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=M otivation:
»~ Semileptonic decays and Inclusive B—X |v theory;

sInclusive B—X |v:
. |V, | measurements with endpoint method,;
« |V, | measurements with hadronic tag;

> New BaBar recoil analysis,
- Belle multivariate analysis,
> Weak Annihilation in B—X |v decays,

=Conclusions.
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Semileptonic B decays

Semileptonic tree-level B decays provide the cleanest
environment to study V , and V

Parton level I Hadron level I
- B
ub-’ \ :

= Simple description at parton level ure
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= Leptonic and hadronic current decoupled

= Understanding the QCD dynamics s crucial to extract
Informations on weak interactions



B(b-ulv) |V,

Inclusive B - X,lv

I'(B—-X Iv)=
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ny,
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free quark decay
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B(b—clv) |y, 50

b — cli

[1+0(xy)+O0(1/m;)+HC.]| OPE~5%

/ AN

perturbative correction  non perturbative correction

*m,«m, different kinematics
=measure AB(B—X |v) in aregion where the

E, endpo> S/N isgood and the Al'  isreliably calculable
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(exclude b—clv decays)
=OPE convergence is compromised ( O(1/m

AB(B — X fv) = 78|V

theoretical acceptances are sensitive to b quark
motion ( Fermi motion ) parametrizated by
Shape Function. Detailed shape not know, in
particular the tail but mean and r.m.s constrained
(B—X v and B-X y moments). >



B-X,lv theory: Shape Function

The shape function isa universal property of the B mesons
It depends on two parameters: m, and p2_

Known basic feature = * Tail Measure SF parameters from.
(mean,rms) unknown B—Xyand B—X lv Global fit
m,(KS) =4.59 £ 0.03 GeV
K2 (KS) = 0.45 = 0.04 GeV?
0 A=M, — m: .

Different theoretical models available: e peN PP (/73
» BLNP ( Bosh,Lange,Neubert,Paz) = [NV y - 00140005

Exploiting all the large dataset collected by B-factories
and therecently V_, knowledge improvements (B—D,D",D™)
Ispossibletry to perform a full-phase space analysisin
order toreducethetheoretical error at level of 5%



Endpoint method
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Subtract offpeak data scaled to on peak luminosity bin-by-bin;

Fit MC to datain low energy region to constrain B—X |v from datg
Simultaneousfit for non-BB,

B-Xulv, B=DIv+B-Dlv B->Xuln, B-DIv+B-D"Iv B-Xulv, B-»DIv, B-D'lv, B=D"lv,
(ratio fixed) (D/D*fixed) thB—>bD(*)k1tI\), .
- o : other backgroun
B=D" v, B=DO v B-D"Iv D”/D+D* fitted g
Ecut ABR x 10-4

PRL 88, 231803, 2002 | CLEO ' 2.2-2.6 | 2,30 0,154, + 0,354,
PRD 73, 012006, 2006 | BaBar | 2.0-2.6 | 9,72 0,41, + 0,654,
PLB 621, 28, 2005 Belle | 1.9-2.6 8,5 £ 0,44, £ 1,944




Improved Endpoint method: v reconstruction

2
-+ Separate b—sclv background by using: s} =my+q°—2m ,(E ,+ % E )

» S/B~1/2,6~25% BaBar (PRL 95, 111801, 2005

8()ﬂ)_1 PRL 97, 019903(2006) Err.)
E:I“ L / B Eﬁﬂﬂ ® Data (BB)
% 25 [ ACC_EPtEd . o 1250 O Signal MC
g 20 region \ "g 1000 Background MC
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AB(2.0-3.5)=(4.41+0.42,,+0.42, )10 : |




Inclusive |V, | with hadronic tag

B—>D<*>Y
Y=nm+mm' + pK (+gK

One B fully reconstructed:

B,.,~D"Y o] B | go 2GR
. < BABAR |\ -
neutrlno/ £ soof D> 1GeVic preliminary
-~ Sig _>Xu l \4 = !
»~ /7 I\ ° T T | e
523 521 526 508 524 526 5%
| epton X mgs (GeVic?) mgs (GeV/c?)
StUdy the > Pmiss=PY(4S)_PReco_PX_Pl mES=\/S/4_ﬁBz
recoiling B m. :all remaining particles
9B aming p AE=E,—s/2
bosc « Experimental resolution
A b—c\ |eadstoirreducible b=clv
‘L b—u , b —

contamination |

X



New BaBar recoil analysis

"Update of Phys. Rev. Lett. 100 (2008) 171802 on the full BaBar
dataset (426 fb™);
«Improved B, ., section and better treatment of the systematics;

*More region of phase space analyzed,;
"Result also for charged and neutral B separately (WA limits);
=Sel ect three sample on the recoil side;

(1) Semileptonic selection At least one lepton
( for normalization) p, >1.0GeV/c
(2) B — X,ti signal Only one lepton
enhanced selection m._. < 0.5 GeVﬁ/cﬂ'

(Charge) QBmco + QBrecoil =0
QBrccoilQE >0 (Gnly for Bi)
Veto events with partially reconstructed D*¢T
Veto events with kaons in the B,.coi

(3) B — X, {0 signal Selection (2) without kaon veto,
depleted selection and partial D*¢T ¥ veto

10



Data/MC agreement
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Extraction of signal Yields

*Fit the distribution of different | =Subtract the combinatorial

Kinematic variablesin several background by fitting mg
regions of phase space: distribution in each bin;
Signal yield extracted with a x*

s M, <155GeV|c”
4 M,<1.70GeV [c’
v P.<0.66GeV /c
M ,<1.70GeV Ic?, ¢°>8GeV?/c"

shape fit;

"Reweighted SL decays into P-
wave D meson by using the
signal-depleted sampl e:

My, Q2P1> 1GeV/c “Fit quality improve;
~p, p>1.0-23GelV/c “Ngw /(Ng+Np +Np. ) smallerin
datathen MC;

*Normalized to semileptonic sample in order to reduce
experimental systematic uncertainty: A g x(10.66+0.15)%
(NI eley)  €'e! I

t

NT“—BG, €€ AB(B— X [V) 1

A Ru/sl=




New BaBar recoil analysis: results

] F g F T T T T 2 r

53 : E3000r 2 | My < 1.7 GeVie? 1E |

@ B>, lvsignal 3ol ] Jaooef ] rom)
E ot 1€ | 12 |
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mo | T : 1u
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- T o
I e e e e s NN o T
M, (GeVic?) P, (GeVic) 92 (Geviich)
Signal yield AB(B — X,¢) (1077)
Mx < 1.55 1033 = 73a¢ 1.08 &= 0.08;,: = 0.06,,
Mx < 1.70 1089 + 82+ 1.15 &£ 0.104,¢: &= 0.08.,,
P. < 0.66 902 &£ 805ta¢ 0.98 £ 0.09.t.¢ = 0.08,,
Mx < 1.70 and q° > 8 665 = 53:.¢ 0.68 £ 0.064:,: = 0.04,,,
(Mx, qz), p; > 1.0 1441 = 102sta¢ 1.80 £ 0.134¢at = 0.155ys
p, > 1.0 1462 = 137 4t 1.76 4= 0.164¢,: = 0.18,,

p, >1.3 1326 =+ 118,z

1.50 :I: D.lastat :l: D.145y5
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New BaBar recoil analysis: uncertainties

Babar preliminary Belle
Sonrce My < 155 M < 1.70 J“+ < 066G My = 1.70C :t:"k-rl,-'f.'. [ M, q"i] Pe =13 |pe = 1O
a(AB(B — Xulv)) GeV/e? GeV/e? GeV g° > 8GeVi/e! |pr > 10GNV/e| GN/e | GV/e
Statistical 7.1 8.9 5.9 8.0 7.1 8.9
8.8
MC statistics 1.3 1.3 1.3 1.6 1.1 1.2
Detector-related 2.8 37 55 41 32 2.7 33
Fit-related 2.7 4.9 3.2 3.2 21 2.5 3.6
| ———
Signal model 2.7 3.0 3.5 1.9 Qﬁ 7.9 ﬁii)
Background model 2.0 2.6 34 2.8 2.8 2.2 1.7
Total syst 3.2 6.3 5.1 6.2 8.1 9.0 8.1
Total error 5.9 11.0 12.1 10.3 10.8 12.7 12.0

=Statistical error: 7-9%;
=Systematic uncertainty dominated by signal model in the
most inclusive analysis,

=Total uncertainties: 9-13% — »4-6%on |V, |.
14



Belle recoil analysis

The irreducible uncertainties in the measurements to date are related to limited

phase space:

¢ exploit the many non-linear correlation between kinematic and event
variables available in B-beam sample that separate b—u and b—-c.

® Boosted decision tree based selection, use ~ 20 event parameters from the
full reconstruction sample

No need to place stringent, hard cuts that result

in zero efficiency! PRL 104:021801 (2010)

v Signal side: reconsruct high momentum -

lepton (p,, > 1 GeV/c);
E — hadrons
v Event Level:Q(B* ., ) X Q(lepton)= -1; ra
v BDT cut with many input parameters.
M2 s Q' Qigten Nigaen -Q(B).D” partial

reconstruction €tc... ; o
» 2D fit to M ,g? with background and signal
floated to determine background yield; lepton

v Measure absolute rate. X




Belle recoil analysis: results

e ~ 1035 B > X, [ v events

g [T 2 |
8 8 b
@ P 4% (0.0, 8.0) Gev¥ic2 W 400| q*(8.0,12.0) Geveie2 i > 1.0 GeV AB/B (%)
/ i | : B(D™ i) 1.2
(D) ¢v) form factors 1.2
- B(D*er) & form factors 0.2
B — X,/ (SF) 3.0
e ' B — X,fv (g — 55) 1.5
2 3 4 B(B — w/p/wév) 2.3
M, (GeV) B(B — n, 1fiv) 3.2
o IB'l“*Id:allal RS B(B — X,{v) un-meas. 2.9
CB—=X,Iv ] Cont./Comb. 1.8
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[ICombinatorial PID/Reconstruction 3.1
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00 - s Systematics 8.1
. Statistics 8.8
e M

1 2

w (Gev) PRL 104:021801 (2010)

AB(B— X, Iv; p,>1.0GeV)=1.963x(1%0.088,+0.081_,)x10"’




|V,, | results (HFAG average, GGOU)

CLEO(E)) |

381 £044+0.22-039 o

BELLE sim. ann. {m_ 7’

424+ 045+ 0.35-0.13 o

BELLE (E | g

4685+ 043 + 0192030 —
BABAR (E ) :

117 +0.24+0.20 - D33 — z\
BELLE multivariate {p*) § o
J4TH027T+001 -0 3 —_ -
BABAR (m_<1.55) : =
3964 0.8 +0.24 - 027 ——t E
E.-‘-.E.-'\J{it:"..\’- .71 : [
3844021 +0.07-020 ——

BABAR (m_<1.7, ¢"=%) ? ©
407 +0.22+0.24 - 0.22 — E[
BABAR (1 <1).06) E

304022 03D —

BABAR ((m_-g-) fit, p*=ltev)

129+ 0.24+0.11 - 0.14 ——

BABAR (p*>1 3GeV) §

421£027 +0.12 - .16 ——

Average +/- cxp + theory - theory ;

430+ 0.16+0.13-020 —

Ydof = 12200100CL=27.00%)
. Giarmnbinn, P Giordana, G Oszala, M. Uraltsev
THEFOTI IPFH,EI'}IIT (LN il

AB(B—X 1v)

F thy. TB

=A cceptances provided by many
different theoretical models;
Many |V, | values.

IV., [=(4.30£0.16+0.13-0.20)x10"3

HFAG
o, [LcKuzon

2 . 4
Gambino, Giordano, Ossola,

-3
Uraltsev JHEPO710:058(2007) | Vsl X 107]

6

0|Vub| +4.9% -6.3%
Statistical 2.3%
Exp.systematics 1.9%
b—cfv model 1.2%
b—ufv model 1.6%
Non pert.- 1.5%
Higher order par. 2.5%
g2 tail model 1.7%
Weak Annihilation -3.9%




|V, | results (different theoretical models)

Result vary from 4.05x10° (ADFR) to 4.37x10° (DGE)

. |HFAG Ave. (BLNP) 4.30= 0.16,,, + 0.21,,,, -0.23, .,  —e—i
G
C |HFAG Ave. (DGE) 4.37+ 0.15,,, + 0.17,., - 0.16,, —o—1
&
-— |HFAG Ave. (GGOU) 4.30+ 0.16,,, + 0.13,_, - 0.20,
D
| —
0 |HFAG Ave. (ADFR) 4.05+ 0.13,, +0.24, .. -0.21, . o |
see backup slides for more information |V
L 5 o o1 . v o o1 3 oo e a1 .21 |
3, 80 4, 30 4, 80

The |V, | values consistent within one o of each other, and

also consistent within one o of previous measurements,
*Obtained the most precise determination from the analysis
based on the two dimensional fit on My and ¢ plane with no

cuts other than p,,,>1GeV/c: the total uncertainty Is

comparabl e between BaBar and Belle.
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Limits on Weak Annihilation effects

= Weak Annihilation (WA) could cause
differencesin the BFsfor B* and B® mesons
leading to an asymmetry that may effect [V, |;

» Use BFsfor B and B* to set alimit onthesize ~ BABAR -
. preliminary
of the WA in B* decays; .

+ £ M. <17geves <
L | X : -
yWA — fu ( g/sl_ 1) E]Dﬂ:_ B"‘
r fWA Ru/sl E ‘{‘
5{] —
R/ -1 C.L. (90%) | ]
Mx <1.70, " > 8 | 0.042£0.066+0.009 | -0.07 < ywa/T <015
My < 1.55 -0.020+0.066-+0.003 | -0.13 < /I < 0.09 ; T
My < 1.70 0.071+0.11740.011 | -0.12 < /I < 0.26 ]m_"“"""“""":‘"""_
(Mx, ¢) p; >1.0 | 0.10940.157+0.019 | -0.15 < vwa/T < 037 | Mx<1.7GeVic (;"} -
= B” |
Other results: s | ]
CLEO, studing the g2 spectra BaBar ArXiv: 0808.1753 -
PRL 96,12801 (2006) 383 M BB :
I r 0 -
w 74%@o0%cL | e 38 gope; Qg5
I, I, fy.2.3-2.6) q2 (GeViich




Conclusions

= Determination of |V, | iscrucial to over-constraint UT;
= Inclusive |V, | determinations for different

calculations give similar theory uncertainty;
= Tota uncertainty on inclusive |V | determinations at

the 6% level, dominated by parametric errors
(e.g. about 4% from m,);

= NNL O calculations not included: sizable impact on
BLNP moddl;

= With the hadronic tag method we set alimit on the size
of WA < 9% at 90%C.L.

20



Backup slides
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The B factories

Integrated Luminosity(cal)

1600———————— ——— —— ——— —
[ 1> 1000 fb-1
- —keke| |>1.2% 10° BB !!! J_/'/I
1400 —PEP-I| On-resonance samples:
i —World _ f : Y(4S):711 fb1
1200! — _~770M BB / | Y(5S):121 fb"
[ : _ 1 Y(3S): 3.0 fb
: KEK-B // | Y(2S): 24 fb
1000} { for Belle J /_,-/" Y(1S): 5.7 fb-"
800 | » / y | Off-resonance: 87 fb1
; ~470M BB / r/_,./ ;
I for BaBar //-/ /_" | On-resonance samples:
400 / / 1 Y(4S): 433 fh1
: : Y(3S): 30.2 fb
2007 _ Y(2S): 14.5 fb1
i ‘ | Off-resonance: 54 fb1
0 i

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1
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V,, | extraction from BLNP

CLEO (E )
4.00 + 0.47 £ D.34 =
BELLE sim. ann. (m_.q- o :
4394046 + D31 - 0,20 —
BELLE l[l-',u]n :
481+ (.45 + 0.32 - 0.29 ; e
BABAR(E ) :
>\ 435025+ 0.3 -0.30 e
L FEI-"-.IE"-.H[I 5 il :
(6 445+ 030 + 039 -0.37 E i
BELLE multivatiate (p ) :
C: 445+ 027 + 024 - 021 e
BABAR ['n_‘;--' 1.55) :
. 403+ 0,19+ 0.28 - 0.26 ——
BABAR (m <1.7) i
0T+ 0.27 2028 0023 ——
§ — BABAR (m_-g%) |
4224022 D30 - 028 —
m BABAR (F') :
300+ 024 + 28 - 026 ——
e BABAR ((m_-¢7) fit, p*>=1GeV) ;
D_ |1*||1—-|1a..|~-| —
BABAR (p*=>1.3GeV) §
497+ 0.37 _||1._ .21 ‘—'—-":—'—'
Average +/- exp + theory - theory i
430+ 0016+ 021 -0.23 ‘,
2ot I‘HIH[i_I Fe A % :
sch, T _ Maubert and Poz (BLWNP 0
]'-‘I?}E I'ic'.' "%ﬂl.'ﬂ' l;llll'll'r FWE ) ! HFA G
I | I I I | P I CHRM2010

2 4 6

V.| [x107]

Error budget; ik
122,410, 12
23, -1 1.2

stat T eEp “Tb2e model

+19
19

+29 +04

b2u model HQE param SF func

34 -0.5

b2u model ~ =" 'HQE param "7 5F fune

+12 +37

+D'65ub 5F WA matching

-0.7 1.2, -3.1

“lsub 5F T WA - matching

bZ2c model




|IV,, | extraction from DGE

CLEO (E )
3702043 +030-026 =
BELLE sim. ann. (m, . q°)
4310+ 045 0.2 - 0.23 i
EBEELLE {Et-]' :
4.66 + 0.43 + 0.26 - 0.25 I
HABRAR(E N :
415+ 0.28 'h::._‘t-. o 25 ——
H AR, "nl-’. II- i
A5+0.2 F o) 3[1 ) -
RELLE muhn ariate (p ) :
4532027 2015 i
HABRAR |.-nx_'-il.."-‘-j| :
433+ 0.+ 032 2019 "'—l—"'—'l
BAaBAall I:'nx_’- 1.7} :
4.04 £ 022 + 026 - .23 -
BABAR (m_=1.7, ¢°=&) :
4. 10£022 +70.23 - (0,22 = g
|—i—-—|—i:
H—.—I—l
—{
+

iminary

BABAR (F'=0.60)

303+ 02 + {036 - 0.29

BABAR I[mx-q-“l fit, p*=10eW)

4314 4+024 +0.15

BABAR (p*>] 3GoVy

427+ 02T 06

Avecrage +/- cxp + theory - theory
437005007 -0 16

m‘éiwé‘fiﬁi*’:h.gfﬁ,‘l'f"'“ HEAG
E {".a:rrlll ardiv |ﬁl.'H"1 4524 | I | | . |
2 4 6

V| [x107]

Prel

Error budget:

nh
7
+2'Dstat +1 'TE!P +1 ““bZe model +2'Dh2u model +ﬂ'4alpha_5 R_CUT +3'5mb +1 'SWA +D'4DGE theory
I
"--Dstat'1 'Ee:tp -1 'EhEc model -1 'thu model -0. alpha_s R_CUT '3-5mh -1 -3WA _D'SDGE theory




IV, | extraction from ADFR

CLEO (E )
3.47 2041 + 021 - 0.22 =
BELLE sim. ann. {m Q) :
3044041 + 023024 -
BELLE 1E-.-]' :
453 042 + 0L27 ke
BABAR(E ) :
>\ 3.98 + 027 + 0.24 025 -
L H"-.H"-.I{II'. : :
CG JERTLOZ261£0.24 “
BELLE multivariate (p™) i
! 455 D3+ L27 i
BAHAR I""x'":l A5 i
pl— 386+ 018+ 0,29 - (1,23 ———
BAHAK I:‘Jlx_’- 1.5 :
378021 +023-0.24 e
 — BRABAR | m | ,T.ir-' 1 o
FFR 0202023 o g
m BABAR (P =0.60)
360+ 022+ 0.23 - (0,24 ———
B BABAR Iljmx-q-"l fit, p*=1]) '
D_ 434 X024 015 5 -
BABAR (p®=1.3) '
G428 02T+ 020 - 0,25 '_"'_-'_'_'
Average +/- exp + theory - theory :
405+ 0,13 + .24 - 0,21 [—
g = 282001 (0L — 0.30% ) :
L. Agliedi, F.Di Ladovieo, (. Ferrera , G Riceiardi [.-\.DF.R] HFA G
[arXiv: #7118 ], and references t|'||::n:|||. | |: | CHRMZ070

2 -+ 6

Error budget |V"h| [<107]
+1 'gstat + 1 'Be:::p * 1 '3h2{: model +1 'Ehﬂu madel +G '_'lralpha_i +1 'T".l't:h +ID'_'II'mb +4'4mc +1 'DEIF +3'2mndel -
-1 'gitat -1 'Bezxcp -1 '4b2n madel -1 '3h2u medel ~ ' "“alpha_s ~ ' 'Web _D'me -4 '4rnc _I:I'QBF _S'Emudel
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