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Standard Model Consistency Tests
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V,, and V_ provide a test of CP violation in the Standard
Model comparing the measurements on the (p, 1) plane
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The error on the ring width
is dominated by V ,

Goal: Accurate determination of | V|
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~_ Semileptonic B decays

tree level, short distance: .
decay properties depend

directly on |V |, [V |.m,
(o)

+ long distance:
v But quarks are bound by soft

l- gluons: (Aqep)

W, <
b % @ﬁﬁg long distance interactions of b

quark with light quark
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Inclusive semileptonic decays
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Many theorists love inclusive semileptonic decays

Short distance is calculable

Long distance leading order and short distance contribution
are cleanly separated and probability to
hadronnize is 1

To compare Operator Product Expansion predictions
with experiments:

integration over neutrino and lepton phase space provides

smearing over the invariant hadronic mass of the final state
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Inclusive semileptonic decays

- e - e & =y —

vcb VS vub

V.,: most accurate determination from the inclusive decays

2% precision limited by theory error
precise Heavy Quarks parameters, tests of OPE

V,-: 7.5% precision shared between experimental and
theoretical errors
small rate and large b—clv background
space cuts to remove b—clv background which introduce
O(1) dependence on non-preturbative b-quark distribution
function
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Vg fr'om mclusuve semllep’romc decays
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2 _ BR(b— c/v) exp.
va - T, \ Avab|<1°/°

Iy(b—clv)=y,,

I, described by Heavy Quark Expansion in (1/m,)" and o

[1 + Aew ]Anonpert per(

non perturbative parameters need to be measured

2

Ir'B—Xlv)=

1927’

The expansion depend on m, definition: non-perturbative terms
are expansion dependent

Theory error was dominated by 1/m,* terms and above
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- Bc momen’rs in semlleptomc decays
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X" are relate to non-per’rur‘ba’rlve parameters

dr’

. f(X—Xo)"dXdX SN
<X >= dr =f'OPE(mb,mc,as) A Distribution

—dX _
de : i

Another Distribution

moments evaluated on the full lepton spectrum or part of
it: p, > Ppin in the B rest frame

higher moments are sensitive to 1/m.? terms — reduce
theory error on V_ and HQ parameters
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Inclusive SL decays

Inc;'uswe E, spectrum

rate
TVl

shape I

shape

shape ///’

» | rate

M, [GaVic']

Difficulty to go from measured shape to true shape: e.g. QED
corrections, accessible phase space, resolution, background



“moments in semileptonic decays
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E, : lepton ener'gy spec'rr'um in B—>X ¢ v (BaBar Belle CLEO Delphl)
M, 2: hadronic mass spectrum in B—=X_{v (BaBar CDF CLEO Delphi)

Most recent measurements from Belle
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Parameters Extraction
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BABAR: up to 1/m,3: fit ~90 measurement to extract HQ parameter and

V,, at the SamgAE:\‘;‘: / o= used, * = unused
— M, moments / in the nominal fit
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Vcb and I—IQ par'ame'rer's

Global f|1' I(me‘hc scheme - EXP HQ Tl
eXpansion (hep-ph/0507253) V| = (41.96 +0.23 +0.35 %0.59)10%
m, = 4590 0.025 +0.030 GeV
-3
IV, 1=(41.96£0.23 , £0.35,,£0.59,,)10 || mc = 1142  £0.037 £0.045 Gev
u2 = 0401 +0.019 +0.035 GeV?
()
oV, @ 2% N2 = 0297 +0.024 +0.046 GeV?
m, < 1%, m, @ 5% pp® = 0174 £0.009 %0.022 GeV?
ps® = -0.183 0.054 *0.071 GeV3
Y(1S) expansion scheme has [BRw= 1071 *0.10 *008 %
o o 0.8 . 425 | |
Slmlklr' r'eSUH'S P b—sy | (b)
o7l i % - £ -
used measurements: [« boclv
Babar: osf- - . combined - o} -
- PRD69, 111103 (2004) € P . = 1%
- PRD69, 111104 (2004) gos s =
- PRD72, 052004 (2005) CLEO: = N . = y
« hep-ex/0507001 - PRD70, 032002 (2004) ol ~ | s - ¢
Belle: - PRL87, 251807 (2001) - . e — 5y -
+ PRL93, 061803 (2004) CDF: PRD71,051103 (2005) - 23 L 1 | combined
- hep-ex/0508005 DELPHI: EPJ C45, 35 (2006) | L bl |
. 4.4 45 4.6 4.7 45 4.6 4.8
April 2006 m, (GeV) mp (GeV) 573087



Vub inclusive deTer'minaTion
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B— X v rate tree Ievel fr'om OPE - corrected for
perturbative a;and non-perturbative 1/m, terms

dI‘(B—>Xulv) m, G

A
-| parton model +3C ( QCD)
n mb

dps) 1927

In principle main uncertainty
from mb5

BUT.....
Br(B—X,Iv)/Br(B—X_Iv) =1/50

0.0 1.0
April 2006 E. Barber Electron Momentum (GeV/c)
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Shape Function
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Limited phase space to reduce the B — X_lv background:

OPE doesn’t work everywhere in the phase space — non-

perturbative Shape Function F(K*) to extrapolate to the full
phase space

A

F(K*)

Detailed shape not constrained,
in particular the low tail

_ | K:
X - MB “mb

Mean and r.m.s. are known

Shape Function need to be determined from experimental data
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Inclusive B — X v

g = lepton-neutrino mass squared

my = hadron system mass
P+ - EX -|PX|

Signal events have smaller M, and P, > Larger E, and ¢?

Not to scale! .
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: BABAR PRD 73:12006
Lep'ron EndPOlm Belle PLB 621:28

——— ~~ CLEO PRL 88:231803
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Flr's1' measurement fr'om CLEO E|>2 3 GeV

b—>c constrain Non BB bkg
BaBar E>2.0 GeV —
Belle E;> 1.9 GeV
Crucial accurate subtraction of

E I I I |
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C Coo,

—
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| | | -
i N N L | T .
Aftenon:BB backgr. _
X subtraction

o
|

background is crucial!
S/B ~1/10 eff~ 40%

—
o
: £

Number of Electrons / (50 MeV/c)

10
AB (10-4) 5000
BABAR 80fb~! |5.72 + 0.41,,,, + 0.65,, | __Simulzllted B->Xul

Belle 27fb-! |8.47 + 0.37,,, + 1.53, 11 1s 19 23 27 31 3

Electron Momentum (GeV/c)
CLEO 9fb-! |2.30 + 0.15,,,+ 0.35,
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BABAR hep-ex/0507017
Belle PRL 95:241801

Measuring m, q*> P*

Reconstruct all decay products to measure M, ,q? or P*

e

fully-reconstructed B meson
flavor and momentum known

lepton in the recoil-B

m,... consistent with a neutrino

lepton charge consistent with B flavor

S/B ~ 2 Eff~ 0.1%

left-over particles belong to X
equal mg on both sides; m,,.. = O
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Measuring Partial Branching Fraction
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BABAR 211fb-1

me< 1.7, @ > 8

8.7 + 0.9, + 0.9,

Belle 253fb-1

first measurement
of P, spectrum

my < 1.7

124+1.1,.,.+1.0

sys
me<1.7, ¢ >8| 84=08,,+1.0,,
P, < 0.66 11.0 £ 1.0, + 1.6,
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Turning AB into |V |

Inclusive b — clv

-

Shape
Function

HQE Fit

HFAG main results:
HQ parameters form
b —- XIlvand b — Xy
hep-ph/0507253

Inclusive
b — ulv

A
r duality
WA




Dealmg wrrh Shape Func‘hon
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easy to fit shape function Beﬂer' resolution — K* peak

25000 p—

> I (mor'edlfflculffor'SF) \
g 20000 |- { Belle l - o0’
2 [ {} Ey>1.86ev | 8 TR BABAR -
L% 15000 || + B { i 8 0.15 }_ Shape Function scheme ]
10000 —_ II }} _ g 0.1— i%w ﬁ
5000 | 17| H _ E o.osf— — ] —f
0 * "3 T¥I }{ % ¥| g . —t 4 _
1 I } I | -g, 0f
| | E*y (GeV) « N Y R ¥ S VR ¥ S—
] ] Ey (GeV)
Solution — use dlr'ec'rly the y specTr'um
A(B-X Jv T(B~X7)
f dx f dE W i
theory y
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“Inclusive |V,,|: BLNP framework

|V,| world average as of Winter 06 Inputs:
CLEO :,endpﬂjjm . mb(SF) - 4. 60 + 0.04 Gev
400 =048 + (.36 0 MWZ(SF) - O, 20 + 0.04 Gevz

BELLE (endpoint)
4 82 =045+ 030

BABAR (endpoint)

T |IV,,I®\?=(4.45 = 0.20 = 0.26) 103

BABAR (E . L[::I
410 =027 =036
BELLE m,

406 +027 024 "_"‘_" 6' Vubl = * 7.3%

BELLE sim. ann. :_mk_. q°) o
437 046029 o Statistical +2.2%
BABAR (m_.q?) :

475+035+032 ""'_'_"' EXPT . SYST . +2. 7%

Average +- /- (mb theory) !
SHEE T e R eon . B — X_Iv model +1.9%

445+ 020 =026
widof = 5.5/ 6 (CL = 48.7)

brE kT SCE i B — X v model | 2.1%
Phys.Rev. DT2:073006 2005 . u
m, inpl_:t from b I=- clw alnlu:l b— sy Immncntsl | §| | Wintey 2005 SUbleading sF i3 ) 80/°

2 4

6
IV | [x107] other theory error | +4.5%
ub
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Theory Errors

a—— e =
" e

Quark-hadron duality is not considered (cut dependent)
b —clv and b — sy data fit well HQ predictions

Weak annihilation 2 =+ 1.9% error
Expected to be <2% of the total rate
T, ./T(b —u) < 7.4 % from CLEO

HQ parameters = = 4.1% mainly m,; kinematics cuts depend
on mb'!

Sub-leading shape function & + 3.8% dominated by the
lepton endpoint measurements
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 Inclusive |V |: DGE framework

Dr'essed Gluon Exponenha‘hon (DGE)
on-shell b-quark calculation converted into hadronic variables
used as approximation to the meson decay spectrum

—_—

still digesting the
V,,|P%€ = (4.41 = 0.20 :@ 10-3 gesting
Vool ( method

DGE theory = :2.9% matching scheme method and scale
m,(MS) = + 1.3% on event fraction m,(MS)=4.20:0.04 GeV
Ol = + 1.0% on event fraction
total Ty, 2> x+3.0%
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Vub wi‘rhouf Shape Function Babar

~ | Based on Leibovich, Low,

Rothstein, PLB 486:86
First proposal by Neubert

I'(B—>X,lu)= ‘ "‘ w TW(E )dF(B ~ AN ag
Vo T dE
Vi~ Val+0(D) ‘ Weight function
%400_ 2) + Iz.jgi?ul\' 30__ b) * e Dam = §
5300 Bone | 20 Deoure = }
Z ) 2 6] I

2
o
o
p—
2
+
+

+ Babar

loo—n»ﬁt‘: L‘E.‘. ,
0 -10- |

my [GeV/c] my [GeV/ ¢’

OPE m, <2.50 GeV
V,|=(3.380.70,,,+0.30,, 0.10,,,, )10

=2
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Q

| Weighting technique
stable down to 1.4 GeV

Full
Rate

Babar

Servs; i |l

1

"

3
mxcuf

LLR m, <1.67 GeV

V,,|=(4.4320.30

(£0.25..+0.29, )10

sta
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|IVy|: inclusive vs exclusive

i i V .| exclusive
IVub' inclusive Ball-Zwicky g2 < 16 | ”b|

HEFAG Ave. (BLNP)
336+ 0,15 +0.55-0.37

445+020+0.26 ®
HPQCD g2 > 16
L
HFAG Ave. (DGE) 420029 +0.63 - 043
4412020020 ¢
FNAL q2> 16
_._
3752026 +0.65 - 0.43
BABAR (LLR) hep-ph/0601046
443+ 045029 - APEq2>16
———

FJTIB£026+ 1.45-0.67

W._A. Winter 06 m W._A. Winter 06 m
! I ! | ! I 1 | Winterj2008 1 | I I I | | nter pone

4 5 2 4
IV 1 [x107] VI [x 107]
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IVubI CKM consustency |
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Most probable value of V fr'om measurements of other
CKM parameters Standard Model predlchons wn'rh

-
Ams measurement <2
(thank to Pierini) T

V,, from exclusive
measurements

V,, from inclusive
measurements

0.%03 0.0035 0.004 0.0045 0.005

vub
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Conclusuons
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b clv
V., 2% error dominated by theory, m, @1% (kinetic and Y(1S) schemes),
m. @5% (kinetic scheme)
but how well do we know the B— X_ v spectrum?

b— ulv
Vi ~7.4% error shared between theoretical and experimental
inclusive vs exclusive less than 1.4 o difference, depending on the
inclusive extracting method
We have now different methods to extract V,,

|V,,| @ 5% possible? Improve knowledge of B— X v, B— X v and more
work on the theoretical error
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Inclusive |V |: comparisons

B S R
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from clv and sé W

HQ parameters HQ parameters from sg only

m,, input from b— sy moments
HFAG Ave. (BLNFP)

445+ 020=0.26 ¢ BLNP (Phys. Rev. D72:073006 (2005))

475022 £0.39

HFAG Ave. (DGLE)

441020020

DGE (JHEP 0601:097 (2006))

449022020
BABAR (LLR) hep-ph/0601046

4432045029

' L ' ' | ' L ! I ‘ 1 I 1 I | I I 1 I | Wintsr 2005 ‘

3 4 5 3 4
vV I [x 107
u

5
IV 1 [x107]
ub
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M, unfolded specrr'um for B — X I v
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phofon energy spectrum

gl = ___ e s = e

E phofon energy specTr'um in B—sy (BaBar' Belle CLEO Delphl)
u gt

photon energy spectrum in B— X_y not sensitive
« K Yo new physics and give information on B

B’ structure < > _ < >= 2
i a3 ot E,)=m,+... var(E )=n;/12+...
f Belle - CLEQ e
% Ey)l .8 Gev i — pectator Mode |
u>.| 15000 || T : I { 1 %4D~ EY>2 Gev _
5000 | | I } H _ g
oL — EE_HI

I I . L L L | . . L L 1 . . L L 1 | L
1.5 2 2.5 3 3.5 4 1.5 2.5 3.5 4.5
E, (GeV)

mb(IGeV) —4.66=0.067 GeV
u;(leev) ~0.477 +0.052 GeV?

mb(IGeV) 4.62 GeV'
u;(leev)=o.4o GeV?
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