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Semileptonic B decays

b i _ %

B @%‘3 >
U, C ”L_L,CZ \ X

« Extraction of the CKM matrix elements |Vis!, |[Ves|
* Described at first order by a transition at quark level b — ¢, u

Inclusive vs. Exclusive puzzle
B~ — X v :(10.9+0.2)%

Exclusive branching ratios do not D**
sum up to the inclusive branching ratio (1.7+0.1)%

Decays modes with an n are challenging
— semi-inclusive measurement instead

~

2
Kk _ : D:(234+0.1)%
D all observed modes besides D and ( )76 (HFAG, PDG]
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SU(3) symmetry?

b 7 _ >
> 14 B v A{{{;@g} %}%
U, C § \ X
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What happens when the up or down quark is

replaced by a quark?
Experiment:
[a(By) Fa(DY)
v/ — (0.99 4+ 0.04 52 —(0.83 £0.05
Fsl(Bg) ( ) [a (DY) ( |
[PDG 2012]
Theory:
Y Ca(B5) ~ (.99 Bigi et al., JHEP 1109 (2011) 012
Ly (BY) TR | ) |

B(Buy,d,s — X0tuy) extensively used as normalisation in other measurements

Ch. Oswald - Semileptonic B/Bs decays at Belle - ICHEP2012 3



B(B? — X¢*tv,): Method

Measurement
121 fb~" T(55) data fo=(199£3.00%0 X,
| po——"O
BY events contain a p- T(55)—>»"s
: : - s 0
with high probability BS\X
- i 2 K—I— ¢
Same sign D, {~ come B(B° s D¥) @ -
from different B? ° ’ T
= (93 £ 25)%
. 0 n [PDG 2012]
Extraction of B(B;, — X/{"vy)
our measurement external parameters
A A
4 A N Systematic uncertainties:
N<D$_€_) — N (DS_E_) + Nu7d(D8_€_) External parameter AB/B
N(Dg) Ns(Ds ) + Nu,d(DS_) fo/ fud 3.2 %
B(B" — D*X) 1.4 %
_ 0 4+ B..a — D branching fractions | 3.2 %
N(DS £ ) X fS'B(BS — Xt Vﬁ) other external parameters 0.7 %

Background from B, 4 decays
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Extraction of leptons from B decays

W

. 50510 . — ><10 S 1_4><103' —
% - Bz% e Cffg%il’m'"ary ;E 1.6 ggn;)e é)\g?s.::mmary - g C Eﬁ:;!e @p;ggmmary ]
O] B : - : 1.2F 2 — .
o 4o R M 2 ndf=64/7 1 8 Ve X /0df=067/T 7
S n S 4 - S
o - S~ 1 S~
=) C 2 L
= 8 3
e o ®
3 20
o R
101
o e L 1 15 2 25 3
1.95 > : 1 15 2 25 3
m(KKr) (GeV' p(e) [GeV] p(1) [GeV]
D counted in fits to m(KK) Two component fraction fit:
Continuum bkg. subtracted prompt leptons and e Elga-fake leptons
with off resonance data
N ( D- _) Rel. Systematic uncertainty e [
s € — 0.0426 + 0.0020 + 0.0013 Lepton reconstruction, ID and fake rate 0.7% 1.4 %
N ( DS_) D, reconstruction efficiency 08 % 08%
K K mass shape 20% 22%
N D Estimation of continuum background 1.1%
( H ) — 0.0471 & 0.0024 & 0.0016 Composition of the secondary and fake ¢ bkg. | 1.0 % 1.5 %
N ( DS_) Model of the semileptonic width 1.2 %

[
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Results B(BY — X/tu,)

LR B A B BN |
Belle e (]
121 b~ o >
| g 8
cwr | BEQ me |
Lo B(B, — X{"v,) preliminar
Belle comb. © s L =] S ¢ P y
—1
121 b
Belle comb. ——— stat. syst. ext.
23.6 fb” [ =e: (1004 £+ 057 + 037 + 061)%
BaBar comb. S iy 0= (11.32 £ 068 =+ 046 =+ 0.74) %
PRD 85 (2012) — ® 1 {—e, p (1061 + 046 + 037 + 0.67)%
r(8°) PDG2012 led
e o A . o 1l
40 50 60 70 80 190
[ (ns™)
- - Iy (BY)
Limit on SU(3) symmetry breaking (90 % CL):  92.8% < m < 126.2%
sI\ 24
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. . D, = ¢rt, ¢ - KTK~
nal can tes: )+ g+ p—
Signal candidates: D"+ Kty D Dty (E, > 125MeV)
(Ebeam — Ew's) — Puis

V Efeom — M3

Challenge: missing neutrino X, =

beam

Remaining particles of the event for bkg. suppression: additional £~, M,,, Xag

~ . - . o 200 ] —
‘g.;zg‘ Signal window % 7| Side bands f 657 x 10° BB
87°_+ [Xomis| <1 8 ™ | Xomis| > 1 . Data
60} 1 = 125}
= 50F + ] = 100 H MC bkg

woff ) ] | true D,

30F .

o T4+ | 50 B c bkg

IS 4+ | 25 fake D,

0]

025 275 3 3.25 35 3.75 4 425

My [G eV/c? 1

25 275 3 3.25 35 375 4 4.25)
My [GeV/cT]

Simultaneous unbinned max. likelihoood fitin X5, m(D,), Xmumis, m(Ds), m(D})

_) * . '
crossfeed D, «» D taken into account D.K D*K

Ch. Oswald - Semileptonic B/Bs decays at Belle - ICHEP2012 7




Results B — Dt Ky,

L 90
3 &0 E
E; i true D, (signal)
g = { true D’ (signal)
D true D, (bkg) 657 x 10° BB
10 fake D, (bkg)
C 1.l94 1.:35 1.;96 1.:37 1.&!8 1..99 é
Mo, [GeV/c?]
= S L true D (signal)
£ 5 5 14 fake D* (signal)
= 2 1 i3 true D, (signal)
i & true D’ (bkg)
) 1 fake D;‘ (bkg)
e 7 R T KT N A TR N 205537 2492 215 2.14 2.15 fake DS (bkg)
Mp. [GeV/c?] Mp.- [GeV/c?]
Mode > Bx 1073

o "—-0.08 measurement of D K,

B~ = DK (1 39 0.30=%0.09+011 } First (and only) separate
B~ = DY"K—rp, 6 0594+0.12+0.15

Article is about to be submitted to PRD
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Semi-inclusive B — D™ X/

2D unbinned fit in my. and
mp (D modes)

Am =mp+ —mp (D* modes)

Full hadronic reconstruction of
tag B with neural network

Reconstruction of signal:

8 [ Bewe
— _ 8 i relimina
DO — K 7T+ (7T+7T ) b 8 800 (P)n-lres i -
D™ = K nnt _ x 2B flavours 2eo B° - DUvX
D*Y — DY) = 8 different modes @ I
slow 400
*—+ 0, + B
D™ — D ] J ol
Secondary+fake lepton bkg subtracted TR T
from a 2 fit to the lepton momentum e 156V
& 6[m__lu,,,“m,:2:ixa¢!fi44 b
£ 500 Belle cgi _NTN::::4:::::5
Lig_l BO Data ] < ||Ng,= 202457
400 710 o™ . £ 40
: Total= 2835- 62 ] — ,_%J i
300 ! fit bkg= 361 41 772 % 106 BB
"“: Fit sig=2474- 65 2007
200 @ =99, prog-027 | I
31 _______ _
100 -
] o2 . . .
N T m,, [GeV]

3
plep GeV
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Results B — D™ X/

Branching ratios given with respectto B(X) = B(B — X/{v)

(systematics cancel)
preliminary

B~ B(D°X)/B(X) =0.922 + 0.0164 & 0.0115mp) & 0.0364.

B™: B(DTX)/B(X) = 0.088 & 0.004,, =& 0.00251) £ 0.005,

BY: (DOX)/B(X) = 0.575 & 0.0164par. &= 0.007 5Dy &= 0.022,.

BY: B(D*X)/B(X) =0.452 £ 0.007gat. & 0.0105m) & 0.0214.

B~ B(D™X) /B{X’) = 0.597 = 0.026444. = 0.007 5y £ 0.024,.

B™: B(D*"X)/B(X) = 0.064 £ 0.0070 & 0.0085m) & 0004,

BR [%] BY: B(D*X)/B(X) =0.081 % 0.020,,, = 0.0095m) & 0.006,.
. | . . | . . B B(D*"X)/B(X) = 0.615=+ 0.0214.. & 0.0075m) £ 0.024

Belle preliminary - DX v E
8 B’y ]
. i
v : .
¢ = —— . - Composition
° O D*; lv B evaluated
D" lv - from current
! N wmoos - HFAG&PDG
2 ] averages
e -
BN &
. . = N & + X N
o™ <N o™ oo o~ o~ o™ N
Q Q Q Q Q Q Q Q
7 L7 7 L7 L7 7 7 7
& Q & Q Q & Q Q
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Summary

* Inclusive vs. Exclusive puzzle:

- Full semilept. width described by semi-inclusive modes:

B°: B(D°X + D*X)/B(X) = 1.027 «+ 0.018as. = 0.0125(p) = 0.0404,
B~ : B(D°X + D¥X)/B(X) = 1.010 % 0.01544; %+ 0.0115p) & 0.0404,

D** : 1.7% D% X

D*TX

DtX
D :2.3% DX — DX — D*tX

first separate
B(B~ — DYK 0" 1;) = (0.30 £ 0.09+(5) x 1077 } measurement

B(B~ — DK 1 1) = (0.29 £ 0.16+)15) x 1073 m(DsK) study
above 2.4 GeV

- Study of inclusive semileptonic decays of the B’
B(BY — X¢Tv,) = (10.61 £ 0.46(stat) £ 0.37(syst) £ 0.67(ext))%
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BACKUP
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657 x 10° BB pairs collected atthe Y (4S)esonance

D, = o¢nt, ¢ - KTK~

' i : () + frtp—
Signal candidates: D)t K/ D™ - Dty (E, > 125MeV)

Challenge: missing neutrino

. (Ebeam — Ew's) — Phis

Xmis =
L mis K 5
W® mm%‘& V E E eam M :;
Puisible for signal:  Xpis € [—1, 1]

|JDB - Pw’s‘ 5:/: Pmis < PB + Pvis

B — D+ DM

Remaining particles (tag') in the event used for bkg. suppression: B DW-5,X

additional ¢ required with ~ p(¢) > 0.5GeV KT X
tcag — \/(Etag — (E‘fag))2 o (ﬁtag - ﬁ‘fag)Q Mtcag < 2.4GeV
Xtag — (Ebeam — Etag - |ﬁtag|)/\/El%eam — mQB+ -2 < Xtag <3
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Results and systematic uncertainties

Signal yield 84
Uncertainties
Parametrisation of X,;s dependency of the signal 123 47
Modeling of the X, distributions of bkg. components with true ), R
Determination of fit parameters from sidebands +5 £
Estimation of the relative contributions of the signal components +1 =£1
B(B~ — DT K1) Mode _ ¥  Bx 1073 _
" B- S DYk (-1 39 0.30 % 0.09+01]
N B~ — D*K~(-, 19 0.29+0.16+%11

= —eB; - -
2Np+p-€") Bint B— DE*HK_(?_??’E 6 0.59 £0.12 £0.15

Other systematic uncertainties

Charged track reconstruction efficiency 6.6 %
Particle identification efficiency 3.9 %
Intermediate branching fractions 6.1 %
Number of BT B~ pairs 1.5 %

Reconstruction efficiency correction Aeextcor 21 %
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