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Last decade rich harvest of Belle and BaBar
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It seems the more we know the more questions arise

@ SM, the best tested theory, does not explain many things

@ Need for more good quality data to find answers

@ Belle Il plans to collect 50ab™? integrated luminosity
v
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Belle Il / SuperKEKB luminosity projections
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It seems the more we know the more questions arise
@ SM, the best tested theory, does not explain many things
@ Need for more good quality data to find answers
@ Belle Il plans to collect 50ab™? integrated luminosity
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Overview of Belle Il

The Belle detector has been significantly upgraded to form Belle Il. Several subdetectors
have been completely replaced to support higher rates and challenging physics program.

EM Calorimeter

Upgraded 2MHz wavef 3 f with! scintilator strip panels to
for beam background s th higher neutron rates

i:(:le Identification
counter (barrel), ARICH counter
vard endcap): 2 to 5 times lower
te for K/m separation

electron (7GeV)

Vertex Detector

Improved slow m tracki
higher Ks efficiency. 2 /
impact parameter re

/ 3 " }t d
J\ : positron (4GeV)
( Central Drift Chamb \:

prov : :

Greater outer radius: im
momentum and energy deposition
resolutions.

Small cells: reduced drift time for

better beam background suppresion |
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CKM matrix and the Unitarity Triangle

Over-constraining the UT to test the SM
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CKM matrix and the Unitarity Triangle

Sizeable tension in and inclusive measurements of | Vyp|&|Ves|
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CKM matrix and the Unitarity Triangle

Sizeable tension in exclusive and inclusive measurements of |V,|&| V|
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Semitauonic B decays

@ Sensitive to extended Higgs sector — new physics at tree level

@ About 40 disagreement between SM expectation and observation
@ Deviations not compatible with type || 2HDM

o Sensitive observables e.g. T polarization — possible O(1) effects

e 03 — BaBar, PRL109,101802(2012) ' 5 B(B — D(*)TDT)
a — Belle, PRD92,072014(2015) Ay =10 R (D ) Y VR
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Lepton Flavor Violation

LFV signals are expected in many beyond SM scenarios. y
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Lepton Flavor Violation

LFV signals are expected in many beyond SM scenarios. y
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Hadron spectroscopy — new hadrons at B-factories

Many new states are observed, which do not fit in the traditional quark model.
More are expected in Belle Il, opening a door for exotic state studies.
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Low multiplicity signatures

Belle Il can probe ‘dark forces’ with dedicated Triggers

‘dark forces’: involving dark-matter particles that serve et v
as ‘portals' between the SM and a dark-matter sector A f/x
dark uho_zlon mass coupling strenath e~
1 mhy € —

. Lo = CSf\l - ;F/‘,/F’“" * mT'lA;xAM - %F;’WF“" ) f/x
Motivated by rise in cosmic-ray positron fraction B
(which does not necessarily have to be due to New Physics) b v
Also models with dark Higgs bosons that could be b I/x
produced in Y(nS) decays. yme F/x

Belle Il will probe a unique piece of phase space, and even a
small data sample will have a sizeable impact on todays limits

invisible final state

(Prompt) dilepton final state
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@ There many interesting possibilities at Belle |l

@ Of course, we have no monopoly for quark-flavor physics, therefore competitive or
complementary studies at LHC are welcomed.
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Full reconstruction

An example of the power of a B factory: fully reconstruct one of the B’s to
tag B flavor/charge, determine its momentum, and exclude decay products
of this B from further analysis  (exactly two B’s produced in Y(4S) decays)

Decays of interest

(G| BIX v,

(3.5GeV) o2k
e e B>D1v, v
(8GeV) Y(4§;}
full reconstruction
%félslgﬁ Eeam! .4 — B->Dr etc. (0.1-0.3%)

Powerful tool for B decays with neutrinos, used in several
analyses
-unique feature at B factories

Peter Krizan, Ljubljana
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B(B— D*tv) and B(B— DTv)

(tan B/My = 0) calculation.

a consistent value of tan /M.

BaBar: Neither R* nor R is a good match to the SM

Both can match the type Il 2HDM but not at

02 04 06
tan 13/m" 4+ (GeV™ 1)

[}

e
W”"<l7 In common with B(B —
’,'}I,v Tv) this process has good
' B b-f:“_'l\‘:‘h ) sensitivity to existence of
q-t‘l_\l-;.;;}DTD a charged Higgs.
o _ B(B— D*ri)
RD)= 5B om) =
= r
B (B — DTI/)
= > L=
RD) =56 >pm) a

1 1 1
02 03 04 05 06 0.7 08
tanBlmw(CZIGeV)

FIG. 8. Theoretical predictions with 1o error ranges for R
(red) and R* (blue) for different values of tan 8/my+ in the
2HDM of type II. This analysis’ fit results for tan 8/my+ =
0.5¢%/GeV and SM are shown with their 1o ranges as red
and blue bars with arbitrary width for better visibility.

C. Rosenfeld, Brookhaven Forum 2015
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Transformation of a B-Factory into a Super B-Factory

To achieve the necessary sensitivity to further Push the intensity frontier, the instantaneous
luminosity needed to increase from 2.1x 10 cm” s 'to 8 x 10 cm” s

The key to this is a beam-configuration called the nano-beam scheme that squeeze the beam
to have a very small vertical spot size of about 50 nm

LER/HER KEKB SuperKEKB
Energy [GeV] 35/8 4.0/7.0
By* [mm] 59/59 0.27/0.30
Bx* [mm] 1200 32/25
I1£[A] 1.64/1.19 3.6/2.6
[< 0.129/0.09 0.09/0.09
& [nm] 18/24 3.2/4.6
# of bunches 1584 2500
Luminosity [1034cm2 s°1] 21 80

Major upgrade of existing accelerator needed

LHCSki 2016, Apr 14

Physics Prospects at Belle Il

Lorentz factor

. 1%
L= [1
2ere ( +

beam size aspect ratio vertical § function ~ geometric factors

(iy ~y/ ‘3*/6 <— emittance
t

beam current  beam-beam parameter

(oLl ) (without crab)

B function
Viim ,
SuperKEKB ‘&"m\‘ 22 mrag 100w’ <=
A ; crossing angle

~50nm

83 mrad
crossing angle
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PXD : =SVD
VXD e

Double Sided Strip Detectors

DssD Ty,

jg a—
N Fww §§J
Vo] )

SVD: 4 layers of DSSD

RN

=== SVD Beam Test

I E= / Results
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Belle |I: CDC

Belle Il CDC will be larger

than Belle CDC with Belle
smaller cells

Improved p and dE/dx : 7
resolution |
Stringing completed in .
January 2014 with 51456 -
Wires Be”e Il [
Commissioning with
cosmic rays

Wire configuration I‘

10mmdeoe 18 mm l e C o

8 10~20 mm
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Belle II: TOP

4 track

expansion prism 0, spherical mirror

The imaging Time of Propagation sub-
detector (TOP or iTOP) will be used for
particle identification in the barrel region
of Belle Il

Each TOP module consists of two
quartz bars, one mirror, one prism, and
an array of photo-detectors to collect
Cerenkov photons from charged tracks

To distinguish between kaons and
pions, the photo-detectors should have
excellent position and timing resolution

This is achieved by using MCP-PMTs
and new waveform sampling electronics

9
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Belle II: ARICH

. Aerogel Ring Imaging 4cm aerogel single index Hamamatsu HAPD

Cerenkov (ARICH) detector
will be used for particle
identification in the forward
end cap

* 420 Hybrid Avalanche

Photo Detectors (HAPD),
each with 144 channels

* Two layers of aerogel lead
to better photon yield, while

not affecting resolution >NIM A548 (2005) 383

Aerogel
=
D

Structure
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Belle II: ECL

» Upgrades for high
backgrounds:

Belle Il

Super conducting coil

« Barrel: Csl(Tl) crystals
reused, new electronics for H
waveform sampling

* Endcaps: old crystals
refurbished, bias filter is
modified

» Cosmic ray test is on going

0.

Belle Il Simuiation (Preliminary)

ofE)E

02(* 9
0.15(~ B
o1 B

0.05

M

% 027040608 1 1214 1618 2 22 24
E(1)GeV

Expected Performance 12
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Belle |

* Endcaps and parts of the barrel
KLM RPCs of Belle will be
replaced with scintillators due to
increased backgrounds expected
in Belle Il

Barrel KLM was the first sub-

TDR

- KL

3M irrer

efficiencies
for RPC

Eadeap
KEKB_Su

tor to be installed in Belle I

A—
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Scintillators for
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