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mechanism. The discovery is a milestone for particle physics and a tremendous success for the

Standard Model. However, far from closing the book it opens a number of new exciting

possibilities: Theorists believe that the SM most probably is but a low-energy approximation of a

more complete theory. If this were not so, quantum mechanical corrections to the Higgs mass

would drive mg towards the Planck scale — unless “unnatural” cancellations occur. Therefore,

extensions of the SM are proposed, keeping the successful features of the SM but at the same

time introducing “new physics” in a way, which stabilises mg at its low value, which is in

accordance with SM expectations (fig. 1). Supersymmetric extensions of the SM predict in their

minimal form the existence of five Higgs bosons, three neutral and two charged. The lightest of
the neutrals should have couplings similar to the SM Higgs and a mass below 130 GeV/c2. An

alternative is “Little Higgs” models where new strong interactions are introduced at the scale (of

tens) of TeV. The lightest scalar in these models also resembles the SM Higgs. In vet other

HiggsF & L 7= — Far from closing the book.
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In 1967, Andre1 Sakharov [83] (the Nobel Peace Prize 1975) pointed out in a famous work

that CP violation must be the cause of the asymmetry in the universe. It contains more matter
than antimatter. The CP violation that the KM Model gives rise to 1s most probably not
enough to explain this phenomenon. To find the origin of this CP violation we probably have
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to go beyond the Standard Model. Such an extension should exist for other reasons as well. It
1s believed that at higher energies other sectors of particles, so heavy that the present day
accelerators have been unable to create them, will augment the model. It 1s natural that these
particles will also cause CP violations and in the tumultuous universe just after the Big Bang
these particles could have been created. These particles would have been part of the hot early
universe and could have influenced it, by an as yet unknown mechanism, to be dominated by
matter. Only future research will tell us if this picture 1s correct.




Neutrino

NeutrinoD#gxs B E M HH > TULVRLY,
B CNIFEERKRITNIWVEZERDH?
LT DB A AT

- Dirac® or MajonaraZ!

L7 N5 —TCHDCPDIEN

WE7ZITRFAD T Hh
- Weak interactionDH T RO A LLY,
~- KB&E neutrino beam. B K& H 25etc...




SILRILF—ADOT77O0—F

o BERENNEZS THIFZEZ : High Energy Frontier
e AE * At ~h

- BREDOERHFEER)IC.EVIRILF—RAT—ILD
MIEDFS%IR5,
- FAREERHOOLDF S, Bm<IIFEI IR TR E,

Eé_tﬁm - BOIFHIKWEDEDNAIE>TIFET &I
AN

« GIM,CKM,Helicity,...suppression
» CP,Lepton [Flavor,Number,Universality],Baryon Number...violation

- Rare decay : KigEE—LA : Intensity Frontier

« B.D, K, tau,mu,proton’& M ERIE
- Flavor=Z 2 % HRIE/: D T, Flavor Physics&EHMHEIE N5,
- Neutron,Electron®electric dipole moment 10




=1l
.

RESADAZARDL

NOTHING YET ¢

liq or /\
ecol’t ?r-_s ;\Q.V S
V@ 9 p
\r,, Rww =241 'OI?:TEV
\N ) _/' L v /’k
\\{ﬂhys csS 1 JOST'eV A '
avor expt, s tool C
F’l f’f_ ' o | TeV
discovery A understundin T
- . ™~ 4y )
) Aok, doc collider pg\W £l
O Corces 4 - el o\or W/ e {‘u
OF NJjean) P\/\YSICS dhicet d‘m’;‘w Seaﬁfv?{‘r;fec;rchgs P{fgéi'&"mf“ﬁéh 0s¢. &gca’;

Roman Sunolrum

CKM2012
University of Maryload )



el -« WA

PSI
Muon(MEG)
g
CERN(LHC etc)
: High Energy p f?f - - . L
Z High Intensity p ~ J PARC High Intensity p FERMILAB
Higgs,NP(ATLAS,CMS) Neutrino(T2K) High Intensity p
~% B,D,..(LHCD) 5 — Hyper Kamiokande ~ Neutrino(NOVA,..)
" Kaon(NA62) % Kaon(KOTO) Muon(g-2)
i (Neutrlno(OPERA)) ; Muon(COMET) TN
' - i © 'l KEK High Intensity e+e-
B,7 (Belle2)
TR L UTaar %
v -




REABKRF
« ATLAS

- AFFCEZGR) BEEIF)
£, 0075, A= 458
« KOTO
- BN(KEKE & EHIR), mIREIF)
AT, PR e, B FRL B, S, AP A
e Neutrino(T2K,Super-K,Hyper-K, ini&ss, 47 )L R —4 g3 1%)
- REUR), T CESIR), B (B13)
Christophe, B #t, A 1R,
AL EnR, =48, 51,5,
AW, PR ME ST

it




KOTO introduction



« Rare decayh*b. High Energy~
c VBESFHDEERSICPZR 5 FYIIEIRER
o EREEEDPIHRIRELR

P

-
-

‘\.; >
- 7”4
' C
\_&3 ‘; -— . =
- BN N/ S
= 3 .

Arizona State, Chicago, Chonbuk, Jeju, JINR, KEK, Kyoto, Kyungpook, 15
Michigan, NDA, NTU, Okayama, Osaka, Pusan, Saga, Yamagata



KI:F'FH% +2/3 U C t

~7 13 1d(@E)b

¢ SUFA—VEEL

» FRIREFICSZHY — WHEEFRE
W EBE{EFHDOREAIRRE:KL and KS

B&:~500 MeV

KS
kAT 0.1ns

KL
=3 51ns

RAHEIDIFIES

16



K — 1ovvAagiE u c .t
- ds b

« CPIERTF @2

» Rare decay FRIEIREE2 x 10 (500{2IC1[@])
- s—ted q - d
- High Energy Scale ’ W y
W, Z,t “
ex) SUSY contribution

— YPEESFHDORELI2FMEIFRR!
o FERRIBET A 1-2%DIERIEE
- H552EDTNTERELHS




K — TOVWERIRIRR

« KLZK=ZIC/ES,

o J-PARCK 5 E 5+ IN1E 45 e a%
- BOGeV High intensity ot“b_e_am

N T
3GeV0OFOY

=y

—-a-=ry Jiﬂﬁﬁ

' {#ﬁf\}
50GeV ¥4 0 FA%"

(B & 1600m)



-
H
=
K
O
T
o
AL




¢ 30GeVizFE—LZ AUY—TvMNIHATS
¢ HTCBLRIT
- WEMNFII#MATHITTETS
- HHELERS
o 595500 20mD ) A—H A THRIE
e RE: AU~V HMEF KL — FRER
e KL — movv : o2/~ ERIE — only 2 gamma from 1°

4

20m b_eam line Hermetic Veto / /(Calorimeter((pZm)
Sweeping magnet
and collimator
Target / d
‘ KL 7
High intensity

Proton 30GeV Neutral and long life
(J-PARC) S KL

y.n 1

20



Background

KL— 2 1Y

Signal

KL — 1ovv
— 2

P )

Dk EE ~1
AOYA—=HT2y

KL — 11110
—> 'IT"IT'2Y

73 B,

8-11#1 LD

0| %/\v 0

LO)*.L%%ﬁ x‘b*ﬁl-
—> Vet(ﬂ:ﬁp

AP VAN YY)
HL T /\v OISOV RHIE

s RO 21



NCC 5 .’f AREF (2 %)
HINEMOS HEE(Z3%)
CV Bk, B 8
CSI PMTEBEMAY 27 1 (s )i

BHPV gUH I5ICIRGTOER. i

FB HIBE (%)
NeWBHCV LCV BIH

LEDESIES 25 s @ BHCV #1MH
REFRENROER ST, EERAIHLEDHTWVS]

CCoa




NCC,HINEMOS¢ i, )
e NCC: EmERH Vg, AEF MR H 2
- Pure Cslig 2D BERERI7A/IN\—FH B LICLS

i » F — 5% - EA
FIEF YT HRE] = #RE) = DI e




ADC count




. ~27002|K0)CSI’?|:aa+PMT+preAmp+

KL—>3’7TO

Run11160 Event13414 Energy display (>3 MeV) | th::nﬂmm
KL Pr
- rq_ruass&
C oo 2 chi
sm: \I'ertex
600—
400[
200
0|
s e
400 =
o I
-6001—+- de
-800—+- —ﬂ ...............
_I I 111 | 11 | 1 111 I 111 | 1
-800 -600 -400 -200 0 200 4\'.]0 600 800

CsI(¥&H)

8

_I_
=

|E_|

.
.
X
X1
gy

=
.
-

yu
iYL

Y
LY
Ty
T X
ooy
PRl s AESES
ALY
X
1
y -

iy
LIS
T
Tl
Ty
TN
;%n

1T

1
+ TR LEEY
T

KL —>27T0

mey (MeV /c?

- 2651 Me}' KiangMaszall] {{CutCondition&0xFF)—0 && TMath--Abs(Kiongh
:";5;’;:‘: o Run11160 Event20771 Energy display (>3 MeV) | :t faergy ol x:h
408.8 M ,.’1.—; KLPt
bos " g B :
4.1,-48.3, 3997 B 800 -~ - H <t C
‘_;f T 600 2
- i
10 | \ 400 E
10 i [ L
i i 200; G
I | C
i I C
h]] | n| | =
| | -
i '|]‘ -zno! -
400 E
, Al
10 i L
600F— -1 20—
I S e o N M M R Rt O o5
450 4060 470 480 490 500 510 520 oL L L

-800-600-400 =200 0 zm-mnmnsuu

il s
100 200
m.i-

Me\f /c

500 BOO ?EIIZII



CV(PIRk, RY

*ﬁ.‘jj,uf?* >09.99%
SMMETZTV
/&E El:ﬁ'77’r/ \—
MPPC

Wﬂiﬁ‘ 'l‘i ﬁbn:Fﬁﬂ )
=R Es — DR




FE NCC MBH H( v oC \ Csl  CC [H CCo4  CC0s CCo6 HHCV  BHPY
\ L L ! I

Beam Hole Photon
Veto (BHPV) (g1H)

E—LRIIERE (REF.HVIYHKRE)
NI /N—=4+T70O47)0 FxL A7t 25
- FEFARREY

PMT
Winston Cone
irrar
Aerogel Fiabd
ﬂﬂﬂlﬂl\'ﬁ s i
b T -
Pb 1B
n: [MGHz | 15 N !\




New BHCV (Wire ¢ Chamber) ., L%

BHP BHCV

24—

. 5> <#80.6GHz/MEF0.6GHzD 2 A
. Q_ODETC%WETZ_'C {a] E_,*j%*ﬁl—j/EuMX 99.5%

| 1/36 FORIAT ﬂzmmFEﬁBm




1/6 7ONYAT
EE5HAT-1!



Wire Chamber Amp/Shaper g

LEDERIE S AT L%

@il

(i)
250.8ns

{ = @i recorE)
4 11254000 %

it i@ MR

500mv © i 200 & Chl £ 0,17
G32a0% :

- @l Soe [lewgel] .
TyBe Chi || ok e 107V {| g el

Fml




0

cCco4

- 5
o k
210°
S10°)
T &
i?- &
210
=
EoS
1
= .
z ﬁ
ER s
2 gg
. irial niriafririnis iirdersirintul i
0 10 20 30
NCC
L = L 1
g o
Decay Region !
= =
I T f_;\ ‘l?
N’ =
i Ll r L 2 l 1 :
Membrane / /

HINEMOS

BCYV

LCV

# of events / 10 MeV

Data/MC

2

2

=
=

DD bt
BN ) R

CCos

FR AT

HH.

R

Vacuum Chamber

CC06 BHCV

Al
::]
JiE

[
<

—
(=]

i

SCSS
oo pat

Data/MC  #of events /0,05 MeV

[
b

BHPV

D hmel{HIR

FETTTTTTIT

200

300 400

Minimum photon energy [MeV]

500 600 700 80

# of ev

Data/MC

[ e R e ]

ents / Zglcﬂcz

-
= [—] cu ‘3.1..

et

——————————————————————

;
----- r

300 420

1
440

I i b Tk
500 520 540 560 580 li}ﬂ(]
Reconstructed K; mass [MeV/e



AT a—

2013
- 1A ZFFHERUN
- SAYIIEENTRUN - IEZRSZINTIHTRT
- Hadron Hall DEHERAE — XK
« fi##r — World Record E#iA B9 104 Difg)t(r?;t
* Inner MBE:%
2014 - BHCV/BHPLED system#:& ¥
IRICEEF=Eo/cE—LT AN 10
- ¥IBRuUn — [AIHBAHDODHNEH? New Physics
201 5 * Inner MB install 10-10
ﬂ BEZEYVIREDAVTF VR
- YPIERun SM sensitivity
10" 3x10"
2018 ZEEREELTO2HICH B FIEIERR ”




MADHTEI AN

1.Beam Hole Guard Counter
BED—IN R ZS =D > T IRFAICHT

AAYA—%

=

A — LD
FiEF., 73“‘/74"7?75‘)\5‘
2mm Pb/10mmZ2Z' )L x 8 FxL 7ML s

2.Beam Hole Photon Vetoi&a&
I7A5 > T MBSO =IENCT

M2 2 > C KOTOIZEYIAL
REFZ LT TOE IR,




ERZEE
2 — ) hxrybhD—2

. JiHET S
=T CRiEESEDEL L)

\d 3 cm thick

AR 05 AIDA1
% E0.2g/cc
ST O I

3cmx15cmx15cm

=1 EFOK
—> 2|:1’|5/\|?|-167“7:§Jﬁ?é KOTO1-22




oaNLy Junkr o[- U
KOTOIZEEY) A A, tH R e BE DY)

¢ WD RUTHHTLSBH

114.8

103.6

92.4

< 812
s

~ 700
>

= 588

ﬁ - -
A

476
\

7 364

25.2

14.1

29

P
[3o]  [1&d] [ 456 ]

B 1.8'x B, 3.0x B,

7Esp

I// //

P
// !

G
%rﬁr

iy

Excluded area
Grossman-Nir bound

MSSM-A,,

| 4-Gen.]

/]

o’ 331-2‘ ////////
2, 2 MFV-EFT.HJ"’J; iy
gﬂ:{ MFv_M g e
CMFEV [/OV?éwxv'/vJ

I////// ////./////I
|77 A

N
Y

Excl. -68% GL
E?ﬂ? 949 b

T
If/'///z s

T
A
PSSP
P g /

I:///

L

'I:',/_.a A
f.{/////////{///
S e e
[ 1500 o
I:///////////////
././ Fad /_

58 8.0 10.2 124 146 168 19.0 21.2 234 256 278

B(K >n'vv)x 10"

36 x By,
28 x B,
20 x B,

13 x BSM
9x BSM

5x BSM

BSM

JFY2014

JFY2018

35



M1 I AT
. $ — T L - R LS ER
mHEA VA P— LI NBEHEE

| KOTOFR i3/ BIRLIS
HEDEEBRPLERDToTWS,
B IBHHDOKOTOEEZ{ES | !




37



23

J o 186 4,? a 30
B, 1.8x B, 3.0 B, discovery
level

2014

9 PR SRS W C\ P Vivsresiarar s i~ . 2018
58 D 102 12.4 146 168 190 212 234 256 278

B(K' ->1 W) x 10"
Standard Model http://wwwlnf.infn.it/wg/vus/content/Krare. html

38



o CPEHE(FLF. RALFEHE)

KO C |
B/ ( 00 -+ g;%el\fn
y CP : odd
«BR1/v71( O - o)

« KS — 2 MO(CP even) BRIEEN E (TODCPILodd)

+ KL — 3 TO(CP odd) HRIZEA X
—{EHM210(CP even)BRIE—-CPIENDHER

« SHWHEAEFHOEBIREFCPDEFIRRE! 5




Special role played by K sector
e Flavor Changing Neutral Current “(fl Y& A?’\

- GIM suppression of u and ¢ quarks  [{

— Hierarchical structure of CKM for t quark ° ° °

.$—dW) 4y b d()\3) v b —s(N)
,

I'ts L:d

i
V th

VisVid] ~ 5107 < VigVia] ~ 1072 < [VigVis| ~4-1072,
— —

K system B, system

B; system

« K sector is most sensitive to New Physics with different flavor structure
» Large NP effect is possible event with SM-like Bs mixing and Bs — pp



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 29
	ページ 30
	ページ 32
	ページ 34
	ページ 35
	ページ 36
	ページ 37
	ページ 38
	ページ 39

