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SuperKEKB

Belle Il

@ Upgrade of KEKB with original aim x40L

Positron ring

= Vet (1 + Oy
2ere ox

@ Reduction in beam size, 3,, by factor 20

*

*

Belle I detector

collsion point
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@ beam current, le+/, x1.5

[ordinary cotiision keK |

[Nano-Beam (SuperkExs)|

@ New aim x30L
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Belle Il

The Belle |l Detector

detector

@ Inner vertex detector:

» PXD: 2 layers of DEPFET
pixels
» SVD: 4 layers of DSSD

@ Central Drift Chamber for tracking.

particle

@ 1.5 T Superconducting solenoid

4layers DSSD

central

drift chamber @ Excellent tracking and vertexing down

to pr~100 MeV

@ Impact parameter resolution in z ~20
zm

@ PID provided by Time of propagation
(TOP) counter and a aerogel RICH

@ OQuter muon and Kj, detector
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Belle Il

Belle Il and LHCb

Vs =10.58 GeV
et T(4S)

B-meson events
Vi)

Asymmetric Collider

& (1GeY) b ,Z' 36A
RS

" (@GeV)
26A S..B

_,:T'

@ Event topology:
> efe” — T(4S) — B*B~,B°B’
» g(ee” — T(4S)) small
» Clean environment = great for
missing energy
@ Detector:

> Fully hermetic

» Great performance for electrons, s

and neutrals

@ Event topology:

> pp — bb

> o(pp — bb) much larger

> Events less clean and less
constraints as partons interact

> A, B through fragmentation

@ Detector:

> Forward spectrometer
» Electrons and 7°s challenging due
to ECAL
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Hidden sector searches

Hidden sector searches - the first Belle Il papers

@ Search for a

| —
Belle Il simulation

ete” = Y0 (Z — invisible) @ Search forae'e™ — (A — )y

@ Limit in the plane of M, and g @ Bump hunt in the diphoton mass

@ Published in PhysRevLett.124.141801

Belle Il 2018

Ldt =276 pb™!

M, [GeV/c?]

Gayy [GeV™]

@ More searches to follow (e.g dark photon via ete™ — ygr (A" = x%))
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@ Submitted to PRL arXiv:2007.13071
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://arxiv.org/pdf/2007.13071.pdf

Semileptonic B decays

Semileptonic B decays motivation

@ Longstanding exclusive/inclusive |V, uzzle. . L
& g / [Viseo| @ Potentially new physics in

B — DWru.
R (D(*)> _ B(B—DYr i)
B(B — DYy ,)

N F T T T T ]
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Semileptonic B decays

Full Event Interpretation at Belle |l

. . . @ FEI: employs over 200 BDTs to
® Collide e™e™ to make T(45) particles. reconstruct 10000 B decay chains.

Comput Softw Big Sci (2019) 3: 6.

o Displaced ‘ Neutral
-l Bilertices )\ (?iugters
,/ B \\\
e . / e+

Lac____Belle Il preliminary

=
Jeat=sa6m  wmc
o, e

Candidates /(0.05 )

(Data-MCYMC

ST T Sl 08 % a7 oo
109(Piag)
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Semileptonic B decays

Full Event Interpretation at Belle |l

. . . @ FEI: employs over 200 BDTs to
® Collide e™e™ to make T(45) particles. reconstruct 10000 B decay chains.

Comput Softw Big Sci (2019) 3: 6.

Vertices

| Displaced | Neutral
B 7 Tracks

Clusters

Lac____Belle Il preliminary

fea=306t
P

Candidates /(0.05 )

(Data-MCYMC

ST T Sl 08 % a7 oo
109(Piag)

Mpe =
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Semileptonic B decays

Full Event Interpretation at Belle |l

@ FEI: employs over 200 BDTs to

: + - .
® Collide e”e™ to make T(45) particles. reconstruct 10000 B decay chains.
Comput Softw Big Sci (2019) 3: 6.
Displaced | Neutral
B 7 frace ) vertaces Clusters
/,,/' "\\\ — — ] —
—— T(45) — S A
N4 e
+ _
Btag p°
at T
[‘(+ _1,x0____Belle Il preliminary
E I
@ Reconstruct tag-side (By,,). ¢

(Data-MCYMC

ST T Sl 08 % a7 oo
10g(Prag) T e

> 2
Mye =\ | Ebeam/4 — (PCB?;E)
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Semileptonic B decays

Full Event Interpretation at Belle |l

@ FEI: employs over 200 BDTs to

. L _ _
@ Collide e"e™ to make T(4S) particles. reconstruct 10000 B decay chains.
£\ A Comput Softw Big Sci (2019) 3: 6.
4
%
£ DEERee B
— T(4S) «— :
- +
e N\ e
+ _
Biagh B°
7l'+ _—
K*

Candidates /(0.05 )

@ Reconstruct tag-side (By,,).
@ Study remaining B as signal (B;;,).

ST T Sl 08 % a7 oo ___A

109(Piag) o

> 2
Mye = | Ebeam/4 — (PCB?;E)
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Semileptonic B decays

Full Event Interpretation at Belle |l

@ FEI: employs over 200 BDTs to

. + — .
® Collide e”e™ to make T(45) particles. reconstruct 10000 B decay chains.
I z‘ vy Comput Softw Big Sci (2019) 3: 6.
_ ’ Displaced Neutral
B sk Vertices Clusters
Sig, — ~',—77: '7 —
N HEEDR®R W
<. AN N [~ [ .

@ Reconstruct tag-side (By,,). i
@ Study remaining B as signal (B;;,).

@ Flavour constraints: B;g = By,
Kinematic constraints:

Py =Pyt — Py — Pg P TEETRY
/ €€ ¢ B Mpe = \/Ebeam/4 — (PCB?;E)
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Semileptonic B decays

B — X/{v decays

. . . . Xlv ;g XE
@ Crucial for inclusive | V| and | V| @ Calibration factor, €., = Npsia/ N

@ Large branching fraction (~20%).

Belle Il preliminary

fear—3asn- =
Belle Il preliminary

@ FEI calibrated by measuring X{v e
[arxiv2008.06096] 20 : ;:::::g;n \ ) H
{ { ff

T

X —
p; (GeVic) Channel

* =— B Rest Frame

@ Fit My functional form after a background

subtraction.
[l pepm—
230 et -saams
é“ 21% 4 sellen
o il
i gt |
IR gl bl ) <My >
g5 201 (X {n *
@ Measurement of the My moments 00 § 2050 t * + § !
K Q12 2025 N i
[arxiv2009.04493] 13

08 10 12 14
P/t Cut [Gevicl
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Semileptonic B decays

B — X/{v decays

. . . . Xlv ;g XE
@ Crucial for inclusive | V| and | V| @ Calibration factor, €., = Npsia/ N

@ Large branching fraction (~20%).

Belle Il preliminary

fear—3asn- =
Belle Il preliminary

@ FEI calibrated by measuring X{v e
[arxiv2008.06096] 20 : ;:::::g;n \ ) H
{ { ff

T

X —
p; (GeVic) Channel

* =— B Rest Frame

@ Fit My functional form after a background

subtraction.
[l pepm—
230 et -saams
é“ 21% 4 sellen
o il
i gt |
IR gl bl ) <My >
g5 201 (X {n *
@ Measurement of the My moments 00 § 2050 t * + § !
K Q12 2025 N i
[arxiv2009.04493] 13

08 10 12 14
P/t Cut [Gevicl
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Semileptonic B decays

B — X/{v decays

. . . I NEE R
@ Crucial for inclusive |V,,| and | V| @ Calibration factor, €.,y = Npaa/Nuc

@ Large branching fraction (~20%).

Belle Il preliminary
Jeat=3a6t =

@ FEI calibrated by measuring X/v g T
[arxiv2008.06096]

Piag > 0.01
Puag>0.1

v
Joss { { |

;g l"Hu”MH“H ’||W e M H\ i Jede=3a6m

=25

0 15 20 25 30 b e BT e a5
p; (Gev/c) Channel

* —> B Rest Frame

@ Fit My functional form after a background

subtraction.

x10°
e
¢
g2 2125
Zaof i T 4 { <My >
a1 - . St [T

@ Measurement of the My moments o $ 2050 { + + + H'
. 212 2975 aa e
[arxiv2009.04493] JE | e
My [GeVic?] P, Cut[GeV/c]
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Semileptonic B decays

B — X/{v decays

@ Crucial for inclusive |V,,| and |V, v v
Vi Vel @ Calibration factor, €, = Ngfta NXZ
@ Large branching fraction (~20%).

Belle Il preliminary

@ FEI calibrated by measuring X/v v

[arxiv2008.06096] o | ﬂ |

060 { fedt=346"

e e B e a5

P} (Gevic) Channel

* — B Rest Frame

@ Fit My functional form after a background

subtraction.
i tRange: c€(0.0,3.4) GeV
3l fmem | .
foop -
o . g E*_.“H <My >
@ Measurement of the My moments 302 ,MM o ‘ * H
. 0.0 ﬂ.\‘ 3 000 L {108 = 346>
[arxiv2009.04493] CRE N

08 10 12 14 16 18
B/t Cut [Gevic)
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Semileptonic B decays

Rediscovering B — wfv and B — D*/v with tagging

-+ B(B — mlv) = (1.62 £ 0.42(stat) & 0.07(sys)) x 10~ %
I Belle Il Preliminary [cdt=34.6fb!
0 40
—_ B < 3 2
/ N\ i B 5.940!
—_— [T@S)|  — 8
e \ / et 3
A e
0 £
Btag E
2 2 g‘g iﬁifl + ety . }
M ies = - - —pr— * il
miss (pe+e 'DBtag PZ p‘“—/D ) 2'—51.0 -05 00 05 1.0 15 20 25 3.0

M2, in GeV?/c*
B(B® — D**ev) = (4.45 + 0.41(stat) & 0.27(sys) + 0.45(,)) x 1072
7

Belle Il Preliminary  [rdt =346 fb™!

. 55Dl

B Background
2 MC Uncertainty
¥ Data

1

5 LI |
S167-05 00 05 10 15 20 25 30

7ly: arxiv2008.08819 D™ fv: arxiv2008.10299 M2, [Gev/ct]
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Semileptonic B decays

Untagged B — D¥ ey

@ Key modes for exclusive | V.

Starting from

2 * *\2
0=p, =(ps — Pv)
one can derive:
2ELEy — my — my
2|psllpy|

cosflgy =

@ Differential measurements allow a
determination of the form factors,
f(g°); [arxiv2008.07198]

William Sutcliffe
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B(B® - D* ") =
(4.60 £ 0.05(stat) + 0.17(sys) 4 0.45(my)) X 10

Belle Il preliminary [ca

-0,

2

4.6 Belle Il preliminary fmx 346071

3
<oty

Belle Il preliminary
B0,

3
coser

Belle Il Jede=3a6m
e, a
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Time dependent CP violation

sin 2¢; from B® — J/ihK?

Boost Ziog z,?zoo,m Zcp P i
@ One requires:
0
B J/YK .

“) ‘ Al o > excellent Az resolution

Y'Ol > a good flavour tagging performance
B » stats B(B® — J/(L0)K (7))~

3.6 x107°
B(EO N ng/w) _ B(BO N KgJ/d)) T_o = 1.48 £ 0.28(stat) & 0.06(sys) ps
acp(t) =

B(§O — KEJ/¢) + B(BO — KBJ/w) Belle 11 2019, preliminary ::::lm
o
cont

0 0 _[Ldl:sﬂb'
K K.
= Scf,J/w sin(Amyt) + .ACSPJ/w cos(Amyt)

A M e e ity v ]

0
~ sin(2¢;) sin(Amyt) asAgspj/w ~0

Candidates / (0.5 ps )
g

@ Measure e T

-5 N 5
a(At = Azboost/(ryﬁboostc)) At[ps]
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Time dependent CP violation

Flavour tagging at Belle Il

Categories Targets for B'

Underlying decay modes
KLiClusters) (ECLClusters Electron e

Intermediate Electron e B"— Dyt

Example Category

Muon u Loposr
v

. vent Level -~
Variables B - D+

e K,m A Kaon K Lgo
v
Kaon-Pion K-, v

Intermediate Muon W Lxx

Kinetic Lepton ¢

Intermediate Kinetic Lepton

Slow Pion
Maximum p* o, BY =AY X
Fast-Slow-Correlated (FSC) ¢, 7 L
. d Fast Hadron K

Lambda A

@ Flavour tagger ouput: q - r where

@ Performance characterised by: g = [—1,1] flavour estimate, r = dilution

» w - wrong tag fraction factor=1 — 2w
_ 2 S-weighted data event distribution of ¢ - r
> Cef = Etag(l - 2W) P i, | ..
o . Jrawerw
@ Quantified performance with R

B° — D™~ 7" [arxiv2008.02707] g 2ol fioo B

EZS like
@ Belle €, = 30.1 £ 0.4%, Belle Il :FE
€oit = 33.8£3.9%, LHCb e,q~5% &7l T
AE [GeV] 9" Trsor
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Time dependent CP violation

A first time dependent CP measurement at Belle Il

P Y T A —
a [Jeae=sas M
R LY — ém A
2 s /)
S ool Jrar=saem Bl A
. M 5 Ao
@ Experimentally measure g 2 50 AL *2\.\‘,&
S soo} o camecground N et S
o £ TN
N(Btag) N(Btag) 8 E—GSTTM W

a3 t 820 521 522 523 524 525 526 527 528 529 P e
cP My (GeV/c?]

N(Blus) + N(Btag) AM, = 0.531 + 0.046(stat) = 0.013(sys)
=sin(2¢,;) sin(AmyAt)x

0 [Belle it (Preliminary)

G sof JLdt=3461" t 8k,
(1-2w)R(A1) T T E
3 g
@ R(At) resolution function. - H
@ w is determined from a time HiclGev?) atips)

dependent measurement of sin2¢, = 0.55 £ 0.21(stat) & 0.04(sys)
mixing in B - D™ 7"t

@ First 2.7 o evidence of TDCP
violation at Belle II!
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EWP decays

b — s/f anomalies

@ A wide range of anomalies observed:
exclusive Bs, angular distribution of
B — KU, Ry

IHEP 13(2016)047
HEP 04(2017)142

4Gr e . .
fv,bv;@ D (Ci0; +C[O)) +he.
i

b '5(_0 s

Y

NP
Clon
=1

_____ ArLAS

e
o o
Lt
. D
-2
-3
32 0 1 2 3
NP
Cop

| 2/ct)
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EWP decays

b — s/f anomalies

@ A wide range of anomalies observed: Heg = _ﬁv,bv*
exclusive Bs, angular distribution of
B — KU, Ry

IHEP 13(2016)047
HEP 04(2017)142
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EWP decays

Belle II's orthogonal and complemento

TR — @ Good performance for both e and u
“'b: ILdl=1ab" B o X7 reconstruction.
3 Wsignal N OO e P
s mss 3 o I | S0l [ aesion \
0 = Ny, = 28636 = 282 4 = 6000 - . |
o 150 Oa . ‘ ol B
~ 2 J/p = ete” ] 1 Seob g/ o ptpm |4
§2} = 2000 s k-1 +
+ 100 5 Al ]
c 5 < \ 2 i
8 R . R PR
w50 0
D R BT TR e
TP TV TP PO TOTIT TP TV M, [GeV/cT] M, [GeV/c]

0
5.2 5.215.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3

M, [GeV/c?] @ b — svi orthogonal probe without cc

. . contributions
@ Soon rediscovery of B — X,£¢ which o
. |
has orthogonal OPE theory inputs to . /y/
*
B — KW
Z
Observables Belle 0.71ab~ ' Belle 11 5ab~ | Belle I 50ab ™" b S uet 2 s b
Br(B — X,£1£7) ([1.0,3.5] GeV?) 29% 13% 6.6%
Br(B — X,£+€7) ([3.5,6.0) GeV?) 24% 1% 6.4% _
Br(B - X,£+6-) (> 14.4 GeV?) 23% 10% 47% a,d u,d
App(B = X,£+67) ([1.0,3.5) GeV?) 26% 9.7% 31%
App(B = X0+ ((3.5,6.0] GeV?) 2% 7.9% 26% Observables F:{:';) i ‘E“”“Sf)' -
- 2 o 29 o 2 5 ab ab
App(B — X, £1£7) (> 14.4 GeV?) 19% 7.3% 2.4% B S 10X 10 5o
B(B — K*uvp) <19x107° 30% 1%
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EWP decays

Belle II's orthogonal and complemento

300
o —— @ Good performance for both e and u
G 20 _[Ld|=1 a5’ B X reconstruction.
% 200 .Si_gnal G oo Bl e & Bt G
= WeB 2 o Jra=sisn’ | S fLa-son’ +
© — = 28536 = ] 2 60001\ _pgges. |
Qo 150 Oaa S oo Nogm20530 202 Emuw,m H
> 3 I~ ete 1 PR RN
g>) g T ——— el . g 2000 i1
Fresemssomsssssansssstatessoss” N
o s0 o . S 1o o
F R BT TR T R
0 TP TPt VU PO TV TOTI TV M, [GeVic] M, [Gevic]
5.2 5.215.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 5.3
M, [GeV/c?] @ b — svi orthogonal probe without c&
contributions

@ Soon rediscovery of B — X /¢ which ~
/1//

has orthogonal OPE theory inputs to - 17 B
P 2P
*
B — K™ c e, T
Clﬂ (o} NPI C. NP' C NP
Observables Belle 0.71ab~" Belle Il 5ab~"  Belle I 50 ab™" b s b 7T T
Br(B — X,£77) ([1.0,3.5] GeV?) 29% 13% 6.6% — 1 _—
Br(B - X,£+€7) (3.5,6.0) GeV?) 24% 1% 6.4% _
Br(B - X,£t67) (> 14.4 GeV?) 23% 10% 4.7% a,d i,d
App(B = X,+£7) ([1.0,3.5) GeV?) 26% 9.7% 31% —
App(B — X,£+07) ([3.5,6.0] GeV?) 21% 7.9% 2.6% Observables f‘;é‘f_) ) b”f“ié‘ -
- 2 9 9 9 7 5ab-l 50l
App(B = X,£767) (> 14.4 GeV?) 19% 7.3% 2.4% BES ) 10X 10 b
B(B — K*vp) <19 %107 30% 1%
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Charmless B decays

Charmless physics

. : 3
q e -
%3

, E

m o T

® ¢ (7) from B — D°K™ of!'~1°

@ ¢, (a) from B® — n¥a™ Ug;lf\/lo

3 o[ B 3
& | framseon H
g g
5w E
| 3
8 8
S N b
B = K*n— B® = rtn—
Nsig 289+% Nsig 61710
B [106] 189+ L4(stat) £ 1.0(syst.) |[GB[106]  5.67)I(stat) + 0.3(syst)
PDG PDG
B[106]  19.6+05 R[106]  5.12+0.19
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@ Bs and A¢ps for several modes
in [arxiv2009.09452]

B — K*n~

Agp = 0.030 = 0.064(stat) = 0.008(syst)

PDG: Acp = —0.083 % 0.004

o Ko
B* — Kix
Acp = ~0072% 10t £ 00241

PDG: Acy == 00170016

B* — K*a®

Acp=0. i(sat) £ 0.022(syst)
PDG:  Acy = 0.037£0021

B = atad
Acp = ~02682038stat) % 0.123(syst)
PDG:  Acp=003£004
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https://arxiv.org/pdf/2009.09452.pdf

7 physics using efte” T

7 physics using e e” — 77~

@ clean e*e™ enviroment excellent
for T physics @ Precision 7 physics (e.g. m,, Bs)

Can search for LFV in 7s at O(10~°)

a :
PO @ 77 events also used to study tracking and
9 PID performance.
n .
er ——— € 0L Belle if (Preliminary)
600 - del:B.Blb"
3-prong 500 [
- — @ i
. ‘/J g 400 ot

signal x 300
200

@ 7 mass recently measured 100

[arxiv2008.04665] o =
% 15| toetooaatt etegat u,.,U,HH +f ’+ ¥ +{ }i 2 tH*
Muin = \/Alﬂzﬂ + 2(Bbeam — Lsx) (Esr — Pyr) < myq, s os - - - - - - i -
1.7 172 1.74 1.76 1.78 18 1.82 1.84
M, [GeV/c]
#4345, F(Myi5m;)
FO Shoulder @ m, = 1777.28 £ 0.75(stat.) & 0.33(sys.)
33 MeV
(R M.

William Sutcliffe The Belle Il Experiment 14 September 2020 - FSP 18 /25


https://arxiv.org/abs/2008.04665

+ -
@ =

7 physics using e

Future prospects

@ A joint effort from Belle Il and LHCb will be instrumental in resolving the B
anomalies and finding any inconsistencies in the CKM picture.

~ 034 T T 15
2 o~
Z onpal [ AN . o
05 -
muuuNE NN .‘
= ~=) - 2 00 .
0.3 E 3o / 4 Go o E 0.0 .
5 il— ~05 i)’
0.28[~ . _/j 1o -05
F (—_/ o
0.26 [@rHcy [ Belle 1t 4 15 10
[ sm [*]Future WA [#]SM prediction ] .
0.24L L L . 1 20 15 10 g5 o0 05 10 20 -5 -Lac“;l"l'.f 00 05
) 0.3 0.35 0.4 0.45 o
(a) CYP™ versus CNPH* . (b) CNPH versus CYP° .
‘ 10 ) 9
= 05 -

04

03

[ Exclusive Vg, / Vel
1 Inclusive IVyy / Veol
[ Direct v

02

0.1 [+ Current CKM fit \
: =] Future v and Vs /Veol
Y 4 at 1,30,50 1l
0 i | . I
0 0.1 0.2 03 04 0.5
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Conclusion

Conclusion

@ Belle Il will provide precision determinations of the CKM parameters

» Differential measurement of untagged D* (v already = |V,,| soon
» First measurement of sin 2¢; with B® — J/ YK,

» Observation of B — mlv = |V,,| soon

» Measurements of key charmless modes for ¢, and ¢3

@ Belle Il will play a crucial role in the B anomalies

» B — D*(v observed with tagging in preparation for R(D"))
» Belle Il will provide orthogonal probes of the b — sf¢ anomalies

@ While being a B factory Belle Il has a diverse physics program.

» T mass measurement
» First papers dark sector searches
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Backup

m.. systematics

Systematic uncertainty MeV/c?
Momentum shift due to the B-field map 0.29
Estimator bias 0.12
Choice of p.d.f. 0.08
Fit window 0.04
Beam energy shifts 0.03
Mass dependence of bias 0.02
Trigger efficiency <0.01
Initial parameters < 0.01
Background processes < 0.01
Tracking efficiency <0.01

Table I. Summary of systematic uncertainties.
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Backup

Flavour tagging: miss tag fraction

Given a total number of events NV, the efficiency ¢ is defined as the fraction of events to which
the flavor tagging algorithm can assign a flavor tag, i.e.
Nz

€ N

where N is the number of tagged events. The fraction of wrong identifications over the
number of tagged events is denoted by w. Thus, the number of tagged B and B events is given
by

Np§ =e(1 —w)Npo + ewNgo

Xgé =¢(1 — w)Ngo + ewNpo,
where Npo and N0 are the true number of B° and B mesons on the tag side. The asymmetry
observed in CP-violation analysis is then

Npo — Ny
» B _ (1—2w) - acp,

"N + Ngo

where acp corresponds to the CP asymmetry in CP analyses, i.e. to eq. (2.32) for time-
dependent measurements or to eq. (2.36) for time-integrated (see Sect. 2.7.3). Thus, in order
to minimize systematic uncertainties, the value of w has to be precisely measured. The strength
of the observed C'P asymmetry is proportional to |1 — 2w/, i.e. the CP asymmetry becomes
“diluted” because of the wrong-tag fraction. The so-called dilution factor is defined as

r=|1-2uw|, 4.1)
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Backup

Effective tagging efficiency

tag (w = 0,1). The statistical uncertainty of acp is

abs
- dagp
Sacp = 0

2w’

tag obs
BY

Assuming that a% is small, i.c. N £ one obtains for the statistical uncertainty of a%%

N
dady

Thus, one finds that
(4.2)

dacp =

1
VNuE(1

The effective tagging efficiency ¢, ‘“ of a flavor tagging algorithm is defined such that the statis-
tical inty on the S acp is related to the effective number of tagged
events N" by

N 1 1
Sacp = — e = e @.3)
T VN
So, the statistical uncertainty on acp would be the same if one would have N perfectly tagged
events instead of V events tagged with an effective efficiency .. Comparing eq. (4.2) with
eq. (4.3), one obtains

-rl 4.4)
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Backup

Belle Il b — s/l and LFV prospects

@ Uncertainty on R(K) and R(K™) of 3-4%

; 0.6 g 0.3 . .
Fos e | o & pezme o P projections for B — K*(/
4 ~-§ E:z&%@: 3 TEmay Obscrvables Belle 0.71ab ! Belle 11 5ab~ ' Belle 11 ab !
* ik e P! ([1.0,2.5] GeV?) 0.47 0.17 0.054
oz o1 et P! ([2.5,4.0) GeV?) 0.42 0.15 0.049
ot 0os” P! ([4.0,6.0) GeV?) 0.34 0.12 0.040
Pl (> 14.2GeV?) 0.23 0.088 0.027

10 ) 1
Integrated Luminosity (ab) Integrbded Luminosiy (ab)

o Clean environment and
possibility of tagging essential
will allow competive searches for

@ Complementory constraints on C, and

18]
1.0 * *
B— K rrand B— K i1
05
o3 Observables Belle 0.71ab~' (0.12ab~') Belle Il 5ab ' Belle I 50ab '
s oo . £ oo ‘”" Br(BY = K¥rir7)-10° <32 <65 <20
%3 b %i’ 8 Br(B" — rtr7) . 10° < 140 <30 <9.6
-os Br(BY - rtr) - 10 <70 <81
o ~05) Br(B* — Ktr%e¥) - 100 <21
Br(B* — K*rtp¥).- 10 <33
15 _10 Br(B" — 7%¢F) - 107 <16
Br(B" — 7+ 4¥) - 10° <13
-20 —20 15 10 E;’I’iu 00 05 10 -20 -15 7!.\10“;3.3 0.0 05
)
(a) CYP* versus CNPH* . (b) CNPH* versus CYP* .
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|V,p| and R(D™) prospects

@ Eventually systematically limited

@ Will achieve 1-2% uncertainty on |V,;| and

. . . V,
by tagging calibration | Vel
Observables Belle Belle IT
— — (2017) 5abl  50abt

5 ab 50 ab [Via| incl. 422-10°3 - (1% 1.8%) 1.2% =
0/ 0 Vs excl. 39.0-10°% - (14 3.0%ex, + 14%w)  18% 14%
Rp (iG.O + 3'9) 7o (i2'0 + 2")) % |Vis| incl. 4471073 - (1 £ 6.0%ex. £ 2.5%w.) 3.4% 3.0%
Rp- +3.0 + 2.5)% +1.0+2.0)Y [Viuo| excl. (WA) 3.65-1073 - (1 £ 2.5%ex £3.0%m) 2.4% 1.2%

D o o

stat. sys.
@ LHCb and Belle Il will resolve

@ — high precision tree level determination

of the UT apex

R(D™) anomaly.

= 05 3
~ 034 : : : 1
*Q L sm ] 04 |
= onkal [ [ J 1
P S C S 0 GOSN 03 -
03g =/ /)7 \ ]
F 5 [ Exclusive [Vyb / Vel
N 02 S ]
0281 _/f - [ Inclusive Vi / Vool
: o q [ Direct y 4
[ 95— 0.1 =] Current CKM fit |
0.26 Euco  [selien = : o] Future v and Vyp / Vsl
[ sM [*]Future WA [*]SM prediction 4 at 1,30,50 ‘ | H
' 1 1 L L 1
024703 035 04 045 % 01 02 03 04 05
R(D) P
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