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Introduction and Motivation

@ Beam energies at B-Factories

25 o«
tuned to produced B pairs - \:(]5)
through ete~ — T(4S) —+ BB. 3 i
— g1s i : Off-Peak (q=u,d,s,c) On-Peak
@ B(T(4S) - BB) = 96%. :‘Ew P Y(E@s) g
] P o Y(3S)
@ B decays are used to extract i, ! iy ‘( LN
CKM matrix elements |V], ° e e T —

. R o I REDR! SO o
0
| \/u,b | 944 946 10.00 10.02 10.34 10.37 10.54 I 10.58 1062
Mass (GeV/c?) 2Mg

@ Semileptonic decays ideal to study
[Vis |-
@ Two approaches:
» inclusive*:
V| = (4.39 £0.157072) x 1073
> exclusive**;
Vo] = (3.23 +0.30) x 103

Disagreement (2 — 3)o

*HFAG End 2011 (GGOU)
** Simulataneous fit using BCL parametrization, HFAG End
2011
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Reconstruction of B mesons

Untagged

tag tag

Semileptonic Xu Hadronic Xu

_ Bsignal y~_ Bsngnal b _
R ) e ”
4T (4S) et Btag 'r(45) et i YT(4S) €
\ K™
W Hadronic
¥ modes
No reconstructed - (x D™ )gv modes i
Bother D
< TN
[ Ldt ~ 20fb~! [ Ldt ~ 1ab™?
Purity
How to reconstruct Semileptonic decays?
@ Charged Llepton:
et u* @ Neutrino inferred from Priss
@ Hadron: (Emiss, 'ﬁmiss):(Ebeams - Zz E;, 'ﬁbeams - 21 'ﬁ;)
Xu, T, p, w, etc.
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Inclusive B — Xy 4v

@ Sum over all possible final state hadrons.
@ Decay rates based on Operator Product
Expansion (OPE) and Heavy Quark
Effective Theory (HQET)
G2m?>
Q@ M(B — Xybv) = ﬁquUP
free quark decay

u
Non-perturbative corrections include parameters that need to be precisely
measured to extract |Vi|, €.9.

@ Kinetic energy of b @ Chromomagnetic @ Higher order terms:
quarks, uz moment, u2 03, 03

Experimental Aspects

@ V| = 50| Vil @ Full reco of one B @ Cut on phase space
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Inclusive B — Xy 4v

@ Sum over all possible final state hadrons.

’ @ Decay rates based on Operator Product
” Expansion (OPE) and Heavy Quark
B ub v Effective Theory (HQET)
BEY o ® (B — Xutv) =
rong Interaction N G2
= ?Jf'ectts ! B X 1927,:3 |Vub| (1 - AEW)AQ( D pert AQCD non—pert

free quark decay

Non-perturbative corrections include parameters that need to be precisely
measured to extract |V, €.9.

@ Kinetic energy of b @ Chromomagnetic @ Higher order terms:
quarks, u2 moment, p2 035, 0%

Experimental Aspects

@ V| = 50|Viwl @ Full reco of one B @ Cut on phase space
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Belle Inclusive B — X 4v

@ 657 X 10° BB pairs
@ Multivariate methods

PRL:104:021801 (2010
(BDT) (2010)
@ Access = 90% phase £ E —— £ i
[+ . 4 [+ =AY
space @ @000, e ]
. 1500F 1 B Combinatoria
@ 2D fit to (Mx, g2) for ,u - :; “““““ ]
’pz > 1 GeV soojg :
:\; \‘_‘—
@ Ngig = 1032 + 91 YT Tz 3 4 Y10 2 30
. o M, (GeV/c?) q2 (GeV¥c?)
@ Leading Uncertainties: o
signal SF and bkg Fit projections

modeling.

AB(B — Xylv) = (1.96 & 0.17stat &= 0.165yst) X 1073
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Babar Inclusive B — X 4V
@ 467 X 10° BB pairs

@ Cut based method for
Bkg suppression PRD:86:032004 (2012)

@ Measurement of AB in
several regions of phase
space.

@ 2D fit to (Mx, g2) for 0
pj > 1 GeV

@ Nsig = 1470 4+ 130
(p; > 1 GeV?)

@ Leading Uncertainties:

signal SF and bkg Fit projections
modeling.

o
o
o

1000 [~

Entries/bin

o
=3
o

300
200
100

Entries/2 GeV?

Entries/0.33 GeV
5
o
£3

AB(B — Xyulv) = (1.80 & 0.13stat &= 0.155yst) X 1073
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Inclusive |Vus| (0, > 1.0 GeV)

QCD calculations used to extract :
) 44752057 e =2
Vol : BABAR o .
4.28 +0.24 T :
@ BLNP BLNP HFAG 0 ;
NP B699, 335 (2004) 4.40 £ 0.15 :
BELLE e
@ DGE 4.60 £ 0.27 1 :
JHEP 0601, 096 (2006) a0 BER an ——
40 + 0.24 :
DGE HFAG :
® Hep o710, 58 (2007) T o
' BELLE :
@ ADER 4.54 £ 027 00
4 3sB é%Azrj e e
Eur. Phys. J. C59, 831 (2009) GGOU HFAL" {
439 £ 015 7 |
ELL] :
4.48 £ 030 . I
Main theoretical uncertainties due to 42 - 024 o o
me, s, 42. May be different for the ;f},";?{'fﬁ:; e
different calculations. :
II\I|III\‘I\II‘IHI‘IIII"I\I\‘I\II‘I

1.5 2 25 3 35 4 4.5 5
v, b 107
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Exclusive B — Xy 4v

? @ Reconstruct a particular final state.

v @ Decay rates depend whether the B meson
(pseudoscalar) decays into a vector or
pseudoscalar Light meson.

Strong interaction
effects

monw, pyn

2,3
0 UEP) — ZEP2 |\, 2  £1(?)I? (e.9. m, M), |f4+(a)|? is a form factor.

2 2
@ BV — SERVT |\ 12(|Hol? 4 |He|? + |H-|2) (e.g. p, w)

dg? 96m3MmpCy
@ Ho, H+, H—, helicity functions that can be written in terms of 3 form
factors

© ¢ = (Ps — Pn)? = (P + P)?
@ F.F. calculations using different methods (LQCD, LCSR, quark
models)
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Untagged B — mév

Belle Untagged
PRD83:071101 (2011)

= Events / 125 MeV
L. .

g

o

:

Events / e.2§5 MeV/c?

....

0762 522 524 526 528

¥ ¥ 0752 522 524 526 528
M, (GeVic?)

M, (GeV/c?)

Fit projections

eA®D LTS < 29N

A®DSZT0 > |3 V|

Untagged Method

Py > 1 — 2GeV

High statistics but also high backgrounds

Signal yields from fit to (Mpc, AE)
AE = Ef —VS/2

Mpc = +/S/4 — |1773|2

Leading syst : detector effect

f Ldt = 605fb~!
Tight neutrino selection
Cut based technique

2D binned maximum
Likelihood fit to
(Mpc, AE) in 13 bins of g2

Nsig & 21486

B(B® — m£Tv) = (1.49 &£ 0.04stat £ 0.07syst) X 1074 ‘

C. Beleiio

B — Xyulv decays
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Babar Untagged B — mévr

PRD:86:092004 (2012)

Events per 0.005 GeV

0<q?<16 GeV?
B B signal
[ b-ulv both B
B booulv same B
{0 other BB both B
[ other BB same
3 continuum

« data

16 < ¢’ < 26.4 GeV?

520 522 524 526 5.28

A®D0T0 > 3V > 91°0—

524 5. 5.
mﬁ (GeV)

Events per 0.08 GeV|

A®D89C'S < SFw

PRD:86:092004 (2012) Loose Untagged
@ [ Ldt =416.1fb~!

Loose neutrino selection

2D binned maximum Likelihood fit
to (mes, AE) in 12 g2 bins

Nsig = 12448 4+ 361 (Combined 7w+
and 70)

B(B — metv) =

(1.45 = 0.04stat = 0.06syst) X 10~4
(Averaged using isospin)

0.5 0.5 1
AE (GeV) AE (GeV)

C. Beleiio

Fit projections on AE and
mes in regions of g2

B — Xylv decays
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Semileptonic Tag Method

C. Beleiio

Btag — D®ev with D) reconstructed in
hadronic modes

Identify two leptons £+2¢—
Kinematic constraint
P2 =0= (P} — P})?

2EgEy —m%—mi

€oSOBY = 51Ty ]

Discriminating variable: mfg (cos? i)
2 _ 1 _ 1 2 Nk 2 gk _

zp =1 s er, (cos?® 05, + cos® 65,

2Cos 65, Cos 05, COos 6;,)
For signal 0 < 22 <1
Leading systematic: Btag efficiency
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SL Tag B — mév

PLB648:139 (2007) Belle

@ [ rat=253fb~1
@ vields extracted from a fit to (2, Mx)

g ‘ : BN Bt — 7r°£+1/

Pl P

H NN §:2 | 134 420 @ B(B° —» metv) =(1.384£0.1940.14) x 10~4
{ »Signal€m @ B(BT — m0ety) = (0.7740.1440.08) x 10~4

full g2 range

1 Other bkg %
y .

B —» w4ty 156 + 20 @

o 20075 2 %0 Y
: e Ligo} Btag £ a5} My<018GeVic
03 246 12 14 16 18 20 3 160 > 40
o9, Comb. bkg D mass side band  cos¥, 2140 Y oas
S 120\ 30
2100 25
S 80 20
o 60 80 — X L0 15
40 10
20 = BE bkg 5
% 02040508 1 1214 °;
M,(GeV/c?)
PRL101:081801 (2008) Babar Bt — mogty 69+ 11
Q [ rat=348fb~! 30 2
) . > 250 2
@ VYields extracted from a fit to cos B w
B — plety

@ B(B° —» m4tv) = (1.3840.2140.07) x 10~4
@ B(BT — 7O¢tv) = (0.964+0.1540.07) x 10~4

Events/0.15GeV/c?
g 8

2

0 0.20.40.60.8 1 1.21‘} 0-2 -15 -1 -05 0 05 21
My(GeV/c?) x2
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Hadronic Tag B — mév

60}

40}

20}

Bt — mOv

T T T T
Belle f

Preliminary
710 fo*

-1 0 1 2
M2, GeVZc?

miss?

BY — wtev

40
20}
100}
80}
60}
40
20}

N,
b e RS

80F
60F

T T T T
Belle

Preliminary
710 fb*

-1 0 1 2
M2, GeVZc?

'miss?

C. Beleiio

Hadronic Tag Method

Loose selection on AP

Discriminating variable : M2

Know kinematic and flavor of signal B

miss

Leading syst : Btag eff. and shapes of bkg

Belle uses B tagging method based on NeuroBayes [NIM

A654 (2011)]

v

other B — Xyflv

Components:

@ [ Ldt=710fb~?!

@ E.B.M.L fit to M?

miss

Signal Yields & branching ratios at Belle (old, new)

Channel Yield* Yield B[1074]
Bt — moow 49149 232423  0.80+ 0.08 £ 0.04
BY — wtey 59410 463428  1.49 4+ 0.09 4 0.07

*arXiv:0812.1414v1[hep-ex], Dataset:605[fb—1]

B — Xylv decays
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Branching Fraction Comparison B — mév

BABAR had. taﬂ: B"— n;gvx 2147,

BELLE had tag: B'— n'vx 2t /1,
1.22+70.22+ 0.05

BABAR sI tag B ol 7([]°I1 v 21T,
BELLE sl tag B — 1oy 2t/t,
0.26 + 0.15
BABAR had tag: B’ > nl'v
1.07+£0.27 £ 0.19
BELLE had tag: B" - x'T'v
112+ 0.18 + 0.05
BABAR sltag: B* - xl'y
1.39+0.21+0.08
BELLE sl tag: B" > nT'y
1.42+0.19+0.15
CLEO untagged: B - I'v
1.38£0.15£0.11
BABAR untaggged (6 > bins): B > n | v
1.41+ 0.05 + 0,08
BABAR untaggged (12 ¢” bins): B > 1 lv
1.42 % 0.05+ 0,07
BELLE untagged: B’ - nT'v
1.49 £ 0.04 + 0.07
WORLD AVERAGE
1.42+0.03 £ 0.04
BELLE had tag: B® > 'l'v
1.49 £ 0.09 £ 0.07 (New)
BELLE had tag: B — n'v x 271,
1.48 £ 0.15+ 0.07 (New)
BABAR untaggged :B—nlv

‘\I\\|1'\4§;‘q'94¢p10\6\““?w)\\l\\l\‘l\\HH‘\IH
2 15 1 05 0 05 1 15 2

B(B" — 1 I'v) [x 10

B — Xylv decays

C. Beleiio

Isospin relation
T,
B(BY — m—etv) = 2282 BB+ — n0ty)
TB+

World Average B(B — m—¢tv)
(1.4240.03 4+ 0.04) x 104

Note

@ Most precise measurements to date:
untagged.
B(BY —» w—ety) =
(1.49 £ 0.04 4 0.07) X 10~4 (Belle
untagged)

@ Preliminary results from Belle Had.
tag are competitive with untagged
results
B(BY —» m—ety) =
(1.49 £ 0.09 4 0.07) X 10~% (Belle
Had. tag)
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Extraction of |Vy| from B — mév

Depending on the form factor model
|Vie| can be extracted via:

|VUU| - B¢
where Tg0o = 1.519 + 0.007 ps
Te+ = 1.649 £ 0.008 ps
and ¢ is given by the theoretical
calculation:

AB(d?)

BO — wtew

< 0.16F

o F ! Belle'

L0.14 Preliminary]

8o.12F 710fb" ]
Stat. errgrs only

8o +

- I

EO.OS_— Jr

50.06} +

32

& 0.04F

koA

£0.02 e Data - Unfolded ==

kel £

FBcL
o =n] +
002 1)
0 10 20
o2, GeV?c?
C. Beleno B — Xy4v decays

x10°

— T o B A B o o
<}l> 121 4 Belle .
() L v BaBar (12 bins)
U} F e BaBar (6 bins)
< 10¢ —— BCLfit (3+1 par) 1
ND' r 1 A FNAL/MILC
9 fLt
o =gl
< 6T

4r

2r

%

[Viw| can also be extracted from a
simultaneous fit of the BCL
[PRD79:013008 (2009)] to data and
LQCD calculations. Using untagged
measurements (2011) this Leads to

[Vio| = (3.23 & 0.30) x 1073,
x2/DOF = 58.9/31
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Exclusive |Vyp| from B® — m=4tv

QCD calculations to extract |Vl :

@ KMOW (LCSR, ¢2 < 12 GeV?)
PRD 83 (2011) 094031

@ HPQCD (Unquenched LQCD,
g% > 16 GeVv?)
PRD 73 (2005) 074502

@ FNAL (Quenched LQCD,
g% > 16 GeVv?)
NPPS 140 (2005) 461

@ Ball/Zwicky (LCSR,
g% < 16 GeVv?)

PRD 71 (2005) 014015

Error dominated by theoretical
uncertainties.

* To be submitted to PRD

** PRD:86:092004 (2012)

Inner bars are syst. err. and outer bars are theo. err.

C. Beleiio B — Xylv decays

HAD BELLE* .
335+025 o :
UNTAG BABAR* e
346010 o :
HFAG :
3.40 £ 0.07 o :
HAD BELLE* -
3.44£032 oo :
UNTAG BABAR* :
347 £ 043 o *
HFAG .:
2.45+0.09 :
HAD BELLE* .
3.29+0.31 :
UNTAG BABAR™ -:
300 :
HFAG .:
230 £ 0.08 0 :
HAD BELLE* :
163022 :
HFAG L
3.57 £ 0.06 5o :
‘\I\Il\l\\l\ll\l\lI\ll\l\l:l\llll\l\‘

1 1.5 2 25 3 3.5 4 4.5
v b 10°
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Other Exclusive channels (B — n“4v)

Events per 0.005 GeV|

300r ] continuum

6520 522 5.24 526 5.28

PRD:86:092004 (2012)

- ? < 18.7 GeV?
[ By signal U 8 v signal

. b ulv . bulv o
I other B8 =

* daa

>3V > 9

APD0Z

s A
520 5.22 524 526 528

mes (GeV) ms (GeV)

Events per 0.08 GeV)|

i

s

S

0.5 1
AE (GeV)

0.5 1

AE (GeV)

B — név

Ns = 867 & 101

B(B — nw)[104] =
0.38 4 0.05 4 0.04

C. Beleiio

Babar Loose Untagged

B — n'ev

Ns = 141 & 49

B(B — n'w)[10%] =
0.24 £ 0.08 4 0.03

gasf  Belle '
= 40f Preliminary

B — Xylv decays

Belle Hadronic Tag

710 b

0 o

2 4
M, GeVZc*

B — név B — n'tv
Ns =39+ 11 Ns =6.1+4.7
B(B — nw)[10*] = BB — nw)

0.42£0.12£0.05

2 4
M2, GeVZ/c®

miss?

0.64 +0.20 +0.03
0.36 +0.05 + 0.04 i
WORLD AVERAGE ._

CLEO .
0.44+0.23+0.11
BABAR (untagged)
0.31+0.06 +0.08
0.37+0.04 +0.04 !
BELLE (had tag) .
BABAR (loose untagged) i
03810052005 e SR L Ly
04 02 0 0.2

BABAR (SL) '
—_—
BABAR (loose untagged)
0.42£0.12£0.04
B(B - n1v) [x 10

FPCP2013

17/21

<

0.57 x 10™% at 90% CL



Bt — p%*tv and Bt — p—¢tv

Belle Hadronic Tag

Invariant mass M.

z‘&oo Belle
180} Preliminary

160F 710107

20

Ttm—
140 :
£ M Data
1201 B X, (Tl
£ [ B —p°lv
100~ Bl B-X v
soE B>f,(1270)l
£ B—olv
60/ B1,(980)
C () B~>D (K v
40— @B*}D (nn)\»

140}
120}
100}
80}
60}
a0}
20)

Eram

1 2
M, GeVZ/ic

BY — p—¢tv
Ns = 343 + 28

Belle
Preliminary
710"

B(B° — p—2tu)[10%] =

@ Smallest systematics in Had. Tag
@ p is a wide resonance.

@ Untagged measurements require
harsh kinematic cuts to suppress
Large bkg.

@ B — Xylvr bkg similar to signal,
increase syst. error

C. Beleiio B — Xylv decays

3.22+0.27£0.24

E] [

1 2
M, GeVic?

Bt — pety

Ns = 622 4 35
BBt — pPetu)[104] =
1.834+0.1040.10

CLEQ un(ﬂ%ged Eﬂ?zpl v

CLEQ untagged: B’ p1°v
2933957 P37

BELLE had tag: B , pT"
505 046 ¢ 013" ¥

BELLE had tag: B® ~» p"l v
3.3 < 043 2 0

BELLESL g B 2
2245084 £ 031

BELLE SL |a% B ﬂ:fnl v

BABAH unla ed: B” - pl'v
1.98 £ 0214 0.38
BABAR un[a ed: B® - pI'y

%g +0.32 "
WOHLD AVERAGE
26120152016

BELLE had tag: B* - pI'v

- -

—
3.39 +0.21 £ 0.21 (New)
BELLEhadtagB - pl'v ———r
22 +0.27 £ 0.24 (Mew) -

‘\\I\‘\\\\‘I\\\‘\\\\‘\\\\‘I\\ sl b

=05 0 05 1 1.5 2. 3 35 3‘

B(B" — pI' v)[x10™]
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Bt — wetv

PRD:86:092004 (2012)

—0.16 < AE < 0.20 GeV

Nsig
B(B° — wetv)[104] =

Events per 0.005 GeV

mes > 5.268 GeV

[==] E %m}v signal 2
" a) & d)

g

S

2

2

e

2

w
¥ . a5 1
m (GeV) AE (GeV)

0 < g <20.2 GeV*
Babar Loose Untagged
1861 + 233

1.19 +0.16 + 0.09

1
-1

BABAR loose untagged: B — o I'v

BELLE had tag: B - o I'v
1.19+0.32+0.06

BABAR untagged: B' - o I'v
1.14+0.16 + 0.08

WORLD AVERAGE
1.15£0.14 £ 0.06

BELLE had tag: B' - o I'v
1.09+0.16+ 0.08 (New)

C. Beleiio

119 0,16 £ 0.09 (New)
0.5 0 0.

B(B awl‘v) [><1o“]
B — Xylv decays

Belle Hadronic Tag

2 E 0

m\ss G VZI
Nsig = 99 %+ 15 e

B(B° — wetv)[104] =
1.09 £ 0.16 £ 0.08

The sum of all measured exclusive
modes only represents =~ 26% of the
inclusive measurement,

B(B — Xytv) = (2.33£0.22) x 1073
[PDG].

Necessary: measure higher mass
resonances to fully understand the

charmless semileptonic decay spectrum.
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Search for B~ — ppl— v

@ Phenomenological calculation  ynbinned Maximum Likelihood Fit to M2, __
B(B™ — ppl—v) =
(1.04 £ 0.38) x 10~* [PLB 704,
495 (2011)]

s b
Belle Preliminary
I 710 fb—?

Events/0.20GeV/c*
PN
S

@ First evidence (3.190) of oF
baryon-antibaryon system in SL
decays at Belle

@ Hadronics Tag (NeuroBayes) or

. . R
-1 -05 [ 0.5 1 15 2 25 3
Missing mass squared, GeV/c*

Belle Preliminary
710 fb~t

Signal (e), , bkg

Yield Bx 1076 Upper Limit B

+10.5 +2.42 —6
18.11 5% 5.78_ 53 +0.86 9.6X107°, 90% CL

Total Syst. Unc. : 14.9% J

Invariant mass of pp Leading syst. : Signal Decay Model
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Summary and Prospects

Disagreement between inclusive and exclusive V,, still
present.

Error in exclusive V,, from B — mér dominated by
theoretical Uncertainties.

Hadronic tag measurements are dominated by statiscal
uncertainties.

Need updated models for (p, w, n) to make possible a
|Viw| measurement.

First evidence of baryon-antibaryon system in SL decays.

Study higher charmless resonances with mx, > 1 GeV.

C. Beleno

B — Xyu4v decays FPCP2013
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Back up

Back Up Slides
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Systematic Uncertainties Inclusive |V,| Belle

C. Beleiio

TABLE I. Uncertainties in the partial charmless semileptonic

branching fraction (in percent).

P> 1.0 Gev AB/B (%)
B(DWLv) 1.2
(D™ ¢€v) form factors 12
B(D*ev) & form factors 0.2
B — X, (v (SF) 3.6
B— X, v (g— s5) 1.5
B(B— 7/p/wlv) 23
B(B— n, n'tv) 32
B(B — X,{v) unmeasured 2.9
Cont./Comb. 1.8
Sec./Fakes/Fit. 1.0
PID/Reconstruction 3.1
BDT 3.1
Systematics 8.1
Statistics 8.8

PRL:104:021801 (2010)

B — Xylv decays

FPCP2013
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Systematic Uncertainties Inclusive |V,| Babar

My <155 My<170 P, <066 My<170 GeV,

Phase space restriction GeV GeV GeV

Data statistical uncertainty 7.1 8.9 89 7.1 9.4 88
MC statistical uncertainty 1.3 1.3 1.3 1.1 1.1 12

Detector effects
Track efficiency 0.4 1.0 1.1 1.7 0.7 1.2 1.0
Photon efficiency 13 2.1 40 0.7 1.0 09 0.9
a° efficiency 12 0.9 1.1 0.9 09 29 11
Particle identification 19 24 33 29 23 29 22
K| production/detection 0.9 1.3 1.1 21 1.6 1.3 0.6
K production/detection 0.8 1.4 1.7 2.1 1.2 1.3 0.3
Signal simulation

Shape function parameters 2.0 1.3 1.2 0.7 54 6.4

Shape function form 12 1.6 26 12 1.5 L1

Exclusive B— X, {7 0.6 13 1.6 0.7 1.9 53

5§ production 12 1.6 1.1 1.0 27 31

Background simulation
B semileptonic branching ratio 0.9 1.4 15 14 1.0 0.8 0.7
D decays 1.1 0.6 1. 0.6 1.1 1.6 15
B — D{w form factor 0.5 0.5 1.3 0.4 04 0.1 02
B — D" form factor 0.7 0.7 09 0.7 0.7 0.7 0.7
B — D" {v form factor 0.8 0.9 1.3 0.4 09 1.0 03
B — D™ reweighting 0.5 1.4 1. 1.0 1.9 0.4 15
mgs background subtraction
Mg ba round subtraction 20 27 1.9 26 1.9 20 25
Combinatorial backg. 1.8 1.8 26 1.8 1.0 2.1 05
Normalization

Total semileptonic BF 14 1.4 1.4 14 1.4 1.4 14
Total systematic uncertainty 55 6.7 6.6 84 11.0 9.3
Total experimental uncertainty 9.0 11.1 0.4 11.0 144 12.8

PRD:86:032004 (2012)
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Inclusive |Vyp| in kinematic regions Babar

QCD calculation Phase space region AT peary (ps ™! |V, 1(107%)
My = 1.55 GeV 39.3%47 417 % 0.15 01253
My =170 GeV 46.1739 3.97 017 £ 0.14703
P, =066 GeV 383%4] 402+ 018 £0.16402
BLNP My = 1.70 GeV, ¢> = 8 GeV?> 23.8%39 425+0.19 01343
My — g% p; > 1.0 GeV 620162 428+ 0.15+0.18701
Pi 620762 430+ 0.18 £0.21*01
P> 13 GeV 52833 429+ 0.18 +0.20°34
My = 1.55 GeV 35332 440+ 0.16 £ 0.12+ 43
My = 1.70 GeV 420745 416+ 018 £ 0.14702
P, =0.66GeV 36.9%33  410%0.19 £0.17+03
DGE My = 170 GeV, ¢° = 8 GeV?> 419 0.19 =0.1273}
My = ¢, p; > 1.0 GeV 440+ 0.16 +0.187 3}
pi>1.0 GeV 3 442+019+023%0)
pi > 1.3 GeV 50433 439 % 0.19 0,20 01
My = 1.55 GeV 41.0%4¢ 408 = 0.15 011143
My = 1.70 GeV 46.87%2 394+ 0.17 £0.1470}
P, =066 GeV 44,0739 375+ 017 £ 015503
GGOU My = 170 GeV, ¢° = 8§ GeV? 24.743% 417 % 0.18 = 012703
My = % p; = 1.0 GeV 60.2732 435+ 0.16 £ 0.18729
p; > 1.0 GeV 602130 436+ 0.19 +0.23739
pi>13GeV 518138 433+ 0.18=0.2000)
My = 1.55 GeV 47.143% 3.81 % 0.14 201143
My = 1.70 GeV 52.3%5% 373+ 0.16 £ 0.1370}
P, =066 GeV 48.9736 356+ 016015101
ADFR My = 170 GeV, ¢* = § GeV? 30.9430 3742 0.16 £ 0.11:8]
My = % p; = 1.0 GeV 62.0%3] 429+ 0.15 = 018"}
P >10 GeV 620137 430 0.19 +0.2321
pi>13 GeV 533731 4.7+ 0.18 +0.197 3]

C. Beleiio

B — Xylv decays

FPCP2013

25/21



Systematic Uncertainties Semileptonic Tag
Belle

Table: Summary of systematic errors (%) for
B(B® — = /p—£tv).

B0 > m—etu B8O — p—etv
g2 interval (GevZ2/c?) g2 interval (Gev2/c?)
Source g2 <8 8—16 >16|< 16/ all [g2 <8 8—16 > 16|< 16] all
Tracking efficiency 1 1 1 1 1 1 1 1 1 1
70 reconstruction - - - - - 2 2 2 2 2
Lepton identification 2.1 2.1 2.1 21 |21 2.1 2.1 2.1 21 |21
Kaon identification 2 2 2 2 2 2 2 2 2 2

D*¢v calibration 9.3 9.3 9.3 9.3 | 9.3 9.3 9.3 9.3 9.3 | 9.3
Br(Xy£v) in the fitting 0.8 2.4 1.8 1.6 | 1.4 4.8 3.9 23.8| 19 (7.1
BB background shape 1.1 2.2 2.8 1.2 1.3 3.8 2.9 17.0| 3.0 | 6.1

1.0
0.1
1.1

Br(D**ev) 1.5 0.2 | 1.2 |09 0.5 0.3 25 | 03|08

KE production rate 0.3 0.4 0.2 0.3 1.0 0.7 2.9 0.8 1.3
NBE . 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

f+/fo 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7

Xd 2.2 2.2 2.2 22 | 2.2 2.2 2.2 2.2 2.2 | 2.2

exp. total 10.4 10.9 10.8|10.5|10.5| 12.1 11.5 31.3|11.1|14.1

FF for signal 0.7 3.8 0.9 22 |18 6.1 3.5 6.8 4.3 | 3.6
FF for cross-feed 1.8 2.1 1.5 19 | 1.4 0.5 0.7 2.4 0.6 | 1.0
FF total 1.9 4.3 1.7 29 | 23 6.1 3.6 7.2 4.3 | 3.7
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Systematic Uncertainties Semileptonic Tag
Babar

Table: Summary of systematic errors (%) for B(Bt — w°/p%¢tv).

BT — w0ty BT — p0etu
g2 interval (Gev2/c?) g2 interval ( Gev2/c?)
Source g2 <8 8—16 >16|< 16| all [g2 <8 8—16 > 16|< 16] all
Tracking efficiency - - - - - 2 2 2 2 2
70 reconstruction 2 2 2 2 2 - - - -
Lepton identification 2.1 2.1 21| 21|21 2.1 2.1 21| 21 |21
Kaon identification - - - - - 4 4 4 4 4

D*¢v calibration 9.2

Br(Xy4v) in the fitting| 0.2
BB background shape 1.9 5.5 2.7 4.3 | 3.7 5.3 4.3 16.3| 1.5 | 2.8

1.3

0.3

Br(D**ev) 0.8 0.8 0.9 | 0.9 0.2 1.6 3.0 09 | 1.4

KE production rate . 1.1 0.6 | 0.8 | 0.8 0.3 0.2 1.9 | 0.1 |04
NBE 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

fr/fo 1.7 1.7 1.7 1.7 | 1.7 1.7 1.7 1.7 1.7 | 1.7

exp. total 10.1 11.8 10.7 | 11.0 |10.7| 12.1 12,2 28.1|11.2|12.9

FF for signal 1.2 0.5 1.3 0.3 | 0.2 2.1 7.1 3.9 3.7 | 3.5
FF for cross-feed 0.7 0.8 0.6 | 0.8 | 0.6 3.3 1.1 1.0 1.5 | 1.2
FF total 1.4 0.9 1.4 [ 08]0.6 3.9 7.2 40 [ 40 [37
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Systematic Uncertainties Semileptonic Tag

Babar

Table: Summary of systematic errors (%) for B(Bt — w%tv) &

B(B® — m—¢tv).

B(BT = m%¢Fv) B(BY » n—¢Fv)

70 reconstruction 3% -

£ identification 3% 3%
Tag efficiency 1.7% 0.5%
Track Efficiency 0.36% 0.72%
BB pair counting 1.1% 1.1%
Final State radiation 1.2% 1.2%
T(4S) — BB fraction 1.4% 1.4%
FF and BF 4% 3.8%
Total 6.5% 5.4%

FPCP2013
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Exclusive Untagged Babar

TABLE III.  Values of signal yields, AB(¢?) and their relative uncertainties (%) for B — 7~ (* v and B* — 7%¢* v decays.

Decay mode 7 Ty 7ty

¢* range (GeV?) <12 F<16  F>16  0<g?<264 F<12  F<16 F>16 0<g*><264

Unfolded yield 5604.1 69824 23142 9296.5 2231.7 2666.7 5373 3204.1
AB(g?) (1074 0.83 1.07 0.40 1.47 0.46 0.61 0.16 0.77
Statistical error 4.3 38 6.7 35 6.6 5.3 17.8 5.7
Detector effects 34 35 32 2.8 2.9 2.8 3.0 2.6
Continuum bkg 0.4 0.4 1.4 0.4 1.2 0.8 7.1 1.1
b — ulv bkg 1.6 1.4 21 1.3 1.7 L5 59 1.9
b — clv bkg 0.6 0.5 0.6 0.5 0.6 0.4 1.0 0.4
Other effects 2.2 2.1 2.1 2.1 2.1 2.1 25 2.0
Total uncertainty 6.2 5.8 8.1 5.1 79 6.5 204 6.9

PRD:86:092004 (2012)
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Exclusive Untagged Babar

TABLE 1V.  Values of signal yields, AB(¢?) and their relative unc

rtainties (%) for combined B — 7{* v, B* — w(* v, combined

B* — n{*v (yy and 37 decay channels) and B* — 5/€" v decays.

Decay mode Combined 7(* v wlty nltv 'ty

q* range (GeV?) P <12 P <16 > 16 0<q* <264 0<¢q*<202 0<q><224 0<qg*<18.7

Unfolded yield 7805.4 9618.9 2829.0 12447.9 1860.8 867.3 141.1

AB(g?) (1074 0.83 1.08 0.37 1.45 1.19 0.38 0.24

Statistical error 3.6 32 5.8 3.0 13.0 13.7 349

Detector effects 37 38 35 3.1 39 9.8 7.7

Continuum bkg 0.4 0.6 33 0.6 32 s 58

b — ulv bkg 1.6 1.4 4.0 14 5.1 8.4 49

b — clv bkg 0.4 0.4 0.4 0.3 1.0 2.1 33

Other effects 1.8 1.7 1.5 1.6 1.8 1.8 24

Total uncertainty 58 5.5 8.7 4.9 15.0 19.0 36.7
PRD:86:092004 (2012)
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Untagged B — wévr Babar
(PRD:87:032004(2013))

Distribution of (AE, mes)

for true w signal

Untagged Babar

467 million BB

Combinatoric bkg is subtracted using a fit to the mass
side band data.

Neural network signal selection.

AE (GeV)

Fit to mges, AE in 5 bins of g2 of different size.

mEs(}:eV) Leading syst: signal form factors.

X . ) m3r introduces a systematic of 1.5%
w invariant mass in data -

Signal Yields & branching ratios

Channel Yield B[107%]

Bt — wev 11254131 1.21£0.14 £ 0.08

N

o

S
T

Candidates / (0.002 GeV)
8
=]

0.7 0.75 0.8 0.85
my. (GeV)
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Exclusive Had Tag Belle (To be submitted to
PRD)

Source of uncertainty Assigned systematic uncertainty for B — X,¢™ 7, decays
X, at 0 ot P w(3m)
Detector Simulation:

Track reconstruction 0.34 - 0.34 0.68 0.68
70 reconstruction - 2.0 2.0 - 2.0
Lepton identification 1.0 1.0 1.0 1.0 1.0
Kaon veto 0.9 - 1.0 2.0 2.0
Continuum description 1.0 0.5 0.5 0.7 0.0
X, cross feed 0.9 - 5.0 2.4 -
Tag calibration 4.5 2 4.5 4.2 4.2
Combined 4.9 4.8 7.2 5.4 5.2
Form Factor Shapes: 1.1 1.9 1.7 1.3 3.8
Total systematic error 5.0 5.1 7.4 5.6 6.4
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