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Flavor Physics o

O In the Standard Model, quark flavor transition processes are
described by Cabibbo-Kobayashi-Maskawa (CKM) matrix.
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B-factories produce a large number of B, D, 1, efc.
and can extensively test the CKM paradigm.



The B factory Iegocy
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Beyond Standard Model -

O The Standard Model has been tested greatly up 1o
the weak scale, O(100) GeV.
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Search for New Physics in HEP _—

O Direct search (energy frontier: LHC)

» Direct production of new particles; limited by the beam energy

O Indirect search (intensity frontier: SuperKeEKB, etc.)
» Precise investigation of virfual effects of new partficles

— The Standard Model must be the effective theory at E < Ayp.

o NP Larger statistics
2 . .
Axp - higher energy scale / smaller coupling

Wf‘< PR -
Msw = {plii|n) 5 qZ_MVZV(g“ 3 MW)( “Uyl0)



Process sensitive to New Physics
O Flavor Changing Neutral Current (FCNC)

» Occur only via a loop diagram due to GIM mechanism,
and moreover is highly suppressed.

FCNC with a new particle X

FCNC in the Standard Model

W+
2 2
9 CNP
MSM X 82 Vt* th MNP o — —
(4m)? Mz, ™ Ap

e.g. in case that virtual effect of X appears with
the same amplitude as the Standard Model (Mgy = Myp):

41t 1
Anp = CNPEMW Vil 0(10 TeV) (cnp~1)




Discrepancy between measurement and theory

Flavor anomalies o

/‘j : In particular (could) related to electroweak penguin
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Belle Il strategy for New Physics

O Statistics: KekB ~1 ab' > SuperKEKB 50 ab! ~5e10 BB pairs
O Prediction of the Standard Model with small theoretical uncertainties
O Precise measurement with small systematic uncertainties

Featfures
— Collision at (or close to) Y (4S)
» Well-known initial energy
» No extra interactions
— Tagging one of the B’s to infer the

other B charge, flavor, momentum.

» Powerful S/N separation
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— Forbidden decays

— Enhanced/suppressed decay rate
— Asymmetries (CP, isospin)
— Angular distributions

T
L Flavor tag



Belle Il detector

A general purpose hermetic
spectrometer composed of

state-of-the-art detectors
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Lepton universality in B - D™y
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Lepton universality in B - K*¢7 £~
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Lepton universality in B - K*¢7 £~ _—
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Exclusive global fit / B —» X 7€~
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Direct CP asymmetry in B - Kmt

O Difference of CP asymmetry between B° and B*

» Enhanced C?¢
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Direct CP asymmetry in B - Kmt e

O Sum rule of ACP WQAS proposed [Phys. Lett. B 627 (2005) 82-88]

B(Kmt
fin = Acp(K*7) + Acp(Kom) SHET) 20
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90% C.L. upper limits for LFV 1t decays

Lepton flavor violating Tt decays

. FCNC in the lepton sector
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Dark sectors —

O New triggers will be used in Belle |l to search for dark matter
and dark photons.

» Single photon trigger with ~1 GeV threshold to search for
dark photon decaying into light dark matter

e’ X1 _

€ /1/ 'tl'_} 10 ; T E‘
«_ Tnvisible < 10 1
13 VT £ +
an N, > _ H
e X2 £ 107 ;
2 2 o -9 3
Edy — M2, 3 1070 PAt f +
e — ol K
y ZECM II -1 0—11 e 4 =" -
\ > Belle 11 (20 fb1) il
13 1 Belle 11 (50 ab-1) =
L y 10™ — .-~ LDMX1@4GeV | -
S N 30 LDMX2@8GeV -
- + - 1 -15 _?gé\i Rl ap=0-3 —
- O B e “T 3my = ma -
* - - :-— B2TIP, to be submitted to PTEP (2018) —— ———— "]

"ﬁ‘ b 10_17 el e gl el

-3 — —
10 10°° 107 1

m, [GeV/c?]



Prospect
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Strategies to increase luminosity
KEKB

e — 2¢=22 mrad”

KEKB SuperKEKB
Achieved Nano-beam
LER | HER | LER | HER

() | () | (eY) | (&)

Lieam [A] 1.6 1.2 3.6 2.6
,By* [mm] | 5.9 5.9 0.27 | 0.30
§y 0.09 | 0.12 | 0.088 | 0.081

L [/cm?/s] 2.1x103 8.0x103°

L_

Nano-Beam scheme
(P. Raimondi)
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Major upgrades for SuperKEKB 21

Taking advantage of existing items Gray is reused, colored is new.

* the KEKB tunnel, New QCS magnet for Nano-beam schemd
* the KEKB components [ Belle detector 1s New superconducting final focusing quads

as much as possible! upgraded to Belle II

/~ New beam pipe& bellows
TiN-coated beam pipe with New design
antechambers for IR

[WEC Pumg]

modify RE . .4
systems for 5
higher  §§
beam
current

K E [Beam ::.ir-mel
\ N
Main ring arc and straight section: [

Redesign the lattices of both rings to
reduce the emittance

New low
emittance

—

New and re-use wiggler

magnets are mixlsgh _
Oho section 1KK0 section

KEKB | i \

Super
KEKB '=‘ Positron
y damping ring
Main ring arc section:
LER: Replace all main dipoles O
HER: Preserve the present cells source




Schedule e

Calendar year 2016 2017 2018 2019
Summer shutdown Summer shutdown Summer|shutdow
(power saving) (power saving) (power shving)
/ QCS
UpdatEd plan (Feb 2018) x/ Belle Il (no VXD) w/ full Belle II
Phase 1 x;gg;lse” Phase 2 Phase 3

) ) - - -
VXD installation

MR renovation for phase 2, including HER start Y =
MR startup installation of QCS and Belle Il HERstart
[
DR installation & startup DR COmMmissioning
|
Mo — | — — T —
Phase 1 Phase 2 Phase 3
Without QCS or Belle II With QCS and Belle II Full setup
Without VXD
Vacuum scrubbing Physics run
Basic machine tuning Background study Luminosity tuning
... Finished in success Establish the nano-beam scheme (target: 8 x 10%° /cm?/s)

Luminosity tuning
(target: 2 x 10%* /cm?/s = KEKB)
Physics with 20-40 fb~! (dark sector etc.)



¥ Belle II and the whole SuperKEKB have been connected together,
h and first collision in April!

Feb:12, 2018



Summary

O Belle Il aims to search for New Physics in the flavor
sector with 50 ab~! data collected at SuperKEKB.

» FCNC is one of the sensitive processes to New Physics and
holds some anomalies.

» Should be tested with higher statistics and less theorefical
and experimental uncertainties.

O Affter long construction, SuperKEKB / Belle Il is finally
about to collide the nano-beams and take data.

Excifing time is coming soon!



