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Outline

Indirect HT searches at B factories

Analysis features and data sample

02/18/13

e B—=DOrv results
e B—1V results

* Combined constraints on type 1I 2-Higgs-Doublet Model

* Conclusions and perspectives
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Indirect H* searches at B factoties

e H* predicted by many New Physics (NP) models, e.g. type-11 2-Higgs
Doublet Model 2HDM)

* DIRECT SEARCH @ hadron machines, e.g.: t—=bH™"

02/18/13

* INDIRECT SEARCH @ B factories, e.g;
* quite accurate Standard Model (SM)
predictions
© 0y (®/B~5-7% B—=DOtv),
25% (B—1tV)

* H contribution at tree level
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* H* coupling o m,

* experimentally challenging




Analysts tlow common teatures (I

* 2 /3 undetectable v form B, and t decays: exploit kinematic constraints available
at B-factories only (exclusive BB production)

Vy 7
7 y
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e Event reconstruction:

* INCLUSIVE METHOD: reconstruct B
with a B meson (= B

sig > then check compatibility of remaining particles

tag)
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— higher efficiency and bkg contamination

* EXCLUSIVE METHOD: completely reconstruct B, in hadronic (HAD) or semileptonic

(SL) final states, then search for DO/ or £ + missing energy (=B,) in the rest of the event

— lower efficiency, higher purity




Analysts tlow common features (II)

* Background suppression: use of kinematics and global event variables, e.g.
* Epne /B, = neutral energy not associated with B, nor B,

* lepton momentum in B rest frame p*,
2

miss
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° missing mass m

* Extract signal and bkg yields by 1- or 2- dimentional Unbinned Maximuum
Likelithood (UML) fits

* Main systematic uncertainties due to
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* background parameterization in the fits

* data/MC disagreement, affecting efficiency estimations
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Data samples

(fb!
1200 e , I S
— KB —per- @ Y(4S):

1000 | - - - :

800 | <
=
=

800 |
eV0]
E

400 | =
£

200 | -
=
@)

0 g
g
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 5

B — 1v B — DYty |e 85% of available '
will focus on most
HAD SL HAD Statistics - recent HAD recoil
Belle | (711) [605 605 e updated with FULL Ivsi
~ 4= analysis
BaBar 426 418 426 dataset




¢1/81/20 Sunoow sAyd g - ruouew BsI[o

B—D0Ortv



Ratios
g(B — D(*)T_ Vr> T: signal sample
g(B — D<*)[ Vz) = e/W : normalization

RD")=
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* Several uncertainties from experiment (same final state for norm and sig)
and theory (V_, form factors, ..) cancel

. (3.]
¢ SM prdlCthﬂS[1"2'] : 08l 2HDM-type II theoretical prediction
« R(D)=0.297 £ 0.017 SM theoretical prediction

exp average (excluding BaBar2012)
. R(D*) = 0.252 + 0.003
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 2HDM-II vs SM:
* R(D) vs tanf/my,
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Prior() experimental status

Obefore the results discussed in this talk

Bt NP
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Bellel*] : R(D") = 0.44 + 0.12
BaBarl31 : R(D") = 0.30 £ 0.06

SMit-21: R(D") = 0.252 + 0.003

BaBarl>l: R(D) = 0.42 £ 0.13

SMI-21: R(D) = 0.297 £ 0.017
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6.] 604.5 fb'!

Belle 2009 HAD recoil analysis

* T reconstructed in purely leptonic decay modes

= o

@

o) E ® Data

e ®F  D%v o on _

o L 2 )

. . 2 = W Dw N

* Signal yields from 2D-fits to m*_. .and E___, £ e o i =

v S

* Dominant systematic errors on R(D®):

* PDF parameterization (from MC simulation)

0 025 05 0.75
gECL

elisa manoni - B phys meeting

* Results: N .
Nsig R, E(Estat) g 20 D*O'C'V . g?\t'a
D=7y | 17.2755 0476 5793 00sa 2.6(2.8) S = D
D7y | 98. 6+§§;8 0.702 0180 "0 001 3-8(4.4) | |5 " B 5G
D*~rtv | 25.0503 0. 481+8 1oar 008 4.7(5.9)
D*r+y | 99. 8+§§ § 0.468F0 105 0055 3-9(5.2)
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-
—

* gtatistical errors dominates
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r-\x1ra

(GeV)




Belle 2010 inclustve analysis

e Main differences wrt 2009 analysis

* reconstruction: inclusive method, B* only, tT— v
included, cleanest D final states only

* yield extraction: 2D UML fit to M, and pp,

» Results:

Ngig £(107°) BF (%) Y (no)

D*Or+y | 44678 326+0.2 2127038 8.8
DOty 30.0+04 0.77+0.22 3.6

e R(DMO) calculation:

R(D) = 0.35 + 0.11
R(D*) = 0.43 + 0.08

[7.] 604.5 fb'!

signal combined

N /80 MeV/

[ M,,,>5.26 GeV/cY D

DOt*v

0.5 1.5 = 2
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D0y L P,, [GeV/c]
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BaBar: reconstruc

HAD B,__, t— e/uvv

tag>

Improved particle-ID: lower p,region wrt to

previous analysis

q” and | p,.... | cuts to reject Dév and neutrino-less

(BB combinatorial + qq) events, resp.

Discriminant variables in a2 Boosted Decision

Tree algorithm

Signal-entiched m?

miss

region (>1 GeV?/c%

Hon and selec

Entries/(0.28 GeV?)

mims (Ge V 3)

s S

[ sample evt frac (%)
D™y 39
D™y 10
qQq 19
D**{/Tv 13
other BB 19

Entries/(0.11 GeV?)

s

D%y
Normaliz.

* generic BB simul.

= PDE

m2. (GeV?)

1miss
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[8.] 426 fb'!

BaBar: fit strategy

() .
(>I<) — B(B—)D ’7‘1/) — stg i | from MC
R(D ) B<B_>D(*)£V) Nnorm simulation

A

02/18/13

e Signal and normalization yields from 2D EML fit to m? . and p/,

e 8 simultaneously fitted samples: 4 D¢ (¢ from normalization or signal
channels) + 4 DOn

e Fitted yields : 4 DOtv + 4 DO%v + 4 D¢ty
e Fixed Yields (from MC simulation): Charge cross-feed + BB

combinatorial + e*e” — qq(y)

e Fit uses 56 fully 2D PDFs

e approximated using non-parametric kernel estimators

an
=
B
(D]
2
w
[
e
(ol
M
1
o
(o
o
=
<
g
<
w
e
(D]

—_
(OV)
—

* shapes derived from MC simulation and fixed in the fit to data




[8.] 426 fb'!

BaBar: Results

Decay R(D®™)) S (Sgtar) |20 due to limited MC

10=m?._<120GeV?, B D*tv |
80 BABAR D*0 1 T BDv
60 BD*lv  Freeyields
40 D 0 BDlv
> o0 = BD**]v _ e
= S --Bkg. Fixed yield =
m 0 hay - N
7« 2 2
< I -
L aof & o 60
=1 20F D
20f : e Largest syst uncertainty on g
- 10+ . . %)
[ : yield ratio due to D**v and £
0 r r. _—
: . e° other bkg knowledge -
M=y € : . B -
miss ( ) e Main syst error on efficiency g
g
S
&
k

B~ — D7 7, | 0.322£0.032 £0.022 9.4(11.3) |*mrlesi
B° s D*t7= 5, | 0.355+ 0.039 +0.021 10.4(11.6)

B — D"t i, | 0.332+£0.024+0.018 13.2(16.4)

B~ — Dt7p, | 0.429+£0.082+£0.052  4.7(5.5) | First 50
BY — D77, | 0.469 4+ 0.084 £ 0.053  5.2(6.1) | observation for

)

B — Dr i, | 0.440+0.058£0.042 6.8(8.4) | B—=Duv!




Comparison among measurements

SM Aver. SM Aver.
- Belle 2007 —T — .
044+ 0.12 o ® e 535M BB
BaBar 2008 - ) BaBar 2008 = o
0.42 = 0.13 i * H 030 = 0.06 o R 232M BB S
lBelle 2009 | il » Belle 2009 i - = Z
T | || e T B
elle s B g elle | Sl . e
[‘E T i i 043+ 0.08 et 657TM BB
BaBar 2012 | BaBar 2012 =
ooz oor) | | T - (411m BB
02 04 06 08 03 04 05 06
R(D) R(D*)

Averages do not include 2012 BaBar analysis
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Consistency among measurements

e New BaBar measurement improves the precision wrt older measurements

* Analysis on full Belle dataset and with improved HAD B, algorithm ongoing
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[8.] 426 fb'!

BaBar: measurement vs SM

* BaBar measurements vs SM predictions:

R(D) R(D*)
BABAR 0.440 £ 0.071  0.332 £ 0.029 =
SM 0.297 + 0.017 0.252 £ 0.003 S

Difference 2.00

* Combine R(D) and R(D") measurements accounting for -0.27 cortelation:

Experimental results
(stat*syst errors)

deviate from SM
predictions by 3.40
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[8.] 426 fb'!

BaBar: measurement vs type 11 2ZHDM

* Re-weight BaBar simulation to account for changes in the hadronic currents
due to ZHDM-II

* re-compute € and PDFs and repeat the fit
* large change of signal yield for tanf3/my>0.4 GeV-!

* Experimental data vs ZHDM-II:
* RD): tanf/m;;,=(0.4420.02) GeV'!
© R(D*): tanP/m,;, =(0.7520.04) GeV'!
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e 2HDM-II excluded in the full tanf} vs
m;,, plane at 99.8% CL
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E:omputation for m;;.>10 GeV J tanf3 /my. (GeV) -
|

ower mass region already excluded by B—=X_y
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Theoretical motivations

- — _ GZmpm? m2 2 2
¢ SM prediction: B(B™ = 77 vr)sm = 5 (1_m23> fB

* Inputs and numerical predictions:

b g
* f5=(189 = 4) MeV P! o w
o excl. |V, |1

u AY%

B(B—1v)gy, = (0.62 £ 0.12) x 10*

© incl. [V, |00
BB—1tv)g, = ( 1.18 £ 0.16 ) x 10* b H

clisa manoni - B phys meeting  02/18/13

e 2HDM-II:

B(B_ —> T_DT)QHDM_II = B(B_ —> T_DT)SM (1 —tanzﬁzz
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Experimental status betore 2012 updates

J.R 0.56+0.46 _
HAD TAG Bellle[m LB = [1.7915 09 0:51] x 107 -
BaBarl!'31:B = [1.8070:27 4 0.26] x 10~ |
Belle[|14‘]:l3 = (15450757005 x 107 [
PLIAG BaBarl'®):8 = [1.7 £ 0.8 £ 0.2] x 10~ c
0o 05 > 25 3 é
excl. [Vub|: BB—=1V)gy = (0.62 £ 0.12) x 10 S

incl. | Vub |: BB—tv)e,, = (1.18 £ 0.16 ) x 10°*
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BaBar analysis strategy

« HAD B,__,t—¢/uvv, m/p(mtn’)v

tag >

e Zextracted from EUML fit to E

extra
* Bkg shape fixed from myq sideband and BB MC,
signal shape from MC and control samples

* E.... shape validated with “double-tag’” sample (2
B’s reco’d in HAD modes or 1 HAD B and 1 SL
B)

[16.] 426 fb'!

> B
@ 300 (a)
E : e Data
T - Z
F200 T -
B (@]
150f 4 =

100}

O:IIIIIIlllllllllll
0 0.2 0.4 0.6 038

Eextra [Gev]

* Main syst: bkg PDF parameterization,
data/MC disagreement in K
etficiency correction

shape, B,,,

extra

Decay Mode B(x10~%)
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Tt et 0.351'8:%
7T > pTrr 1.127599
Tt > v 3.69fi:§3
T - p+1/ 3.787:}:2?

Combined 183+823 +(.24

stat errors only
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BaBar result

* Combine HAD and SL B, , analysis!™:

BB—tv) = (1.79 + 0.49) x 10

* 1.6 0 (2.4 0) excess wrt SM prediction with
exclustve (inclusive) |V, |

* Limits on 2ZHDM-II parameter space:

[16.] 426 fb'!

inclusive | Vub |

B(B*—>1tv) (10

8
. inclusive | Vub|
61— ;
- exclusive | Vub |
"l A BaBar measurement
> Rama R R R R R A
N M 1 1 1 | 1
% 0.1 0. 03

tan B/mw (GeV

% S
£100-
50
Excl. at 2o
L Excl. at 3o
0 . 1 L 1 1 " |
0 500 1000
my; (GeV)
o exclusive |Vub]|
g100F
50
Excl. at 20
- Excl. at 35
" 1 " " 1
0O 500 1000

my, (GeV)
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Belle improved tagoing method!! "

* Additional B, final states, 615 charged modes in total

* Discriminant variables in a NeuroBayes-based algorithm + selection in
AE and beam-constrained B mass (mg)

* Performances: efficiency: 0.24% (+1.7), purity: 65% (+1.2)

Events / ( 0.001 GeV/c?)

x10°

3001
250
2ooé
150

100

.... combinatorial bkg
— bkg + signal

500...

----------
ey

@ new tag on reprocessed
dataset

o new tag on old dataset

A old tag on old dataset
(prevoius B—tv
analysis!!?]) 414 fb)

+ 1.8 (larger
dataset)

+ 1.7 (tagging
method)

02/18/13
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(18] 711 fb!

Belle analysis strategy

>

* HAD B, , t—=¢/uvv, nt/p(wus’)v ---;igﬁﬂl %

* VETO on extra K, (new) __'toil :5: )

* vyield extracted by 2D UML fit to Ey - =
L 7

* PDF= product of 1D histos (except 3:: ]
t—nv & T—=p(nn’)v x-feed, 2D histo) 3 10} G
from MC @ st _ g

* floating params: 4 signal yields + 1 bkg u e, oy §
yield Sub-mode Nag € (10°%) B (10~ %) E
* fraction of different bkg from MC T z‘_f;; ;2% 30 ?gg%é%
* dominant contamination from b—c = a v, 8F10 18 0.57+070

= > 7lv, 14712 3.4 0.527072

Combined 62135 11.2 0.727927
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(18] 711 fb!

Belle results

* Branching fractions:
B(B—tv) = (0.72 ***7 .+ 0.11) x 10* 30 sign. (Belle HAD)
B(B—tv) = (0.96 + 0.26) x 10* 40 sign. (Belle HAD + SL)

- Belle, B—Tv :
25- 95% C.L. excluded -

* Constraints on type-11
2HDM:
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Comparison among measurements

BaBar [468M]
(2010) semilep-tag
BaBar [468M]

(2012) hadronic-tag

BaBar (combined)
with correlations

Belle [657M]
(2010) semilep-tag

Belle [772M)]
(2012) hadronic-tag

Belle (combined)
with correlations

W.A.
private average (MN)

et

SM (1.20+0.25)x10™
CKMfitter (0. 73*‘”2) 10

-0.07

111111

BF(B—»‘W) (1 0%)

(1.70+0.80+0.20)x10™*
PRD81,051101

(1.83 *°-0.24)x10™
arxiv:1207.0698
(1.79:0.48)x10™
arxiv:1207.0698

+0.38 +0.2
(1' -0.37 0319) 10

PRD82,071101

0.72727+0.11)x10*
ICHEP 2012

(0.96+0.26)x10™
ICHEP 2012

(1.15=0.23)x10™
ICHEP 2012
Nakao @
[CHEP12
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Summary of constraints on type-11 2HDM

B(B—1v) (with inclusive V ;) [16.]

S 100F

B—DOtv [8.

501

02/18/13

M Excl. at 20 i
B Excl. at 30 L
Il Excl. at S0

0 N~ 500
1000 -
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o 60_ |||||||| | | |||||||||||| T
c t—H'D, H'»1v ,
g - Ty+jets, eq, ut , and ey final states i
c | - MssM ™ ;
s | 20. S0F Birrom) = 1 19.]
50 M \s=7TeV [ [ =200 GeV ]
- Data 2011 dei=4.6fb'1 / 40f- /
40[ — . Median expected exclusion -
L[] Observed exclusion 95% CL 30k
30 ------ Observed +1o theory - ¢
DR Observed -1o theory
2 - - 20_
_____ —=— Observed
------ Observed 10 (th.)
. 10F Excluded a 27
] - - Expected median 1o
O—ﬁ—rr—fTrrr!Trv—rf—rrr—rf—rrrﬁ—ﬁ—rr L Bl e e e I Expecltadmadlanﬂc
90 100 110 120 130 140 150 160 %0 100 110 120 130 140 150 160

m,. [GeV] w (GeV)




Conclusions and perspectives

e Indirect H* searches performed @ B factories in B—=D"tv and B—1tv
channels

e B—1V results consistent with SM within errors

02/18/13

e B—DUtv BaBar results deviate from SM expectations at 3.40 level

e 2HDM excluded @ 99.8 C.L.. % (most stringent constraints from BaBar
B—D"tv)

* BaBar measurement updated on full statistics

e improvement on B—=DYtv by considering additional reconstructed final states under
p y g
investigation
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¢ B—=D"tv Belle measurement to be updated on full statistics (15% more)

* Much more statistics with Belle II experiment.
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