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New Physicsid & % D> ?



. 008 : Kobayashi and Maskawa

— CP-violation was established.

— The size 1s not enough to explain matter dominant universe.
— New CP-violating particle is expected in higher energy scale.

e 2013 : Englert and Higgs

— Higgs was discovered but it is far from closing the book.

— New physics in high energy scale 1s expected to stabilize Higgs mass.
- SUSY, little Higgs, Compositeness, Extra Dimension, ...?

— Dark matter?



« New PhysicslZFET 5,
- VWEESTH
— Dark Matter

e IR THET?



New Physics Search

e High Energy Frontier <= High Intensity Frontier

— High energy frontier — direct production of heavy particle

— High intensity frontier — indirect access, high energy reach
—EDE TN X —R T —)
>k 7'a 2 A
B O I AE X At ~ h
« GIM, CKM Helicity...suppression

o TE%E 70 B ERT
e Multi-process approach % J71H2> 5 7 L — i 2 HH & 2>

« Correlation is important.

« CP-violation 1s another guide.

explanation of matter dominant universe



Why Kaon?

e “Generally most powerful”

Blanke '13

— GIM suppression of u and ¢ quarks

— Hierarchical structure of CKM for t quark

« Most suppressed in s — d transition (A5)
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Bona 'O7
Ishidori '13

Energy Reach "—<——<——~—
K" — KOmixing

G%m3?
1672

47 1
A anpV Fnp

>
Grmy |VisVidl

MAag=2 ~ (V;Vig)® A

¢ Tree/Strong couple ~1

MFV Generic
Loop a, ~0.1
Tree/Strong couple 5 TeV 24000 TeV
Loop a, ~0.03
Loop ag 0.5 TeV 2400 TeV - ___d
Loop a, 0.2 TeV 800 TeV.  (Bona '07)

GenericD Y. K sectorSeei — 104 TeVE TD Y —F
e E 72 H 27 \\» ? <> Energy scale, Flavorfic
Minimal Flavor Violation like72 5. B & 3R\ AHES
(NPT b CKM D} % 145 37 L \>CPV phase b 72 \») °




e« NP> 1TeV? (ATLAS,CMS)
« Non-MFV like ? (LHCb,CMS)
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K; —» vy .t .

Rare decay  B7(SM) = (3.00 4 0.30) x 10~

— Strong suppression from CKM Buras '15

bl

Small theoretical uncertainty ~2%

— High energy scale

— Hadron matrix element from tree process Ke3/Kmu3

Sensitive to new physics beyond the SM
CP-violating process A(Kp) o A(KO) — A(Kp) oc Im(Ag_q)

Related to charged mode + +
| KT > nTvv A(K+)O<\AS_>d\
— Grossman-Nir bound :

« Model-independent inequality w/ iso-spin rotation

Br(Kp) <44 x Br(KT) — 1.5 x 107°(90%C.L.)

11



Status

Direct limit
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SM extension w/ 4" generation
— ruled out
Direct search
EW precision test
Higgs mass

Otto '12
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B(K; — 7vv) x 101

20

15

CK

from K" — KOmixing

AS=2 X AS=1DNPIZ & 221l

Ay or Ap only:
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1AL +Ag | x|AT|
\General NP o 2L° rcz.><. )
M2,
; | |
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B(KT — nvv) X 1()11

— [[] Cnew phase?b AL
Z!/Z with Left / Right-handed coupling
Littlest Higgs with T-parity
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Buras '15

Input from €'/¢

Direct CPV from KL — 7t 15
Progress from lattice calculation

SM expectation
(Theory)
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Left and Right-handed coupling
still can enhance Br(KL)

(E,/E)Data > (El/E)SM?

MFV
Left or Right-handed coupling

A; or A only:

NP 2
|EK | .4 Im &E(F} ,.'ll J‘LIZ{J;.
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M e

*Gunuml NP

|
0 5 10 15 20 25
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EW penguin contribute to e'/e in negative interference. Buras '15

Negative correlation btw Br(KL)

Modified Z . Constrained MEFV 10 Z'(5TeV) : Constrained MFV
] ey L S . )
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Figure 5: The 95% C.L. allowed ranges for B(Ky, — 7°vi) and B(K* — w7 vp) in a simplified

Z model (left panel) or a 5'TeV Z' model (right panel) obeying CMFV. In the case of the
smaller U(2)* symmetry, the constraints from B processes can be neglected. Note the difference 6

in scale between these plots.



Buras '15

Modified Z : €/e, BRIKL = up)sp, €. AMy constraints
T e L o e A A s L A . e e ——
I I| [ 1LH scenario I — Lkﬁic;,f i3
{ | RH scenario E (e, AMx) @30
l [ 1RS scenario

—
£

[==]
T —T

BR(K — «"vi) [1071]

BR(K; = n%vv) [107']

1 1 1 1 1 1
20 25

10 15

BR(Kt — wtwp) [1071]

15 20 25 30 0 5

BR(K* - n*vy) [1071]

Figure 6: The allowed ranges for B(K; — nvir) and B(K+ — ntvi) in a simplified Z model
(left) and a 5'TeV Z' model (right) in LH and RH scenarios. The ex and AMg constraints
are imposed in all cases. In the left-handed plot the € /e and K — pp constraints are also

imposed.
Left- and right-handed coupling model can enhance Br(KL)



Buras '15

Modified Z, LH scenario Simplified Z', ﬂ;:l,ﬂr:[.'Fj
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Figure 2: 95% C.L. allowed regions for /s and K; — wvi. Left: model with flavour-
changing Z boson couplings A3 = —0.5A3%. Center: modified Z, LH scenario A$l = 0. Right:
5 TeV Z’ with AF = 1 and AY = 0.5. The plots are for Bs = 1 (blue), Bs = 0.76 (green),
and Bg = 0.57 (red). The hatched regions are the SM predictions at 20. The gray band shows
the experimental result for &' /e.



Littlest Higgs with T-Parity  sance s

Symmetry breaking scale

’
o f=1TeV <
10 it
: -
=] 1, i)
E i o
L 30 ','.f I
fj ‘..;‘.' :
S ) RET
= l
]
1o} "
i
VAL VT I
0 P L L [ R ol PR I T T T ST T '
0 s 10 s 20 25 30

BBy~ pu") BB~ pt u )sm
(8] -
i

0.6 0.8 1.0 1.2 14 1.6
B(By—p 7))/ B(Bs=pt T )sm

1 " L PP

Figure 8: Correlation between B(B, — ptp~) and B(By — p*p~) in the LHT model for f = 1 TeV.
The large black dot shows the central SM value for our choice of input parameters, and the light blue
point shows the contribution from the T-even sector. The experimental 1o ranges are displayed by
the grey rectangle [50], and the MFV prediction is indicated by the solid black line.

10*Re(e'/ €)

10" 8k -x0v¥)

Figure 6: Correlation between B(Kj — w'vi) and Re(e'/e) in the LHT model for f = 1TeV for
different values of (BS/?, B$/*): (1.0,1.0) (red), (0.76,0.76) (blue), (0.57,0.76) (green), (1.0,0.76)
(magenta). The black dots show the corresponding central SM values. The experimental 1o range for
Re(e' /) is displayed by the grey band [T{-77].



SUSY at 10-50 TeV Yamamoro 15

e 10 TeV SUSY — still large enhancement on Br(KL)

e [ess correlation btw Br(KL) and €
- 50TeV SUSY still have enhancement factor on Br(KL)
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Figure 1: The predicted BR(K}, — 7vv) versus BR(K+ — ntvi)
TeV with the mixing angle of s* = s? = 0.1. The pink cross denotes the SM predictions. 1he 20
red dashed lines are the 1o experimental bounds for BR(K+ — w*vw). The green slanting
lime shows the Grossman-Nir honnd.



Weekly-coupled light Z
with Lp — Lt coupling

Fuyuto '14

e |
. ° ' . .
e Explain g-2 with Mz'<400MeVio | ——— /
f 2 £/
— also relate to B — Kpup il
1% "
I
s (b) d (s)
£ /.
5 =
o
FIG. 1. Effective dsZ' (sbZ') coupling, with Z’ coupled to a T
vector-like U quark that mixes with ¢, ¢ (“x” flips chirality)
and connects with external d-type quarks via a W boson loop. bl..lT not D e -_;—."
1 m- (GeV)
0 rzt g
K, —->n'2

B(KT — ?T+X0) <56x%x 1078,  (myo = m0) from E949 experiment

O

/ / — UV KOTO already access here. 21



KOTO Experiment
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KOTO : K at TOkai Extracton

E ; - > ;

% ) |

3 \ f

e J-PARC Accelerator s X
— High power <> Statistics of rare process :

— Slow extraction <> Event pile-up due to high rate Time (sec)
e J-PARC 33kW (June 2015) ~ World-highest class

2 10°=1000 kw
3 = Proton Slow Extraction
8 C )
2 10° =100 kw
7] —
§ 10 =10 kW ~ =
3 = AGS E949(2001-) B W > ik
£ L -~ @ .J-P-ABC 0TO(2015) QR e e oy
& = 1 KW ~ . ~ & e Neutrino to
A " KEK-PS E391a(2005) . e - = s %
107 Ly S CERN NA62(Design) b si'?:: F;splﬂ ‘i’nﬁ:;} 50 GeV Main Ring
- ~ .KTeV(1999) N =
10'2 Lol L1 |...-|l-.|"r-|.| L1 ||| | L1 |-.-;..-|"'| 1 e s 1B . J-PARC = Japan Proton Accelerator Research Gnl'l'lplex
1 10 10? 10° 10

23
Beam energy (GeV)

Extracted beam current



Fixed Target Experiment

e High intensity proton beam+ Primary target
— High intensity secondary products
« Beam line

— Transport particles of interest

. : N RER—)LTRERASND
Reduce unwanted particles BT - bR

— Long life to transport. |

Gold 15mm X 6mm X 66mm

30 GeV proton




Particles mass and life t1me

e i 5 5
2 ﬁB,B Ham
U —Bottom , i i .
\‘-/ — i i i .
2 . . “Tools for f|xed target experiment
o - with hlgh mtenSlty proton driver
> . _Lowerimass:
T Strange Longer life time
Coliider 21— g ? -im-hsb | tool
(T?DI,Be,t[) - }—2 =0 = qun fgr flfeeda:asrge?;p%?iment
= W22 i ' '
10 TR
- o0
RS AT - N
107 107 10" 1

Neutrino source
Muon source -




Kaon

Low mass (0.5 GeV)
Long life time (15m)
Strangeness Good for fixed target

— Flavor Changing Neutral Current

s — d transition

— Flavor changing neutral current (GIM)
— Strong CKM suppression

K, — movv (Br 3x10-11 in SM)

— Direct CP-violation

26



. eak
Beam line Py, ~14GeV/c

Eop 1
» 12 + proton £ /M
< -
« KL beam line E
« EBiA (charged) . /ﬂi
e 20mE=HR (short-lived) 0 4{ ———————————————————— T
e AVA=Y (beam halo) u__" 1000 20003000 4000 3000 60007000 8000

K1 Momentum [MeV/c]

— i< v—T R E—AKL, v, neutron)
“Pencil Beam”

33kW primary p
6sec cycle EElLler:\) 20m beam line

Sweeping magnet and collimator

e I,

Charged
IR 7.8usr
~40%lost by decay

4x10* proton



2nd collimator

(4.5+0.5m)
Beam plug

1st collimator
(4m-long)

Dipole magnet




Signal Reconstruction

e 2v+nothing — Calorimeter +/Vet0 detectors \

[ Bﬁam Constraint —s “pencil beam” Decay Modes Branching Fraction

K; — 79w (244+0.4) x 1071
Kp — nteFv (40.55 £ 0.11) %
K — mtuFv 27.04 £ 0.07) %

KL . 7TO |I
_

( )

Ky, — 3nY (19.52 +£0.12) %
Kp — ntr— 7% (12.54 £0.05) %
K — 27Y (8.64 +0.06) x 1074
\ K1 —2y (5.47 £0.04) x 107*

- —_ .
6.1m - Kr — v signal box
’ S 450 100
2 - g 350-........... capempempmagan |.
ﬂ.{;d:o = (E] +E-‘3j2_ (15.] —|—E> E] :d E i
300F '
— 2F,By — 2E,Eycosf) E, - 10
M2, — 2 250F- -
cosf = 1— —2 P = E oL ..
2F Ey 1 - £ 200F-+ il
v 2 g 150F 4 et ; i
1 — 8 o : g . . 1
e [ m 100;..:...:..... fawsmme e e
3-[0 ~N ?-2-""'-_6;(;1‘ ) 50-...................
KL __‘ = B S alorimeter e 0.1
: 1000 3500 6000 29

O O Z Reconstructed vertex [mml
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Detector

Veto : y/charged
10* — 10°reduction

CsI calorimeter
NCC MB CV

CcCos CCo06 BH

Decay Region

S - EEEEEENEN

Membrane

Al ‘l
il T 7 I \|/ Ay
™ T T ™ | R T T / el 3
o ol f
HINEMOS BCV LCV OEV CccCo3 : i i
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History

FE E—A
(7H)
2005
2006 Proposal
2007
2008 Beamline construction
2009
Beam measurement 2
2010 Detector Construction
| 1
2011
1
2012 1
Engineering Run 2
2013 Physics Run  100hours 0.3
2014 Preliminary result Detector
upgrade
2015 Physics Run 2

\
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1 st physics

run 1in 2013

CKM2014

Sensitivity : 1.29x10%® (Preliminary)
~ E391a sensitivity with only 100-hour run

=T caloriiyzmeter
[ P

i - == T h =
=————+—— ] signal
! =
———— : = { region
| event BN = —— —
in the signal box 1.1 L=
...................... | Observed

Number of observed data
— Well understood.

---------------------- + Expected

Rec. z [mm]




=1 calorimms

Main background source in E391a N o N = : 1
Halo neutron — m° at = = | signal { %
Upstream detector e=——F=|region | /%‘
Downstream detector N —
— Largely reduced. 1 7 ]

HINEMOS @ BCV LWV OEV

E391a Final (Smonth) KOTO 1* Physics run(4days)
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= 500 dr—— 4
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Eolo of 7.230.5 0
$ho 250 300 350 400 450 500 350 600

2000 3000 4000 5000 6000
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Background source in KOTO

P, [MeV/c]

AR _
~\\(1BG source #BG
‘ I—]adron interaction events | 0.18x0.15
Kaon decay events 0.11+x0.04
Upstream events 0.06+0.06
Sum 0.36+ 0.16

L L L L J N N
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@ | \“
g )
//

5003~ —— 4
45025 '87..|: Observed 3z
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O NZ2E0s
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Run in April-June 2015

e Physics run
e 5.3 times higher POT <= run in May 2013

e Calibration and special runs

15

Physics run in 2015

X
-
o

7000

Calibration,
Special runs

6000 —

Integrated POT

3000 oo el
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2000

R

24kW _ [Integ
10007710

0 i i i i i i i i i
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Date



Check with 3n” sample

* Calorimeter and KL properties

consistent with the run in May 2013.

* More detailed calibration 1s on-going

* Study to suppress background Black :April-May 2015

# of events/2.0 [MeV/c*)

Runt2Rund?9

wm;  Red :May 2013
I % 1G'1§ ................. -__,..—..__ ................................................................................. S

Mg, T P

— 3 g m-az_ ......... Y N ———
0l it ™ T 2 ’m}

Ly "an UL I A S AT S
ol ity |
I e vomatee N pearomatces Wi |
o W““‘ NIM o lw__mmﬂil| ------------------------------------------
“; || .......... |MIH#IH|}*ll'*“—"“|H*l|hH ..... ‘l“lh ...... m E e e { T

=|l}[l' 45“ S[Iﬁ 55“ ’ 200 m':{ﬂ:. K, muﬁn?::}l?tmn [Me\fﬂljﬂﬂ

Rec. K| mass [MeV/



500 “_(\'“ Ay : . 4

% 451??6 Observed | ... | 35
= 400¢ S
To suppress halo neutron “s NG
250~ = il 2
igg _-:-;:_ NEe[SEFON (3 - :5
100 i L ...
. 50; 05
e Upstream beam window " 500 om0 o0 Sou0 Gon

- Kapton 125um — 12.5um

— Reduce neutron scatterin

e Re-alined collimator

— Reduce neutron scatterin

Hadron interaction events

on the collimator inner surface

primary p o VP ¢ e 1 - = ﬂ, l |,,.| -
(30GeV) 20m beam line . Ay Al 1
Sweeping magnet and coillmator .l L * B
target o2 i
I e [ L[] )
Charged R A NANA N
-\ R s I I 37




Collimator alignment with .
new beam profile monitor [U

Lead(1.5mm)

FB NCC MB Ccv CC04 CCO05 CC06 BHCV BHPV

T T T [r T 1 11/

HINEMOS BCV LCV OEV CccCo3

Phosphor
plate

Re-alined collimators

April 10th  Xpoesin April 13rd _ Xpoeetn

107 _—
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500 ey :
450EL% Observed
400E

350E

Tounderstand hadron L
Interaction events 2o

P, [MeVic]

150;'
100; ,
'l . | Z0nE. i
A s M BTt & 0 51:'00 6000
= ec. Z [mm]
& antens ] Scattered at the target
Core neutron - § ‘{5‘ o
AL i S i© B 8
10 mm thick Al == Il I I 1 || []| :
oo\ \@ f
Contribution by o\ . 3 R S A A P T

Chonbuk Univ.

100} A
50 ;_ : ; : :
0

d pa1onisuodsy
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= 500¢ : 4
> 450¢ Observed
é 400F Expected .?'5
ar 350F e] )
O suppress low events "=
T 250¢ : - —2
200581 16 —15
150E
100} I1
0 ’ 0

2000 3 4000 5 6000
ec. Z [mm]

L L L L |
T

1 O CCO06
==
J 5 <WLS fiber .
Im

e Beam pipe (Smm t)
SUS — Aluminum
« Installed Beam Pipe Charged Veto

— Plastic scintillator 5-mm thick

— Wavelength shifting fiber readout

»  ~1/60 reduction expected




To suppress K, — 270’
| cm J— mm@

/

= S00———37 ;
= 4505 Observed
Q =
= 400¢ Expected
ar 350F i e]
E o S5
E W)
2
15
1
0.5
2000 3000 4000 5000 6000 0

Rec. z [mm]

Added modules
' X0:4 - 6.2

Photon punch-through inefficiency

Lead and Acrylic

- 1/5

I
n veto

Lead and Aerogel
erenkov detector

Ch

Cherenkov detector




Prospect
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To suppress K, — 27’ more

* Install inner barrel detector in winter 2015
* Add 5 X0 to 13.5 XO of current Main Barrel

— Qmmreqq _hunch- ‘rhrmmh mefﬁc1enc bV 1/50

— Front Barrel

Gluing fiber to scintillator was mostly finished.
Module assembly will start soon.
Will install it in this winter

+ Maintenance for existing broken channels in vacuum

43



« NAG62 will take 100 events toward 2017 for £ T

— Push Grossman-Nir limit down.

Plan

—I_VV

*  We will overcome our background and improve our sensitivity

Single Event Sensitivity
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Long term plan

A A Hadron Hall
AN %>\ Extension Plan

(under discussion

\ Precise
_5=-1

a [ L * = .;:; "a.....‘lr_ '..:..- C ::
KOTO-II for observing
~100 K —Tovv events

- smaller production angle
= larger Kaon yield

-
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Summary

New physics scenario

— MFV or non-MFV?

« MFV like

- Br(KL—m0vv) <> €'/e > SM? will suppress
Br(KL) enhancement

- Strong correlation pattern from €K
« Non-MFV with only left or right-handed
coupling
- Similar to MFV
« Non-MFV with left and right-handed coupling

- Z' model , generic SUSY, .. — will still enhance
Br(KL) largely
- NP in 5 TeV still enhance Br(KL) largely

— SM extension with 4 generation
— ruled out

— Littlest Higgs with T-parity
— under pressure from B—pu

- KOTO already have discovery potential
for light Z' with ~m° mass

KOTO
— Ist Physics run in 2013

« Sensitivity ~ current limit with only 100
hours data

« New background mechanism — neutron
- Restarted 1n 2015

« already took 5.3 times larger statistics
« Data to study neutron background

 (Calibration and study to suppress neutron
background

— Prospects

« Will overcome neutron background
o Will search O(10-1) area for Br(KL) ~2018

e Continue to KOTO Step2 in enlarged
Hadron Experimental Facility
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