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Why semileptonic decays?
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@ Probing potential new physics:
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e ~30 discrepancy from SM in
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Status of |Vg| and |V,

o Exclusive: reconstruct specific final o Inclusive: reconstruct all X/v final
states states
o B— DMy o B — Xctv
o B— mlv o B — X v

@ ~3c discrepancy between inclusive and exclusive |Vc,| and | V5| measurements
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SuperKEKB

o Asymmetric e” et collider with CM e/ (7 GeV)
energy of 10.58 GeV (T(4S)
resonance)

@ Point like particles: clean events, initial /
state well known e’ (4 Gev)
@ Design luminosity: 6.5 x 10® cm™2 57! .
(~ 30xKEKB) o

Int. Lumi (Delivered)

. Lami (Delivered)

[ 2021c  2022ab (5]
o Luminosity world record: 4000 | Target
5 510fb!
~4x10* cm™%s7!

480fb!

3000

@ Nanobeam scheme (20xsmaller beam 2000

spot) and higher beam current

1000 Base

o Currently recorded luminosity N
~ 400fb~! 20/4/1 21/4/1 22/4/1 23/a/1 24/a/1 25/4/1 26/3/1  [YYIM/D]

. conservative estimation
@ Results presented will be up to eludi red | .
_ Including expected improvements

189.3fb g .
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Belle 11

EM Calorimeter (ECL)
Energy resolution: 4%-1.6%

@ Hermetic detector: Important to
study events with missing energy

o Particle identification: p-ID

superior to Belle, e-ID and K-ID SN oo
not there yet but improving A\ I~

Central Drift Chamber
Spatial resolution: 100 gm
dE/dx resolution: 5%
pyresolution: 0.4%

@ High ~ detection efficiency

~75m

[BELLE2-NOTE-PL-2022-003]

Belle Il TDR: arXiv:1011.0352

g Belle Il (Preliminary) + Jly-ete”
© 16 e ete-ete
© et eveete
. 1 e e,

0 4 fLa=100m eremaere(y) [BELLE2-NOTE-PL-2021-008]
@ ECL Barrel + K2-n*n~ - nmis-IDx10 _
€95 ete™ - T5(1p)T¥(3p) - 1 mis-IDx10 g
o (056 6 < 223 rad) D'+ - DOK~n*)n* - K mis-IDx10 3 10 Lt
T 1.0 e ',.u“
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https://docs.belle2.org/record/2895
https://docs.belle2.org/record/2604/

Tag side reconstruction

Untagged

@ Infer signal B flavour and fully resolve event

kinematics by fully reconstructing second B meson in st 1o
the T(4S) event e.g. E(100)% —(%
Consistency of By,
50 0
Btag — Bsig 3 Semileptonic Tag /DE o
Pv = Pete— — Pt = PBug — PXe | B | |5
£ Knowledge of By, o =
w
@ Reconstruction of O(10,000) decay chains (hadronic .
tag) e=0(0.1)% —K
Exact knowledge of B,,, <
o Up to 30-50% increased efficiency for same purity
compared to Belle
BEACH 2022, 67 June 2022 6/18
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Semileptonic decays
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|Vyp| from tagged B — mwev

@ Reconstruct B® — 7~ etv. and Bt — 7%eT v,

@ Main challenges: sample size, 7° reconstruction

o Differential branching fraction: % o |V |*F2(q%)

o Momentum transfer squared ¢*: ¢° = (Pete— — PBLg — pw)2
o Fit M} in 3 bins of ¢*: My = (Pete- — PBug — Pe — Pr)°
@ BCL parameters and LQCD constraints [arxiv:1503.07839]
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https://arxiv.org/abs/1503.07839

|Vyp| from tagged B — mwev

B(B0 — w7 etve) = (1.43 + 0. 27 (staty £ 0.07(5y5)) X 10~ 4 (PDG:(1.50 + 0.06) x 10—4)

B(B+ — T e+ue) = (8 33 +1. 67(stat) + 0. 55(5ys)) x 10~

(PDG (7.80 £ 0.27) x 107°)

le—6 Belle Il Preliminary [rdt=189.3fb! le—5 Belle Il Preliminary [cdt=189.3fb!
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Bt — wlev.
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|Vis| = (3-88 £ 0.45) x 103

B® — 1 eve
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(PDG:(3.67 £ 0.15) x 1073)
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|Vep| from tagged B — D*(v

Belle Il Preliminary

180 F
< 100 JLdt:mg,afb" » Data
[ B'=D w'v, and ce. Dsignal
. ™ 140fF L
@ Reconstruct decay chain S imh - selection
B - D*~ (= D°(— Ktr )ms ) g 1of
2 sof
5 wf
: : - e
@ Main challenge: 7s efficiency T
S 2of
o Differential branching fraction: 0 : oatosls aa eonnlo ol
-1 05 0 0.5 1 15 2 25 3
2
dr(B(B—D*tv,)) ) 2 m? . (GeV9)
aw o< ngw F*(w)| Vs | = Belle Il Preliminary
. . _[ Ldt=189.3 b * Data
@ Hadronic recoil: 60 |50 _, oo [Dsignal
o — D p*v, and cc. T
2 2 o
w = Pg-Pp+ _ Mptmp«—q = 50| 5IMC error
mgmp 2mgmpx E 40 b
o ©
o CLN paramterization [arXiv:hep-ph/9712417] 2 o
S 20
@
O
o Measure new F(1)| V| and p? 10
0
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https://arxiv.org/abs/hep-ph/9712417

|Vep| from tagged B — D*(v

B(B — D*fv) = (5.27 4 0.224;ar & 0.385y5)% (PDG:(5.66 + 0.22)%)

Belle Il Preliminary Belle Il Preliminary
0.008 50
0.007 J‘L dt-189.3 fb” - ::.:“v:m stat.+sys. error Ldt=189.3 fo * best fit
. P8P Tand co b °g 45} B° D T'v,and cc. —1o
& 0.006 = 2¢
o =
S 0.005 * + 3 40f
S 0.004 >
Y’:\ 35 -
2 0003 g
© 0.002 :E ol
0.001
0 3 ! L ! L L ! ! ! ! o5 I I I I I L I L L
1 1.05 1111512 1251313514 14515 0 02 0406 08 1 1214 16 18 2
w p?

new F(1)| Veo| = (34.6 & 2.5(stat5y5)) X 1072 p> = 0.94 £ 0.21(stat4515)

|Veb| = (37.9 & 2.7 (startsys)) X 103 (PDG:(39.5 + 0.9) x 103)
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|Vep| from tagged B — X lv

Zm -
M= 58 Ves (1 + 2% 4 (L) +O( ) + )
o Established: |V,| and HQE parameters up to (’)(ﬁ) — precision loss [arxiv:1411.6560]
b

@ Problem: Increase expansion — increase in matrix elements

@ Solution: Avoid proliferation by x104
exploiting reparameterization invariance 1.4 Bellell =5 Xty
P g rep [Ldt = 62.87b71 == BB Bkg
[arXiv:1812.07472] 12| 4 B ete” -qq
L m Uncertainty
% 1.0} t Data
@ Not true for all observables, but holds o
fo <q2> dosf 92> 1.5 GeV2/c*
r S
<06
P
2
o Measurement of (q*") up to n = 4 go4
0.2
@ Main challenges: background modelling 0.0

10 15
a2 [GeV?/c*]

at low g2, impact of B — X.lv,
modelling on calibration
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https://arxiv.org/abs/1411.6560
https://arxiv.org/abs/1812.07472

|Vep| from tagged B — X lv

m i wila))a
<q2 > = qu)lh : C‘calib . Cgen

x10*
Belle Il = :; :k;v
@ Determine background normalisation using MR 5
Mx fit Post.Fit "

o Calculate event-wise signal probability
2
w(q®)

Events / (0.73 GeV/c?)

o Calibration to correct resolution and
detector effects (6°")reco — (G*")catib, Cealis

1.5 20 25

. My [Gev/c?]
@ Correct for selection effects Cgen e

e Q) =M G FC B GF>5.0GeVHc a
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a 04 of
= k=4
&
502 s
0.0 Belle Il (simulation)
25 50 7.5 10.0 125 150 175 20.0 55 60 65 7.0 75 80 85 9.0 95
42 [Gev?/c?] (02en, ser) [GEV2/C]
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|Vep| from B — X Alv

—— Fit Result ~—— Fit Result
97 & Belen 6 ¢ Bellell
4 Belle N 4 Belle
3 %9
8 ] 0.6
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3 b5
g, =
< &34
& T 0.4
6 T
14 024
5]
T O €
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tT: [Ves| % 103
T 204 .
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o]
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4 5 a4 5
2, (Gev?] G2, [Gev?)
et et

Combined measurement: Belle data and 62.8fb™* of Belle Il data
Fit by F. Bernlochner et al. [arxiv:2205.10274] to the Belle and Belle 1l g> moments using

B(B — X.tv) = (10.63 + 0.19)%

[Ve| = (41.69 £ 0.63) x 1073 (PpG: (42,19 4 0.78) « 107
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Rare decays

D. Dorner (on behalf of Belle Il) and rare decays at Belle 11 BEACH 2022, 67 June 202




b — sl decays

@ b — s quark level transition forbidden at tree level in the SM e.g. B — K*¢/
@ 3.10 evidence for LFU violation in R(K) at LHCb
@ Belle Il has nearly symmetric e/ reconstruction performance:

o Provide independent check for R(K(*)) anomalies with > 1 ab™!

o Measure R(Xs)

arXiv:2103.11769, arXiv:2110.09501

' ' RAI. Belle
SM BaBar 11< ¢ <60 GeV/ct
) 0.1 < g2 <8.12GeV/c* Bl
R(K . 0,045 < g7 < 1.1 GeV/c*
Ot
= B(B—)K—##) —u——— Belle . . Ry Belle )
B(B - K(*)e+e‘) 10 < 42 < 6.0 GeV/e* 10< ¢? <60 GeVi/c*
=1+ 0(10_2) _&& l.40 R, LHCb 9 fb"!
- <> 3.1 | 0.045 < g% < 6.0 GVt
- L0 LHCbO !
q% € [1(1.1), 6] for R(K™) L1<¢*<60GeVct <> 1.50 Ry LHCb9 o
L | LIS ¢ <606Vt
JHEP 2018, 93 (2018) 05 1 15 R 0 1 2 N
k o
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B — K*£¢ branching fraction

K™ ££ fit projections
signal PDF, total PDF, background PDF, e data

Reconstruct
B — K*(— Ktr, K™z Kon et

@ 2D likelihood fit to Myc = \/s/4 — p3?,

AE = Ej — \/5/2

t Belle II (Preliminary)
E /L dt=189 fb~!

w
=]

@ Branching fraction measured over
whole ¢° range

Entries / [0.0033 GeV/c?
L]
(=]

0
J/4 and ¥(2S) resonances excluded 52 521 522 523 524 525 526 527 528 529
/¥ ¥(29) M, [GeV/c?]

@ Signal significance 3.60 — 5.90

B(B — K*pp) = (1.28 £ 0.2974%) x 10-6

(PDG:(1.06 4 0.09) x 107°)
B(B — K*ee) = (1.04 + 0.48+%%) x 106

(PDG:(1.19 4 0.20) x 107°)

B(B — K*££) = (1.22 £ 0.281%%) x 10-6

Entries / [0.0078 GeV]

15 -01 -0.05 0 0.05 01
AE [GeV]
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Summary and outlook

First results of tagged exclusive | V| and | V.| measurements

First tagged inclusive | V.| result using (g*)

First Belle 1| measurements of B — K*¢¢ branching fractions
@ All measurements in agreement with current world average within 1o
@ Have already doubled the amount of data from the shown results

@ Expect more competitive measurements using a bigger data sample soon
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Backup
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Tagged B — D*/v systematics

Systematics

Systematic sources Relative uncertainty (%)
. FEI efficiency 3.9
Inpl"t variables Low momentum = efficiency 4.1
Variables Values Tracking efficiency 0.9
N 545 (data) Lepton particle identification 2.0
NP8 29.4+11.2 Background 1.2
e (9.55 +0.67) x 107* Npg 2.9
Npg (197.17 £ 5.72) x 10° fro 1.2
Ffio 1.058 + 0.024 B(D —x D) 0.7
B(D™ —n D°)  (617+0.5)% B(D" - k) 0.8
B(D° - K+7r_) (3.950 + 0.031)% ECL energy 1.0
Form factor 0.1
MC statistics 1.8
Total 7.3

(N‘EC - Nbg) et
A5 Npgx (14 f) ' xB(D" =7 D) xB(D* = K'n")

B(B"— D" t*y,) =
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Tagged B — mev branching fractions

¢° bin Signal efficiency Unfolded signal yield

AB

Bt = rlety,

0 GeV? < ¢® <8 GeV?  (0.329 + 0.004)% 12.9 + 4.7

(2.90 + 1.12(stat) + 0.19(syst)) x107°

(stat) (syst))
8 GeV? < ¢% < 16 GeV?  (0.439 + 0.005)% 18.1 + 5.1 (3.05 £ 0.91(stat) + 0.20(syst)) x10~°
16 GeV? < ¢ < 26.4 GeV? (0.451 =+ 0.006)% 14.5 + 4.9 (2.38 + 0.85(stat) + 0.16(syst)) x107°
Sum - 45.5 + 8.5 (8.33 + 1.67(stat) + 0.55(syst)) x107°
Fit over full ¢ range  (0.402 + 0.003)% 43.9 = 8.3 (8.06 + 1.62(stat) + 0.53(syst)) x107°

World average [10] - -

(7.80 £ 0.27) x107°

¢* bin Signal efficiency Unfolded signal yield

AB

BY = 7 ety

0 GeV? < ¢ <8 GeV?  (0.189 + 0.002)% 155 + 4.6
8 GeV? < ¢® < 16 GeV?  (0.239 + 0.003)% 153 + 4.8
16 GeV? < ¢° < 26.4 GeV? (0.229 + 0.003)% 10.3 + 4.2

0.61 £ 0.18(stat) = 0.03(syst)) x10~*

Sum - 411+ 78

( (

0.48 =+ 0.15(stat) £ 0.02(syst)) x10~4
( (
( (

1.43 £ 0.27(stat) £ 0.07(syst)) x10~4

Fit over full ¢ range  (0.217 £ 0.002)% 420+ 79

( )
( )
(0.34 + 0.14(stat) + 0.02(syst)) x10~*
( )
( )

1.45 + 0.27(stat) + 0.07(syst)) x10~*

World average [10] - -

(1.50 = 0.06) x10~*
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Tagged B — mev systematics

Source % of % of
B(BY — 7 etu,) B(Bt — 7Vetr,)
¢® bin index 1 2 3 1 2 3
Ngg 2.9
f+o 1.2
FEI calibration 3.2 3.1
Tracking 0.6 0.3
70 efficiency — 4.8

Signal efficiency € 1.3 1.2 14 1.3 1.2 1.3

Electron ID 1.0 0.4 0.4 1.0 0.5 0.5
Pion 1D 0.4 0.4 0.4 —

Total 4.8 4.7 4.8 6.7 6.7 6.7
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Tagged BT — mev M

2

miss

Belle 1l Preliminary [cdt=189.3fb}

fit and results

Belle Il Preliminary [cdt=189.3fb!

i 12pmm grter 0GeV/c* = g2 < 8GeVi/c* i e BGeV2Ic* < g7 < 16 GeV/ct
] [ 22z MC stat. unc bl [ w2 MC stat unc.
% 10 $ Data %, 0 4 Data
0 0
(=] (=]
N ~ 20
= =
v n
£ £
[ [
i @
0
1 1)
= 2.5 + = P
115 00kt L S ST W S - iz 0 b4 3 'S
2 25 ot Tt | 1 2 i tt t
8 s . | S N T
-10 -05 00 05 10 15 20 25 3.0 -10 -05 00 05 L0 15 20 25 3.0
M2, [Gevi/c?] M2, [GeV?/c?]
Belle 1l Preliminary [cdt=189.3f0!
I B ey
U 40} eciona 16GeV?/ct sq° = 26,4 GeVi/ct
N) s MC stat. une
(1) 4 Data
& 30
(=2}
N
S 20
E 10
c .
g Decay mode Fitted |Vip|
g 25 I 1 BY = mefw. (3.71 £ 0.55) x10~3
|2 [} [T N | | .
g oo TP BT wltr, (4.21 £ 0.63) x1073
al -2.5 L L L L L L
-10 -05 00 05 10 15 20 25 30 (ombined fit (3.88 % 0.45) x10~3
M2 [Gev2/ct]
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First exclusive |Vp| and |V,p| results

o First |Ve| and | V| measurements statistically very limited

o Expecting untagged measurements with higher precision soon € ~ 20 — 30%

oxclusive B — wly Inclusive B — X, [v Exclusive B — DIy Inclusive B — X v
2004 2004 —_————
2008 ———————— 2008 —_— ——

2012 2012 — ——
Ay — plv
2016 —— —— 2016 —— —
ixclusive _o e 2018 —_— ee—
Average té 1 BII
2020 At e e tageed BIL | 20201 5855 ey, —e—  ——
B — mev
3 4 5 36 38 40 42 44

[Vio| x 103 [Vig| x 10°

D. Dorner (on behalf of Belle Il) Semileptonic and rare decays at Belle 11 BEACH 2022, 67 June 2022 24/18



ents uncertainties

az, [Gev?/c?] 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
(q°) [Gev* /] 516 549 579 609 638 669 701 732 7.62 793 823 853 88 010 939
Calibration (MC Statistics) ~ Calib. Curve (Stat. Unc.) 063 056 049 043 038 033 029 026 025 026 028 030 033 037 040
Bias Corr. (Stat. Unc.) 010 009 009 008 008 008 007 007 007 007 006 0.06 006 006 0.06
Calibration (X, Model) B(B — Dtv) 010 009 008 007 006 005 004 004 003 002 002 00l 00L 000 0.00
B(B — D" tv) 033 020 024 021 017 014 011 009 007 005 004 003 002 00l 0.00
B(B - D""tw) 071 063 055 048 040 034 028 023 018 013 010 007 005 003 002
Non-Res. X, Dropped 031 063 075 076 069 060 048 039 032 025 018 014 011 008 006
Non-Res. X, Repl. w/ Df, D; 0.3¢ 049 051 045 037 029 018 010 004 002 000 003 003 003 001
B — DEv Form Factor 001 001 001 001 001 00l 001 00l 000 000 000 0.00 000 000 0.00
B — D*tv Form Factor 008 007 007 007 006 006 006 005 005 005 004 004 004 004 003
Calibration (Reconstruction) ~ PID Uncertainty 014 012 011 009 008 007 005 004 003 002 002 001 00L 001 0.0L
N,, Reweighted 030 027 024 022 020 018 016 014 014 013 013 012 011 010 010
Niacks Reweighted 109 100 092 08 078 072 065 060 055 05L 047 044 041 038 035
Expiss — Priss Reweighted 026 022 021 019 018 017 015 015 0.4 014 013 012 012 011 009
Tracking Efficiency 013 012 011 010 009 009 008 007 006 006 005 0.05 005 004 004
Background Subtraction Spline Smooth. Factor 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
Bkg. Yield & Shape 139 115 090 077 063 047 033 023 016 010 006 003 002 005 0.6
Other Non-Closure Bias 018 021 016 011 006 005 002 002 001 002 002 002 00L 001 002
Stat. Uncertainty 027 024 021 020 018 016 016 015 0.14 014 013 013 013 013 013
Syst. Uncertainty 214 199 180 164 144 123 102 088 077 069 062 059 057 056 057
Total Uncertainty 216 200 181 165 145 124 103 089 078 070 064 0.61 059 058 058
D. Dorner n behalf of Belle 1) Semileptonic and rare decays at Belle 11 BEACH 2022, 6" June 20 25/18




B — K*{¢ systematics

Source Systematic (%)

signal PDF shape ~ 1.0

muon identification féz

electron identification o2

kaon identification 04

pion identification 2.5

K3 identification 2.0

7V identification 34

FastBDT 1.3-1.7

limited MC statistics < 0.5

signal cross feed ~ 1%

tracking 1.2-1.5

B(Y(4S) — B*B7)[(B(T(4S) — B'BY)) 1.2

number of BB pairs 2.9

Total 80
Semileptonic and rare decays at Belle 11 BEACH 2022, 67 June 2022 26/18

D. Dorner (on behalf of Belle I1)
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