Lepton Flavour Universality in B Decays

and Other Recent Results at Belle

b - ctv,
(J Measurement of R(D) and R(D") with a semileptonic tagging method

<)\ — B(B->D® v
R(D( )) = BEB—>D(*){’V;’ £ = e, u Belle Collab., arXiv:1904.08794

O Measurement of the D*~polarization in the decay B® — D*" 1%,

Belle Collab., arXiv:1903.03102
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O Test of lepton flavor universality in B - K*£* £~ decays at Belle

*\ — B(BoK*utu™) Belle Collab., arXiv:1904.02440
R(K™) = B(B—K*ete™)
Results (still preliminary), are based on the full data set recorded by the Belle detector at Y{4S).
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Belle experiment

Belle detector: high-hermeticity (86% of solid angle), multi-purpose magnetic spectrometer
D operating (1999-2010) at KEKB collider, collected 772M BB pairs from

o ete” - Y(4S) - BB

~ . Aerogel Cherenkov cnt. Unique tool to study experimentally
L 228 challenging B- meson decays, e.g. to
multiple neutrinos

: A B ont I%Chamber
: .

L/K detector

» employ B
to infer more information on #_,

tag” reconstruction technlques

J
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SM and NP contribute at the tree level

Q Theoretically well-controlled observables,

>

v vO>O VvV VvV

with complementary sensitivity to NP:

R(D(*)) _ B(B—)D(*)TV) L S Signal
~ B(B~D®™¢v) < normalization

Differential (e.g. g% ) distributions

1 (and D7) polarization

Experimentally challenging!
B-factories exploit By,g- reconstruction
techniques

Measurements of R(D(*)) achieved
sensivity that challenges SM and some
of it’s extensions.

Summer 2018

B(B°-»D*"etv) _

B(BY->D*~utv)

R(D) =0.407 £0.039 £ 0.024 ~2.3c
above the SM (0.299 + 0.003)
R(D*) =0.306 + 0.013 + 0.007 ~3.0c
above the SM (0.258 + 0.05)
R(D*) & R(D) ~3.8c away
from the SM

1.01 £+ 0.01(stat) + 0.03(syst)

Belle, arXiv:1809.03290

» Experimental uncertainties larger than those

of the SM predictions = call for improvements

BaBar had. tag
BaBar had. tag - 033240.024%0.018 =
0.440 +0.058 £0.042
Belle had. tag
Belle had. tag 0.293+0.038£0.015
0.3750.064 £0.026 _— Belle sl.tag
Average 0.302£0.030£0.011 —
0.407 £0.039 £0.024 Belle hadronic tau
0270 +0.035 +0.027
SM Pred. average LHCH ot
D muonic ta
029940003 03362 0.027 40,030 —
PRD 94 (2016) 094008 LHCb hadronic tau
0.299 +0.003 0291 +0.019+0.029
PRD 95 (2017) 115008 Average
0299 +0.003 0.306+0.013 +0.007 —
JHEP 1712 (2017) 060 SM Pred. average
. 258+
029920004 PRD 95 (2017) 115008
FNAL/MILC (2015) 0.257 +0.003
0299+0.011 JHEP 1711 (2017) 061 B h d
HPQCD (2015) 0.260 0.008 > r‘
0300 + 0.008 -+ JHEP 1712 (2017) 06/ 0 ta% + a ons
0257 £0.005 H
HFLAV B° & combined
HFLAV
| |
1 1 1 1 1 1 1 1 | 1 1
0.2 0.4 0.2 / 03
R(D) R(D*)

B

tag

= very promissing approach

» one of the most precise results is obtained with
—D*¢fv, only B® > D*~t*v measured
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< Measurement of R(D) and R(D*) with semileptonic tagging

BELLE

| Belle Collab., arXiv:1904.08794

» Reconstruct B,,, decay: B — D™ £v (BDT-based hierarchical algorithm)

¢ BDT classifier output, —2 < cos 9;?5 <1 g ! B . b(*) %;_> ++*+ ]
2 2 > L

cosbpy = ZEbeaZIT:;”;:f T y=pW®e é o0} ¢
» Search for D) £ among remaining tracks and clusters ; Btaﬁ\ ) ;
*  No extra charged tracks, or %s... 0051 \’; )
* CoS 9;5 <1 |pp»| <2GeV B ~ D(*)%‘:.’( Hj#-*u_] .
4 disjoint data samples: D**¢~, D*0¢~,D*¢~, D¢~ 0.00 ettt Cttll ol
» Distinguish B = D™)£(1)v from background 2 S —a_,:}:iwl
*  Egc —sum of the energies of remaining neutral clusters, p o2f I, =

<

EccL = O for signal, tends to be higher for background

— Background _:

» Distinguish B » D™ty from B -» D®) ¢y
e BDT classifier with input variables:

sig _ 2 _ 2 2
cos QB,Y , Evis = XE;, Mmiss_ (Ebeam_ED(*)l’) - (pD(*){’)

0 0.2 0.4 0.8 0.5 i 1.2

» Extract R(D) and R(D") Eguy(GeV)
* Extended maximum likelihood 2-D fit to the BDT classifier output and Eg¢,
*  Fit simultaneously 4 D™ ¢ samples
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Fit components

floating
. norm: B — D™ ¢y
. signal: B - D™ty
feed-down
Bt - D*fv = D¥v

B% - D*fv = D¥v

background
B B> D¢y

correlated

feed-down
.B+ — D*1tv = D1V

N

B° - D*tv = Dtv

fixed
fake D)

. calibrated from data

. other bkgds
- fixed from MC

Events / (0.12 GeVy)

Events / (0.12 GeV)

Belle Collab., arXiv:1904.08794

Egc, fit projections; insets show signal enhanced region (class > 0.9)

x'l[]‘u" _ D+'£_
o E N,,=30765

Events / (0.12 GeV)

;ﬂr

Events [ (0.12 GeV)

x1[]3' DO{-

.E —=D1vw

N —1471+193 a

E .E =Dl

20
2

15

10

i :Q\\;"'-\fﬂn—a-l:l't'r'

; Fake D

0 02 04 06 08 1 12
Ezcy (GeV)
*0 p—
ag DTt
4N, =275+29 -

3 100

2 %
1

l:]l:] 02 04 06
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<3 Measurement of R(D) and R(D*) with sl tagging - results

BELLE

Belle Collab., arXiv:1904.08794

R(D(*)) — 1 €norm Nsig
2B(r > tvv)  &ig  Nnorm Systematic uncertainties (%)
R(D) = 0.397 i 0.037(s.tat) + 0.016(syst) Source AR(D) AR(D")
compatible within 0.2 with SM Do - 076 a1
R(D*) = 0.283 + 0.018(stat) + 0.014(syst) C°2§’°5'F'°” : -
compatible within 1.1 with SM” Fake D _ Ca'_'br' 0.19 0.11
Combined R(D)&R(D*) compatible within ~1.2c with SM | | Brag calibration 0.07 0.05
(T T 7T ] L |' L [ L L | LI I L L ] L Feed-down faCtors 1'69 0'44
0~42;_ Belle Had B, t —=Iv ¥ B Efficiency factors 1.93 4.12
= Belle Had B T—>hv =
0.4 - -—-Be::e ;ufe sTl?llam, :—u\- ¥ (Preliminary) e Lepton eff. & fake rate 0.36 0.33
0.38F " auredcton e = Slow 7 efficiency 0.08 0.08
0.36 — PDF shapes 4.39 2.25
0,342— — _f B decay form fact. 0.55 0.28
0 0.32F el E B(B > DM ¢v) 0.05  0.02
© 5ab ; E B(D) 0.35 0.13
0.28F \ \ E B(D*) 0.04 0.02
- : - B(t = twv) 0.15 0.14
0.26F S B ~ g
: e 5 BFs of Y(4S) 0.10 0.04
0.24F O = Total 521  4.94
0.22F Lt s \ Preliminary Belle average
0.2 025 03 035 04 045 0.5 R(D) = 0.326 + 0.034
R(D) n

. R(D*) = 0.284 + 0.018
Most precise measurement of R(D")) to date correlation: p = —0.47

* New SM prediction: R(D*) = 0.253 + 0.006 ~1.3c compatible within ~2c with SM
P. Gambino, M. Jung, S. Schacht, arXiv:1905.08209 [hep-ph] 6/16




R(D) and R(D*) - 2019

o~ I T T T T I T T T T T T T I T T T I

BaBar had. tag BaBar had. tag i % 0.5 — BaBar, PRL109.101802(2012) , i
0440 £0.058 +0.042 —_— ([’;3“21](”:4110 018 e " =——— Belle, PRD92,072014(2015) Ay” = 1.0 contours ]
elle had. tag = -

Belle had. tag 0293 +0.038 1% 015 a2 C LHCb, PRL115,111803(2015) === Average of SM predictions 3
0.375+0.0640.026 — = verag s
Belle sl.tag 045+ —— Belle, PRD94,072007(2016) ]

R — —_— 030200300011 B ——— Belle, PRL118211801(2017) R(D) = 0.299 +0.003 .

N S  — LHCb, PRL120,171802(2018) R(D*) = 0.258 +0.005 ]
SM Pred. average - - — Average —
0.299 +0.003 LHCb muonic tau _ 0.4+ [ Average —
PRD 94 (2(]16) 094008 0.3360.027 £ 0.030 e : :
e : E
PRD 95 (2017) 115008 Average 035 40 -
0.299 +0.003 0.306%0.013 £0.007 N — —
THEP 1712 (2017) 060 SM Pred. average = -
0299 £0.004 ] 55;19050(;017 115008 | | 2’ 0 1 8 0.3 26 —
FNAL/MILC (2015) - 0.25710.0(03 ) - B “ -
0299£0.011 JHEP 1711 (2017) 061 » ]
HPQCD (2015) 0.260 + 0.008 —_ L @ 7
0300 +0.008 - JHEP 1712 (2017) 060 025 .

HELAV 0.257 +0.005 = - HFLAV ]
HFLAV C Summer 2018_|

; ‘ . . | \ _Summsrzmti | 0.2 __ P(x:) - 74% __

02 0.4 : : L 1 L | S W W S [ ST ST SR T | M | PR |
' ' R(D 02 03 \ 0.2 0.3 0.4 0.5 0.6

D) R(D*) R(D)
= T ———— ]
BaBar (2012), had. tag BaBar (2012), had. tag a - N ]
0.440 +0.058 +0.042 —_— 0.332+£0.024 £0.018 = I [ HFLAV average Ay®= 1.0 contours ]
. Belle (2015), had. tag 4 |— —]

Belle (2015), had. tag 0.
0.375+0.064%0.026 _— ;233 E"d‘;{gi’(g[f , = LHC ]
e N .

OB%I;‘ Ez()oéf;f(lj- lag 0570 £ 0.038 £ 0077 C BaBarl2 .
SUTERASTE Belle (2019), sl.tag — 35— 3, —
0340 So027 0013 J—— 0.283£0.018%0.014 < = = 2 .

B0 RESY LHCb (2015) C LHCbI8 ]

SM pred. average 0.336 £0.027 £0.030 = —-\__ =
0.299£0.003 LHCb (2018), (had. tau) 0.3 |— —]
PRD 94 (2016) 094008 0.280 £0.018+0.029 r ]
0.299 £0.003 Average — 1
PRD 95 (2017) 115008 0.295+0.011 £0.008 —— = — Bellels 2
0.299 £0.003 SM pred. average 0.25 = Belleld —
—_
JHEP 1712 Q0IT) 060 ¢ 2‘{2{;3 350‘(02‘;5”) 115008 = -

299 £0. C Bellel7 B
0.299+0.004 PRD 95 (20, 3 C elle B HELAY E
FNAL/MILC (2015) 1711 (2017 06 02— + Average of SM predictions !
0.299£0.011 - JHEP 1711 (2017) 061 [ - R(D) = 0.299 £ 0.003 __Spring 2019 ] |
HPQCD (2015) 0.260 £0.008 o R(D*) = 0.258 £ 0.005 PeR) - 27% ]

- JHEP 1712 (2017) 060 N T R NS B A
0.300+0.008 0257 £0.005 - 03 o3 o7
HFLAV HFLAV ’ : : R(D)
Il ‘ 1 1 | 1 1 1 | 1 1 1 I 1
0.2 04 0.2 03 0.4

R(D) = 0.340 + 0.027 + 0.013
~1.4c above the SM

R(D”) = 0.295 + 0.011 + 0.008
~2.50 above the SM

R(D*) & R(D) ~3.1c away
from the SM

[Tension reduced to 3.1c, but central values consistently above the SM predictions]
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Other observables in B » D) tv decays

O (Inconclusive) hints of a deviation from the Standard Model in b—ctv, transitions

> R(D®) systematically above the SM expectations, surprisingly larger effect for R(D");

» Measured distributions of g? [BaBar PRD 88,072012(2013), Belle PRD 92,072014(2015)],
Pp+~ &and P, [Belle PRD 94,072007(2016)] consistent with SM, but statistically limited;

» Angular observablesin B — D™y decays, basically, not explored yet

r

cos 0},,; = 1 polarization (PP"”)

g df 1 1+ aP, 6 | Mv._ d

dcosOy, 2[ a TC?S het] only t—>M v_decays
SM: PP" = —0.497 + 0.013

SM: M. Tanaka, R. Watanabe, PRD 87, 034028(2013)

g ») P.(D*tv) = —0.38 + 0.51(stat) ¥J2L(syst)
BEL el — 7 v, (0=1), == p v, (0=0.45)

at B-factories using hadronic decays of B
ﬁsig = _ﬁtag

cos 0p,,.; and cos By can be reconstructed

tag

Belle PRL 118,211801(2017), PRD 97, 012004 (2018)
J

.
N

[ cos 6y = D* polarization (FP")
1 dr 3 D ) D* .. 2
—————=—[2F] cos“ 0y +F; sin“ 6] all t decays
['dcosf, 4 D* . D*

FL + FT == 1

SM: FP" =0.47 4+ 0.01
SM: P. Gambino, M. Jung, S. Schacht, arXiv:1905.08209 [hep-ph]
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D

<> Measurement of the D*~polarization in the decay B® - D*~t*v,

BELLE
Belle Collab., arXiv:1903.03102

U Need efficient reconstruction of B,,, in hadronic modes
= do it inclusively Belle PRL 99, 191807 (2007), PRD 82, 072005 (2010)

» Find B, candidates D*~df  t* = dfv,(vp), d, = 4,1

» Reconstruct By, from remaining tracks and clusters

y Mtag = \/Egeam - |ptag|2f' AEtag = Etag — Epeams Etag= X E;, Ptag = L;pi
Miag>5.2 GeV, —0.30 < AEi,, < 0.05 GeV

* Suppress incorrectly reconstructed By,g's:
total charge=0, no extra ¢, N o+N, <5, NKB =0(d, =m)

V' >80%(60%) signal events for d, = £(r) contained at M,4>5.26 GeV

> Calibrate background using side-bands 2 X — O signal
© Mg < 5.26GeV, Xpis < 0.75(0.5) d, = £(n), § mis MC -~ Di?""
e _ Epeam— ED*d-L-_lpD*dl-l- E W D™t
mis ™ | < M other Bdec.
» Suppress background ignal E qq
Xois > 1.5 (1.0), Eyis < 8.7 (8.8) GeV, d, = £(r)
v’ Mg,y distributions flat for most bkgd Xmnis

— can be used to extract signal yields
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D
<> Measurement of the D*~polarization in the decay B® - D*"ttv,

Belle Collab., arXiv:1903.03102

U Measure cos 0y, distribution

Extract signal yields in 3 equidistant bins of cos 8y,: I[-1,—0.67),1I [-0.67,—0.33), III [-0.33,0)

— cos By > 0 excluded because of low reconstruction efficiency of slow «t from D*decay

— signal yields ectracted from UEML fit to My, distributions ; simultanoeous fit to all decay chains
Fit projections in bins of cos 6y:

Signal — Crystal Ball

combinatorial bkgr - ARGUS

peaking bkgr — Crystal Ball
Top:

+ ' combined

52 522 524 526 528 5.2 522 5.24 5.;; 5.28 52 522 524 526 B5.28
M,.g [GeV] Mi.g [GeV] M., [GeV]
I _ I _ I _

Acceptance correction factors: 5,=0.98, s,=0.96, s,,=1.08 (SM dynamics assumed)
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D
</> Measurement of the D*~polarization in the decay B® - D*"t7v,

Belle Collab., arXiv:1903.03102

O Extract fraction of the longitudinal D*~polarization

from the angular distribution: Systematic qncertalntlgs
dNg;g 3 . . e evaluated assuming SM dynamics
m = Nsig7 [2F; cos® 6y +(1—F, )sin®6y] source AFL*
AN e vl oo
™ u MC statistics :
S 1400 | signal shape +0.010
o N \ | bked calibr.  +0.001
E N D** composition  +0.003
. 100 ’ Background B -» D**tv +0.011
80F modelling B — hadrons +0.005
sof _|_[,E,ta|:,‘,i,,ts 2-body B - D*M +0.004
405_ (corrected for acc. nonuniformity) Form factors ioooz
- — fitresult F{" =0.60 +0.09 Signal cos By resol. +0.003
20F SM: FP' = 0.441 £ 0.006 modelling  Acceptance non- 10015
010570807 06 05 04 03 0201 0 uniformity ~0.005
cos Oy Total T0:037

Result (preliminary):
FP =0.60 + 0.08(stat)+ 0.04(syst) SM predictions Exp vs SM
D

Can be reduced by adding Bt —» D*07tvy; FP"=0461004 [1] 142

FP" = 0.44140.006 [2] 1.76c
[1] A.K. Alok, D. Kumar, S. Kumbahar, S.U. Sankar, PRD 95,115038(2017) | FD* — 0457 + 1 1
[2] Z.-R. Huang, Y. Li, M.A. Paracha, C. Wang, PRD 98,095018(2018) LD* 0.457 + 0.010 [3] >80
[3] S. Bhattacharya, S. Nandu, S.K. Patra Eur.Phys.J. C79,268 (2019) Fy =0471001 [4] 1440
[4] P. Gambino, M. Jung, S. Schacht, arXiv:1905.08209 [hep-ph] FP =0.45540.009 [5] 1.60c
[5] R.-X. Shi, L.-S. Geng, B. Grinstein, S. Jager, J. M. Camalich, arXiv:1905.08498 [hep-ph] *~
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LFUiIn b > sf7¢-

~\

(b s b 5 ) (b s b s

W o+ R
ZO/YZ< Py
£~ ? :{;— \{)+ J

Suppressed in the SM, BF's ~10~° Many NP amplitudes can contribute
causing complex phenomenology.
Several tensions (~3c from SM) in b — s€¥ £~ transitions (angular observables in = K*u*u~, BF’s of
some b —» sf*t¢~ decays - theoretical uncertainties are still subject of debate) can be fit with NP models
that predict R(K*) < 1. | eg. B.Capdevila, A Crivellin, S. Descotes-Genon, J. Matias, J. Virto, JHEP 01, 093 (2018) |

R(K®) = BE-KOptuT) ~ g 4 0(107%(1073)) robust SM prediction

B(B-K(*ete™)

Precise test of LFU in FCNC

— B(B-Kptp~) _ 0.060+0.016
R(K) - B((B%K‘;'FZ_)) i 0.846to_054t0_014 11 < qZ < 6 GeVZ qZ = (M€+€_)2
compatibility with SM: 2.5¢ ILHCb Collab., PRL 122,191801(2019)|

R(K*®) = 0.6619:37 +0.03 0.45 < g% < 1.1 GeV?
R(K*®) = 0.697911 + 0.05 1.10 < g2 < 6 GeV?
compatibility with SM: 2.2—2.36 (low g?), 2.4—2.56 (central g%)  [LHCb Collab., JHEP 08,055(2017)|

Belle: ® lower statistics, © good performance for e* modes
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Measurement of R(K™)

» Reconstruction & selectionof B - K* £ ¢~

B » K*0¢t¢~, K > K*n~,K2n®
Bt - K** ¢t¢~, K** > KtnO Kdnt
hierarchical NN reconstruction

Background suppression

Multivariate method utilizing event topology and
NN outputs

Irreducible background from B — J /Y K™ and
B = Y (25)K™ reduced by rejecting events in
the relevant M p+,- windows

Signal extraction
UEML fit to My, = \/Eﬁeam — |ps|?

in several bins of qz: [0.045, 1.1], [1.1, 6], [0.1, 8], [15, 19], [0.045, ] GeV?

Events / ( 0.0025 GeV/c?)

—+— Data

— Fit i

8 Signal g
Combinatorial

= Charmoniums;

“e Peaking 3

Events / ( 0.0025 G

Control sample: data in the veto region of | /Y

B(B=J /Y (utuT)K®)
B(B-]/Y(—ete )K*)

= 1.015 £ 0.025 £ 0.038

Pull

Belle Collab., arXiv:1904.02440

Example fit for g%> 0.045 GeV?

= 103.07

- M ﬁ.%: V.;:c‘?)_
B - K ptu~
NHF = 139,97




Measurement of R(K™)

Belle Collab., arXiv:1904.02440

20—/

Belle preliminary | Systematic uncertainties
. . ] +/0 2 2
- Results consistent with SM _ for B™'" modes and ¢”> 0.045 GeV
15[ ]
I source AR(K™)
~ A G e, u efficiency 0.061
* J
\% 10 3 1 — —— MC size 0.004
o
| Classifier 0.013
05[ 1 Signal shape 0.008
i H-  Data for B® and B * modes _
[ B SM prediction j Tracking eff. 0.016
ool .y Peaking bkgr. 0.031
0 5 10 15 20
qz [GeVZ] Charmonia bkgr. 0.023
total 0.075
4 )
q2 in GevZ/c* All modes B° modes B modes
[0.045, 1.1] {I.EEZE.;.'EE + 0.05 0.4613.'}3 +0.07 u.azt}'gs + 0.10
[1.1,86] 006755 £ 011 1.06755% +0.13 | 0.72755, £0.18 |< first measurements
[0.1, 8] 0.00°%%7 +o0.10 0887)%, £0.08 |09 +0.14
[15, 19] 1.187%% £ 010 1.1275% 010 [ 1.407 % £ 0,14
[0.045, ] 0.047G 1, £ 0.08 112705, +0.00 (070755, +0.07
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Measurement of R(K™)

Belle Collab., arXiv:1904.02440

Earirur |

2.0 S — — : .
[ ! ' Belle preliminary - Systematic uncertainties
. . 1 +/0 2
- Results consistent with SM T i for B™'" modes and 47> 0.045 GeV?®
15~ and with other measurements - source AR(K")
—~ : . - e, u efficiency 0.061
X 10f 'T' — 1 : MC size 0.004
m 4
%) &t FP Belle Classifier 0.013
0.5 [ ¢+ LHCb ] Signal shape 0.008
_ 3 Basar ] Tracking eff 0.016
racking ertr. .
_ mm SV ¢
ool . .y . Peaking bkgr. 0.031
0 - 10 15 20 ) - b ,
qz[GEVZ] Charmonia bkgr. 0.023
total 0.075
q2 in GevZ/c* All modes B° modes B modes 1
[0.045, 1.1] 0.527 %% £ 005 046745 £ 0.07 | 0.6275% £ 0.10
+0.45 0.63 0.99 .
[1.1,6] 006755 £ 011 1.06755% +0.13 | 0.72755, £0.18 |< first measurements
[0.1, 8] 0.00°%%7 +o0.10 0887)%, £0.08 |09 +0.14
[15, 19] 1.187%% £ 010 1.1275% 010 [ 1.407 % £ 0,14
[0.045, ] 0.047%7 +0.08  1.127%% +0.00 | 070753 + 0.07

\

J
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Summary and outlook

@ New measurement of R(D™) using semileptonic Biag decays
R(D) =0.307 + 0.037(stat) + 0.016(syst)
R(D*) = 0.283 + 0.018(stat) + 0.014(syst)
= first measurement of R(D) with semileptonic tagging
= most precise R(D™)) measurements to date
= results consistent with SM within ~1.3c
= tension between SM and experimental world averages reduced 3.80 = ~3.1c

O Measurement of D*~ polarizationin B - D*"ttv,

FP" = 0.60 + 0.08(stat) + 0.04(syst)
first measurement of D* polarization in semitauonic decay
= the measured value consistent with SM within ~1.5c
= experimental accuracy can be further improved with Belle data by including B* — D*1v,
dzr
dq?d cos By

feasible at Belle Il (enhanced sensitivity to NP, reduced acceptance effects)

O New measurements of R(K*) in several bins of g2:[0.045, 1.1], [1.1, 6], [0.1, 8], [15, 19], [0.045, ] GeV?

R(K*) = 0.94%)17 (stat) + 0.08(syst), for g? > 0.045 GeV?
= first measurement of R(K*%)
= all results compatible with SM and other measurements

L Experimental accuracy limited by statistics = good prospects for Belle Il, with expected
50x larger data sample.
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DT~ B — Drv 307 £ 65
B — Dty 6800 4+ 179
BY — D*tv 6370 &+ 225
B = D 1o 269 + 24
B— D™ 413 £ 110
Fake D 3072 + 129 (Fixed)
Other 506 =23 (Fixed)
D%~ B — Drv 1471 £ 103
B — Dty 16096 + 436
Bt = Dty 45042 + 563
B° — D*v 2302 + 531
Bt = D*rv 1704 £ 177
BY — D*rv 123 +£11
B — D** v 3595 4 252
Fake D 8708 £ 418 (Fixed)
Other 2131 + 83 (Fixed)
DT B= D'rv 376 + 36
B— D*(v 9794 + 109
B — D"y 314465
Fake D* 754 £ 39 (Fixed)
Other 287 £ 13 (Fixed)
D¢ B — D*rv 275 + 29
B— Dy 7148 + 100
B — D™ 406 + 64
Fake D* 1993 £+ 122 (Fixed)
Other 187 £ 7 (Fixed)
electron:

R(D) = 0.281 £ 0.042 + 0.017
R(D*) = 0.304 + 0.022 + 0.016

TABLE L Systematic uncertainties contributing to the R(D®) )results.

Source AR(D) (%) AR(D*) (%) Correlation
D** composition 0.76 1.41 -0.41
Fake D™ calibration 0.19 0.11 -0.76
Btag calibration 0.07 0.05 -0.76
Feed-down factors 1.69 0.44 0.53
Efficiency factors 1.93 4.12 -0.57
Lepton efficiency and fake rate 0.36 0.33 -0.83
Slow pion efficiency 0.08 0.08 -0.98
MC statistics 4.39 2.25 -0.55
B decay form factors 0.55 0.28 -0.60
Luminosity 0.10 0.04 -0.58
B(B — D®w) 0.05 0.02 -0.69
B(D) 0.35 0.13 -0.65
B(D*) 0.04 0.02 -0.51
B(r— = (~ipry) 0.15 0.14 -0.11
Total 5.21 4.94 -0.52

ImMuoin.

R(D) = 0.373 + 0.068 % 0.030
R(D*) = 0.245 £+ 0.035 £ 0.020
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R(K™): Systematics

qrg in GeV? / ¢* e,neff.  MCsize classifier sig. shape tracking peaking bkg. c¢ bkg. total

all modes

- [0.045, None] - 0.061 0.004 0.013 0.008 0.016 0.031 0.023 0.075
-[0.1, 8] - 0.058 0.005 0.029 0.002 0.016 0.054 0.051 0.100
- [15, 19] - 0.090 0.012 0.012 0.014 0.020 0.003 0.003 0.095
- [0.045, 1.1] - 0.027 0.006 0.008 0.025 0.009 0.026 0.001 0.047
-[1.1, 6] - 0.065 0.008 0.048 0.033 0.017 0.070 0.013 0.114
B” modes

- [0.045, None] - 0.073 0.006 0.030 0.018 0.022 0.031 0.021 0.092
-[0.1, 8] - 0.058 0.006 0.040 0.019 0.017 0.033 0.018 0.084
- [15, 19] - 0.091 0.013 0.007 0.012 0.022 0.007 0.001 0.096
- [0.045, 1.1] - 0.024 0.007 0.044 0.005 0.009 0.049 0.001 0.071
-[1.1, 6] - 0.082 0.010 0.040 0.062 0.021 0.070 0.012 0.133
B modes

- [0.045, None] - 0.044 0.005 0.032 0.018 0.010 0.025 0.023 0.068
-[0.1, 8] - 0.060 0.010 0.039 0.040 0.014 0.048 0.107 0.144
- [15, 19] - 0.089 0.028 0.016 0.041 0.021 0.008 0.002 0.106
- [0.045, 1.1] - 0.033 0.013 0.067 0.060 0.009 0.006 0.000 0.097
-[1.1, 6] - 0.045 0.010 0.137 0.060 0.011 0.086 0.009 0.179
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Acceptance effects in B - D*tv

Ore(D*) = Oy

—
— U
— m+Xfeed
B000O
cos 01 (D*) > 0.5
50000 |
MC
40000 | |
20000 | o
cos 0y (D™) < —0.5
-1 -0.8-0.6-0.4-0.2 0 0.204 06 0.8 1 8 L LLH‘\\

COS(OheI(D*)) 12 0.14 0.16 0.18 0.2 0.22 féé\?]zs

p'ﬂ slow



