25 w” ”
1
. (Ge! /ct)
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LEPTON FLAVOUR VIOLATING MODES

@ First two generations less challenging than 7.
@ But the third generation is most sensitive to NP
@ Usually published along with LFC analyses of B — £7¢~ and B — K{t£~ (where
L=e,p)
@ Both analyses use very similar methodology based on hadronic tag reconstruction.

PRD 77,091104 (2008) arXiv:0801.0697 378 x 10° BB pairs
PRL 99,201801 (2007) arXiv:0708.1303 383 X 10° BB pairs
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B — ¢r(¢{ = e, ;1) WITH HADRONIC TAGS RESULTS

@ Well established methodology. 040r MMM
@ Same as B — fv Z ot BABAR
O30 B’— e*1]
w
S20f ]
S
Z
10 b
S t
B Al i sasass
m 1.71819 2 21222324252627

Lepton Momentum (GeV/c)

o F T T T
%40§ BABAR 1
O, B'— ptt
w30F H
8 L

S20

~ L

30 4 3
é o At
5171819 2 21222324252627

Lepton momentum (GeV/c)
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B — ¢r(¢{ = e, ;1) WITH HADRONIC TAGS RESULTS

@ Well established methodology. 0407 MMM
@ Same as B — fv %30: EABAR
r ]
@ Hadronic B tag w B'—e't
[N 1
@ Lepton monochromatic in the B rest 220:
frame. \10:, E
. o 10f
@ Very clear signature. ,E } . % i
@ Straightforward reconstruction of the 7 LS ?.7 181. 9 2 2{1 222324 252‘627
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B — Ktur

@ Potentially the most sensitive LFV
channel to NP.

@ Hadronic B tag

@ Signal side completely reconstructed.

@ 7 mass defines the signal.

@ Main background (and control sample)
from b — clv

M.Sher and Y.Yuan,PRD44,1461 (1991) T.P.Cheng and
M.Sher,PRD35,3484 (1987)
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SUMMARY
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SUMMARY

@ B-factories have had much success with B-leptonic decays
e B — 7o MEASURED!
@ Tension in SM

@ B — pv Upper limit...but but at edge of SM!
@ B — e Upper limit...
@ B — ~¢p Upper limit...but at edge of SM!

Lepton flavour violating modes

@ B — £¢' Upper limit...
e B — K¢¢' Upper limit...

Belle is still running and BaBar is still analyzing.

Next generation B-factories could be very exciting!

Thanks for your time!
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