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Belle II Experiment

OB Factory experiment at world’s highest
luminosity e-e* collider, SuperKEKB in Japan.

O Precise measurements in clean environment
OSearch for rare/forbidden decay
oCompare with SM prediction precisely

O Rich physics programs
O Measure B, D and T decays
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Ways to find new physics

Energy frontier

ODirectly produce heavy
particles coming from
new physics

OATLAS, CMS

Luminosity frontier

O Precisely measure
many processes which
can be affected by new
physics in loop.

OBelle II, LHCb




Belle II and LHCDb

OLHCDb

O pp collisions

O Powerful: B mesons can
be produced quickly

O Belle 11

O ee collisions
O Clean: Less background.
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What we can see Iin Belle 11

O Reveal new physics at high mass scales, even beyond
the direct reach of the LHC

O Belle IT will access a large number of new observables
to test for new physics in flavor transitions in the
quark and lepton sectors.

O CP violating phases in the quark sector?
O multiple Higgs bosons?

O lepton flavor violation beyond the SM?
O...
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Previous B factory experiments

O The B factories Belle
and BaBar (1999 to
2010) recorded over
1.5 ab! of data.

O Both experiments
provided the
experimental
confirmation that led
to the 2008 Nobel
prize.

Integrated Luminosity in fb™'
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Nobel prize to KM /
Decisive confirmation of CKM picture

Observation of direct
CP violation in B —p+*p-
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[ B-meson system \ D2 mixing
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CP violation in B = K+x-

¥~ Measurements of mixing-induced
CP violation in B — @K, n'K, ...
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Data Accumulation

: 5 B Int. lumi = 50 ab™
Final goal: 40x KEKB luminosity

Peak lumi = 8x10* Hz/cm™
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Data Accumulation

Final goal: 40x KEKB luminosity
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CKM unitarity triangle

.2 3
Vid Vs Vab 1-12/2 /12 AL (n@) e
V=1 Vg Ves Vep | =| A 1-12/2 AA y Wolfenstein

A A 3(1 _ p@) A A 2 1 parametrization

b— u l%"_—z T, PTL, PP
transition p,M

Belle II measures all
the angles and sides.

0.0) " Vg Vep' gl U0
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* * *
Vid Vib +Ved Veb + Vud Vub =0
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(p,m)

Vud Vuy Vid Vib
Time dependent CP | /=
_ ) (B) by /¥ K°
A (AD = [(BYAY — fep) = T(BYAY — fep) s ——
['(BY(At) — fep) + T(BY(At) — fep) S : mixing induced CPV
= S sin(AmAt) + A cos(AmALt) A : direct CPV
= —&opsin2¢isin(om *At)
(1) Decay (2) Decay with mixing
b—> > C L th (i KV
EO ‘JL/\<E Ihp S — Ks or K.
T S Ko 5 Thp
d — d =, Kk ork, td*t ¢

We have to measure time dependence (|.e. At#0) to see
the mixing contribution. .



Time dependent CP

Belle result

»w 700F
o -
sl CP sid
— i sidae
500}
2 ool (B to fep)
= 400¢ ; - -
= : ' Br. is 104~10-5,
W 300 T (4S)—B meson pair o+
<00} produced from e*e™ collision
100} w e
1]
£ 0| e » et
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Current CKM Matrix

_Belle and BaBar

0.7 ———
A L L_fitter
0.8 id EK Il."'-. I"._ Summer 18 ]
D-E E .'l.l I".I -
- |3 solwiooe 2, <0
— % [md__ﬁmﬂ_:ﬂﬂﬁi —
0.4 = y ]
— \ Y ]
1= [ E x___\ ¢ —
03 A\ T2 —
— \ —
— W O
0.2 — .II".I _:
0.1 =~ \
4"1 p =
0.0 e [ E— I I T T 1:
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
P

We can find the area the triangle apex which is compatible with all the
measurements. Kobayashi-Maskawa theory is OK at this precision.
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Prospects of CKM matrlx

|||||||||||||||||

T

'excluded area has CL >0.95 |

p
Current world average

Belle II projection
@ 50 ab™1
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CP Asymmetry beyond KM

W Total error of sin2¢, — sin 2([)‘13&
< 6,402 26
— gelle (July 2000 Sgper\(i\(a (50
oj - New Physics
Sin 2¢1(B —> J/wKO) = Sl 2¢?H(B — n’KO) 03 | . (susvctz'r, Warped Extra Dimension,
" 5 String-inspired MSSM, ...
A 0 CP asymmetry in b — s3s g
£ OB - ¢K,, n'K,, KK K, S o
2 Uncertainty from theory is a few %. = oo |
2 O New physics may affect in Penguin
g loop.
2 O Belle II will measure more precise to |
3 new physics region. e .

Integrated luminosity (ab™)



Charged Higgs

O Many new physics predicts charged |, o c
Higgs. \‘
OB - tv, B - Dtv is good tool to W v,
probe new physics. :
-

O Charged Higgs affects the branching
fraction of these decays in tree level.

O Because of large masses the

difference b/w NP and SMis large. | N =
B - tv: (1 — M3tan B? /M#?)? W-/H-

u T~
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Full Reconstruction

O Full reconstruction in tag side is essential to measure the decay
with large missing energy.
O One of the advantages of e*e™ collider experiment

B* = t'v, e* Tt sV,

T > etv,v, g B — tv signal side:
only e is
reconstructed

: -
Tag side: B is fully
reconstructed by
TE+

using hadronic mode .



Charged Higgs |Prospects

O Statistics limits the accuracies.

O The study of the MSSM Higgs through this decay modes is only possible
with the statistical power of SuperKEKB.

B - tVv B - Dtv
1000 L B B L L L 1000_' tro T 500 T T

2 - 5o discovery ' 50 discovery
o soo-  region o region 40|
(0] B B
2 o (5ab) < [(50ab™1) o
o L = o

> 600[- 2, 6001 >
T 2 @ . 3001
© 2 2 [ e
v fE s | &
= = 400 lE 400,7 =
o e e 1 200}
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= 200 2001 _ S
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Lepton Universality

O The discrepancy b/w SM and
measurement is 3.1 ¢

O SM prediction is very solid.

O We can confirm the excess with
~5 ab-! data.

0.35

0.3

0.25

0.2

I T T T T I T T T T I T T T T I
[ HFLAYV average Ay? =1.0 contours

LHCb15

IIIIIIIII]II

BaBar12

LHCbI18

llllllllllllllllllllll

- E Bellel9 " Bellel5
B Bellel7
— -]- Average of SM predictions HFLA V
B R(D) = 0.299 +0.003 __Spring 2019 |
C R(D*) = 0.258 £0.005 PO =27% |
L l L 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
0.2 0.3 0.4 0.5
R(D)

R(D*)

(S

Cc D(*]

(55 )

B  “p”

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

5ab~! 50 ab~!

Rp  (£6.0+3.9% (£2.0+2.5)%
Rp  (£3.0£25)% (£1.0+2.0)%

—
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0.2 025 03
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0.35
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Lepton Universality in loop

K B (B — K(*)p,p,)

R(K™) =
B ( ) B (B — K®*)ee)

a T T T T T [ 1T T ‘ T T T [ 1T T 1 [ T 1 T T 1T I 1T T 1
i{’f 7 . . é 046 — - Bellell Projection (Feb 2018)
X o - 1 : -
i O Q.14 I s ST e e —
(New Physics) . . . 5 - | | .
g 012 EEEE SE ................ T N ............... oo ............ —
Stat Syst % 01% .............................................. ............................................................................... ;
_ +0.060 +0.016 2,50 from SM $ oo = ,~, -
R(K) = 0.846 7y 51 0014 A T -
LHCb-PAPER-2019-009 22 March 2019 é 0.06 - ; ‘ ; : g
g 0_045 70% data Y(4S), 6.months,_s§_l_ow__ram.f.:.—.up ________ . ________ .
R(K*) = 0.02 f ——70% data-Y(4S), fullg 9 month;s : f
= 0.661041 +0.03(0.045 < 2 < 1.1GeV?) kit o LN SO DU BN B

Y —=0.07 ' ' ' 2017 2018 2019 2020 2021 2022 2023 2024

Year

= 0.6970 31 £ 0.05(1.1 < ¢* < 6GeV?)
2.1-2.50 from SM

Note: LHCb value is extrapolated from run-1 result
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Flavor Violation in Charged Lepton Sector

O SM does not have any mechanism to change flavor in lepton sector.
O Direct evidence of NP

O Sensitive to wide-range of models.

O Model-independent, important to synergy with other measurements to specify
possible models.

" EWE b Talk by Ami Rostomyan
S 103 . » at TAU2018
o MEG II Belle II, LHCb - yiz A
C *
O - p AV
= Y Y 107 % B a
'8 (=] e - z ‘ CLEO/ BaBar / Belle Belle Il
© l—l.rT - " V Yo . L 2
) 10‘“:_ 5 “_*;! e .V
£ NP L B e " . VMo
2 T e il . 2
e e -
o H H ot £F°M @COMET |
— L — €Ee€ Mu3e T AT—>3u Mu3e
o L — ey T — 1 1017 MuZeBMmET 1
g T_}Bf}) Tﬁeee Belle II ]()_lg_l jllljlllLlllllLlLlLlJllLJLllLlJJlLJlLlllljlx,l

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

LHCb



O Ty

modes.
O T34

O Many NP predicts the largest
branching fraction in TLFV

O Sensitive to Higgs mediated
model, Double-charged Higgs

O Clean channel. Sensitivity goes
up proportional to statistics.

A E (GeV)

MC
(a)

0.3

L

a.1

A 4

-0.2

036 185 17 175 18 185 1.8

M,, (GeV/c?)

TLFV Golden Channels

MC

=
L

- (b)

AE (GeV)

036 ies 1.7 175 18 185 i

M, (GeV/c?)
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As example Little Higgs w/ | MSSM (dipole) | MSSM (Higgs)
Blr——pu putu™) T-parity
B(r=—p~ ) 0.4 ..2.3 ~1x103 0.06 ... 0.1

JHEP0705(2007)013

g B &8 8 8

g

25
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TLFV Golden Channels

O Ty

b‘l

O Many NP predicts the largest cits

branching fraction in TLFV ) .

UL of BR
S

1
TIT H-\-Cll T T T IrrIr

o -y
[T
A Ty

With several ab1

s
=

modes. ~

data we will update

O 1T—3 ' T
H 5 (Belle gggfn Al {;}'
FAY

the search!

O Sensitive to Higgs mediated -
model, Double-charged Higgs

I'nl T T Tr1r
£

&
M

O Clean channel. Sensitivity goes 107} Super B factory

up proportional to statistics.

d

P

B I N R

10 10 fﬂ'j 1

1o
Luminosity (ab ™)

As example Little Higgs w/ | MSSM (dipole) | MSSM (Higgs)
Blr——pu putu™) T-parity
B(r=—p~ ) 0.4 ..2.3 ~1x103 0.06 ... 0.1
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Tau LFV in Belle 11

O Belle IT is not only B factory but also tau factory.
O Measuring tau flavor violating decay is one of important topics in Belle II.

O Clean environment of Belle II is good to see such a low-multiplicity events.

% ' IP° IS’ IV’ Il Ihh Ah
5 LY

8 10 n® s Enugg an - . g

© mB . - L4 R = el

o . CLEO |s — o s
2D > 8 a - " a3
8— = v v "' . v L v

o v*v v BaBar Y LHCb " 2 Ll v
O 4 = 1 Is 1 v
2 We'll cover many tau LFV 3 1o i N — i .
= E % . B O ¥ O - . o CIRL M
© - LA ‘.A vh - !A v, ol Y s
8 decays down to 1072 level. £ | "2, 17yl
> = 10 .
0
i o
a = Beue II @ 50 ab—l ® B B
[0) . 10°E*— e - . s
(04 - a2 "Tat" e & 4 T PO ®e ¢ (0o o
— @) . . o ® o °* *
()] o\o10-1OIIIIIIIIIIILLIIIIIIIIlIlIIllIllIllIIlIIIlIIlIlllIl
2 P4 I RREFEERRASRALSLU R® P 38 dommo 2 ki R MARR R W v <<
o0 0L 9gx® 30y 0Hgy g 9u® FOI] aw:.::.:x.d: aekgxgxfxoxva_o;o:o:_: oy
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SuperKEKB and Belle 11
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Luminosity [em s |

SuperKEKB target

1 036

1035 N

10%

Hlstory of Peak Lum|n03|ty (e+ / e colliders ) SuperKEKB

8 x 10%°

Ta rge
{410

ot mtegrated
year operat

Iummosuty IS
jon)

50ab15

~21x10%
—RERE

34 [
107"
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Luminosity

Beam current

Lorentz factor

T

L_V:l:

Beam-beam factor

™~

-~ 2er,

Beam aspect ratio

(flat beam ~ 1-2%)

%
: 2y Lie o Rp
|
* %
& 'By Rs_\’:i:
Vertical beta Geometrical corrections
function at IP (Hourglass effect...)

Brute force: Increase the current

Precision: denser beams, smaller *

(x2)

(x20 ) -

— Nano-beam scheme

30



Nano-beam scheme

O Collide longer and thinner bunches with large
Ccrossing angle.

Super-KEKB

o * = 940 nm Oy* = 48/62 nm
y

y Y
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o * = 147/170 um Ox* = 10.1/10.7 pm
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Colliding bunches
’Q_—_-\_ - = l/;ﬁ?

= -
New superconducting

/permanent final focusing
quads near the |IP

" New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

Add / modify RF systems
for higher beam current

Low emittance
positrons to inject

&
HHHH

Positron source

Redesign the lattices of HER & ~ Damping ring ’ e

LER to squeeze the emittance ' E

TiN-coated beam pipe Low emittance gun
with antechambers Low emittance

electrons to inject

New positron target /
capture section

[NEG Pump])

[SR Channel]
[Beam Channel)

32



SuperKEKB Specs

KEKB SuperKEKB units
LER HER LER HER
Beam energy Eb 3.5 8 4 7.007 GeV
‘§ Beam crossing angle 83 mrad
E 1200/5.9 32/0.27 | 25/0.30 | mm
2 Beam current lb 1.64 1.19 3.6 2.6 A
g Luminosity L 2.1 x 1034 3 x 103 e
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Belle to Belle 11

Higher luminosity causes Detector should be upgraded to
O Higher event rate have same or better performance
0 Higher background in the SuperKEKB environment.

e e - .-..._ ) el e oo au ¥
MC Ca rtoon RN B

9}*. '

LI I
' — .m_f

v o
wq__._ Pinn

Belle @ KEKB L-- Belle Il @ SuperKEKB 34
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Belle II Detector

muon
detector

EM calorimeter

\

e ectl'o . ‘\y
n (7 Gel/)

~

identification

sitrOn 4 GGV)

2 layers DEPFET
4 layers DSSD

central

drift chamber Se



Belle II Results and Prospects

Vertex Detector




Pixel Detector & Silicon Vertex detector

O Pixel Detector
(PXD)

O New detector

i N BEl |e II . ' .- o : * Silicon Vertex Detector (SVD)
I 4 layers of DSSD
O Silicon Vertex ‘- =Dy, TR, L
detector &' i

(SVD)

D La rg e I O u te I * Pixel Detector (PXD)

radius to sl
cover e
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Central Drift Chamber

« Reconstruct tracks
and momentum

« Particle ID with dE/dx
38

Belle II Results and Prospects




CDC in Belle 11
nSmaller cell [ eemenoc

O reduce hit rate on one cell Number of layers 56
against increase background. Total sense wires 14336
Gas He:C,H, (1:1)
Sense wire Au-W (930 pm)

OLarger outer radius Field wire Al (9126 pm)

OoBetter momentum resolution

Stereo and axial layers

1200 mm

''''''

.

........
. .

Avpgrace DAQ to reduce

H [ itaittinaaitasacionscastioantattiiaiatiiiieg
dead time | R

Small cell
chamber

*+«— 250 mm —
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Large tracking volume




Belle II Results and Prospects

Time Of Propagation (TOP) counter

« Particle ID in Barrel




Aerogel Ring Imaging Cherenkov (ARICH) counter

« Particle ID in End-cap

Belle II Results and Prospects




Time Of Propagation (TOP) counter

K/m ID by measuring
difference of path length.

O 16 modules arranged
around the interaction
point

O Backward side:
expansion prism, PMTs
and readout

O Forward side: spherical
mirror

/ photon detectors
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Aerogel Ring Imaging Cherenkov (ARICH) counter

K/m ID with Cherenkov
imaging I [ ¥

Proximity focusing aerogel

O Silica Aerogel radiator Sy ==
On=1.045-1.055

O Hybrid Avalanche Photo

Detectors i
O 420 units, 144
char?neliI each, 5 mm Charged
p|Xe ate particle L.
O Gain = 7-10° ‘ =

O QE > 28%

Aerogel radiator
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Belle II Results and Prospects

Electromagnetic Calorimeter
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Gore-Tex and
Aluminum-coate
myler wrapping.

Electromagnetic Calorimeter

O CsI(TIl) crystals

O 16.1 X, (30 cm)
O Reuse

O New electronics 2 MHz waveform
sampling for the barrel part

amplitude time sampling
i
|0ff-tim94' = 5
bkg ! \ ! \“
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Belle II Results and Prospects

K, and Muon Separation




K, and Muon Separation

Barrel: Belle RPCs reused

O Two inner layers replaced
by scintillator strips (BKG)

O Scintillator strips with WLS
fibers

O Hamamatsu SiPM S10362

Endcap:

O RPCs replaced with
polystyrene scintillators

O 99% geometrical
acceptance. o ~ 1ns
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Belle II status

O Phase 1: SuperKEKB commissioning without final focusing and without
Belle II detector. (January - June 2016)

O Phase 2: Collision data taking with final focusing. Belle II with no final
vertex detector. (April - July 2018. Recorded ~500 pb—1! at Y(45))

O Phase 3: Collision data taking with full Belle IT detector. STARTED
MARCH 2019.

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer Lhutdown Summer shutdown) Power saving Summer shutdown
(power saving) (power saving) after mid July 2018 (power saving)

/ (e pabebm—mnig ). 2018) '
;gg;:l:l;ell fphase 2 (MR)} @

- 1 —_
w/ Belle I} {no VXD)

HER start | _ _
R start VXD installati

MR renovation for phase 2, including
MR startup installation of QCS and Belle |l
P

Assumes phase 3 operation
9 months/year

oo - -
)
O
o
3
3
=
Lok
o
3.
=]
oo

DR installation & startup
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Nano-beam

Belle case 1999 data

4’0:

20 |

0
20000 -] OO0 0 {0000 20000

-1.0cm Z(pum) 1.0 cm

=45 mm

Entries / [0.01 cm]

O Nano-beam scheme works successfully.

Belle |l case 2018 data

Belle Il 2018 (preliminary)

- Median=—0.015cm :"i :
L 065=0.055cm y ! .
13 |
¢t 24 Runs1869-2047
* +
# ®
- [Ldt=24ppb~! . )
[ 1 ..l..=*. . | | | '..-H | |
-0.4 -0.2 0.0 0.2 0.4

o=550 ym  Zolcml



Nano-beam

O Nano-beam scheme works successfully.

I ' | ' [ ! I

SuperKEKB/Belle 1l .
H | 2018 (preliminary) by = 6mm
L

g 43 B B;=Bmm
c 3

® B =4mm Final target 0.3 mm

2.5 +
§ 2 % +* =
3 S | .
o 1.5 # ﬁ _?+ —
; ): iﬂ wié % 5
2 - ¢
: 0.5F ¢ +§ ¢ ¢
& O ¢ —— World record
» 0:. I . | . | . | . | . | - c=400nm
E) 05/03 05/17 05/31 06/14 06/28 07/12

Date



Belle II first event (April 2018)

Belle II

Super
KeKB

-200

IP size: 400 um yaox 4 um %(y
Peak Luminosity :7-9:10* em™*

Belle II Results and Prospects
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Track Reconstruction

O Charged particle are successfully reconstructed by
Belle II trackers, CDC and partial VXD.

Entries/(0.6 MeV/c?)

6000

5000

4000

3000

2000

1000

T T T T T L T ]
— § —
Belle Il 2018 (preliminary) —+} Data ]
- IL dt = 250 pb” — Fit E
- P W = (497.159 + 0.013) MeV/c* |
C Ks—Tr*r o = (3.462 £ 0.075) MeV/c® |
| iR | | 1 T -
0.47 0.48 0.49 0.5 0.51 0.52

m(m") (GeV/c?)

Entries / (0.01 GeV/c?)

GO T T T T T
" muoniD>0.001 Belle Il 2018
i Preliminary |

50

401

30f;

20&

10 ¢ Y
- | Ldt=250pb $ t#
M | L |

R I AT A
29 295 3 3.05 3

R RE TR PR RN
3.15 3.2 3.25 3.3
m(u*w) (GeV/c?)

Entries/(0.012 GeVIcz)

a o N o™
o O o o
T TT[TTTT

N
(=]

W B
o o
TTTT[TTT

-
nNne o
TTTTTTT

Belle Il
2018 preliminary

3 fL dt = 472 pb”

w, = 3.0901+0.0012
x

nbkg = 893 + 32

nsig= 198 £ 18

Jiy—ete-

3.1 3.2 3.3 3.4

M(e'e) (GeV/ic?)
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Particle Identification

O Particles are identified by CDC, TOP, and ARICH
Central Drift Chamber dE/dx

x 10 T - — :

5 Belle Il CDC dE/dx 2 AR | | | o
2018 Preliminary- | 3 : ]
|- T TE p E 0.8l —+—q
- K o - - )

- - B e
S 0.6 A—pm— —
i ) [ P i
v | =1
-E 0.4f + ¢, (Data) JLdr= 239 pb™ ]
1 i ! + f_(Data) Bellell 2018
- " 0.2 Preliminary
- TE - :
o | o | I T U R R SR
e ; % 0.5 1 15 2 2.5 3
Momentum [GeV]

Momentum [GeV/¢c]
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Particle Identification

O Particles are identified by CDC, TOP, and ARICH

Hit time [ns]

Pion hypothesis

60—
. Belle Il TOP 2018 (Preliminary)

55- D* kinematically tagged kaon
- p=1.41GeVic

50- ¢ = 45.4°
" Pion PDF

45, 10gL(v) =-265.83

40;—

35- :

24y 16 32 48

64

Pixel column

Hit time [ns]

2]
o

5]
o

45

40

35

30

25},

Kaon hypothesis

Belle Il TOP 2018 (Preliminary)

- D* kinematically tagged kaon
p=141GeVic

- =45.4° -
Kaon PDF
logL(K) =-250.81

205 16 32 48 B4

Pixel eolumn

Hit time [ns]

60 .
Belle Il TOP 2018 (Preliminary)
55" D* kinematically tagged kaon 1
p=1.41 GeVic !
50 0 = 45.4°
Proton PDF
45. 109 L (p) =-294.08
40~ : -1
35- - -
B0L
. 1
e
25 .. .‘ :“ - . : |

2% 16 32 a8 64

Proton hypothesis

Pixel column
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Particle Identification

O Particles are identified by CDC, TOP, and ARICH

ARICH PID>0.5 (Pion like) s ARICH PID<0.5 (Kaon like) g
s e 2 gl e
w00 ; Std Dev_ 0.021 w00 ; std
250?— NO PID 250?— NO PID
K,>mtm - © selection| = K selection
150; 1502—
1003 1005
&E‘H.|HH|....\....|H.‘|.‘H\...‘\‘...|.H.|..H &W‘fﬁﬂyww%
45 046 047 048 049 05 051 052 rﬁgeé Sféde Vo]55 45 046 047 048 049 05 051 052 t;’.l?laasos's[“G eo\.f}_i:
ARICH PID>0.5 (Kaon like) —kges 'ARICH PID<0.5 (Pion like) i reg
el B e

Me: 1.027
Std Dev  0.01804 :
200
150
-

jﬁ AT NePp

n selection

¢ > KK
o PID
K selection
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1.04 1.05 1.06 . . 1.03 1.04 1.05 1.06
mass[GeV] mass[GeV]



Particle Identification

O Particles are identified by CDC, TOP, and ARICH

g No kaons |dent|f|ed .« Bothkaons identified
-4 L1 2 , T e i R e e i R
b mo-o—o—o-‘ -
. BOF Mppg = 1- °2° Gev ."*“"* : 1 o 2°F Combined PID
L2, : - i © P - Belle Il 2018
> 0F - 4 3 2F Meoc= 1.020 GeV Preliminary
@ ok - ] O v J' 1
9 O - L dt = 356 pb
2 2T e Belle 12018 § & 5 z P
0 o [ - Preliminary 1 ©
2 o 30 ~ 4 o &
a -l Ldt=356pb’{ & 1 Ve
% g 20 3 1 o ‘_-o'.' ’"-o-o—o-...-o"
% 10 o -
n o =
2 RSV VN H TP TRV 00 Sy SR OR! [ T T A DA T HT A SO TN T e 8""'
= Q99 1 101 102 103 104 105 .99 1 1.01  1.02 ! 1.03 1.04  1.05
g M, (GeV/c?) M, (GeV/c?)
()
m

¢ - K"K~ resonstruction 6



Photon Reconstruction

erem — [y

1.00 GeV < p(recoil) < 8.00 GeV
— 7

o Photon is 2o o .
reconstructed § =

Belle Il 2018 (Prelimi
400 elle 018 (Preliminary)

with several -
modes. ;

J. L dt =250 pb™

H = 0.997 + 0.001

IITIlll[l]lllllIITI‘IIII]IIII'IIII‘II

100
0 0 pbrteer e, T
S| 0.6 0.8 1 12
o .
o 7 s vy E(ECL)/p(recoil)
3 0l
—_ T T T T T T T T T T T T T T T

8 %, - Belle Il Prelimlinary -Data | —+ Data ] — yy
o “>“3000_J. — Fit . . 3(1.0-3r-.---.---.---|---.-
o 8 F | Ld=0.49 b — Signal . &, - Belle Il W ]
cC - Fr — Background 7 S 15| cele bt fL t=~5pb"'
© g 2 oo % [ 2018 (Prefminary) | J E TP
) - AR RLITE . [ ) 0.15GeV |
P © 2000 BFRETS o - v = o
a ; E 7 g 1.0 [ D t |
O T 1500/~ — gl . \ H E
o’ u>a [ Yield = (37.7 + 0.7)10° cands 7 %) ;’ + b
— L C u=(541.1 + 0.2) MeV/c? 7 ‘q:) B M". "o% )
— 1000 - o=(11.7 +0.3) MeV/c? ] E 0.5 B oy “.*W.M‘M.."o*;f
Q - E,>0.40 GeV ] . i ot i
O 500 271 * i
g r 7 oot ) ]

e : it o ‘ | ] 0.08 0.10 0.12 0.14 0.16 0.18

015 05 055

"y (GeVic2) m, (Gevi2) 2/
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Event Shape R, = HalH,

OBB events are
spherical shape.

O0Obtained data
contains rich BB
samples.

OCollider energy is
well-tuned at the BB
resonance 4S.

Pi||p;|
e H §| 1 P(cosﬂ,-j) 3

%

O =

S 60001 N

= - data

= MC total ]

gamo MC BB -
MC qq ]
MC 1t

4000F
- Belle lI 2018 -

30001 Preliminary

N \ ¥ _ K
2000 \ JL dt=15pb" 7

1000F

% 01 02 03 04 05 06 07 08 09 1

Spherical lat-Tike
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We

Entries / (16 MeV)

B Reconstruction

B— D) h, B—J/y K

l]lllllll'll'll

l!llllllllllllllll
-

-0.15 -0.1

-0.05

[Illll'll'llllllllfll'l['lll
B ->D(K mK 3 Ken” KK K_n® K xn)x
B*-=DiK r. K3r)p ) i
820" (Kr, Kar, Knx'n*

B0 “(Kr, K3r, Knx)n

B°>D (K, Kar)p®

B >D"(Knmjw’

B DK an)p’

B =

wie'e, p'n) K

IlllllIIIlJllII|I

L1l

Belle Il 2018 (preliminary)
IL dt =472 pb”’

lIIIII]lllIIJIlII

AE (GeV)

AE=E_[2—E

0.2

recon

Entries /

(4 MeVic?)

—t
n
[=]

-k
s
o

8

40

20

successfully reconstructed B events.

B*->D(Kx.Kan Ken KK K_2°.K :‘.':.II.‘t
B -=0(Kx, K3n)p

B*>D" (K K3n, Kan'jn*

B0 (K K3n, Kan')x

850 ‘(Kn. Kanjp'

B >0 (K|

B -»D(Kan)p’

B -=Jlyie's, p"p ) K

Belle Il 2018 (preliminary)

IL dt =472pb”

522 523 524

M

bc

IIIIIIIII|1IIIIIII

IlIIIJIIIIIIll]IJIIIlIIllII-

525 526 527 528 5.2

M, (GeV/c?)

JE, /2=,

Entiies/ (5 MeV/c?)

Entries/ (0.0133 GeV/c?)

DO— K-+

= T T T T =
250 1+ 0 - DK ) E

r Belie Il 2018 (preliminary) -
200 + . -

- + f L dt=472 pb .
150[— -
100 + =

- + 1

50— —
- + N ]
P e S 1 e e e e Lae]
9% 18z 164 186 188 19 192 194
M (K) (GeV/c?)
Do— Ks o
F T T T T T T -
30 D" - D”(Kgn"):r‘ =
asE Belle I 2018 (preliminary) |
det —472pb’ A
20— —
15 + —
10 —
(R . i
q} 1.75 1.8 1.85 1.9 1.95 2 2.06 2.1

M (Kla?) (GeVic?)
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B Reconstruction

. Reconstructed semileptonic B decays
Reconstructed hadronic B decays

Lq .—.I LI I b | Y S I LI | LI | L L I L] I LI I..
............................. o N — i
P— 160__ | LT T LA | | | . | LITY | LB | o e __' N 7_— * - ]
% — Belle Il preliminary /dt£=0.5fb" . *‘g N B - D e v i
3 = ¢ g |Ldt=250pb" mus
o — '+' Data Prrr > 0.2 = > B Il uds ]
S, 120 = " | Bellen 2018 -2
P =l sone Np+ =389 +43 5 Rewrrab H mfakes®
= 100— ) — preliminary o
.-9. - Background — - I signal B .
S g = C 7
u = - o 4: |
O QO 60— — - ’
8 P = a 3r -
wn & 40— ] N ]
8 ch ., i) » a
ge) 1w S - :
(o — N ]
© 524 5245 H25 5255 526 5265 527 5275 528 5285 1 ]
s s 3 svsakitanress BN NN z
2 i n ot ook B ue fo o s sl %0 8 6 4 2 0 2 4 6
A . A. Soffgy, LH yQéqrishop. May 5039 20
- Full reconstruction. bc cosh,,
o Essential reconstruct events with missing energy
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Tau

O Tau mass measurement with 3x1 prong
O Obtained data is understood well.
O Need more statics for cLFV search. MC study is on-going for coming data.

Events

Data / MC

1200

1000

800

600

400

200

Belle 11 2018 (Preliminary) —+—Data (prods) —MC total - -7t signal _:

JLdt =291 pb’ ---qf(q=ud,s.c) ==-ttbkg ---other bkg

T > 31TV E

3x1 prong decays

62



Phase III

O Physics run with
ALL detectors.

Phase 3 = (almost) final setup for physics
7 — 4 full layers of silicon strips
— 1 + 1/6 full layers of pixel

— full installation approx in 2020

O Accelerator
tuning is also
on-going.
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Continuous injection

O Beam lifetime is
several minutes at
designed luminosity:.

O Continuous injection
IS hecessary.

Normal
injection
(May 6th)

L [10%2 ecm™s])

Spec L [10°7]

34 = 1
25 "8= —
20 E =
o
15
xS
10F 5=
5 :
[=%
| — F——— ——— ——— ——— ——— ——— ——+ 0
25 -Luni W L T Ll L B L e
20 i
15 :
10
g I 1 L | 1 1 1
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Continuous injection

B File Edit Window 2019-06-01 23:57:38 Help

. 06/01/2019 00:00 - 06/02/2019 0000 JST
PeakL 4553 [10°%/cm/s] @ 2019-06-01 16:53 Eggllpeak: 550.2 [mA] Ew*: 100/ 3.00 [mm] Mo 1576
B | f t . Int. L/day 248.34/ 316.95 [/pb] peaki 5504 [mA] Pysy : 200/ 300 [mm] N 1576
..... 1T —rT T — 300
D ea m I e I m e IS 0. LR — ' — : I SR —————— Y — . . 00T _ 1075
several minutes at L e e
. . . z| o. |
designed luminosity. %|:
. - - - E ——— ——— ———— ——— L 10‘8
O Continuous injection 3|«
: w9 g |
iS necessary. 0
1Y) 0 T 107
(@) 0.
8. . 10°®
S o k.
[ ] =
a E: 2T
; :
= a
7 %
: ;
= 5 ohanes hon
= 6/1/2019 6/2
m From | 2019 /| 6/ 1 0| 0 Span: days | 1 hours | d prot
65
RingDailySnap on localhost:24.0 =




O We are increasing
beam current and
number of bunch.

O Further beam
squeezing will be
performed from
this autumn.

O Final target 0.3 mm
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Going further

(9
T

()

—
T 1

i Tl TR I —
3 J,"’ o B,’=3 mn (May 4) 3
: | e By =3 mm (May 7) :
T s ] - B,’=3 mm (May 23) CIM n,=789 | 1
e oBy'=3-mm-(May 24) CIM np=1576| —

AP PR | | |

ooll L

50 00 150 200
Ib+Ib_nb [I'IIAZ]
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Integrated Luminosity

7.0
w | We are accumulating data.

6.0

5.0

4.0

3.0 4
Phase III Goal:

2.0 -11;
~10fb-1|{in June.

1.0

0.0 s / s

A O I S I I R R - SR ORI N SRR
g O 9 T T
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Data Accumulation

Final goal: 40x KEKB luminosity

I
10 ) ) 1 1 Al | Ll Ll 1 Ll ) 1 1 1 Ll 1 Al )
3 | ‘
Xmi""._""'l

lm — — peak. : : : : : : : 4
B.l 8-— .......................................................................... f 560
5 . | =—TInt. L -
> 6 integrated lumi 1 -
+ - i : : P : : : -
- KEKB —30
© | peak lumi 1 &

I ] o
L , 1 o
= R B e B - YEAlS e .:20 .
= 5 -
- i .
2 " —10
©c ¢t -
o | ,
m 0 : ~ L 1 l "I TR N N | | PR TR T 1 1-0

2019 2021 2023 2025 2027

WE ARE HERE
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Summary

O Belle IT experiment at SuperKEKB aims at reveal new physics to perform
precise measurements of heavy flavor decays.

O We succeed in operating the Belle II detectors and SuperKEKB.
O Belle II detector performance was confirmed with several decay channels.

O Further work in SuperKEKB is underway to reach the target luminosity step-
by-step.

O Physics run with the full detector is running.
O Soon we'll have many exciting physics result!
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Belle Il Physics

Observables Expected the. accu-  Expected Facility (2027) . -
racy exp. uncertainty U Itlmate preC|S|0n, 50 ab_1
UT angles & sides
é1 [°] rrx 0.4 Belle 11
do [°] ** CKM 1.0 Belle 11
b3 [° 4k 1.0 LHCb/Belle 11
|VL,;,[| ]incl. Ak 1% Belle 11 QUARKONIUM
|Vep| excl. *Ex L.5% Belle 11
[Viup| incl. ok 3% Belle 11 DARK SECTOR
V| excl. *x 2% Belle 11/LHCb
C'P Violation
S(B — q&Kn)) ok CPV 0.02 Belle 11
S(B =1 K% Ak 0.01 Belle 11 7 1
A(B = K'z")[10~7 ok 4 Belle 1T Very R’Ch Phj/SICS
A(B = K*Tz~) 1072 i 0.20 LHCh/Belle 11 Programl
(Semi-)leptonic (Sem |) )
B(B — tv) [107Y] o 3% Belle 11
B(B — pv) [107] =+ LEPTONIC 7% Belle 11
R(B — Dr1v) e LFUV 3% Belle II
R(B - D*7v) Ak 2% Belle 11/LHCD
Radiative & EW Penguins
B(B —+ X&) x 4% Belle 11
Acp(B = X, gv) [L073] e 0.005 Belle 11
S(B = K%n%) ok 0.03 Belle 11
= - S(B - py) o EWP o007 Belle II
E. Kou, P. Urquijoetal. | &5 oo 03 Pl T
. B(B — K*vi) [1077] e 15% Belle 11
Belle Il Physics book, B({B - Kw))[luﬁ] - 20% Belle 11/
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O The discrepancy b/w SM

Lepton universality

and measurement was
~4c

->3.10 :Updated in 2019
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Prospects

O0What we can see near future (several fb! level),

Semileptonic B decays.

« Time dependent B mixing (10 fb-1) o v o0 .
B lifetimes (2-10 fo-1) go"ft'gi? ég (f$0 %I’:)E)) — KT,

« Bo>mlvandplv Radiative Electroweak Penguins
; Hadronic B Decays e B—K*y (2 fb-1)
féé e« B>Km(10fb')\ * B—Xsy (10 fb-1)
% « B— ®K (10 ")\ Non-B physics
% e B— JwK(2-10 fo")\ « Dark sector searches (10 fb™)
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o S~

The reconstruction process

« particleid>0.1
(pid= L,/ Y ; L))

e Good track fit : vertgx it " .
2 5 0.001) * cuts in position according to p
(" > 0. . 0.468 GeV < M < 0.528 GeV

e NearthelP
(do < 0.5and |z0] < 2)

D

@ () SCHOOL OF SCIENCE
Wy THE UNIVERSITY OF TOKYO

Belle I

e 5.22 GeV < mp: <5.29 GeV

5
Mpe = \/Ebcam =~ PBRreco

¢ -0.1GeV<AE<0.05GeVe ch.
-0.05 GeV < AE <0.05 GeV u ch.

AE = EB.rccu = Ebcam

B*f 5 K*¥+et +e

Bf > K*+u*+u~

B> K +et +e

B> KQ+ut+pu




Axion-like particle (ALP)
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