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Typical analysis reconstructs D & D* mesons
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Problem for lowest mass state: easy mis-categorization due to missing

particles which need to be modelled adequately.

Can reduce background by reconstructing neutrino momentum

Makes sure that neutrino is the only missing particle



Experimental Recap B — Dty

Challenging due to...

large background from ‘down-feed’ from D* 24

GeV)
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combinatorial background from wrongly reconstructed D-meson z
candidates 2k

18

Tagged analyses have smaller background

Measurements from ALEPH (Buskulic et al, 1997), CLEO (Bartelt
et al, 1999), Belle (Abe et al, 2002), BaBar (Aubert et al,
2009,2010), ...

Most precise published measurement is from BaBar
hadronic tag
branching fraction measured as a function of w = vs * vp
D-mesons reconstructed in a variety of decay modes

Signal & Background separation in mr2niss = (Emiss, pmiss)2
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=Xperimental Recap

- Various measurement consistency:

B — D/l

- Pretty good, the prob. is close to 1 (ninting that some uncertainties spoil the

systematic interpretation of this number)

Systematic limited

B — D/lv

B (%)

mewG (1) Ves| (1077)

PD

CLEO untagged (Bartelt et al., 1999)
Belle untagged (Abe et al., 2002)

BABAR hadronic-tag (Aubert et al., 2010c¢)
BABAR global fit (Aubert et al., 2009d)

2.19 £ 0.16 = 0.35
2.08 =£0.12 = 0.52
2.14 £ 0.11 = 0.08
2.16 £0.03£0.13

44.88 & 5.96 &= 3.25
40.96 = 4.39 = 5.03
42.45 £ 1.88 £ 1.02
43.25 £ 0.80 £ 2.07

1.27 £0.22 £ 0.12
1.12+0.19 = 0.11
1.18 = 0.09 £ 0.06
1.20 £ 0.04 £ 0.06

HFAG average (Ambhis et al., 2014)

2.13 £0.03 £ 0.09

42.65 £0.72 £ 1.35

1.194+0.04 £0.04



—xperimental Recap B — D™l v,

Challenges
‘down-feed’ from D**

slow pion (in)efficiency — problematic particularly at w ~ 1 (small D* momentum)

Measurements from ALEPH (Buskulic et al, 1997), CLEO (Dubosq et
al 1996, Briere et al, 1997), OPAL (Abbiendi et al, 2000), BaBar
(Aubert et al, 2008, 2009), Belle (Dungel et al, 2010), ...

First fully differential analysis was from CLEO (Dubosqg et al 1996)

Determined the parameters Ri(1), Ro(1), po+ in a fit to 1D projections of the

four variables defining the differential rate taking into account statistical
Cross correlations.

(0°, 2 helicity angles & tilting angle between the decay planes)

BaBar and Belle followed measuring branching fraction and form
factor parameters based on the same approach.



—xperimental Recap B — D™l v,

Untagged results are competitive with tagged ones

Due to the unknown direction of the neutrino in untagged analyses, the
helicity angles and w have to be approximated by averaging over all
possible B-meson directions (which are constrained around a cone of
the D*l system) < xio
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to the fully differential decay rate.

In addition a global fit approach, that simultaneously extracted D & D~
form factor parameters and normalizations also showed very good
sensitivity (and has the smallest experimental uncertainties)
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- Overall picture of B-Factory results fairly consistent

- Agreement fair, the probabillity is 0.15

Current world average (HFAG 2014)

Systematic limited

B — D*/v

B (%)

newF(1)[Ves| (1077

2
PD*

CLEO untagged (Briere et al., 2002)

Belle untagged (Dungel et al., 2010)

BABAR untagged B° — D* ¢Tv (Aubert et al., 2008b)
BABAR untagged BT — Dty (Aubert et al., 2008d)
BABAR global fit (Aubert et al., 2009d)

5.62 £0.18 £ 0.26
4.56 £ 0.03 = 0.26
4.544+£0.04 =£0.25
497+ 0.07 £ 0.34
4.95 £ 0.02 = 0.20

39.94 £1.23+1.63
34.60 £0.17 &£ 1.02
33.94 £ 0.30 £ 0.99
35.22 £0.59+1.33
35.76 £0.20£1.10

1.37 £ 0.09 £ 0.09
1.21 £ 0.03 £ 0.01
1.19+£0.05 £ 0.03
1.13 +0.06 £ 0.06
1.19+£0.02 £ 0.06

HFAG average (Ambhis et al., 2014)

493 £0.01 =0.11

35.81 £0.11 £ 0.44

1.21 +0.02 £ 0.02




- Using the latest inputs for the form factor normalization at w = 1

F(1) = 0.906 + 0.013, G(1) = 1.081 £ 0.025,

Fermilab/MILC: Bailey et al, 2014 Fermilab/MILC: Qui et al, 2014

Exclusive only, very
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- Using the latest inputs for the form factor normalization at w = 1

F(1) = 0.906 + 0.013,

Fermilab/MILC: Bailey et al, 2014
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G(1) = 1.081 + 0.025,

Fermilab/MILC: Qui et al, 2014
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Test of the CLLN parametrization by fitting
helicity amplitudes and confronting them
with fits from the CLN parametrization.

-xperimental tests of the CLN parametrization

Belle, arXiv:0910.3534v1
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SO where can we improve in untagged meas.”?

Electron sample

item ph  ph- B(DIw) B(D*4D) G(1)|Vep| F(1)|Vep]
R} 044 2.74 0.71 —0.38 0.60 0.71
R, —0.40 1.02 —0.18 0.30 —0.32 0.49
D** slope —1.42 —2.52 —0.07 —0.09 —0.82 —0.87
D** FF approximation [—0.87 0.33 —0.12 0.19 —0.54 0.20
B(B~ — DY niw) 0.28 —0.27 —0.22  —0.80 0.04  —0.49
fps/Ds —0.39 0.16 —0.38 0.16 —0.41 0.13
fDz DDy D —2.30 1.12 —1.53 0.97 —2.07 0.85
D! D*n /Dy D 1.82 —1.14 130 —0.65 1.65  —0.70
fpr)Dg —0.88 —1.28  0.36 0.17 —0.31 —0.34
fD*r D1 —0.21 —0.05 —0.13 021  —0.18 0.09
NR D* /D ratio 0.58 —0.16  0.11  —0.09 0.38  —0.04
B(B~ — DY nnim) 1.19 —1.97 025 —1.28 0.78  —1.28
X*/X and Y*/Y ratio| 0.61 —1.15  0.09 —0.27 0.39  —0.52
X/Y and X*/Y* ratio| 0.76 —0.83  0.21 —0.65 0.52  —0.60
D1 — D 2.22 —1.54  0.74 —1.08 1.63  —1.05
fps —0.14 —0.01 —0.10 0.07 —0.12 0.03
B(D*t — D) 0.73 —0.01 043 —0.34 0.62  —0.17
B(D° — K~ n™) 0.69 0.02 -021 —1.63 0.29  —0.80
B(Dt — K ntrnt) |=1.46 —042 -—2.17 0.30 —1.89 0.01
Tp—/Tgo 0.26 0.16  0.63 0.27 0.46 0.19
fi—/ foo 0.88 043  0.66 —0.53 0.82  —0.12
Number of BB events | 0.00 —0.00 —1.11 —1.11  —0.55  —0.55
Off-peak Luminosity 0.06 0.01 -0.02 —0.00 0.02 0.00
B momentum distrib. |=0:96" 0.63 1.29 —0.54 —1.15 048
Lepton PID eff 0.52 0.16  1.21 0.82 0.90 0.46
Lepton mis-ID 0.03 0.01 —0.01 —0.01 0.01  —0.00
Kaon PID 0.07 0.80  0.28 0.23 0.18 0.38
Tracking eff ~1.02 —0.43 —-3.35 —2.00 —225 —1.15
Radiative corrections |—3.13 —1.04 —2.87 —0.74 —3.02 —0.71
Bremsstrahlung 0.07 0.00 -0.13 —0.28 —0.04 —0.14
Vertexing 0.83 —0.64  0.63 0.60 0.78 0.09
Background total 1.39 1.12 0.64 0.34 1.07 0.51
Total 6.25 5.66 6.01 4.03 5.99 3.20

B —) D**

Data

R D(*) nlv

B D*IvandDlIv
B Daxxlv

B Dxxlv(WS)
E==D"naxalv
== Other BB
Continuum

DT

..
8
TTT

@
o

—BABAR
- preliminary

Events /( 0.0375 GeV )

-]
=]

'
=)
II|III|II

n
=)

Detector Performance



SO where can we improve in tagged meas.”

Systematic uncertainty on |V|, p? and BF
Dof_ﬂg D+£_I7£ D/~ v,
Vo (%) | p~ | BF (%) [[Ves|(%) | p° | BF (%){|Ves|(%)| p~ |BF (%)
Tracking efficiency 0.5 (0.008| 0.7 1.1 |0.003| 1.4 0.7 10.004| 1.0
Neutral reconstruction 1.0 10.003 1.2 0.8 |0.006f 0.9 0.9 ]0.004 1.2
Lepton ID 1.0 10.009| 1.0 0.9 (0.009] 0.8 0.9 10.009( 0.9
Final State Radiation 0.1 0.005| 0.2 0.1 |0.005| 0.2 0.1 0.005| 0.2
Cascade B — X — ¢~ decay background| { 0.6 - 1.2 1.0 - 2.0 0.8 - 1.5
B°® — BT cross-feed 0.2 (0.003] 0.2 0.2 0.003| 0.2 0.2 0.003| 0.2
B — D*¢~ 1, form factors 0.6 (0.008] 0.5 0.2 0.003| 0.2 0.4 0.006| 0.3
B — D**{~p, form factors 0.2 (0.007] 0.2 0.3 0.006| 0.2 0.3 0.007| 0.1
D branching fractions 1.0 - 2.0 1.4 - 2.7 1.1 - 2.2
B(B — D**{" i) 1.2 10.023| 0.6 1.0 0.011] 0.9 1.1 ]0.019| 0.6
B(B — X{ ) 0.9 - 1.9 0.9 - 1.9 0.8 - 1.7
Biag selection 1.1 0.021 0.6 1.8 0.036 0.8 1.5 0.028 0.8
B — X{™ v, fit 0.7 - 1.4 1.1 - 2.2 0.8 - 1.7
B — D0, fit 1.3 ]0.018 1.1 1.1 10.027| 0.6 1.3 10.020f 0.8
B meson lifetime - - 0.7 - - 0.6 - - 0.6
Total systematic error 3.1 0.04 4.1 3.6 0.05 5.0 3.3 0.04 4.3

Detector Performance D Decays
B — D** Cascades
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- Further constraining the broad orbital ggg.vw
decays will be very challenging. A —backgroune

-+ but analyses very statistic limited at this point
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Can we rule out all new operators?

@ No right-handed neutrino; charged lepton current remains left handed.

@ VV — A structure of the lepton current is well established and we keep it as
such:

LY = ny“(l 7

@ b — clv, can then be described by a general effective Hamiltonian:

_Gr

He
T2

o (14 gv )Tyub+ (=14 ga )Cyuysb+[gs i0.(ch) + JgBliO. (Cysd)

+ gr iay(EiO'w/b) + 9715 i@,,(EiaW%b)} x LH = @V(jb H,u,LM

V2

2 2
v 1 U
~ O 7 ~ —(O
a0(3g;) ssnamn 10 ()

NB: the pseudotensor operator is not independent of the tensor one due to the relation

CouuYsb = —%euyagéaaﬁb, but it is convenient to keep this operator.

D. Becirevi¢ (LPT Orsay) Looking for NP through semileptonic decays 6/15



We should aim to have this plot :-)
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And we are getting there

1.4
1.3

Lattice QCD
BaBar 2009 rzazzas

1.2 B

1.1

1
0.9
0.8
0.7
0.6
0.5

f+(2)

Fermilab/MILC: arXiv:1503.07237

100}

o0}

ao/a

—50}

—100¢

® BaBar 2009
150+t O Lattice QCD l
® Lattice QCD + BaBar 2009

Fermilab/MILC °15 + BaBar 09, B —=D,w =1

Fermilab/MILC ’15 + HFAG ’14,B — D, w =1

Fermilab/MILC 14 + HFAG '14,B —D ,w = 1

Gambino & Schwanda ’13,B — XC inclusive

36 37 38 39 40 41 42 43 44

3
VI x10



D

B, — Dg*) I,



—xperimental Recap Bs — D

Very interesting channel. ..
could be used to test predicted SU(3) flavour symmetry

better from a theory point of view due (s versus u,d quark) to calculate form
factors

First measurement of semi-inclusive rates by Belle by Oswald et al

Very challenging environment due to Y(5S) decay structure (fs ~ 0.2)
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—xperimental Recap Bs — D
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Prospects for Belle |

D

B%Déﬂg BS%Dg*)gﬂg
B — D"/,

Will be interesting if.. Could be interesting given..

we do the Iegwprk and improve on . A sizeable dataset is available
our understanding of the D** (due to fs ~ 0.2)

get lattice points beyond w = 1 also

, | And the experimental difficulties
for D* (I presume in the making)

can be brought under control.

we provide (unfolded) measurements
that allow for a later analysis as
theory progresses.
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