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D/Framework the CKM matrix_¢y.

» B decays allow detailed studies of the CKM matrix

p
dr
L = _f_ (arert) YWerm | s I_T,-'F;I— L he V.d Vusl
\/_ IF.]'L v _
CKM ™~ Ved V..
\ v-l-d V+= )

» Connects the weak to the mass eigenstates
» 3 real parameters + 1 complex phase Only source
» [s this the complete description of the CP violation? | of CPV in Minimal
» s everything consistent with a single unitary matrix?| sm y

~
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!/CKM Picture: the Unitary Trlangl ‘

Unitary of V_ > V_ VI =15V V* +V V* +V V* =0

Angles can be measured with Unitarity: I+R +R =0

CP violation of B decays: A=V |

a: B - nn/pr/pp 1 [E ) p=(1-22/2)p

B: B — J¥ K_ R, =(1 2212 )n

Y. B — DK/Dn Ru B —

Sides from SemilLeptonic B (0,0 (1.0) P

decays, B mixing, rare B c{x a 7 iy

decays = 1 1 P +n c

Complementary constraints cc ““‘L"

from CP violation in K R, = ::Tm :t: 3 —»J(l—ﬁ)z PRI
‘cd VYeb

L
v=argVyp, d=T—7—p
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i]Vub/Vcb' measurements @ B-factories

» Precise determination of [V _/V_| necessary ingredient to further

constraint the unitary triangle £~ =" =~ " T 77 T R T -

P Left side of the triangle is: %8 ¢ - amy SF BN =

055 3 X Y_:

7 }_4. - ! cos2| E

V.V, 2 V.l | e E

T " F : 0.3 —]

V.V.l [V,|tan6, A

025 =

Left side: 1V, /V || T

» Measurement of |Vub/Vcb| %4 0z 0 'o.zli_') 04 08 08 1
Complementary to Sln ZB AIlglGSZ CP violation

» Current accuracy on |V _|is 9%, on |[V_|2%.

» sin 2f3 (all charmonium) = 0.680 + 0.025 ~ 3.7% accuracy (HFAG)

» Should we just focus on
» |V_| sector still puzzling for several aspects!
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D’ Semileptonic B Decays

» Semileptonic B — X _Lvdecays offer clear view of the b quark in the B

meson
» Decay rates I' =I'(B — XIv) « |V_|*
P Presence of a single hadronic current allows better control of

theoretical uncertainties
» Must understand them to extract |V |, [V_|

_ V ub 3‘ cb
Parton level ' Electroweak interaction —
couphng

nb?Vﬂb

u 5 C
structure

> Allows test of HQET predictions and OPE
P Test of non-perturbative QCD effects
» Spectroscopy of D** (orbitally excited D meson) states complementary to

hadronic decays
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i Inclusive Decays

P I'(b — c(u)lv) described by Heavy Quark Expansion in (1/m )" and (xsk
G

['B — Xo(u)f D) x TF;;”%H clu) h| 1 + Aew] ApertAnonpert

Perturbative corrections
(o dependent)
» Non perturbative parameters need to be measured

» The expansion depends on the m_ definition

» Use low-order moments of inclusive distributions over large ranges on
phase space to avoid problem with quark-hadron duality
» Moments can be calculated for various cuts on kinematical variables

Free quark decay

dl’ 1
TR cfu) N
b (EL d E| :m -y = m
Uiy J L~ (E)” dE A L) cfnu

(E]") = u’nq

» Calculations available in “kinetic” (Benson,Bigi,Gambino,Mannel,Uraltsev,
Nucl. Phys. B665:367) and “1S” (Bauer,Ligeti,Manohar, Trott,
Phys.Rev.D70:094017,2004) mass schemes

» > 60 measured moments available from DELPHI,CLEO,BaBar,BELLE, CDF
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‘./ Exclusive Decays

+ Matrix element for semileptonic
decays:

G
.-'"'lll/)E — —1
V2

# Hadronic current described by
Form-Factors (FF):

(P (p)[VH|P(p)) = f+(®)p+p ) + f-(*)p—p )"
+ Needs FF to describe hadronization process and relate the rate to |[V_|
and |V_|

¥+ Theoretically calculable at kinematical limits
+ Lattice QCD works if hadron/meson is at rest relative to B
» Empirical extrapolation is necessary to extract |Vcb|, |Vub|

+ Measure differential rates to constrain the FF shape, then use
normalization from theory

V. oL*H,
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New Physics

+ Same Feynman diagrams as the
light leptons, but the decays can
also be mediated by a charged
Higgs boson

+ Clean probe of New Physics
Effects:

+ NP contributes at tree level

¥ Spin zero Higgs does not couple

to all helicity states, affect D and

D* differently, T polarization

+ Use of T hadronic modes can

give interesting information on
charged Higgs couplings
(arXiv:0801.4938)

David Lopes Pegna
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PEP-Il Performance

PEPII
‘Fng (LE
n
[3.? Eiev]
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+Y(4S) run ended on
December 21

+Y(3S) run completed

+Y(2S) run ongoing
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Lpeak[cm's™]
J Ldt [fb]

PEP-II
1.2 x10*
> 530

As of 2008/03/06 00:00

BaBar

PEP Il Delivered Luminosity: 533.72/fb
BaBar Recorded Luminosity: 513.74/fb
BaBar Recorded Y(4s): 432.72/fb
BaBar Recorded Y(3s): 30.68/fb
BaBar Recorded Y(2s): 2.15/fb
Off Peak Luminosity: 48.20/fb

500

o~
o
o

Delivered Luminosity
Recorded Luminosity

Integrated Luminosity [fb™]

Recorded Luminosity Y(4s)
Recorded Luminosity Y(3s)
300 Recorded Luminosity Y(28)  cerrrremrerrrreersermeesenereeeceeeece e
Off Peak
D0 e e
— )
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The BaBar Detector

B> X_fv " Goode, u ID (p* > 1GeV)
S m's, K's, v's ® Good hadron ID (e.g. n/K separation)
* B Angular coverage = 91% of 4 in CMS

[ =e 1 (challenge for v reconstruction)

Cherenkov
-Detector |

Crystal-Calorimeter

* 5-layer SVT tracker l
« 40-layer Drift Chamber - —+ dE/dx
« DIRC (RICH) for particle 1D

* Csl(T!) crystal calorimeter (e*, y)
>

e (9 GeV)

* Instrumented Flux Return for muon ID

s

r ks
# .

\i“ "

»
*“‘..‘-7-'5

Silicon- Vertex- Detector

Muon System
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Tagging Techniques

Untagged

“ Initial 4-momentum known
* Missing 4-momentum = v
* Reconstruct B — Xiv

using mg (beam-constrainad)
and AE = E-E,_,

Pros
= High efficiency
Cons

“ v resolution problematic

* Rel. high backgrounds
(relatively low purity)

Semileptonic (SL) Tag
= One B reconstructed in
a selection of DMYv modes

© Two missing v in event
* Use Kinematic constraints

Pros

* Lower backgrounds
(higher purity)

Cons

= Relatively low efficiency

7

— =8

Full Recon Tag (Breco)

= One B reconstructed

completaly in knownb — c
mode.

= Many modeas usad.

David Lopes Pegna

Pros

* Very good v resolution
= Very low backgrounds

Cons
* Very low efficiency
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+ Inclusive reconstruction in tagged

events, subtract background with m_g

+ Require 1 lepton (e,u) with energy

>0.8 GeV/c in B rest frame
+ Remaining charged and neutral
particles form X system

+ Improve resolution with kinematic fit

+ Energy-momentum conservation
» E _,p . consistent with n

miss miss

+ No unfolding, but event-by-event
calibration

+ Dominant systematic uncertainty:
efficiency on inclusive event
reconstruction

+ Mixed moments

David Lopes Pegna
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OPE Fit: Kinetic Scheme

All Moments

Withoutb— sy = =— =—

27 input moments:

— B mass moments
(thiz analy=is)
— 13 E, moments

iPhys. Rav. DAD 111104 {2004))
— B E_ moments

(Phys. Rev. D 72, 052004 {2005),
Phys. Rev. Latt. 97 171803 (2008))

Further input: t_

8 fit parameters:
o wml' m, m,. EIEJ

— 4 HOE parameters

David Lopes Pegna

= 157 o 457
= i y . BaBag > o T BaBar
E _1 — - ‘ ._h" prelmmngey -'.__.E -I-.- - . ) eElmnary
—_ | 1 % —_ Y
g | ' i 3 " L
o[ : - 46 ‘
a5k 15}
PRI I T T T N A T O OO A A B O A PR | L 1
*ha 03 04 05 06 4T 22 13
u [GeV] V1= 10
L. o}

Vo] = 107 my [GVTET] me [GeV/eT] B[R] pf [GeVo] uf: [GeVT] ph [GeVY] pig [Gev-
Results 11.88 1.002 L0700 10,097 0.471 ().330 0,220 -1,159
i 0.44 0.03% 0.00% 0171 0034 0.042 0,021 .081
A thon 0.35 0.040 0.062 0.053 0.062 0.043 0.042 (0.030
Apa 0.59
Ao 081 0.054 0.083 0.17Y 0.070 (.060 0,047 (. 0895
|V 1.00 0,42 027 0.7 0.42 -0.28 .25 0.10
Mh L 0y Uy -U0.00 007 A8 0.4
T, Lo 013 U063 0,42 .01 -0.19
e} L. 0.9 0,10 U -0
T 1.00 0,40 .87 0.10
(i3 1.00 0.41 -0.05
ph .00 0.2
pis 1.00
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Global OPE Fits

» Extraction of [V_ | and OPE parameters

BaBar kinetic scheme: arXiv:0707.2670

Belle 1S scheme and kinetic scheme: ICHEP 06, updated
» Global Fit — use all available infos

» Kinetic scheme:

Buchmuller-Flacher (PRD73,073008(2006)) + update
» 1S scheme:

http://www .slac.stanford.edu/xorg/fag/semi/LP07/gbl_fits/1S/

Py %10
7 5 cly + b 59 T T T '
9 ;:clrx Y >-g
8 a2
42 I
m, (GeV)
41.5( b—clv b—sy
a1s ] Kinetic scheme 4.613+0.035
. F @ B Xy 18 scheme 4.701+0.030
Physlfcgg:fjg”gf S?scl}coesc?%es) 41~ B—X:.lv+B—>Xsy *‘
updote for LP 2007 | | R SR R S S T NS S SR R R
414-.5 4.55 4.6 4.65 4.7 4.5 4.65 4.7 4.75 4.8
m, (GeV) m{S (GeV)
David Lopes Pegna 15 6 March 2008

m, (GeV)

b—cly
4.677 +0.053
4.751 + 0.058


file:///data/babar/summary/RPM6March.sxi/%20%20http://www.slac.stanford.edu/xorg/fag/semi/LP07/gbl_fits/1S/

'?Status of Exclusive B - X lv &

+ Despite large BF, 20% of B — X [v affected by large uncertainties

Decay Mode Branching Fraction Decay Mode Branching Fraction
B" — & + anything 1033 £ 028 % | | B- — ¢ &% + anything 10.99 £ 0.28 %
BY — DV { b, 2.08 £ 0.18 % B~ — D% iy 2.15 £ 0.22
BY — D*tip, 5.20 + 0.19 % B~ — D' i, 8.5 + 0.5 %
B" — Dy (2420)" £ 1, 77 B~ — Dy(2420)% 1, 0.56 £+ 0.16 %
B" — Da(2460)" £ i 77 B~ — Do(2460)" ¢ 1, <0.8 % 90CL
BY — DUt i 0.32 £ 0.10 % B- — Dta— i iy 0.52 £ 0.10 %
BY — D gti— i, 0.65 £ 0.15 % B~ — D" x ¥ p, 0.63 £ 0.15 %
B — D™axi B 77 B~ — D" nrf i 4
+ Actual measurements somewhat puzzling! PDGO7

Puzzle I: Inclusive — Exclusive disagreement

BF(B— X/Iv) # BF(DIv)+BF(D*lv)+BF(D**v)
5(10)% of B— XIv missing for B(B°)

Puzzle 2: B — D*|v Branching Fractions
BF(B— D°lv)/BF(B°— D"1v)=1.23+0.10 # 1.071 (isospin constrain)

David Lopes Pegna 16 6 March 2008
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'fStatus of Exclusive B - X lv \¢y

S 2

]
Hsm e

Puzzle 3: Role of B — D**[v Decays

+ If B - D/D*/D*™"lv saturates B — X [v rate, we should have:

BF(B— D'1v)__= BF(B'— X1v) - BF(B'— DIv) - BF(B— D"lv)= (2.26+0.58)%
BF(B°— D"1v)__=BF(B°~ X 1v) - BF(B°~ D'lv) - BF(B°~ D"Iv)= (2.80+0.31)%

+ Recent results give:
BF(B— D7nlv) = (1.81 + 0.28)% | ek

BF(B°— D"'nlv) = (1.47 + 0.26)%
- * — '{FHF =

BF(B —> D( )TCZV) - (1 52 + 016)% iAI"XiV=O712.3503,

BF(B° » D™*'rlv) = (1.37 £ 0.20)% submitted to PRL

BF(B' — D¥/nlv) = (1.56 + 0.21)% 605 b
BF(B® - Dnlv) = (1.47 +0.36)% | ArXivi0711.3252

Liventsev et al, PRD 72 (2002) 051109
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iDecay Distribution for B°» D*1".&..

B} !
T

Form Factor ~ Phase space

# Differential decay rate : _ /
dl'(BY — D™~ ¢Ty,) SI\A15 }
— 183 F{WJEE!EV:;{ G(w}
w

dw dC'DSEf dCﬂEEV d]{ B

w=vg- U= =

2372
A, (W), A, (W), V(W) MBS}

+ Perfect HQ symmetry predicts unique universal
FF, normalized to 1.0 at zero-recoil. QCD (and
QED) corrections neeed!

¥ Introduce 3 parameters:

+» amplitude ratios: R (w)=V/A,

+» F(w,6,6,,%) incorporates 3 non-trivial form factors, Mg + Mpy» — ¢°

R (W)=V/A,
» curvature  p*=dF/dw| _ |
+ w dependence can be constrained, e.g. _JuFI-v2
hay(w) = ha (1) [1 — 8p%z + (53p° — 15)2° — (231p° — 91)2° Vw142

Caprini, Lellouch, Neubert
NPB530 (1998) 153

David Lopes Pegna 18 6 March 2008

+ Goal is to measure R (w=1), R (w=1),p



?B — D*lv: Fit to Diff. 4-dim Cross-section ,‘ .

+ Two BaBar parallel analysis combined: ArXiv:0705.4008
» Max likelihood fit to 4-dim decay rate to get p?, R.(1), R (1 PRD 74

092004(2006)
» x* fit to 4 projections to get BF and F(w) |[V_]
Lo I I;] I ] Lo o |-:| B | i =
0 +j.-|-+ 20 _L_‘_'.l‘l: [ . ‘_j.__‘-l & _._1_
= 1 * ‘I* oy 10000 ] =T “a =0 ’
-Eﬂ.h.J._p:.. N |]. am ;I.I'_I.H.I T -l-—-l-—;._._ﬁ ]
- = E i 2 seoo
3 aooe {2 BIK I;i:. o I.HI
<K I ] k]
DO poL R 1]
:‘E . ﬁ
. L] F'4 LR LR R T] 1.0 I:I:I 1L
l:'1.-'_| 1.1 i w 1.5 1.4 15 I:ll 0 0.5 I:licﬂl;f 0.5 1 el -JI__LH"? II:I'JE;-IEH:IE-:I m
] Dy, B Uncorrelated D° F
B DXy, M Correlated 0§

% Combined BABAR Results

Bl Fake Lepton [ Cortinuwm Bl Combinatonc

_:,r“}”_-:ﬂ = (444 =03 =1.1) % 10—3

3 o AL - Syst. Uncertainties dominated by
p- = L191 = 0.048 = U.UZs detector efficiencies, Bg, R, R
Ri(1) = 1429+ 0.061 = 0.044 | T R(w) and
Y s e e . ‘ Results consistent with R,(w) an \
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?Summary: Incl vs Excl |V

cbI

I_"T|H
—
i
~
*
~ 40 " braL
_ p dexcl.)
T .
DELPHI
(part. reco)
AVERAGE
) HFAG
E L =2 E?ﬂ'{? Yidet = 3T BT
3{:' 1 I 1 - [ - 1 I
0 0.5 | 1.5 2

New BaBar, EPS2007: B*-»D*"¢'v  p”
F(1)|Vepl=(35.940.651a1t1.45y59)x10°
F‘ATE =1.1 Eiﬂﬂﬁsmtiﬂuﬂwst

David Lopes Pegna

HFAG average:
F(1)|V_,|=(35.89+0.56)x10°

F’A -1-2 =1 .23:t0-05

F(1)=0.92410.023 (J.Laiho, LATO07)

|V op|=(38.84£0.61,,,%0.96,,,,)Xx10°
1.6% 2.5%

Buchmuller, Fleacher, update for LPO7:
|V p|=(41.91£0.1 QexpiD.EBHQEiD.EQFSL}H 0*®

A=Incl-Excl=3.07+1.32 (2.3¢ difference)
(exp. and theo. errors assumed uncorrelated)

Loose internal consistency: y°/ndof=37.8/17
Cons. not expected to improve in the future
Scale exp.error according to PDG recipe?

20 6 March 2008



? Summary: Incl vs Excl |V _|
"= | sr-1 | cLEO, ALEPH d HIFAG average:
= Ax’s , removed, _ 3
= Ag?>10 F(1)|V pl=(35.28+0.61)x10
}E par- =1.20+0.05
X F(1)=0.92410.023 (J.Laiho, LATO7)
— 40
E DELTHY 2 OPAL [Vep|=(38.1840.66,,,+0.95,,,)x1 0°
RELPELS
OPAL e Buchmuller, Fleacher, update for LPO7:
AVERAGE
35 Vpl=(41.91£0.19_ +0.28,,,+0.59 ¢ )x10?
SELLE pumpym | A-Incl-Excl=3.73+1.35 (2.8c difference)
— (exp. and theo. errors assumed uncorrelated)
l f C1L=35°;’3\| Jr_.-:L.:-E:u.IL.'J-:l
30— <~
0 0.5 1 1.5 2

T

New BaBar EPS2007: B*=D*"¢'v p~
F(1)[Vcb|=(35.9+0.6gtatt1.4gyst)x10™
Pas =1.1 5+0.065t5110.08gyst
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+ Reconstruct B —»

D/D*/D™rlv in events

tagged by a fully
reconstructed B in a
hadronic decay mode

¥ Identify semileptonic <1 =5 —on

B decays through the
missing mass squared
in the event
+Dominant systematic
due to tag, D* BF and
detector
B(B~ — D%y
B(B~ — D*% 1,
B(B® — DY,
B(B" — D*+{~p,

David Lopes Pegna

ArXiv: 0712 3503 [hep-ex] submitted to PRL

=400

ik
ﬁ}HED

1300 CJB — DIy
= B background B background
5;25':' dfake lepton dfake lepton
w200

£ 0 *0

B150 V vV

1 1 1 L
-0.5 0 0.5 1 1
ms,.. [E-e‘u"”;'c:"'f

LAE0

BB — D*hv
Cle — oW
B background
dfake lepton

D*lv

CJe — D™
B background
dfake lepton

My [GeVEC?]

‘} 33 :I: 0 in.-:f-f” :I: 0 DQQ;[‘,IQT ]D»‘"E:

» Isospin respected
83 +0. 1_'):;1-,;” + 0. ._))qu-.;;

+ Best precise single

5. )
221+ 00 0sar. 012055 )%|  measurement (tagged
5.49 £+ 0.16440s. +0.255,5 )% sample!)
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&a . .
iB — D* a1y Branching Fractions

ArXiv:0712.3503 [hep-ex] submitted to PRL

A

—q,!ﬂ‘u CVMIRE

_

&
=]

B — Diw
ElE — Dl

) rackground
[Cfake lepton

ih
=]

+ Clean samples of

B —» D™rlv events,
accurate
measurement of 10
branching fractions
+ Next step: study of

B —» D**[v SL decays

Events/{0.04 GeV’ic")
L I
= [=]

[ %]
=]

=)

&0

bkg E! — O *he
background
fake lepton

Evemsf[u 04 Geu".fn’:

mg,i [-IE“-e‘v.u"“J'I::"']1 m%,,ﬁ,; [I13|.=.".I'=J'I::"]1
B(B~ — DYl i) (152 £ 0.1245¢. £ 0.10,,5, )% |# Incl — X Excl(D/D*/D™*'nlv) =
B(BY — DWnlp) = (137 +017g0 +0.104)% | (1.2 £0.4)%!!
+ What is missing?
Combining with PR D76 051101 (2007), likely candidate is B— D™*nnlv

David Lopes Pegna 23 6 March 2008
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Spectroscopy of excited D mesons -

LEVE v R

+ Use D** as nickname for states D" (nzx) with n>0 including:
» Narrow resonances D, D *

+» Broad resonances DO*, D 1'

» Non-resonant? 28 .
+ Need help from hadronic B — D**rt to ' :

characterize D** broad states i
Abazov et al, PRL 95 Abe et al, PRD 69 24
(2005) 171803 . 140,

GeV

GeV/c?
[

o 1401 . K i
3120:_ DO Rur11ll B> Dmruv X Ellﬂ - 22 r
- E 460 pb ¢ Data, D+ ; 100 _
9100 . a [
S T | |Data, D'x z [ 2
g 80~ — Fit function g 80¢
s F vy 3 i
£ 6 03(2420) 60 : . | | | | I
- weeee D,(2460) 40 | '
40 5 Charm States
20 20 4
8 o

2272324 25 26, 27 2 3 3,
M(D ) (GeVic?) I
Mp, . (GeV/c)

¢ Large uncertainties in B — D**[v Branching Fractions

David Lopes Pegna 24 6 March 2008



?B — D**lv Branching Fractions,

Experiment | B(B~ — DI ;) [%] B[B — D00 ) [%] BF(B'_) D l'\)): (045i 004)%
CLEO 0.56 £ 0.16 0.8 @0 (.1, 1
Experiment | B(B — D" X) [%] E[H DY X) %] BF(BO_) D l*\;): (0361 006)%
ALEPH 0.7 £0.05 19 @90 C.L
OPAL 1.00 £ 0.33 lTﬂ 90 C.L. BF(B'— D,l'v)=(0.35+ 0.06)%
DO 0.33 + 0.06 0.44 + 0.16 Eip
| BF(B°-> D, I'v)= (0.27+ 0.06)% i

DELPHI: B(B — Djfr) = (1.25 £0.37)%

B(B — Dgfv) = (0.42 + 0.40)% BaBar Preliminary, shown @DPF 2006

Experiment: Rate for broad large!
Theory: I" (narrow) >> I'(broad) !!!

ﬂw the hE!E'-.-"!,." quarlu: I|m|t imb_ and m, only two independent form factc \
ilised Isgur-Wise fun ctions) T > aNd T 5, TOT
(B =D 1v ;D I T o0 (W)= = (Pg".P =" .
[(B—=D*" v D*Il» .
\E_: ||._I-.- I 2 =4 E_t -|-.||.-I /
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[

ore to the puzzie from Belle &

w

Bimode)= BB — D" v) <« B{D*™ — .D[“].'T'F;I
D invariant mass study
Mode Yield B, % Signif.

Evenis S0 Mavic’
[ ] da [&1]

=] =] =] [

BT — Dy 102 +19 | 0.24 + 0.04 + 0.06 54
Bt — D%ty || 94+£13 | 0.22+£0.03 £0.04 8.0
BY — D ¢itw || 61+22 | 020+ 007005 | 286
BY D¢~ itw || 68413 | 0.224+004+004 | 55

L
[
g
.

D¥m invariant mass study 25
Mode [ Yield ] B, % [ Signif. E
Bt — Dty | 5+11 | <007 @90%C.L 40
Bt — Dittw 81 +13 | 0.424+0.07+0.07 6.7
BY — D%ty || 35+£11 | 0.18 +£0.06 +0.03 3.2

B D ¢tv || 448 | <o5@90%CL. 2 ﬁ”f
B — D7 f"'u 20+7 | 0.54+0104+000 | 29 B
B° — Dn Y 1+6 < 0.3 @ 90% C.L. -

2 22 2.4 2.8 2.8 3 3.2 3.4

[T e ol

+ Hadronic tag analysis from Belle, 605 fb™', arXiv:0712.3252
+» Confirm signals for narrow D1 and D2, sees only broad DO*, no D1'

+ Against theoretical predictions and previous results (DELPHI)
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iB — D**ly Branching Fractions.\
Just shown @ Moriond 08

% &0 preliminary

#» Simultaneous
unbinned ML fit to 3,,
four channels, » D*mlv
Including cross-
feed

+ Background

M(D*)-M(D*") (GeVic?)

constrained from
fit to m_

distributions
+ See large broad
components

| 13 ‘u._"..!: . LE 1?.....:.‘!: wer LB
M(D*’r’)- M(D*°) (GeVic?) M(D°7c”) M(D°) (GeVic)

I:I.A! ﬂ_B 0.
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B — D**lv Branching Fractions .

[

Decay Maode

B(B— D" i) % B (D" — D™ %BELLE)

BABAR Branching Fraction

D invariant mass fit

ED — DE—FE_I}'{I

< 0.3 @ 90CL

B — Dj H— 0.24 + 0.04 + 0.06 (.28 £ 0.05 + 0.04
B~ — D_2 £~ p 0.22 4+ 0.03 £ 0.04 (.16 +0.03 £0.01
BY — .D'D+i g 0.20 £ 0,07 £ 0.05 047 £ 0,09 £ 0.07
B — DytEi, 0.22 4+ 0.04 + 0.04 (.08 =+ 0.04 + 0.02
D invariant mass fit
B~ — DV < 0.07 @ 90CL 0.27 £0.05 £0.05
B — .D'i'{_r?g 042 £ 0,07 £0.07 (0,29 £ 0,03 £ 0.03
B~ — Dg':'ii‘m_- 0. 1% 4= 0,06 4+ 0.03 07 += 0,01 4+ 0001
BY — DTy < 0.5 @ 90CL 0.37 +0.07 £ 0.05
BY — Dfi 0.54 +0.19 +0.00 0.25 £0.05 £+ 0.03
0

0.04 £0.02 = 0.01

» First simultaneous observation of the four D** predicted by HQET
» Result for the DO* broad state consistent between BaBar and BELLE

» BaBar observes the D ', not present in the BELLE data
» Large rate for the broad states, 1/2 vs 3/2 puzzle lingers

David Lopes Pegna 28
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?Exclus:ve B —» X lv:Summary @

+ My personal averages

Decay Mode Branching Fraction Decay Mode Branching Fraction

B" — F vy + anything 10.33 + 0.28 % B~ — { i + anvthing 10.99 + 0.28 %
BY . DV g, 2.15 + 0.12 % [ BT — D% 228 = (.11 %

BY — D*t+i i, 5.20 + 0.14 % B~ — D'y 5.80 + 0.24 %
B — D (2420}t F i, ~ (.38 + 0.05 % B~ — Dy(2420)% i, ~0.45 + 0.04 %
BY — D, (2460)7 i 5, ~ (.26 + 0.04 % B~ — Da(2460)%¢ &, ~().35 + 0.04 %
B — D, ~(.44 + 0.09 % B~ — DM o, ~(.47 + 0.09 %
B — DT E B, ~(.48 £+ 0.09 % B™ — DM i, ~0.52 + 0.09 %
B » DYyt o, 0.38 £ 0.07T % B~ — DYw i iy 0.45 + 0.06 %
B — D"t é p, 0.53 + 0.08 ¥ B~ — D" g iy 0.60 + 0.08 %
BY — DB pai—p, ~ 1.2 + 0.4 % B~ — D™nri o, ~ 1.2 + 0.4 %

¥ Several improvements, in particular due to new BaBar measurements:
ArXiv:0712.3503 (B — D/D*/D*rlv)
PR D76 051101 (2007) (B — D/D*/D**[v)

ArXiv:0707.2655 (B — D*°lv)
and many more still to come.. and 1 puzzle (almost) resolved!

BF(B— D°lv)/BF(B°— D"Iv)=1.11+0.05!! (isospin constrain = 1.071)
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i"/‘ Observation of B - D7y

» Very challenging: © — ev v, [232m BB ] N
ToUv V. produce tow 201~
additional neutrinos
+ Select hadronic B events. - Bar™
identify D™ plus lepton in T o A—
the recoll o (b) DY
» Maximum likelinood fit with: S
+ Missing mass Squared and i o
lepton energy : e
+ 8 channels: 4 signal i | S
(D°tv,D*tv,D*tv,D*"1V), m e B s
simultaneous fit to D BT
D**(D™®)r°)lv to constrain WD UL 1 o o -
D** feeddown m O L]
Bl Comb. s ?”ﬁiﬁﬁtﬂg‘-’ﬁrz?"" )
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B(B® — D**77p,.) = (2.02503 + 0.37)%

B~ — D% p. 0.67 =+ 0.37 £ 0.11 & 0.07
B~ — DY 2254 0.48 + 0.22 £+ 0.17
B — D*rw, 1.04 £ 0.36 + 0.15 £+ 0.10
B — D'r v, 111+ 0.51 4+ 0.04 + 0.04
B  — Dr-v,  0.86 £ 0.24 &= 0.11 = 0.06 Belle 535M BB, PRL 99 191807 (2007)
B = D'r o 1624031+ 0.10 %+ 0.05 BaBar 232M BB, PRL 100 021801 (2008)
1 | _ Shown for type-II 2HDM |
Dtv % BABAR D'tv BABAR
0.8 | tan =51 1 tan@=50 1 0.8
aF % this measurement |z
SIS this measurement 1% & §
4T i (assuming 100% long. pol) {,. TIE
== ' : : o T
= =8
=
Q

50

David Lopes Pegna

150

300 a0 100 200 250 300
My (GeV)
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i‘f Inclusive Measurement of B —)X Iv

+»B—o XClv background is about 50 B XJv background |
times larger than B — X v ] s\ Al

+ Major experimental challenge is to g ol !f 11 —_
separate B — X [v from signal gsoaf 7D ]

+ Achieved in regions of phase space ki 02| 7 ":/'E/ D**
where B — X v background is 0.0 ..-_-_f . A X
suppressed partlal decay rate " Eiectron Momentum @eVie)

%= lepton-neutrino

E, = lepton energy mass squared M, = hadronic mass P*= E;.;-lﬁ;l

b—c
b—u
= -
b—u | ' l -‘_
1 5 - l_q - .;;-‘I [h I— ...... : l.. .
E, EE (GxeV) {l'.re\"l o, iGeV) P "_- {_-“

| Restriction of phase space is a challenge to theory! |
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¢ Inclusive Measurement of B -X lv Faf

¥+ OPE predicts total rate

‘F(B — Xuf: 1’!) R |Vz.!b| 1+ AEF JAF-E!HAE?EJI—FEIT‘

+ Restrict kinematic to suppress background from : OPE convergence
compromised! B

» Detailed information on b-quark bound in B meson | shape (K*)
is needed: light cone distribution (shape function) FanCER
Four QCD calculations: - -y

= BLNP(2005): Bosch, Lange, Neubert, Paz: 3-scale OPE based on HQET,SCET
GGOU(2007): Gambino, Giordano, Ossalo, Uraltsev: OPE in Kinetic mass scheme
BLL(2001): Bauer, Ligeti, Luke, Reduce SF dependence by restricting mx-q2
LNP(2005): Lange, Neubert, Paz, relate b+ uév to b —s v, same leading SF

Two Parton Models:
=  GDE(2006): Anderson, Gardi; Dressed gluon exponentiation
=  AC(2006):  Aglietti, Ferrara, Riccardi: Analytic coupling
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e, -
ilnclus:ve Measurement of |V _|

+ Analysis with events tagged by a fully reconstructed hadronic B decay
» Extract kinematical distributions by m__ fits

+ Measure ABF, normalize to inclusive B — Xlv sample; Major

systematic from detector, m__ fits, MC stat. ArXiv: 0708.3702 [hep-ex]
383M BB ES Submitted to PRL
Esm _E gzm M, < 176GV g2 [Hps
é 200f g é é e Measured
“ ook E b 100 Distributions,
g ] not efficiency
- : >0 corrected
L T T
S - B

s 10 15 20 _ 2
q? (GeVie

5
M, (GeV/ch

Vs (10—2 One data set and 3 Calculations
Vel € AN give 7 values for |V ;]!

427 0. 16 0,13 .50
BU3£60 4 56+0.17+0.14 jZD-SE All errors correlated!
S 88 L 0.10 L 0.16 £ 0.25 Stat: 3.8%
3.99 4 0.20 = 0.16 § 0.24 Syst: 3.0%
T T Theory: 7 % (shape function
errors dominate, m,)

633 =63

2 4.53 = 0.22 1+ 0.19
4.51 = 0.23 =020
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e

iCurrent Inclusive |V

| Results

r

BLNP - HFAG
mp,=4.63+0.06 GeV,
1,>=0.18x20.06 GeV?

Vip|= (4.31£0.17,,,+0.35,,) x 10-3

+ Several different theoretical

approaches, different |V | values for

each analysis
.

» Ongoing discussion on use of B —»X_y

moments
» Subleading SF in B—X_y introduce

theoretical uncertainties not under
control?

David Lopes Pegna 35

SFw/oB — Xs vy

my=4.71+£0.05 GeV,
1-2=0.22+£0.04 GeV-

| Vyb|= (3.980.15,,,£0.30y,) x 10-3

CLEO (E,) BLNP
iS22t 041 033 .
BELLE sim. ana. [my, g7
JET L 042 2031 o
BELLE (E,|
435 £ 04D £0.33 o
BABAR (E.)
i R = ! !
BABAR (E.. 5™
1044+ 077 4030 et
BELLE (my)
b6 £ 024 £0.27
BABAR (m, |
O.LE +0.31 [REN—-—
Average +5- exp +~ (mb,theory)
i858 £ 0.1 £ 0.30
podof = 6306 [CL = 39 &)
CPFE-HOET-SCET (BLINEY
PhysRev DT207A006 1005 m
mwy, inpot fiam b= o | ¥ mements ;
1 bT I 1 | I 1 i
2 4 3 6
IV I [x 107]
6 March 2008
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i‘ﬁExclus:ve Decays: B —»n/p/1/1n'1v&

Lrl.‘-l‘
LB S MIRE

Decay Rate —
. - ) da Glg™) f2(g) 1 FF for small m,

d’T ' ) :
- : q@ Glg ) F (g~ . y.cos@,. cos&y)
dg-dydcos&, dcosd,

» Absolute decay rates are proportional to |V |* F*(q*):
» Determination of |V | requires knowledge of FF shape and

normalization
» As measurements improved QCD calculation available
Small BF, i.e. Very large background — Strong reliance on MC

+ B — D/D*/D**lv and combinatorics — reduced by BB tag
+ Continuum — signal events are more jet-like — reduced by BB tag

+ Combinatorics from B — Xulv

Missing neutrino- reliance on full event reco — much improved by BB tag
Untagged: yield 22000/10° BB SL tag: yield 600/10° BB  Hadr tag: yield 100/10° BB
S/B 1/3-1/10 S/B 3/1 S/B 10/1

David Lopes Pegna 36 6 March 2008

+ Vector:

3 FF for small m,




xclusive Charmless Decays: B°— )N

PRL 98 091801(2007)
+ Extract yields for signal and background from 2-dim. binned max-LH

fit to AE, mES in 12 q2 bins No Tags
o S|gna| and bkg Shapes from MC - Very High yield 22,000/10° BB Events
- Low S/B 1:10 to 1:3

230M BB Events
0 < ¢’ <16 GeV? 16 < ¢? < 26.4 GeV-

E?m [ B®—niv signal

Eﬁm T other B8 bk 5072 signal events

) Il continuum bkg \/ 2 — |2
- in = 3 -

2 ES * Pp

® AE=E,—/s/2

L

g =(ps—p.) =(p,+p,)

5“.15 521 523 525 527 529 519 5.21 5.23 5.25 527 529

Mg (GeV) ms (GeV)
BF(B® —> 1~ (*v) = (1.46+0.07,,, +0.08__,)x10™

4. 6% 5.5%
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i‘ﬁ Diff. Decay Rate for B —nalv

PRL 98 091801(2007)

+ Light-Cone Sum Rules g°<14 GeV? dI'(B° —’;*’f”-’“’) _ G @ e q:_}rl
+ Ball-Zwicky (hep-ph/0406232) dq 247

10-13% uncertainty at q°=0 L o1af ‘ T,
# Lattice QCD q>15GeV* 8 L.
» Unqguenched calculations by 8 | _l_
HPQCD (hep-lat/0408019) £ " T
FNAL (help-ph/0409116) A S
+ Quenched calculations by | cen
APE (NP B619, 565) T
» ISGW2 (PR D52, 2783) 004 e FNAL T D
» Quark model e pp— mooaa T
+ No uncertainty quoted D;...'...“"”.*T.‘“‘.l......... |

Unfolded o’ (GeV®/c")
ISGW2 disfavored:. P(y2) <0.1%
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i‘/‘ Extraction of |V

| from B -7\

» Extraction of [V _ | relies on FF normalization, available in distinct q°

ranges:

+ LCSR: g°<16 GeV?, LQCD: g*>16 GeV?, Hill/Becher z expansion
+ either restricted or whole g° range

e

Fl-].l}-' =

':J'_u.a_':'_

G2

D473

* A

|+ (g*) P p3de®

BK Fit: eAll g2 e Limited g2 e BGL Fit:
APE oL i
. i —
FNAL/MILC , 1 —

HPQCD
2.0

°
- i : o
Ball-Zwicky | .l , =
1 I i
2.5 3.0 3.5 449
. 3
[Vupl [10 7]
David Lopes Pegna

4.5

39

5.0

BK Parameterization:

FNAL/MILC: g2>16 GeV?

V., |=(3.55£0.22

~=<exp_p 40L0CD

+{61

::|:~-~a:].ﬂ_3

FNAL/MILC: Extrapolated to all g~

|V, |=(3.84+0.12

TENP_0S1LOCD

+0.00

)%107

+3.2%
BGL Parameterization:

FNAL/MILC:

+13-24%

BALL arXiv:0705:2290

|V =(3.7£0.12_ £04,. %10

6 March 2008



? |V | :CKM Consistency

~a 05—
>= 0.45
» Most probable value of [V | ‘& ~
u 0.4 ....._.-.....+
from measurements of other
CKM SM parameters and 05 |
exclusive states favours a 030
value ~ 3.5*10° 0.25 |
+ Steady work in the inclusive 0oR ... .
decays .to improve [V _| 015
calculations

+ “Tension” with exclusive
decays: is it really there? i

[ ] 1 1 L | 1 1 —
+ Still a lot of work to be done! 0b03 00035 0004 0.0045 0.005°

Vuh
Other |V | values not included here
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Da -
i Conclusions

/Inclusive Decays: I
| Vipl =(4.31£0.17,,£0.35;,) 103 | Vep| =(41.920.2, +0.2,e+ 0.64py) 103
Exclusive Decays:
| Vil =(3.8£0.1,,,+ 0.9,,) 103 | Vool =(37.840.7,,+0.8y;,,) 10-3
GLOBAL FIT of CKM Parameters — CKM Fitter
\|Vub| Preg = (3.57+£0.17) 103 | Vol preg= (41.43 £ 0.87) 103 /

» Our knowledge of b — c(u)lv transitions is drastically improved in the
last 5 years

» BaBar has released (and continues to) an impressive amount of
results on b — c(u)lv decays

» Most precise determination of B°> Dlv FF and B—~ D/D*/D*vrlv BF
» Evidence/observation for B— D"tv
» New inclusive |V _| result

p Discrepancy between inclusive and exclusive |Vcb| determinations may

hide underestimated problems

» Assuming that the inclusive approach is well understood, focus is on
the exclusive decays: D** spectroscopy interesting for several reasons
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Backup Slides



latest measurements
O Belle E, — 152M BB, PRD75, 032001 (2007)

O Belle my — 152M BB, PRD75,032005 (2007)
O BaBar mx — 232M BB, arXiv:0707.2670 (2007)

() DELPHI E; and mx — 3.3M Z, EPJC45,35 (2006)
older measurements
() BaBar E, — 52M BB, PRD49,111104(R) (2004)

) (BaBar my — 89M BB, PRD&9,111103(R) (2004))
() CLEO my —9.4 fb™!, PRD70,032002 (2004)
() CDF mx — 180 pb ™, PRD71,051103(R) (2005)
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Different Schemes (1)

Gambino-Uraltsev, EPJC34,181(2004)
Kineftic scheme Benson-BigkUraltsew, NPBE7 10,37 1(2005)

® HQ expansion to 1/m;, with m(u) and m:(u) at y =1 GeV
HQ parameters: uZz and uZ at 1/m;. pj; and pg, at 1/m;

'lf_:,:rH‘
Ieer = Hff | (1 + Av?c'jﬂ;wrr{f} Li)

—_— - i ') —_—

L5

£ 7 - g = |
=201 — rpt— ——t— + (s 1”—I+a::}|:1 md)| .

2 — it 4+ =2
|" T |" 5 g

'.:'I|I||—

o )
and similar analytical expansions for all other moments.

® External constraints (Gaussian term in y2)
uZ =035+ 0.07 GeV?, pj. = —0.15+ 0.10 GeV’

® Theoretical errors and correlations
® non-H& errors and D(ljmﬁ] errors: 1.4% overall

® HSQ correlation matrix from "uncorrelated” errors:
20% for uz, uz. 30% for pg,. p7 .. £20 MeV for miyp, m.

® 100% correlation between different E_.:
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w Different Schemes (Il)

BauerLigeti-Luke-Manohar PRD&67,054012¢2003)
1S scheme Bauer-LigetiLuke-ManoharTrott PRD70,09401 7(2004)

® HQ expansions to 1/m; with A = mvas)/2 —m}?
HQ parameters: A, Az at O(1/m2), T1. T2, T3, T4, P1. P2 At O(1/m3)

@ B*—B, D*-D, B—-D mass differences eliminate my, — mi., Az, p2
(A2 = 0.1227 — 0.01451 1. p> = 0.1361 + T2)

® Linearized expressions for moments (X) = M¢!, M or M}, with
17 coefficients X

(Xy = XM 4 XA + XOCIA2 XA + XOA, + XE AL + XA, + XB AL + Xy

+ X0 0y + XMy 4 X2, + X0, ¢ Xy X0 ¢ X2+ X7 e A
® Constraints / Theory errors

® O(1/m;) parameters not to exceed 0.5 GeV

® Extra (Af,(mg/2)" @ B;/2) term added to o7
No error like 1.49% in kinetic fit?
® Same correlation mairix as experiments
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? Inclusive V

Global fit (1S scheme)

£
.. . . 2
@ Similar set of inputs, except BaBar's -~
new results

with/without B — Xy
Vel = (41.78 + 0.30 + 0.08) x 1073
(41.56 + 0.39 + 0.08) x 10~
ml% = 4.701 + 0.030 GeV
4.751 + 0.058 GeaV
Ay = —0.313 + 0.025 GeV-
—0.274 + 0.047 GeV*

V.,

i B—s X 1V -
41 Bl B— = v +B — X, —
M P

AP B N
+.65 3.7 375 3.E
mi® (GeV)
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The Hadronic Tag

» Reconstruct a D meson in hadrons

» Reconstruct B — D”namKpK qr" .
through an iterative method , no \ R
request on intermediate _ ST ...~
resonances (Semi-Exclusive reco)

B

rec

» Define signal using two variables:

P
¢

~r
y — 2 oy ¥ 2
Mmepg = \/ﬁ, — Pg X

Beam

_ 5 ~ ~
AE = ‘E"H T "E‘".HF.'!I?IL

» Finally ~1100 modes — ordered by purity
» Often multiple candidates, standard best one selection by:

» Looking at the best AE within the same mode
» Looking at the best purity if different modes



The j=3/2 vs j=1/2 puzzle

Exp. Pub. Enviroment BB — D) | BIB — DE‘E:;]
. . ARGUS | 1993 | ete— at T(45 B(B— D*f)=27T+0.7T*%
Experiment: Rate for ALEPH | 1996 | e+e— atZz } {}Fm 1016 | <02
broad |arge? CLEO | 1997 | ete— at T(45) 0.56 + 0.16 < 0.8
OPAL 2002 ete  at Z 1.05 £ 0.35 < 1.85
DELPHI | 2005 ete” at Z 0.33 £ 0.17 0.37 +0.17
D 2005 | pp at 1.96 GeV .33 4+ 0.06 0.44 4+ 0.16

DELPHI: B(B — Djéfv) = (1.25 £0.37)%
B(B — Dgfr) = (042 + 0.40)%

Theory: I" (narrow) >> I'(broad) !!!

* In the heavy quark limit (m, and m_ — ==), only two independent form factors
(generalised Isgur-Wise functions) T o and T 5, for

= 12, 3/2.

| o | ) We need more data!!
o T(B-—=D%lv Dlv)oe|t (w)]? w=(pz*pg-*M(m;m ..)

I::' F{E —= D"-':l | Y D"I | W : o T 112 I:"h'l'nlI:I 2

Some Sum rules which are riru:mmuslg,-' denved from QCD:

i

» Uraltsev sum rule: Er Mo (132 - |2t o (1) 2= 1/4 NoUraltsev, Phys. Lett. B501 (2001) &

» Orsay sumrule: 42 e, [t (1) 2- g "0, TP o (1) ]2 = -2,">0 nepprooosoar
where ™, =m D"' -m_D, e = m_D"™ o -m_D.

Combined with results from « QCD sum rule |:uhenn::nn"|cnnlnc1\_,f » It gives

2 gy [Ty () =4 Z LB T L (1) ]F M. Nenbert, Phys. Rev. D46 (1992) 3914:

a
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