Measurements of R(D) and R(D*) at Belle li

Hulya Atmacan

University of Cincinnati

September 23, 2020




- Hulya ATMACAN ——- BEAUTY 2020

o
[,
m
g
©
=
Y
©
-
©
2
nd
Y
@
(7p)]
e
C
)
&
)
| S
>
/9]
(©
)
=

B— DOty

» Sensitive probes for New Physics (NP) (leptoquarks, two

Higgs doublets etc.)

* NP could impact

e observed lepton flavour universality (LFU) ratios,

R(D)

- B(B— D7t v,)

R(D™) =

- B(B — Dé"‘Vg)

B(B — D*t"v,)

(where £ = e and u)

B(B — DY v) =

B(B — D*€+Vg)

average of electron
and muon modes

Standard Model (SM) V-
W+ T_I_

: (®).

Vr

2HDM < T+
@ .
: :

[Front. Phys. 80, 1 (2000)]

Leptoquarks //// Vr

[Phys. Lett. B 191, 442 (1987); 448, 320(E) (1999)]
(¢ = u,d) 2




R(D) and R(D")

o
QN
o " n " ] n
S - Ratios of branching fractions: With current data from Belle, LHCb and BABAR:
=
< %:\ B | I | | | | I | | | | I | | | | I | | | _
L
" e [ HFLAV average sz = 1.0 contours T~
‘ B(B — DWry.) = oaf -
Z R(D<*)) — _ LHCb15 -
§:§ B(B — D(*)Zyg) B BaBar12 i
= 0.35 —
< - _
o} . C LHCb18 ]
=1 * Some common systematics are cancelled out - : —— =
T 0.3 = N —
* Theoretical uncertainty of form factors _ I :
» Uncertainty of |V, 095 - B Behelo. . —— ~ Bellel5 _
» Experimental uncertainty of efficiencies  Rellel? =
0.2 — + Average of SM predictions m:
Theory average: - R(D) = 0.299 +0.003 Spring 2019 |-
: R(D*) =0.258 £0.005 P(XZ) — 279 :
R(D)SM = 0.299 i 0.003 1 O|2 1 1 1 1 Ol3 1 1 1 1 O|4 1 1 1 1 O|5 1 1 1

R(D)

» Latest Belle measurement brings down to the world
average discrepancy from 3.80 (HFAV 2018) to 3.10.

R(D*)SM = 0.258 + 0.005

[Phys.Rev. D94 9, 094008 (2016), Phys.Rev. D95 11, 115008 (2017)]
[JHEP 1711 061 (2017), JHEP 1712 060 (2017)]
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B — D™ v Reconstruction at B Factories

* Not a rare decay:
+ InSM, B(BT — D°77v,) = 0.66% and B(B™ — D*' 17 v,) = 1.23%
* Reconstruction of 7 is challenging due to multiple neutrinos.

 Need full reconstruction of the event.
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» Suppress non-BB background and mis-reconstructed

* | eptonic 7 decay

= - - . = - . . . .
2 -";i'f'“'.":,"‘.7,"‘7,’-‘-,,"."3' B2l a0 R0

* Hadronic 7 decay

§ events. L

= ° Need a high statistics. . N
< —_

s | | Bi.g-Y(48)+B;, T
=l the companion B meson (B.,;) reconstruction

| (Tagging)

= 1

> _* Hadronic Tag //< T

0 T e=00.1)% —B

;DCE W % £ Exact knowledge Of Biag \< “¥

= > =% > _
X ,

g 2 ] - Semileptonic Tag y: - = I select the B;i; decay with
© k> ) 3

3 ), g €= O(1)% — B :_ g D(*)

2 0 § Knowledge of By +

5 : ROWICAge O Dag v < * a charged daughter of T
H 4 2

4 Y-

=

s

=

£ ¢ Inclusive Tag
 ;;- ¢ = (100)% —< %\
¥ Consistency of By,



Full Event Interpretation: B Tagging Software at Belle Il

e FEI (Full Event Interpretation). Multivariate analysis with Boosted-Decision Tree (BDT) classifier.
e The most evolved version of B tagging software developed for Belle |I.

* O(200) BDT classifiers trained on O(10,000) B decay channels to identify the By,.

e FEI was successfully used in recent Belle R(D) measurement with a semileptonic tagging
method. [Phys. Rev. Lett. 124, 161803 (2020)]

[Comput. Softw. Big Sci. 3, 6 (2019)]

Belle Il preliminary

. | 0.35 |
[Tracks] [ VO objects } [ KLMClusters ] [ ECLClusters J - Detector Data : + { B*
| 0
\ 0.30 } { B
Final State y
i ~ 0.25}
Particles 3 .
- 3
s 0.20
W
X ¢
(@ Re) 0.15
SO
“’ :
Intermediate 0.10F
Stages '
000 [rcdt=34.6fb1
o00bL v v oy
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Recent R(D®) Measurements at Belle
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Belle @ KEKB

e Collected 772 x 106 BB events at

Aerogel Cherenkov cnt. KEKB factory (1999-2010),
) n=1.015~1.030 e asymmetric e*e~ collider at

SC solenoid

Lo ! = v's =10.58 GeV, in Japan.
N = 356 e ete — Y 4S — BB (very clean
104, W\ == _— i and well-known initial state)
(TOF counter | ss e fo
8 GeV -

ral Drift Chamber

N  Hermetic spectrometer capable of
all cell +He/C,H,

e Tracking and momentum

N measurement of charged tracks
Si vtx. det.

u / K, detection e \Vertex measurement
3/4 lyr. DSSD 14/15 lyr. RPC+Fe e Particle ID

o
(Q\
o
Q\
>_
|_
D)
<C
L
m
Z
<
@)
<
=
<
)
=
H»
I
o
[,
m
©
Q
Y
O
-
©
Q
nd
Y—
@
9
C
)
&
o
>
/9]
©
)
=



Recent R(D™) Measurement in Belle with Semileptonic Tagging

 Analysis with the Belle Il software framework. e 772 x 108 BB events

* 4 data samples: D+ ¢-, DV ¢-, D*t -, D*0 ¢ -

combined reconstructed branching fractions

* DO (Knntd, Knor, Ko, Ksou, Ks i, KsKK, KK, ), > 30% for DY
o D+ (Kntr, Ksun?, Ksmtme, Ksot, KK, KsK), > 22% for D*

* D*+ (DO, D+ 719), D*0 (DO 70)

+/0 (%)
B+0— DMt ( Cvv)y B-signal B-tag

Using a hierarchical algorithm
based on Fast BDT

normalization mode (where £ = e and u)

e “B-tag” and “B-signal” are required to be of opposite flavor
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Key Observables

* EEcL : Energy deposited in the Electromagnetic Calorimeter 2 I T B DMty -
(ECL) not associated with reconstructed particles. Z 02 B DMIv

e Signal (B— D)t v) and normalization (B— D(*) ¢ v) events <o.15 i — Background -
peak near zero in EgcL, . f E
 BDT classifier output (based on the XGBoost package): i I -
“‘class’ 0.05 | B 1

* Jo separate reconstructed signal and normalization 03. T e e

| 0 02 04 06 08 1
e |nput variables: ECL(GeV)

e Visible energy,
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2 _ 2 2 -
ey oo = (Epeam — Epe — Ee)* — (ppe) + pe) 2 | EEEREY
av;
2 2 QN
0 o 2EbeamED(*)£ — Mp — mD(*)E i
* COSURB pD(x)p = 2‘ £ & background
PB||Ppe ] < 3
= & events
CM frame  Pp®y E =
Q0 s ©
cos O ), & B — DV /¢y
€K -=-"=-=-- > v
PB \/E mg . .
beam T T, energy left in the calorimeter

—k
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Fit Results (D* ¢ - sample)

- class > 0.9
x10

o < - [ [ [ [ [ ] < 200 vttt ettt
g % 5 B ] %) i

O n . 0] . .
> L 19 signal enhanced region
= ~ o e — 150 =
) o 4 - o |
N > : = :

% i 0 -
I g E 5 100 -

- 50 .

Z
<
O
<
X
<
©
>
)
L

OO 0.2 0.4 0.6 0.8 1 1.2
Ecol (GeV)

; ; [ [ ' [ [

& & : .
- X v 150 signal enhanced region Calibrated with
o < = : M(D*) - M(D) sidebands
© = £ 100 B
a 2 2 : Component types:
Y - .
. 50 - floating
©
) correlated
oY .
- 0 02 04 06 08 1 1.2 %0 02 fixed
7 EECL (GeV)
&
5 (%)
; R(D™) = B(B =+ DWtvr) _ Fit to PDFs
g B(B N D(*)gw) to the data 10




Fit Results (D ¢ - sample)

class > 0.9
77 rrrTr7rrrrrrTr T T T ’>'\600_"'I"'I"'I"'I"'I"'

B" 5 D*tv\\B’ — D*
I Q\ —> ’CV_

X

| —
o
1 W

@)
T T T[T 17

0.12 Ge

N

- BEAUTY 2020
Events / (0.12 GeV)
AN

Events /
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Z
<
O
<
X
<
©
>
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L

E.c, (GeV) I 4 Data
—~ X103 | | | | I ¥ z<1'03 I I I | |
3 N . .
! O - O o5F Calibrated with
= o 200 N N .
E s f S ok M(D) sidebands
= s 15 P
= 5 § 15 Component types:
o @ 10 e T P ypes.
Y c 1 .
= : — floating
© S — __ 0.5 B
= : : e —— correlated
= L_b .
- % 02 04 06 08 1 12 %0 oo . | | — fixed
% Ecel (GeV)
()]
=
()]
= R(D(*)) _ B(B — D™ 7y ) B Fit to PDFs
(qv]
> B(B RN D(*)gw) to the data 11
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Result on R(D) and R(D")

|

IllllllllllllllllllllllllIII|III|III|III|I

|

|

llllllllllllllllllllllll B | LI

Be
Be

— Be
— Be
« SM prediction

eHadB
eHadB
eSLB

T —>lvyv
e Comblnatlon

‘c—>IvV
‘t—)hV

- - ™

68%, 95% CL contours

Phys. Rev. Lett. 124, 161803 (2020)

e Most precise measurement of R(D) and R(D?).

e First R(D) result with a semileptonic tag.

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

020

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

Q_

N+

O_

N_

o_
CD_

30.

35 0.4 0.45 0.5 0.55

R(D)

110

* The combined result agrees with the SM

prediction within 0.8 o.

* The results of this analysis, together with past
Belle results combined gives compatibility with

the SM within 1.6 o.
12
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Experiment

R(D) and R(D*) Status

Tag Method

T Mode

BABAR '12 Hadronic f Vv 0.440 £ 0.058 £ 0.042 | 0.332 £ 0.024 =+ 0.018
Belle ’15 Hadronic £ VvV 0.375 + 0.064 + 0.026 | 0.293 +£ 0.038 + 0.015
LHCb ’15 - £ VvV - 0.336 = 0.027 = 0.030
Belle ’16 Semileptonic AY, - 0.302 = 0.030 = 0.011
Belle '17 Hadronic TV,0V - 0.270 = 0.035 = 0.027
LHCb ’18 - TV - 0.291 £ 0.019 = 0.029
Belle ’19 Semileptonic £ VvV 0.307 £ 0.037 £ 0.016 | 0.283 £ 0.018 £ 0.014
A 2010) - - ]0.340 £ 0.027 + 0.013] 0.295 £ 0.011  0.008

SM 0.299 + 0.003 0.258 + 0.005

B

BY B+

Experimental world average tension with SM prediction decreases from 3.8c (Avd. 2018) to 3.10.

13



Prospects for R(D*) Measurements at
Belle Il
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Belle Il @ SuperKEKB

KL and muon detector:

Resistive Plate Counter (barrel)

© “Scintillator + WLSF + MPPC (end-caps) . , Belle Il detector
S positron ring __Tsukuba
-

1

EM Calorimeter: {1 -
Csl(Tl), waveform sampling (bar
Pure Csl + waveform sa g (end-caps)

|
\

WAL
\\\\\\

-of-Propagation counter (barrel)

ri’cle ldentification

electron (7GeV)

e

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |

- Hulya ATMACAN —— BEAUTY 2020

electron-positron
injector linac

positron (4GeV)

Central Drift Chambe
He(50%):C2He(50%), Sm
lever arm, fast electronics

positron damping ring

e SuperKEKB: 40 x higher instantaneous luminosity than KEKB — £ =6 X 1039 cm~2s~

e Belle II: major upgrade of the Belle detector.
* Improved reconstruction algorithm, e.g. tracking, vertexing and particle identification.

Covered by Toru lijima “Belle lI: Status and Highlights”’on Monday September 21, 2020
15
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Current Belle |l Dataset

Belle 1l Online luminosity Exp: 7-8-10-12 - All runs Data sample used in the studies
;1 Integrated luminosity B oresented today:
i Recorded Weekl -
611~ JERecorded At = FRZULID Ly I ﬁdt 34 6fb— |

e Current data sample is too limited for

- Hulya ATMACAN —— BEAUTY 2020

Total integrated Weekly luminosity [fb~!]
Total integrated luminosity [1b™?]

- 40
semitauonic B measurements.
................................................................................................... .
e Studied data/MC comparisons to show the
‘ 20 detector performance
....... 10
e Rediscovery of B0 — D*+ £ v.
-0

O DN R P

NGRS * Expecting the first measurements with 7's with

Plot on 2020/07/31 11:36 ST 0(200 fb-1 ) in 2021 .
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Lepton Identification Performance in 2020 Data

*B — D) 7 v analyses essentially depend on how well we identify leptons.

Efficiencies and mis-identification rates for a representative bin in the detector “barrel” region

electrons
1.13 =6 < 1.57 rad, electronIlD > 0.9
> 1.2
> [
= | Belle Il (Preliminary), [Ldt= 34.6 fb!
Q B
©10F |
o S S !
S _
A~ 0.8F
= R + Jly—ee-e(e)
2 ! ee »eey - £(e)
g 0.61 4+ ee-eeee - ¢(e)
5’ j -v-  Ks—=nm - mis-ID(m - e) x3
@ 041 i~ D* > DO(Km)r - mis-ID(m - e) x3
= - T(1p)T(3p) - mis-ID(T— e) x3
v 0.2} - D" > D%Km)m - mis-ID(K - e) x3
-
i ;/:_::,;_“‘*="=#====#====+=
0.0 TR T TS g e ) R T S | P |
0 1 2 3 4 5 6
p [GeV/c]

efficiency, mis-ID probability

o
N

-
N

-
o

o
o

©
o

o
N

muons

0.82 =6< 1.16 rad, muoniID > 0.9

- Belle Il (Preliminary), [Ldt= 34.6 fb~1

©
o

—$—=.=:—J‘—

——

- e o

+  Jlw-uu - ()
ee - uuy - £(u)
4+ ee-eeuu - €(u)
-v-  Ks—- - mis-ID(rm— u) x3
4 D" - DOKmn)m - mis-ID(m - u) x3
T(1p)T(3p) - Mmis-ID(m - u) x3
+- D" - DO%Km)m - mis-ID(K - u) x3

p [GeV/c]

o ¢, Lratio>0.9,p>1GeV/c — (efficiency) of 94% for 2% pion mis-id probability.
® U,Lratio>09,p>1GeV/c — (efficiency) of 90% for 4% pion mis-id probability. |¢(ID =

Likelihood (£) ratio

(with inputs from all sub-detectors)
Ly

,Ce—|-£,u-|-£7r—|-£[(—|-£p 17




Improving Lepton Identification Using the ECL

muon system

S e At low momentum, muons do not reach the dedicated muon detector (KLM) and
AN
E electrons suffer significant energy losses due to bremsstrahlung.
<C . .
n * To Improve lepton-hadron separation:
e combine several calorimetric observables (lateral shower shapes, extrapolated track

< depth in the ECL...) in a BDT.
=
< g? CETT o lkeiboos  Bellel  Simulaton = % e I--u-Likelihood | Bellell  Simulation I_:
g, E ol Likelinood (e) =95 % Z g I JJ-_LBiIBiIihood (&) =95 % -
T 3 = ., BDT 056<6 <225 = § “F L BDT 056<6_ <225 -
I 9. 1 Rt e A S S S S A S S e 3o g, T— - __ N

T e i T
— = 107 . = > 0.8 1 |“
2 5 =" = S : 1
> O 10 *-.. —= S [ - R -
?-; 0 §++ i g e b § LL] 0.65 ”,.. .. E
a 10 §_ +_+_+ _§ 04? +_.__._+ . __
x — — I Tt B

107 - = 0.2~" 0, —

2 = H‘HIH = : e \;
a 10—5 | ST N T W ML N I I O | oo I I L
C\E/ g -8 % L I I g g o0 i o +'++' i i | i —
S o e E 0 4OE+++“ ST T =
4(2 2 —100—=— | oot '6'+-¢:| _____________ I T h vt IR — (i) —60 T e e e e —
S E 0.5 1 1.5 2 2.5 3 = 0.5 1 15 2 2.5 3
CIEJ p [GeV/c] w p [GeV/c]
B
1 Afactor of 10 reduction in ;T — e fake rate, and a factor of 2 in 1 — u fake rate for p < 1 GeV/c (MC). 4g



Rediscovery of B — D*+ ¢ v, (Untagged)

Belle Il preliminary  [cot=346m- Belle Il preliminary  [cat=345m
— : ';' L | "' (L | '—' L DL L DL L L L L L L L | 'S' v 'I | L —_ 5000 B _0 I . '_— I I 1 :l Signal T
[ — w m 5000 | B°»D™* H Yy ; Bgr:):ckground ] {R B"->D "e Ve [ BB background |
o : B Continuum ] = [ Continuum
=0 : : § Data ~ 4000 i ,I Data
1 B % 4000 N v/ MC unc. jg v/ MC unc.
Untagged o 7
> .
W 3000 [ 3000

/)Il
N /
€

e Signal yield extraction using a fit to

cosOpy . A
— i = [ I i

ot 155 1_I_;_I_L;_L 5 °Tl—l_i_r_l_'_i—l_l_i—'_l_l‘-

VE*E X m2 2 & f I | i = :

pty —MMp — My N I -

COSQBY — . » a4 -3 —2 -1 o0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4
2|pplPy| cos6py cospy

Compatible
with current
_ world average!

Rep = —— = 0.99 £ 0.03 B(BY — D*"¢v) = (5.05 + 0.14)%
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Rediscovery of B — D*+ ¢ v, (with hadronic tag)

Belle I Preliminary f[ldt = 34.6 fb~!

()
§ : B B-D v
- _ 807 B Background
?( l ! vz MC Uncertainty
o S ' ¢ Data
" % 60 k-
(D L
~ _
S _
= 40
\ -
n
b4 _
CIC) !
> 20 F
L _
O !
2.5F
g 0.0}

Data — Fit
0]

~1.0 -05 0.0 05 1.0 15 2.0 25 3.0
m2... [GeV?/c*]

Measurements of R(D) and R(D") at Belle || ——- Hulya ATMACAN

Compatible with current world average! B(B" — D*"/v) = (5.05 + 0.14)%
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Prospects for B — D® 7 v at Belle li

e Additional distributions of observables to discriminate NP  Expected precision (stat and syst) for Belle Il

3 scenarios: . .
> o t | 5 ab! 50 ab-!
= * Polarizations P(D*) and Pp+ (t > v, T —0 v
: (D) + ( rQ ) R(D) (£6.0 + 3.9)% | (2.0 +2.5)%
. '~ — 1" L

P.(D™)) = Pp+ = . + + 0 + + 0
Z\ (DY) AT T R(D¥) (+3.0 £ 2.5)% | (+1.0 £ 2.0)%
< *
Sé =), the decay rate with L'z (7) : the decay rate with longitudinally Pi(D’) +0.18 £ 0.08 | +0.06 £ 0.04
> the tau helicity +1/2 (-1/2) (transversely) polarized D* [Belle Il Physics Book; PETP 2019, 123C01 (2019)]
:% [Belle PRD 97, 012004 (2018)] [BELLE-CONF-1805, 1903.03102] = 05 bAPcam Note: This brojection dossnt .
I ] ] ] ] ] o B —— Belle Combination  _ ]
‘ e Kinematic distributions (qZ:(pT +p1/)2 and p*e) oasp. e include latest Belle measurement!
al | B —— World Combination 5 ab-1
?J B % Dr(ﬁ'g )V ( th h d . t . ) 5 d t b t B - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
: P e Physics ook PETP 018, 3ot oty
- [Belle Il Physics Book; PETP 2019, 123C01 (2019)] - |2 Verity current deviation from the SM
g Belle (771 fb")  type Il 2ZHDM Belle Il (SM 50 ab-) type Il 2HDM hasl
o R e L F s
x 800 n -
o - —
% 600F 0.251 a Note: latest Belle semileptonic tag
GEJ 400; 1 ocontours is not included in the projection.
L 200F ool Lo b b b b b b
Z . 025 03 035 04 045 05 055 06
()
=

4 5 6 7 8 9 10 11 12 R(D)21
o? (GeV?/c?)



Prospects for B — D® 7 v at Belle li

e Additional distributions of observables to discriminate NP  Expected precision (stat and syst) for Belle Il

scenarios. 5 ab-! 50 ab-!
* Polarizations P;(D*) and Pp: (t > v, T —
PdD")and Po (v > v, T rQ V) R(D) (+6.0 £ 3.9)% | (+2.0 +2.5)%
§ '™ =1 L
P.(D™) = ST Pp« = o T R(D*) (£3.0 £ 2.5)% | (1.0 £ 2.0)%
F+(_): the decay rate with FL(T) . the decay rate with longitudinally PrD') +0.18 £ 0.08 +0.06 + 0.04
the tau helicity +1/2 (-1/2) (transversely) polarized D* [Belle Il Physics Book: PETP 2019, 123C01 (2019)]
[Belle PRD 97, 012004 (2018)] [BELLE-CONF-18095, 1903.03102] ~ 05—
. : . : : " Q Sl Il Proect Note: This projection doesn’tz
e Kinematic distributions (q2:(p‘[ +p1/)2 and p ?) A 0.45 — Bello Compinaton _include latest Belle measurement!
= oo 50 ab-1

—— World Combination
- SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

B — Dt(—¢vv)v (with hadronic tagging), g2 distribution 0.4
[Belle Il Physics Book; PETP 2019, 123C01 (2019)]
Belle (771 fb")  type Il 2ZHDM Belle Il (SM 50 ab-) type Il 2HDM

_ 0.35 T
- i 12000 -+
= 1000+ + +++ 0.3 @)
2 o 800F 1 - e 2
B 600; 025_— - —
400F B 16 contours ]
B 02_| o v v v v v v v v v v v b by |_
200 ' 025 03 035 04 045 05 055 0.6
0
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Prospects for B — D® 7 v at Belle li

Composition of the systematic uncertainties in each Belle analysis

= [Belle Il Physics Book; PETP 2019, 123C01 (2019)]
S Belle (Had, £7) Belle (Had, £7) Belle (SL, £7) Belle (Had, #7)
E Source Rp Rp+ Rpx« Rpx«
n MC statistics 44% = 3.6% 2.5% B 0 §
| B — D™ (v, 44% § 3.4% 9% & 23% <
1l Hadronic B 0.1% 3 0.1% 1.1% S T30 8
< Other sources 3.4% S 1.6% 1804 S 5.0% o
< P3N S =
= Total 71% 8 5.2% Bl g % B
s —
= D J [Phys. Rev, D92(7), 072014 (2015)]
: v/ P B— D*tv
Dk — .zl lost pion 25/t Il B— Dtv
a0 TRV I B— D*lv
B / T [ B B— Dlv
—_— > Ly 2017 T other BG
B B— D**lv

Events

* “Soft” light lepton in B — D" £ve resembles one created from 7,

* need dedicated measurements of B — D~ £v, with a large

data sample.
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Conclusions

* Belle recently provided the most precise measurements of R(D) and R(D%*),

- BEAUTY 2020

e the first measurement of R(D) based on a semileptonic tagging,

e reduces the tension between SM and world average.

e Belle Il collected = 74 fb-1 of data,
e preliminary lepton identification studies present good performance,

- Hulya ATMACAN

e physics analyses will test the new developments soon.

e Expecting first measurements of semi-tauonic B meson decays at Belle Il in 2021.

e R(D) and R(D¥*) : Expecting O(5%) precision (total uncertainty) with 5 ab-1 Belle |l data
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- BEAUTY 2020

- Hulya ATMACAN
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Recent R(D™) Measurement in Belle with Semileptonic Tagging

2D extended maximum-likelihood fit performed simultaneously.

Fit components are:

Signal: Free
Normalization: Free

B — D** ¢ v: Free
Fake D™ : Fixed (calibrated using the sidebands)
Feed-down for normalization: Free
B+ —>D0lv: B*t— (D0—DOa0/y) ¥l v, BO— (D** — D0 7+) £ v

BO—D+{lv: BO— (D** -D+n%) £ v
Feed-down for signal: Constrained
Nfeed—down =K - ND*I (K Fixed to MC)
Other backgrounds: Fixed to MC

Continuum, fake lepton, B — D * D(*), etc.
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- BEAUTY 2020

- Hulya ATMACAN
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Lepton Identification Performance in 2020 Data

e Lepton id and hadron mis-id performance in simulation calibrated to data using complementary set of decay channels.

Candidates / (5.0 MeV/c?)

Pull

BELLE2-NOTE-PL-2020-027 (https://docs.belle2.org/record/2062?In=en)

1000

Lepton ID efficiency Hadron mis-id.
J/f—2 Ks—nm
ee—eel? ee—t(1-p)t(3-p)
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