Lepton flavor universality: R(D), R(D*)
measurements

Abdul Basith

Tata Institute Of Fundamental Research, Mumbai
(On behalf of Belle collaboration,

Materials from LHCb and Belle Il also included)

Conference on Flavor Physics and CP Violation
Fudan University, Shanghai, China
June 07 - 11, 2021

Corr 2 (st B

LULTR:ERT]

Lepton flavor universality: R(D), R(D™*) measurements




Lepton flavor universality (LFU)

e Equal coupling of the gauge bosons to the three lepton generations in
Standard Model (SM): LFU

e The only difference in their interactions is caused by the difference in
the mass

e In the recent years, several discrepancies from the SM have been
reported in the B—decays related to the LFU ratio measurements

Decays : B — K¢t

Decays : B — D™)y,.. Variables : R(K), R(K*)..
Variables : R(D), R(D*) ..
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This talk See talk by Shun Watanuki
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R(D™) in semitauonic B-decays

e Semitauonic decays such as B — D*7v, are more
interesting, given the third generation of lepton family
are involved in the transition

e Sensitive to New Physics (NP): Two Higgs doublets,
leptoquarks, etc.

e The presence of NP impact the experimentally
observed branching fractions that can be observed in
LFU ratios:

#)y — B(B=DMru,)
R(DY) = B(BHD(*)ZZZ)

where, £ = e and u
B(B — D™{u,) = Avg of e and p modes

e Beyond SM particles can also alter the kinematic
distributions of final state: 7 lepton/D* meson
polarization Belle PRD 97, 012004 (2018)
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B — D™1u reconstruction at B factories

e Challenging with the presence of multiple neutrinos in the final state

o Select the Bgig with

—a D™
— a charged daughter of 7 \ /
(hadronic/leptonic T decays) /

v
- —»‘—»@

o Relies on reconstruction of / vT ~
accompanying B-meson (Biag ) to ~
provide the necessary level of

background suppression .
& PP Tagging methods:

e Hadronic Tag: o Semileptonic Tag: e Inclusive Tag :
—Fully reconstructed in B — DX () —Reconstruct Byag with all particles
modes —Reconstruct B — D™4v except signal side

. - o
—» Tagging efficiency ~ 0.2% —Tagging efficiency ~ 0.5% — Higher efficiency
—Low background —More background —>Need clean signal side final state
Abdul Basith
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First observation of B — D*97u.

Belle, PRL99, 191807 (2007)

(Received 29 June 2007; published 9 November 2007)

We report an observation of the decay BY — D* 7' v, in a data sample containing 535 X 10° BB pairs

collected with the Belle detector at the KEKB asymmetric-cnergy e’ e collider. We find a signal with a %
significance of 5.2¢ and measure the branching fraction B(B® — D*~ 7% p,) = (2.0274%(stat) = S aof
0.37(syst))%. This is the first observation of an exclusive B decay with a b — ¢7v, transition. é’
n
A z
arXiv : 0708.4089
Flavor Physics and CP Violation Conference, Bled, 2007 20)

Measurement of B — D*~7"v, and B — h{")vw Decays at Belle

K.-F. Chen
Department of Physics, National Taiwan University, Taipei

10)

52 522 SAS 5.‘28 3
M, [Gevich
. ) % 0.1 b) ) .
@ = Xmis: variable is closely related to the
2. 9 e )
2z = missing mass in the Bgjz decay
§ gﬂ.lﬁ
0.1 . .
2 g Visible energy (E,is): sum of the
e . . .
[ energies of all particles in the event
D_ 101 2 3 45 6 7 o 7 8 9 10
Xonis E,s [GeV]
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R(D) and R(D*) overview and status

R(D™) = l;((’;*g(?);”f)) Updated averages of the HFLAV:
— vy
e Common systematics will cancel out A — ‘ . ; -
— Detection efficiency 2 o SR A 0= 1L0comous
— Theoretical uncertainty of form e p— 3
factor 035 J g
. L LHCb18 m
— Uncertainty of |Ve| 03 =
e Predictions are theoretically clean 025 ¥ Belleto 4
F Bellel7 B
F ” HFLAV B
The SM average: 02 +'1\z‘('gf5°n?zg§‘f<f<§$'cnm [ Spring 2019 1
... — C ) R(D*) =0.258 £ 0.005 ‘P(ZZ) =27% ]
02 0.3 0.4 0.5

R(D) = 0.299 £ 0.003 RD)

R(D*) = 0.258 + 0.005

o Latest Belle measurement brings the world
[Phys. Rev. D 94, 094008 (2016)]  [Phys. Rev. D 95, 115008 average discrepancy down to 3.1c form 3.8¢
(2017); 97, 059902(E) (2018)]  [JHEP 1711 061 (2017), JHEP (HFAV 2018)

ceo o0
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R(D) and R(D*) overview and status

BaBar (2012), had. tag
0.440 +0.058 £0.042

Belle (2015), had. tag
0.375£0.064 £0.026

Belle (2019), sl. tag

0.307£0.037£0.016

Average

0.340£0.027 £0.013
SM pred. average
0.299:+0.003

PRD 94 (2016) 094008
0.299:+0.003

PRD 95 (2017) 115008
0.299£0.003

JHEP 1712 (2017) 060
0.299 £0.004

FNAL/MILC (2015)
0.299+0.011

HPQCD (2015)
0.300 £ 0.008

-

Today

Experimental avg:

| R(D) = 0.340 + 0.027 + 0.013 |

Theory avg:

| R(D) = 0.299 + 0.003 |
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BaBar (2012), had. tag
0.33240.024+0.018
Belle (2015), had. tag
0293 £0.038 £0.015
Belle (2017), (had. tau)
0.270 £0.035 +0.0:

Belle (2019), sltag
0.283+0.018+0.014
LHCb (2015), (muonic ta
0336 £0.027 £0.030

LHCb (2018), (had. tau) [
0.280+0.018 +£0.029

Average
0.295+0.011 0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008
0257+0.003

JHEP 1711 (2017) 061
260%0.008

JHEP 1712 (2017) 060
0.257+0.005

0.3 0.4
R(D*)

Experimental avg:

| R(D") = 0.295 + 0.011 + 0.008 |
Theory avg:

| R(D*) = 0.258 + 0.005 |

Lepton flavor universal
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Recent R(D™*)) measurements in Belle with semileptonic tagging

[PRL 124, 161803 (2020)]

Abdul Basith
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KEKB and Belle detector

KEK B-F_alctory

o Asymmetric eTe™ collider at the
High Energy Accelerator Research
Organization(KEK), Japan

e 8 GeV e~ collides to 3.5 GeV e™
at T(4S) resonance

LULTR:ERT]

e Collected about 772 million BB
till 2010

e Result covered in this talk is based
on the complete belle data set

. Aerogel Cherenkov cnt.

ECL NS = e

R / K, detection

V.
3/4 lyr. DSSD 14/15 lyr. RPC

Lepton flavor univers:
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Recent R(D™)) measurements in Belle with semileptonic tagging

Previous Belle semileptonic tag: [PRD 94 072007 (2016)]

Measure R(D*) with B® — D*~ 7% v decays

New semileptonic analysis: [PRL 124, 161803 (2020)]

Using Full Event Interpretation (FEI) tool developed in Belle Il software
framework

Compt. Softw. Big. Sci. (2019) 3:6
— The Byag is reconstructed using a hierarchical
algorithm based on a multivariate analysis with [ V°°b?f7ff,,],,LT?‘?“”] ETERY
Boosted-Decision Tree (BDT) in the B — D™)¢v :
channel

B ST
CH ) ) e]) [

— Better efficiency and enables to use more signal
decay modes

— Simultaneous measurements of R(D) and R(D™)

LULTR:ER]
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Analysis overview

e Analysis with the Belle Il software framework

D" channels D" channels e 772 x 10° BB events
K atn® K rtat + 0 i %0
K- wtntn Kyt e 4 data samples: DT¢—, D~ , D*7¢— , D*°¢(~
K-n* Kintata
Knta™ K§n*
K}n° K K*n® B-Signal B-Tag
K K KK —
x 5 IBi/OAD(*)T’(f’PI/)VI‘ IT(4S)I >|Bi/04D(*)€ v I
T
KK K- Signal mode Use BDT hierarchical algorithm
~ 30% of total ] ~ 22% of total
B/0 & D&y Where, { = e and 4
— Normalization mode

D* channels

D«+ —5 D07l'+

D* — Dtg0

0 0.0 H M
DF —wD'm — Btag and Bsig are required to be of opposite flavor

LULTR:ER]
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Event selection

o Well-reconstructed By, candidates are selected with a requirement on

classifier output

e Veto on the events for By, — D®™)7u. are applied using a criterion on:

2EbeamED(*)e — sz —m
2|psl|ppes]

2
D) ¢
COSQB,D(*)Z =

cosine of the angle between the momentum of
the B meson and D®)¢ under the assumption
that only one massless particle is not
reconstructed

e Best candidates are selected in case of
multiple B¢ag (on highest tagging classifier
output) and By, (on highest p-value of
vertex fit of the charm daughter)

LULTR:ERT]

cosby, g

Kl/g

D) ry, III

=15 -10

correctly reconstructed Biag:
—1 < costlg py, <1
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Key observables

"g g ' —‘BaD(“)Iv
. . . s 02 - g -1

1. Egcw : Energy deposited in the Electromagnetic £ BSDO)IY
045 F — Background -

Calorimeter not associated with reconstructed

o

particles
0.05

— B — D® 7y and B — D™)¢y events E
peak near zero in Egcy, o 02 04 06 08 EE::L(GS\;).z

Background
events
B — DWW

2. class: BDT classifier output (Based on the
XGBoost package)

— To separate signal and normalization modes

BDT classifier
signal vs. normalization

— Input variables:

° VIQSIbIe energy ) ) energy left in the calorimeter
© Mpiss = (Ebeam — Ep+)_g,)” = Pp(+) + Pr)
° COSQB,D(*)Z o The signal events peak around 1

and normalization events peak

around 0 of the classifier output
Abdul Basith
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Fit results: D*¢ sample

class > 0.9

s . . . . ] <200 . . . .
3 E > .
8 pty— Me-pv 8 Signal enhanced
S Mo S
2 Ms - ov1v 2
g2 3 . 2
o ] @ 100
g, [l other E z
M Feke 0 1 50
1 E!
0 5 0
0 02 04 06 08 1 12 0 02 04 06 08 1 12
Ege (GeV) Ege (GeV)
x10°
s ! ! ! ! g s ! : ! . ) .
g * «0p— e -prv ] 3 Signal enhanced T
N D*¢ 1 © 150 g M(D*) - M(D) sidebands
S s We_ov 4 S 5
= ] = ompo t types:
2 M oviv ] £ 100 )
\_% 2 M other E % ﬂoa:mtgd
] correlate
M Fake D+ ] 50
1 B fixed
. ]

04 06 08

1 1.2 1 1.2
Egc, (GeV) Eec, (GeV)

easurements



Fit results: D¢ sample

class > 0.9
N < 600 T T T T
@ [} .
3 ) Signal enhanced
o~ N
S S
S S
2 2
= £
g 2
it it
oo
NG
0 0.2 0.4 0.6 0.8 1 12 0 0.2 0.4 0.6 0.8 1 12

Egc (GeV) Egc (GeV) -+—- Data
9 T T T T T S‘ . .
3 0, lamw law.v 3 callbra_ted using

M(D) sidebands
o 20 D g o~
~ IEAD”I\/ Iomer bl
e > e Component types:
» 15 IB‘Anvw oy >
€ . < floating
< oy N L Dty 2
@ 10 IB o\ - i correlated
IFakE D fixed



Results

MC

€sig Nsig

(%) -+
(*)) — B(B—=D"'7r"v.) 1
R(D ) B(B—=D™ty) — 2B(r——C—0ivr) " \€norm ) Niporm

| R(D*) = 0.283 + 0.018 + 0.014 | Agrees with SM within 1.1

| R(D) = 0.307 +0.037 + 0.016 | Agrees with SM within 0.20

G042 oo 1 3

] € o4f 40 E

o Most precise measurements of R(D™)) to date 0.38] 3
0.361 E

e First R(D) measurement performed with a 0345 E
semileptonic tag 05: E
. . . o 0.28- E

e Results compatible with SM expectation within 1.2¢ 0.265 : 3
0.24F N E

e R(D) — R(D*) Belle average is now within 1.60 of 022f . o
0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

the SM prediction
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e/p LFUV measurements in Belle [Phys. Rev. D 100, 052007]

Z‘F
2 2
H_ﬁw 2EbeamED(*)£ — mB B mD(*)Z
3 N COSHB’D(*)[ =

2|psllppeel

D
d—P»—d

e B® — D*¢*v, using un-tagged approach

x10°
o Measure |V, | using Belle 711 fb~! *g 50F CrTmmm———m
D*~ — D%, D° — K (vertex fit) 7] i [ onesonance 4
Li 40F [Joft-resonance
o LFU test by forming a ratio of the B.F. of
modes with electrons and muons: 30F ]
B(BY—D*et ve) 20F E
B(BaaD*;fqu)
10r E
e Signal Selection: :
|cos O pre| <1 : Lo boond
’ 5 051152253354
[mpo — mD%DG| < 14 MeV/c p*D* [GeVic]

144 < |mpx — mpo| < 147 MeV /c?
pe > 0.80 GeV /c, p, > 0.85 GeV/c

Suppress the continuum with pp. > 2.45 GeV/c
e e and i modes are reconstructed separately:

LULTR:ER]
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e/ LFUV measurements in Belle

[Phys. Rev. D 100, 052007]

10° 10°
180 180
160 180
. . 140 40
Signal selection L =
RS A — E 100 £ 100
2 s0f R
. 60 60
3D fit to: wb w0
20 20
o : o ] 1
0.142 0.144 0.146 0148 015 0.152 0.154 0. 0.142 0.144 0.146 0148 0.15 0.152 0.154 0.156
AM[GeV/c?] AM[GeV/e?]
— cosbp,p+e
180 180
— AM = mp« — mpo b o0
140 140
— lepton momentum .1 1
2100 £100
& 80 & 80
60 60
40 40
SVD2 (e) SVD2 (1) 20 - ‘ - 20 ; - -
Signal yield 83622 87060 *~os 1 is 2 25 3 1 is z
Signal 81.00 + 0.19 79.86 % 0.20 LL " RiBevie)
Fake £ 010 + 0.79 115 + 0.38 o
Fake D* 291+ 0.01 2.81 4+ 0.01 7
D 5.08 = 0.14 3.62 + 0.08 60
Signal corr. 142 £ 0.07 2394014 2 g
Uncorrelated 196 £ 0.15 5004024 & il
Continuum 148 £ 0.38 5.16 + 0.46

LULTR:ER]
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e/p LFUV measurements in Belle [Phys. Rev. D 100, 052007]

e Extract BR from yield for e and p and the total BR of the decay.

ALEPH

_ Nsignal :)?Ai“ 27130 33 ———
- inc|
Npo X € X B(D*"’ — DOTl'Jr) X B(DO — KA71'+) 613028 £057 e
OPAL excl

B

5172020 =036
DELPHI incl
496 20.14 =035

B(B® — D' ftu) = (490 + 0.02 & 0.16)% ] |simiss

20 =042

CLEO
6.17x0.19 £037
BELLE untagged

i

e First direct /u LFUV measurement - iomsamE s .
cancelling common systematics where esilon ¥
only remaining are dominated by e and p T *

1D. ;i(;;gem =031
5062002 =0.12 A
0 idof = 16.0/9 (CL = 6.61 %) HLA 4
B(B — D*7€+Ue)
6 7

= =1.01+0.01 £ 0.03| y——4——4——1
B(BO—>D u+y“) BB’ = D" 1" v) [%]

o, .

Abdul Basith
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R(D*) measurement at LHCb

By measuring the B® — D*~ 7% v, branching fraction using three-prong 7
decays
PRL 120, 171802 (2018) PRD 97, 072013 (2018)

Abdul Basith
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LHCb

. Run 1: 2011 —12: 3fb~* @ 7 — 8 TeV
e pp collisions

Run 2: 2015 —18: 6 fb~' @ 13 TeV
e b quarks produced by gluon fusion

— forward direction

e More B’s, with a lot more
background

e Boosted CM energy helps to
reconstruct vertices

e LFUV in LHCb:
Hadronic [PRL 120, 171802 (2018)]
Leptonic [PRL 115 (2015) 111803] K(D*) BB =D " 1,)

%\ _ B(B°—=D*"1tu,) — BB =D —ntm-mT)
R(D ) — B(B"=D*—putu,)

LULTR:ERT]
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Hadronic R(D*) measurement at LHCb

e First determination of R(D*) using the three-prong 7 decays

*) * B(B°=D* ntn—at)
R(D*) = K(D*)meas X ( B(B*—=D*+p=vy) )external

« _  BB°=D*~rtu,)
where, ’C(D ) — B(B—D*—wtm—xwt)
. L 0 — + )

e Signal and normalisation channels BY = D" v, . S'g:a'
have the same final state, such that Tmm Y

. . . 7r+7r’ﬂ'+7r017,.
many systematics cancel in the ratio ]

DO(— Ktr )m~
e Data: 3fb~1 @7 — 8 TeV
B - D* ntr ot
DY(— K*n7)m~

PRL 1207 171802 (2018) Normalization

PRD 97, 072013 (2018)

LULTR:ER]
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Analysis overview

e Use decay vertex topology to
suppress the dominant background (
B — D*3mw(X) system)

LHCb simulation
Prompt (D* rrrmX)
[ Double-charm (D*DX)

Bl signal (D*7v)

Candidates/ 0.1

12 16 20
Azlo,,

o Other bkg: B — DD*~ (X) decays
(suppressed by means of an MVA)

e DO D*~, and T candidates are selected
* Suppress the background by 3 orders 3504 on kinematic, geometric, and particle
of magnitude and has an efficiency of identification criteria
35% for the signal

LULTR:ERT]
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Signal extraction

Normalization mode:

e 1D fit to Mp«—3, ((Gauss+CB)+Exp)

Nuorm = 17660 + 158 |

— ‘ T ~ r T ]
o L - o, L i
2 S0OF 4 pata LHCb | S1000F +4Daa .
S ool — Totdl Moddl s=7TeV ] ® [ —Tota Model s=8TeV |
2 "UF - cassan ] 2 80F . Gassan =
® o0 - Crystal Ball E @ ool Cvsid Bal E
E F — Background @ § I — Background ®)
& 200F E & 400F E
=} o ] h=] F 1
k=] F 1 k=] a b
S 100p E g 200 B
$) r . . E . $ . ]
> L n B o -t I " .

5150 5200 5250 5300 5350 5400 5150 5200 5250 5300 5350 5400
m(D"~ T 1) [MeV/c?] m(D"~ T 1) [MeV/c?]

Abdul Basith
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Signal extraction

Candidates/ (0.25 ps)

Signal mode:

e 3D binned maximum likelihood fit to ¢, t,,
and the BDT output

g* : squared invariant mass of the (7, v,) pair

Candidates/ ( 1.375 GeV¥/c*)

tr: 7 decay time

Nuig = 1296 + 86

Candidates/ 0.1

LULTR:ERT]
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R(D*) results

PRL 120, 171802 (2018) PRD 97, 072013 (2018)

*\ __ * B(B°—>D*_7T+7"_7"+)
R(D )—’C(D )meas X ( B(BY—=D*+pu—v,) )external

*) — BB’—>D*77'+U7.!
’C(D )_ B(B'—=D*—ntr—xt)

— Nsig  enorm
Nnorm €sig .B(T+_>37FIJ_T)+B(T+_>37T7TOI/_T)

K(D*) =1.97 £ 0.13 (stat) £ 0.18 (syst)
R(D*) = 0.291 + 0.019 (stat) = 0.026 (syst) = 0.013 (BR)

External inputs have been recently updated by HFLAV
| R(D") = 0.280 + 0.018 (stat) +0.029 (syst) |

e Compatible with SM within 1o

Abdul Basith
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Future prospects

o A lot more data to be analysed from the upgraded experiments (LHCb and Belle II)

Expected precision at Belle Il

Observable Sab~! 50ab~"
Rp (£6.0 £3.9% (£2.0 +£2.5)%
Rp* (£3.0 £25% (£1.0 £2.0)%
P.(D*) +0.18 + 0.08 +0.06 + 0.04
B o° r Belle Il Projection
& [ = Bele Combiaton 50ab (not including
ousl = f:‘éa; extrapolation of latest Belle study)
[ — World Combination
r + SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
04— PTEP 2019 (2019) 12,125CO1
0as—
03~
025/ Axe=1 contours
. 7 S 7 - 1 1
RO)

Abdul Ba

J. Phys. G: Nucl. Part. Phys. 46(2019) 023001
0.12—

T T T T
— Belle—1I Rp

Belle — 11 Rp:
— LHCb Rp ||
LHCh Rp-
— LHCb Ry Y
— LHCb Rp,
— LHCb Ry,

0.10

o

=

Z
T

Projected uncertainty
s
2
T

! L L I I
2015 2020 2025 2030 2035
Year

Prospects of various decays modes in the coming

years

Talk on Friday: 'The status of Belle Il and its
Prospects’ by M. Nayak
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Summary

o Belle recently provided the most precise
measurements of R(D™))

T T T T
(D HFLAV average Ax*=1.0 contours

R(D¥)

0.4

o After the updates from LHCb's hadronic
R(D*) and the new Belle semileptonic result o3

LHCb1S

BaBarl2

30

P | Y N T PO Y

the new HFLAV averages are: 032 e
R(D") =0.295 + 0.011 + 0.008 | o b bt
R(D) = 0.340 £ 0.027 + 0013 b T e [
r R(D*)=0.258+0.005 P -21%
012 03 04 0i5
R(D)

https://hflav-eos.web.cern.ch/hflav-
eos/semi/spring19/html/RDsDsstar/RDRDs.html
. . . |
o R(D(*)) . Expecting O(5%) precision (total o Still 3.10 difference with the SM!
uncertainty) with 5 ab™' Belle Il data

LULTR:ER]
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Conclusion

e R(D™) is a clean variable to search for NP

o A lot more data to be analysed, different decay channels to study, and
new experiments on the way

o Upgraded experiments (LHCb and Belle II) are expected to finally
confirm or rule out lepton flavor universality violation.

Thank you!

Abdul Basith
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B —

Abdul Basith

Lepton

r universall

D) fy

Hadron tag
B> DO o [ v (1.4k signal)
B*> DOt L v (1.1k signal)
Binned fit to M2miss/yto D and D*
simultaneously (B*, B0 separately)
o B(B* = D=t (+y)

= [4.55 £ 0.27 (stat.) =+ 0.39 (syst.)] x1072,

o B(B" — Dn ()
= [4.05 £ 0.36 (stat.) == 0.41 (syst.)]x1073,

e B(BY = D* " ntity)
= [6.03 £ 0.43 (stat.) £ 0.38 (syst.)]x1072,

o B(B" - D07 (ty)
= [6.46 + 0.53 (stat.) = 0.52 (syst.)]x1073.

surements

[Belle, arXiv:1803.064]

g8 8 8

Counts/(0.032 (GeV/cY)
3

—Daa =
[B =D =ty E
Mooty E {
[Eoters - x1v

[Tl oter 58

1‘5
M [(GeV/cY]

T T T 3
— pan

I8 ~0xrv E

We-Txry =

M OtherB — Xiv.

[omerss

T T
B —=D%xrry

n‘z n‘l 06
M [(GeV/c?y]

~

2

Counts/(0.032 (GeV/c?f

Counts/(0.032 (GeV/c*} Pull

Pul



TABLE L. Systematic uncertainties contributing to the R (D))
results, together with their correlation.

Source AR(D)(%) AR(D*)(%) Correlation
D™ composition 0.76 1.41 —041
PDF shapes 4.39 2.25 —0.55
Feed-down factors 1.69 0.44 0.53
Efficiency factors 1.93 4.12 -0.57
Fake D™ calibration 0.19 0.11 -0.76
B, calibration 0.07 0.05 —0.76
Lepton efficiency 0.36 033 -0.83
and fake rate
Slow pion efficiency 0.08 0.08 -0.98
B decay form factors 0.55 0.28 —0.60
Luminosity, /7, 0.10 0.04 —0.58
£, and B(Y(45))
B(B - D™¢y) 0.05 0.02 -0.69
B(D) 0.35 0.13 —0.65
B(D*) 0.04 0.02 -0.51
Bz~ - ¢0,0,) 0.15 0.14 =0.11
Total 521 4.94 -0.52

Abdul Basith
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TABLE I. Relative systematic uncertainties on R(D*").

Source SR(D™)/R(D™) %]
Simulated sample size 4.7
Empty bins in templates 1.3
Signal decay model 1.8
D** v and D}* v feeddowns 2.7
D} — 3zX decay model 2.3
B—- D*"D/X, B —> D" DX, 39
B — D*~D"X backgrounds
Combinatorial background 0.7
B — D*"3zX background 2.8
Efficiency ratio 3.9
Normalization channel efficiency 2.0

(modeling of B® — D*~3x)

Total uncertainty 9.1
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Event selection : Belle

Particle Variable type Cut

K* PID KID > 0.1

et PID elD > 0.3
Kinematics Pray > 0.200 GeV/c

I PID mulD > 0.5

all charged

Track parameter

Track parameter

do| < 2.0 em

|2] < 5.0 cm

7r Invariant mass ~ 0.120 < M(GeV/c? ) < 0.150
E, > 50/100/150 MeV/c* (barrel/fwd /back)
cost.,., >0
Kinematics Prap > 0.200 GeV/c*
Tow Invariant mass  |(dM(GeV/c* )| < 0.010
E,, high > 50 MeV/c
E,, low > 20 MeV/c?
K% Invariant mass ~ 0.483 < M(GeV/c? ) < 0.513

Abdul Ba

nisKSFinder

nbyike > 0.5 and nbygian > —0.4

semileptonic

e The requirement on cosfg pn, < 1
and momentum of D* in CM frame
<25 GeV/e

o No extra charged tracks, K2 and #°

e A criteria on the invariant mass is

applied to be close to nominal mass of
° K2 D° and D

D* with 7° InvM —36MeV/c?> < dM < 24 MeV/c*
p* without 7° TnvM —15MeV/c® < dM < 15MeV/c*
Vertex fit pValue > 0
D’ with 7° InvM —45MeV/c* < dM < 30 MeV/c*
o without 7° InvM —15MeV/c? < dM < 15MeV/?
Vertex fit pValue > 0
D*° D7° |dM| < 2.0MeV/c*
D+ D't |dM| < 2.5MeV/c*
D*x® |dM| < 2.0MeV/c*

Lepton flavor universal
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