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Overview

* Why CKM?
* SuperKEKB and Belle |l
Current status

* CKM physics highlights
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. V., V., V,](d)
CKM matrix S
(u C t) VCd Vcs VCb S
* Two-by-two mixing matrix Vi Vs Vo \D)

proposed by Cabibbo

Kobayashi-Maskawa proposed
third generation to explain
observed CP violation by
Cronin and Fitch

* 3 x 3 unitary complex matrix
4 parameters
3 mixing angle and 1 phase

* Intergenerational coupling
disfavoured

Relative magnitude of elements
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. V., V., V,](d)
CKM matrix S
(u C t) VCd Vcs VCb S
* Two-by-two mixing matrix Vi Vs Vo \D)

proposed by Cabibbo

Kobayashi-Maskawa proposed
third generation to explain
observed CP violation by
Cronin and Fitch

Relative magnitude of elements

* 3 x 3 unitary complex matrix

4 parameters
3 mixing angle and
* Intergenerational coupling\
disfavoured Responsible for

CP violation
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Visualising CP violation:
the unitarity triangle 4=siné =022

1) ( 1_12 /2 y) M3 (,0_”7)\
—A 1-4°12 AL° +0(1%) .
(AL 1-(p—in)] -A2° 1 ) 3

>
o)
o)
4
1S
=
1
9
o
[as]
+
©
(%)
=
"
>
4=
(ey
~
(®)




Visualising CP violation:
the unitarity triangle #=sin6. =022

(| 1-4%/2 A | AP (p-in)|
A 1-2%/2 AV ||+0(1") BB
\Aﬂf [l—(p—in)] ~AA? 1 | &

2) Exploit unitarity (1%t and 3™ col.) Vuqu:) +VchC; +thVt; =0

CKM Physics at Belle Il - Jim Libby



Visualising CP violation:
the unitarity triangle #=sin6. =022

1)/ 1_@2/2 y) M?,(IO—I?])\
—A 1-4°12 AL° +0(1%) .
N 1-(p-in)]| -A2? 1 | 3
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Visualising CP violation:
the unitarity triangle #=sin6. =022
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Over constraint
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|

Tree level only

Loop-level only

_t! (C,u) N d

W w Bl
e "
NP at
O(>TeV)?
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Over constraint

Blanke and Buras, Eur. Phys. J. C79 (2019) no.2, 159
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From Abi Soffer: HEPMAD

B-factory achievements

1800 I
1600
1400
1200

| I | | |

Nobel prize to KM /
Decisive confirmation of CKM picture

|
+ Observation of direct
CP violation in B = n*n

Observation of Observation of

| |
1st dark searches

2

lllllll

i

Time reversal
asymmetry

Excess in |
B- DWWy
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1000 CP violation in b—dy Evidence for
B-meson system \ D° mixing
800 / Evidence for
Observation of B—1tv

600
400
200
0

Integrated Luminosity in fb™

B — KO Evidence for direct

CP violation in B = K*x

o ¥~ Measurements of mixing-induced

CP violation in B = @Ks, n'Ks, ...
| | | | |

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Year
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Belle II: can never have too much
of a good thing (x 50 Belle)

* Butisn’t LHCb doing this already?

o, (b) ~150,000 ~1 S
[Ldt (fb~1) by ~2024 ~25 ~50,000 2;
Background level Very high Low %
Typical efficiency Low High 2
7%, K reconstruction Inefficient Efficient %J
Initial state Not well known Well known g
Decay-time resolution Excellent Very good g
Collision spot size Large Tiny -
Heavy bottom hadrons B, B, b-baryons Partly By 13
T physics capability Limited Excellent

B-flavor tagging efficiency 3.5-6% 36%




' Law of Luminosity
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Peak luminosity (cm'zs'1 )
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SuperKEKB/}'U (Belle I0)
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e LHC

1970

1980

1990

2000

2010 2020
Year
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The path to higher luminosity

Beam-beam parameter é oc
Lorentz Beam L:urrnm /
factor &

h Ves : uE :ﬂl Lumi. reduction factor
L= I+ — E (crossing angle)&

2"—” 'j. ~_ Tune shift reduction factor
(hour glass effect)
Classical alecté \ ik
radius Y (short bunchy)
Beam size ratio@IP Vertical beta function@|P
1 ~ 2 % (flat beam)

Brute force: Increase beam currents by a factor of 5-10 ! Increase the
beam-beam parameter by a factor of a few (crab cavities).
Too hard, too expensive (power, melt beam pipes)
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The path to higher luminosity

2dTI=0adlT) pdararmnegier ﬂ
Beam-beam paramet §OC

Lorentz Beam current
factor &
“'ﬂ L ‘ ﬁr’:
Y. . U‘. “...‘ Lumi. reduction factor
L=—"l4+—| —— —L (crossing angle)&
zﬁj} . ”.u ~_ Tune shift reduction factor o
// g (hour glass effect) S
Classica election Yok N
radius / HL (short bunch) =
Beam size ratio@IP Vertical beta function@IP 2
1 ~ 2 % (flat beam) g
(1) Smaller g," (20 x) 2
3
©
(2) Increase beam currents (~2-3x) g
<
4=
ourglass condition: =
(wio cra By>~L=c/o [

22mrad 83 mrad

=1 tum

N -
\ oonm -
5mm . .

8
5
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Super

Replace short dipoles KEKB -
s uest for BSM

> 4
rones (LER) Colliding bunches

—

Belle Il

Ay

New
superconducting
/permanent final
focusing quads
near the IP

New beam pipe
& bellows

T
U
I
Low emittence

Redesign the lattices of positrons to inject
HER & LER to squeeze the
emittance

Positron source

New positron target /
capture section

Damping ring

[NEG Pump)

Low emittance gun

Low emittance
electrons to inject

asf

Add / modify RF
systems for higher
beam current

1 [SR Channel)
[Beam Channel]

TiN-coated beam pipe
with antechambers



Schedule and status

Year 2016 2017 2018 2019
shutdovm shutdown shutdown shutdowm
‘Phase 1! Belle Il ' Phase § 2 'Phase 3 \
s — I E—

Main Ring (MR) C':CE&:;:‘ VXD
commissioning ' MR commissioning for phase 2 installation

: ‘ HER(e)

; ‘ CREIntS | During phase 3, Belle Il
Damping:Ring (DR) Installation and commissioning DR commissioning ‘activity of 9 month/year

have been assumedj

T T v Y T

L 4

¢
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Schedule and status

Year 2016 2017 2018 2019
shutdown shutdown shutdown shutdown
\ 5
Phase 1 s Phase § 2 Phase 3 | <
[ < — I 3
Main Ring (MR) ci:fti‘aeti:\ VXD

2 s 4 > » g - - >
commissioning MR commissioning for phase 2 installation ! a
. o)
_‘ ITCEP‘"?U:? i =
CESARS During phase 3, Belle I c
Damping:Ring (DR) Installation and commissioning DR commissioning activity of 9 month/year =
_ ‘ have been assumed/ =
9
©
—=g | First collisions. 26 April, 2018 I 8
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Schedule and status

Year 2016 2017 2018 2019
shutdown shutdown shutdown shutdown
’// \‘ (@)
Phase 1 st Phase § 2 Phase 3 | <
[ En— e —1 [ N ] >
LER(e*) =
Main Ring (MR) circulating VXD
commissioning MR commissioning for phase 2 HER(e ) installation
We
f— CRasacng During phase 3, Belle Il
Damping Ring (DR) Installation and commissioning DR commissioning activity of 9 month/year
— have been aSSU”‘EdJ

Belle Il online luminosity Exp: 7-8 - All runs

= First collisions. 26 April. 2018 I || Moy )

I Day per Day
w— Total

2019: 6.5 fb1
EPS: 0.41 fb1

CKM Physics at Belle Il - Jim Libby

0.20 A

0.10 4

N
(@)

Total integrated luminosity [fb~!]

0.05 -

Total integrated luminosity per Day [fb~1]
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Belle I1

Csi(Tl) EM calorimeter: |, 74m RPC u & K, counter.
waveform sampling e ‘ - ., scintillator + Si-PM
electronics, |

for end-caps

——
B
— -
.
—— -

—
e~

4 layers DS Si Vertex

Detector — — '
2 layers PXD (DEPFET), 50m
4 |ayers DSSD ¥ ’

| @ |

ime-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation counter
(barrel), .

prox. focusing Aerogel RICH
(forward) 7

Central Drift Chamber:
smaller cell size,
long lever arm
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Belle Il

Csi(Tl) EM calorimeter: |, 74m RPC u & K, counter.
waveform sampling ' ‘ : scintillator + Si-PM

>

electronics, —— for end-caps

4 layers DS Si Vertex -
Detector — |
2 layers PXD (DEPFET), 5.0 m
4 |ayers DSSD

CKM Physics at Belle Il - Jim Libby

ime-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation counter
(barrel), .

prox. focusing Aerogel RICH
(forward) 7

Central Drift Chamber:
smaller cell size,
long lever arm

N
N
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Belle II - Silicon Vertex Detector

1/8 for Phase Il — only one layer of pixels for Phase Il
Layers 1-2: Pixel Detector

Layers 3-4: Strip Detector

Closer to IP
“VXD-only" tracking

DSSD strip layers
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Candidates / (5 MeV/c?)

Pull

Particle reconstruction -
electrons and muons

- Beﬂe ﬂ 2019 Prellmlnary
f Ldt=0.411f"

100}

o]
=]

[+2]
(=]

it 44 4
F Ny, =315 = 31 =
0‘ L R e [ 1 1 1 1]

2.95 3 3.05 31 3.15 3.2

3 '

2 . . .

1 e ® %

0

2.;?5 3 3.65 :3..1 3.I15 3:2
M(e'e) (GeV/c?)

Candidates / (5 MeV/c?)

Pull

Beﬂe Il 2019 Preliminary
fL dt=0.41fb"
NSig =164 =+ 16

...........

H+] IIII|IIII|III\IIIIIlIIIIII\IIII

2.95 3 2.0 31 215 32
M(uw) (GeV/c?)



Candidates / (5 MeV/c?)

Events

Pull

Particle reconstruction

AL L L I B & woE ~ T T s
woob. Belle Il 2019 Preliminary E ~§ - Belle Il 2019 Preliminary ]
N ] 60 -
() = =
B -1 7 - -1 ]
80:_det=o.41 fb E > 50;_fLolt=0.41 fb E
- . N =
of 4 - 5 OF Ny, =164:16 ]
- : j i) 30F- =
40 = _g = =
gt SR R ¢ s E
20 N, =315 = 31 S E & 1of -
- osig T - ] (@) o
ol——01 | IR T TR ] A g gL okl S ST T ST T H Sl S SR TR N T ST R R | 0
295 3 3.05 3.1 3.15 32 2.95 3 3.05 3.1 3.15 3.2
BELLE Il, 2019 preliminary f Ldt = 449pb~1 x10¢ BELLE Il, 2019 preliminary f Ldt = 449pb~1
1600 ! ’ ) ! ! ! ! 1.2 LER T A F AL A I S 2N L TR T T T R R [ L) ERN T R T P
’ 0, KOyrtoyF —— Signal Fit 0. i T —— Signal Fit
1500 | D"+ Ksn*nr —— Background Fit - D" -K*nm"m —— Background Fit
F Global Fit : Global Fit :
1400 | 0= 4.357 £ 0.497 MeV 1.1 o= 13.927 + 1.23 MeV
I — up= 1864.708 * 0.448 MeV — p= 1864.031 + 1.09 MeV |
1300 : x?/ndf = 41.197/24 . ) X2/ndf = 39.866/24
| § Data:30274 B § Data:278105
. n 1.0 i
1200 E . "qc'; ot ¥ i
ote e’ % g
1100 1 . >
I I T o.98g - 5&::“" z% bl %LI :
1000 B ' g ;
:I !»Q" l‘ S .,Q. @, .,%.', ,(.,(: 3g 3& :g: X xgi @ X 3& X
SRR ZRANRRK X Q oo ol | E 0.8 o X & P : QKRR 2 2 o,
900 : KB : 2 XX ":Q(’on‘ X 3 3 3 X : 5 X - IR @ % ‘g'%x 2 % lglglglgl: %x % lglgl
S S
800 XX KX R AR RS &% &% % %, SRRRRKS %
% & SRR SRRRY % % 2 2 2 X : X X : & : %S QQQ
e - & SRR : 0.7 XX 5 i o et o
10 : T T T T T T T 10 . y . . ; : :
-10 _ — —Ll —l Ll —Ll— L - - g il i 1 g g 1 R | PR L P
1.80  1.82 1.84  1.86  1.88 5 1.90  1.92 1.94 1.80 1.82 1.84 1.86 1.88 1.90 1.92 1.94 1.96
M [GeV/c?] M [GeV/c?]




B and D meson reconstruction

L
o
o

Belle Il Preliminary =
_[ Ldt=0.34fb"

Events / ( 0.005 GeV/c?)
Y —i %) [\ %] )
L] on - on (-
D D D IDI L L ID LI

o
o

Q.B 1.82 1.84 1.86 1.88 1.9 1.92 1.94
m, . (GeV/c?)

D**— D0 7+, DY >K-7*

E _
|\/|Bc :\/( ;Mj_|p8|2

ll|||'|l'|lIlf[lfllllllllllll
100'- B >D(KrKnn", K3n)r —

Belle Il
2019 (preliminary)

(K=, Knr', Karnja
[l B*->D™(Kr, Krn", K3n)x"

8off ° .
I B">D (K, Krn', K3m)w JL dt = 410 I,:":'-1
| B"->D(Knn)r

60| .

| B">D (Krm)p

40f 3

82 521 522 523 524 525 526 527 528 529
M, (GeV/c?)

B—>D®h (h=7,)
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B and D meson reconstruction

E 2
_ o™ | Iw
I]'IIIII'ITITITT1"] T ll"r' MBC_J( 2 |pB|

(72} 1 02 _”
o - .
- - e Data Belle Il Preliminary -
3 b J. L dt - 0-34 fb‘ —_- NL'] l LI LN N L L L
= “>D(KrKrr', K3n)r — <))
w T S 100 e Belle Il &
E s B ->D(K=, Knn, K3n)p 2019 relimina Q
q>-> 10 E_ = 0 BD: B*->D (K=, Kan', K (p ry) ] =
L E 5 B">D (Kx, Kan', K3m)w JL dt = 410 ph-1 ] _
=3 | B"->D(Knn)r i g
- E 60 : B >0 {Krrlp ] 4
S E
° B - -_
1 S 40 n =
- © =
o)
o0
©
4
107" r g 2
Ero e oo e BVER ' ey = 2 521 522 523 524 525 526 527 5.28 529 f
-4 -3-2-10 1 2 3 4 5 6 2
Mbc (GeVico) %

tyo (PS)

D**+_» DO 7+, DO K7+ B—D®h (h=7,)
1=(370+40) fs

27
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The Golden Mode«

0 0 "
B” —> J/yK; sensitive to RO
V_ V., —
ﬂ:arg(——c" CEJ h
ViaVi
b g b %
. . I .
. 2
' 0 E
0 T =
B Vcs< B B
d d Ks d -
CP violation in the ‘interference of g
mixing and decay amplitudes’ =
F[ (At) - f]—F[BO(At)—> f]

t .
(At) > f:|+r|:BO(At)_> f} =S, sin(Am,At)—C, cos(Am,At)

B0
Acp (At) - F[go

N
(o}

INnSM S, =sin24 and C, =0 when no CPV in f




Time-dependent CPV violation

' .CPside
(B to f)
et

In order to see CPV' v (45)-8 meson pair

by interference produced from e*e" collision
between decay and
mixing.

e
(8GeV)

Az=LycAt, e ’Tag side
By=0.425(KEKB), 0.56(PEP-II) Az ~200um (the other B)
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Time-dependent CPV violation

' .CPside
(B to f)
et

In order to see CPV' v (45)-8 meson pair
by interference produced from e*e" collision

between decay and n
s e e'
el © ) (8GeV) (3.5GeV)
Az=BvcAt. S BTN ’Tag side
By= 0.28 (SuperKEKB)? Az ~200um (the other B)
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Time-dependent CPV violation

' .CPside
(B to f)
et

In order to see CPV' v (45)-8 meson pair

by interference produced from e*e" collision
between decay and

5 v e > et
mixing. (8GeV) -B\ON&SGW)
Az=BycAt. o R Tag side

By= 0.28 (SuperKEKB)? Az ~200um (the other B)

:,‘.Of 3 10"

v§|

g
I' T TTrT
Events/(0.1ps)

o 8 B B B B 8

Events / ( 0.0006 cm )
.

&?nglé §

L |
o3 002 -001 (1<)

o ® TagVz- GenTagvz /cm ' N At-Gen. At/ ps
Az resolution Az resolution .
At resolution
I/ — up Tag Vertex

Belle Belle I | Belle Belle I I Belle Belle I
43 um 26um | 89 pum 53um | 0.92ps 0.77 ps




Flavour tagging

* Use leptons, kaons, pions and As not
associated with signal

* Belle Il more variables, MVA and
leverage improved PID

T}'()_’Ai X-

I——»pr.

(e)}
i
~
I~
~~
[>¢]
i
>
o)
o)
4
1S
=
1
Q
o
[aa]
=
@
(%]
=
wv
>
4=
(ey
o2
(®)

w
w




Flavour tagging | e

* Use leptons, kaons, pions and As not B D+ o (K

associated with signal L ko 4,
* Belle Il more variables, MVA and g
leverage improved PID 5= Ali X~ e
: A z
» Validated on Belle data Lr E
pm £
* =~ 20% improvement expected -
e, =2 ¢ (l-2w) = 1.2 Belle + Data -
/ f \ \:\1 (mﬂi ol g
gﬁectiye_ efficiency  mis-tagging probability 2 i | £
tagging efficiency  of category i of category i § i E hlfH'?“ %
=) 1 2
Old FT -Belle data: €,=(30.1 £04) % | =% Ll e
New FT - Belle data: €, =(336 +05) % | = %:W*W#" ?**;tﬁf*'”'ﬂ""
New FT - Belle MC: €, =(34.18 +0.03)% | = 0.2 34
New FT - Belle Il MC: €, =(37.16 +0.03)% | ~

. _1 —().:) “ (‘)."J

(q - 7)rBDT




Prospects

Phys. Rev. Lett. 108, 171802 (2012)

Belle (1 ab™!)
Sample Value | Stat. (x10~°) | Syst. (x10~%)
B — J/YKg | +0.67 29 13
b — ccs +0.667 23 12
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Prospects

Phys. Rev. Lett. 108, 171802 (2012)

Belle (1 ab™!)
Sample Value | Stat. (x10~°) | Syst. (x10~%)
B — J/9Ks | 10.67 29 13
b — ccs +0.667 23 12

18/7/19

Measurement becomes systematically limited

Belle 1T (50 ab~!

Sample Stat. (x1072) [ Syst. (1) (x107°) |l Syst. (2) (x107?)

Red. Non-red. Red. Non-red.

B> J/UKg 35 1.2 8.3 1.2 14

b — ccs 2.7 2.6 7.0 2.6 3.6
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ED

Lt/

Optimist

D

&2

e

PthiciS{'

< [ SR
&2

(E&E )

] e

Ny Ny
Pessimist Realist

Relativist

Scepticist Nihilist
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Prospects

Phys. Rev. Lett. 108, 171802 (2012)

Belle (1 ab™!)
Sample Value | Stat. (x10~°) | Syst. (x10~%)
B — J/9Ks | 10.67 29 13
b — ccs +0.667 23 12

18/7/19

Measurement becomes systematically limited

Belle 11 (50 ab_]
Sample Stat. (x1072) [ Syst. (1) (x107°) |l Syst. (2) (x107?)

Red. Non-red. Red. Non-red.
B — J/YKg B 1.2 8.3 1.2 4.4
b — ccs 2.7 2.6 1.0 2.6 3.6
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Half empty: no improvement in systematics
Half full: improvement in alighment and vertexing uncertainties
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Measuring ¢

u s 'A‘erei(5B_7/)

* Tree-level determination y
S
Vub

A& V
C
—

o Ve Do o

(7

b >
-
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- Same final state for D and D = interference = the possibility of DCPV

* Four types of D final states generally used
CP-eigenstates [GLW]
Gronau & London, PLB 253, 483 (1991), Gronau, & Wyler, PLB 265, 172 (1991)
K*X~ (X~=n-, ®= n°, mwn~ ©*) - CF and DCS [ADS]
Atwood, Dunietz & Soni, PRD 63, 036005 (2001)
Self-conjugate multibody states: K;h*h~ [Dalitz/GGSZ]
Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003); Bondar (unpublished)
None of the above (SCS): K;K*r ~ [GLS]
Grossman, Ligeti and Soffer, Phys. Rev. D67 071301 (2003)
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World averages

From all measurements of B — DM K) fram GLW, ADS, and GGSZ
(Belle + BaBar + LHCb)
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¢, at Belle II

"“Hg * GGSZ dominates the Belle average
E_ . +13 \ o
¢ =(73%)
u_{_ * Will continue to do so at Belle I
ﬂucﬂﬁiilsézlsé 0

18/7/19

>
o)
o)
4
1S
=
1
9
o
[as]
)
©
(%)
=
"
>
4=
(ey
~
(®)

S
N




¢, at Belle II

“fa; * GGSZ dominates the Belle average
2_— _ +13 (@)

u_{_ * Will continue to do so at Belle Il
e * PID and continuum suppression key

Continuum
SU PPression
—1

05% bkg rej
30% sig loss
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¢, at Belle II

% 9 T T . - - - - . - - '
© | . -\ Projection (Feb 2018)

= i :

3 8. .
5 | 3
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g |
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3
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| 2
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d . .
: =
4f 2
3 2
| 70% data Y(4S), 6 months, slow ramp-up o
5 - @ 70% data Y(4S), 6 months . . 2
- @ 70% data Y(4S), full 9 months C— -
' 70% data Y(4S), full 9 months, improved K . B, |

1- 4 Al data Y(4S), full @ months, improved K : -
.~ - # - LHCb estimate '
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072017 2018 2019 2020 2021 2022 2023 2024
Year + 1-2 years for Belle Il
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X

purity
efficiency

b

Lintagged Signal Side

e Untagged

* Loose constraints on signal
» \ery large statistics, but also very large background
« Efficiency e =~ @(100%)




purity

X

efficiency

b
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g e
%
“'"“-..,_ '_._,_.--""" T m
f(45)
Lintagged Signal Side
& W .
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LY / -
- D~
V-
‘#.._‘_“-‘ ‘,H‘S],;r"""rﬂ’ --.._‘__. -
Sarmieptonic Tag Signal Side
e -3

e Untagged

* Loose constraints on signal
» \ery large statistics, but also very large background
« Efficiency e =~ @(100%)

e Semileptonic tag

* Mid-range reconstruction efficiency ¢ ~ O(1%)
* Due to multiple neutrinos, less information about Biag




X

purity
efficiency

b

D‘::\ /_'J,.v

V- E BF

Samideptonic Tag Signal Side

0. D* P
K K"
":‘-:.‘._‘-\ﬁE Bzdrv
P S -.-Hsj,"""ﬁ T g

Hadranic Tag Signal Side

E-F
—

Untagged
* Loose constraints on signal
» \ery large statistics, but also very large background
« Efficiency e =~ @(100%)

Semileptonic tag
* Mid-range reconstruction efficiency ¢ ~ O(1%)
* Due to multiple neutrinos, less information about Biag

Hadronic tag
* Cleaner sample
* Knowledge of p(Bsig)
* Low tag-side efficiency € ~ 0(0.1%)




T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6

be

New Full Event Interpretation (FEI) algorithm

for tag-side reconstruction
L
t, T

tag side signal side
fa T(48)
h”:;i;? Biag  Buig .x"x
t
4 . i

ts

€

.-"Ur:

18/7/19

¢ > 5000 B decays modes reconstructed
* O(200) particle decay channels for training
« Qutput is candidate-wise signal probability
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T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6

Vib

X

New Full Event Interpretation (FEI) algorithm
for tag-side reconstruction

18/7/19
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¢ > 5000 B decays modes reconstructed
* O(200) particle decay channels for training
« Qutput is candidate-wise signal probability
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T.Keck, et al. Comput Softw. Big Sci (2019) 3: 6

VXb

[ Tracks ] [nispncedvmtm] fmtmcmsms)

New Full Event Interpretation (FEI) algorithm
for tag-side reconstruction

A
) ts -..I-UT g
¢ > 5000 B decays modes reconstructed §
* O(200) particle decay channels for training =
« Qutput is candidate-wise signal probability o
Tagging = on MC §
Tag FR* FEI Belle  FEI Belle Il =
Hadronic BT 0.28% 0.76% 0.66%
SL BT 0.67% 1.80% 1.45%
Hadronic BY  0.18%  0.46% 0.38% 21 J
sL BY 0.63% 2.04% 1.94%

1Belle Full Reconstruction algorithm.




FEI resultsin 2019

Belle Il preliminary [cdt=0.41fb1

N == Y(45)> 5B ]
; 700 E Continuum
= 600 wst MC stat. unc. ]
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%500
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8 300 . g
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5 : i :
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FEI resultsin 2019

Belle Il preliminary [cdt=0.41fb1

N = Y(45) BB ]
; 700 E Continuum
= 600 wst MC stat. unc. ]
: § Data
% 500
3 400 Pu r|t_y'
=
8 300 :
200
100
0
5 : : ,
% 0 I 5 P11 l i l 11 i  § { ] I
a i 1 (I B S
T L]
230 -25 =20 =15 =10 =05 0.0
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Events / (0.0025 GeV/c?)

Pull

600

00
400
300¢
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100
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5.24

Jedt=041m"1

0 Belle 1l preliminary

B Correctly reconstructed
[ B Continuum & mis-reconstructed
# Data

Mgz =1066 £ 77
P =01

B+

535 526 527 528
mye (Gevic?)

Events / (0.0025 GeV/c?)

Pull

200}t E Continuem & mis-reconstructed
# Data
h.l'g;q =409 + 31
1501 P = 0.5
100
B*
50F
0
2.5} ' ' ' ' ]
_25 ] i i i i ]
5.24 5.25 5.26 527 5.28

Belle Il preliminary Jedt=041mt

B Correctly reconstructed

My (Gevic?)
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FEI resultsin 2019

Jedt=041m"1

Belle Il preliminary [cdt=0.41fb1

0 Belle 1l preliminary
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V Assume theory
b LQCD uncertainty

X .
Improves
Observables Belle Belle 11
(2017) 5 ab~! 50 ab™!

|Ve| incl. 42.2-1073. (1 £ 1.8%) 1.2% -

V.| excl. 39.0-1073 - (1 & 3.0%ex. = 1.4%n.) 1.8% 1.4%

| V| incl. 4.47-1073 - (1 £ 6.0%ex. = 2.5%n.) 3.4% 3.0%
|Vis| excl. (WA) 3.65-1072 . (1 + 2.5%ex. +3.0%:.) 2.4% 1.2%
B(B — 1v) [1079] 91 - (1 & 24%) 9% 4%

B(B — uv) [1079] S 20% 7%




V Assume theory
b LQCD uncertainty

X .
Improves
Observables Belle Belle 11
(2017) 5 ab~! 50 ab™!

V.| incl. 42.2-1072. (1 +1.8%) 1.2% -

|V.p| excl. 39.0-1073 - (1 & 3.0%ex. = 1.4%:n.) 1.8% 1.4%

| V| incl. 4.47-1073 - (1 £ 6.0%ex. = 2.5%:n.) 3.4% 3.0%
Vo] excl. (WA) 3.65-1073 - (1 + 2.5%ex. £3.0%¢.) 2.4% 1.2%
B(B — Tv) [1079] 91 - (1 £ 24%) 9% 4%
B(B — pv) [1079] ZT 20% 7%

Aside from the overall constraint on the Unitarity Triangle
these measurements will go some way to understand the
long-standing tension between inclusive and exclusive
measurements




Int. lumi = 50 ab

Peak lumi = 8x10® Hz/cm?
|
l T e e . — I E— 60
onclusion  =r'rE= |
£y 8-— }56
s ¥ =t o
* Belle Il has begun but = I Reach Belle Jio3
3 6 integrated lumi -
. = | Reach KEKB J30 ™
there is a long way to B ok il
£ | B
-1 E | 20 =,
go to 50 ab LY e .
= e N
c Gt 1 =
29- i SESESEENESEEN i g 3
2021 2023 2025 2027

WE ARE HERE
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Int. lumi = 50 ab
Peak lumi = 8x10%® Hz/cm?
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Conclusion — =s7Eg )
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s ¥ 1w
* Belle Il has begun but = & oSk Jeo 3
there is a long way to L e
go to 50 ab™! 5] T
x —10
* Precise measurements & | A AT {iild s
o I 2023 2025 2027
of ¢,, ¢; and V,, will N

be made with sample

* Many interesting
results to appear prior
to that, once the Belle
luminosity is crossed
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Int. lumi = 50 ab
Peak lumi = 8x10%® Hz/cm?

. 10 Iee
Conclusion  =gTeEg 7
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* Belle Il has begun but £t e toF
there is a long way to g Lo °;
go to 50 ab™! g ‘:2

* Precise measurements Ee' ] ! 9127.29
of ¢,, ¢; and V,, will NS
be made with sample /  Belle Il 50 ab™' projection, all constraints

07 [~ Ty T T

. . 2 : Amf& A :

* Many interesting - / A o
results to appear prior N O

to that, once the Belle oy S
luminosity is crossed \, :
* What will the UT look T e |
like in 2027......
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B elle Belle Detector

< Aero el Cherenkov cnt.
SC solenoid Py N = n=1.015~1.030

1.5T

Operation from 1999 to

CsI(TI) ? . s ,. 3586V et
2010 16X, BUGLS sar g
L o — TOF

eTe” - Y(4S) —» BB for : e
CKM measurements POVR Dt Chanie 2
Asymmetric energy to allow 2 z
i - Si vix. det. K. detecti S
time-dependent , Na1$iyr RPC+Fe £
measurements - . <
O 0 1200 T T l T T T l On resonance : %
Coherent production of B*B e —w - R @
1000 - : ~ ~ i i Y(3S): 3 bt &
Low multiplicity ras) 2 g
800 FASGE <
Detectors with good tracking, _ RTINS
(@)

PID and calorimetry

plus hermeticity for full
event reconstruction/tagging

r 513.7 £ 1.8 fb!
On resonance:

Y(4S): 424 fb!, 471 M
Y(3S): 28 fb!, 122 M
Y(2S): 14 fb ' 9 M
Off resonance:

48 fb!

400 -

(0))]
=

o i i i I I
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
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Tracking performance - 2019
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Tracking performance - 2019
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Ohnishi-san eeFACT, HKUST

Super KEKB performance
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Ohnishi-san eeFACT, HKUST

Super KEKB performance
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measurement at Belle Il
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Super KEKB performance
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