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e (CKM Matrix and Vub

* Charmless semileptonic decay rates

* BaBar experiment

« B—(m/p)lv decays |PRD 83,032007 (2011)

 B—wlv decays (combinatoric-o background
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e Measurement of |Vup _
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CKM matrix and Vb
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b—uW- amplitude o Vb

U . U
weak doublet: () = (Vudd+Vuss+Vubb)

Vub Vub W/<” Vb . .
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Leptonic Semileptonic Hadronic
Helicity-suppressed Leptonic and hadronic Complex QCD
+ oy currents factorize interactions
BIBT ~7w) _5 B(BT — n'ltv) = B(BT — nt7Y) =
18(1 £0.28) x 10~ _
( ) 7.7(1£0.16) x 1077 0.57(1 £ 0.09) x 107°
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Semileptonic pi spectra
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Challenge Inclusive [Vub|: reconstruct lep. only [Exclusive |Vuw|: reconstruct lep. & X,
experimental model large B—X.lv background better bkgd rejection; lower rates
theoretical calculate partial decay.rate 'h a region calculate hadronic current
where background is suppressed
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Inclusive vs. exclusive [V

CLEO B" = p 1"v)

324 2034 £ 0.58 I }
BABAR (B  —p 17v)
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5.54 £0.65 = 0.54
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“The difference between the values for
|Vuo| obtained from inclusive and
exclusive decays has persisted for many
years, despite significant improvements in
both theory and experiment for both
methods. How to reconcile these results
remains an intriguing puzzle.”

-Kowalewski and Mannel, “Determination
of Vb and Vy,” PDG 2010




Exclusive |[Vuw|: tagged vs. untagged

sighal B—Xulv is reconstructed

et -*/- e

non-signal B / Y(4S) .
o d: d E BABARSLtag:B " = n1" v x 21, /T, |
untagged: not reconstructe U850 2098 20 1s —
. + 01+
* tagged: reconstructed as BABARB,, tag:B "~ I v x 27/t, 1
1.54 =041 =030 |
e B>Xlv (e=1-3%) BELLE 286L tz(l)g:SB " 01y x 21 /7, .._,A_H
143 £0.26 =0.1 .
e B—hadrons (g =0.3-0.5%) BELLE B, tag: B * — 2’1" v x 27,/1, |
1.24 +0.23 +0.05 —
BABARSLtag: B * — w 1" v |
139 £0.21 =0.08 T
BELLESLtag:B * = 1" v ;
138 £0.19 =£0.15 -
BABARB  tag:B’ = 1" v |
107 £027 =0.19 g
CLEO untagged: B — m 1" v
1.38 +0.15 +0.11 "
BABAR untagged: B — w1 v !
d b 145 007 +0.11 il
g00 agreement etween BELLEB,__ tag:B® - I' v .
112 £0.18 + 0.05 —o—!
tagged and untagged BF’s e |
gg gg 136 +0.05 +0.05 )
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Semileptonic B decay rate

X (|Hol|* + [Hy|* + |H_|?)
H,,;(q2) = f(A1,As,V, q°, Do)

Need theory to calculate
form factors f+ or Aj,A2,V




QCD calculation of form factors

(2. [Tmax
AB(q2,,,» 42 ANQ U = & / 5 |3 2\ (2 7.2
Vipl = \/ (i Poz) G o) = 5105 [, 12|l

T4+ AC(Q‘TZnin ) q;znax)

2 9
GEmp

2
qmaX
NI / 7,12 (P | He P ) dg?
T = |V |2AC 967 Joz,,

Lattice QCD HPQCD: PRD 73,0745012 (2006)
* unquenched calculations available FNAL: PRD 79,054507 (2009)

* none yet for vector semileptonic decays
e accurate at high g

Light cone sum rules Ball/Zwicky: PRD 71,014015 (2005)
e use QCD sum rules with twist expansions
e accurate at low g?

Quark model calculations ISGW2: PRD 52,2783 (1995)
* postulates forms for meson wave functions
e normalized at g’max
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PEP-II e"e- Collider

et | I *’ l_ e
Y(4S)

|0

SLAC/LBNL/LLNL
Asymmetric B Factory:
PEP-11 and BABAR

Electron

O * c.m. energy: 10.58 GeV =
mY (4S)

_ * Lorentz boost (By =0.56)
bog & reduces hermeticity

’ ; Electrons Q,“'\%\\
v e * 413 fb-! collected on-

OF 2 Positrons resonance: 454 million BB
/ events in Runs |-6

e 4| fb! collected off-
//. resonance

5% A

PEP-II
Rings ™

Positrons

Low Energy Ring
(new{
BABAR Detector \

High Energy Ring
(upgra(f;:)

Both Rings Housed in PEP Tunnel 7-98

6555A61
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BaBar detector

i, Electromagnetic Calorimeter
/65 80 CsI(TI) crystals

et (3.1 GeV)

1.5 T Solenoid

Cerenkov Detector
(DIRC)
144 fused silica bars o

e (9 GeV) o e Drift Chamber
/ % L & 40 Tayers

gyl

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided strips




B—(m/p)lv selection

untagged x

n

V\
e*.
4

) \
Bsignal

\ Lepton (£ = e, i)

\

1+ Require high momentum.

Candidates

5.1 5.15 5.2 5.25
mg¢ (GeV)

BY—m1*v after preselection;
neural nets further enhance signal

Hadron (7 or p — 7m) v

Neutrino

Reconstructed from missing
4-momentum of event:

(Eueﬁu) = (Emiss» 5miss) =

(Ee' e 5e‘e" ) o (:1 Eifzi 5‘)

Sample components

Signal small relative to bkgd

similar to signal

other BB

dominant background

e'e—qq | off-resonance data used to
(@=u,d;s,¢) [ correct fit variable shapes




Signal selectlon variables

background
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AE (GeV)

E \/(8/2+ﬁ3'ﬁe+e)2
11 MES — 5
E€+6_

_pQB

signal peaks at
mes = mg = 5.28 GeV/c?

556 5266 527 8275 528 528k 529
M (GeV/c?)
Sl R R A R RS RN RN RS A =
3 | ap o BB Beres —5/2
3 E Vs
3 E signal peaks at AE = 0
bt T D

plots from B®— K°K®ar BaBar analysis

03 015 04 005 0 005 04 o015 02
AE (Gev)

mes and AE test consistency of
reconstructed B with a true B

m




B—rlv branching fraction

binned ML fit in mgs, AE, and g° for :
’ ’ Backgrounds vary with g2.
B — (n* /7°/p* /p°)ev simultaneously, BY — e w0 6 aF s J g 4 1
with isospin constraint
signal
2 ) - 2
Low g Mid g High g B B—X.v
;§150'0<q2<4GeV2 ésoo (8 <7 <12 GeV? %‘“’0 "> 20 GeV? A other BB
T | © 400 - T 300 - e i
T 10 T | T | .
s § 300 . , & 200 - ¥t
0 50 0 200 " T s BT 0 100 i 49 4% N = = 2
100F T - s — \/(8/2 +§§+-pe+e) 2
0514 515 52 525 051 515 52 525 ce
mgg (GeV) mgg (GeV) signal peaks at
MES = Mp = 5.28 GeV/c2
§ 500
T 400 |
2300
S 200 AFE — Pp - Pote- —5/2
100 | Vs
0 signal peaks at AE =0
AE (GeV)
0  _— g+
Single mode yields —> B+ -7 0£+ v 7181 = 279
BT — 7w/ v 3446 + 208
4-mode yield used to find BF —> B — 7wlv 10604 + 376

B(B? — 7 ¢"v) = (1.41 + 00545t = 0.075s) x 107° Ogtat = 3.5%; Oyt = 5.0%; 0y = 6.1%
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B—plv branching fraction

binned ML fit in mgs, AE, and q2 for
B — (7% /7°/p% / p°)tv simultaneously, B — p=0*v in 3 g2 bins J

with isospin constraint
signal
120 F0 < ¢ < 8 GeV? @ 250 o, [ q2>16 GeV?
g e tl 2 S 200 4> 168 i I X
T 200 T s _
o i B 150 [D other BB
& 150 8. | e _
S 100 G 100 qq
0.,
0 -
7] i 1] 7]
g 2 2
I < <
T 60 o = Large B—>Xl}1v |
& | S & background is highly
© © © correlated with signal
: =1 . and must be fixed in the
01705 05 A 07 905 0 o 1 | | fit.
AE (GeV) AE (GeV)
Systematic errors B — wlv B — plv
0 =T y P
B” —p Og v 1577 £ 130 , detector effects 3.2% 4.9%
BT — %ty 1970 + 154 Smaller yield K, simulation 3.0% 7.5%
B — olu 3332 + 286 than B—rlv B — (7/p)lv FF 2.2% 9.4%y
P B — X,{v bked. 0.9%
5 — -y B — X v bkgd. 1.0% 1.5%
B(B® — p=0Tv) = (1.75 & 0.1540¢ & 0.2755) X 10 03 bhed. Q0%  4.0%
other effects 1.5% 2.5%
Ostat = 8.6%; Osyst = 16%; 0o = 18% Total 50%  15.7%
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Comparison of BF(B—m/plv) with theory

B — wlv >

ABIA ¢ (GeV?)

m

BaBar SL Tag 2008
BaBar Tagged 2006
Belle SL Tag 2007
Belle Tagged 2008
BaBar SL Tag 2008
Belle SL Tag 2007

——

———

BaBar Tagged 2006 ———e——

N

CLEO Untagged 2007 ——

BaBar Untagged 2007 ——

Belle Tagged 2008 ——

Belle Untagged 2011 -~

BaBar Untagged 2011 o~
rThis measurement —.— )
T—IFAG 2010 Average -

Lo b b b Py gl
-0.5 0 0.5 1 1.5 2

BF(B*—xT'v) [x10™]

CLEO untagged 2000
CLEO untagged 2007

BABAR untagged 2005

BELLE Byge tag 2008

BELLE SL tag 2007

-6
L
- ® Data y
10— = LCSR Theory curves
E N --= HPQCD scaled to area of
8‘_ : the data.
TN | | BGL: PRL 74, 4608 (1995)
6 -
4r .
21 -
0_..,.1..l.|l...|.l..|..l~."1~.:’" .
0 5 10 15 20 25 most precise
o (GeV?) measurement of
Boptv | BF(B—n/plv)
—_ 20><1°.'6 _ -
h B e Data
> | LCSR
:j, 151 - |ISGW2 i
o | e S 1 |
< i
M 10 i -
< f : |
S } ............ ] % |
0 ] | | | | | | | | |
0 10 20
92 (GeV?)

This measurement .+.

HFAG Average 2009

0.5 1 15 2 2.5
BF(B’—pTv) [x10%]
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untagged

X

n

generlc

h/

B—wlv selection

e @ ®°
\ sz
® — mirm
2
V
Efficiency true-w comb.-w B—Xclv cc
signal signal
skim 52.4% 52.4% 12.6% |.6%
presel. 9.3% 0.18% 0.015% 0.012%
NN 49% 20% 7.2% 9.3%
Total (est.)| 2.4x102 | 1.9x104 | 1.4x10°¢ | 1.8x10”

Preselection cuts

EcsCutSetR22 Training_VO:.

Cut (Sequential) [%] True-w signal
Candidate [weighted events] 18438.5
Ry < 0.5 100.0
nl'rk >3 99.8
Qtot <=1 89.1
Ip.|t°t /Bt < 0.7 (e~ only) 99.0
Lepton fiducial cut: 0.4090 < 6 < 98.9
2.3720
|mgX — m ]/([;| > 25 MeV 98.8
! (> 1.6 GeV 75.6 )
All GoodTracksLoose 80.1
Hadron: Kaon veto 99.4
Hadron: Lepton veto 98.8
(w — 7wt7 70 Selection (BAD || 47.3 )
W Lison
D*lv veto 95.6
P(wlv vertex) > 0.001 90.0
0.760 < m(rtr ) < || 864
0.806 GeV
p; > 1.3[lp; > 2.0|[p] + pj, > 99.5
2.65
Dalitz amp. > 0; pj‘ro > 0 GeV 99.4
—1.2 < cosblgy < 1.1 95.4
Lo < 3.0 98.9
V ( Prmiss > 0.5;0.3 < O < 2.2 80.6 )
\mmlss/(2 * Fmiss)| < 2.5 99.7
Q2. > 0GeV 100.0
—0.95 < AFE < 0.95 GeV,; 69.1
5.095 < M5 < 5.295 GeV
—0.15 < AFE < 0.25 GeV; 27.8
M.s > 5.255 GeV
Overall efficiency 2.6




Neural net selection

Input variables %
* Event shape -
¢ L2 g 02 g 058 g
. R 2 % 0.102 0304 0506 07 .sc.:et: %5 0 05 1 isslgEmi:(sGer S708 08
*  COSOthrust f
+ neutrino quality good .data/MC agreement of N.N input
variables and output discriminants
*  Omiss
®  Mmiss’/2Emiss . A -
* cosOBy g . : .
» other 5 g "
5, 10 5 o
e CosOwi g &L e

0 02 04 06 08 1

¢ PrOb(thx) MLP(qa) MLP(ch)

» o Dalitz amplitude

_)TE



Classitication

Traditional Sideband

~low peak high

4 [—— MCAIl A | —— MCAI

- (49189.8)
— stack

wwa || combinatoric-W signal
and background:

+ (49189.8)
— stack

= (49189.8) 500

500

"~07 075 08 085 707 075 08  0.85 one or more
M3 M3 daughter TT does not
come from a true W

—— MCAII (50042.9) —— MCAII (50042.9)

B Sig (2057.9) === Sig (1029.4)

S BB (38479.8 ~ BB(1230.2) | Itrue-W background

(38479.8) B oo (823.4)
Bl ca (9505.2) B MCComb (46959.9)

e >80% of background in ms; peak 1s combinatoric-m

e model 1t with data from the sidebands
m




Test extrapolation from ms; sidebands to peak

100 :- i ! S as 1|01 TY

07 075 08

085

m3 distribution of
combinatoric-® differs
for qq, BB, signal

Sidebands are corrected
by subtracting the
comb.-m signal before
the m3; fit, then adding
it afterward.

~QQTotal - BBTOtal 18 |1 - SigTotal
stack 400 -';..u..' stack L | stack
.m'." V../\‘ 10 ..... (]
200 il 5 "‘;
* 197 075 08 085 %07 075 08 085
M3 M31T
T ot ]
cource comb.-w | weighted peak/
in peak sideband sdband
qq 2081 1969 1.06
BB 8256 8277 0.997
signal 265 238 .11
Total 10601 10484 .01

m



Classification

Traditional

[~ MCAIl
- (49189.8)

— stack
= (49189.8)

500

0.7 0.75 0.8

—— MCAIl (50042.9)

== Sig (2057.9)
— BB (38479.8)

Bl qq (9505.2)

Sideband

~ low

peak high

500

B [—— MCAI
. (49189.8)

— stack
= (49189.8)

0.7 0.75 0.8

——— MCAII (50042.9)

=== Sig (1029.4)
—— BB (1230.2)

Bl oq (823.4)
B MCComb (46959.9)

500

Sideband-corrected

(this analysis)

 low peak high

B [—— MCAIl
- (49189.8)

— stack
= (49189.8)

0.7 0.75 0.8

—— MCAIl (50042.9)

=== SigTrue (1029.4)
— BBTrue (1230.2)

B ooTrue (823.4)
=== SigComb (1028.5)
B QQBBComb (45931.3)

>80% of background in m3; peak is combinatoric-m

m



m3r fit performed to:
data - (comb.-w signal)
with f = fsig + fbkg

i |
600_— {J[ | i

: i
400 j1

C 4

:++ Jr
200+

L /\ fokg = 2"d-order

I . o polynomial

097 0.75 0.8 0.85
/ m,_

fsig = relativistic Breit- From fpig, Weights are
Wigner, convoluted calculated to scale upper, lower
with Gaussian sidebands to area in peak.




AE vs. mgs and fit parameters

-
B — MCPeak
600 — - (13294.3)
B Tsit$§|2(94.3)
400
200
T 035 08 0
M3
—— MCPeak (132943) Fit params e ) -rl I ] =
=== SigTrue (900.2) sig = -l-_! '-!
~— BBTrue (1076.2) BB e IE
B oo (7165 . g v
' N N
== SigComb (264.9) sig = -
B QQBBComb (10336.5) P 1 s 2 525

(pre-fit yields)




AE vs. mgs binning

2000

1000

5.1 5.15 5.25 0
mgg (GeV)
—— MCPeak
- (13294.3)
— stack
= (13294.3)

—e— MCPeak (13294.3)
== SigTrue (900.2)

—— BBTrue (1076.2)
I qqTrue (716.5)

== SigComb (264.9)
E== 0QBBComb (10336.5)

¥2/ndf = 0.0/20 = 0.0

AE-mgs plane divided into 20
bins, with smaller bins where
the signal changes more.

. (1926.2)

— stack

—— MCPeak
= (1926.2)

—— MCPeak (1926.2)
== SigTrue (373.7)
—— BBTrue (149.8)
I qqTrue (91.4)

== SigComb (80.9)
BE== QQBBComb (1230.3)

¥2/ndf = 0.0/10 = 0.0 ‘




Test m3, sidebands-to-peak extrapolation

600

400

200

-—t -

0P
L L L L

oo

(=2]

ynresPeak/stack

600

400

200
x 1.2 x 1.3[
g120 g120 R e
3> 1 3 1 Ay ,‘LJT \T \Z\L*;F !
B 0.8 8 0.8 R
m L L 1 L Il L L m \\\\\\\\\\\\\\\\\\
$06707 075 08 085 8 0-6 5 10 15 20
g m, (GeV) g Bin

onresPeak (12770.0)

=== SigTrue (619.8)
=== SigCmbPeak (182.4)
——— BBTrue (893.2)

B QQTrue (982.3)
B QQBBCmbPeak (10069.4)

onresPeak (12770.0)
B SigTrue (614.1)
B SigCmbPeak (180.7)
BBTrue (907.7)

B QQTrue (1033.4)
B MCSdHiwt (5132.0)
B SigSubSdHiWt (-109.7)

B \ICSdLoWt (5156.7)
B SigSubSdHiWt (-137.5) k.
ANEAN

Signal subtracted

signal yield (combinatoric-w bkgd from msn peak)

signal yield (combinatoric-w bkgd from msr sidebands): 795

. 802 + 125 from sidebands

I+

121

Signal yield changes <1% using MC from m3; sidebands instead of from m3; peak.




Fit results: all-g?

+
400 400

200 200

signal yield: 1029

x 1.3 % 1.3

g 120 Lol o, 4 I| 212

> 1 I__r—l— T S = -+ s 1

§ o8l '#-_;_”*’ 777777777777 S 0.8

§0657 515 52 525 906 0.5 0 0.5

c mc(sib) (GeV) c AE(sib) (GeV)
onresPeak (12770.0)

n === SigTrue (803.0)
600 o B SigCmbPeak (236.3)

BBTrue (785.0)

| BN QQTrue (1019.4)
B OnresSdHiWt (5076.8)

400

Ostat = |3%;

200 EEEES SigSubSdHiWt (-94.3) o
- + B OnresSdLoWt (5087.7) 0'syst: oo,
- EEEE SigSubSdLoWt (-119.9) Gror = 16%

BF(B*—wl*v) = (1.25 £ 0.16 £ 0.13) x 10
m




100

50

Fit results: 5 g* bins

100

50

0<q?<12 GeV?

signal yield = 219 + 38

60

I N A N
0.65 17— 5.15 5.2 5.25

0857 545 52 535 0653 0857515 52 525 _
mgg(sib) (GeV) mgg(sib) (GeV) meg(sib) (GeV)
0<q?<4 GeV? 4<q?<8 GeV? 8<q*<10 GeV?
signal yield = 263 = 75 signal yield = 197 £ 55 signal yield = 178 = 40

mg¢(sib) (GeV)

150

100

12<q?<22 GeV?
signal yield =236 *+ 61

1.30
ey

E; g.g%wk44+ ******* - f sizable signal yield in
5181 52 (g.i%e;(Gev) each q2 bin

“26Apr2011 T B @plo)v, W, Wulsin Ty



signal

true-m bkgd.

comb.-m S1g.

comb.-® bkgd.

N(B*B")

Total systematic

Total statistical

Total error

Systematics

I‘econstruction Ky prod./interaction

Source Variation Uncertainty (%)
track efficiency kill tracks | vt reco | 1 47
photon efficiency kill photons  [is largest 4.3
rate of K prod. & reco’d. energy| v 4.4
lepton ID lepton selector efficiency 1.4
signal form factors A1(g?), A2(q?), V(q?) 4.1
BF(ow—nnm) error from PDG 0.8
qq AE-mgs shapes reweight with data ctrl. sample 0.7
BB AE-mgs shapes reweight with data ctrl. sample 1.1
m3z shape of comb. sig. [remove signal sdband subtraction 2.3
scale (ms3y statistical) sideband weights 1.0
scale (m3; ansatz) linear bkgd. fcn. (not quadratic) 3.2
BB counting +1.1% 1.1
f/foo + 1.2% 1.2
. . : 10.5
statistical and systematic e
uncertainties are comparable ”




Systematics: true-o AE-mgs shapes

original

S

reweight with p, from qq:
Asig =0.7%

\

% 1.3
— data
(12770.0) *g 1.2
stack =
= (13027.2) S 0.8
% 0.6
g O
c
(o)

15 20
fit bin (g% 1)

¥%/ndf =22.3/20 = 1.1
x 1.3
O
_g 1.2
% i
o 0.8
b4 B
»
o
S
c
~

—— onresPeak
(12770.0)

stack

= (12933.5)

——+— onresPeak (12770.0)
E== SigTrue (900.2)
E== SigCmbPeak (264.9)
BBTrue (1076.2)

1L

—h
T

B QQTrue (624.0)

B OnresSdHiWt (5150.0)
B SigSubSdHIW! (-97.4)
E==== OnresSdLoWt (5138.9)
== Si

—+ 4 ‘ +
+4‘7++\+\ \+++

igSubSdLoW (-123.3)

Bin

—— onresPeak
(12770.0)
stack

= (12881.5)

——+— onresPeak (12770.0)
=== SigTrue (900.2)
E==== SigCmbPeak (264.9)
BBTrue (932.4)

|| | s QQTrUe (716.5)

E=== OnresSdHIW! (5150.0)
EEEm SigSubSdHiWt (-97.7)
=== OnresSdLoWt (5138.9)
== SigSubSdLoWt (-123.7)

06—

%2/ndf = 18.9/20 = 0.9

reweight with p, from BB:
Asig =1.1%

3TrueLoop/stack

200

100

—— QQTrueLoop
(624.0)
— stack

« (716.5)

—
N

Y
N
I

—— QQTrueloop (624.0)

. QQTrue (716.5)

o ¢
H&
N-

YTrueLoop/stack
o
0 IS
T T
+\
;
%44
T
-
!

200

100

¥3/ndf =9.8/12=0.8

—— BBTrueLoop
(932.4)

— stack
= (1076.2)

—e— BBTruelLoop (932.4)

— BBTrue (1076.2)

¥?ndf = 155.4/11 = 14.1




Systematics: msy distribution of comb.-m signal

—— onresPeak E by —— onresPeak
600 - (12770.0) 600— iy . (12770.0)
— stack B " u‘ﬁ# — stack
= (12797.7) B W = (12798.2)
400 400 !
200 200. i .
x 1.8[ X l.ﬂj
o e —— onresPeaKk [1277070] O e —— onresPeak (12770.0)
S 1-27 e S r302) 9 1.2 B SigTrue (829.2)
N ——— BBTrue (697.0) (V)] —— BBTrue (672.2)
> 1 E § Tmeﬁﬁ}%ﬁg < 1 I OQTrue (992.5)
go8- = gosr == onescdLow 61370
§06 0|7 — 0‘75 — 0‘8 “ 0I85 | L 2/ndf = 2155.8/24 = 89.8 §06 OI7 “ 0‘75 “ 0‘8 “ 0I85 | ?/ndf = 1896.7/24 = 79.0
c m,;_(GeV) c m,. (GeV)
onresPeak (12770.0) onresPeak (12770.0)
E=== SigTrue (812.9) .
E=== SigCmbPeak (239.2) = SigTrue (829.2)
BBTrue (697.0) —— BBTrue (672.2)
B QQTrue (979.1)
B OnresSdHiIWt (5150.2) Bl QQTrue (992.5)
S SigSubSdHIW (-96.9) B OnresSdHiWt (5166.5)
B OnresSdLoWt (5139.0)
B SigSubSdLoWt (-122.6) B OnresSdLoWt (5137.5)
corrected sidebands: no signal correction of sidebands:

nominal fit Asig = 2.3%
m




Systematics: scale of non-signal background

: | . i
600 | * 600 |

- Lt - I

_ i _ ir
400_— + fd 400_— + +1

:JrJr ’ BTy :JrH t Ty
200 200

[ [

097 075 0.8 085 097 075 08 08

msn m3n
nominal fit: fokg = linear poly.:

fokg = quadratic poly.

Asig = 3.2%




BF in 5 g? bins

— LCSR
— ISGW2

——— =4+

x107°
NU- - T
s L
q¢° range ( GeV?) AB(x107?) e 0
0<q?<4 26+07+08 < 40~
4<q*<8 1.84+05+0.3 i
8 < ¢* < 10 1.74+04+02 R
10 < ¢° < 12 22404402 5L |
12 < ¢? < 22 40+£10+10 i |
0< q® <22 125+16+13 -
% 1
Belle Untagged 2004 °
BaBar Untagged 2008 ——
BaBar Semilep Tags 2010 ——
This measurement ——
PDG 2010 Average ——

4 05 0 05 1
BF(B*—wl*v) [x10™]

m

10

N
o

9% (GeV?)



V| from B—(p/m)1v

ub| — ‘ ‘
T—l— AC (q72n in? Q72na:13)

[ = V|2 AC

GZm?2, [dmax

D[ (Ho? + [HL + | H - P)dg?

Ag(qrznirn qrznax) —

qmin

B—plv B—oowlv

LCSR:  [Vuws| = (.75 + 0.24) x 103 | | LCSR: [Vub| = (2.32 £ 0.21) x 1073
ISGW2: [Vub| = (2.83 £ 0.24) x 103 | [ ISGW2: [Vup| = (2.33 £ 0.20) x 1073

theory errors not available

mﬁnpm v, W. Wulsin



V| from B—rlv

partial g* range

Solve rate equation for |Vp|

AB(qEnim q%”'ax)
| Vib| = AC(a? 2
70 C(qm,'na qmaX)

G2 J
AC(Goin, o) = = /p;-|f+(c72)|2dc72

theory needed to calculate

full g% range
-6
12X1'0~| S B N R -
. ®* Data
10—_ BGL (3+1 par.)
k 0 HPQCD
4 FENAL/MILC

ABIA o (GeV?)

FNAL/MILC fitted _

I|II1I|IIIII.I

IIII|IIIIIIII
00 5 10

| Vip|(x1077)

LCSR (¢> < 16 GeV?)  3.63+0.12795°
HPQCD (q¢° > 16GeV?) 32140.1779%

Oexp = 3-0%; Oy = ~15%

exp
Theory error dominates

Simultaneous fit to data and theory
» 3 parameters: BGL quadratic
polynomial

« 4th parameter: relative normalization
between theory and data, o [V, |?

* Theory points are correlated, so not
all are used in fit.

Vub —
Vub —
Vub —

15 20 25
9’ (GeV?)

o(data BF) = 3%
o(data g2 shape) = 5%
o(theory FF norm.) = 8.5%

Oota = 10.5%

(2.99 +0.35) x 10> HPQCD (1 point)
(2.92 £0.37) x 10~° FNAL/MILC (1 point)
(2.95+0.31) x 10> FNAL/MILC (4 points)




'Vub| summary

significance bands drawn

relative to global fit of all other|: =
unitarity triangle constraints: |- ARl

Voo| = (348 £ 0.16) x 103 [ £ B,

|Vub| from this B—rlv analysis
@©LCSR, low q2 = (3.63 £0.51) x 103
AHPQCD, high q> = (3.21 £ 0.49) x 1073
@FNAL/MILC, full g = (2.95 £ 0.31) x 1073

0.8025 0.003 0.0035 0.004 0.0045 0.005 UT Fit values

Vib + exclusive average
¥ inclusive average
A between inclusive and
exclusive is <20

m




Conclusions

improved BF’s
BF(B'—>n1*v) = 1.41 £ 0.05 £ 0.07) x 104 combined fit to theor)l &

BF(B®—pT1*v) = .75 + 0.15 + 0.27) x 10 d :
ata reduces exclusive |V
BF(B*—wl*v) = 1.25 + 0.16 + 0.13) x 10 [Viol
error (but theory errors

still dominate)

taking comb.-w bkgd from data Ball-Zuicky 4’ < 16
334+0.12+055-037 ¢
reduces MC dependence and
o) HPQCD q” > 16
allows g“ spectrum measurement 020204059030 A
x107® 5
e [~ 7 7 T T T T T T FNAL q° > 16
S [ —LcsR | 362 +0.22+0.63-041 A
m L . — ISGW i
< 10r ﬂk .
I — i This analysis ——
L 2
:l I : | | | |
0 2 4 ;
b 10 20 IV, | [x107]
q? (GeV?)







