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@KEK Time line of particle physics program in Japan
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@ KEK Diversity in accelerator based sciences at KEK

High Energy Accelerator
Research Organization

Pursuing fundamental laws of nature Pursuing origin of function in materials

Material science
and its.applications_

| KK

Basic science

& — Photon factory
& X-ray as aprobe

-
10712, t‘) nucleus

Technical development
andits applications
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@ KEK T2K (Tokai to Kamioka) experiment

High Energy Accelerator
Researc™ -

bbbbb S SPARC Main Ring
S (K EK-JAEA, Tokai

LS
2 L8
Beladur -
g S

m High intensity v, beam from J-PARC MR to Super-Kamiokande
m Observation of v, 2 v, (2013)
m Updated goals

» Precise measurement of v, appearance
» Precise measurement of v, disappearance
=» CPV phase, contribution to mass hierarchy determination



@ KEK T2K collaboration

High Energy Accelerator
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@) KEK Proton delivery to T2K

High Energy Accelerator
Research Organization

Total Accumulated POT for Physics

° v-Mode Beam Power
x 10%° o V-Mode Beam Power
= qgRunml Run2- Run3 — Rund —RunS Run6 Run7 -
o | 450 2
_— 14:_‘” el 400 g
& 12 #1350 3
o C O
2 q0F =300 Q-
E = i E
3 g 1250 &
O - ®
< = 200 m
4 ok '
L IF i
E_. L ; e sl b byl m.‘mnnunlmmumhmumu\nunumi.m o byl mmminumnulmmnmlmmmulummm sl mnhmmuui.mumnln
0 2010 2012 2012 2013 2014 2016 0

Dec/31 Jan/01 Dec/31 Dec/31 Dec/31 Jan/01

B Stable operation at 390kW achieved (first design goal: 750kW)
» (Ep=30GeV) x (200Tp/5us pulse) x (2.48sec cycle)
» Taking anti-neutrino beam data for CPV search

B Number of protons on target (POT)

» 15.1 X 102%% accumulated (7.6 X 102° for nu & 7.5 x 102° anti-nu)
» 7.8 X 10%! aimed as original T2K goal



@) KEK Vv, appearance

High Energy Accelerator
Research Organization

28 events observed
- 4.92+0.55 bkgs

15 1 T T L — T T T T
S —— RUNI1-4 dat \ | |
r (ﬁ.S?OXlUl['g(?T) - Y PhyS ReV. D 1, 07é0 10 (Apl‘éOl 5)
- B Osc.v, CC L v |
hs} I [ V}l*’fp cc \\ E \
=] L v v, CC - \ \ B
4 B NC | \
5 10 (MC w/ sin*28 ,=0.1) B ! Y B
G B O 5 - | | —
o | 0 . . | |
5 *1* cut only applied L | ) i
..g i when Evis<1250MeV B / / i
B F, /
= 5 - / i —
z. (S i / ‘ |
/ - - -
7 3 G ~  oF Combination with _
_| "] @) - = -
0 = < | / reactor experiment |
0 1000 ZUUU suuu /
n , _
Reconstructed v energy (MeV) i ' 4
I
Phys. Rev. Lett. 112, 061802 (Feb.2014) -0.5[~ : m
Normal mass L \ _
) Inverted mass \
hierarchy case : B \ _
hierarchy case N
n N |
N = - ‘ . - _1 I 1 1 | 1 1 . 1 | | | ‘ | | |
S 0.04 0.06 0.08 0.1
2 .2
i sin“(9, ;)
0F i N A = N et T2K+Reactor 68% Credible Region ------- T2K Only 68% Credible Region
o A —— NH 90% CL
-1 P —— IH90% CL — T2K+Reactor 90% Credible Region ———— T2K Only 90% Credible Region
B v ---- NH Best fit
Py Vo ---- NH Best fit ® T2K+Reactor Best Fit Point T2K Only Best Fit Line
F L I Reactor 1c band

01 015 02 025 03 035 04

Daya Bay latest: aoo) | THE FIRST CONSTRAINT ON CP PHASE!

sin’26,; = 0.084 £ 0.005 Reactor value from PDG2013
PRL 115, 111802 (2015) Sin22613 =0.095+0.01

\1')




@KEK Beam power projection

1400 -+

1200

1000

3800

Beam power (kW)

600

400

200

1.3 s cycle

0

2015 2017 2019 2021 2023 2025



QY KEK Super-Kamiokande and Hyper-Kamiokande

High Energy Accelerator
Research Organization

m SK have obtained many important results

» Discovery of v oscillation: atmospheric (1998), solar(2001
w/SNO), K2K (2004)

» Discovery of v, —v,(2011, T2K)
B Remaining tasks
» Determine Mass hierachy, CP Violation

» Supernova
v 8,000 neutrino events from a SN at 10 kpc

» Supernova Relic Neutrinos search (with Gd)
» Solar

B Next-generation Water Cherenkov detector
» 260kt(190kt fid.mass) x 2

m Detector location (candidate)
» 295km from J-PARC, @ same off-axis angle
» 650m overburden (1755m W.E.)

m Physics goals

> Accelerator neutrino
v" CPV in neutrino

» Non-accelerator/Astroparticle
v" Discovery of proton decay

Hyper Kamiokande is being considered by
ICRR, U. Tokyo.

Upgrade of Super-K in terms of
detector size and photon
sensitivity.
*Total Volume

*260kton x 2 (SK 50kton)
*Fiducial Volume

*190kton x 2 (SK 22.5kton)
*Single p.e. efficiency

*24%@400nm (SK 12%)

*AT tnsec (SK 2.3 nsec) | v" Atm-nu, solar-nu, relic nu, etc.

.




@ KEK CPV sensitivity

J-PARC v beam + Hyper-K

sm6cp—0 exclusmn
D 12'__' | [T I

m Exclusion of sindcp=0 10]
» 80 for 5=-90°
» 80% coverage of

parameter space for CPV
discovery w/ >30

[ - = %X
LI LA I

=
T

150 100 50 0 50 100 150
1S Ocp

m Ocp IOJFGCISIOH meoasurement Scp 10 error
» 200 for 6=-90 S0
° ° - 1.3MW begm :‘Hank -
> 7 for 6:0 50ffyear=10s = —— gg%eklme{staglng) N

In
|||D||

5cp=90° =

20F

10:_ ., .

68% error of & (degree)
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Running time (year) 11



@& KEK p—e*m? search in Hyper-K

High Energy Accelerator
Research Organization Y

~——0

P" \T

‘E 9 Twon=1.7 X 10%%years (SK 90% CL limit) i BG free by high-sensitive PMTs
il g 0<p,, <100 MeV/c \S}Q :
“E 5 10 years — /7&/ - For the case of
S 3 + i Tproton= 1.4 X 1034years (Super-K limit)
E 2 :
Z e + . 3 ~90 discovery@HK
600 800 1000 1200

HE 560 kton LD , 3a
HK 186 kton HD |, 3
= il LAr 40kton , 3a 1
- —a— HK 372 kton HD staged , 3¢ _ ...........................................

m Only realistic proposal to
#)  reach to 10%° years@30

12



(Y KEK Flavor physics of the next generation

High Energy Accelerator
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AC | RVV2 | AKM | oLL | FBMSSM | LHT RS

D°— D° *kok | K * * * VAas ?

€K * | hkok | hkk | K * l/f)'\\k{*

S Akok | hkok | kkk | K *  SFHD

SeKs *kk | hk * | kkk | kkk ‘*\\QYZ‘E,

Acp (B = X7) * * * [ kkk | kkk * | /7@

Ars(B = K*utu) | % * * | khkk| kkk | kk | ? @Q'@

Ag(B — K*utp™) * * * * * * ? d

B — K®up + o ¥ & * * *

B, — ptu- Fookdk | dedok | kkok | kkok | ko * *

K+ 5 atup * * * * * *kok | hkk

Ky — vy * * * * * *okok | dkok

- ey Kok | Aok | kokk | kokk | kokok | kokok | kokok

T — Wy *kok | Kokk * * %k * %K *kok | hkk

u+N e+ N Jedok | dkok | ok | dkok | dokok | ekeok | hokok SuperKEKB
dn Kok | ko | hokk | kk | ok * | hkk

d. Aokk | dkk | kk | k| kkk | Kk | kkk J-PARC
(9—2)jm Khkk | hkk | KRk | kkk | kkk * ? UCN at TRIUMF

Table 8: “DNA” of flavour physics effects for the most interesting observables in a selection of SUSY
and non-SUSY models s % signals large effects, % ¥ visible but small effects and % implies that
the given model does not predict sizable effects in that observable. W. Altmannshofer. A. J. Buras. S. Gori

P. Paradisi, D. M. Straub, Nucl. Phys.
B830, 17-94, 2010.
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) KEK B meson interferometry

High Energy Accelerator
Research Organization

Interference of B meson

-~ N

Interference of visible light

||
Screen

Interference pattern

N T

Source

Shield with two holes
B meson decays in ~10-12 second. It occasionally turns

into its antiparticle before it decays.

Anti-B Difference between particle
B\ / P

and anti-particle
pattern should be different between lT

According to K-M theory, the interference

B and anti-B

— CP asymmetry



(Q) KEK Measurement at ete~ B factory

High Energy Accelerator
Research Organization

Si detector

— -
B_\ 3.5GeV

O(BO) —

300

250

200

150

100

Events / ps (good tags)

50

8 6 4 2 0 2 4 6 =8



http://habanas.kek.jp/photo/convert.php?showorig=true&currname=good_faces.jpg&currdir=svd2/KEKbrochure
http://habanas.kek.jp/photo/convert.php?showorig=true&currname=good_faces.jpg&currdir=svd2/KEKbrochure

@ KEK

High Energy Accelerator
Research Organization
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Super
KeKB

@@ KEK Accelerator upgrade

High Energy Accelerator
Research Organization

Low emittanqe lattice

&

IR with B,*=0.3mm
SC final focus system

Add RF systems for
higher beam current

emittance positron
injection Positron
capture section

LER beampipe to suppress 7
photoelectron instability ' S

........
........



() KEK SuperKEKB — Machine parameters

High Energy Accelerator
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Parameter

Circumference

Energy

Crossing angle

B, at IP
ByatIP
g, (emittance)

Emittance ratio

O

Beam current
o, at IP
cyatIP

&, (tune shift)
Sy

Luminosity

Super
KeKB

HER (€") LER (€1 HER (€) LER (€%

Units

m 3016 3016
GeV 8 3.5 7 4
mrad 22 83
cm 120 120 2.5 3.2
mm 5.9 5.9 0.30 0.27
10°m 24 18 4.6 3.2
% 0.35 0.40
mm 6 6 5 6 Higher
mA 1400 2000 2600 3600 beam current
10%m 150 150 11 10
10°m 940 940 62 48 Nanobeam
0.0028 0.0028
0.090 0.129 0.0875 0.09

x40



D
@@ KEK Belle 1l Detector Upgrade <O

High Energy Accelerator
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CslI(Tl) EM calorimeter: * ______________ 74m . RPC u &K counter:
waveform sampling g oo ., scintillator + Si-PM

electronics, pure Csl
for end-caps

4 layers DS Si Vertex
Detector —

2 layers PXD (DEPFET),
4 layers DSSD

PID system
2 Time-of-Propagation counter
Central Drift Chamber: Y _(barrel), |
smaller cell size, ;

long lever arm

prox. focusing Aerogel RICH
(forward) RSN

20
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@ KEK

High Energy Accelerator
Research Organization

Machine operation started

Belle Il still in the pit, waiting for some more sub-detectors
BEAST (background monitors) is installed at Interaction Point (IP)
Covered with concrete shields

Final focus magnets (QCS) are not installed yet

Damping Ring (DR) for positron beam not integrated yet




@@ KEK Belle Il Collaboration

High Energy Accelerator
Research Organization

Canada Hudson Bay

Kazakhstan

/\J #Uzbekistan -

74 Turkmenistan

petniel ot o | ] G A
23countries/regions
98 institutions
~700 physicists
Europe 262
Austria 13
Czech 6
Germany 96 Saudi Arabia Korea Canada 26
Italy 69 Australia 26 Malaysia 7 Mexico 10
Poland 12 China 22 Vietnam 4 USA 75
Russia 44 India 33 Taiwan 20
Slovenia 18 Japan 156 Thailand 1
Spain 2 Turkey 2
Ukraine 2




(Q)KEK Luminosity Projection

70¢
60F— Assumptions:
o 9 months / year
E S0F=-20 days/ month
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3 Ideal improvement in luminosity (as good as K
30
LY -
S 20F
= -
10
- I | I
— D
35 °F
NQ x10 3:_
g 6
= C
> 4
e L
.g A
£ P R R D B B B
0
g 2016 2018 2020 2022 2024
-

23



@@ KEK New Measurement Map
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LHCb@CERN

~ [T i P i

>>analyses LHCb is good at >>analyses Belle Il is good at

SUSY,
charged

Higgs
Inclusive analysi

b-> s/d y
b>ulv

e final states

AKn

B> Kgn°
B2>hvv,tv

SUSY,
Charged
Higgs

Charged

* Higgs
Charged

Higgs

right-
handed
weak

Interaction
24



@) KEK Physics at SuperKEKB

High Energy Accelerator
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CPV in new FCNC

E If New Physics scale is at TeV region, 0.5 '?re_se”t upper
B It is natural to assume that the NP % .ﬁmlts il I
effects are seen in B/D/t decays. c s Stinginspirec USSM_.)_
®  Flavor structure of new physics? §
® CP violation in new physics? c0.1l . |
B Otherwise... '% U Fmy
m  Search for deviations from SM in flavor S T dg .
physics will be one of the best ways to 2 Measurements /19 : :
find new physics. at SuperKEKB 2'*
0.02 T T,

5 LFV t decays 0.1 1 10 (ab)

o
- 10 : . ‘
o Upper limits 1000 in B decays |
ol ® T—uy | - - ) .
2 % “« l o - 50ab ' assum F‘-XV- H-b-u coupling
810 B factor%s sool - B->Dtv : H-b-c coupling
) Belle, BaBar) |
< [ ] 006 -~ } b / Y,
AT )
107 A... 2018 = 600 ”|:'____
mSUGRA +se€saw{.) % : B 9 v \
4 r u T
SUSY+S0(10) S 400
107 = [ T
SM+seesaw B ,<
0 H,~ v
. SUSY+Higgs Super i b , c
]0 - ‘ - . - . ‘ 1 1 1 I 1 1 1 I 1 1 1 J 1 1 1 I L L 1
107 107 10t 10 % % a0 80100 BSDrv

Luminosity (ab') tan B



@@ KEK B-> D)ty at Belle, LHCb and Bellell

High Energy Accelerator
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K. Hara and S. Mishima for B2TiP LAL NP-workshop

£ O e, prL100, 10780002012 | ] Belle and LHCb are competitive and
Z ouf. — BoTRRSEIEL e een | complementary experiments
- —— HFAG Average (Winter 2016)  ..... Belle II, 5 ab™
L —— SMPrediction Belle |I, 50 ab™
O4E — selle, axiv:1603 06711 et 1 One of important common topics : B=>D(*)tv
035 sensitive to NP such as H*
03 :
b C
0.25 = \ T
SM ~30 deviation? H-* v
ool + 0y 1 — Y7
62 03 04 0.5 0.6
. R(D i i
r(D")= BB D) ®) " World average including the 2016 Belle result
) o .
B(B > D"v) - ~30 deviation from SM
) Itoh,
Now 5ab+ 50 ab™?
v 100 Sato
c
E A0
i}
41
20
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(Y KEK Simple message from the world’s flavor physicists:

High Energy Accelerator
Research Organization

Credit: Djouadi

WE NEED MORE

DATA 11

With apologies to Herodotus, Thucydides, Sparta, Persia...



@@ KEK Nuclear and Particle Physics at J-PARC

High Energy Accelerator
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| 0 e
Hypernuclei \Q@ o | T-viola-

= 8 He Pentaquark ®*
® AA, E Hypernuclei

decay plane

.
.
.
o
i“‘
.
.
.
Y

K meson

Implantation of
Kaon and the
nuclear shrinkage

K~ o,
[}
| @ Free quarks g&g&%
Xray E17 Why are bound quarks haevier ?

Kaonic atom Kaonic nucleus Mass without Mass Puzzle



@KEK J-PARC KOTO experiment

65 participants from Japan, US, Korea, Taiwan, Russia

Ky —»m vy
- CP symmetry breaking
- rare decay: 2.43 (39) (6) ¥ 10! in the SM

Csl calorimeter to measure a0 — Yy

background rejection:
hermetic extra-particle detection ( “veto”)

® Trigger/DAQ (37k channels): N A
waveform digitization (14bits, 125MHz ADC), pipeline readout




Y KEK Muon g-2/EDM in MLF

High Energy Accelerator
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proposed at H-line in MLF

New idea to avoid “magic” momentum by
eliminating electric field

Ultra cold p* accelerated to 300MeV/c
Goals

2 ik
» g-2:3.4sigmaaway from the SM S 8 gg
o - < o =2
v 0.5 ppm~=> 0.1 ppm g % %§ § § § -
» EDM: CP violation in the lepton sector? - 2% e 2 8 o
a, - ©
v <1x10Pecm > 5x102'ecm a - = X

m Extensive R&D on various elements are on- (oday) _ (Exp) _ (SM) _ 11
foing Aa,™'=a, a,” =(295+88) x10




(Q)KEK COMET Phase | & I

B Phasel
» Detailed understanding of the beam background g
and achieving the sensitivity of < 1024 (100 better e
than the current limit) r/2
» 8GeV, 3.2kW beam, ~90-days DAQ (Graphite as a i Phase |
primary target) | I
B Phasell EK Phase I
» 8GeV, 56kW beam, 1-year DAQ (Tungsten as a ‘\‘\

primary target)
» COMET final goal Sensitivity < 1016

B Proton beam extinction (w/o extraction) of 10-12
has been already achieved (Req. < 102710

Phase | background |Phase |

: 0.03 BG expected 2013-2015
. Transport solenoid ) )
Detector Beam collimator Capture In 7.8x10° sec running time 1F ;
<olenoid / i C running Facility construction
Proton beam § 104MeV/c 2013-2016
; — Magnet construction &
muons - B installation
Radiation Shield | 2016-2017
Eng. run & Physics run
COMET Phase-I Pion production h
Detector target S ool oe- Y NN IO Phase |l

|Eng. run in 2020(?)




@ KEK Japanese Activities at LHC/ATLAS

High Energy Accelerator
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Tie Calorimeter Uquid Argon Calorimeter

Q magnet near the
interaction point

N

30% hamer, | |
100% ASIC for electronicsl

Critical contributions |
- DIXEU SCT Dperation Toroid Magnets @ Pixel Detector TRT Tracker
— muon trigger responsibilit ‘ ™ RO
ek d _am 100% 20% |@PUE 7

- computing

— physics analysis

— trigger coordinator

— collaboration board chair

Solenoid at CERN §
before installation

<

module assem-t;]y
by KEK robot

32



@ KEK Towards HL-LHC
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\

beam SEDE]"EIT]DH whole replacement

replacement of

Q magnet X : of tracker to all
1 SBDT?E’EDJE[YDE ig erlctrlesv silicon detector
under tes \ s SRR

Critical contributions

— beam seperation magnet K
— silicon pixel/strip detector R -
- muon trigger electronics N ‘ ‘ ‘ ‘ I l l
— computing i e
e },1I_ et
D tracker tentative deelgn

33



@@ KEK In-kind contribution and collaboration for HW design

High Energy Accelerator
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2m Model coil production and test at KEK

Turn tableC]

-
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@@ KEK Very fruitful collaboration with CERN
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@ KEK

High Energy Accelerator
Research Organization

International Linear Collider

ILC has been proposed by the international HEP community
and recommended by European strategy, US P5, etc. Its
studies are conducted by the initiative of ICFA.
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(Q)KEK ILC as a Higgs factory

Production cross section
P(e’, e")=(-0.8, 0.3), M =125 GeV
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(Q)KEK Higgs to ff couplings
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®KEK Higgs to ff couplings

Supersymmetry Composite Higgs
(MSSM) (MCHM5)
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@KEK Brief history of ILC (1)

m R&D for a future e+e- linear collider was
started more then 20 years ago in three
regions.

B By early 2000’s, it became a consensus
among the world HEP community that an
e+e- linear collider with the CM energy of
about 500 GeV should be the next collider
beyond the LHC.

m |CFA chose the cold technology for LC as a

global project, and set up a global team Organization
(GDE) for design and coordination of R&D ICFA
for the ILC. Program Advisory ____ Linear Cnll'l'der Board FALC
* After eight years of works, the TDR of R;":ﬁm |
the ILC was published in June 2013. b e — e
ICFA set up the Linear Collider e
Collaboration for engineering design
phase. Miketorson  Stanerstpnes  Fitoshivamamoto.




(Q)KEK Brief history of ILC (2)

® |n October 2012, after the discovery of the Higgs boson at LHC,
Japanese HEP community proposed to host the ILC in Japan as a global
project.

m This proposal was welcomed by worldwide HEP communities.

The European Strategy for Particle Physics Update 2013

US P5 report (May 2014)
ICFA statements (January and July 2014)
ACFA/AsiaHEP Statement on the ILC (September 2013)

B In May 2013, Science Council of Japan (SCJ) set up a special committee
for the ILC Project as a response to the MEXT’s request for deliberation
of the ILC project from an academic point of view.



@KEK ILC Advisory Panel in MEXT

[ MEXT Under ILC TF chaired by
State Minister of MEXT
Research contract »  ILC Advisory Panel
Survey of technological May 2014 ~

spin-offs, research trends
and technical feasibility

l l |

Particle and Nuclear TDR Validation Human Resources
Physics Working Group Working Group Working Group
June 2014 ~ June 2014 ~ Nov. 2015~
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@) KEK Interim Report from the ILC Advisory Panel

High Energy Accelerator
Research Organization

B “Summary of Discussions” released by the ILC Advisory Panel
(August 2015)

» Recommendation 1: Share the cost internationally and Find a clear
vision on the discovery potential of new particles.

» Recommendation 2: Closely monitor and analyze the development of
the LHC experiments and Mitigate cost risk.

» Recommendation 3: Obtain general understanding by the public and
science communities.
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@@ KEK Achievement at ATF

High Energy Accelerator
Research Organization

ILC Recent progress of KEK-ATF

ATF2: Final focus Test beamline

Goal-1: Develop final focus system for ILC

- 37 nm vertical beam size at IP

Goal-2: Develop beam position stabilization
in a few nm

— Study of Intra-train feedback has been started.

History of measured minimum beam size

400 .
350 [ -pec2oto-—— * 44 nm was achieved
g — 300 [ @ in June 2014
£ g, 250 oo S » still being improved
E ;; .0 1|1 E ............................................................................................. .
5 - : = Feb-Jun.. ?
E % 150 Lo s, ‘;" .................. N 4
= @ r -
S A 100 —— g ........................................... Mar 2003 . i
E o : o Dec2012@® ® Aprz[]lqlavzjld‘
3 ...................................................................................................... AL
i = Eun 2014
DC LLl

Presented by K.Kubo at IPAC2014

ATF2E— A5 AR M

ATF2 = A

| | beamline Damplng ;'E ]
g
el 1 “‘&H_..ﬁ..... T2
4
E.‘p—---‘.——--—-—--—-__.__.v_.__.__.__. — I
- - ATFUSFudr

* Small beam size (<50
nm) was recovered in a
day from an accelerator

e ;%0 shutdown.
w [ * Good reproducibility
ol *; and stability was
£ . confirmed.
] —
200 |-
i

0 20 30 @ s & 7
Time (hours) from operation start
after 3 days shutdown




@ KEK Superconducting Accelerator Test Facility
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@ KEK

Summary and conclusions

B KEK has diverse program in particle physics.
» Long baseline neutrino experiment T2K continues data taking
with >400kW beam power.
» Future of neutrino experiment: HyperKamiokande (U. of Tokyo)
+ J-PARC upgrade to 1.3MW. — vCPV
» Flavor physics at SuperKEKB
v’ Machine commissioning has started, and construction of Belle Il is

almost on schedule.
v’ Belle Il is competitive and complementary with LHCb and other LHC

experiments in B physics.
» Flavor physics at J-PARC: K—nlvv, g,—2, L—€ conversion.
» Contributions of KEK and Japanese groups to ATLAS/LHC will
continue. We hope to play important roles in HL-LHC.

B Hosting ILC is being intensively studied by the Japanese
Government. KEK will provide all the possible help to have
them reach conclusion in timely manner together with the

world ILC community.



