Semileptonic B Decays

Vera Luth, SLAC

A brief — incomplete — overview

Primary focus: Exclusive Decays

Emphasis on
- experimental capabilities now and in the future
- need for theoretical input




|Vl from Decay Rate for B — D™ v Decays
Form Factors Phase Space

<" Differential decay rate : 7 7
dI‘(BU -3 .D*_E_'_Vf) w = ﬂ'f,% +ﬂ-f§;.¢ — qE
= F(ws st BV! X G('UJ) B 2MpMp-
dw dcosfy dcosfy dx 48w

= F(W,0,0,,%x) incorporates 3 non-trivial form factors, A;(w), A,(w), V(w)

m Perfect HQ symmetry predicts a unique universal FF, normalized to 1.0 at
zero recoil. QCD (and QED) correction to F(1) needed!

= Introduce 3 parameters:
Amplitude ratios: R;(w)=V/A;
R,(W)=A,/A;

Curvature p?=-dF/dw|\y=1

= W dependence can be constrained: parameterization by CLN (Caprini,
Lellouch, Neubert)

ha, (w)
hoa, (1)

Vw+1—+v2
=

. 2 F 2 5.2 2 3
~1—8py, 2+ (53py, —15)z7 — (231p, —91)z VoS TG

< Goal is to determine Ry(w), R,(w), p?
< There are 4 observables: w and 3 angles
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B - D*¢v: Fit to Differential 4-dim. Cross Section

. BABAR, accepted by PRD
» 1wo parallel analyses combined arXiv- 0705.4008

= Max. likelihood fit to 4-dim. decay rate to get: p?, R;(1), R,y(1) 83M BB
= y2fit to 4 projections to get: BF and F(w) |V]
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2 1 ¢y 10000 1 | = L"“lﬁ |, ®o00 =..J L
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[ w a b
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0 i} %0 06 02 02 08 10 % 100 a6
1.0 14 12 13 14 15 10 06 02 02 08 1) ' ' ' a : ’ ' X(degrees)
W cost), oy v
] D*Fvﬂ [ Uncorrelated D*4
. . B D*X4v, Il Correlated D*/
«» Combined BABAR Results I Fake Lepton [] Continuum Bl Combinatoric
i r f . e e
F()|Vp| = (344+£0.3+1.1) x 10

9 101 L Ao L Syst. Uncertainties dominated by
1.191 = 0.048 = 0.028 Jetector efficiencies, Bg, R, R,

Ri(1) = 1.429 £ 0.061 = 0.044

Result istent with R d
Ro(1) = 0.827 = 0.038 = 0.022. esults consistent with R, (w) an

R,(w) parameterization by CLN
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J |V, | Measurements based on B — D) ¢+ v Decays

G(1) X IV [107]

507

 HFAG

LP 2007
yidof =026/ 4
1

y2/dof=0.3/4
20 S

0 0.5 1 1.5 2

2
G(1)|Vep| =(42.3+3.5.,+2.9, ) 103"

G(1) = 1.082+0.024 (Hashimoto, LAT04)

Vool =(39.1£4.2,, +0.87,,.,) 103

V. Lath

11%0 2.2%

CLEO , ALEPH,

D™¢ v removed, Ax2>10

35

OPAL
(excl.)

DELPHI -
(excl.)
DELPHI
' (part. reco.)

OPAL
(part. reco _
AVERAGE

v2/dof=11/10

30
0

0.5 1 1.5 2

F(1) Vel =(35.28+0.26,,£0.55, ) 103

F(1) = 0.931+0.023 (J. Laiho, LATOQ7)

[Vg| =(37.820.66,,,+0.85,,,) 103
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|V,| from B — D™ £+ v Decays

Pioneering measurement by CLEO —
Results based on small data samples

0.081- 1,100 Evts

G(1) |Veb|
8
_._.—

Significant improvements expected:

- Statistics  x10x2 1/5
- Dominant systematics:  1/3
- Reconstruction efficiency
- Lepton ID
- BF for D/B decays, f, _
- background estimates
Primarily other X, (v decays
improved FF and BF

Essential to perform 4-dimensional fit to
enhance sensitivity to R, and R,, and
also p2.

Comparison of D** and D*0 will test
efficiency for low momentum =* or =°

Q: Apart from Lattice, are there other
estimates for F(1) or G(1) corrections?

I S ST T
o C ]
.l"_(' C BABAR ]
=, ‘}'-‘II - ]
> 55,000 Evts
2 30F
:\LL'-—-F
25 F
2“5_ D*_ZI_|_\) l l l E
! ISE P I I K
“.'
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First Observation of B—D() t* v Decays

Very Challenging measurement, Potential sensitivity to New Physics

Sensitivity to additional helicity states of W*, at Tree level
Precise prediction from D™ | v FF

BABAR accepted by PRL. arXiv:0709.1698

Events /{ 0.5 GeV ic *)

B(B— Dr7,) = (0.86+0.24+0.11 £0.06)%
B(B— D'r77,) = (1.62+0.31+0.10+0.05)%
- T %\ Shown for type-I1 2HDM
%?. M mﬂ_ﬂk\ this me;asn_lrement-
3| oo (lo)
| T
SR gabazgepeeeeeeeeeeens e,
= SM e
..o L o S —
_ LIV T R S I . .
' M 2 4 5a 100 1350 200 250 a0
missing mass squared (GeV'/c ') My (GeV) /

Theory Uncertainties
dominated by FF errors
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Branching Fractions B—D/D*/Dr/D*r [v

340 M BB
Foqgof- T T T T T T T T T =N N — : ——
S D™¢ 1.9 D*T 0™ y| 3
3 1a0f J200 3
& 140 300 :
S 120f- 250 3
=3 = = E =
@ " =200 =
S sof- 3 3 E
E 805— _5150§ g
E H100F =
40— = = E
202— = 50;— _;
of! — : oF . ——— E
0.5 4] 0.5 1 15 3
gsoillilléli>lﬁ‘lklHI'IH'IHI = Ego;_| | | P —
% . BB DN DT L7 0e] D"t 1 (i
8 *°: mmB - D'ly — | o
3 405 Il B — D*{(D*n)l 174+25 g
S I I continuum + BB 1 eoE
@ ¢ [ fake lepton 1 s0E
o 30 - E
S b 4 a0
w F n =
20— - 30F
10f— —f 202—
o 10

033 0.5 N

Mlssmg Mass Squared [GeVzic ]

B(B~ — DWai~5g) = (1.52 + 012040 £ 0.10.y.: )%
B(B® — DMai—i) = (1.37T £ 0.17000s. +0.10.,0¢ 1%, .
S o e Puzzle of missing decays:

BF,-BF; = (1.2 + 0.5)%
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V| from Inclusive B— X_ € v Decays

V. Lath

Total decay rate inclusive b — ¢ (v
2

GZm; 0 2o, )
’Vcb\z b (1+AEW)Apert><[c:0(r)+m +c,(r, ﬁ —S)+cy(r, 'OD 'OL3S)+...]

b b b b b

PR _ _ . _
free quark perturbative _ _
decay corrections Non-perturbative power corrections

Similar expressions forb - u /v and b — sy

For comparison with data, 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 kinematic variables

<M>T>|E€>E :TBJ-MQdFZ f(Eo,mb,mc,,Uf,,,Ué,,Oé,,Oﬁs)
Eo / h ©T -

Cut-off quark masses  Non-perturbative
parameters

Calculations available in “kinetic” and “1S” mass schemes
Benson, Bigi, Gamnino, Mannel, Uraltsev
Bauer, Ligeti, Luke, Manohar, Trott,

>60 measured moments available form DELPHI, CLEO, BABAR, Belle, CDF
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Results of Global HQE Fits <%

bal HQE fits to moments of incl. spectra: £

Kinetic Scheme

combined

A: Kinetic scheme: all experiments 0.6
Buchmuiller/Flacher HFAG 2007 update . 5'_
Vool (103) | 41.9+0.19, % 0.2,,,+0.59 oal
My (GEV) | 4.613 +0.022, +0.027 .
1 iy (GEV?) | -0.408+0.017,, +0.031 | bosy
W T A

Mekin (GeV)

1.187:+ 0.0334,,+0.0400¢

80.0424F

0.0422F

0.042f
0.0418F
0.0416F
0.0414F
0.0412F

0.041F
0.0408F

0.0406

-1

preliminary

....... ) Belle

S Scheme

......

4.55

V. Lath

4.6

4.65 47 475

My (:GEV)

B: 1S Scheme: Belle moments only
Abe et al. ICHEPOG6 contribution hep-ex/0611047
V.| (10°3) 41.3 + 0.5, + 0.2,
My (GEV) 4.73 + 0.05,
hipis) (GEV?) -0.30 + 0.04,,

Results agree, after scheme translation!
|Vl to< 2%  my to 1% (crucial for |V |)
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Exclusive Charmless Decays: B? —»z* €v:

BABAR: Phys.Rev.Lett.98:091801,2007.

% Extract yields for signal and
background from 3-dim.

_ No Tags
Max-LH Fit to AE, mgg, g2 -
_ - Very High yield 22,000/10° BB Events
% Signal and Bg shapes from MC
- Low S/B 1:10to 1:3

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

= TO0E [ B —miv signal
O _.oF Il b—ulv bkg :

GO0
8" ¥ T other B3 bk 5072 signal events
o °*°F Il continuum bkg —
g40f * data I mEs:\/S/4_|pB|
L%anu;- 13 AEZE;—\/E/Z

— 2 _ 2 _ 2

q _(pB_pﬂ') _(p£+pv)

100 L)
aeesniteiiinn.  snmeiinialie.
£15 521 523 K25 52T 529 519 521 523 525 52T 529
Mes (GeV) Mg (GeV)
BF(B’ > n ¢*v)=(1.46+0.07

6° 5.5%
V. Liith US-LQCD 2007 4.6% 10

+0.08,,,)x10™

stat —




Calculations:
= Light-Cone Sum Rules: g? <14 GeV?

= Ball-Zwicky (hep-ph/0406232)
10-13% uncertainty at g2=0

= Lattice QCD: g2 >15 GeV?

= Unquenched calculations by
HPQCD (hep-lat/0408019)

FNAL (hep-lat/0409116)
11% uncertainty at high g2

= Quenched Calculations by
APE (NP B619, 565)

= ISGW2 (PR D52, 2783)
= quark model
= No uncertainty quoted

Differential Decay Rate for B —nf v Decays

AB(q?)/B per 2 GeV%c*

BABAR: Phys.Rev.Lett.98:091801,2007.

dr8’ >z ') G @ e
— \/ f
dq2 247[3 ub‘ p;z' +(q )‘
0.14F o = 0.53 % 0.05 = 0.04
012 [T BBk
0= Tyl T
in

o
o
(2]
E
H
£
5
i
L
3
i
]
i
]
§
£
1—0—5—.—0—1
=

- LS
0.061 LCSR L L=

[ — BZ i L
0.04— ----- FNAL T

- —— HPQCD E..... amarieis e
0.02— BK Fit to DATA i

- * DATA LI

UD_||I|5||I||1|DIII|1|5II|I2|DI||I2|5

Unfolded o (GeV?/c?)
ISGW2 disfavored: P(yx?) <0.1%
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Form-Factor Shape: B —»rn v FF Fits to BK Ansatz

-+ N=3 (HPQCD)
Most of the rate is at low g2 ! = - @ N=3 (FNAL/MILC)

Extrapolation to total range by various approaches:
- BGL-Boyd/Grinstrin/Lebed+ Hill/Becher(4 parz
- BZ- Ball-Zzwicky (4 parameters)

- BK- Becirevic-Kaidalov (3 parameters)

cp(l—a)
f+( ) (1- qz/m )(1—4:1;;3/71%9)

One principal shape parameter: o s qulﬁf_;az] B

HPQCD : o = 0.42+0.05 03 —
z-expansion -

FNAL : o = 0.63%0.05

Fit to BABAR Data

o= 0.53 + 0.05+0.04
£,(0)]Vypl=9.6 £0.3,15£0.24,5)x10

[Arbitrary Norm.]

+

All 3 Ansatze give good fits to the FF data:

Using BGL based on analycity of f, and expansion
in z(t,ty) (and HFAG BF)

P(t)®(t,t0)f (2)

Ncl\\\

f.(0)[Vypl= 9.1 £0.6¢pape+0.35)x10-4 o'z oy 03 -y
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Extraction of |V | from B — = € v Decays

Extraction of |V | relies on FF normalization, available in distinct g2 ranges:

% LCSR: 0%<16 GeV?, LQCD:
% either restricted or whole g2 range
— /AB o
’\/Ub‘ %Brthy rthy =
BK Fit: eAll g2 e Limited g2 e BGL Fit:
APE | o
ENAL/MILC | me
o o—
@
O
HPQCD 2ol AP
@
Ball-Zwicky . .| o —
1.0 | . -.lu I| HAG |
2.5 3.0 35 4.0 4.5 5.0
. -3
[Vunl [10]
V. Lith

g°>16 GeV?, Hill/Becher z expansion

72 fdmax _
24;3[3 | f+(q*)Ppdg?

Imin

BK Parameterization:
FNAL/MILC: g2>16 GeV?

IV, |=(3.55+0.22_ "

eXp_0.40LQCD

)x107°

FNAL/MILC: Extrapolated to all g2

_ +0.90 -3
Vip [ (3.8£0.12,,° - )x10
3.2% 13-24%
BGL Paramerization:

FNAL/MILC:
[V = (3.7£0.12,, £0.4..)x107

BALL arXiv:0705:2290
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In addition to = € v, many other final states
are being studied.

vector mesons: p, o,...

pseudo scalars: n, 7’
Q: What can we learn from these decays?

Theoretical predictions exists from

e Quenched Lattice QCD by Ape et al.

e LCSR by P. Ball, R. Zwicky

Many parameters — How can we test these
predictions?

Q. Can we integrate over angles?
can we Introduce FF ratios?

Q. How do we extract to full ¢¢ range?

V. Lath
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_____ 2
— A,
- .-'-H-'- " e all
plv
2 4 & 8 10 12 14
q’[GeV?]
Quenched LQCD (Ape et al.)
25 ©OV(@) nmep=s2 1L O A,(q) Mu@p=s.2]
O V(g ) nat@fi=6.45] 1r O AL (q) [latt@B=6.45]
2 — LCSR 1[ — LCSR
15 F %%
1 F i
o3 [ == %% 7 ; :t:::::::::::::::::::::::::::E@@@égg _:
o _| 1
45| DQAXg) mmensin IE DA rmerean % -
— LCSR 1[ — LCSR 1
3+ 1t ]
Ls b % % 1k %% :
4L N E@@ 4
o L a %%% 1" @@g
0 5 I IO I I5 ZIO ICI-P ‘% I I 0 I I5 ZIC-'
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Experimental errors on BF can be reduced, if we improve

/
0‘0
7
0’0

V. Luath

track and neutral particle reconstruction ( v reco !)
understanding of backgrounds, for instance b — uév (res & non-res) BFs and FFs
or reduce background through tagging

Extrapolation to 10° BB Events: B — n¢tv

US-LQCD 2007

Event Yield S/B | Oy syst Cexp

Selection [Evt/10°BB]

hadronic tags 100 10 12 % 5% 13%

D®) € v tags 600 3 7 % 5% 9%

No tags 15,000 0.1-0.3 | 2.5% 4% 5%
BB Tags

O separate decay product of signal B, thus remove combinatoric background
O determine momentum and flavor of signal, but at a very high cost in event rate
Thus at current B Factories, FF shapes can only be measured with untagged events.

However, BB tags are critical for many analyses: B—D®1tv, D** [v, incl. Mx, P+
spectra, etc.

15



Entries / bin

Inclusive Measurements of |V |

Analysis with events tagged by a fully reconstructed hadronic B decay

BABAR submitted to PRD, arXiv:0708:3702

383M BB i
: ]-£ 300 T B0
300f 1= Ex - P« = n.b.:
F 1.2 200F 1 .215
200f : E : E Measured
100F 1 100} 41 100 Distributions,
3 5 . not efficiency
Of of 50
: _ corrected
—lﬂ'ﬂ_” PRI I .
0 -10G 4 5 © 510 15 20 25
P, (GeV/c) q? (GeVch
N, Vis| (10—3) One data set and 3 Calculations
/ N\ give 7 values for |V ]!
427+ 0.16 £0.13 H40.30\ BLNP
Mx 803 +60 _
456+ 0.17+0.14 £0.32 |\ gpe | All errors correlated!
b 633 1 63 388+ 0.19+£0.16 £0.28 | sine | Stat: 3.8%
* 399+ 0.20+0.16 40.24 | gpe | SYSt: 3.0%
- 0 T
T80 T010 Y Theory: 7 9% (shape function
2 £ o Er | errors dominate, m,)
Mx —q° 562155 453 +0.22+0.19

4.51 £ 0.23 £ 0.20

g GDE
ot BLL

~ US-LQCD 2007
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.
A

.

Weak Annihilation
, ( fs \'(Ba-
pYBeE e (0,2 Ge\f) ( 0.1

CLEO :

Dywa/Ty < 7.4%,
but I'yya/T'y, 1>2.2cev< 16%
Fit of g2 spectrum to sum of
= b —>cly
= b — uév (hybrid model)
= WA contribution W(mx,Xy,A)

CLEO, PRL 96,121801

200F | E,>2.2GeV F

6000 =l :
150, b—ulv E
5000 o (R ]
o 100F
- -
rj4000
2
<3000
=
L

2000

1000

‘IIII|IIII|IIII|IIII|IIII|IIII|III

IIII|IIII|III-|

T ey

o 5 10 15 20 25 30 35 40
Reconstructed g© (GeV?)

V. Lath

B]_ -t
) BABAR arXiv:0708.1753

Measurement of E, in B® events tagged by
reconstruction of 6*ev

AP, AB(B") - 10*
22 — 2.6 GeV/c | 2.62£0.33=0.16
2.3 — 2.6 GeV/e | 1.30+£0.21£0.07
2.4 — 2.6 GeV/e | 0.76£0.15=0.05

= Extract Charge Asymmetry
40 _ AT+ — ATO
AT+ + ATO

= Limit on contribution from WA for
interval 2.3 < E, <2.6 GeV:
Twal _2-fuAP) 1o
Tw  fwa(AP)

3.8% '
< —, at 90% C.L.
fwa(2.3—2.6) |
27
US-LOCD 2007 Can LQCD help here?” 17



Current Inclusive |V ,| Measurements

BLNP
BLNP - HFAG
CLEO (E,)
[Vupl= (4.31£0.17,,%+0.35) x 10-3 3914046 £0.44 —
BELLE sim. ann. (m, q°) .
] 42340454036 kT
Total Error: 8.9 % total B i
BELLE (E,) |
+2.04 2'6exp 4674043 £0.38 [
i1'8bc model i:l-':l-bu model } Exp. 3.9% BABAR (E,) ,
*+6.9 11 param * 1.0 sk form 4234024 £039 |
* 0.9 gup sp £ 3.65cqe = 1. 7w Theory 8.1% BABAR (E,, s
4374029 +0.49 ®
BELLE (my)
B HFAG 3.92£026 £0.32 ——t—
i BABAR (iny)
B : : = : i BLL 4.09 020 +0.39 -
I Average +/- exp +/- (mb.theory) :
B P AG 431017 £0.35 '_'—‘—'_'
- ydof=6.1/6 (CL= 41 %) '
- o : BLNP OPE-HQET-SCET (BLNP)
Phys Rev.D72:073006,2005
i | | | | m, inpult from b—|) clv ancll b— sy rlnoments | | . (P lgm?
3.9 4.3 4.7 5.1 2 4 6

3
V| [x107]
V. Lith US-LQCD 2007 18



Summary

InCrisive Decays:

|Vipl =(4.31£0.17,,+0.35,, ) 103 |Veo| =(41.940.2,,,+0.2,,0+0.6,) 103
Exclusive Decays:

|Vl =(3.8+£0.1,,,+ 0.9,) 103 | Vool =(37.8£0.7,,+0.8;,,) 103
GLOBAL FIT of CKM Parameters — CKM Fitter

IViol preq =(3.57£0.17) 103 [Veplpres=(41.43 + 0.87) 10~

Major Challenges Remain:
Vcb excl: A single precise measurements dominates. Need F(1), G(1)!
Errors could be improved dramatically, but not high priority at present!
Puzzle of BF measurements, and missing decays rate! D**| v decays ?

Vcb Incl:  Improved mass moment measurements would help, but theory
uncertainties need to be understood better?

Vub incl:  With B, _, tag, statistics are limited, expect improvements, but
probably not so dramatic — unless we find a better approach! Need to understand m,!

Vub excl: Untagged analyses are best for FF, other modes are being measured!
Errors can be improved, but systematics are very challenging! Need better FF

normalization and tests of measured shapes!
V. Liith US-LQCD 2007 19



Many Questions — Any Answers?

Q: HowdoB - X, I vFFsrelatetoB—»>sy,B —»s|*I-?
Q: What can SCET tell us? Checks on B— 77 ?
Q: Can LQCD estimate processes like WA??
Q: Can we make use of the heavy quark mass determination based on LQCD?
Q: Can LQCD estimate shape function effects?
Q: How much and on what time frame can the FF calculations be improved?
for z (v, but may also for n(v, p [ vand others?
for D (v, D* (v, but may also for D** [ v? This will also help predictions for Dzv /

Q: What is the best way to extrapolate the FF calculations to the full phase space?
Experimenters need to explore z-expansion!

Q: Can we extrapolate from s.I. D decays to s.l. B decays?
Tests ratios of BF? Common FF ansatz?

&

L)

> Given that measurements of |V,,| are limited by theoretical progress, experimenters will
only improve current measurements if the theoretical uncertainties can be reduced!
These measurements are very challenging. They take years of effort!

L)

» Close collaboration between experimenters and theorists has been and will
continue to be critical to further progress in this area!
V. Luth US-LQCD 2007 20
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Events/50 Mevic?
s fay]
= [

2
[}

Exclusive Branching Fractions D**¢ v: D,*, D,’, D;*, D,*

Belle arXiv:0711. 3252
o a) ==

1EI'CIE

111 1 1 1 11 1 1
2.4 2.8 2.8 3 32 34

M(D®n) [GeV] GETJES-LQCD 2007 22

Recent Belle Result on B —=D** [v:

Decay Events BF (%)
Do*(Dn)lv 163£29  0.23+0.04+0.05
D1'(D*n)lv -1+14 <0.5

Di*(D*r)lv 101*14  0.43+0.07+0.06

Da*(Dr)lv~ 162+18  0.22+0.03%0.04
D2*(D*m)lv 36113  0.18+0.06+0.03

Surprise for Broad States :
- No hint for B— D’ € v
- Large BF for B— Dy* €v

Sum of individual BF below total BF!

Examination of spin for narrow states,
confirms unpublished BABAR observation.

Guidance for FF analysis is needed,
Can lattice help?



Exclusive B—X,/v Decays with B, .4 Tags

Belle: ICHEPO6
48 1+ B events 30 4+ 7 events hep-ex/0610054
% s %o e Sara 532M BB Events
ot ]  (Emeemend|  SH0] | Ememcao
£ ' E:: : AT Tag BB events with one

reconstructed hadronic B decay:
- Very low yield  90/10°
- High S/B 10:1

dr/dg’r,, [107]

. ' U —
Missing Mass (GeV?) B(B® —m~LTv) =
B - - ar (1.49 + 0.26(stat) = 0.06(syst)) x 10~*
+ 2
o ;I'E_I | ;n.a Jﬂ B(B+ - ﬂ.ﬂf-l—y) —
g
as | | 508 (0.86 + 0.17(stat) = 0.06(syst)) x 104
0.4 | l 0.4
0.2 | 02 [ No significant constraints on shape
T T T e T T e T of FF expected for such samples!
q° (GeVv?)

Similar yields for pév and wév

V. Luth US-LQCD 2007 23



Exclusive B—X /v Decays with B, Tags

w[*v: 156% 20
93+ 19

pL[tv:

0ty 69+ 11
p[*v: 135+ 259

o

L+

-

Belle: Phys. Lett. B648, 139

275M BB Events

o

0 02040608 1 1.21 ,51
M, (GeVic?)

Tag BB event with one semileptonic B decay, D [v:

- Modest yield: 570/10° BB

- Good S/B 3:1
B(BY — 7= ¢tv) = (1.38 £ 0.19(stat) £+ 0.14(syst)) x 10~*
B(BT — 7%Tv) = (0.77 £ 0.14(stat) £ 0.08(syst)) x 10~*
B(BY — p=(Tv) = (2.17 + 0.54(stat) &+ 0.31(syst)) x 104
B(Bt — p%*v) = (1.33 £ 0.23(stat) £ 0.17(syst)) x 104

US-LQCD 2007 24



V.| Measurements based on B — D) € v Decays

Ié D(*)e v CLEO
Measurements pioneered by CLEO — -
Since then, many experiment have >
contributed, but X B
~ 40 DELPHI el
. .. e S - excl.)
e with modest statistics i (oxel.)
. . . i DELPHI
e one-dimensional analysis, w only, (part. reco.)
no information on R, and R, %/ AVERAGE
: 35
e Apparent strong correlation of ALEPH
the slope p and F(1) |Vl i HFAG
_ 30 | | |
BABAR result dominates! ) 0.5 1 15 o)
2
P

F(1)|Vcb|=(35.89+0.26+£0.50) 103
Average improves systematic error!, but

v2/dof=38/17
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Reduced Model Shape Function Dependence

roposal (by M. Neubert in 1994) to reduce SF dependence by ratio of
integrated BF for b — u [vand b — sy

) | dE, dB,, / dE,
3a E,
= errt
7 [dE w(E,,E,)dB,, /dE,
Eo

Vub
V

+O(Agep /My)

ts

Weight function

= There are 2 calculations available:
mn Leibovich, Low, Rothstein PR61, 053006 ( 2000)
w Lange, Neubert, Paz, JHEP0O510, 084 (2005), Lange JHEP 601, 104 (2006)
(Uses normalized g spectrum and thus eliminates [Vts| dependence)

m Jest results as a function of Cut-off E,or mass M,

= BABAR has two analyses, combining incl. y spectrum with either
= Mx Hadron Mass spectrum
= E, Lepton energy spectrum

V. Lath US-LQCD 2007



Accepted by PRD: hep-ph/0702072

V. Golubev, Y. Skovpen, V.L.

SF-Free | V| Measurement: E Spec rum

;:: — |8smBB_ |
Tried two calculations for rate ratios: o [ - ++
£ 2 SO AT o
< Exp. errors on lepton and y spectra > . AN
dominate = gk 17 /1 I\
2 00 |- L -+ A
< 10x data and improved analyses will helpg'51 " L - \ §
< For LLR, little change with E, shows 7 7 ﬁ° A | %1‘»\\
< For LNP, large changes in |V,| and errors, ottt 1. 1. °.....*+.
L. 2 21 22 23 24 25 26 2 19 2 21 22 23 24 25 26
this is expected!. Electron Energy (GeV) PhotonEnergy (el)
14 :
1ol Calculations B
Method V| - 10° gl LN ® LR
LLR [3, 4] 428 £0.29,1,0.29 £ 0.26 £ 0.28 = AL -
LNP 6, 7] 140 40. .‘3[])il[].41 0.23 = o ¥
SP-based analysis [9] 4.44 £ 025 *oey= 0.22 = E; L
2
0 0 PR R T SIS NS S EN RSN NR S S BTN
6.8% 7.0% ?.9 20 2.1 22 23 24 25

V. Luth US-LQCD 20 Eo [GeV]



	
	|Vcb| from Decay Rate for B  D* l+n Decays
	B  D* l n:  Fit to Differential 4-dim. Cross Section
	|Vcb| Measurements based on B  D(*) l+ n Decays
	|Vcb| from B → D(*) l+ n Decays
	First Observation of B→D(*) t+ ν Decays
	Branching Fractions B→D/D*/Dp/D*p l n
	|Vcb| from Inclusive B→ Xc l n Decays
	Results of Global HQE Fits
	Exclusive Charmless Decays:  B0 π+ l-ν:
	Differential Decay Rate for B πl ν Decays
	Form-Factor Shape: B →π l ν
	Extraction of  |Vub| from B  p l n Decays
	Form Factors for B r (w) l n  or  B h (h’) l n
	Extrapolation to 109 BB Events: B  p-l+n
	Inclusive Measurements of |Vub|
	Weak Annihilation
	Current Inclusive |Vub| Measurements
	Summary
	Many Questions – Any Answers?
	Exclusive Branching Fractions D**l n:  D0*, D1’, D1*, D2*
	Exclusive B→Xul ν Decays with Bhad Tags
	Exclusive B→Xul ν Decays with Bsl Tags
	|Vcb| Measurements based on B  D(*) l n Decays
	Reduced Model Shape Function Dependence
	SF-Free |Vub| Measurement: El Spectrum

