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</> Charm at Super-B-Factory

'New Physics?

=
o
o

Belle I
Belle Il Online luminosity Exp: 7-26 - All runs
* Alot of charm hadrons 1750 regrted ooty
produced Tl ey
- Prompt in[e+e- - €c)(1.3 nb) P LA
: £ Belle+Belle I | 2
- SecondaryinY(4S) - B— D & 8
> 10.0 A =
(1.1 nb) ¥ z
. Z s 200 &
e Opportunities for charm g i
physics £ s :

- CP-V measurements, searches 251
for rare and forbldden decays’ 00 T T T I T I I T T T T T T T T T ©
spectroscopy ... R ———_———
- Lifetimes of charm mesons and WMQM%

Date

Updated on 2022/06/22 18:14 |ST

baryons [ Better understanding
- of strong interactions at low E?

> improve models used
for BSM searches 2




</ > Motivations for charm lifetime measurements

Belle IT

* Beauty and charm hadron lifetimes predicted

0 ':O oy
by Heavy Quark Expansion (HQE) 7(Q) < 7(Ep) < 7(A) < 7(EY)

— Charm is challenging (higher-order corrections + A S
QCD contributions) Q0 =0 A _
. . . . PDG C _—C ‘_c =~
- Improvements important for reliable predictions 2018 [ . o
in flavor physics 20| 4+ &0 -
. . . . . . LHCb — i H ﬂ(‘ ey ¢ :C
* Charm lifetime hierarchy recently revisited by Semileptonic
L H C b LHCb i ECOH o ng
— Surprise: Q.0 is not the shortes-living charm Froimpt LHCb Cormb.
baryon!? | | | |
- All lifetimes relative to D+ 2 100 200 500 00 300

_ _ Lifetime [fs]
* Belle Il reach is unique! 0 N 0 .\
— Absolute lifetime measurements 7(E.) < (A7) < 7(Q) < 7(E))

o e . i in 67 (2022) 445-447

thanks to excellent vertexing, tiny interaction debated (Science Bulletin 67 (2022) :
. . . arXiv:2204.11935)

region, and detector calibrations
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< /> Lifetime measurements @ Belle Il

Belle IT

« Signal and background
fractions from mass fit, lifetime- _
biasing decays from B'‘s Production vertex

removed by kinematic cut constrained by
measured primary

Interaction point

e Lifetime extracted from

unbinned maximum likelihood (beamspot)

fit to distribution of the Bl s %
reconstructed decay time t=—(L .p) production vertex
and its uncertainty: p

(o o]

PDF(t,6,) = (1 — fb)J e e T R(t — t,
0

| b, s6,)dt,,.PDF,(0,) + f,PDF,,(t, 6,)

rue ruc S1g

Belle Belle 1l
* Excellent decay time resolution thanks to super-small

luminous region (nano-beam) used as a constraint +
new pixel vertex detector (1st layer 14 mm from
collision) resolution ~5mm

A
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< /> Significant resolution improvement to Belle/BaBar

Belle IT

Impact parameter resolution 10/15 um
(about twice better than Belle)

+YA

Pixel
vertex
detector




< /> Precision lifetimes: Ingredients

Belle IT

Interaction region
calibration

- A

oy = 0.2um,ox = 13um, oz = 320pum

3D Gaussian PDF width,
position and orientation in
space calibrated every 30

minutes

Based on high-stat di-muon

events

Tracker alignment

Simultaneous global and local alignment of

pixels, strips (up to 4th order surface
defomations) and wire chamber (60k
parameters) from tracks

+ Run-dependent alignment (also for

PXD sensors)

Data-driven and MC-driven misalignment
estimates provided for estimation of

systematics
l \\ \\- &
N . V&
\ /\\
Di-muon /{ Cosmic Hadronic
events . rays

vV (AZ) [um]

100F

before ::
20F
0

-20p after alignment

] RadlaIExpanswn
=50.6+0.2
=-05+0.3

2 4 6 8 10 12 1
R [cm]

ZExpansion
t A(0)=50.4+0.1
F A(2)=-14101

before

after

allgnment ]

—20 10 0 10 20 30
z [cm]

events + off-IP events 6
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< /> DD Lifetime Measurement

10* Belle 11 A tDmm
JLar=72" i§ % —Fit

Belle IT

. % Preliminary i§ % ~ Backeround
* 171x10°and 59x10°signal events 30 ' — i
for neutral and charged D g
£ 10°
* e S
Dt - (D’ - K nHn*
O 10F & ey,
o + - +_+).0
D" —> D" > Knn)n 200/500 um -
for D/D* ) S I S I A
1.75 1.8 1.85 19 1.95 2
e B - D decays removed using L 7 decay vertex m(K"7*) [GeV/e?]
pCMS(D™+) > 2.5(2.6) GeV/c for DYDY S R T TR
* High purit = 10°F  Belle 11 ¢ Data E
gh purtty ¢ e’ [ Lar 720 — Fit ]
- Background neglected for D° production vertex _ | Prefiminary g, SRS
(systematics) Tt slow 3
- From simultaneous sideband g
; + 2
fit for D E
prompt + 2 lifetime ) (9%
components B .

1.95 2
m(K-a*xt) [GeV/c?] 7

1.75 18 1.85 1.9
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< /> DD Lifetime Measurement

Belle I
T(DO)
7(DV)

410.5+ 1.1 £ 0.81s
10304 +4.7 4+ 3.11s

7(D1)/7(D°%) = 2.510 & 0.015
Phys. Rev. Lett. 127 21801(2021)

* Most precise to date and consistent with
WA, improving LHCDb reference
 Still dominated by statistics
— Only preliminary alignment used
* Demonstrates excellent vertexing

Source Uncertainty (fs)
D" 5 K¢t Dt 5 K rtgt

Statistical 1.1 4.7
Resolution model 0.16 0.39
Backgrounds 0.24 2.52
Detector alignment 0.72 1.70
Momentum secale 0.19 0.48
Input charm masses 0.01 0.03
Total systematic 0.8 3.1

Candidates per 40 fs

|

Candidates per 70 fs

10*

10°*

10%

10

10° E

(=]

E Belle Il 3
§, P [Lai=726" ]
| Preliminary _|
- D'— K1t 3
t Data

E — Fit
I L I 1 “‘ " ;
2 0 2 4 6

Decay time [ps]

L LI B B B S R

Belle 11
[Lar=72/0" |
Preliminary 3
D*— K- mtat A

1, Dt

t Data E
— Fit ]

----- Background

Decay time [ps]

Candidates per 10 fs

Candidates per 5 fs

10*

|

Belle 11
JLar=720"
Preliminary
D'— K-t
¢+ Data
— Fit

02 04 0.6 08 1

Decay-time uncertainty [ps]

10° g
10 |

I[)E—;

L B S S B N B S B N B R B B B

Belle IT
Ldr=72f" 1
Preliminary -
D*— K-mtat 3

ot, D+

4 Data

. E
— Fit 3

~---- Background ]

Decay-time uncertainty [ps]



< /> Lifetime of A"

Belle IT

* Reconstructed low-background sample
+ —_+

A; — pKm :

° 116x103 Slgnal eventS Wlth 75% producti()n vertex

background in the signal region

. . . . . 8000 B —
* Potential lifetime-biasing backgrounds ¢ | sete i pretiminary t Dua
; - - - _ i — Total fit
decay BR T Lamf [ Lat=20720" ~Sgw ]
=0 > Afr~ [ 055+0.20% (LHCb) 153 £ 6 fs T Background
— 4000 —
=r = Afn° | 1.11 % (theory pred.) 456 £ 5fs | 3
=
- not taken into account in previous measurements 2 2000 | =
- conservative estimate of yields by fits to A_* impact © 1\ | |
parameter distribution i AP i K il i i
- vetos applied on M (pK~ntn~)-M(pK~n™") 226 2.28 2.30 232

) = 2
M(pK_W+7TO) ) M(pK_7T+) M(pK=t) [GeV/c?]

- remaining bias evaulated by mixing signal with generic
MC - half as correction, half as systematics



< /> Lifetime of A"

Belle II Preliminary -

T(A}) = 203.2 £ 0.9(stat.) = 0.8(syst.) fs 10' / _
10° F L dt=207.2 fb’! d
e Consistent with current WA and f S; g 1 gy f
. 10? | ignal region Y 4

most precise to date 3 — Total fit
10 3 -- Background 7

 Dominant systematics: resolution
modeling and alignment

- Reprocessing alignment for part of

Candidates per 70 fs
2

'Y

the dataset 10° | : s
Source Uncertainty [fs] 10° :- { \ Sideband region
=. contamination 0.34 o '
Resolution model 0.46
Non-Z=, backgrounds 0.20 1 “ T T "
Detector alignment 0.46 10
Momentum scale 0.09 p d

Total 0.77

10




z Lifetime of Q °

Belle IT

* Independent check of the LHCD results

* About 90 signal events with complex 60 F
decay topology reconstructed in : | Bette 1 pretiminary
} o P S0~ ! -1
ok ™ @% I
- ) — v | Data
= [ V]
A = pr~ e P — Fit
‘%9 decay vertex & § E//
¢ —lli—
production vertex
» 33% background contamination in the @ [GeVie

signal region

- Propmpt + lifetime components
11



< /> Lifetime of Q °

Belle I
7(Q)) = 243 + 48(stat.) £ 11(syst.) fs

e Consistent with LHCb
average

- 3.40 tension with pre-LHCb

- Demonstration of vertexing
capabilities in complex
decay topologies

- Limited by statistics
e Systematics dominated by

background and resolution
model

Candidates per 80 fs

[
o
T

N DAL N A L A
i det:207 fb! Belle IT preliminary |
Signal region |
a3 ¢ Data : -
— Fit - F Jm:zomﬂ Belle I preliminary |
— Background ] . 7 G |
I | &vF Ll
i i
- . 1= =
I M A | | S PO [ ‘ H‘
-2 0 0] 4 B L. &
Decay-time [ps]
Source Uncertainty (fs)
Fit bias 3.4
Resolution model 6.2
Background model 8.3
Detector alignment 1.6
Momentum scale e
Input charm masses 0.2
Total 110

12



Q(B Towards precision CP-V: y/q,

Belle IT

Combined analysis of Belle and Belle Il data to

determine the CKM angle ¢35 using
BT — D(KJh~h*)h™ decays

Motivation: Constraint BSM physics by
comparing direct (tree ... 3° error) and indirect
(loops ... 0.9° error) determination of y/@,

* First physics paper combining Belle
(711 fb-1) and Belle Il (128 fb-1) data

* Model-independent Dalitz plot

analysis

arXiv:2104.03628

Events / (10 MeV)

Pull

Events / (10 MeV)

Pull

2! IR
15}
OEUJ
X
[V L
E o5+
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m? (Kgﬂ:*) [GeVZc]

A~ 00O N @
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¥

|Bin number]|

c

o w

X g
|

E 1

‘\\

|Bin number]|

Ao

1 12 14 16 1.8 71

m?2 (K‘éK*) [GeV?/c)

Figure 1. Binning schemes used for (left) BY — D (K3rtn~) Kt decays and (right) BY —

D (KSKtK™) KT decays.

B > D(KzK’K*)rr

F Belle Il B > D(K;K'K‘)K‘
F L=1281"'

\IIIHIIJN

01 -0.05 0 0.05 0.1 0.15
AE [GeV]

AE = ZE: - E};eam?

Events / (0.025)

Pull

Events / (0.025)

Pull

25 [
20
15

30 f

10 |

Belle Il B = D(KiK’K*)r
L-128f0"

.
0 01 02 03 04 05 06 07 08 09 1

c

F|  Bellen

# L=128f0"

B > D(KzK'K‘)K'

0 01 02 03 04 05 06 07 08 09 1

C

Transformed FastBDT
output 13


https://arxiv.org/abs/2104.03628

Q(B Towards precision CP-V: y/q,

Belle IT
0'3_ Belle + Belle Il _
0.2L=(711+128)fo™! oo, .
0.1 o 255
« - 4
D}., 0 I :'.(j,/‘". B~ 2
0.1~
-0.2+ B*
03392 =071 0 01 02 03
xDK
4 4
Belle 1 Belle Il ,
~ L=711f = L=1281b
Z 2 Z 2
ST B* DK ST | B' — DK |
= : =] e et e e S .+J_TL
+F +F + ]
T 5 ’
=2r =2
- K KIKK - K¢ KIKK
-4 4L

(N NN N

-0.5

Bin

Belle
L=711fo"

B' =D’

0
Ksnr:

1

K”KK

—86—4202458202

—88—4202468202

The two interfering decays sensitive to ¢3 are BT — DK+ and Bt — DK+

x Ap (m?,m?
) o< Ap (m=,m?3)

Bin,

—8—6—421}2468—202

Belle Il
L=1281b"

‘ + B' - Dn

0
Ksmt

|<°K|<

-0.5

—8—6—4202468—202

CKM & color suppressed

+ rgKez(éDh_‘m)AD (mg_, mi)
External strong phase inputs
(CLEO + BESIII)

¢3 = (78.4+11.4+ 0.5+ 1.0)°,

K —0.129 4+ 0.024 + 0.001 =+ 0.002,

= (124.8 £12.9+ 0.5+ 1.7)°

B
DK
OB

Improved precision with respect to Belle Il for r & d, almost none
for @, (slightly different central value from Belle II)

Not yet better than WA (66-2f§j§),obut only stat.
limited. At 10/fb ... < 4° stat. error

14
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< /> Charm prospects: Time-integrated CP-V

Belle IT

* Similarly to Belle, Belle 1| Direct CP-V in charm: extrapolations from Belle to Belle II:

. -y : T < _1.-1
can contrlbute to more Mode LY Ay (%) Belle 1 50ab' 5ab
- iolati D’ — K*K- 976 —0.32 £0.21 +0.09 +0.03 +0.10
precise CP violation D' — mtx- 976 +0.55 +0.36 +0.09 +0.05 +0.16
T 966 —0.03 £0.64 £0.10 0,09 078
measurements charm D’ — K07 966 —0.21 £0.16 +0.07 +0.02 +0.08
D’ — KK 921 —0.02+£1.53+£002+£0.17  +0.23 +0.66
. . D" KUy 791 70.54 £0.51 £0.16 F0.07 T0.21
* Direct CP-V precision to D’ — KOy’ 791 40.98 +0.67 +0.14 +0.09 +0.27
4 D’ = ntnnd 532 1043 £1.30 30.13 T0.42
reach O(10+) for the full D’ — K*n~n° 281 —0.60 +5.30 +0.40 +1.26
dataset D' S Knatn 281 ~1.80 £4.40 033 TT.04
D — du 955 10.51 +0.28 +0.05 +0.04 +0.12
D' - 7' 921 1231 £ 1.24+ 023 +0.17 +£0.54
: - P DT>t 791 1174 £1.13 £0.19 70.14 0.4
* Belle Il input is crucial in Dt = y'n? 791 012 £ 1.12 +£0.17 +0.14 +£0.45
. . + 0.+
channels with neutrals in D" — K 977 —0.36 +0.09 +0.07 +0.02 +0.05
: D+ — KOK* 977 —0.25 4028 +0.14 +0.04 +0.14
the final state D+ — K0+ 673 +5.45 £2.50 £0.33 +0.29 +0.93

Df — KK+ 673 +0.12 £0.36 £022 +0.05 +0.15

15



D" lifetime [fs]

D
</> Summary

Belle I
1060~ L
415~ . _ I b |
410 1 1E %I}ﬁ g 1040 g % gt ; 81185
2f 19 2= 3 ‘é B=| F a0l é*: =Hgs
o T« = c = =S b -
o Q | @ | <
405}~ &
1020+ I lO
- I 180 =2
B L =
400 | | 1 1 L | 1 | I
T 2000 2000 200 2000 2010 2020 2000 2000 2020
Year Year Year
World-leading charm lifetime measurements 03
- Demonstrate excellent vertexing capabilities, paving way for precise time-dependent 0.2
measurements '
Independent confirmation of Q.° lifetime from LHCb and new charmed-baryon-lifetime 0-1
. h
hierarchy 3.0
Most precise y/@, from B-Factories using B+ — D(Ksh+h-)h+and Belle+Belle Il data —0.1
-0.2

More data on tape, and much more to come! Belle Il will give a crucial contribution via
measurements with channels with neutrals in the final states:

- Prospects for direct CP asymetries in charm, charmonium spectroscopy, rare and forbidden
decays, time-dependent analyses; B - charm

300

2019

¢ lifetime [fs]
J
8
LHC

é T T

22

LHCh20!

——

Belle I1

R B B
2000 2010
Year

2020

| Belle + Belle ll

--------
a® ",

FL=(711+128)fb™" |

20, %

0.3

16
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Belle IT

Thank you for your attention!

17
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o

Channel

Observable

Belle/BaBar measurement

Scaled

£ [ab™"]

Value

5ab~"

50ab~"

Leptonic decays

D:" — ity

492 4+ 26
2217 £ 83

2.7k
12.1k

27k
121k

I, 2.5% 1.1% 0.34%
+ oy gty put events 125 1250
preo fo 64%  2.0%
Rare and radiative decays
D' — p"y Acp +0.056 £0.152 £0.006  £0.07 +0.02
D" — ¢y Acp 0.943 —0.094 £0.066 £0.001  £0.03 +0.01
D' K9y Acp —0.003 £0.020 £0.000  £0.01 +0.003
Mixing and indirect (time-dependent) CP violation
D' — Ktm~ 2 (%) 0.976 0.009 £ 0.022 +0.0075  +0.0023
(no CPV) ¥ (%) : 0.46 4 0.34 +0.11 +0.035
. lg/p| World avg. [230]  0.89 70 +0.20 +0.05
CPV allowed Py
( allowed) ¢ () with LHCb —12.9733 +16° +5.7°
) Kb X' 261 1037 £0.39 +0.080
D= Kimm ¥ 0.384 ~0.06 105 £0.34 £0.070
x (%) 0.56 £ 0.19 7558 Ho e +0.16 +0.11
S ¥ (%) 0.30 £+ 0.15 59 082 +0.10 +0.05
D= Kma g/ 0921 0.90 751 7068 0% £012 £007
¢ () —6+£114+37; +8 +4
Direct (time-integrated) CP violation in %
D' — K*K- Acp 0.976 —0.32 £ 0.21 £ 0.09 +0.10 +0.03
DY — wta- Acp 0.976 +0.55 & 0.36 & 0.09 +0.16 +0.05
D' — 7'7° Acp 0.966 —0.03 £0.64 £ 0.10 +0.28 +0.09
D" — K=" Acp 0.966 —0.21 £ 0.16 £ 0.07 +0.08 +0.02
D" — K!K! Acp 0.921 —0.02 £ 1.53 £ 0.17 +0.66 +0.23
D' — Kly Agp 0.791 +0.54 &+ 0.51 + 0.16 +0.21 +0.07
D" — Ky Acp 0.791 +0.98 & 0.67 & 0.14 +0.27 +0.09
D' — grg-a® Acp 0.532 +0.43 £+ 1.30 +0.42 +0.13
D' — K*na® Acp 0.281 —0.60 £ 5.30 +1.26 +0.40
D' — K*n-mtn~ A 0.281 —1.80 £ 4.40 +1.04 +0.33
Dt — ¢t Acp 0.955 +0.51 & 0.28 £ 0.05 +0.12 +0.04
Dt — xtn® Acp 0.921 +2.31 4 1.24 4+ 0.23 +0.54 +0.17
Dt — pxt Acp 0.791 +1.74 £+ 1.13 £ 0.19 +0.46 +0.14
DY — y'nt Acp 0.791 —0.12 £ 1.12 £ 0.17 +0.45 +0.14
Dt — K{m* Acp 0.977 —0.36 £ 0.09 £ 0.07 +0.05 +0.02
Dt — KK+ Acp 0.977 —0.25+£0.28+0.14 +0.14 +0.04
Df — K{mx* Acp 0.673 +5.45 +£2.50 + 0.33 +0.93 +0.29
Df — KK+ Acp 0.673 +0.12 £ 0.36 £ 0.22 +0.15 +0.05 19
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</> Belle Il @ SuperKEKB

Belle I

T 4GV I A] Taken over KL and muon detector

from Belle . . Resistive Plate Counter (barrel outer layers)
Super conducting solenoid Scintillator + WLSF + MPPC

%
P %’ . 1.5 T B-field

new e ize - SUPErKEKB PR

LLTLLL LTV,

(end-caps , inner 2 barrel layers)

- '

Particle Identification
Time-of-Propagation counter (barrel) TOP
Prox. focusing Aerogel RICH (forward) ARICH

Central Drift Chamber

b‘

EM Calorimeter
Csl(Tl), waveform sampling electronics

Add / modify RF systems \\_\
for higher beam current

Low emittance positrons ; e
toinject , _Positron source -
conororns G QR e par e electrons (7 GeV)
‘ ; capture section ; . Trigger
Low emittance gun | ‘ BE I’Y"ium beam pipe - ’ , . = - . g Hardware = BDkHz
L i . ) . : L7 —— = B Software < 10kHz
ow emittance electrons 2Cm dlamete r »

to inject

Vertex Detector
- ; 2 layers Si Pixels (DEPFET) +
R > 4 layers Si double sided strip DSSD

Final focus system QCS positrons (4 GeV)
Set of super conducting
magnets very close to the IP

E (GeV) B* (mm) B* (cm) ] 1(A) L (em?s1)
LER/HER LER/HER LER/HER (mrad) LER/HER

KEKB 35/80 59/5.9 120/120 11 1612 | 21x10% .

SuperKEKB 4.017.0 0.27/0.30 3.2/25 415 |C 3.6/2.6 | 80x 10+ Central Drift Chamber
factor 20 : Smaller cell size, long lever arm

New for
Belle Il

Belle Il TDR arXiv:1011.0352
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Much more data to come in future ...
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< /> Systematics & Alignment

Belle IT

Alignment of realistic wire misalignment: Alignment further improves after full reprocessing

300 ‘ 300 ‘ T O Al L S B
= — i ¥ = — a = = . No wire alignment E = 3 - No wire alignment E
2 ::5{:»] - 3:‘: 5 g'f o2 B 2:5“'-) 3 :’:': foo'? 5 25 F . p0=-72+0.3pl1=-4.6 +0.2 F 25 . p0=2.0+0.2p1=56=+06 E
N A 28 200 — RUSHY,) =125+ 047 a 20F . With new full alignment with wires E < 20F . With new full alignment with wires E
E . p0=0.6+0.3p1=-00+0.2 s PO= 0.8 £0.2p1=2.0 0.6 3
o 15F . Prompt alignment E 15 N Prompt alignment -
100 E e p0=-2.0 £0.3p1=-11£02 E 3 -~ p0=06+02p1=10.2+06 E
10 5 10 i + ]
5F ] 5F #i 3
0 . " + 1 + 3
of 111 i 1 of * by ]
=100 “5F Belle E St t Belle I E
: . _10E Preliminary E _10k Preliminary E
e w . F Experiment 12; Runs 5888 - 6427 (subset); June 18th - July 1st 2020 Experiment 12; Runs 5888 - 6427 (subset); June 18th - July 1st 2020 B
-200 Bggnls  n g 1 g5 EL e e e e T qsb s 1
. Tt e -35 -3 -25 -2 15 -1 05 0O -1 -0.5 0 0.5 1
-300 ~ ‘ % tan
0 5000 10000 0 5000 10000
Wire number Wire number . .
Full simultaneous re-alignment
00— ; w g0 — w with up to 60k parameters of
= — RMS(x ) =47.8 + 0.3 = — RMS(y ) =469 + 03 .
<200 | —RMS(x)=142:0.1 > 500 | —RMS(y)=132 0.1 VXD and drift chamber
L L + run-dependent alignment of
. . large structures and pixel
2 Sensors
—100 g4, —100 |
—-200 -200
-300 -300 — ‘
] 5000 10000 0 5000 10000

Wire number Wire number 22



< /> Lifetime fit for D mesons

Belle IT

Lifetime extracted by 2D UML fit to decay
time and its uncertainty. All parameters
extracted directly from the data.

resolution function fixed from data (binned template)
inf
pdf(z, 0,| 7, b, 5) J e el R(t =t | 0 b, 8)dlyye pAf(c))
0
b = bias
— S = proper time
R(t - ttrue | 6[’@ - G(t - ttrue | b’ sol) ﬁ?,/,;’léje/ftal/nty

scaling factor

Candidates per 40 fs

Empirical model for background from data side-bands.
Fitted simultaneously with signal region. Bkg fraction
fixed to result of mass fit

pdfbkg(t, o) = pdfbkg(r |6,) Pdfbkg(ﬁr)

zero-lifetime component lifetime#1 component lifetime#2 component

Py (10 = (1 = fy)R( 15 +{bisg) 50,) + fsl POy (1 61| b+ Brigs 5) + (1 = fyr)PA, (116 {710] b + B 9]

Candidates per 70 fs
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D i :
/o LHCDb-Belle Il Comparison

Belle I

Current 5019 Bellell Bellell  LHCb
Observable BB:I'::L LHCb  (Sabl) (50ab1) (23 fb)
CEKM precision, new physics in CP Violation
sin 2p/g1 (B— Jhy Ks) 0.03 0.04 0.012 0.005 0.011
¥ 13° 54° 4.7" 1.5 1.5°
/g2 4° - 2 0.6" -
¥ [Vl (Belle) or [Vul/|Ver| (LHCb) 4.5% 6% 2% 1% 3%
Qs - 49 mrad - - 14 mrad
Scp(B—n" Ks, gluonic penguin) 0.08 o 0.03 0.015 o
AcH{B—Ksn") 0.15 - 0.07 0.04 -
New physics in radiative & EW Penguins, LFUY
Scr(Ba—K" ) 0.32 o 0.11 0.035 o
* R(B—K*{F) (1=g2<6 GeViic?) 0.24 0.1 0.09 0.03 0.03
¥ RB—D'v) 6% 10% 3% 1.5% 3%
¥ BH{B—1v), Br(B—K"w) 24%, — - 9%,25% %%, 9% -
BriBa—pp) - 90% - - 34%
Charm and 1
Adep(KK-mm) - BAxl0H4 - 54=104 1.7=10-4
AcplD—mral) 1.2% - 0.5% 0.2% -
¥ Brt—ey) <120%10 — <40x109 <12x109 -
BH{t—ppp) <21x109 <46x109  <3x109  <3x10° <16x10%

arXiv: I808.08805 (Physics case for LHCh upgrade ), PTEP 2019 (2019) 12, 125C01 (Belle Il Physics Book) 24



D
< /> Sensitivity of VXD to systematic (weak mode) misalignments

Belle I
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z Lifetime of A *

Belle IT
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