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2_
W V dr G2|Bx|®

/7 . 2 Ur 212
b N B—ntv: T7 = VP L L5 IE()
e u
o dr 2G/-2|5 |q2m%; 2y 2
B {q Q%%a M q}“»p B — ptv: e | V| ggﬂ3 [Fo(a7)]
< v

Physics Goals

@ Measure |Vp|

@ Test QCD calculations of form factors

(0,0) f (1,0)

B known within 1°

Measure B(q?) of B — (7% /7°/p% /p°)tv
Data sample: 377 million BB pairs. J
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SIGNAL CANDIDATE SELECTION = ™

Untagged X,
non-signal B is

not reconstructed / o%

X4
o' @ - @ <Emmmm— @ ©

|
v(4S) Lepton (£ = e, p)
5 Require high momentum.

signal

Hadron (m or p — 7w \ :
( E ) \ Neutrino
PDG : !
Mz — mp™"| < 1 full width ! Reconstructed from missing
X, = T, p—7x \ 4-momentum of event:
\| (Eusﬁu) = (Emis» 5miss) =
)(103 A% (Eefe—el—je‘e_)_(EiEifEiﬁi)

$ 100 [ B4Bar -

Pt L preliminary o =R —

S 80 _eg ' Sample components

= [ ] *Signal; very small relative to bkgd.

®

O B - B—X lv (X, #m,p): similar to signal

[ 1+ other BB: B—X_Iv control samples used as cross-check

/. e'e—qq (q=u,d,s,c) continuum: off-resonance data used
mgg (GeV) to correct fit variable shapes

B—n- (v after preselection
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« Neural nets trained against each of 3 backgrounds, in each g2 bin

« Sample plots shown for B>—x (v in 3 selected g2 bins
0<q2<4 GeV? 4<q2<8 GeV? 20 GeV2<q? [ 1 signal
»w 014 : " 015 .. Signal 8 01F - Signal B—X1
o2 peound £ | " packground £ oosl  Background [ w
S 041° c B c 0.09¢ [ other BB
W o.08" w01 f11 M o.08f AR _
0.06" cut 7| 0.04F ALY =
0.04F £ 0 02:_ . ]
0-02? --:-l H H . E| .d"l-:.j..-j | IR R T:.:“'V-n. l
00 02 04 06 08 1 0002 04 06 08 1 0002 04 06 08 1
MLP(qq) MLP(clv) MLP(ulv)
. | BABAR ® | BABAR ® 300 BABAR
"&; 800 | preliminary ""B‘ 200 — preliminary + ""v' | preliminary
5 600 | 2 2 Al
% : T150 | gzoo— i
Q400 ¢ 8 100 3) S
i 100 - NNE
200 ¢ 50 I 8
o r = 0 I o __ﬂ- o —— 8] ]
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
MLP(qq) MLP(clv) MLP(ulv)
Continuum background B—X_ lv background B—X_Iv background
Jet-like events differ largest background, Mostly at high g2,
from isotropic B decays I'(b—clv) ~ 50xI'(b—ulv) hard to separate

BO—mi*v S/B before NN = 3%
BO—mi*v S/B after NN =12%
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B—nlv YIELDS *pagaR]

binned ML flt in Mmegs, AE, and q2 for Backgrounds vary Wlth qz.
B — (7% /7°%/p% /p°)lv simultaneously,
: ( / /P /'0) y B° — 7 0Ty in 6 g° bins J
with isospin constraint [ signal
Low ¢ Mid ¢* High ¢2 I B—-X.lv
;§150-0<q2<4(;ev2 8 500 [8 < 2 < 12 GeV? 89025 20 Gev? R [__] other BB
i © L © _
2 2400 2300 - aq
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T 3 BABAR T 300 i preliminary + N ® 200
(&) preliminary 0200 kel (&) 124+ oo\ 2
_— S + p eams ‘p >
100 :__I_H_‘_'_,__.—\_,—-_I""_‘—’ 100 My = \/( = b B) _plzg
beams

Signal peaks at
mgg = mp = 5.28 GeV/c?

g
©
T
©
=
3
AE — pbeams 'pB _ \/E
s 2
1
Signal peaks at AE =

AE (GeV)

0

) ) B — /"1 7181 &+ 279
Sinele mode vields | ——>
neemotyee B+ — 2%, 3446 + 208

4-mode yield used to find BF —> B — 7wlv 10604 = 376
B(B° — 7 "v) = (1.41 £ 0.05sar + 0.075st) x 107*

Ogtat = 3-5%; Ogyst = 5.0%; Oy = 6.1%
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* BABAR]

binned ML fit in mgs, AE, and g for
B — (n%/7°/p* /p°)ev simultaneously, [ signal
with isospin constraint B® — p™{"v in 3 ¢" bins | I B—X.lv
; ther BB
8120 F0 < ? < 8 GeV? | 2250 [8 < o < 16 GeV? 2 00 [ &> 16 GeV? [ ] o
g 100 B 200 s [«
g 80 E_BABAR §15°-—BABAR §150 '_B B
O 60 " preliminary O - [ “oreliminary O 100 _ p?glimilr‘\‘alrs
' 50 |
0
2 2 g20f {  BaBaR
g g g 250 preliminary
S 'S S Large B—X lv
§ § §1oo background is highly
5o correlated with signal
; and must be fixed in the
i ) 0. . 05 1 || fit.
AE (GeV) AE (GeV) AE (GeV)
Systematic errors B — v B — plv
detector effects 3.2% 4.9%
0 — )T
B+ — P 0€+’/ 1577 + 130 K, simulation 3.0% 7.5%
0 0
A/ P B ey R e T
— I/ — u 1% g . . 0 . 0
£ : than B—mly B — X.(v bked. 1.0% 15%
B(B® — p=0t1) = (1.75 £ 01540 + 0274 ) x 1074 qq bkgd. 2.0% 4.0%
( P ) = *tat st) other effects 1.5% 2.5%
Oyt = 8.6%; Ogyer = 15%; Oy = 18% Total 5.0% 15.7%
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FORM FACTOR PARAMETERIZATIONS | EBABAR

— BGL (3 par.) n param. Bourrely, Caprini, Lellouch (BCL)

— 12 L L I LI I Ty rrr T
R i ® Data f.(g*) parameterizations
> ~ BABAR i
D 10 """ === BK 1 param.  Becirevic, Kaidalov (BK)
w E Phys Lett B 478, 417 (2000)
N T 2 param.  Ball, Zwicky (BZ)
o "= - BCL (3 par') PLB 644, 38 (2007)
<
~
m
<

I T T A T N T TN T AN N N M O M

6 __ PRD 79, 013008 (2009)
- n param. Boyd, Grinstein, Lebed (BGL)
: PRL 56, 303 (1997)
4 )
:_ Shaded band indicates * BCL and BGL expansions avoid ad
21 uncertainty on BGL fit. hoc assumptions and are based on
i i fundamental QCD concepts.
0 PR T N N N TN U TR T N TR T MO WO AN SO T NN M N N T N ° We use BGL 3_parameter flt as
0 S) 10 15 20 25 default (consistent with BGL 2-
q2 (Gevz) parameters).
q2 spectrum corrected for /
detector efficiency & All 4 parameterizations agree with each
resolution, bremsstrahlung, other and are consistent with the data.
and radiative effects
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COMPARISON WITH THEORY

B — mwly } . B — ptv )
6 x10°
— 12 i<l1lo T T l T T T T T T T T | T T T T | T T T T ] '] “A 20 — T T T T ) )
N ; e Data
> [ B4BaR * Data ) > | B4Bar s L CSR
Q B preliminary e | CSR QD preliminary
® 10 B Theory curves (©) ——- ISGW?2
~— e --- HPQCD scaled to area of | ~ 45| —
- o N S ISGW?2 tt'e data. T | e, G < |
Q4 PTTTS : < g
(1] Y e S T _ m 10— i —
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* : N A, i
21 - - -
: Y, : 0 I ! 1 I | 1 1 ! 1 |
0 | | | | | 1 | | | | | | | 1 | | | 1 | | | 1 1 | "}“- 0 10 20
0 5 10 15 20 25 2 2
Probability of agreement with theory Errors too large to distinguish
Calculation Prob(x2, ndf) between B—plv predictions.
HPQCD 13%
PRD 73, 074502 (2006)
ISGW2 0220  Probabilities exclude theory
oy errors and use full g2 range
LCSR <107 . . ge.
« Calculations valid only for
PRD 71, 014015 (2005) .
partial g2 range.
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|V, | FROM PARTIAL ¢*> RANGE

- Skl J Solve rate equation for | V|
— 12T
% N B;anéfr?ag ® Data A V . AB( qr2nin7 q?nax)
® 10 m LCSR Theory needed to ub| = Al (a2 5
"l --- HPQCD calculate form 70 C(qm,-,,, qmax)
N factor.
T 8e e - -
QLTS ]
m g 3 ]
< - 1 . i 2 2 Gf 3 2712] 4.2
. ’ i AC(qminaqmax) — 473 / pﬂ‘f+(q )| dq
al N s
L . 2
- - qin
ol _‘ o
O_I 1 1 | | 1 1 | | | 1 | | 1 | 1 | 1 1 | | 1 I'\Iv"}“-.‘_
0 5 10 15 20 25
2
q? (GeV?) | Vib|(x1073)
Probability of agreement with theory LCSR (q2 <16 GeV2) 3.63 = 0-12t%'.54%
Calculation Prob(x*, ndf) HPQCD  (q° > 16GeVT) 321017055
HPQCD 13%
PRD 73, 074502 (2006)
ISGW2 b2 + Probabilities exclude theory Oxp = 3-5%; Oy = ~15%
RO o2 2163 (1999) d use full g2 range Theory error dominates
LCoR PR errors and u I q ge. ry
« Calculations valid only for
PRD 71, 014015 (2005) )
partial g2 range.
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12

— LI B I
°"> Z ¢ Data
@ 10 B BGL (3+1 par.) 1
9 P 0 HPQCD i Simultaneous fit to data and theory
~ A FNAL/MILC | pro 79, 0sa507 2009) || © 3 parameters: BGL quadratic
o 8 s+ FNAL/MILC fitted polynomial
S i i « 4t parameter: relative normalization
0 6 - between theory and data, a |V
< - . * Theory points are correlated, so not
4 B _ all are used in fit.
2 =
0 B | I I | I | I | I | I 1 1 1 I | | I T_
0 5 10 15 20 25
q? (GeV?)
V| = (2.9940.35) x 107> HPQCD (1 point) o(data BF) = 3%
_ -3 : o(data g2 shape) = 5%
V| = (2.92+0.37) x 10 : FNAL/MILC (1 point) o(theory FF norm.) = 8.5%
V| = (295+0.31) x 1007 FNAL/MILC (4 points) Ototal = 10.5%

Errors reduced compared to
|Vl from partial g? range
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CONCLUSION

*  Most precise branching fraction measurements:
- BF(B'->wl*v)=(1.41+£0.05+0.07)x10* X
— BFB'—plv)=(1.75+0.15+0.27) x 104 %

« Tests of g2 spectrum agreement with theoretical predictions.
«  Determination of |V |:

BaBar SL Tag 2008 ——
BaBar Tagged 2006 ' -

Belle SL Tag 2007 —
Belle Tagged 2008 ————

BaBar SL Tag 2008 ———

Belle SL Tag 2007 —  LCSR, lowg? =(3.63+0.12%05,,))x10°g
BaBar Tagged 2006, o « HPQCD, highg? =(3.21+£0.17 *055,,,) x 103 A
CLEO Untagged 2007  —e— «  FNAL/MILC, full g2 =(2.95 £ 0.31) x 103 @

BABAR Untagged 2007 ——

Belle Tagged 2008 ——

i x107 <@
This measurement SZ f\g 0.5E A 6 O
HFAG 2009 Average o > B 0.45 T
| . . . | I L1 11 I L1 11 I L1 I L1111 I 1 K
0.5 0 0.5 1 1.5 2 0.4
0, -p+ -4
BF(B°—mt*v) [x 104] 0L ... .
CLEO untagged 2000 I 0.3 . .......
CLEO untagged 2007 TN 0.25 + UT Fit Values
BABAR untagged 2005 o 0.2 % average exclusive
BELLE B, tag 2008 ' s 1 0.158 i * aver?ge |ncIu§|\(e
Global “all other” fit =
BELLE SL tag 2007 L 2 0.1 (3 48 + O 16) X 10_3
This measurement -+- 0.05
HFAG Average 2009 ——t _y
U 0.8025 0.003 0.0035 0.004 0.0045 0.005

—05 i I S— 3 3.5 Y,
BF(BO—pt*v) [x 10] ub
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FORM FACTOR PARAMETERIZATIONS

0 — 0 2= 13
- u +
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Becirevic-Kaidalov (BK)
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om0 e
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Bl - o] k
i T o — a2/m? 1 -
B )= i S B Y
im0 BRI r
— q?/m}.)(1 —apzq*/m3. k—kmax—1 2 2\ 1kmax+1
) S
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1 kmﬂ\’
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SYSTEMATIC UNCERTAINTIES _"~®**

From combined 4-mode fit

B — wiv B — ptv
g° range ( GeV <) 0-4 4-8 812 12-16 16-20 >20 0-26.4 g~ range ( GéV~) 0-8 8-16 >16 0-20.3
Track efficiency 3415 23 0.1 1.5 28 19 Track efficiency 32 29 03 25
Photon efficiency 0114 10 46 28 03 18 Photon efficiency 26 20 26 24
Lepton identification 38 1.6 19 18 19 30 18 Lepton Identification 5.7 3.0 4.0 34
K, efficiency 1.001 05 45 04 20 14 K; efficiency 103 1.2 49 48
K; shower energy 0101 01 08 09 38 07 K; shower energy 16 08 1.0 1.1
K. spectrum 1.6 19 22 31 44 23 25 K. spectrum 12 6.1 7.0 57
B— wivFF [, 0505 05 06 10 1.0 06 B — mtv ¥V [, 01 01 0.7 0.2
B — plvFFA, 1.712 34 20 01 16 17 B — pév FF A, 10.7 66 45 7.5
B — plvFF Az 1.308 26 10 01 04 1.1 B — plv FF A2 85 38 08 47
B — plv FFV 0203 09 07 01 05 05 B — pfv FF V 34 30 36 32
B(B" — wlv) 0101 01 02 03 15 02 B(BT — wf'v) 0.7 07 34 12
B(BY — pftv) 0101 02 02 02 05 02 B(BY — nftv) 08 0.1 06 04
B(BT — y't*v) 0101 01 01 01 03 0.1 B(BY — n'ttv) 08 05 1.2 07
B(B — Xulv) 0201 01 01 11 16 04 B(B — Xufv) T4 73 106 8.0
B — Xufv SF param. 04 0.1 02 02 05 42 07 B — Xy fv SF param. 119 76 128 10.0
B — Div FF pp 0201 05 03 02 07 03 B — Dév FF pp 09 02 01 04
B — D"fv FF Ry 0104 08 06 03 06 05 B — D" #wFF Ry 07 0.1 03 03
B — D'fv FF Ra 0502 01 02 01 04 02 B — D" wFF R2 7T 01 02 06
B— D%wFFph. 070206 08 04 1.1 06 B — D' &FF ph. 20 02 01 07
B(B — Div) 0202 03 04 05 05 03 B(B — Div) 16 03 01 0.7
B(B — D*{v) 0401 03 03 03 07 03 B(B — D" {v) 05 01 03 03
B(B— D" W)parraw 0401 01 03 01 05 02 B(B — D" @)parrow 1.3 0.1 0.1 0.5
B(B— D"fW)peaa 0101 01 05 01 02 02 B(B — D**f)yrond 0.7 01 01 03
Secondary leptons 0502 03 02 02 07 03 Secondary leptons 1.5 01 01 05
Continuum 0.3 1.0 26 18 31 61 20 Continuum 89 3.8 5. 4.0
Bremsstrahlung 0301 01 01 01 04 02 Bremsstrahlung 09 01 02 04
Radiative corrections 0.5 0.1 0.1 02 02 06 03 Radiative corrections 1.3 0.1 0.7 06
Ny= 1.210 12 12 11 16 1.2 Nggm 27 20 25 23
B lifetimes 0303 03 03 03 7T 03 B lifetimes 1.5 04 04 07
J+/foo 1.004 08 08 05 13 08 f+/foo 1.2 01 01 04
Total syst. error 8239 67 83 69 106 50 Total syst. error 26.1 16.1 21.3 15.7
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