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New physics?

Exploit the unitarity constraint to look for new physics

R

Precision era where new physics may appear as a few percent
disagreement:

" Large new physics contributions to penguins would have been seen
= New physics contributions to decays such as B— T v are still open



Integrated luminosity
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leptonic and semileptonc decays
I.Leptonic decays
B— 17 v
B— v
B—e v

II.Semileptonic decays
B— DOt v

III.Radiative leptonic decays
B— v 1y
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leptonic decays

= Standard Model:
Helicity suppressed

e B— 1o~ 10"%
@ B— uv~10~7
@ B e~ 1012

: _ c
Theoretically clean: BB — tv) = SEMB 21— Miyag2yy, 2,
small hadronic effects o mi

From measurements + theory
|IVw|=(3.53 £0.15)x103 [HFAG summer 2010]

From lattice fg = 190 + 13 MeV  [HPQCD arXiv:0902.1815]
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Tauonic decays

New Physics: charge Higgs
mediation is NOT helicity

suppressed

Model dependent predictions:

2

m
B(B — fv) x (1 — tan® Bm—f ? Type IT Higgs doublet model
H

2 2
Mg \»

2
1 + mo tan 8 my,

B(B = tv)oppm =

tan

B(B — fv) x (1 —

B(B — fv)sysy

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

Amplitude of charged Higgs diagram proportional to my, m-
tan?p
Enhancement for large tanf8 or small mu.
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Tagging methods

Fully reconstruct a B (Biqg): // o
Remove the corresponding @y B

e+t e-
particles from the event /
to reduce combinatorial nh D0 By,
background /o / '1

K.~
A%

I.Hadronic tag
More pure, less efficient ~0.2% B decay of interest (Bsig):

No "missing” energy signal from remaining energy
distribution
IT.Semileptonic tag Challenge: neutrinos in7T and

Less pure, more efficient ~1.5% | decays
VY gives "missing” energy
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B — 7v hadronic tag

Decay modes: evy, uvv, 1,2 and 3 prongs 449M BB
> T T T
: . C so- first evidence :
Signal: e unt™/* + nothing S | -+ +
Sum of neutral energy not E |
associated to Biog or m° from %

T decays

17.2*2347 signal events

signal [ 3
"ol ".‘__

O_ | | , B it T T e P R P b |'
L 0.5 L
Ecc (GeV)

Br(B— tv) = (1.799-%%0 49(stat)*?*¢.0 51(syst)) X104

3.5 osignificance including systematics PRL 97, 251802 (2006)
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B — 7v semileptonic tag p=

657M BB

400~ Tag-side

o[ orXivi1006.4201 ] B*>D+v, B*> DU+ v with fully

(5350 — submitted to PRD ,,.‘, *0 0

83002_ s %5 reconstructed D* ad D

o250 - Signal-side:

%2002— 1, T VYUY Y T Y

o 190} éﬁf

11100 = EM calorimeter (EecL) signal shape

50 7 calibrated with double semileptonic

O b L events
0 0.250.50.75 1

+36 . i
Eco, (GeV) 143*°° 35 signal events

Br(B— tv) = (1.54"938 ¢ 37(stat) - %°.0.31(syst)) X104

3.6 0 significance including systematics
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B — 7v BaBar results

PRD 77, 011107(2008)
PRD 81, 051101 (2010)

383M BB 459M BB
Hadronic tag Semileptonic tag
140 r ——— C
3 e, E4OOE— "*‘ﬁﬁ*ﬁ
G 100 r— T 3004, — B
s ¥t 4 E. St | 5200 -
E 60? ﬁ combinatorial backgro % 1002_ Sumn : llllll . —_
E ; : - . O;"." """ LT
. EExtra %GCV)
extra (Gev)
Br(B— 7v)=(1.8*%0 g(stat) * Br(B— 7)=(1.7+0.8(stat) *
O.4(bCk) + O.Z(sys'l')) X10'4 0.2(sys1')) X10’4
2 2 g excess 2.4 0 excess
E. Barberio
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BR(B — 1v)

B — 7v constraints on new physics

Naive world average: Br(B— 7 v) = (1.73+0.35) x 104

CKM Fitter 2010:  Br(B— 7 v) = (0.845%0-103_; 55¢) x 10-*
2.6 0 between measured BR and CKM fit without B—7v and Vs
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B e/ v

Very rare — inclusive measurement
High efficiency but high background

Signal: single monochromatic e/ ¢t in
rest frame

signal extracted from a simultaneous fif
to the momentum in the CM frame (p*)

and 4-momentum of everything else
the event (mes).

@ B — ev
© Bat90% CL <19x107° Z&
o Bat90% CL < 0.98 x 10—°
@ B— j03%
o Bat90% CL < 1.0x 1076 &
®© Bat90% CL < 1.7 x 106
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Phys. Rev. D79, 091101 (2009) PI*
Phys. Lett. B647, 67 (2007)
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B — DO 7y and new Physics

Sensitive to H*

W+ ,-E+ H+ 1:+
b Ve .-J‘;J\'< Vs b Vo rJ"(\PJ< Vv,
u,d \ ud \
\ _ \ =
u,d u,d

Theory uncertainties

- Dependence from form factors but no dependence on feg
- |Vl cancels in the ratio Br(B — D t1)/Br(B— DOIv)

3 body decays hence more observables:
q®-distribution, T polarization, D* polarization

E. Barberio
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First observation:B° — D -1 *v

PRL 99, 191807 (2007)

o
-

Signal S )] 2 0)
D*— D% * with D° — K", Kn §°-2 signal &
§ 5
‘n"andT*—e*v v,y & o g
&
tag side TR Ko S E,, [GeV]
P'l'qg = 2P, E-rqg= > E; Xmis = (Emis — |PD- + pe/ﬂ|)/\/}_;geam_m2B0
AA‘rag2= Ebec\mz-ng2 E”‘
3
60*12_1; signal events = 235M BB
5.2 o significance T
L

) 10:T I
Br(B°—Dt*v) = (2.02"%%0 37(stant ﬁ

O . 37(sys1'))°/o
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N/ 4 MeV/c?

N /80 MeV/c
£
o

Extension of the previous analysis to B*

B*—>D0t*v,

[y
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B+4>D*OT+V 7>

B*—>D%tv_

/O
657M BB

50

Large D™/D° cross feed:
simultaneous extraction of D™
and D? form fit to Miq and

Ppo

5.25 B.: Br(B* — D*O'C+V) —

05

Moo [GEVIE'] (2.12+028 __(stat) + 0.29(syst))%

-t
(=1
(=]

A
o

]L 446*°8 . events (8.10 significance)

Br(B* — D%*v) =
(0.77 £ 0.22(stat) £ 0.12(syst))%
146*42 ,, events (3.50 significance)

First evidence

1 1.5 2

Py, [GeV/e] arXiv:1005.2302v1 [hep-ex]
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B0 D" 7t*v/DO7t*y

232M BB

Hadronic tag

Signal has large missing mass (Mniss)
Simultaneous extraction of D and D*

Br(B* — D%*v) =
(0.67 £ 0.37(stat) £ 0.11(syst) £ 0.07(norm))%
35.6 + 19.4 events (1.80 significance)

Br(B* — D*0t*v) =
(2.25 + 0.48(stat) £ 0.22(syst) £ 0.17(norm))%
92.2 £ 19.6 events (5.30 significance)

Br(B® — Dt*v) = First evidence
(1.04 + 0.35(stat) £ 0.15(syst) £ 0.10(norm))%
23.3 £ 7.8 events (3.30 significance)

Br(B® — D™ttv) =

15.5 £ 7.2 events (2.70 significance) PRD 79, 092002 (2009)

C. DdAIpelio

(0.1 (GeV/c?)? in insets|

Events / 0.5 (GeV/c?)?

resp. magenta

(1.11 £ 0.51(stat) + 0.04(syst) + 0.04(norm)% PRL 100, 021801 (2008) Signal shown in Iight green
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B*0 =D 1*v/D°T*v
Lepton momentum and g“ distributions

:ﬁ (a) D¢ -

Events / 1.3 (GeV/c?)?

20

¢ (GeV/e?)’

10 15
|p;| (GeV/c)
%% B — DU vy W B Dt BB - D"

. B— D'r vy B — D1t v,

First measurement of decay distribution

E. Barberio
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1 1 1 II 1 I "
: Bt— DOttv_
SM = > g
: BO— D™t*v,
T
. .
e ——— " — B
, B*— DYt*v,
SM = 3
e e >
| BO— D- ’C"'VT

0 1 2 3 BF(%)

Overlap between ,inclusive” and ,,exclusive” B,,; reconstruction Belle analysis is negligible ( ~.2%)

syst. stat.

inclusive” B.. . reconstruction Lli!— 1005.2302[hep-ex] B*—»D™t*v_and PRL 99,191807(2007) B®—»D"t*v,
” tan

E ,exclusive” Btag reconstruction o Belle preliminary 0910.4301[hep-ex] B*—»>D"t*v,

.
T

L

~—sfps— Babar PRL 100,02180(2008)

SM ‘ C.-H. Chen and C.-Q.Geng, JHEP 0610, 053 (2006)
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Global constraints on my. and tanf8 from all observables

1 GeV]
H
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mH+>316 GeV @ 95% CL

mH.>78.6 GeV @ 95% CL
[LEP for any value of tan (]

http://arxiv.org/pdf/0907.5135

19



Summary

® Tauonic and semitauonic decays
Well established but tension with sin(23)

® B — 1 v Upper limit ...but at the edge of SM
® B—ev Upper limit
® B — vlv Upper limit ...but at the edge of SM

All contribute to a stringent limit on muy.

E. Barberio
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B — 7v constraints on new Physics

Naive world average:

SM value:

B(B*— t*v)x10%

1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 35 4 4.5

effective scalar coupling gs

B(B — Tv)
B(B — TV)|SM

= [1 - 93‘2

3.0

2.5

2.0

./ GeV]

H

1.5

10

1.0

Log. [ m

0.5

0_0 1L 1 1

excluded area has CL > 0.95

Br(B— 7 v)=(1.73+0.35) x 10*
Br(B— 7 v) = (1.20+0.25) x 104

arxiv.org/pdf/0907.5135
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Lepton Flavour Universality

br

.arge violations of LF universality

vithin the MSSM. N ar

‘or large tanp

F(B—= 1"V Jexp =F(B—>u*vu)+F(B—>u*ve)+F(B:>Lu*vf)
(B — u©*v,) = SM

(B — u*'ve)=0

(B = ©*v:)« scalar LFV amplitude

:xperimental probe out of reach of current B-factories:
2T = I'B>puv/I' B—> 7y~ 10%RT 1t ,SM

Rte = 'B—ev/I' B— 7 y~10°R7e,SM

7.Isidori, P.Paradisi, Phys.Lett.B 639,499
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