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.+ Institdte of High EnerayPhusics .

Qutline and Motivation

» B—DIv (exclusive)

e Determination of |Vcb|
 First measurement of the channel with full Belle data sample
« New results shown the first time today

e Inclusive (B—Xclv) — exclusive (B—D*/v) discrepancy

o Bs— Ds(*Xlv (semi-inclusive)

« Measurement of branching fractions

e TJest theory predictions for Bs
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Inshrute of ngh Energg Phgsms :

used In

Belle luminosity Bs—DsX{v
(fb—l) L Unique .
> 1 ab T(5S)—BsBs
1200 — - On resonance : data sample at a
——KEKB Y(5S): 121 fb ! lepton collider
Y(4S): 711 b
1000 _
Y(3S): 3! Worlds largest
Y(2S): 25 b B meson sample
800 | Y(1S): 6 b’ ~772 million BB
i Off reson./scan events
[ ~100 b _
600 used in B—DIv
~ 550 fb!
400 - On resonance:
Y(4S): 433 b
: Y(3S): 30 b’
200 | Y(2S): 14 b
! Off resonance:
0 - . / i i ~54 b

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
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. & Irstitite (_:lf'Hi_gh Energy.Phuysics

The CKM element Vcb

e |Inclusive: B—Xdv

* (Heavy Quark expansion) |Vcb| = [42.42 + 0.86] x 103

e Exclusive: B—D(]y

e (B—=D*v, LQCD) Vcb| = [39.27 £ 0.75] x 1073
e (B—Dlv, LQCD) |Veb| = [40.19 £ 1.48] x 103
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SHEPHY

. & Irstitite ofHigh Energy.Physics

The CKM element Vcb

e |Inclusive: B—Xdv

* (Heavy Quark expansion) [|Vcb| = [42.42 £+ 0.86] x 103

e Exclusive: B—D(]y

e (B—D*v, LQCD) Veb| = [39.27 + 0.75] x 102
e (B—Dlv, LQCD) Vcb| = [40.19 £ 1.48] x 10* ——» Improve to clarify
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OAW

Inshrute of Hrgh Energg Phgsms ‘ Ostrrichische Abadoni

schaft,

B—Dilv

* Vcb via differential decay width:

dl’ GFmD 2/ 92 3/2 2 2 2
T (mp +mp)*(w? — 1)**niy Ve G (w)
electroweak form factor
_ _ correction
e Kinematics: w =vp-vp
e Measure Al'/Aw spectrum and fit Veb B

e Form factor G(w):

e Need points/parameters from Lattice QCD or Light Cone Sum Rules
*  Which parametrization?

e Until recently: Caprini, Lelouch, Neubert (CLLN) parametrization

G(w) =G(1)(1 —8p%z + (51p* — 10)2° — (252p° — 84)z%), 2= \/7%1 g

« Meanwhile: e.g. Boyd Grinstein Lebed (BGL) parametrization (less model assumptions)

N
Guwy= Y Mo/Ms 1 5 o

14+ Mp/Mp  P;(2)pi(2)
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.+ Institdte of High EnerayPhusics .

Héd rons
(K, K1)

Hadrons
(K, K, )

e 7T(4S) decays into two B mesons

e Reconstruct one of them in a hadronic mode Btag = hadronic tag

e Allows full kinematic reconstruction
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“nstitute of High Energy.Phusics . Ostericische At

B—D{v: Reconstruction

DT 5 K—ntgt
Dt - K—ntatqad
DT — Ko+
« Tracks and photons from Btag are removed Dt — K97t z0
DT - KtK—n*
Dt — KOK+
_ Dt — K0rtntr—
e | Dt Ly g0

e |dentify the lepton e or u D+

e Reconstruct D in multiple hadronic channels -~

— atata™
DT - K ntntatn™
e Determine the missing mass? D — K—n+
_ 0 — 4.0
Mgu'ss — (pbeam — PBtag — PD — p£)2 (%1000__ i gat_’él) Div go :i g—z—i-;—i-ﬂ.—
(O]
. . - o i B — D*Iv D% — Kgﬂ'+71'_
. If.only neutrino is missing g ol =other bavkaround DOy Kt g
(i.e. genuine reconstruction) 3 D° — K0r0
e | B s Dte s DO K K-
M2 =0 " 600 p0 L
miss 8 Belle D° — KYK?
> preliminary D° — m07"
400 D° — KnOx®
i D K—gtata—n0
- D% = gnta— 0
200

M2

miss

(GeV?)
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ristittite of High Energy:Phusics .

B— DI v: Signal yield extraction

e Extract signal yield in 10 different w-bins (from 1.0 to 1.6)
e Use MC distribution as template
* Floating: signal and B— D*/v background

e Fixed to MC: other bg (e.g. fake- and non prompt leptons, D** etc.)
o Determine Al'/Aw from the signal yields relative to callibrated MC

© = _ < 1401 = _ r = _
3 s0f BY = Dte 1 3L BY = Dte 1 % 2001 BY = Dte 1
e 1.00<w<1.06 S 100 1.36<w¢1.42 1.54<w<1.60
= o eV
T o5 Z
£ £ 100
g Belle ! Belle Belle
20 . . B . . ) i
preliminary 8ol preliminary preliminary
15 L
10
l ! ‘ ! ! !
. 1 1.5 2
M s (GeV?) Mies (GV?)
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Inshrute of: ngh Energg Phgsms :

B—DIv: Vcb Fit

e We extracted Al'/Aw in different w bins

Bsterreichische Akademie
der Wissenschaften

o Fit with:
CLN (two params, heavy quark symmetry) or  BGL (more params, less constraints)
= 40 XE_— Belle = 40 XE_— Belle
S | it S | —— HPQCD
3 35 3 % mic
5 30 5 go— "t
25 o5F
2of— 2of—
15f— 15f_
= Belle = Belle
10 preliminary 10 preliminary
5 5E MILC data from: [arXiv:1503.07237]
oF- | | | | | | | = | | HPQCD data from: [arXiv:1505.03925]
1 1 1 1 1 1 I1.1I 1 1 I1'2I 1 1 I1.3I 1 1 I1'4I 1 1 I1.5I 1 1 I1.6I 1 1 1 1 1 1 1 I1'1I 1 1 I1I2I 1 1 I1I3I 1 1 I1.I4I 1 1 I1I5I 1 1 I1I6I
w w
-3 Belle -3
= (40. 33) X - V. = (42.09 + 1.07) x 10
Venlmew = (40.93+1.33) x 1072 Bele Vo |npw = ( )
Using G(1) = 1.0541 + 0.0083 from MILC [arXiv:1503.07237]
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B—Dlv: results (preliminary)

Vb

Ve |new (CLN) = (40.93 4+ 1.33) x 1073

LA e
Ve [nEw (BGL) = (42.09 4 1.07) x 10™?
Belle B— Dlv,, BGL
42.09 = 1.07 i
_ _ HFAG B—Dlv,old —
Branching fractions fﬂ,’ﬁmnary 1940 149
s
B(BY — D ¢ty,) = (2.354+0.04 + 0.11)% €Ny
BBt — D%t y,) = (2.67 4 0.04 £ 0.12)% 272 03" =
B(B — D{lvy) = (2.43 +0.03 +0.10)% Selle
(stat)  (syst) preliminary
(intermsofBO) ||||||||||||||||||||||i|||||

3
V7 [10 7]
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Inshrute of ngh Energg Phgsms :

BS%DS(*))QV

larXiv:1504.02004, submitted to PRD]

X = feed down from higher Ds states
Ds— (KK )
Ds*—Dsy

Combine Ds(* with lepton of opposite

charge

Determine the number of Ds(¥:

e Ds: fit m(KKmn)

o Ds* fit Am = m(KKny)-m(KKm)

Events / 2.6 MeV

N
o

w
o

T(55)
o¢ 0
BS BS
’/
.......... DS XD
D}y / E=ep
S
¢(K+K_)7T+
Belle | 3

0.1 0.15 0.2
M(KKm) [GeV] A M [GeV]
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.+ Institdte of High EnerayPhusics .

Bs— Ds(* Xlv signal yield extraction

« Determine number of genuine Bs—Ds(*)Xlv events with X distribution
Es, — (Ebe+PDe)
s/4 —m%

« E_* Bsenergy in CM system (approx. by v/s/2 )

)(nﬁs::

« E_,%and p,,* : reconstructed energy and momentum

e« Use 3 counting regions A,B and C:

o ¥1p3l T I B 5193' UL I EELANLELL N BN
S 3.5F . i 1 [ off res. data
S F 1 1.2 ]
S B+C: - B C - @B D KIv
@ 3 = ] i . s
§ 2 5E % 3 1';_ L Belle B [ WS prompt 7| \Wrong side bg (lepton and
TR 0.8] ] [7] WS other Ds* from different Bs)
; 1 []CS other

o8 {1 EEB, >Dlv

0.4f . B > D Iv Signal

0.2 1 EEBs - D™y

ob———l—— ' ®  Plots show only Ds and electron reconstruction —

1 15 2 y
p*(e) [GeV] For Ds™ and muon see paper
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Inshrute of ngh Energg Phgsms :

Bs—Ds(* Xl v signal yield extraction

e 3 components:

e Wrong side (lepton and Ds* from different Bs)
e Signal
e Each region enhances one component

« 3 unknowns and 3 equations —solve to know N

signal
«  Knowing number of Bs mesons, BRs of Ds(* and efficiencies we get B(B, — D" X ()

e Or: If we can estimate B(Bs — D;X/{v) we can calculate the number of Bs mesons — very useful
for many T(5S) analyses

e Start from Bs—Xdlv: can be inferred from B°—Xdv
(correct for small differences in semileptonic widths and lifetimes)

« Remove all states without Ds: Dsi, Ds2* decay into D(¥

*  Busw(Bs = DsX ) = B(Bs — X v) — B(Bs — Dy X{v) = (8.6 & 0.5)%
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Inshrufe Df Hr’gh Energg Phgsms :

B(DsXev) = [8.1 & 0.3(stat) & 0.6(syst) & 1.4(ext)]%

B(D,Xuv) = [8.3 +0.3(stat) & 0.6(syst) £ 1.5(ext)]|%

B(D:Xev) = [5.2 + 0.6(stat) £ 0.4(syst) £ 0.9(ext)]%

B(D:Xuv) = [5.7 + 0.6(stat) £ 0.4(syst) + 1.0(ext)]%
Combined:

B(D,Xv) = [8.2 + 0.2(stat) + 0.6(syst) + 1.4(ext)]%
B(D*X¢v) = [5.4 + 0.4(stat) = 0.4(syst) + 0.9(ext)]%

e Theory predictions don't include " X"
—should be lower than our results

Number of Bs pairs at T(5S) at Belle
= [6.93 & 0.18(stat) & 0.52(syst) & 0.51(ext)] x 10°

2015/07/24

Theory predictions:

Faustov,Galkin
2012

Chen et al.
2012
Zhang,Wang
2010

Lietal
2009

Azizi,Bayar
2008

Zhao et al.
2007

Blasi et al.
1994

Faustov,Galkin
2012

Chen et al.
2012
Zhang,Wang
2010

Lietal

2010
Azizi,Bayar
2008

Zhao et al.
2007

Blasi et al.
1994

|||||||||||||||||||
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Summary

e Full reconstruction of events using hadronic tag

o Fit differential decay width
Ve, 7w (CLN) = (40.93 & 1.33) x 1073
Ve |nEw (BGL) = (42.09 £ 1.07) x 10~°

e |nclusive — Exclusive Discrepancy not confirmed

o Bs—Ds™Xlv
e Use decays Ds*—Dsy and Ds—®(KK)r

e Determine number of Ds(* with fits to m(KKm) and Am

e Using 3 counting regions enhancing different yields

" B(DsX/tv) = [8.2 £ 0.2(stat) & 0.6(syst) & 1.4(ext)]%
B(D:X/v) = [5.4 + 0.4(stat) £ 0.4(syst) =+ 0.9(ext)]|%
Np. 5. = [6.93 4 0.18(stat) + 0.52(syst) + 0.51(ext)] x 10°
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Thank youl
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Back Up
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“nstitute of High Energy.Phusics . Ostericische At

B—DIv: Vcb Fit

 Additional plots

e« CLN (two params, heavy quark symmetry) BGL (more params, less constraints)
Lepton — and B*/B° separated fit results: Form factors f, f,
£ B g E —~_ Belle
G 0.048— ' = o I|\-I/|||D|_C()30D
s u — 1, fit
> - i N e f, fit
0048~ L MILC data from: [arXiv:1503.07237]
Z - HPQCD data from: [arXiv:1505.03925]
0.044— 1
- 0of-
0.042— 0 i C
i B'->Du'y, 08
ooar- (__—~ Belle ooF
- B'—>Detv, preliminary "E preliminary
_I L1 1 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 _I 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0'038.9 0.95 1 1.05 1.1 1.15 1.2 1.25 12.3 0.6 1 1.1 1.2 1.3 1.4 15 1.6
p w
Veb|G(1)7,,, and p? are the two free Relation between f_and G(w):
. 1+ MD/MB)2
parameters of the fit 2 _ ( 2
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Iristitite 6FHiGh Eneray Phusics |

B— Dl v: systematic errors

0 1 2 3 4 5 6 7 8 9
Tag Correction 3.08 3.26 3.31 3.35 3.36 3.35 3.41 325 3.30 3.16
Charged tracks 1.78 1.65 162 161 166 1.65 1.656 1.65 1.65 1.69
B(D — hadronic ) 0.71 0.60 0.57 0.54 0.61 055 054 052 0.51 0.50
B(B — D*™w) 1.45 0.91 090 0.97 0.84 077 0.56 026 0.13 0.44
B(B — X, lv) 0.48 0.09 0.04 0.06 0.04 0.03 0.03 0.03 0.03 0.01
FF(B — D*{v) 0.58 0.25 0.16 0.23 0.20 0.09 0.10 0.09 0.09 0.23
FF(B — D**tv) 1.98 1.17 0.81 0.70 0.49 056 0.70 0.53 0.10 0.30

Lifetimes 0.30 0.20 0.18 0.19 0.19 0.19 0.18 0.18 0.19 0.18
7% efficiency 0.64 062 0.71 064 064 0.67 066 0.72 0.72 0.76
K /7 efficiency 1.27 088 089 092 098 096 0.95 094 0.97 0.96
K efficiency 0.45 0.19 0.22 0.21 0.22 0.21 0.20 0.21 0.21 0.21
Luminosity 1.9 140 139 138 144 140 1.39 136 144 1.39
All 5.14 450 4.35 4.41 427 422 422 419 4.08 3.79
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Inshrute Uf Hrgh Energg Phgsms :

B— DI v: Comparison of different BGL set-ups

Lattice data new |Vey |[10™°] x2/df p
Using different lattice data MILC [12] 41.77 £1.20 7.32/10 0.69
HPQCD [27] 42.10 £ 1.89 5.92/8 0.66

MILC & HPQCD [12, 27] 42.09 + 1.07 12.93/16 0.68

N=2 N =3 N =4
at.0 0.0127 £ 0.0001 0.0126 =+ 0.0001 0.0126 =+ 0.0001
at1 -0.091 =+ 0.002 -0.094 & 0.003  -0.094 + 0.003
a2 0.34 & 0.03 0.34 + 0.04 0.34 + 0.04
Using different series s } 0.1 =00 01306
: A+ ,4 - — -0.0 £ 1.0
truncations N 0.0 0.0115 + 0.0001 0.0114 = 0.0001 0.0114 % 0.0001
ao,1 -0.058 £ 0.002 -0.057 & 0.002 -0.057 + 0.002
ao.2 0.23 + 0.02 0.12 & 0.04 0.12 & 0.04
= default ao,3 — 04 £+ 0.6 0.4 £+ 0.6
ao,4 - — 0.0 + 1.0
new|Ves| 40.63 £ 0.98  42.09 £ 1.07  42.09 £ 1.07
[12] = [arXiv:1503.07237] x>/df  30.3/16 12.9/16 12.9/16
[27] = [arXiv:1505.03925] p 0.016 0.678 0.678
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Inshrute of ngh Energg Phgsws :

D;Xev DgXuv DiXev DiXpv

Detector
Tracking efficiency 1.4 1.4 1.4 1.4
Photon efficiency — — 2.0 2.0
Kaon and pion ID 1.4 1.4 1.4 1.4
Lepton efficiency 1.0 1.6 1.0 1.6
Bs— Ds( *) XK |7 Hadron misidentification 0.1 1.3 0.1 1.9
. Signal and background modeling
systematic PDF for Mg and AM fits 3.0 3.0 5.0 5.0
errors [%] Continu(u)m shape 1.2 0.3 1.2 0.3
B — D¢ Kfv modeling 0.3 0.3 0.1 0.1
Signal
Composition 4.8 4.8 0.3 < 0.1
Form factors 0.9 1.0 1.0 1.0
Efficiency 3.1 3.1 3.0 3.0
Wrong-side
Composition 1.6 2.2 1.0 2.5
B, fraction 0.2 0.2 < 0.1 < 0.1
Shape 1.0 1.0 1.0 1.0
Other
Composition and shape 0.3 0.3 0.4 0.7
B, production mode 0.1 0.1 0.3 0.3
Beam energy 1.0 1.0 0.5 0.5
Total 7.3 7.6 6.9 7.6
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