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Outline

» BaBar dataset
« Quark Mixing Matrix and Unitarity Triangle

» Semileptonic Decays
« Recent |V | measurement

« Resultson B - D™ tv_

» Results on leptonic B - tv_decay

* Implications for the widely discussed 2HDM
 Summary
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PEP-I| storage rings and Ba
" == s Operation 1999-2008

« Linear accelerator injects in PEP-II

 SLAC/LBL/LLNL
~ SLAC-Based B Factory:
PEP-I1 and BABAR

 Asymmetric beams

- 9.0 GeV electrons
- 3.1 GeV positrons

« CM energy of the Y(4S) = 10.58
GeV most of the time

/. - Collected data at the Y(2S-3S)
' _ = and above the Y(5S)

High Energy Ring
(upgrade of existing ring)
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May 1999 - Apr 2008 r

At Y(4S) center of mass energy, large
production of B meson from Y decays

. O cocey(€te —bb) = 1.06nD  mip- [N

Integrated Luminosity [fb]

« LHC: 0,1,/(pp - bb)~200+10°nb

- PEP Il Delivered Lummnsn}r 953. 4Bafb - ]

_  BaBar Recorded Luminosity:

BaBar Recorded Y(4s<

BaBar Recorded Y(3s):30

BaBar Recorded Y(2s): 14. 45 fb
Off Peak Luminosity: 53.85/fb

432 Eigffb

Delivered Luminosity
Recorded Luminosity
Recorded Luminosity Y(4s)

BDDf— zoffr:$ t.Jm josiw :SSI —f
2[]0:— . R _:
B ~ 5x108 BB |
1[)0:_ P{llls ln _:
B BABAR dataseti
DH|IIHJH’|T." et T A
L R =S

v

'-Ele('trmpa

Drift
chalﬂbel

PEPII/BaBar Charm / Tau factory'
- 0(cc)=1.30nb
- 0o(11)=0.91nb

Study light quark and cc production
using ISR and yy events
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CKM Matrix Introduction

 The Standard Model quark flavor sector requires the knowledge

of the quark masses and of the strength of the charge-current
gauge interactions (Cabibbo Kobayashi Maskawa matrix)

Mass

Weak V
eigenstates CKM \eigens;tates
[ ) V
d Vud \% us Vub d
S = Vcd Vcs Vcb S =
b’ V V V b

« Experimental evidence of a strongly
hierarchical structure

e VTekm ® Veku = 1= 4 independent
parameters

 3real + 1 complex phase (CPV)
e A A~0.22, |p+in|=0O(1)

\

The Wolfenstein parameterization

Vo=

/

-2

- A

3 i} -.
\Al (1-p-m)
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CKM Matrix

« CKM cannot be predicted in the SM

 Most SM extensions contain new CP-violating phases and new quark-flavor
changing interactions

v

\bedy
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ud Vus Vub K v 2
j J = ﬁV K — Tfﬁ\) b — Uf\) [
B-decay K-> tv B - mifv q W‘ q ‘V ‘2
k m ~
/v/‘\\ km
Vcd Vcs Vcb
D_mftv Do Kfv b - clv
+doc+f D ¢ B - Dtv _
e s = Y The CKM matrix extracted
Vt 9 VtS th from tree-level processes
(Ba|Bq) (Bs|Bs) t - btv



SR, L A (p-in)

Unitarity Triangle

-l -2 AN
e VTekm * Vekw = 1 = 9 conditions on the CKM parameters (6 ” :
triangular relations): AR(lpn) A
- 3“x 1% is of great phenomenological interest
— all sizes of the same order in A: CP violation is "visible"
* * * —
ViibVud ¥ ViepVea ¥ VigpVig = 0 N
Unitarity Triangle

)
S5t i7
,.p-<
I
=
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UT Constraints

From tree-level processes = Side R
("free" of New Physics) u
moorne ALl come Later o8-
K v i ]
: ;
WI -0.5:—

b/'/‘\\U,C 1

From loop mediated processes

particularly sensitive to New Physics

+ 0.5

T »> T I

D : : B 1 1t
B : : 1 | I RS R MI ........ [ PR
< 1 0.5 0 0.5 1_ -1 -0.5 0 0.5 1
Y Y

* Redundant constraints on UT and test of CKM unitarity — powerful test of the SM
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UT Status (Summer 2012) P

« Redundant and consistent determinations of various CKM elements

1=

« Remarkable success of the CKM 1
picture

« Other observables (dominated by 5
loops) in good agreement with
expectation:

-BHXV% °
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Similar results from other CKM fits

Many others...
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UT Status (Summer 2012

« Redundant and consistent determinations of various CKM elements

 Remarkable success of the CKM 1}

picture

« Other observables (dominated by s[-
loops) in good agreement with
expectation:

=
o B - XS y BELLE

./L.MM

\P

= Fom: Y

¥

A great challenge for many
SM extensions !

/

N

Similar results from other CKM fits

M.Rotondo DES //



|Vub|

[ Phys. Rev. D 86, 092004 (2012) }

E Phys.Rev.Lett. 109 101802 (2012) }
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http://dx.doi.org/10.1103/PhysRevLett.109.101802

Semileptonic Decays
Parton Level y

Understand
The QCD

e Inclusive decays B - XUV

* QCD corrections to parton level decay rate

« Operator Product Expansion predicts the total rate I,

2
GE V mE o "Lj
FlVub| " 14 |
[ = = 1—-O|—=|—|O QiD L. Dominant
N 1927° T n- uncertainty from
\ b mb5

4

Perturbative terms
known to O(a,2)

Non-perturb. terms
suppressed by 1/m?



Semileptonic Decays

Understand b
The QCD

» Exclusive decays B-mwptv: ﬂ X,

* QCD correction parameterized in the Form Factors
e Lattice-QCD, LCSR

EH‘(BD Srety) G

3/2
i = 19273 m3 [(m% +m2 — ¢%)% — 4mEm?2] 4 Vub2f+(q2)5‘j
B

In the m, ~ 0 only f+ contributes



['(b — clv)

V,p| from inclusive decays = )

« Large background from B - X_tv
 Kinematics to extract the signal: m << m_
« Cut limited region of phase space (f,)

* From partial BF - [V |

: AB(B = X, (i)
E, = lepton energy |[.be| s e —
Q2 = (PB _ PX )2 - (Pﬁ_PV)Z TB AFEIIEUT}'

M, = X, hadronic mass

Not to scale!

b—c »

= b — u ~__

E
Small f, ‘ 9 Large f

Experimental resolution
leads to irreducible

b - cfv contamination

) — U




Inclusive decays: Shape Fu

e Cutin limited region of phase space is theoretically challenge:

« OPE breaks down: Al' , depends on O(1/m,) non-perturbative effects!

* Increase dependence on b-quark mass
* Need the shape function: )
~ In principle directly from experimental data with B - X_y %

A Inclusive photen A

spectrum : Shape
> Function

b S

> >
my2 b 0
Mg - My,
In practice: the SF is determined indirectly from fitting many kinematical variables related
to B - X.yand B - X_fV or only to B - X_{'v with m_ constrained

M.Rotondo DESY
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Events Reconstruction

« Two B inthe Y decay: etfe™ -Y(4S) - BB

* Fully reconstruct one B in hadronic decay
modes (with a D or a D¥)

* The rest comes from the other B (Brecol)
« Tag efficiency ~ 0.2-0.4%

« Recoil momentum is know from Ptag

,5Brecc:-i| — 58 tag

py — PBrecc-il - PX - Pf (pv2=m2miss)

px — Z; p}:rack 4 Z; p;_:lust.
q2 — (PBrecail - ,DX)z

Recoil B

Entries / 0.5 MeV
o
o
8

5000

0 | T Y SN AN MY SN TN NN SO TR T N
5.22 5.24 5.26 5.28

\

Recoil kinematics boosted
in the Brecoil

AB in the B rest frame

4




B-X.tv +
cascades + fake

Entries/bin

o oy
- -
- -
o o
| %‘/

Entries/2 Ge

Entries/0.31 GeV
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I | I | —
| M<1.7GeV (c)

o
T

-
T

l | l
10

q*(GeV?)

DES

|I
20

Y

AB(Xufv) Ny,

Entries/0.1 GeV Entries/0.1 GeV

B(XEV) B NXEV 'Eseg

1000

500

200 |
100




- Fit the (M,,q?) distribution in the region defined by p,.,, > 1GeV:

89% of Phase Space

1500

Entries/bin
o o
[ [
[ [

0°(GeV?)

Measurement

(mx,q°); py * > 1.0 GeV

pp* > 1.0 GeV

Belle [Phys.Rev.Lett.104:021801]

Si I ts:
112102 " Inputs from HFAG2011
4000 b < |
i S o0s-
£ 3000 - - L
% 045
Q2000 F_, - -
cC
“'1000 b -
0.4+ =
X, Y constraint
u : | : |' i m, constraint
0 2 4 035 —— Py S v —
M,(GeV) _ m G
BLNP |V,p| [107°] GGOU |V, [107°] DGE |Vyp| [1077]
+0.18 +0.09 +0.12
4.28 + 0'23‘5’-128'5' 4.35 + 0.24_&‘:,_':'19&I 4.40 + 0'24_5'1133
+0. +0. 1.
4.30 +0.287, 00 4.36 +-0.307,, 4.42 40307,
+0.19 +0.10 +0.11
4.47 +0.277%20 4.54 +0.2719.10 4.60 £ 0.277 ;5

Largest systematics: signal model

M.Rotondo DESY ’l
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—+—GGOU

4.4
—&— BLNP
4.0
+— DGE
3.6
—a— ADFR
3.4
S D E SN S S S N Spread among calculations
o~ @-& e S e*b A d_& AT NF comparable with quoted
& &F o S-SR Pt theoretical error
o & &8
e.p“ j NS e"’*& S

BLNP Neubert et al PRD72, 073006 (2005)
GGOU Gambino et al JHEP0710, 058 (2007)

DGE Gardi et al JHEP0601, 097 (2006)
ADFR Aglietti et al EPJC 59, 831 (2009)
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2
_ GF Vub 3 }( (qz)z
247> T

(the p and other mesons are difficult on lattice
because these are unstable and have a large I'/m)

u ;- u

| > [ I I B LR BAEN
« Exclusive |V ,|fromB-mfv  « 1of O HPQCD -
* One FF (for massless leptons) - & FNAL/MILC f, 7
81 /| -
 L-QCD (HPQCD, FNAL) - — LGSR i ]
 Unquenched calculations 6:— I\ _
e Light Cone Sum Rules 4:_ ,ﬂT -
» Reliable at low g2 'i‘
ol ]
i g ,f.'?* ]
f, o(0)=0.28 £ 0.03 L —lppesET o

(Khodjamirian et al (KMOW) 2011) 00 5 10 15 20 25

9? (GeV?)



Signal B

Purity
[ Ldt ~ 100fb~1

4mmmmm——ciceo

M.Rotondo

Recoil B

[ Ldt ~ lab~!

/7



Events per 0.005 GeV

=

Exclusive B -t fv -

 |dentity only Te+e/p

 Neutrino from the rest of the event

e (B momentum magnitude is know)

0 < qg®< 16 GeV?

4 ; ; N
_ x *
MmEgs = \/Ebeam — Pru

N AE = E:'Ev o E;eam y

16 < q° < 26.4 GeV?

| I B —niv signal

| I b—ulv both B

| I b—uby same B
-1 other BB both B
-l other BB same
r[ 1 continuum

(=
=
(=]

&0
Q
=]

I
- =~ e« 12K signal B - (11" + 1°) €V
,«[; ¢ S/N~0.1
: « Same technique used also to
o extract the BF and the FF
§ shape of other resonances
g e B I‘] fV
§ « Bon'tv
V * Bowtv
o
M
&
o] &
AE (GeV) | <

3



V5| from exclusive decays =

&
— 20710
3 1ab L-QCD
G
N 16
e -
o 140
‘i 12
é’ 10
8
6 o B*-n’l'v data
4:_ — — BGL fit to B*—=n*v data
- e BTy data
2_
- —— BGL fitto B"—nT'v da
nu 5 10 15 20

Unfolded g (GeV?)

FF Parameterization: Boyd-Grinstein-Lebed

1 kmum

2\ _
f+(0) = P(¢*)o(q*, ) k=0

qqo

Y a(g)) (7 )"

\/’m+ q—\/er Q’n

\/m+ ‘12‘1’\/1’”4— Q’D

Simultaneous fit to data and L-QCD calculations

x107°
% EI}E_
5 1IEIE +
E:'_,.1E_—
% 14:—
o F
=12
& 19
<] B;—
6
41_ A FNALMILC
- 4 FNALMILC fitted
25_ BGL fit to data + FNAL/MILC
q}ll I5|HII1|[lI ...1I5....2Iu. = I2|5
Unfolded q” (GeV?)
T 2 /GeV? V.| x 103
FNAL > 16 3.47 + 0.131 3
KMOW<C 12 3.46 = ﬂ.lﬂtg g;
0 3.34 + 0.11+ 323

\ —U.EE/

24



</> analysis: hadrc

OELLE

« Use the hadronic B tag with 710 fb-"

 New algorithm: tag selection based on NeuroBayes NN (NIM A654 (2011))

Bt — m0¢sp

ﬂ LI LI I LI
S100-  Belle
< Preliminary
80 710"

; @ 0.1 H E
L o .
so. 461 £28 o 0-08 'H' .
: = 0.06 :
a0t = 0.04
i (=3 = Data - M., fit
- 2 0.02 9 Data - Unfolded
20 Nﬂ' —— BCL
E 0 —— KMOW
02 ” 0 ] ” ©002 ., , ., v sy,
- - 0 10 20
M s, GeVZ/c? 2, GeV?/c?
KMOW([1] <12 3.38 £ 0.14 £ 0.091 037 -
Ball/Zwicky([2] <16 3.57 £ 0.13 &+ 0.097 247 @SuperBFactories will
1038 become the ultimate
FNAL[3] >16 3.69 + 0.22 0.09_ 435 technique for excl |V |
HPQCD[4] >16 3.86 +0.23 +0.107 )23
M.Rotondo DESY 25




World average

World average

|Vup| = (3.23 4+ 0.30) x 1073
Khodjamirian et al. g’ <12
3.40+0.07 + 0.37 - 0.32 e 2
- x2/DOF = 58.9/31
Ball-Zwicky q~ < 16
7006+ 0:59-0.39 1 0-6 8% due to FF norm.
HPQCDQ2}]6 m CT T T T T 1 1 1T [ 1 1T 1 T [ 1 1T T T [ T]
3.45+0.09 + 0.60 - 0.39 T : 12— A Belle -
% - v BaBar (12bins) ]
FNAL/MILC ¢*> A 6 () - e BaBar (6 bins) -
3.30+ 0.09 + 0.37 - 0.30 SRR - 10 BCL fit (3+1 par.)
ND_ - l L A FNAL/MILC ]
<] 8 B A | | ]
HFAG a -
| End Of 2011] - n
1 1 1 | 1 1 1 | 1 ﬂ 6 —_ _—
0 2 4 B ]
IV 1 [x107] a4 -
2 e N\
B r %
Does not include the new BaBar untagged oLl Ll e h |
and Belle tagged results 0 5 10 15 20 25
¢’ (GeV?)
M.Rotondo DESY 26




Inclusive - Exclusive differe ////

 Long - standing puzzle

- Despite progresses from B-factories+Theory, the inclusive-exclusive
discrepancy still present: A @ 2.5-3.00

Indirect

L Inclusive
determination

;?N 4,8
o
x SR
S :
) 4
o
3,6
e } %
©
—_ 3,2
E
Z 28 G. Ricciarrdi
o & P Q & N <
os

M.Rotondo DESY o /




Inclusive - Exclusive differer

 Long - standing puzzle

- Despite progresses from B-factories+Theory, the inclusive-exclusive
discrepancy still present: A @ 2.5-3.00

~

Indirect Inclusive " Are we underestimating

4,8 determination our uncertainties?

a4 } { f Experiment ?7??
’ Th ?7?7?
- oy /

7\
4 SuperB
}

|V,,| averages (10-3)

28 G. Ricciardi
& & ¢ & F O &£ With B. - K¢fv ?
< N) & Q¥ Q &£ Y S '
&1‘

... if New Physics, what kind ? %ﬁ

M.Rotondo DESY | 28




F. Bernlochner @ ICHEP12

R
New physics observable via right-handed currents? |V,;| = ‘Vlfb‘ fegr = Eﬁ'?}?%ii

L A S S S B
BB - X,lv | HFAG GGOU

T— " B T1v |HFAG + new Belle
- —-Bonly

i f(fs;?): ,*
| B—:-:rrEEE:l-I—ER
B — 1o+ 1— E;?

B — Xy Lig: 1+ €ff

HFAG Avg. with

W
|

Proposed by

[hep-ph/0505166]
[arXiv:0907.2461]
[arXiv:1007.1993]

|Vl % 10°

- Private Fit

— | Dashed: All

B Standard Model — _| Input: see Backup
2 | | | | | | | | | | | | | |
-04 -03 -02 -0.1 O 01 02 03

1

Erp

| V&b' €p Tension wrt SM x? /ndf

4.07 £ 0.16 —0.17 = 0.06 2.80 2.8/1
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B -~ DM 1v_

Evidence for an excess over the SM prediction

{ Phys.Rev.Lett. 109 101802 (2012) }

DESY
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http://dx.doi.org/10.1103/PhysRevLett.109.101802

Heavy leptons: introduction '

« Charged Higgs required in multiple New Physics scenarios

« Coupling is proportional to the fermion mass: H" - ¢ coupling L m,

/ MSSM w- /H- )
AO "'H_Hx“‘d\ﬂ\ﬂw
L B{, "~ " X,
~ Tree Level @ BFactories
y \
- _ _ T
gb - tH >W /H<’IJ W_/H;f<\—;
g - B b s c
B{" D)
v Bl i)
@ BFactories -/

M.Rotondo B]=3% o




Introduction to the event re

T

a y " Recoil B

Weak signal signature

- Decay with missing momentum
* Many neutrinos in the final state

— Lack of kinematics constraints in
the final state

Use the hadronic B sample: reconstruct
one B and look at the rest of the event
- Expected only tracks from signal
- No additional tracks
- Little activity in the Calorimeter

M.Rotondo DESY ’l 32



* . A1
B - D™ 1v,: measureme

 We measure directly the R(D) and R(D*) ratios
Signal
g I'(B — Dtv;) -

D) — -
R(D) [(B — Dlvg)i— 2, Normalization
N..
wpy B D) R = o
— F(B N D*EVE)E . norm €sig
" kb

Several experimental and theoretical uncertainties cancel in ratio
- D reconstruction / Particle ID /tracking eff.
- |V | & FFs (partially)

Very precise R(D) =0.297 £ 0.017 and R(D*) = 0.252 + 0.003
SM prediction 5= 57% 5 =12%

M.Rotondo DESY / 33




Existing measurements

Previous measurements exceed SM by 1-2 o

BaBar 2008
042+0.13

Belle 2009
059+ 016

Belle 2010
035+ 0.11

== sL-m=iE e

M.Rotondo

Belle 2007
044+ 0.12

BaBar 2008
030+ 0.06

Belle 2009
047010

Belle 2010
043+ 0.08

Update BaBar 2008 with 2x data and 2x efficiency
- improved tag B and better muon ID

SM  Aver.

== s=b-n- o = B

535M BB
232M BB
657M BB

657M BB

34



* Z ] 77
B - D™ 1v.: Yields Extrac
+ Simultaneous un-binned M.L. Fit B *'; t
R —— Signal (6%)
« 4 signal samples D°¢, D*°¢, D*¢, D*'¢ 54[]0: —— Normalization (85%)
I D¥¥lv (3%
« 4 DM’y Control samples gm:_ Cmnb_icim_ 6%)
« 2 dimensional distributions: '52200: B - D*tv,
o_ _ _ _ 2 100}
Miniss — (pe+e- ptag pD(*) pﬂ) -
0

p*, in the By, rest-frame

m2. (Gev?)

« PDFs from MC: approximated using = 200
KEYS function >

: : >150f
 Fitted Yields g f
e 4 D(*)TV + 4 D(*)f\) + 4 D**fv .::: 100:_

503—

%




|sospin Constrained

D*7p D**trv D*tv
Niig 639 £ 62 245 £ 27 888 £ 63
Significance (o) 11.3 11.6 16.4

Events/(0.25 GeV?)

Events/(0.25 GeV?)

M.Rotondo

Events/( 100 MeV)

Events/(100 MeV)

1001

50

10<m? <120GeV?
B - D*0tv,

30F
20F

10F

10<m2. <120 GeV*

B - D*™1v,

t

only

Statistical errors J

Events/( 100 MeV)

a I
WDty
WD*tv
mDly - Free
HmD*]v yields
BWD**]y
--Bkg.  Fixed
\ /
36



|sospin Constrained

0_ + .- -
D7rv D™rv Drv Statistical errors
Nsig 314 £ 60 177 £ 31 489 £ 63 only
Significance (o) 9.9
o 150F ]
R(D) 01200082 0469 £0.081 | 04400058 | § 7 10smi, <1206’
S |
~ < 100- 0+D+
% E [ b) 10<ml, <120GeV' | & | D™+D
E S 20 B - DOtv, | & g
5 5 100F
2 S

-
- -
- -
- |
T T T | I T T | PO T T | P el

4 N
N [ L -
> b DD | 3 WDtV |
O feed down E [ mD*Tv
wy -
d60p 5 mDly | Free
::E: ol A, HmD*]v yields
5 o
2 ;0 ED*ly
20¢ [ --Bkg. Fixed
S ) [ - /
0 0 5 %
miﬁss((}evz)
M.Rotondo B




Results and Systemati

Decay  Naig Noorm R(D™) BB —= DY) (%) Ler(0)

Dr7v, 48963 2981 £65 0.440 £ 0.058 £ 0.042 1.02 £ 0.13 £ 0.11 @
D*vr77, 888£63 11953 £122 0.332+0.024 £0.018 1.76 £ 0.13 £ 0.12 13.2

R(D)  R(D*) Peyyy
D** 1/1v 5.8 3.7 0.62
MC statistics 50 2.5 -0.48
Continuum and BB bkg 4.9 2.7 -0.30
€5/ €nom 26 1.6 0.22
Syst. Uncertainty 95 53 0.05
Stat. Uncertainty 13.1 7.1 -0.45
Total Uncertainty 16.2 9.0 -0.27

Uncertainties due to FFs, PID, tracks, photons and soft pion
reconstruction cancel in the ratio: contribution ~1%

M.Rotondo DES / 38



SM Predictions of R(D) and //

 The new measurements are fully compatible with

earlier results

sM Average

£ 1 Belle 2007

I 044+ 012
BaBar 2008 BaBar 2008
042+ 013 030+ 0.06
Belle 2009 Belle 2009
059+ 016 . 047+ 010
Belle 2010 Belle 2010
034+ 011 043+ 0.09
BaBar 2012 BaBar 2012
0.440 = 0.071 : = 0332+ 0.029

E: SCSCSI D o . AT B

0.2 04 0.6 0.8
R(D)

M.Rotondo

SM

Average

Average does not include this
measurement

535M BB
232M BB
657M BB
657M BB
(471M BB )

£



SM Predictions of R(D) and

 The new measurements are fully compatible with Average does not include this

earlier results measurement

sM Average SM Average

i | 044 012 —— 535M BB
BaBar 2008 BaBar 2008 ¥»)
042+ 013 030+ 0.06 T 232M BB
059016 . 047010 . 657M BB
Belle 2010 Belle 2010 —
034+ 011 0.43+ 0.09 * 6567TM BB
s | | - -~ (v )

02 04 06 o8

R(D)
« And above the SM prediction! g‘
R(D) R(D*) Y
BaBar 0.440 £ 0.071 0.332 £ 0.029

SM[* 0.293 £0.017 0.252 + 0.003
A 2.00 2.70

The combination of the two measurements (-0.27
Correlation) yields x2/NDF=14.6/2 —> Prob=6.9 x 104

(SM prediction is excluded at 3.40} 0.2 04 06 R(D)
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2HDM calculation

Differential decay rate in the SM

B — D* FFs B
_ U — \
dT(B — D*t7;) G:[Vaw|ple® [, m2)’ m\  3m?
- -—L) |(H H__|*+|Howl|) (1 + % H
dqg Qﬁﬂﬂmgﬁ q (| -I--|-| ‘|'| | + | [I[l| ) T qu 57 qu | Dt|/

A charged Higgs (Type Il 2HDM) of
spin 0 coupling with the T will affect H,

Density/(GeV?)
=
—_ o
LN I-J

o
=

2 2 -
F2HDM o frSM oy (g tan"5 ¢ 005l
mi, L LFEme/myp -

— forB - Dtv,

+ for B - DTV,

>
S 1o —— tB/m,; = 0.3 GeV!
S —— tB/my = 0.5 GeV'!
Z i —— tf/my; = 1.0 GeV™
Effects both the signal efficiency and the = I

signal yields (m?_...-p*, shapes): simulated :
reweighting the MC signal events 051
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Can we explain the excess

Z

Scan the full 2HDM | [] BABAR
parameter space | B 2HDM

R(D*) = tan 8/mpy = 0.75 £ 0.04

[ R(D) = tan 8/mpg = 0.44 & 0.02

0 02 04 06 08 _
tan8/my+ (GeV™')
 The combination of R(D) and R(D*) excludes the Type I

2HDM in the full tanf-m, parameter space (with m,>10 GeV)
with a probability >99.8%

« Low m range (m,<~300 GeV) already excluded by B - X_y data!

2

1



Some interesting following

« SM prediction is sensitive to the f, FF

— Becirevic, Kosnik, Tayduganov, (1206.4977) proposal, using
lattice data

- MILC collaboration: 1206.4992, first SM Iattice calculation
unquenched (difference with SM reduced to 3.2 o)

 2HDM type Il (alone) cannot accommodate the results on
B-tv.,andB - D™ tv,
 New models have been studied so far

— Crivellin et al 1206.2634: possibile explanation with Type Il
2HDM

- Fajfer et al. 1206.1872: 2HDM with leptoquarks
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Some interesting follo jing

7

« SM prediction is sensitive to the f, FF

— Becirevic, Kosnik, Tayduganov, (1206.4977) proposal, using
lattice data

- MILC collaboration: 1206.4992, first SM Iattice calculation
unquenched (difference with SM reduced to 3.2 o)

/- New Belle measurements with improved B, A
(NeuroBayes®) welcome!

» Confirmation? If yes, look for other observables:

» @2 distribution, 1 polarization using T - Tv_, D*

polarization from D* decay angular analysis => Rich
physics for future SuperB factories and... perhaps also

\ for LHCb now!!! /
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E arXiv:1207.0698 }
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Analysis of B - T V.

Theoretically very clean Vi

(;%ﬁﬂlfg 9 2 b \\\\ W~

B(B — lv) =

Allow |V | extraction from f; & BF

T
(1= 3 Vil B{ﬁ>----<

- |

4 Experimentally difficult:
- helicity suppression
- BF(1)~10* (and BF(u)~10-" out of reach of current Bfactories

/

Y - only the Branching Fraction is accessible)
_ N
Power probe of physics Baripm (B — 7-:) -
beyond the SM Gimpm?2 m?2
’ e (1) il
B
- - 2
B{b>_H___<’IJ x(l—mQBtamﬁ)
- 2
u Voo M Y,

B(tv)
In the SM

In the

Type-Il
2HDM
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Results: B - 1 V.

* Fit to residual energy in the EMC simultaneously in 4 T decay modes

\

E xtra — E = f = f
Ext Z v £1Im§_m} -[ N e §12n:_{c} T N u

unused -y S 1200 g f

Ly F ~ 100

}mn_— ;‘é :

> : 80 o

o o : o

= 300: (@) : w0
S 250- i

rﬁ % 02 04 06 08 % "0z 04 06 03

zm 200 E. .. [GeV] E. ., [GEV]

150F B .

2

100 AS ? 18t

= 102

>0
S B B R 02 0% 08 08 °b 02 04 08 08
00 0.2 0.4 0.6 0.8 Ecxwa [GEV] Eqara [GEV]

Eextra [GEV] B(BT = 17v) = (1.831“8:?13(9‘[.31..) +(.24(syst.)) x 107
Significance 3.80
M.Rotondo DESY
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. . , . Borpm(B — Tv) =
Comparison with 2HDM-1I L
Gympm; N g
g 1-—-| fa|Vuw|“7B
T mB
Uncertainty in SM prediction is dominated by |V | (1 : tangﬁ)Q
X —m
< ’ mh >
+ 3C
= “ ) BaBar|Vub| measurement (exclusive decays)
? Gj. BaBar|Vub| measurement (inclusive decays)
t-. —
T L
S
= |
=

SM
predictions/
R — . o 7
0 0.1 0.2 0.3
SM tan B;’mH_ (GeVY)
IV ipling = (4.33£0.28)+103
|VUb|exc| = (3.134_-0,30).10-3

fy = (189+4) MeV (HPQCD arXiv:1202.4914)
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Experimental Results on B -

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

(2012) hadronic-tag

]

BaBar (combined
with correlations

W

Belle [657M]
(2010) semilep-tag
Belle [772M1

(2012) hadronic-tag

[ Belle (combined)

with correlations

W.A.

private average (MN)

Nakao at ICHEP2012

M.Rotondo
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iy

SM (1.20+0.25)x10™

CKMfitter (0.7:3 007>

+0.12

»10*

1

2

BF(B—tv) (107

DESY

3

7

v

(1.70:0.80+0.20)x 10
PRD81,051101

(1.83 7 +0.24)x10™
arxiv:1207.0698

(1.79:0.48)x10™
arxiv:1207.0698

(1.54 :: :‘;'m 0*

PRD82,071101

(0.72 Eﬂ.ﬂlxlﬂ" New Hadronic
ICHEP 2012 B Tag

(0.96:0.26)x10™*
ICHEP 2012

(1.15£0.23)x*n*
ICHEP 2012

A=1.60
(before ICHEP was 2.7s)

o
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Exclusion region for 2HDM-II

Using both D - D* results: Type |l 2HDM excluded at 99.8% (3.1s)

50 Bt — 1ty

I Excl. at 20
M Excl. at 30
B Excl. at 50

I Excl. at 20
M Excl. at 30
1 | 1 1 | | | |

% 200 400 600 800 1000 B 200 400 600 800 1000
mH+ (GeV) My (Gev)
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Exclusion region for 2HDM-Il

Using both D - D* results: Type || 2HDM excluded at 99.8% (3.1s)

600

1.1fb' CMS F'rellmmary

v

2083

" t>H*b 5

Obscrvcd

------ Expected median -

[ t—H'b, H'—1v
- hadr. + ut + ey final states Tevatron cxclu-alon'
10l ]

- MSSM m™, = +200 GeV
L BR(H =1 v) 1
1 1 1 1 | 1 L1 I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 i
‘PDD 110 120 130 140 150 160
m,,- (GeV/c?)

M Excl. at 20
B Excl. at 30
B Excl. at 50

E 100

50 Bt — 1ty

I Excl. at 20
M Excl. at 30

800 1000
A BOS e -y (GeV)

-~ — — - Median expected exclusion

B - Obsaerved exclusion 95% CL

Observed +1c theory

=+ Observed -10 theory

- 2
- -
------

...........
- -
- -

100 120 130 140 150 160

My, [GeV] 51
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Summary

- New (legacy) BaBar results on |V |

 Puzzle about the Inclusive-Exclusive difference and
bad compatibility with indirect extractions

* Will stay with us for long
« B -~ D™ tv_: notin agreement with SM prediction

* Wait for a confirmation from Belle (LHCb 7?)
« B - tVv.:reached the B-factory limits

« Status is cloudy

» But will be explored with high precision at SupeB-
Factorys.
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V.| extraction at B-factor

Leptonic Decays

e, T B meson decay constant

.G 4
M(B — £7v) ZZT; - Vuy - B - L*qy

Clean, but helicity suppressed

Semileptonic Decays
& Wt Leptonic and hadronic currents factorize

- V_,V,V G
T NS M(B ol T) = —ik Vi - LPH,

! V2 #

B - mhadronic current




CKM Matrix measurements

« CKM cannot be predicted in the SM

 Most SM extensions contain new CP-violating phases and new quark-flavor
changing interactions

v

\bedy

M.Rotondo

b—)SV

/

DESY

\

ud Vus Vub K v 2
j J = fV K — Tfﬁ\) b — Uf\) [
B-decay K-> tv B - mifv q W‘ q ‘V ‘2
k m ~
/v/‘\\ km
Vcd Vcs Vcb
D_mftv Do Kfv b - clv
+doc+f D ¢ B - Dtv _
e s = Y The CKM matrix extracted
Vt 9 VtS th from tree-level processes
(Ba|Bq) (Bs|Bs) t - btv



CKM Matrix measurements

« CKM cannot be predicted in the SM

 Most SM extensions contain new CP-violating phases and new quark-flavor
changing interactions

Kbedy

s Va2
Vud Vus Vub
- v K- T1ttv || b - utv
@-decay K-> tv py \B - TV
4 N 4 N\
Vcd Vcs Vcb
D_mtv|'D o Kevi| b ctv
Kv+dac+§ D, - tv ¢3 - Df&
4 )
Ve Vie | Vi
(Ba|Ba) (Bs|Bs) |1t - btv

/

o

<1%

~2%

9-15%

Not competitive
with unitarity

From loop-induced
processes

/Semileptonic and Ieptonic\
decays play a crucial role

Two matrix elements from
B SL decays: 1 side and
Qhe normalization of the UT/

Also y=arg(V,,,) can be obtained by tree-level

processes

Only V,, Vs cannot be accessed by tree-level processes

M.Rotondo
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Event Reconstruction: Dete
B4 reconstructed in B~ D™X, B D"X, B J/PX (X=11K modes with ny<6) and
selected using

 beam energy substituted mass mgeps = \/ ;eam)z _ (P’fa,g)z
° 1 . * *
the energy difference AE = tag — Ebmm

 Signal side D®) in D° D*°, D*, D** and require an identified lepton
* No additional charged particles

- Kinematic selection: q* = (pg - pp+)* = g% > 4 GeV?

« Boosted Decision Tree (BDT)

- Reduce combinatorial and D** backgrounds

* Because the B - D**(f,1)v have large uncertainties

« We fit simultaneously also a sample of 4 DMty

- same selection as signal but added 1°: captures D** . D)0

* Three control samples to validate and correct the simulation:

e E.4.~0.5GeV, g?<4 GeV, m<5.26 GeV

extra

« + off-peak data to correct lepton spectrum of simulated continuum events
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Events/(50 MeV)

= & 8 B

Events/(50 MeV)

M.Rotondo

Events/(50 MeV)

m? ... > 1.5 GeV2
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% 800 — —— data (7071)
Continnum: s ¢ ] Eg;fffj;n
Using off-peak data g 00
Special runs taken below the z [
Y(4S) peak g e Off-peak data
= 200
BB background: of ——
Estimated in events with large 0 05 1 15 Ep* (GeV)
E extra 15 _ 1
\ 4 i R __| | =11 7
1 & sty e e :_*J.' -{—i % -
05L—= - - - -
All channels: MC/data = 1.013 = 0.005 _ All channels: MC/data = 1.013 = 0.005
& [——data (55337 > - —— data (55352)
> L 6000— D1y (632
G o 02 =" On-peak |H5S
— | D**v (891) © 000 I D==1v (891)
%mm s Bke (18553) et data s Bie (18644)
g |- Cont (35701) 3 AR P " j— Cont (35717)
2 500 [ 2000— T
- L -
0 - B
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— SM
— tanf/mg+ =0.3 GeV™1

— tanfB/mg+ = 0.5 GeV ™!
— tanf3/myg+ = 1.0 GeV ™"

dI'(DInu)/dq?
=
s

0.1f

1
g2 (GeV?)
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