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Charged Higgs in B decays

» Charged Higgs occurs in well motivated extensions of
the standard model.

» Anticipating (or lacking) direct observation of H*
we have to study iits impact on flavour physics.

/

Beauty sector is an appropriate place for indirect searches
of charged Higgs.

large mass of b quark

— enchanced couplings to H*

— realible theoretical predictions




Data samples
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Charged Higgs in B decays

< look for sensitive and theoretically clean modes 1

leptonic b T° b T
B>V, Za <" nf <'7
semileptonic < <
Wi v HSv

. B D(*) 4 T '.' V'.':
—> TV, 7 < T
inclusive radiative Nrr‘ﬁ'y Afr"' /4

B > Xy

¢ Inclusive final states, or multiple neutrinos - lack of kinematic constraints
which can be used for signal identification and background suppression
= need clean experimental enviornment of B-factories




Experimental techniques

Bo1tv B—Drtv
|—)Zvv, V... |—)ZV\«', V...
Kz, Knn ...
the only detectable daughters of signal decay at B-factories:

ete>Y(4S)—> BB

reconstruct
decay of non-

signature: _
: signal B (By,,)
J

€ + nothing

B,,4 reconstruction = ® efficiency < 1%

© BB event = ne(_eo_l compromise_between
efficiency and purity

© rest of the event comes from Bsig

detalls depend on analysis channel

© kinematical constraints on By,




SM: W-mediated annihilation b T,
T W~H v

GZ
BF (B —> |V)SM — FmB (]_— ) . Tz the most accessible leptonic B decay
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B—otv_ - analysis strategy

statistically independent samples

hadronic tags: B,;,—>D"X (X=n/p/D; etc...) semileptonic tags: B,,;,—>DVlv, etc
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Bo1tv_ - results

hadronic tags
449M BB

>
OELLE

BF (B — tv) =[1.79703 (stat) 2% (syst)] x 10~
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first evidence | 3.50
Belle Collab., PRL 97, 251802 (2006) _ T )
significance
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Belle Collab., arXiv: 1006.4201 submitted to PRD-RC

hadronic tags
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BF (B — tv) =[1.80",%/(stat) £ 0.26]x10™*

BaBar Collab., arXiv: 1008.0104

semileptonic tags

BF(B —> tv) =[1.7 £ 0.8(stat) +0.2] x10 2.3

BaBar Collab., PRD 81, 051101 (2010)



B—o1v. - summary of BF’s

BF(B" > 1'v,) stat.  syst.

L L T T T T T T \
+0.56 +0.46

==t hadronic tags
==f=t semileptonic tags

[1.7970 3 (stat) g (syst)] x 10
[1.54 03 (stat) 53 (syst)] x 10~

o

[1.80 " %, (stat) +0.26(syst)] x10™* . hadronic tags
S} e semileptonic tags
[1.7 +£0.8(stat) = 0.2(syst)] x10™

[1.64+0.34]x10* [alaa\® ——  average!
——

T T e TV TP T Standard Model?
-1 0 1 2 3 4

BFx10*
Results consistent within uncertainties, " HFAG, http://www.slac.stanford.edu/xorg/hfag
but all above the SM prediction 2|V,,|=(4.3240.16+0.29)x10-3 HFAG [CHEPOS

f5=190+£13MeV HPQCD arXiv:0902.1815
ry=1.37+0.39


http://www.slac.stanford.edu/xorg/hfag

B—tv, Vs CKM

BF(B"—>1t'v.)

———t

——
10 1 2 3 4,
BFx10

BF (B — ™V)su(cxm) = [0.763" ;] x107

CKM fitter, S. T'Jampens @ ICHEP2010

-CL

BF (B — tv)gyur) =[0.805+0071] x10™*

UTfit, C. Tarantino @ ICHEP2010

Alternative approach (within SM):
extract BF(B—rv,) from CKM fit
using other flavour observables
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B—tv, - interpretation = talk by T. Hurth

Example of constraints whitin TYPE Il 2HDM

r, = 1.37+0.39 (LQCD)

0 005 0.1 0.15 02 0.25 0.3 0.35
tanf3/m

r,=2.14 tg'zg(CKMfitter)

ry= 2.04+0.46 (UTfit)
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tan 3 l

Higgs contribution = double SM contribution

Exclude different tanf3/m,.regions




complementary to and

competitive with B*—>1*v

> different theory uncertainties:
- free from fz, depends on the B —-»D®"tv_formfactors;
* |[V| better known than |V,],

* |V,| and large part of theoretical and experimental uncertainties cancel in the ratio

BF(B — Dtv)
R = _ M. Tanaka, R. Watanabe,
BF(B — Dlv) Rgy =0.302 +£0.015 arXiv:1005.4306[hep-ph]

» 3-body decay = more observables,
e.g. g2-distribution, t polarization, D* polarization,...

» universality between:  H-b-t (direct production at LHC),
H-b-u (B >1v,)
H-b-c (B —)D’CVT) A. Comell et al., arXiv:0906.1652 [hep-ph]



B—>DUtv,_ - sensitivity to H*

Py T T
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B—»>DUtv, - sensitivity to H*

Examples of other observables:

longitudinal t polarization in B — Dt*v,

in virtual W* rest frame
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M. Tanaka, Z.Phys.C67,321(1995)

@ = angle between & (from t—>=nv) and D
in B rest frame

[¥5]
n

=
.

__ED_QGe\ E. =1GeV
sof =gs = 0 (SN

7~
=

et

= Lh
T

]

W

1

._.
in
T

e
LA
T

e
o

-1.0 —-0.5 0.0 Q.5 1.0
cos @

. Nierste,S. Trine,S. Westhoff, PRD.78:015006(2008)

— dr(B°—Dtr o) [107'°GeV]
5

transverse t polarization

L . R OUR CP-odd variable,
p’C - Sr ) pr ><pD

vanishes in the SM

e.g. R. Garisto, PRD.51,1107(1995)



B—>DUty, - results

hadronic tags; use leptonic Tt decays: 1—lvv, |=e,n
extract signal
« simultaneous fit BaBar:(M?.., p"), Belle:(M?...,Ecc,) to 4 signal and light lepton modes

» normalization to D | v and D* | v with the same tag . B*—>DOt*v,
¢ } oua| & [] Drv signal
_ D 3 O ow | 2 30
232 M BB = I A W ow S [ D*tv cross-
ey s 657M BB | = §
B D'ty o preliminary ¢
Drv
B Dy ot
D2y 10 j g)
B D k 3
[[1 Comb. 2
‘“r
2
2 0 2 ’:';m(:’iVIIE? 0 026 06 OvTSEf::"LJ:Ge\L
BF (%) R o BF(%) R o
B* > D'y, 2.25+048+0.22+0.17 0.35+0.07+0.03(5.3) 304705201 +022 0479155 (3.9)
B >D"t'v. 1.11+0.51+0.04+0.04 0.21+0.09+0.01 2.7 2.56 05005 £0.10 0.48'0757008 (4.7

B*—D%'v, 0.67+0.37+0.11+0.07 0.31+0.17+0.05 1.8
B’ >Dt'v, 1.04+0.35+0.15+0.10 049+0.16+0.07
BaBar Collab., PRL 100, 021801 (2008) and PRD 79, 092002 (2009)

Belle Collab., arXiv:0910.4301[hep-eX]
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B—>DUty,_ - results

DYty
D7y
D*ly
Dy
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Comb.
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BaBar Collab., PRD 79, 092002 (2009)



B—>DUty,_ - results

”inclusive” tags - take the advantage of clean signature from DO in B,

+ select signal candidate DO decay modes 1 decay modes
use decay chains that combine [ZoﬁKiﬂ', Ktz 7 > etvy, utvy @
high reconstruction efficiency D*— DO

with a low background level

* reconstruct B, "inclusively” from remaining particles |, :\/Ez “X B
tag igsig |

beam

at large M, flat My, distribution for most background components

* exctract signal yield from M,,,

»
Q

;-tag side B massl

so_l ]
50F | an"lis ]
: . - w} - DATA |
] 3o} _

| 20

<[>

BELLE

N /5 MeV/c?

w
(=]

535 M BB B°>D*t*v, .

522 5.24 5.26

> 33 okl ala nnn nnnannnnaER :
Mtag [GeV/cT] -1 0 1 2 3

W
M2, [GeVZ/ch
BF(B° > D t'v.)=(2.020% +0.37) x10™

Belle Collab., PRL 99, 191807 (2007) [ first observation of exclusive B decay with b—crtv_trsnsition ]




B—>DUty,_ - results

D> _ .
was] NE\\V 657 M BB B*—>D"t*v,

OELLE

”’Inclusive” tags;

- simultaneous extraction of signals in B*— D*t*v_and B*— DOt*v_ modes;

* signal extraction from fit to 2-dim distributions in M, and Ppo B
(Ppo = momentum of D% in 1{4S) rest frame)

DOt*v Dt*v
“o150- : |
= | 100
I I
Zioo 7
100 _
e 50'%
i = i _
j ‘ Jj DOt*v
I i [] DOty
8. 53827 522 524 526 528 53 [] background
M., [GeV/c?] M,,, [GeV/c?]
§100— i —
2 + BF(B* > D™ t'v.)=(2.12775 +£0.29)x10° 8.10
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50

20|
Belle Collab., arXiv:1005.2302[hep-eX],
to be published in PRD

2
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B—»>DOtyv_ - results

BF(B - D%t'v))
e
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—
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BF(%)

Results consistent within uncertainties, but

—— ”naive” average'

| sw?|

1A. Bozek, talk at CKM2010
2C.-H. Chen and C.-Q.

—=—=—iNClUSIVE tags
——+——nhadron tags

*_H}hadron tags

Example

of H* constraints

M. Tanaka, R. Watanabe, arXiv:1005.4306[hep-ph]
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most of them above the SM predictions
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Inclusive B—>X.y

FCNC process
in SM occurs via loop diagram

o 0

8
© BF-enhancement due to the amplitudes with H* depends on m,,:
but is almost independent of tanf3

® more NP processes complicate the interpretation...

inclusive processes: more realible theoretical calculations

NNLO SM: BFg,=(3.15+0.24)x10™* (for E, >1.6 GeV)
M. Misiak et al.., PRL 98,022002(2007)

more difficult experimentally

The lower E, threshold the smaller theory uncertainties but the larger background in measurement.




Inclusive B—>X.y

Several experimental approaches:
» untagged — only a high energy photon measured

* lepton tag — require high energy lepton 1.26 GeV<E<<2.20 GeV

* reconstruct By,

» sum of exclusive final states of signal modes(B—Ky, B—>K*y...)

> —
657 M BB untagged + lepton tag

bkg. subtracted y spectrum

continuum bkg. evaluation for Comblned samples

;10?5 ON resonance SN T '{'}' I ]

@ 6 L scaled OFF resonance = -

Qe el o | 1 HH Hy 9 BF =(3.45+0.15+0.40) x10™

S 20000t . forE. >1.7GeV

S 1 657 MBB i t v

EW‘:— m\% §1oooo§--~__ E h[ H {IE _

S - 2 :i| Most precise BF(B—X,)

21F : g Al ! 1| measurement;

10°F Foe o, BRI | lowest E, threshold

2 of Tl et [ .

S On-/Off-Data % sooo0f | 1 Belle Collab., PRL 103, 241801 (2009)
Us T2 R5 3 35 4 45 5 55 e g e e Rl

ES™ [GeV]

ES™ (GeV)



Inclusive B—>X.y

HFAG E>1.6 GeV

CLEO - 2001
(9.1 fb™") untag

BaBar - 2005
(82 fb™") sum of excl.

BaBar - 2007
(82 fb™") lepton tag

BaBar - 2008
(210 fb") B-tag

Belle - 2001
(5.8 fb™") sum of excl.

Belle - 2009

—

(605 fb-1) untagHep. tag |

SM M. Misiak et al.., PRL 98,022002(2007)

5 6
BFx10*

HFAG 2010 (3.55+0.24+0.09) x10™
SM  (3.15+0.23)x10™

Constraints on type-Il 2ZHDM

MH:=200 GeV

| e |
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= 0.25 400
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9S00

2.8 3 3.2 3.4 3.6 3.8 4 4.2

B[x10%]
M,+>295 GeV/c? @ 95% C.L. for all tanf3



* Finalizing results with full data samples (most of the results shown today do not use full
data sets)

* Belle — data reprocessed with improved tracking efficiency;
— improved hadronic tag efficiency = gain factor 2 in effective luminosity

0.40 B+ Purity-Efficiency
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i /A = "
g WWW *"‘ ?zmi_ ™ ~ E = ‘ e
5 S N *; £ ».‘ “:,0‘25 e
i 8000 — Yle:ld(B ) = 66237 * 116? 't\,r Eﬁom:— \“-f"\ T2 T~
C : X E N mty _ % go.
« Dataloldhadtag) | o YEd(B)-141676:1713% LT :
F c — 0
"3 \ «- Data (new had tag) \ bl €=0.16% I
C ; c | Purnity (%)
TR T T R T T T Mbc D75 55 s 5m  sas @S2 6@ 52m b 00 —=0 30 ey &P ® =

new results coming soon

» Super B factories: SuperB (in Italy) and SuperKEKB/Bellell in (KEK —Japan)

« KEKB upgrade has been aproved, construction started;
— 50 ab'! by 2020-2021



» explore polarization observables in B—>Dtv

— limited information on t kinematics, however several variables sensistive to t
polarization are accessible, especially for semileptonic t—hv_decays;

— the most sensitive channel is B—D tv, t—=nv;

— the main issue is background, mainly from B—D*tv and 1—pv;

* Blv

—In TYPE Il 2HDM or MSSM H* has the same effect in all leptonic modes:
BF(B" > 1"v,),om =BF(B" = 17v,)oy X1y
— at one loop level, lepton flavour violation effects (LFV) (B—lv;, 1)
can affect the ratio: Ry =BF(B* —1"v,)/BF(B" — t'v_) eg.G.Isidoriand P. Paradisi

hep-ph/0605012
— uncertainties from f;and |V,,| cancel in the ratio:

— current experimental limits on B—uv, are a factor 2+3 above SM.



O constraints on the charged Higgs are currently dominated by indirect
mesurements; 1000 ¢

%001 TYPE || 2HDM
800 |
700 |
—~ i
. 600 |
QJ [
(5 500 F
\_:4005-
S i
S 300} _
=of B—>Xy ';
100 !
0: | | | LEPI | | | | :
0 10 20 30 40 50 60 70 80 90 100
tan 3

O studying charged Higgs effects in flavour physics will remain important
also after direct discovery of H7,

O optimal observables have to compromise between theory and experiment
uncertainties;

O new results with full data samples collected at B-factories coming soon;

O looking forward to super B factories....



backups



Inclusive B>X.y
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< Control region checks show good understanding of backgrounds.
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CKM2010--University of Warwick-03/08/2010

W F. Wang
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