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Why study B — X7v

@ Babar, Belle and LHCb measured:

R(D®)) = BREDI with £ = i, e

@ many systematic uncertainties cancel (theory and experiment)
@ theoretical very "clean” as it is a tree level process
o o(R(D"))eheary ~ 2%
@ good statistics BR(B — D*1v) = 1.24%
@ sensitive to new physics

@ different channels to reconstruct for X and 7: 7 — fyyi;;
T — U, + hadrons

Experimentally challenging

@ depending on channel 2-3 neutrinos in the event

@ large backgrounds from B — D***{v and secondaries

@ signal is flat

<
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Babar measurement

@ fully reconstruct the tag side B meson in a hadronic decay
mode (had. tag)

require a lepton for the signal side u or e
require that Eextra = Y E..; < 0.5GeV
define signal region with g% > 4GeV/?

unmatched

no additional charged tracks in the event

e 6 6 o o

background rejection by 2 BDT:
e reject continuum events
e reject B — D**lv

@ use control samples to constrain backgrounds from
B — D**{v
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@ signal yields are extracted in a 2D maximum likelyhood fit in

2 2
m? ... = (Pee — Ptagh — Pp(+) — P¢)* and lepton momentum py
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@ similar analysis from Belle (i.e. hadronic tag, leptonic tau decay)
2

@ simultanious fit in M2, and neural network output Ong

Fit result for B — D*7v channels (D** top; D*° bottom)
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. . «» 015 ¢
Belle measurement semileptonic tag E M
=
. . 2 ¢
@ use semileptonic B — D*){v decays g™ .
to tag the other B meson: ,
0.05
o large statistics: LA
BR(B — D™Wv) ~ 25% 000 et et ]
e more difficult due to additional €005
neutrino on tag side o e ey 5 e ok i)
taken from MC simulation.
@ reconstruct events with two leptons R
w
(e, /J,) 2020
2
2 2 g
@ use cosfgy = 2BbeamEp()— M~ M), 5.
21Pg|[Pp () | “ oo .
to distinguish signal B — D)7y -
2 2 005f  wt i be
and normalization B — D¢y ik *“;%83 e
E o.og o‘z 0‘4 0‘5 mz
@ select lower cosfgy as signal A S (i

T. Liick Belle2 ltalia (Trieste)



Current world of average for D(D) vs. R(D*)

@ current world average is 3.9 o away from SM prediction
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@ discrepancy to SM consistent over different experiments and
different channels

e hadronic tag: fully reconstruct one B meson in a BB event

e semileptonic tag: reconstruct a lepton (u, €) on the tag side
(not signal) for BB events

e reconstruct the 7 in leptonic channel 7 — lvv;

e reconstruct the 7 in hadronic channel e.g. 7 — 7v,; 7 — pv;

o = different systematic effects:

@ not easy to pick up systematic bias

Measurements used by HFAG

Experim. R(D*) R(D) corr. c. Remarks
BaBar 0.332 £ 0.024 + 0.018 0.440 £ 0.058 £ 0.042 -0.27 had. tag, lep. 7
BELLE 0.293 £ 0.038 + 0.015 0.375 4 0.064 + 0.026 -0.49 had. tag, lep. T
BELLE 0.302 £ 0.030 + 0.011 - - semilep. tag, lep. 7
LHCb 0.336 £ 0.027 £ 0.030 - - hadron machine
BELLE 0.270 %+ 0.03574, %28 - - had. tag, had. T
Average 0.310 £ 0.015 + 0.008 0.403 £ 0.040 + 0.024 -0.23 Xz/dof = 3.17/5 (CL = 0.67)

V.

T. Liick Belle2 ltalia (Trieste)



Measured polarization of the 7 (arXiv:1612.00529)

@ investigate the polarization of the 7

@ sensitive to new physics

@ Belle first measured the polarization of the 7 in B — D*7v ;
with had. tag and 7 — 7v; 7 — pv

o suffers from low statistics = can be improved by Belle2
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@ presented by P. Urquijo at the Tau mini workshop in Nagoya,
March 2017

R(D™) = 0.270 + 0.035(stat.) *3928 (syst.)

P.(D*) = —0.38 + 0.51(stat.) 341 (syst.)
L R
Q Private estimation :
&l-'
0.5
Belle Il
(50 ab?)
0
-0.5 y
scalar M ector
¥27025 03 035 04

Theoretical calculation based on M. Tanaka and R(D*)

R. Watanabe, Phys. Rev. D 87, 034028 (2013
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Constraint on NP models

e TR @ Babar measurement (similar for

R(D™) can be used to Belle)
constrain NP models o efficiency corrected
i measurement of R(D(*))
@ e.g. charged Higgs (2HDM (blue)
type 1) input parameter ue
tan 3/ Myiggs @ prediction of R(D*)) from

2HDM model as function of
tan 8/ Muiggs

o deduce from the
measurement:
o from R(D*):
tanﬁ/mHiggs =
0.75 £ 0.04
e from R(D):
tan 8/ Miggs =
0.44 +£0.02
@ excludes 2HDM type I
with P > 99.8% for " angimar GV
Mpiggs > 15GeV

v
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Constraints on new physics models

e distributions of ¢°> = (pg — Pp())?, Piep, Pp(») are sensitive to new
physics contributions

@ by measuring them one can constrain NP models

Example from Babar (but similar studies from Belle)

@ background subtracted measured g? distribution compared to the
2HDM model for different values of tan 3/mpjggs

tan B/ myjggs = 0.0 tan B/ Myjggs = 0.3Gev ! tan B/ Myiggs = 0.45GeV 1t

x 15.1/14, p=36.9% D x 11.0/14, p=68.6% De xz: 44.5/14,p = 0.0049% DE

b
. ++++++*
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Prospects at Belle2 for R(D) and R(D*)

0.5

R(D*)

0.45

0.4

0.35

0.3

0.25

0.2

Belle Il Projection
—— Belle Combination
—— Babar

LHCb
—— World Combination

«  SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

ICHEP 2016 Preliminary

—

10 contours

at 50ab~1
~ 2%

o b b b e b b b by 0

025 03 035 04 045 05 055 0.6
R(D)

expected rel. uncertainty on R(D) ~ 3% and on R(D*)
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Prospects at Belle2 continued

@ high statistics allows to look into other channels e.g. R(pi) R(D**)

@ one of the biggest bkg contributions from B — D**{v

e currently not well measured
e new measurements at Belle2 can help to constrain those
further

@ difference between sum of measured BR for exclusive modes
> BR(B — Xifv) and the also measure inclusive BR:
BR(B — Xtv):

A = BR(B — X{lv) — > BR(B — Xilv) =~ 0.7%

@ unknown decays could pose further background to B — D™ 7y
analyses

@ = needs further measurements
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Semitauonic analysis group

@ subgroup of semi leptonic B decays analysis group

@ goal to measure R(X), dN/dq?, dN/dpep, dN/dpp, P(T)

@ channels:

B — Drv

B — D*rv

B — wtv; B — prv = R(7); R(p)
inclusive B — X7v decays

B —» D®Wrry

B — D**71v

@ around 20 collaborators expressed interest in contributing

Idea for doing the analyses

@ do the analyses as group effort

@ have a common skimmed dataset

@ have a common analyses framework
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summary

@ semitauonic B decays good proving ground for testing the SM

currently several measurement of R(D(*)) available
tension to the SM (need further measurements)

several aspects where Belle2 can improve

the next years will be exciting
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BACKUP

T. Liick Belle2 ltalia (Trieste)



Slide presented at the Feb. 2017 B2GM by Shigeki Hirose

B BSemiTauonicDecay Model

3/s

* Implemented both in the Belle and the Belle Il libraries

* Effects from NP currents can be included based on the model-
independent theoretical study

Leff = _zﬁGFVcb

oy, + Z C;0;
i=V1,V,,51,5,,T

M. Tanaka and R. Watanabe, Phys. Rev. D 87, 034028 (2013)

Angular distributions for B = D*7~v, | P.(D*) =-0.50

(tanB/my, = 0.0 (GeV/c?)?)

or type-Il 2HDM:
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BaBar had. tag
BaBar had. tag 033+002+002 ———
0.44 + 0.06 + 0.04
Belle had. tag
Belle had. tag 0.29+0.04+ 001
0.38 + 0.06 + 0.03 > LHCb
0.34+0.03+ 0.03 —
GEELD Belles.tag
0.403 + 0.040 + 0.024 — 030+ 003+ 0,01 —_—
FNAL/MILC (2015) Belle (hadronic tau)
i~ 0.270 + 0,035 + 0.0
Average
HPQCD (2015) 0.310 + 0,015 + 0.008 1
0:300 0.008 SFajfer etal. (2012)
0.252 + 0.003
HFAG HFAG
5 7
| | | TR | I
0.2 0.4 0.6 0.2 0.3 0.4
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Phillip Urquijo, Tau mini workshop, Nagoya 2017
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presented by Guglielmo De Nardo, Tau mini workshop, Nagoya,
Japan, 27-28 March 2017

Belle II : Full event Interpretation

e, l-l+ [oracks | ECLClustert

n K

(x)

) 00D, |

(o0 1;)
* Input variables used to train the multivariate classifiers:
- PID, tracks momenta, impact parameters (charged FS particles);
- cluster info, energy and direction (photons);
- invariant mass, angle between photons, energy and direction (11°);
- released energy, invariant mass, daughter momenta and vertex quality (D(’)(s),]/ll));
- the same as previous step plus vertex position, AE (B);

- additionally, for each particle the classifier output of the daughters are also used as
discriminating variables.

14 Prospect at Belle II: Leptonic decays and Tagging Algorithms - Nagoya - March 27 2017
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presented by Robert Kowalewski, Tau mini workshop, Nagoya,
Japan, 27-28 March 2017
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