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Talk Outline

- Topical session focused on “Mysteries of the matter-
antimatter asymmetry in the Universe”.

* Introductory overview for the 2nd KMI school.

Introduction

CP violation in the SM

Matter Particles

» Flavor changing quark .~ %..

Interaction

Approaching New Phy5|cs.-

with heavy flavors

+ LHC and B experiments

Summary

F suoyda

§~—% Strong CP
(M Ramsey-Musolf)

Neutrino
(F. di. Lodovico)

(K. Hayasaka)

Cosmic ray research
(S. Haino)



History of the Universe
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Mystery of Anti-matter
Disappearance

Physicists believe that equal number of particles and anti-particles
are produced from Big Bang. However, anti-particles disappeared

somehow, and the present Universe is dominated by matters.
Why ?
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CPViolation

To make the matter dominated Universe, we need
|. Baryon number violation
ll. CP violation

lll. Loss of thermal equilibrium

[ Sakharov’s 3 conditions ]

particles | anti-particles

4




Discovery of CPV (1964)

» V. Fitch, J. Cronin et al.
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The Standard Model of
Particle Physics

Matter Particles Force Mediating Particles

. iﬁ! in'reraction&
phO on ‘

Weak integaction

boson Z bosony

Elementary particles make up the Universe
Matter particles (quarks and leptons)
Force mediating particles (bosons)
and Higgs !



2008 Nobel Prize in Physics

Photo: University of Chicago © The Nobel Foundation Photo: U. © The Nobel Foundation Photo: U.
Montan Montan

Makoto Kobayashi Toshihide Maskawa

Prize share: 1/4 Prize share: 1/4

Yoichiro Nambu

Prize share: 1/2

The Nobel Prize in Physics 2008 was divided, one
half awarded to Yoichiro Nambu "for the discovery
of the mechanism of spontaneous broken symmetry
in subatomic physics", the other half jointly to
Makoto Kobayashi and Toshihide Maskawa "for the
discovery of the origin of the broken symmetry
which predicts the existence of at least three families
of quarks in nature."



Kobayashi-Maskawa Theory

— A quark change its flavor by emitting virtual WV.
— 3X3 unitarity triangle has 3 rotational angles and one

complex phase. CP Violation

d"\ (V.V.V,\(d

us'’ ub

s' =\ V. V.V, |ls

cs' cb

b | \vvy, b

ts’ tb

Flavor Mass
eigenstate eigenstate




Unitarity Iriangle
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B-Factory Experiments

In 2001, the Belle experiment at KEK and the BaBar experiment
at SLAC successfully measured CP violation in B meson decays
as predicted by the Kobayashi-Maskawa theory.

SLAC/LBNL/LLNL
Asymmetric B Factory:
PEP-11 and BABAR

EEEEEEEE




Confirmation of Kobayashi-Maskawa] 2
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Confirmation of Kobayashi-Maskawa
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Press release from the Academy

“As late as 2001, the two particle detectors BaBar at
Stanford, USA and Belle at Tsukuba, Japan, both
detected broken symmetries independently of each
other.The results were exactly as Kobayashi and
Maskawa had predicted almost three decades earlier.”
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Latest Results (Summer 2018)
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Hadron Collider
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Data 2011+2012 : ) , 1
SM Higgs boson m =126.8 GeV (fit) ! ) et F '

Bkg (4th order polynomial) v A" |

— ."000¢?ﬁ4
H—yy fﬁ '

Events / 2 GeV

\s=7TeV _[Ldt =481’

\s=8TeV |Ldt=20.7fb"
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CPViolation and Mass

d,

Yukawa Y H
il g e

ATLAS Preliminary
Vs=13TeV, 36.1 -79.8 fb"
m,; =125.09 GeV, ly, | <2.5
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Why do we need go further !

SM explains almost every phenomena so

far, but cannot explain

The Higgs mass (fine tuning problem)
Grand unification

Dark matter

Baryon asymmetry in the Universe
Origin of the 3 generations

———————— ol w————————

New Physics!| @ O(1— 10) TeV ?
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Two Ways to Find New Physics

- Energy Frontier : produces and detects a new particle
directly in collisions of extremely high energy beams.

- Luminosity Frontier : measures reactions of known
particles very precisely, and finds deviations from the Standard
Model predictions.

17
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Importance of Heavy Flavors

* New Physics is unknown.

* We need a variety of approaches to find and know it.

* Heavy flavor particles (t, b, ¢, T) are good probes

- Sensitive to New Physics

t
C b

New Physics

“BFERZHETD” u T



19

Yukawa couplings to t,b, T

- Higgs has been discovered, and its couplings to fermions are being measured.

* Couplings to t, b, T are just on the stage, and we need more precise
measurements to test the SM and also to find NP,

> IIII| T T IIIIII| T T TTTTT T T IIIIII| T
> . |
1 E 1L ATLAS Preliminary . e
- » 7
- Ys=13TeV, 36.1-79.8 b ..»"'t . —
H S [ m,=125.09GeV, |y, | <25 N
______ E'-'—|> 1 0—1 _ ---------- SMHiggs boson ~
" . =

_ e '
_2 \ R | _
- x’/ = W/Z

_ AN
107, .~ E ’ Wiz
. q N
10 } | | IIIIII| | | IIIIII| | | IIIIII| ] ; / \Tb
_q 2
See talk by 10 1 10 10 b

Particle mass [GeV]

Y. Nakahama




Direct NP Searches

« LHC Run2 (6.5TeV+6.5TeV) completed.

* No NP so far from partial data analyses.

See talk by
Y. Nakahama

- Extensive analyses for accumulated data (~150fb-!) are underway.

Summer 2018 (mostly

ATLAS SUSY Searches* - 95% CL Lower Limits

36.1fb-1)

ATLAS Preliminary

July 2018 Vs=7,8,13TeV
miss - _ L
Model ey Jets EN™ [Laqm™ Mass limit Vs=7,8TeV  V5=13TeV Reference
T
a7, 4% 0 26jets  Yes 361 [|JEXIEXIDEER] 0o 155 mE)<100Gev 1712.02832
0 mono-et  1-3jets  Yes  36.1 G [1x,8x Degen] 043 0.71 m(g)-m{¥})=5 GeV 1711.03301
3
£ g5 goqat) 0 26jets  Yes 361 |Z 2.0 miF})<200GeV 1712.02332
3 z Forbidden 0.95-1.6 m(¥1)=900 GeV 1712.02382
& ool 3eu 4jets 361 |z 1.85 m(T})<800 GeV 1706.03731
Q ee, 2jets Yes  36.1 g 1.2 m(g)-m(¥1)=50 GeV 1805.11381
B gz.zoaqWzt) 0 71jets  Yes 361 |& 18 m(E) <400GeV 1708.02794
3 Bep 4 jets - 36.1 g 0.98 m(g)-m(¥})=200GeV 1706.03731
c ~ o
= ot O-1ep 3b Yes 361 B 2.0 m(t?)<200GeV 1711.01901
3ep 4jets 36.1 Z 1.25 m(z)-m(F})=300 GeV 1706.03731
Biby, by—b¥ ik Multiple 361 | b Forbidden 0.9 m(¥})=300 GeV, BR(b¥])=1 1708.09266, 1711.03301
Multiple 36.1 b Forbid 0.58-0.82 m(¥})=300 GeV, BR(h{})=BR(#1)=0.5 1708.09266
Multiple 36.1 by F 0.7 m(¥})=200 GeV, m(¥})=300 GeV, BR(¢F})=1 1706.03731
oo DibLRR My =2x M, Multiple 36.1 & 0.7 m(¥})=60GeV 1709.04183, 1711.11520, 1708.03247
xS Multiple 36.1 A 0.9 1709.04183, 1711.11520, 1708.03247
58
§_§ i ﬁw,,);“’ or ,/gf“ 0-2e,u 0-2jets/1-2b Yes 36.1 & 1.0 1506.08616, 1709.04183, 1711.11520
.S Ah ALSP Multiple 36.1 A 0.4-0.9 m(E?)=150 GeV, m(F7)-m(¥})=5 GeV, 7, 1709.04183,1711.11520
5o Muitiple 361 |& Forbidden 06-0.8 =300 GeV, m(¥; )-m(¥})- 1709.04183,1711.11520
>
3 g 717, Well-Tempered LSP Muitiple 361 | & 0.48-0.84 m(F)=150 GeV, m(¥; )}-m(¥})=5 GeV, 1709.04183, 1711.11520
“ iy, i ek /22, ek 0 2 Yes 361 |@ 0.85 m! 1805.01649
i 0.46 m,.&)-mie; 1805.01649
0 mono-jet  Yes 36.1 & 0.43 m(F, ,&)-m(E})=5GeV 1711.03301
12ep 4b Yes 361 & 0.32-0.88 m(i1)=0 GeV, m(i,}-m(¥})= 180 GeV 1706.03986
23epu - Yes 361 0.6 m(¥)=0 1403.5294, 1806.02293
e, 21 Yes 361 017 m{E})-m(¥})=10 GeV 1712.08119
(ULyyltbb - Yes 203 | &/Es 0.26 m(¥})=0 1501.07110
T S ), o) 27 - Yes  36.1 ¥ 076 mE)=0, mi S(m(E)+m(E]) 1708.07875
23 022 m{EE)-m(E)=100 Ge, S(m(E)am(E)) 1708.07875
[
B rlig, 108 2ep 0 Yes  36.1 05 mEd)= 1803.02762
2epu =1 Yes  36.1 0.18 m(#)-m(¥})=5 GeV 1712.08119
HA, A-hG|2G 0 >3b Yes  36.1 i 0.13-0.23 0.29-0.88 BR(Y) - hG)=1 1806.04030
4ep 0 Yes 361 i 03 BR(¥! — 2G)=1 1804.03602
Direct ¥7¥; prod., long-lived &7 Disapp. trk 1 jet Yes  36.1 )ZI 0.46 Pure Wino 1712.02118
¥ 015 Pure Higgsino ATL-PHYS-PUB-2017-019
Stable § R-hadron SMP - - 32 |z 16 1606.05129
Metastable 7 R-hadron, g—qqf’ Multiple 328 | & [*(& =100ns,0.2ns] 16 24 m(¥})=100 GeV 1710.04901, 1604.04520
GMSB, ¥]—G, long-lived ¥} 2y - Yes 203 | 0.44 1<r(¥})<3 ns, SPS8 model 1409.5542
23, X —eev/euv iy displ. cefep/pp - - 203 |z 13 6 <cr(¥})< 1000 mm, m(¥})=1 TeV' 1504.05162
LFV pp—v. + X, v —epfet/ut epet.ur - - 32 | 19 25,2011, iz 1607.08079
TR - wwizeectvy dep 0 Yes 361 (RSO 0.82 1.33 m(E, 1804.03602
22 24480 0 — qqq 0 4S5large-Rjets - 361 [iF [ ¥1)-200 GeV, 1100 GeV] 13 19 Large 47, 1804.03568
r.\>_ Multiple 36.1 & [A]),=2e-4,2e:5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
@ = ths 1 gt} K] > tbs Multiple 361 | & Mp=11e2] 18] 2.1 200 GeV, bino-like ATLAS-CONF-2018-003
0,00 = tbs Multiple 361 |& [,=204,1e:2] 0.55 1.05 -200 GeV, bino-ike ATLAS-CONF-2018-003
iy, fi—bs 0 2jets+2b - 36.7  |WENGaes] 0.42 0.61 1710.07171
i1, bl 2ep 2b - 36.1 7 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
s . P | s s s A
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simolified models. c.f. refs. for the assumotions made.

Top quark final states are important part
of the LHC NP search program.
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Luminosity [cm2s™]

LHC Long-term Plan

Runl|

/8 TeV

6.0E+34
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See talk by
Y. Okumura
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SuperKEKB/Belle |l

New intensity frontier facility at KEK

See talk by
K. Trabelsi

» Target luminosity ; Lpeak = 8 x 103°cm-2s-!
= ~1010 BB, T*T- and charms per year !
Linc > 50 ab-!
* Rich physics program
Search for New Physics through processes sensitive to virtual heavy particles.
New QCD phenomena (XYZ, new states including heavy flavors) + more

- Peak Luminosity Trends (e+e- collider) Su Per’KEKB

o - 40|times higher 1
uminosity KEKB
I R L pea (KEKB)
2 "E" I =2 Ix1034cm-2s-
é 10% T fo  —— "
£ 3 i :
3 [ : DA®NE
[ 5 LEP | BEPCI
10% g- . . . . . . . ‘/ 'pjnIE'm-,_ J rﬂ/ . . —
| sPEAR 3 a - I |
3 4 | LEP 1 |
10% : ' ;
1970 1990 2020 na

Year

The first particle collider after the LHC ’
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First Collision !
0:38, April 26,2018

First hadronic event, April 26 2018
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First Coll
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38, April 26,
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First Collision !
0:38, April 26,2018




Advantage of e*e- Flavor Factory ”

Clean environment Bag> TV, T - iV /
Efficient detection of neutrals (Y, T10,n, ...) B> Dn, Reggiun X /.
Quantum correlated BOBO pairs
High effective flavor tagging efficiency : p -
~34%(Belle 1) €= ~3% (LHCb) A\ A e
Large sample of T leptons L, \1 »

Search for LFV T decays at O(10-%) ’k

» Full reconstruction tagging possible T~ Signal side 4 70

Tag side
A powerful tool to measure; >,\ Y(4S ’L»
« ~ -
° \
Btag BSiQ \\\ l
¢ \
\

b—u semileptonic decays (CKM) K
decays with large missing energy T

)
T V
+  Systematics different from LHCb B— TV
Two experiments are required to establish NP B—=TV,DTV

B— KvV



Advantage of e*e- Flavor Factory ”

- CJ
. Q LI‘{ C Q
Belle I
Lz
pp collision e*e- collision
large production rate ) | low background
Fu " | o
Powerful ! /
\ g
\‘\/
Sy TV
. TOYOTA FCV DTV

NOW ON MARKET ! AV V
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Role of the Belle Il Experiment

e Complementary to direct search in LHC high P+ programs.

® Reach in mass scale is not limited by the collision energy.

® Depend on NP flavor violating couplings.

~
o~

14

terms of mass M, [Tev)
~

NP reach in

0 “\\\““\“‘ LHC
I %
Energy Fronti

SuperKEKB

Belle Il

Tevatron

\“‘
o '

1 10 10

- - 2
NP flavour violating ®v/#
couplings

2
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Key Measurements at Belle |l

arXiv:1002.5012
. . Observable Belle 2006 SuperKEKB
CPV in b—s penguin decays (05ab)  (5ab)  (0ab~)

Hadronic b — s transitions

AS x0 0.22 0.073 0.029
FC N C A8,y ko 0.11 0.038 0.020

ASKgKgKg 0.33 0.105 0.037
. AAso ko 0.15 0.072 0.042
Tauonic decays P
#5711 (4K 5) Dalitz 3.3° 1.5°
Radiative/electroweak b — s transitions
LFV T deca)’s Skaror 0.32 0.10 0.03
B(B — X.~) 13% % 6%
Acp(B — Xsv) 0.058 0.01 0.005
Cy from K}:B(B — K*iti7) - 11% 4%
C1p from IFB(B — K*fti) - 13% 4%
C7/Cq from ng(B — Kt~ ) - 5%
Ry 0.07 0.02
B(Bt — K*w) it <« 3 Bgy 30%
B(BO — I\'"Ouﬁ:) T <40 Bsau 35%
Radiative/electroweak b — d transitions
Sor - 0.3 0.15
B(B — Xgav) - 24% (syst.)
Leptonic/semileptonic B decays
B(B*t — %) 3.50 10% 3%
B(Bt — ptv) It < 24Bsy 4.3 ab™! for 50 discovery
B(Bt — Drv) - 8% 3%
B(B® — Drv) - 30% 10%
LFV in 7 decays (U.L. at 90% C.L.)
B(r — py) [1079] 45 10 5
B(r — pn) [1079] 65 5 2
B(r — ppp) [1079] 21 3 1

Ultimate measurements down to theory error !



Physics w/ b-quark

We know this old road...

a ——r—r— v i - e y . T Ty IR gt T ""*WY"JN.VN—',G‘&‘

Mt. New Psgysics ?
4

by Hiroshige Utagawa (1797-1858)

28
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B-B Mixing and Top Quark

OBSERVATION OF B°-B° MIXING )
B{ D}~ uiv,

e3
: ts on parameters consistent with the observed mixing rate.
ARGUS Collaboration . P e
=0 Parameters Comments
DT_ - D
r>0.09(90%CL) this experiment
x>0.44 this experiment
3 B'"fg=f, <160 MeV B meson ( ~ pion) decay constant
=0 . m,<5GeV/c? b-quark mass
D —’Kl T, T<1.4x10" "% B meson lifetime
| Vgl <0.018 Kobayashi-Maskawa matrix element
and Nocn<0.86 QCD correction factor
m>50 GeV/c? t quark mass
B%_,D’{— ui" v, 1187, f‘
saengets . - a
i)
D3~ ~n? D” Mt > 50 GeV/c?
i)

D--Kynsmny .
Fig. 2. Completely reconstructed event consisting of the decay Y’
(4S) BB
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle I1 SM value Belle II+LHCb
A 0. 8277 F0-00GG 00075 00024

M. = -
p 0.1504 755060 " 0.0044 T0.0040 1808.10567
77 0.35 40'!'0.00069 +0.0037 +0.0036

—0.0076 —0.00040 —0.00037
. . —1
Current world average Belle |l projection @ 50ab

L & Ll v ' LA L L v v ' Ll L . ' v ry 3 Ll .»’ L L L L L L I L L L ' L L | L L v L ' Ll LB\ ' v L Ll
K 2 I A& Am, | CKAF |
am, " %\ Yoo s —* : —l
- l ‘ —~—— ~
. 5 ! : 3
0s . i
“ & ' R R
" -

o4
-

=
03
02

A A A A A A A A A - .. A A A A A A
DA <2 0 02 oA os os L8 LA 42 LF

A A
os .
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CKM fit w/ Belle Il + LHCb

Input Current WA SM value Belle I1 SM value Belle II+LHCb
0.0066 0.0025 0.0024
A 0.225435%;{,9{)3; ‘8%30 ‘8‘38930
p 0.1504 ™ 6069 " 0.0044 “0.0040 1808.10567
_ 0.354010-00069 +0.0037 +0.0036 ’
] 354075 0076 —0.00040 —0.00037

E—— — - S —— — — — — ISR S

M(ll.zs _ ( (11.25)SM % (l + hd’sezi()'d_s)
Relative amplitude (h) phase (o)

d
Belle Il 50ab! + LHCb 50fb1

p-value
T | T T T T i 1 -0

—

0.3 9




B-B Mixing and New Physics

Cii
A_zj(qz‘,LY"Qj,L)z’

31

J. Charles et al.,

2 2 2 2
P15 Cij|” (4m)*  |Cyyl® (4.5 TeV PRD89,033016(2014)
o 112 G-A2 2112 A ’ :
|45i1° G |41 Couplings | NP 100p [Scales (in TeV') probed by
oo order |Bj mixing| B, mixing
o = arg(Cijd;j), Cij| = |VesVes|[tree level| 17 19
(CKM-like) |one loop 1.4 1.5
A = ViV ICij| =1 |tree level| 2x10° | 5 x 10°
(no hierarchy) | one loop | 2 x 10° 40

Mass reach (CKM-like): O(l)TeV — O(10) TeV !
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Some theoretical issues

 Hadronic uncertainties to extract fundamental quantities
from experimentally measured rates.

* eX. |Vcwp| from ['(B—=Xcw) | V).
* Form factors f(B—D), f(B—TT)

* Inclusive vs Exclusive

 Need more theoretical
Investigations.
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0.0045 -

K]
=0.0040

\'}

0.0030

0.0025 -

0.0020 —-+

0.0035

1.1 I L1 1

excluded area has CL > 0.95
Jdo o [

IIIIII

lvm"ﬁ)_nd [dﬁhw} B

lllllllllllll

L

lllllllllllJ

1 l L1

0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

IV |
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CPViolation by New Physics

Belle Il can measure types of B meson decays which rarely happen
(~ one per million B decays), known as “Penguin” decays.

Q: Does CP violation in “Penguin” decays deviates from the SM ?

New particle may

g‘\/\’\/L%A/ appear here !
S

%Q< $

B s

K0

A. Gaz is leading the physics analysis in Belle Il




Time-dependent CPV

d S
Arrrrr< u,c, K
L, ¢ 8 <

d : d

JIwK 2w 29K, 1K, D*D-.D*D oK', K*K K,
n.K2,J WK?, Jyn®,D**D" KsKsKsn'K®,Kgn®,
0Ky, fo(980)K ¢

IS

JIWK* (K™ - Kn?)

~ Increasmg Tree lagram amphtude

Increasmg sens:t:wty to NP ‘
e

Larger acceptance for Ks decay vertex +30%

Improved vertex resolution
o(Z)~18um @ Belle Il & ~6lpum @ Belle

— less systematic error
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®, (=P) Projection

Belle Il projection for sin2¢p eff

> T | I T I T I I I I I
j- 0.4
~ ()
from b—s S s processes s $ Belle I f L=s0ab” e,
£ . A *
1 it = @, A
e o cuper@ 0 2 o2 p - o
. 3 A
04 New Physics 1 : I+
03 } . (SUSY GUT, Warped Extra Dimension, I + 2
Y . ‘ ; String-inspired MSSM, ...) O_ I e * i
c
U : f
t ;
S o i Moo
> o -0.2- LTS
: b e
4 006 i 0*‘*-&"’0
0.05 - @] J/’q) KS (S = 0.70)
s, | - ®ee® 4 K (s=055)
003 04+ s
| | | | | 1 1 1 | | | 1 | 1 | | | | |
002 -10 -5 0 5 10
At (ps)
0'0110 1 10 10

Integrated luminosity (ab™)
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Time-dep. CPV in b—s,d + vy

® |n SM, photon from b—s,d + Y is . >
* As TR
almost left-handed. y < el

e Right-handed photon causes
interference, and large CPV.

-
-
-

SM prediction
2M g

S(B— Vy) ~— = sin2¢1

|S(B — K*v)| < 0.02
|S(B = py)| ~0

SUSY models

AS

ent

0.1}

0.2 oo—

Belle | >
detector fa
(Improyed for n
: : Ks vertex) SM(K*0y) l
SUB) v | 0.1 1 10 50
e L Luminosity [ab™"]




Lepton non-Universality (tree)

There are 3 modes in the B meson weak decay into the
lepton final states;B=+D ev, Duv, D TV.

Q: Are they just the same (as in the SM) ?
DO

(5
H - [ QG‘

(New Physics)

Ve VM V.

Hints of deviations in recent BaBar, Belle, LHCDb data ...
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R(D), R(D¥)
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Summer 2018 update

R(D*)

BaBar had. tag
0.332+0.024 +£0.018

Belle had. tag
0.293 +0.038 £0.015

Belle sl.tag
0.302+0.030£0.011

Belle hadronic tau

0.270 £0.035 £0.027

LHCb muonic tau
0.336+0.027 +0.030

LHCDb hadronic tau
0.291+0.019 +0.029
Average

0.306 £0.013 £0.007
SM Pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1711 (2017) 061
0.260 +0.008

JHEP 1712 (2017) 060
0.257 £0.005
HFLAV

| | | 1

%
L

R(D%)

»ato, T. lijima et al.
ose, I. lijima et al.

0.2

I I ] 1 1 I 1 1 I 1 1 1 I 1 1 L} 1 I
0.5 | = BaBar, PRL109,101802(2012) ) —]
" ——— Belle, PRD92,072014(2015) Ax” = 1.0 contours .
- LHCb, PRL115,111803(2015) o o
0.45 - Belle, PRD94,072007(2016) e=== Average of SM predictions
""" ——— Belle, PRL118,211801(2017) R(D) = 0.299 + 0.003 -
— e LHCb, PRL120,171802(2018) R(D*) = 0.258 £0.005 —
0.4 [ Average —]
0.35 — 40 -
0.3 20 =
_ | ]
0.25 ’ 3 .
[ S M Summer 2018_| -
0.2 P(x%) =74% ]

I L 1 1 L l 1 L 1 1 L 1 1 1 L L L l

0.2 0.3 0.4 0.5 0.6

R(D)

Deviation from SM slightly decreased

from 4.1 —3.80, mainly due to change

in theoretical SM prediction.

BaBar had. tag
0.440 £ 0.058 £0.042

Belle had. tag

0.375+0.064 £0.026

Average
0.407 £0.039 +£0.024

PRD94,094008(2016)
0.299 +0.003 1

FNAL/MILC (2015)

0.299 +0.011 T

HPQCD (2015)
0.300 £ 0.008

HFLAV

0.2

R(D)

On
at B

y had. tag.
-factories




R(D¥*)
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Belle |l Projections

* Lepton universality violation may be established even with 5ab-! (2020).

* High statistics data will provide more detailed information, such as T
polarization, g2 distribution, to discriminate type of NP.

1 T T T T I T T T T I T T T T I T T

Belle Il Projection
Belle Combination
SM prediction: PRD85 094025 (2012), PRD87 034028 (2013)

Scalar
Vector PRD87 034028 (2013)

Tensor

=
(o8}
I

Z' i Iafb-1 / [& \\
L 2o zsz( / S/P’P \\\

- son’ NOPR .\ C NN
NP, )

O
38
!

0.5

Illlllll

IIIII|IIII

P
-
)
O
|
o
N o
| I I
\%
N A O
o O O
Iolllollo

0.28}
0.265— JiHey | !Bcllc n ﬁ - _— u - 8 9 ;g(G;\}%;)?
: SM EFuture WA [Z]SM prediction - - , | , .
0.24 03 ‘ 035 . 04 . 0.145 d "0 03 = 035 0.4 spectrum in B> D* T v (HT)
arXiv:1709.10308 R(D) R(D")
. . . |
AR(D) [%] AR(D*) [%] More observables (distributions) !
Stat Sys Total Stat Sys Total *  P(1), P(D¥)
Belle0.7abt 14 6 16 6 3 7 » dl/dq?, dl'/dppe), dl'/dp, ...

Belle Il 5 ab! 5 3 6 2 2 3
Bellell50abl 2 3 3 1 2 2

* More modes !

c B—-oT1TY,
Will soon hit the systematic limit ! . Bs— Ds TV (at 55 runs)



Lepton non-Universality (loop)

K- Hints of deviations in
recent LHCDb data ...

X\’LY)V/,Z 6 ° a , --LHCh -m-BaBar —a—Belle
(New Physics)< DI LHCb :
g 0 1.5F 31b! ] R
St I : K
't + SM

RK ~ Br(B — Kupu) 0-5 e .
( ) o Br(B — Kee) D; PRL 113, 151601 (2014)
0" o ,l. PP R B .71 -
= 0.74570-99 + 0.036(1 < ¢ < 6GeV?) SR Ve
20 T ]
Br(B K % [ JHEPO08 (2017) 085 — ]
r — * = . .r . ]
R(K*) — ( ILLILL) 1.-_): : R
BT‘(B % K*ee) - | | | 7 K*O
10 . S
= 0.667011 £0.03(0.045 < ¢® < 1.1GeV?) SR
0.5 ® LHCH
= 0.697007 £ 0.05(1.1 < ¢* < 6GeV*) LHCh o 0 ot e ]
ool v L L

0 5 10 15 20
a2 [CeV?2 /A4

Precision at Belle Il : ~3% at 50ab-! and also inclusive measurement
(less theory ambiguity) possible.
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Lepton Flavor Violation

41

See talk by
K. Hayasaka

SuperKEKB produces also a lot of tau-leptons, which can be

studies in detail by Belle II.

Q: Does the tau-lepton changes to the muon or electron,
similarly to the case of the neutrino (neutrino oscillation).

neutrino oscillation

| ? | 2 | are there decays like

T UY!?
T—eY!
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Lepton Non Universality

Observed deviation from SM

] B—D® vy
- " T
B—K*ll . % | ° R(K) &/M X W+ ‘/\41‘_)
X y,5<1_ : SRMD®) | b, .~ | ¢
b @ | o Ps’'(B—K*up)
Vup incl/excl. o (2-2)
o Bs—duu v g

® (2-2)y 4 X
0/ K

\ \ \ | \ \ 1 | 1 1 VvV
0 2 4 H

deviation from SM [G]

Is Lepton Non-universality the clue to NP ?
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Testing B anomalies at ATLAS/
CMS (e.g. LQ model)

® The Leptoquark (LQ) model is a favored model, which can
explain observed anomalies consistently: P5’, R_K(*), R(D(*))

e Coupling to 3rd gen. > to 2nd gen.>> to |st gen.

Exclusion limit at 95%CL

|||||||||||||||||||||

I(b V) (bv)data §(b v) (b v) prospect
| 213 TeV at 14 TeV, 300 fb!

20

e.g.:scalar leptoquark

1.5

3
b 91

(c 7) (c T) prospect
t 14 TeV, 300 fb~1

0.5

g33 923'
2V2GFVy Crq, = ——LS18

AI{% 00 ey A I TR ) S [ e | .I .I.
54 400 600 800 1000 1200 1400 1600
Ms, (GeV)

Once B anomalies are confirmed, it would be interesting
to see results of ATLAS/CMS w/ 300fb-!



Work by Nagoya Theory Group

¢ Building a model, which can explain the “B anomalies”,
and predict and suggest tests at LHC.

= 1 T T [ T T T T T 1 — T T ]
*Q 0 5 — BzB:r. PRI;)] 09,101802(2012) 2 0 contours —
A R R TR
0.45F B aoromseoos 7,
C LHCI.J. PRL126.171802(2018) R(D*) = ;)4258_1' l(),O;)S ] ,
) [ [ Average ] -/ k
of = H-/W'" |
035 40 — Re
032_ ]][ 26 _; " CR
0.25 SM’ .
- HFLAY Q@
2 POC) = 74% —]
0{2 — 0{3 — 0{4 B 0.5 — 0{6
R(D)
R ' bl LHC % . w@uctlon for H- E&T’; H- in this model
eaction testable at 210 . o)
o) i . S— WpL(1o) eXCIUded-
C t g
E
C . |
% t = W’ can be
\\ D .
HA tested with
\
more data.
g C |
400 600 800 1000 1200 1400

m, [GeV]



World Research Unit for Heavy Flavor
Particle Physics (“WPI next”)

SuDerKEKB/BeIIe II

‘\ Makoto Tomoto
y | -Top physics
: *Higgs

Toru lijima
*B, Tau Physics
*Exotic hadrons

Peter Krizan
(Ljubljana)

: Theory

~ § 1 Junji Hisano il
~ & Flavor Physics
§ Dark Matter *

Tim Gershon
(Warwick)

Kodai Matsuoka Yuji Omura



R&D for ATLAS Muon Trigger

HL-LHC advanced muon trigger

Realized high speed muon track trigger by processing | M
channel signals with large-scale FPGA.

WAL T AR 58 .
H I\ Resistive plate chambers(RPC)
T iy —
N \ roqrms '
[ y- i | 84
o' IR Hﬁlﬁ_ -
] 1 ‘ """\ { 6%
4
- 2
—F . MDThUA—0miEREIE FAFH
T L\ .
6 2m g (TDC 7f##E : 100 ps)
flwgori i e

H7 74/N30004& [
FH24Tb/#

-

MDT kYU SF—DRIEREIEE S IE TGCh YU H—70Ot v —[l iR /Fik
(TDC 72 f#8E : 100 ps) ERRIEER Z KR
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Belle Il Experiment

* Deal with higher background (10-20x), radiation damage, higher
occupancy, higher event rates (LI trigg. 0.5—30 kHz)

New Physics

¢ I m P roved Pe rfo rmance an d h erm eti C ity Belle Il TOP counters were successfully bu|It in May 2016

Time-Of-Propagation
(TOP) counter is

a novel Cherenkov
detector for partlc[e

starts in Dec. 2018
un starts in Dec. 2017
t runin 2017

Software
1JS (Slovenia), Nagoya,
PNNL (USA) etc.

Mechanics EE

KEK, Nagoya, PNNL (USA), etc.

Belle Il TDR, arXiv:1011.0352 KL and muon detector
Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC (end-caps , inner 2

Lﬂel layers)

EM Calorimeter
Csl(Tl), waveform sampl
Pure Csl + waveform sa

nte a/on
MNagoya po

Readout electronics Quartz radiator

Hawaii, PNNL, etc. (USA

\\

\\\\
electrons (7GeV)

entification

agation counter (barrel)

A / ng Aerogel RICH (forward)
2 2 x lower than in Belle

Vertex Detector
2 layers Si Pixels (DEPFET) +

: ——— = ‘. )
, 'y
X : . - .’
4 layers Si double sided strip DSSD ‘ / \
' )

positrons (4GeV)
Central Drift

Smaller cell size, long le

Be//e I

Nagoya group takes leading roles: Particle ID, Computing, Physics analyses

T.I will be the spokesperson from June, 2019.
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Summary

The CPV phenomena observed in flavor changing quark interactions
(in K, B decays so far) can be explained by the Kobayashi-Maskawa.

But, we are still far from explaining the Matter-Antimatter
asymmetry in the Universe.

Search for New Physics is the clue to investigate more the issue.
Researches on heavy flavors are important in coming years.

2010 2015 2020 2025 2030

High Energy Frontier
LHC

/ATLAS
e 7-8TeV |3TeV |3-14TeV l HL-LHC

High Luminosity Frontier Critical test

SuperKEKB/Belle Il of SM

NP Discovery Test of NP models New SM?

—

Construction I1st collision !

I = O . —
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