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=-1 Flavor factory in LHC era

Two complementary approaches for HEP

@ Energy frontier (LHC):
Direct search for new particles in pp collisions up to
E.n = 14 TeV.

@ Intensity frontier (SuperKEKB):
Search for new physics from CP asymmetries,
inclusive decay processes, rare decays.
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Advantages of SuperKEKB and Belle Il

© Low background environment: excellent v (7%, 1, 1/ etc.) and K|
reconstruction

@ High B, D and 7 reconstruction efficiencies and low trigger bias. Large
sample of 7 leptons

© Straightforward Dalitz plot and missing mass analyses, flavor tagging method

O Cross-check of new physics with LHCb
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Belle Il status

Peak Luminosity Trends (e'e” collider)
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SuperKEKB

New superconducting
/permanent final

New R focusing quads
“~— . nearthelP

Belle Il
S—

New beam pipe
& bellows

TiN-coated beam pipe
with antechambers

(NEG Pump)

Replace short dipoles with
longer ones (LER)
Low emittance

positrons to inject

HHE“HHWH Damping ring ’ ——
¢
Larger crossing angle h’/ ‘

26 = 22 mrad — 83 mrad Low emittance gun

M Low emittance
Smaller asymmetry electrons to inject

3.5/8GeV—-4/7GeV

s (SR Channel)
Add / modify RF Ul

systems for higher

beam current Redesign the lattices of HER &

LER to squeeze the emittance

Positron source
— e
New positron target /
capture section
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ser — SuperKEKB

== The tunnel was originally built for
TRISTAN (1986-1995)
And then reused for
* p KEKB (1998-2010,ended before the big earthquake)
And again for
» SuperKEKB (under construction)
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Belle Il detector

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC

- |§ (end-caps , inner 2 barrel layers)
EM Calorimeter d

Csl(TI), waveform sampling electronics

\

electrons (7 GeV)

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

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

ity

Central Drift Chamber

Smaller cell size, long lever arm

positrons (4 GeV)

Belle Il TDR, arXiv:1011.0352
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Belle Il detector

I Belle 1l SIDE VIEW

SuPer conducting coil
.

cDcC
PXD(2 layers)
s

-ﬂ?i-i_"\’ c[L i} inne L—-‘_
! ;
SVD 4 layers (DSSD) — 2 DEPFET + 4 DSSD TDR
CDC: small cell, long lever arm .

ECL: waveform sampling
KLM: RPC — Scintillator+SiPM
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Belle Il collaboration

20%ana

o More than 800 physicists from 106 institutions
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Belle 1l schedule

Calendar year
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Belle 1l schedule

Calendar year 2016 2017 2018 2019

JFY2017 JFY2019
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installation & startup
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Beam Exorcism for A Stable ExperimenT II

(BEAST II): Background sources:
Phase I: BEAST I Measure and characterise @ Touschek scattering
No collisions beam background @ Beam gas scattering
No QCS, No Belle II for a safe roll-in of Belle II ® Synchrotron radiation
Vacuum scrubbing @ Radiative Bhabha

Beam bkg study @ 2 vy process
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Calendar year

Japan FY

art |
art

VXD installation

14 / 31
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Do

ez Belle 1l schedule

Belle II Roll-in QCS solenoid BEAST II Phase 2

installation VXD installation

ARICH+FWD ECL
installation
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Belle 1l schedule

Calendar year 2016 2017

2019

JFY2019
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Phase 2 Fu
First collisions (26 Apr. 2018)

BEAST II (phase 2)

Phase 3

11 Belle 11
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Beain Current [A]

Luminosity [10%7]

Speo. L. [%]

First collisions: SuperKEKB operation
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Belle I
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First collisions: First bumps

N | RAAY KRS LA ERAY T
> 4 p x10°
[0 —_ 3
51000? + det: - pb g Ng 1.5+ Be”e ” u + IJ- | -1 g
5 L Ks t y  Bellell 2018 7 2 O F L 2018 (Preliminary) Lidlz==Sipb™ 71
€ 800 t Preliminary o i { L Eso0t5Gey ]
600 + 1t 4 S I — Data + 1
YRV LR LI R T g L ¢ ]
*+f+ it AL ++’+ ﬂ,** P r J 4 1
4001 7 2 05 C Ww‘“’, kmw.’.m%’m"rz
[ ] u [ o j
2007 ] 0.0 L 1 1 1 1 1 ]
1 0.08 0.10 0.12 0.14 0.16 0.18
vreslive Lol Lo ol pigdanvel v lasen Lo o 2
§450.46 047 0.480.49 0.5 0.510.52 0.53 0.54 0.55 m,y (GeV/c®)

m(x*) (GeV/c?)

Study of PID selection and resolution is ongoing
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First collisions: Interaction vertex

Longitudinal component of the interaction vertex

~ T T T T T
g Belle Il 2018 (preliminary)
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Belle Il: physics

© Belle Il physics
» Overview
BT = Ty,
BY — DMt 5,
BY — Tt o,
B— K®ItI— I=epn
T(6S) physics
Dark sector

| 2
>
>
>
| 2
| 2
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Physics overview

Belle II Theory Interface Platform Workshop Series (2015-2018)
To be submitted to PTEP

Leptonic B decays

= Semileptonic b > ¢, b u
transitions

= Charged leptonic decays
Belufr v

= Radiative leptonic decays
Bsly

Electroweak penguins
= Inclusive and exclusive
radiative b s, b> d decays
= Electroweak penguins bas
I, B>(Kpww

= Rare and forbidden Bs>yy,
Brr

WG3

@

= /g, Bror.00
= flp:B¢Ks
= TCPV in radiative

decays

WG5
Charmless Hadronic B
decays

irect CPV
= 23-body hadronic modes
= QCD factorisation

mCharm CP eigenstates
=Double Cabibbo suppressed
= Three-body decays
B-D(Ksz1)K

WG6

Charm physics
= Direct CPV
= Leptonic and Semileptonic

decays
= Radiative and rare decays

WG7
Quarkonium(like)
)

g

N
Charmonia (exotics)
= Energy scan studies

WGS8
Tau, low multiplicity &
EW
® Tau physics:, LFV, CPV,
lepton universality
= Low multiplicity
= Dark photon searches

D] gauge sector
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T

Experimental approach is similar to that used in B>zv W~ /H™ ,4 Uy
b Z c (%)
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Belle Il physics

How about b->u ?

Belle, PRD, 93, 032007 (2016)

Ri= BB <awrbe) B(Brrv)< 25 x10* @ 90% CL
B(B = mtiy) B(B>rv)=(1.52:0.72:0.13)x10"*
Current data have already disfavoured NP R«(SM)=0.641:0.016  Ra(exp)=1.05:0.51

contributions larger than that of the SM

> ' —Data
= I Signal
Belle II extrapolation = mB -X,
s & fixed BG
RO = 0.64+0.23, g

R50%™" — 0,64 +0.09.

4
Egc, [GeV]
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B— KWt~ I=e,p

BR(B — K1)

Ry = oorm— = B ’ -
) "o
BR(B — K"ee) Pe(B—=K*'u™u”)
eTheoretical uncertainties cancel in the
ratio One of the optimised angular observables
«The SM prediction is 1 with high precision B

« Rxand Ry give complementary info

--LHCb -m-BuaBar —aBelle
M T T T

.
' ‘ o
o LHCbdata o ATLAS data

[ 2.6 tension in [1-6] GeV* bin|
- 1 = Belledata © CMS data
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. |
E E1
o
L
-
5

| 0.5 SM from DHMV
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k5
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; ; ; . 3 Z ]
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0 g ‘ y 0 10 15
< ¢ [GeV¥ci]
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Lof " 1 h|
1 T = Ongoing discussion about the interpretation and
0.5 E} o s theory predictions
: m L
LHCb A Belle

0 5 10 15 20
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B— KWt~ I=e,p

« Belle II experiment is an unique place where it is possible
to perform the cross-checks with LHCb for Rk, Rk*and P's

« Belle II has great sensitivity to the B>K*e'e”

+ Belle II measurement will be statistically limited

(3% uncertainty with full Belle 1I statistics)

-§102  m—— T 1 T '0\7102 T T e o T T T
= sile 1l P cts ] T A - Belle Il Prospects 1
pr N Bli,ll,e= Prospects | i Nyer O7F pe F
-4 K N K !
«©w 40 N oy i w 40 =X H g
30 i 30 , - -
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20( N | 20y \\ '
10 i \ b 10p=raszes £
HarXivil406,6482 - PR iH arXivi1705:05802 N ]
X 4 - \\ H
3r q2—n.o,6.016eV’ 1 r TN 3[" 2 _1.0,6.0/Gev? §\(
2r% —[14.4, maxjGev 214" _[14.4, maxjGev?- >
gl LW 1 LI ‘ y
10" 1 10 107 10" 1 10 102

Belle Il Integrated Luminosity [ab] Belle Il Integrated Luminosity [ab™]
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T(6S) physics

e Operating point @ Y(6S)=Y(11020) is the Belle IT
first physics opportunity

o Belle collected 5.6 fb" but not all “on-peak”

o Search for Y(6S) closed-flavour decays is
interesting for bottomonium(like) studies

o Rich decay scheme to search for isovector Zb
and W) states as well as isoscalar Xb states e
o New conventional states hb(3P) and Y(2D) can B'B
be also found

Y(6S) = Zs+ - = Y(18, 28, 38) 7+ 7I-
6S) = Zv* = M 0

6S) = Wp0 11+ 11, Wo = np 11 ,X0T, YP

Y(6S) = vy Xo (= w Y(1S))
Y(6S) = mmm Xo (= wY(1S)) 19(P):
8 QCD hybrids in BB* ’

6S) = Zo+* - = hp(1P, 2P) 1+ 71- B*B

1 Y(6S)
2 Y(6S)
3 Y(6S)
4 Y(BS) = Wely, Wp = no Tt XorT, Y _
5 Y(69) -
6 Y(6S)
)

Z

T, ymomp  mm xom, Xpo

2y [ W »_
T
T, hym, mop xorr, Tp
Wi s
o, xom, Tp
1H(1%) 1-(0%) 1-(1)

1-(2%)
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ser Dark sector

o Belle II is the good place for dark force mediator
invisible (also visible) searches

o Possibility to provide results with limited statistics
(Belle II first physics opportunity)

e Search for Dark Photon decaying into light DM
requires efficient single photon trigger.

#Single photon trigger was not available at Belle but it
will be available at Belle I1

ge(=e€€) gy

w 1072

107

Expected sensitiity Belle Il 20 fb” (simulation)

10 bt s L 2

o102 107 1
A' — invisible

10
m, (GeV)

.

SM Background

i

e'e” >y

2
resonant, peaked at my; =0
efe” =gty
non-resonant, exponential shape

£

ete” %7777

non-resonant, exponential shape
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Belle IT Summary

O SuperKEKB is completing the commisioning phase and first collisions
achieved one month ago!

o Belle Il roll-in in April 2017
o First collisions in April 2018

© Phase 2 data taking has been started

o First luminosity ~ 10*3/cm? /sec
o Background study, detector checkout, first physics studies

© Physics commissioning with full Belle Il in early 2019

Q@ Belle Il physics potential is enormous!

o Belle Il hopes to shed light on the New Physics hints
currently observed (and maybe more
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LHCb - Belle Il R(K*) comparison

Belle Il Projection {(Feb 2018)

=
-h
»

0.08- o
- i B8

0.06

R(K*) (1<q’<6 GeV/c?) Uncertainty

70% data Y(4S), 6 months, slow ramp—up

0.04 o 709 data Y(4S), 6 months
| —e— 70% data Y(4S), full 9 months
0.02 - All data Y(4S), full 9 months : 3 -
[~ - - LHCD estimate ‘ I |
072017 2018 2019 2020 2021 2022 2023 2024
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