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Progress in twelve years



Twelve year cycle is popular in Eastern Asia

• 2018:   “The year of the dog”

• 2006:  
One year before the end of HERA

• 1994: DIS94:  Eilat
• Low-x rise,   Large rapidity gap (1993)
• HERA first collision (1992)

• 1982
• HERA proposal (1981)

• 1970
• DIS (1969), scaling (1969) …. 

• 1958 
• Proton form factor (1956)



A hot topic in DIS2006
• D0 published the Bs mixing 

Δms = 17.768 ± 0.023 (stat)
± 0.006 (syst) ps −1

(New J. Phys 15 (2013) 053021)

New dedicated detectors and 
Higher cross section



Lost Technology
• In DIS06, there was one talk 
with OHP (over-head projector).

• Probably DIS06 was the last meeting with the 
proceedings without open access.

->  You can still buy it from AMAZON!   
(no customer reviews so far)
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Start of LHC and discovery of Higgs



Preparation for LHC
• In 2006, more people were working for the LHC, 

preparation for discoveries, identifying the missing 
parts for the detailed studies.

• LO -> NLO -> NNLO (+NLL….)
• NLO MC generators
• More PDFs, understanding of its uncertainty.
• Multi parton interaction
• Rapidity Gap, Jet veto.



Wish list
• Les Houches 2005:   Wish list of NLO calculation

arXiv:hep-ph/0604120v1

More update in 2007, 2009,,,,    Then wish list of NNLO in 2013We now have better SM 
predictions.
I am happy to see the 
summary of WG4.



No fake mu’s

• If we knew only LO calculation for Higgs production, we 
would have had many papers for non SM Higgs!

Great Success of the 
SM!      (μ=σ/σSM)

LO

NLO
NNLO

NNNLO



Jet Cluster algorithm was very slow.    
-> FastJet M. Cacciari and G. Salam hep-ph/0512210

• Applicable to Heavy Ion Jet
• Faster iteration -> More idea

• Jet Area
• Anti Kt
• Subjet -> Boosted Jet

2011



Jet
Mjj@UA2 Z.Phys. C49 (1991)

W/Z

Boosted Jets

arXiv: 1801.02052

PRL120 (2018) 071802



Future @ DIS2006 (1)
• Very near term future:  FL measurements

Phys. Lett. B665 (2008) 139
Eur. Phys. J. C 74 (2014) 2814 

Phys. Lett. B 682 (2009) 8



Future @ DIS2006 (2)
• Near term future:  J-Lab 12 GeV upgrade

Or Hen : DIS18: Altareli Prize 
Talk

Rolf Ent



Future @ DIS2006 (3)
• Near term future:  J-PARC

I will discuss the J-PARC 
status later.



Future @ DIS2006   (4)
• Future lepton-hadron colliders

The LHeC proposal was 
submitted just before DIS 

2006 Workshop.
hep-ex/0603016 



Future @ DIS2006   (4)  ->   DIS2018
• Future lepton-hadron colliders

It is the time to realize the 
studies of last >12 years.

EIC,  LHeC,  FCC-he, VHEeP VHEeP



SPIN @DIS2006

Since then there are many more 
data from HERMES, COMPASS, 
RHIC, J-LAB ….  But not yet 
enough.   
 Importance of high Lumi EIC

Yuji Goto
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J-lab 12GeV  first beam (2015 )

RHIC polarised proton (2003-)



From eN to eA
There were little discussion on Heavy 
Ion results in DIS2006 but many 
interesting observations from heavy 
ion collisions

Bill Zajc (DIS2007)

Ridge:  seen also in pp
(CMS web page)

Collaborative works 
of HEP and NP are 
essential.



Exotic hadrons
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And Pentaquark!
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PRL 115 (2015) 072001

Heavy quarks seems to 
be more open-minded to 
the exotics!



New accelerators in Japan since 2006

• J-PARC  (2010)

• SuperKEK  (2018)

• and Future



J-PARC

Tsukuba
Tokai KEKB

PF, PF-AR

ATF

Electron machines in Tsukuba 
and proton machines in Tokai



SuperKEKB and Belle II

2016/1/22 23

e- 7GeV 2.6 A
e+ 4GeV 3.6 A

Target: L = 8x1035/cm2/s
SuperKEKB

Colliding 
bunches

Damping ring

Low emittance gun

Positron source

Belle II

New IR

TiN-coated beam pipe with antechambers
Cu for wigglers and Al alloy for the rest

Redesign the lattices of HER & LER 
to squeeze the emittance 

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting /permanent 
final focusing quads near the IP

To inject low emittance electrons

@1.1 GeV
To inject low emittance positrons

Replace short  dipoles 
with longer ones (LER)
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Nano beam scheme:
Modest (x2) current increase.
Ambitious challenge to reduce 
the beam size (x 1/20)



KEK
High Energy Accelerator
Research Organization

Commissioning schedule  
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・・
・2016

JFY2016

2017 2018 2019

JFY2017 JFY2018 JFY2019Japan FY

Calendar year

Summer shutdown
(power saving)

Summer shutdown
(power saving)

Summer shutdown
(power saving)

Phase 1 Phase 3

MR renovation for phase 2, including
installation of QCS and Belle II

w/o QCS
w/o Belle II

w/ QCS
w/ Belle II (no VXD) w/ full Belle II

DR commissioningDR installation & startup

MR startup

VXD installation
HER start
LER start

Undated plan (Feb 2018)
Phase 2

Now

Phase-3 will start in 
Feb. 2019

We have managed to start Phase II beam operation in March and to have 
commissioning run by summer. We will start of the Phase III in February 
2019.



KEK
High Energy Accelerator
Research Organization

Success of  Phase-1 Commissioning

e-

e+

Red: total beam current
Purple: vacuum pressure

LER: 1010 mA,  HER 870 mA

• First beam on 6/Feb/2016
• 5 month (almost) continuous commissioning  (Feb-Jun).
• The pressure is kept at reasonable level: success of 

the scrubbing effect.



KEK
High Energy Accelerator
Research Organization

Preparation for the Phase 2 (QCS)
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March 2017

• Cool down and field measurement in May-
Aug/2017



January 15th, 2018:  both sides of the complex 
superconducting final focus system and RVC (Remote 
Vacuum Connection) are fully integrated with Belle II.

Kudos to the KEK (K. Kanazawa et al) and DESY (K. Gadow et al) 
installation teams.

Phase 2



SuperKEKB phase 2 status
HER collision optics: phase 2.1
(βx

* = 200mm, βy
* = 8mm)

LER collision optics: phase 2.1
(βx

* = 200mm, βy
* = 8mm)

3/19 HER beam tuning start

3/21 HER beam storage

3/26 LER beam tuning start

3/31 LER beam storage

as of Apr. 17, 2018 



Cosmic Ray Muon Event Displays
VXD First Cosmics

First ARICH ring with cosmics

Barrel Outer Detector Integrated and 
recording cosmics. (KLM RPCs ok, but 
no scintillator KLM hits yet).

Outer detector (barrel)





Europe 320

Austria 10

Czechia 7

France 22

Germany 138

Israel 5

Italy 65

Poland 12

Russia 38

Slovenia 14

Spain 5

Ukraine 4

America 123

Canada 26

Mexico 13

USA 84

25 countries/regions
108 institutions
756 researchers

Asia

Saudi Arabia 1

Australia 33

China 37

India 31

Japan 133

313

Korea 40

Malaysia 5

Vietnam 2

Taiwan 27

Thailand 1

Turkey 3

As of Apr. 2018
Belle II Collaboration

32



J-PARC IAC 2018

Neutrino Beam to Kamioka

Material and Life Science Facility

Hadron Hall

Currently 0.4 MW

Currently 0.48 MW(FX) 
and 0.05 MW (SX)



History of MR beam power

Achieved beam power for users :
Fast extraction : 485 kW (2.5 x1014 ppp)
Slow extraction : 51 kW (5.5 x1013 ppp)

Beam stop due to 
the earthquake

Beam stop due to the 
radioactive material 
leak incident in HEF

2010/1/1~2018/4/15, 21:00



Neutrino experiments

5/3/2018
35

T2K2   (E11 -> E65 (stage-1):  ND upgrade  + 
more POTs

https://home.cern/about/updates/2017/10/baby-mind-born-cern-now-ready-move-japan

Many proposals on orecision measurements of 
neutrino-nucleus cross sections, for reducing 
systematics of the oscillation parameters

E13/E65 T2K(2)
E61 (NuPRISM+TITUS), 
E69 (WAGASCI+BabyMIND), 
E71 (NINJA): 

T2K results:  see Yoshinari
Hayato’s Talk



Hi-p/COMET
construction

KOTO

E07 Ξ-hypernuclei with Emulsion

Hadron Hall in JFY2017
Beam power 40~50kW

E31: Hyperon Resonance

36

E14 KOTO

27/2/2017

30GeV proton can be extracted:
good for high-x Drell-Yan experiment 



KEK
High Energy Accelerator
Research Organization

Nuclear and Particle Physics at J-PARC
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E07: Emulsion Photo Xi +A -> ?
Ξ− stop  -> Formation of double hyper nuclei

3
8

3 vertex event

Ξ-

2 vertex events

production
vertex

decay
vertex1

decay
vertex2

event 1 event 2

event 3 event 4

event 1

Several Hyper-fragments have been observed.

1 year for fast scanning of all the emulsions.

Old method with 
advanced tools.



27/2/2017 39

S
S

Jianwei Qiu : DIS18

Quarks may leaks:   Xi – double 
lambda hyper spectroscopy can 
give extra information



KEK
High Energy Accelerator
Research Organization

ILC accelerator à la TDR

e- Source

e+ Main Linac

e+ Source

e- Main Linac

Item Parameters

C.M. Energy 500 GeV

Length 31 km

Luminosity 1.8 x1034 cm-2s-1

Repetition 5 Hz

Beam Pulse  Period 0.73 ms

Beam Current 5.8 mA (in pulse)

Beam size (y) at FF 5.9 nm

SRF Cavity G. 
Q0

31.5 MV/m
Q0 = 1x10 10main linacbunch

compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeV

Nano-beam Technology

SRF Accelerating Technology

Key Technologies

Damping Ring

RF Distribution

RF Power Source

Cryomodules



KEK
High Energy Accelerator
Research Organization

ILC250 as an international project with Japanese initiative

 Japanese HEP community proposed to start ILC as a  Higgs factory 
with 250GeV collision energy, which was supported by LCB and ICFA 
at the Ottawa meeting in November 2017.

 Following the LCB/ICFA statement on ILC250, the proposal was 
discussed at the ILC Advisory Panel meeting at MEXT in December.

 The panel agreed to re-start physics and TDR working groups to 
evaluate physics potential, cost and technical issues of the new 
ILC250 proposal.

 It is expected that the conclusion of the Advisory Panel will be given 
in summer 2018 after hearing conclusions of the working groups, 
and the outcome will be sent to the Science Council of Japan for the 
final evaluation of the project.



Summary
• A lot of progress in last years. 
• Preparation for the LHC and  huge real data 

from the LHC accelerate the progress.
• Many new data from fixed target 

experiments and RHIC.    -> more diverse 
meaning of the DIS-WS

• It is the time to prepare for the future.
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