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Why unequal beam energies?
Why a positron damping ring?
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Integrated luminosity at the
first-generation B factories
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SuperKEKB luminosity profile vs time

¢ multiples of Belle’s integrated luminosity
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Instantaneous luminosity is 40 times that of KEKB

v Beam currents =doubled — x2

v Much smaller 8 — x20

© KEKB

Belle 1999

-20000 -10000 0 10000 20000

83 mrad

Entries / [0.01 cm]

Why 83 mrad crossing angle?
# electrons/bunch? (see backup
slide for machine parameters)
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e 150 nm .

Nano-bea_rh scheme invented by
Pantaleo Raimondi for ltalian SuperB Factory

Median=-0.015cm A ¥
]
- Osg=0.055cm y 3 J
4
+ [} 4
' + =+ Runs 1869-2047
] . N
[Lagt=2app—* ; :
A st L - "
-0.4 -0.2 0.0 0.2 04

Zp [cm]



SuperKEKB operates at/near the T(nS) resonances
D1 | L L B B A
: Rice et al (CUSP Collaboration), PRL 48, 906 (1982)
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... a bound state of a
b quark and an anti-b quark
with a mass of ~10 protons

Bottomonium

T (11020)
l\/l ass T (10860)
LRCp = we use this excited state: decays to BB meson pair
----------- 3
NG5 T@3S) %22 P)
hadrons
hadrons
i
----------- T (25)
n,(25)
hadrons
L] TS) Why aren’t the non-Y states
Ground state Mp(1S) produced in ete- collisions?

JPC — 0o-+ 1-— 1+- ot+ 1++ 2 ++



A canonical BB Event

electron

(7 GeV&
-
positron

(4 GeV)




A canonical BB Event

electron Y(4S)
(7 GGV; resonance
—~<—
positron

(4 GeV)



A canonical BB Event
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A canonical BB Event
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Why does u+ tag a B9?
Why does K+ tag a BO7




A canonical BB Event
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A canonical BB Event: “Golden Mode”

from beginning to end
-------------------- b > [9 (C9 u) > d
+ B} W? ?W BY
"'& H J/\P a < __ . B
:' u_ t, (C,ﬁ)
t=0 _ ¢ 1>0 might oscillate before decay
| Signal |
— & Ks .
| | Iy |V .
electron Y (4S) Bl | \ Drawl Feynman diagram
(7 GeV resonance | T for this signal decay.
—L Repeat for B golden-
poS|tronB\>~ D mode decay.
(4 GeV)

Measured asymmetry:

I'[B°(At) — f] —T[B°(At) — f)
[BO(At) — f] + T[BY(At) — f)

= Sy sin(Amg At)+Af cos(Amg At)

A A

Acp(At) =



A canonical BB Event




Belle |l i1s a significant upgrade of Belle

v Improved vertexing and tracking
v Improved particle identification
v Better background insensitivity — — .
: and muon detector:
v —Ilgher event rate Resistive Plate Counter (barrel outer layers)
= Scintillator + WLS fiber + MPPC (end-caps
g —t \er 2 barrel layers) .

EM Calorimeter:
CsI(TI), waveform sampling
\Pure CsI (part of end-cap

A\
t§\\ {\S;-f\‘ —
Wy

- )
tification
electrons (7GeV) gation counter (barrel)
] Aerogel RICH (fwd) )

p
Beryllium beam pipe
2cm diameter

positrons (4GeV)

Belle |l Technical Design Report

lever arm, fast electronics
N arXiv:1011.0352

Why no backward particle ID?
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Vertex Detector

Component -~ r (mm)
Beam pipe '

Rl NITETTA
b Lo Lo bbbty L4l
e e g

TIPSR

assembled SVD

Why the conical shape at the forward end of SVD?

beryllium beam pipe at interaction point

assembled PXD

16



Vertexing performance im
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vy vs Belle

Pixel detector .
closer to &-j

interaction point

Improved vertexing is vital for a key time-dependent CP-violation measurement

5S(K57TO’)/)

Ks track e
Y Y
44
B vertegi -

¢ IP profile

.....*

Y

B decay-point reconstruction using
intersection of back-projected Ks with
the interaction-point profile

g, 250MBB

@ 535MBB

-1
10 +

Larger outer radius of
the vertex detector

1
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Particle ID: measure the Cerenkov cone

Barrel PID uses imaging time-of-propagation counter (16 quartz staves)

Cerenkov photons from kaon
VS pion arrive at photosensors
at different location and time

F~ mirror




Cerenkov light in the TOP (barrel particle ID)




Measure the Cerenkov cone in barrel Pl
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Particle ID: measure the Cerenkov cone

Forward-endcap PID uses aerogel RICH with two-layer radiator (“focusing”)

2. v : =T fich_2d_1
Test Beam setup St | RGP AP, Wbt track e
: — kﬁ - ILEER Blid o Mean x -0.09929
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April 26, 2018: SuperKEKB/Belle Il joins DORIS/ARGUS,
CESR/CLEOQ, PEP-II/BaBar, and KEKB/Belle

' ' _
o
. - B
TR ——— - ) .. .
- = T - - -
et . (L
-
" -
- .
- - >
- «
_
O
2
'

- 5 ; 3 f..:' - . d :
rejoicing first collisions in the Belle |l control room



First hadronic event in April 2018 (Phase 2 day 1)
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First BB event in April 2018 (Phase 2 day 1)
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Event activates CDC, TOP, ECL, KLM

tracking particle calorimeter  K.—muon
chamber identifier identifier
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-irst results from Phase 2: charged-track combos
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-irst results from Phase 2: DO candidates

Why AM as alternative to M for these [P mesons?
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Belle || physics program is broad and deep

Belle Il Theory Interface Platform (B2TIP)
Workshop series, 2015-2018:

WG1 WG6
Semileptonic & Leptonic B decays Charm
WG2 WG7
Radiative & Electroweak Penguins Quarkonium(-like)
WG3 WG8
a/p, B/P, Tau, low multiplicity
WG4 WG9
V/@3 New Physics
' WG5

Charmless Hadronic B Decay

The Belle 11 Physics Book 68 pages

Emi Kou and Phill Urquijo, ed|tors arXiv: 1808.10567
submitted to PTEP

.. a fruittul collaboration among theorists and experimentalists

31



Belle Il, like other particle-physics experiments,
s looking for evidence of New Physics

TERRA INCOGNITA

—— | LHC-direct |
searches kot

Precision

'y ) P )”

1 [}

' .

. detection —aa
= Higgs .
——— __| properties
— St
: Ty K> ~

Flavour
anomalies

| Axion
detection

B e

Image credit: A. Casas (Moriond 2017) 32
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CERN hosts thousands of scientists, representing 22 member countries, all working to understand how the universe was created. CMS is one of seven detectors on site. Leslye Davis/The New York Times

),ea rn i n g f oOr N ew But since then, the silence from the

energy frontier has been ominous.

PhySiCS at CERN, “The feeling in the field is at best one of

confusion and at worst depression,”

in a POSt-Higgs Way Adam Falkowski, a particle physicist at

the Laboratoire de Physique Théorigue
Physicists monitoring the Large Hadron Collider are seeking

clues to a theory that will answer deeper questions about the d Orsay in France, wrote recently In an
cosmos. But the silence from the frontier has been ominous. article for the science journal Inference.

By DENNIS OVERBYE  JUNE 19, 2017 “These are difficult times for the
theorists,” Gian Giudice, the head of
CERN'’s theory department, said. “Our
hopes seem to have been shattered.
We have not found what we wanted.”

from Tom Browder’s 2017 B2SS presentation


http://inference-review.com/article/higgs-on-the-moon
http://inference-review.com/article/higgs-on-the-moon

Stay calm. Don’t panic !!

The intensity frontier will save you — again! —
as it has done in the past. (K, — JuM, B mixing,

Arg(ete- — U+), electroweak corrections, ...
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Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Model

Neutrino Physics

Proton Decay
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from Tom Browder’s 2017 B2SS presentation



Belle Il is looking for evidence of New Physics

SuperKEKB/Belle Il is the Intensity Frontier facility tor
beauty mesons, charm mesons and t leptons.

Unique new physics capabilities
and unique detector capabilities
(“single B meson beam,’ 4 o :

neutrals, neutrinos), clean '.a-‘,:. ’%‘\‘g‘ i
environment with good NP e
systematics, which are critical

Energy Frontier

_ s | IntenSItf—' A,
for New Physics searches: ' = Frontier Y& %
charged Higgs, new weak —l Ly b
couplings and phases, lepton (@K Facilities |

flavor violation, ... | |
Photo credit: Ron Lipton, Fermilab

2014 US P5 report: This provides unique sensitivity to physics at
energy scales far higher than can be accessed directly at colliders.

35
from Tom Browder’s 2017 B2SS presentation



Belle Il Physics: confluence.desy.de/display/Bl/Physics+WebHome

Physics Coordinator: @ Phillip Urquijo ™ Alessandro Gaz (on August 31)

Analysis Groups

Semileptonic & @ Florian Bernlochner Bottomonium @ Bryan Fulsom
Missing Energy @ Racha Cheaib @ Umberto Tamponi
Decay
Radiative & @ Saurabh Sandilya |, Charmonium @Eneinglig Sinen ]
Electroweak @ Simon Wehle @ Elisabetta Prencipe
Penguin

Charm @ Vishal Bhardwaj
Time Dependent @ Alessandro Gaz @ Giulia Casarosa
CP Violation @ Yusa Yosuke

Low Multiplicity & @ Torben Ferber
Hadronic B to @ Pablo Goldenzweig Dark Sector @ Enrico Graziani
Charmless @ Diego Tonelli

T @ Keniji Inami
Hadronic B to @ James Frederick Libby @ Armine Rostomyan
Charm , @ Trabelsi Karim
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http://confluence.desy.de/display/BI/Physics+WebHome

Belle Il Physics Analysis Groups and their mandates:
confluence.desy.de/display/Bl/Physics+Working+Groups

Semileptonic and Missing Energy
Decay WG

Radiative and Electroweak Penguin
WG

Inclusive and Exclusive Semileptonic b—c, b—u transitions: IVubl, 1Vcbl,
New physics.

Semileptonic b—c¢ and b—u transitions with T leptons

Charged leptonic decays, B+ > e/u/tv

Neutral leptonic decays, BO = 11, B(s)0 = 1T,

EWP with neutrinos, B— K(*) v vbar, B— v v bar

Inclusive radiative decays: b— s vy via inclusive, partial and full
reconstruction tagging methods.
Inclusive radiative decays: b— sy and b— d y via sum of exclusive
methods.
Exclusive radiative decays (polarisation and asymmetries):

e b—»s:B2Kily,K"y

e b—»d:B—2py,wy

e BdBs— vy
e Exclusive dilepton decays with a focus on electron modes at low g2 : B—

K(*) e+ e-

Inclusive dilepton decays via sum of exclusive, and fully inclusive methods:
B— Xs I+ I-

LFV B—1I", K(M)II'

37


http://confluence.desy.de/display/BI/Physics+Working+Groups

Belle Il Physics Analysis Groups and their mandates:
confluence.desy.de/display/Bl/Physics+Working+Groups

Time Dependent CP Violation WG

Hadronic B to Charmless Decay
WG

Hadronic B to Charm Decay WG

P2:B—=pp,pm,aln

®1: New phases in b— s anti-q g transitions, B— ® Ks

®1 gluonic penguins: B— n 'Ks, KskKsKs

® 1 EWP: TCPV in Radiative decays, e.g. B—» Ks 0 vy, p y (overlap with
above)

CPT violation

Two-body By = h h() decays
Full angular analyses and triple product asymmetries in By = VV decays

Three-body decays with Dalitz methods

Baryonic B decays

Direct CP Violation

Tests of QCD factorisation; flavour symmetry breaking

e Direct CP Violation
e O3 from time integrated methods, e.g. Dalitz
e ®3 from time dependent methods
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http://confluence.desy.de/display/BI/Physics+Working+Groups

Belle Il Physics Analysis Groups and their mandates:

confluence.desy.de/display/Bl/Physics+Working+Groups

Bottomonium WG

Charmonium WG

Charm WG

Bottomonia Y(nS), n=1,2,3,4,5,6

b-Hadron production at 5S

Searches for dark matter and light Higgs in Y transitions
Energy scan studies of bottomonia

Charmonia, exotic, charmonium-like
e below the open-charm threshold
e above the open-charm threshold
o ISR

Charm Spectroscopy

DO mixing

TCPV in Charm

Direct CPV in Charm

Rare/Forbidden charm decays and NP: D—»vyy,D—ee
Leptonic and Semileptonic charm decays

Charm production

Light meson production

39


http://confluence.desy.de/display/BI/Physics+Working+Groups

Belle Il Physics Analysis Groups and their mandates:
confluence.desy.de/display/Bl/Physics+Working+Groups

Low Multiplicity and Dark Sectors e Dark sector searches in low multiplicity events
WG Dark Photons
ALPs
iIDM/SIMPs
Magnetic Monopoles
e LLPs
e Precision low multiplicity measurements
e Fragmentation

Tau WG e Lepton flavour violating T decays
e Radiative T — |y
e Leptonict— ||
Lepton plus pseudo-scalar, T — | PO
Lepton plus vector, T = | VO
Lepton plus 2-hadrons, T = I h h'
Lepton plus 3-hadrons, T — | h
e T properties and SM decays
e T Lepton universality
e T CP Violation


http://confluence.desy.de/display/BI/Physics+Working+Groups

New Physics In B Decays

B Physics Analysis Groups

Semileptonic & @ Florian Bernlochner
Missing Energy @ Racha Cheaib

Decay

Radiative & @ Saurabh Sandilya |
Electroweak @ Simon Wehle
Penguin

Time Dependent @ Alessandro Gaz
CP Violation @ Yusa Yosuke
Hadronic B to @ Pablo Goldenzweig |,
Charmless @ Diego Tonelli
Hadronic B to @ James Frederick Libby
Charm , @ Trabelsi Karim

New Physics strategy: look for deviations from
Standard-Model expectations in precision measurements

41



Measuring the CKM-matrix unitarity-triangle angles

Unitarity:
Vu*bvud T V;)Vcd T Vtthd = 0

Draw the other CKM-matrix unitarity triangles.
(Use Wolfenstein parameterization for the matrix values.)

*B > atn x| 7070
**B = p'o o 190
B > pnrx
B’ > a,(pn)* w

B — D™, K-

B- — DOY(K*n) K-

B = D'Pw V5V
* B~ — DY(Ky ) K- cb ‘cd
B- > D(7rn'r) K :
* B — DKy K*70) K- Sy = Esin(2¢1)

Belle/BaBar
* = recent update

LHCb
* = 3 fb' result

“B' > JlyK; <

B' > J/vK,

B - v’ K

BO ﬂ‘/'{c KS

BO — T KS

B > D, h
* BY s (¢/n’/n° ") K
* BY > (KK PP /m)K
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Measuring the CKM-matrix angle ¢ [f]

B - J/y K (the “Golden” mode):

S/

PN
]

vVv.T+ V.V P

expected 50 ab™" uncertainty: 5¢, = 0.4°
(cf: current theory error is 1-2°)

B 5 ¢ Ko, 'K, 0K, 7Kg (“penguin” modes):

A __

aqs

VIV P+ ViV, T

£ 04f =
GE) ? Belle Il j L=50ab’ ‘.0“ ]
=3 ¥ A** ¢ .
2ol L
il o I |
I R +
O_ ¥ e $+i ]
-t Wt N
—0.21- ‘i ' Nl I
i 0+AAA0'
i o e JiyK_ (S=0.70)
_0.4—_ e A 1K, (S=0.55) I
—10I — —|5 — (l) — é — 10
At (ps)
Aop = Acos(AMAL) 4+ Ssin(AMAt)
WA (2017) 5 ab~! 50 ab~!
Channel o(S) o(A) a(S) o(A) a(S) (A
J/@DKO 0.022 0.021 0.012 0.011 0.0052 0.0090
o K" 0.12 0.14 0.048 0.035 0.020 0.011
n' K" 0.06 0.04 0.032 0.020 0.015 0.008
ng 0.21 0.14 0.08 0.06 0.024 0.020
KS7T ¥ 0.20 0.12 0.10 0.07 0.031 0.021
KS 0.17 0.10 0.09 0.06 0.028 0.018
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Measuring the CKM-matrix unitarity-triangle sides

B = Py
B—~B,. mixing

BY >t v
BO%XL’/V V*b

u
*B“L%TJFV

Ab %p /'_V
Vb Y
Belle BY > D)y
LHCb BY —» X ¢ v (Zenergy, hadron

mass moments)
B — X_ v (y energy moments)
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Measuring |Vyp| via BT — 77 v,

There is some tension at the CKM triangle apex 020
from this measurement vs sin2¢+

Leveraging fully-reconstructed tag B,

there should be zero excess energy
in the calorimeter.

222 + 50

(all channels) =

3.80

PRD 92, 051102 (2015)
UVV

220 +
0200

O180
LN

8.0 ------------------ 0.5 1.0
Excess calorimeter energy (GeV)

a missing-energy mode

_______
-y
.....
-
-
-
-~
-
-~
-~
-~
~
~
~

0.10

BR(B — 1v)

0.05

0.00

050 055 060 065 070 075 080 0.85

0.20

0.15

0.10

BR(B — 1v)

0.05

0.00

0.

ICHEP 16

\

sin 23

| fitt!r

Belle 11 50 ab™

\

50 055 060 065 070 0.75 080 0.85 0.90

sin 2<|>1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
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Precise measurements of CKM unitarity triangle

W RMISeUD

h.itarity trigl rwI\/I

L e I T — T T T
06 Ziz' ’[?_3_ AmdAm s . % = | matrix elements (cols 1 & 3): |
> i R 7 - 5,' * * * N
05 i y 3 | Vo Vua + Ve Vea + VigVia = 0 .3
E © I // sol. w/\cos 29, <0 E e e s e O B R S N A Er e o il
— [ E (excl, at CL >0.95) ]
04 3 / -
= £ , o -
0.3 — I 2 -
- X I’ ¢2 E ¢1 H /B
0.2 v ]
=N P2  «
0.1 ¥ /’ 5 OW
. ’I / P, - ¢3 < fy
0.0 ] 2 | | ] ] ] ] ]
-0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 ——
p
0.7 ' | ! -
- Am; . .
0'6 ~ ﬁ Lolab sz:T ]
= -
0.5 § Si N —
. e sol.\w/ cos 2¢, < —
Wlth 50 ab—1 o — % (exclat CL > 0.95) _:
03 |— ~ 2 =
Here, the axes are labelled rho-bar and - =
eta-bar; on slide 44, by the CKM-matrix | g2 -  —
elements. Show the mapping from the - ~ -
latter to the former. 0.1 [ -
P, —
0.0 ! | | ] ] ! ! |
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
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QCD allows many color singlets: baryons, mesons, exotics.

) d

baryon meson

8
s ud ud %
U g4s U d g

dibaryon pentaquark glueball

Which of these might be found in Belle 17

C
“u

How is this different from “meson”?

6
¥ S2882 C,
&

diquark + di-antiquark dimeson molecule q q g hybrid
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Charmonium-like exotica ...
2003: the X(3872) is found in B — K (J/yn 7™)
by Belle; confirmed by CDF, DO, BaBar, LHCb, CMS

PRL 91,262001 (2003)
I L R

4 X(3872)

™ by
P
|

1,
1 30

"

\ ! |
f 300 — 25
.\ ’
? 5 / "
?.' _t.‘ - ’ m
'M.E: \ ! .’. ’l‘ "
: ' 15

TN & W l
%. \ 8 & W

- . VA, 200
| f'-s". i .‘.i |
Y "l\ S R : -

i 100 —

- \

it

b

=

a '°_ —IIFP—anI il A [ L1
Steve Olsen snags a big one! 0 0.40 0.60 *3.80 1.00 1.20

M (z7J J3b) — M(J /1) (GeV)

This is Belle’s most famous paper: 1640 citations.

10



Charmonium(-bearing) states including exotica

Mass [MeV ]

4800

4600

4400

4200

4000

3800

3600

3400

3200

3000

like |ccud)
I — X(4700)
I — Y(4660) o
N | !
i W(4S) — 77(4430) T X(3300) — p*4450)
5 = V{43603 P "= piu3s0)
. \V(ZD 'l ’ — L7 ,,’
- Y4220§ N T REY T — 7(4250)
[ X(4160)1 g\ -7 2 4200 T X(4140) 7, /
- VIEDA L o L . _
3 L (402(» ’ - £ (2P) — 7'(4050) D*Y*
- — X(3940) ‘ s b, Xt3015) " .
i 7 L (3900) —X(3872) v (ID}——DD
- WD) S e —
- — ~ . Dﬁ
M,(25) L /4
[~ s x_,(1P)
I x_(1P) 2
i X, (1P -7
_ from RMP 90, 015003 (2018)
b (15)
_ -- +(- --
ot 1 o 2" & other

11



Y(55) — hy(nP)r 7~ and Y(55) — Y(nS)rtn

i 7t +
proceed via Z,, and Z,,

A Y (55) - ﬁ/ ‘bbud)
\ \ Zrl;;
spin-flip

suppressed
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Belle |l prospects for New Physics
in (semi-)leptonic B decays

v
qeﬂ%\\@
o
o NS 0
?‘066%% 0‘0‘5@&@ @960& %ﬂ%'\\@ Q%\)«g@) Q%%@\\@ ?&O@N N
B — mly, V| * K K 10-20 *** * * K ok *
B — X, lvy V| *ok 2-10 * * *ok * * K *
B — v Br. * x X >50(2) **x% * * X * * * %
B — uv Br. x*k*x  >B0(5) Hxx * K X * * K *
B — DMy, V| * * X 1-10 * * X *ok *ok *
B — X vy V| * Kk 1-5 * Kk *x *ok Kk
B — DWry,  R(DW) * K x 5-10 *k * * x * K x * * *
B — D(*)TVT P * % % 15-20 * * % * * % *k * % *

B — D™y, Br. * - ok * * * ok -
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=xample of a BT — 71v decay in Belle data

B+ N DO7T+
(— K wntn™)

B~ — 17(— evip)v

Clean ete— environment and kinematic constraints (known
initial 4-momentum, hadronic tag decay) make this possible

EE——

53




Search for NP (e.g., charged Higgs) in BT — 77,

For example, in MSSM 2HDM Type |I, |See last backup slide

Bmeas B — 2 ?
r = ( il = | 1 m2B tan® 3
BSM (B — 7'1/) Mgy

What if measured ris larger than SM expectation?

"';“' L LI L II I 1 LI L I | 1] ]
= 80
1 Belle Il  Projection
m /0F
I ) -1
0 Exp.L =46 ab
o) 60 Sys
—— Total
SO =\ 0 e Statistics
Now -.-.. Systematics
40 ---- Theory (expected)

-.-.. Theory (current)

Fom
-,
-,
-
tom,
-
- .
" - “e
- -
el T
e LT T

--------------------------------------------------------------

1 10
Integrated Luminosity [ab™] &4

800 %00 1000 0




s there new physics in B — D) gy ?

missing-energy mode: multiple neutrinos in final state

Tagged analysis:
* full or partial reconstruction
* measure g2 distribution,
angular distribution,
T polarization, ...

7-_"7 :u_l_ €+ 50 ab-1 projection of the
subtracted g 2 spectrum
inB »D*tv (HT)

_I_
|14 v %5 6 7 8 9 10 11 12
o? (GeV?/c?)

b < < C
hadronic -~
1 > 1 or e o
D) leptonic - v o
_ T decays |
Standard Model:
V' lepton universality g \ 7
v hadronic uncertainties i _
‘ T

~cancel (manageable)
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s there new physics in B — D) gy ?

R(D*)

B (B — D(*)T_DT)

R(DW) = ——— -
B (B — D(*)K_Vg)
B I 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I _
0.5~ —— BaBar, PRL109,101802(2012) , .
"~ F ——— Belle, PRD92,072014(2015) Ay~ = 1.0 contours -
n LHCb, PRL115,111803(2015) o
0.45 F- Belle, PRD94.072007(2016) === Average of 5M predictions -
"~ ——— Belle, PRL118,211801(2017) R(D) =0.299 = 0.003 -
. ——— LHCb, PRL120,171802(2018) R(D*) = 0.258  0.005 .
04 [ Average _
0.35 __ i ~"‘~~\~4\_(\)' —_
03 ] I I ~ 20 \\_‘
e l @/_
N Summer 2018_] -
02 | | | | P(x) =74%I —
0.2 0.3 0.4 | 05 0.6
| R(D)

4o discrepancy between and measurements
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s there new physics in B — D) gy ?

0.35

0.3

0.25

0.2-

B (B — D(*)T_DT)
B (B — D(*)f_ﬂg)

R(DW) =

Belle |l Projection

—— Belle Combination
—— Babar

LHCDb
—— World Combination

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

Belle II 5 ab~!
BaBar

gM ~+ Very clean theoretical
1 o contours pfedlCthn

IIIIIllllllllllllllllllflllll

| | l

|

Y T NN T N TN T Y TN N TN TN NN T T T W N Y T T WO N U T M N WY TN WO W Y M AN WY 1
0.25 0.3 0.35 O.4 0.45 0.5 0.55R(D0).6
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wng || =g 2|22l
0))
nnu (1°918) 103008 3IEp X | X | X| X| X| X| X| X
T
qu (2°218) ssousjrsodurod LR E] X x| x| x| x
C
q0) - x| x| x| x| x| x| x| %
N (1'z°878) ssprenbojdoy | | x| x| x| x| x| x| x| «x
— x| x| x| x| x| x| x| x
X .
H (F'9°L18) WSta-350] x| x| x| x| x| x| x| x
S (€9L18) T-¢¢ | | | £ | | $| x| x| x| *
- (z'9°218) mmoaepy peSnes | x| x| x| x| x| x| x
S (ToL18) spepowr 7z | | | | | | x| x| x| *
= :
C (€°218) AAN Tl X| ®x| X| x| x| x| *
D X
-+
O 3
o) XSS oLIouUd X | X | x| x| x| x| x| X
2 x | *x
O | (zL18) spopy sBSIH-IHMIN | | X | x| X | x| x| x| x| X
7))
y x| x| x x
c KTATYISUSG [ejuawLIodxy] Tl X x| x| x| O] x| O
n_ x| x| * X
- —
= e
— —~~ =~ — AN ~~
o {EEREEEE
N S S > % P
=0 T g T T
— D | x| m c| T T
. = =g (22 2s
O > T Q Q
— m M
o ;

unlikely

X
[]

*xx Belle |l

not studied

*xx Belle Il + LHCb
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New-physics sensitivity in b — s ¢~

Standard model decay

Neutral weak
force boson, Z /A
Charged weak

force boson, W, ____ j\/‘/\w ¢

OO

B meson - e—- K meson

Possible new decay

Possible new
particle, Z' A

/-

B meson - e—- K meson

O Bottomquark @ Strange quark O Top quark O Anti-down quark

D

o

Belle I

Lepton-universality test: ¢ € {e, 1}

Belle Il has strong capabilities for electrons and muons.
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New-physics sensitivity in b — s ¢~

0.16

0.14

0.12

0.08

0.06

0.04

R(K*) (1<g°<6 GeV/c?) [%] Uncertainty
o

0.02

0

R(K™) =

B (B — K(*),u,u)

Belle Il

NP5 o

B (B — K(*)ee)

Projection (Feb 2018)

-

!

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

—o— 70% data Y(4S), full 9 months
LHCDb estimate
2017 2018 2019 2020 2021

Year

2022 2023 2024
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The effective Hamiltonian leading contribution for the
b — s transition Is

e
Her = -

V2

v Gr1s the Fermi constant

Vie Vis Z C; O;

v V;; are quark mixing matrix (CKM) elements

v C; are the Wilson coefficients and ©; the corresponding
effective operators

@i=1,2 {ree

®@i=3-6,8 gluon penguin

®@i="17 photon penguin

@i=9,10 electroweak penguin

@i=S, P scalar or pseudoscalar penguin

v B — X,v issensitive to C7
v B— X "0 and K"t are sensitive to C7, Co, C1o



New-physics sensitivity in b — s ¢~

10l /3"_'\ T
flavio oz \ Ty _ _
4 / ' .: Lepton-universality test

_ {€le, pf

Belle Il has strong
capabilities for electrons
4 and muons.

Belle (incl.): 1ab~!
Belle II (incL): 58b~ 7| ¢ [NClUSIVE MOJES
Belle II (incl.): 50ab~? )
Belle (excl.): 1lab™?

: Belle II (excl.): 5ab™! . exclusive modes

Belle IT (excl.): 50ab~! |
LHChH: 3fb~!
LHCh: 8fb~!
LHCh: 22.5fh~!

arxXiv: 1808.10567

Prepared by D. Straub et al.
for the Belle Il Physics Book

—2.0 ! | I
—2.0 —1.5 —1.0 —0.5 0.0 0.5 1.0

Re(CHH)NP




How to establish New Physicsin b — s¢™¢~ 7

Solid curves: Belle || 68% CL allowed

“Observe and measure the rate
for b — svv and thereby isolate A
the Z penguin (Co).” )/
—Burasetal. . " { /
—(0.2 \\\\ /../ /
B — Kvv (BR + pol) L /
B — K*vv (BR only) mi-/,.f\}|}.u{‘(,/
' —-0.8 =06 -04 _“-i'-flil:.-'“('-;?'.\ln-j 0.4 0.6 0.8

TABLE I: Projections for the statistical uncertainties on the B — K *)ui branching fractions.

Mode &} [10_6] Efficiency Npackg. Nsig—exp. NBackg. NSig—exp. Statistical Total
Belle 711 b1 711 150 ab ! 50 ab ! error Error
[10—9] Belle Belle Belle I  Belle I 50 ab™!

Bt — Ktvp 3.08 5.68 21 3.5 2060 245 23%, 24%,
BY — Kvv 1.85 0.84 4 0.24 560 22 110% 110%
Bt — K*tuw 0.91 1.47 7 2.2 085 158 21% 229%,
BY — K*"p 9.19 1.44 5 2.0 704 143 20%, 229%,
B — K*vir combined 15%; 17%
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(1°918) 103008 3{I1EP

(2°218) ssouayrsodurod

(1°2°818) syrenbojdef

(7°9°L18) ¥ySu-1e]

(€'9°L18) T-¢-¢

(2°9°L18) Inoaey posnes

(1°9°L18) s[epow ,z

(€°218) AAIN

ASNS oLeues

(¢°L18) SIPPOIN SSSTH-IMN

AYTAT)ISUSG [RIUSWILIOAXH

Belle || New-Physics potential in T decays

Observables

T tree decays:

x | X
x | X
Ol O
x | x
x | %
x | %
x | x
X | X
X | X
X | X
X | X
X | X
Tl X
x | %
x | x
x | x
SNIEN
Wp
rr\/BT\
Q

5|3
<L
ARG
Q| Q

T — p decays:

* X %

* K %

* X Xk

*x X X

* K X

* K Kk

* kX

* Xk X

* Kk X

* kX

* kX

* Xk X

* Xk X

* Xk X

* Xk X

* Kk X

**

**

*k

* kX

* ok k

* kX

* Xk X

* kX

*k

*k

T =

T — pmd

T — uKg

T = pp’

T — ,LLKO*

T = pu 00T

+

— pTpTe

—

unlikely

X
[]

x*xx Belle |l

not studied

*x Belle Il + LHCb
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Belle Il will improve sensitivity for many L

-V 7 decays

7)) U U U il
> ol P 1S \Y 1] Ihh Ah |
S - |
8 10 = T ....... e - . . =
= = B 3 - = I N E
e L CLEO 'a " a :
E 10-55_ - N i _E
" E ¥y ¥ 4 - . =t
e ., ;. v,"v vBaBar " ¥ eol LHCD |, Yoy "y v
m 10 é v A ! - - 4 A v vy 3 g
e — R A PO Y v A A A A A , A& " -
E o 5 A e al” I L s Y B A oA . T ea &5
— & " e W " -
as 10‘3%_ Belle s 13
Q. E . -
g— — 114~ 17 ) BN ale-1 i .
. 10_9 1] 2 peuenn@ovaon— [, _ e ® . ® |l Signal
= = @ L & —
_! = ......... ® » e .. @ T N ¢ .. .. . ....E T%/’L’y
O [ ¢ .. a ... ® ® i
o ® " H
9\*10-1O|l||l||l|IIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIII 4
8 T RRE FEERRARSRL L RE°°3¢E 0;.” ';.':Ltb LREXY BE WARARAEE Y v <<= /
“’:I"-'cu':'..“’ S0 0 s gl p'w? TV 00! ::.:un t:t:’ggxy; xgoawa;-*q,*—‘ LR By X /o
' oo = ,

~
~
~
~
~
-~
~
S~
-
-
i
i
-
=
..-.
-----
.---

What is SM expectation?

Standard I\/Iodel = neghglble'




Belle || New-

Physics potential in the dark sector

N
Z = =
i wn N
o ~ Ne) —~~ /—\
= - — I~
.a '(_(D /N N . l\
) — — —~ N -
5 = S | @ < © | @ i
P © I~ ‘) . © > —
= 2 >" ~—~~ 7 = ™ I~ ~ % n
CG un O . —{ D) ~
+© 2 @p] e ~—~ S © wn « - =
5 Rl 2| = | » 3 | ~ | = 3 s
. 0p] . ) = — + < = B
= T @2 | s W <= S %) )
or— " .U ~— ®) ~ a0 o
Observables = i = Q o A o @
X = 3 > s op | = S o v
S|l 2l sl 5| | 2] | & | B |E = || E
Dark boson A’, fermion x ] = 0| = | N\ 0 | o» | S 2 S o n
ete™ — A’ — invisible x%% | X | x | O] X X X X X X | xxx 6
ete” - A - W x*x%x | x| x | O | % X * X X X | ok ok ok 9
ete”™ — Ay x*x%x | x| x | O | % X | % X X X | ok ok o 9
B — invisible * * x X X O * X * X * * x X * * x 11
B — KA’ *x* | X x | O X X X X X X | kKo 6
B — wA’ *xx | X X O X X X X X X | kxx 6
BT — utx x+x%x | X | x | O| x | x | x X X X | kkx 6
BT — uTvA’ xxx | X | x | O] x | x | x X X X | Kk Kk 6
T(3S) — A’ *x kx| X x | O X X X X X X | koxk 6
** % Belle ll X unlikely
** Belle [l + LHCb 0 not studied

* LHCb
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Dark-photon search requires single-photon trigger

since the event contains exactly one photon ... and nothing else

, 4
e+e— — yA/’ A — XX 18_5 = T ’—l—l-l""'l"l'l T L ll'"l'lll IJ HEREA | T
= dark photon G
x = dark matter 1 0‘7 e
~ BaBar,” .. 7 )
-9 |LNAG4 _Belle Il (Phase 2) > 7 AR .
< 10 -..llllllll[uﬂllnlllllllllllltl/i-llll sannesunnnnnn - ‘ 5 v
— e 3 7 p ’ :
<C — — /_// —
E 1 0_1 1 i E137 Nene e - ',' 1l
S~ gl M e i R N T ol B e ———— —__
= ISR o \_cw(ge BeIIe | 50 ap-1-
~— & | ?‘e\.\c (‘ e\ | o?"l -
o 10 13 vl cqeﬁ"“b .- LDMX1@4GeV -
S R~ - Lan il LDMX2@8GeV =)
Nog 10_15 _-E E —'__.“" ap= 0.5 |
Il L e T 3mx mMa g
> 1 7 = B2TIP, to be published in PTEP (2018) —pe ol

1073 1072 107" 1
m, [GeV/c?]
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Axion-like pseudoscalars coupling to bosons

Hook (2015), arXiv:1411.3325

N
3-photon signature in ALP-strahlung
a
e
. ~ (1-photon signature if a — xx)
ALP-strahlung N
Only coupling to y With coupling to Z
10-1 b L | L | R
HEP(2017)17:94. ., HEP(2017)17:94. .,

1072

102 gete 31
= \_99-" E T
> Wy A >
i 10_4 "-‘ \ Bg;é)ea‘_?j " 3 &

L0 S A . S A — ‘ =

astrophysics '
106 )
I Gayz=0 I - ]
1 -7 L : 10_7 ..
10 1072 1072 107 10° 10 10~ 1072 1072 107" 10° 1C
m; [GeV] m; [GeV]



Belle |l time-dependent CP sensitivity projections

B — J/vY Kg B — ¢ Kg
E *_IlllllllI|IIII|IIII|IIII|IIIIIIIIIIII E _IIIILIIII|IIII|IIIIIIII-IIIIIIIIIIIII_
[ [ ﬂ_'lﬁ __ ...... ————— l— l— :. ................................ ]
g 0.025 _u__._._l.._ ....... _| ________ {._._ﬁ_"l.‘-‘i. N _ Projection {(Feb 2018) . § - I | I BE"l_ i F"l.ﬂlm _iFEbE'U !ﬂ]' .
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SBelle | direct CP sensitivity projections
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Belle || semileptonic-decay sensitivity projections
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Belle || new-physics prospects vs time

based on HFLAV 2017 + B2TIP report projections
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summary

o Belle Il will explore New Physics and make
precision measurements of SM physics
with 50x more data than Belle.

e Belle Il Physics Book (arXiv:1808.10567)
orovides a wealth of detail on the machine,
detector, analysis tools and physics.

e Belle Il will be complementary to LHCb.
Any NP measurement in one will have to
be confirmed in some way by the other.
“Symbiotic”

e The world is waiting for your results!

Animations from the Belle Il virtual reality app: see www.phys.vt.edu/~piilonen/VR/
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2017 [September/1

E
I

Number of bunches
Bunch Current
Circumference

Ex/ &y
Coupling
Bx™/ By™

Crossing angle
Cp
05
vt
Oz
Vs
Vi Vy
Uo

Tuy/Ts
Tx/ &y

Luminosity

Machine Parameters

LER HER unit
4.000 7.007 GeV
3.6 2.6 A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm ():zero current
0.27 0.28 includes beam-beam
32/0.27 25/0.30 mm
&3 mrad
3.20x107 4.55x10°*
7.92(7.53)x10# 6.37(6.30)x104 (:zero current
9.4 15.0 MV
6(4.7) 5(4.9) mm (-zero current
-0.0245 -0.0280
44.53/46.57 45.53/43.57
1.76 2.43 MeV
45.7/22.8 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
8x103> cm 251
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Belle || collaboration

e 948 collaborators, of whom 15% are women and 32% are graduate students
e 115 institutions
e 25 countries/regions
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tan p

Complementarity of e+ e~ and LHC for MSSM

Thanks to Luis Pesantez and Phil Urquijo

The current combined B — Tv limit places
a stronger constraint than direct searches
from LHC experiments for next few years.

100 T T T T [ T T T 1

u
| excluded area has CL>0.95 |

I ELEP (direct)
80 —:
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ATLAS

1s= 13 TeV, 3.2 fb"
H* — tv; h(MSSM scenario
] Observed exclusion

- Run1result oo Expected exclusion
— = Observed it 1o
- ---- Expected | |+2c
rill INEPE PP AP IPEPEP AP INEPET P P
200 220 240 260 280 300 320 340 360
m,, [GeV]

Currently, B — X~ rules out
M., below ~480 GeV/c? at 95%

CL (for any tanB), M. Misiak et al.
(assuming no other NP) — arxiv:
1503.01789
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Etag
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Beam-constrained mass:
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-ull-reconstruction tag for missing-energy B decays

>5000 distinct decay modes

B™ modes BY modes
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-ull-reconstruction tag for missing-energy B decays

Fully-reconstructed Btag -----------..__

All remaining particles (detected or not) belong to Bsig
Esig = Epeam ﬁsig — _ﬁtag

m missing-energy decays, absolute branching fractions, inclusive rates, ... .



hadronic B°/B" tag

B-full reconstructionin 2018
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Consumer’s Guide to the Charged Higgs

* Higgs doublet of type I (¢, couples to upper (u-

type) and lower (d-type) generations. No fermions
couple to ¢,)

* Higgs doublet of type Il (¢, couples to u type
quarks, ¢4 couples to d-type quarks, u and d
couplings are different; tan(B) = v,/v,) [favored NP
scenario e.g. MSSM, generic SUSY]

* Higgs doublet of type Il (not type | or type Il;
anything goes.

“FCNC hell”>many FCNC signatures)

Thanks to theorist Xerxes Tata



