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Unification of Forces

New Physics
Beyond the Standard Model

~fz\:ark 7N < quark » Provides us a unique probe to unravel
B deeper mysteries of the universe with
¢ photon (y) intense sources and highly sensitive
detectors

d Main players at energy CMS !

and intensity frontiers: ATLAS

EXPERIMENT




Some of the g estions for FP

 Are there any new CP violating phases?
=>» CP violation (CPV) in B and D decays

 Any right-handed current from new physics?
=» Photon polarization in radiative decays

 Are there any imprints of new physics beyond the SM in flavor changing
neutral current transitions?
=» Electroweak penguin decays e.g. b—> sll

 Are there any signature of charged Higgs boson? Or, leptoquark?
> Tree-level B decays to tv or DO)tv final state

 Neutrino oscillation being firmly established, what are the implications
for lepton flavor violation in the charged lepton sector?
=>» Lepton flavor violating (LFV) tau decays

1 Understanding exotic QCD states? Tetraquark, pentaquark, hybrid?

1 Can we chase down dark matter from bottom? Hidden dark sector?
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(] Targets to deliver e*e™ collisions at a peak luminosity of 8x103°>cm?s™!
=>» 40 times that of KEKB:

<> Increase beam currents twice

<> Reduce beam size by 20 times
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e gone?

1 Phase 2 (2018): beam commissioning (establish nano-beam scheme, reach the
KEKB luminosity, and measure beam backgrounds) as well as do some physics
with partial vertex detector =» ~500 pb*

d Phase 3 (2019 onward): physics run with the vertex detector
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Belle lI: A 215t ce HEP experiment

(] Designed to operate with a performance similar to or better than Belle,
but in a harsh beam background condition

K, and muon detector:
Resistive plate counter (barrel outer), plastic

P '~ cintillator + WLS fiber + SiPM (endcap and
= ; |m barrel layers)

e — article identification:
o e-of-Propagation counter (barrel)

ox. focusing Aerogel RICH (forward)

PN
crystals, waveform \\\Q‘t\i\\\\ ;

[EM Calorimete \\\\

——

\\_
electrons (7 GeV)

r Beryllium beam
L pipe (2 cm diameter)

p
Vertex Detector (
. pixel (PXD) + 4-layer st

92

positrons (4 GeV)

Central Drift Cha"b
He(50%)+C2Hs(50%), small ceIIx'sJ,"‘lengx

lever arm, fast electronics




1 Charged tracks reconstructed using info
mostly from the CDC are available since
the beginning of collisions

1 Mass resolutions of known particles in
data in agreement with simulations (B
field measured well and sub-detectors

Entries/(0.012 GeV/c?)
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Neutral construc

Belle Il strength

J All set to probe the dark sector:
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Hit time [ns]

x [em]

Particle identi

A key element
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Rediscove B mesons

4000 Spherical (R,~0) Jetlike (R,~1)

d Event topology tells us that we are

Bellell 2018
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VXD: Another k

One half of VXD
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O Large improvement

1n vertex resolution

O PXD: L1+1/6 of
L2 (rest will be
added 1n 2020)
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Early physics

from Phase 3

O Integrated luminosity will depend on machine and detector performance

d Nevertheless, we expect around 10 fb~* by Summer 2019 that would be

used to study an array of topics

Low multiplicity:

» Dark photon, ALP (1-2 fb™1)

» Magnetic monopole (0.5 fb™1)
Tau:

> t—=>la, whv, whrv (1 fb1)

> Lifetime (2 fb™1)

Charm:
» D lifetime (2 fb™1)
» Doubly Cabibbo suppressed
DO—=>K*rt~, K*rtm® (10 fb?)
Semileptonic B:
> B—>DU)lv untagged (0.5-10 fb1)
» B->m/plv untagged (2-10 fb?)

Charmless B (no time dependent):
» B—>Km (10 fb™?)
» B—>dK (10 fb1)
Charmed B:
» B—>D)h CF decays (1 fb™1)
» B->DUIK, D)0 (10-20 fb1)
EW penguins:
> B—=>K'y (2 fb1?)
> B—>X.y (2-10 fb™)
Time-dependent CPV:
» B lifetime (2-10 fb™1)
» Mixing in B->Dh, DIv (2-10 fb™?)
» sin 2d, in B=>J/LK, and related
modes (10+ fb™?) 5



 Closingwords _

 Belle II will probe new physics at the intensity frontier =»complementary
to high p; programs of ATLAS and CMS experiments at the LHC

1 As for LHCb, there is healthy competition and complementarity

(d Marathon (physics run) has just begun in the super factory mode =» need
high-efficiency data taking as well as extensive running of SuperKEKB

A First results expected by [LP 2.*19_]
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Belle |

LHCb

Observable Expected th. | Expected exp. Facility
accuracy uncertainty >

CKM matrix
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sin(26,) [ceKY v 8-10-3 Belle 1I/LHCb >
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rare decays
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zero of App(B — K*uu) b 0.05 LHCbH
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B(B, = ¥7) 0.25-10% | Belle IT (with 5 ab™!)
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charm and 7
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lg/plD e 0.03 Belle 11

arg(q/p)p il 1.5° Belle 11

28 (B> 1K, ) Uncertainty

Great for neutral and missing
energy modes

Inclusive measurement: OK
Excellent flavor tagging and K.
reconstruction
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5. SuperKEKB

paramefers KEKP SuperKEKB onite
LER HER LER HER
Beam energy Es 39 8 7 GeV
Half crossing angle ¢ 11 mrad
Horizontal emittance €x 18 24 nm
Ewmittance ratio K 088 0.66 %

Beta functionsat P | /By 1200/5.9
Beam currents

beam-beam parameter
Luminosity L 21 x103%4
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Global Be

CalendH year 2016 2017 2018 2019
Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summershutdown Summershutdown Summer shutdowr]
(power ving) (power ving) (power ving)
| |
. 1 QCs
ﬁ)ngomg status and JFY2018 plan wiBell (10 VXD) wifull Belle \
Phase 1 woseen Phase 2 Phase 3
b — - - -
VXD installation

MR renovation for phase 2, including

MR startup installation of QCS and Belle Il

DR installation & startup

—

DR commissioning

HER start |

LER start

Phase 3 operation
g months [ year

Aim for 7 months operation in

JFY2019, 8 months for later

years (may be revised when
funding is very successful)

17



Beam backgro ommissioning

4 — arXiv:1802.01366
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