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https://www.particlezoo.net/collections/antiparticles/products/positron
https://www.particlezoo.net/collections/leptons/products/electron
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CED event display 
fast client-server event display

based on OpenGL (glut)

some features:

3d transparent surfaces

cut open detector

save/reload display settings

projections: r-phi, r-z

toggle view of detectors, hit 

collections, axes, ...

binding for LC read

GEAR for geometry

LCIO for hits, tracks, clusters,...

detailed User Manual 
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https://www.particlezoo.net/products/higgs-boson


NIKHEF ESPP DISCUSSION

PREVIOUS 
ROUND:

An extract from �
Deliberation Paper on the update of the European 

Strategy for Particle Physics �
submitted to the CERN Council in May 2013 by the European Strategy Group 

•  There is also a strong scientific case for an electron-positron 
collider that could initially study the Higgs properties with high 
precision, in a way complementary to the LHC, and later be 
upgraded to higher energy. Already at energies around 250 GeV, 
such a machine could perform precise and model-independent 
measurements of the Higgs branching ratios, with sensitivity to 
most decay modes at the percent level. At energies around 350 
GeV, such a machine could perform precision tests of the top 
quark properties. At energies of 500 GeV and higher, such a 
machine could explore the Higgs properties further, for example 
the coupling to the top quark, the self-coupling and the total 
width. It could also search for colour-neutral new particles, for 
example some dark matter candidates that may have escaped 
detection at the LHC. The Japanese initiative to offer to host the ILC opens a new window of opportunity in particle physics. European groups have already made 
several crucial contributions to the recently- completed Technical Design Report and are very interested in participating in the ILC project. Until now, it is the Japanese high-energy physics community that has 
expressed unanimous support for hosting the ILC in Japan. Nonetheless, much progress on the political side has been reported to the ESG meetings and Europe thus needs to be prepared in the event that the 
Japanese government comes forward with a clear plan for hosting the ILC in Japan and invites Europe to participate. 6

▸ (Tatsuya Nakada / 
EPFL — LCWS2017 
Strassbourg)

https://agenda.linearcollider.org/event/7645/contributions/40128/attachments/32192/48814/LCB_report_nakada.pdf
https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
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PHYSICS
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•  In	pp	interes;ng	events	need	to	be	found	
within	a	huge	number	of	collisions	

Lucie	Linssen,	June	28th,	2016	

pp	collisions	/	e+e-	collisions	

•  e+e-	events	are	more	“clean”	
collision	energy	

e+e-	processes	

pp	cross	secBon	

factor	>	108	

collision	energy	

▸ (Luci Linsen / 
CERN)



NIKHEF ESPP DISCUSSION

TECHNOLOGY: 
COLLIDERS

Future	Circular	Collider	(FCC-ee):	CERN	
e+e-,	√s:	90	-	350	GeV;	FCC-hh	pp	
Circumference:	97.75	km	

Circular	Electron	Positron	Collider	
(CEPC),	China	
e+e-,	√s:	90-240	GeV;	SPPC	pp,		
Circumference:	100	km	

5	Lucie	Linssen,	June	28th,	2016	

Compact	Linear	Collider	(CLIC):	CERN	
e+e-,	√s:	380	GeV,	1.5	TeV,	3	TeV	
Length:	11	km,	29	km	,	50	km	

Interna;onal	Linear	Collider	(ILC):		
Japan	(Kitakami)	
e+e-,	√s:	250	–	500	GeV	(1	TeV)	
Length:	17	km,	31	km	(50	km)	

studies	of	high-energy	e+e-	colliders		

▸ (Luci Linsen / 
CERN)
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NIKHEF ESPP DISCUSSION

PHYSICS MEETS 
COLLIDERS

luminosity	performance	e+e-	colliders	

Lucie	Linssen,	June	28th,	2016	 9	

Linear	colliders:	
•  Can	reach	much	higher	energies	
•  Luminosity	rises	with	energy	
•  Beam	polarisa;on	at	all	energies	
	
Circular	colliders:	
•  Huge	luminosity	at	lower	energies	
•  Luminosity	decreases	with	energy	

Note:	Peak	luminosity	at	LEP2	(209	GeV)	was	~1032	cm-2s-1	

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5587080/
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Future strategies for the discovery

and the precise measurement

of the Higgs self coupling

Alain Blondel, Patrick Janot

26 September 2018

Abstract

The European Strategy for Particle Physics (ESSP) submitted in 2013 a deliberation doc-
ument [1] to the CERN council explaining that a lepton collider with "energies of 500GeV or

higher could explore the Higgs properties further, for example the [Yukawa] coupling to the top

quark, the [trilinear] self-coupling and the total width.". In view of the forthcoming ESPP up-
date in 2020, variations on this qualitative theme have been applied, inaccurately, to the case
of the ILC [2, 3], to argue that an upgrade to 500GeV would allow the measurement of the
Higgs potential and would increase the potential for new particle searches. As a consequence,
the strategic question was raised again whether the FCC-ee design study ought to consider a
500GeV energy upgrade. In this note, we revisit the ESSP 2013 statement quantitatively and
find

• that the FCC-ee can measure the total width of the Higgs boson with a precision of 1.6%
– the best precision on the market – with runs at

p
s = 240, 350, and 365GeV, and

without the need of an energy upgrade to 500 GeV;

• that the top Yukawa coupling will have been determined at HL-LHC at the ±4% level,
albeit with some model dependence, without the need of 500GeV e

+
e
� collisions; and

that the combination of this HL-LHC result with the FCC-ee absolute Higgs coupling
and width measurements removes the model dependence, without the need of an energy
upgrade to 500GeV;

• that, with the run plan presented for the ILC, the trilinear Higgs self-coupling can be
inferred with a 3� significance from the double-Higgs production cross-section measure-
ment at the ILC500 after three decades of operation; but that the FCC-ee provides a
similar sensitivity in 15 years, from the precise measurement of the single-Higgs pro-
duction cross section as a function of

p
s, without the need of an energy upgrade to

500GeV;

• that the same FCC-ee, with four experiments instead of two, might well achieve the first
5� demonstration of the existence of the trilinear Higgs self-coupling, while a centre-of-
mass energy of about 1 TeV or more is required for a linear collider to reach a similar
sensitivity in a reasonable amount of time; and that a precise measurement of the trilinear
Higgs self-coupling at the few per-cent precision level can realistically only be provided
by the combination of FCC-ee and FCC-hh, being beyond reach of lepton colliders with
a centre-of-mass energy up to at least 3TeV.

On the new particle search front, the run plan of the FCC-ee includes an electroweak
precision measurement program that is sensitive to new physics scales up to 70 TeV. The Z
factory run of the FCC-ee with 5⇥ 10

12 Z decays can discover particles (e.g., dark matter or
heavy neutrinos) that couple with a strength down to as little as 10

�11 of the weak coupling.
Finally, the FCC-hh potential for new particle searches at high mass exceeds that of any
proposed linear collider project.

We conclude that 500 GeV is not a particularly useful energy for the lepton colliders under
consideration, especially for the FCC-ee. A 5� demonstration of the existence of the Higgs
self-coupling is within reach at the energies foreseen for the FCC-ee, with a moderate change
of configuration, which certainly deserves consideration.
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NIKHEF ESPP DISCUSSION

PHYSICS MEETS 
POLITICS

An extract from �
Deliberation Paper on the update of the European 

Strategy for Particle Physics �
submitted to the CERN Council in May 2013 by the European Strategy Group 

•  There is also a strong scientific case for an electron-positron collider that could initially study the Higgs properties with high precision, in a way complementary to the LHC, and later be upgraded to higher 
energy. Already at energies around 250 GeV, such a machine could perform precise and model-independent measurements of the Higgs branching ratios, with sensitivity to most decay modes at the percent level. 
At energies around 350 GeV, such a machine could perform precision tests of the top quark properties. At energies of 500 GeV and higher, such a machine could explore the Higgs properties further, for example 
the coupling to the top quark, the self-coupling and the total width. It could also search for colour-neutral new particles, for example some dark matter candidates that may have escaped detection at the LHC. 

The Japanese initiative to offer to host the ILC opens a new 
window of opportunity in particle physics. European groups 
have already made several crucial contributions to the 
recently- completed Technical Design Report and are very 
interested in participating in the ILC project. Until now, it is 
the Japanese high-energy physics community that has 
expressed unanimous support for hosting the ILC in Japan. 
Nonetheless, much progress on the political side has been 
reported to the ESG meetings and Europe thus needs to be 
prepared in the event that the Japanese government comes 
forward with a clear plan for hosting the ILC in Japan and 
invites Europe to participate. 

7

▸ (Tatsuya Nakada / 
EPFL — LCWS2017 
Strassbourg)

https://agenda.linearcollider.org/event/7645/contributions/40128/attachments/32192/48814/LCB_report_nakada.pdf
https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
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THE EUROPEAN 
ACTION PLAN

KEK-ILC Action Plan

KEK-DG Yamauchi set up a WG to develop a
KEK-ILC action plan in May, 2015.
The KEK-ILC Action Plan was released in
January 2016. It contains technical preparation
tasks and a human resource development plan
for the pre-preparation phase (current efforts)
and the main-preparation phase (after “green
sign” from MEXT). It focuses mainly on a
development plan for KEK.
“Producing a EAP (European Action Plan) for
the ILC in timely manner is very important.”
“After having established a discussion group
with DOE, discussions with Europe are likely to
become the next important topic for MEXT.”

15

Extracted from slides of Y.Okada, KEK – EJADE meeting 6.9.16

E-JADE
Europe-Japan Accelerator Development Exchange Programme

Technical WPs: WP1: LHC with upgrades/FFC/ SuperKEKb, 
WP2: ATF2, WP3: ILC/CLIC

Partners: CERN (coord), DESY, CEA, CNRS, CSIC, RHUL, OXF 
with Uni. Tokyo and KEK -> WG for EAP 

New partners: VINCA, AGH-Cracow, Tel Aviv University, 
Liverpool University, Université de Strasbourg, Université
Paris-Sud, Tohoku University and Kyushu University. 

Authors of EAP:
For EJADE institutes: 
CERN: S.Stapnes, CEA: O.Napoli, DESY: 
N.Walker/H.Weise/B.List, CNRS: P.Bambade/A.Jeremi, UK: 
P.Burrows, CSIC: A.Faust-Golfe

EJADE WP3 and centrally: T.Schoerner-Sadenius, M. 
Stanitzki
TDR: B.Foster

Programme 2015-2018:
• Three main technical WPs 
• Supports extended stays of European Researchers 

in Japan 
• Recently adapted to include detector and physics 

studies for ILC (new partners) 

On the European side it was suggested to use 
the EJADE H2020 MC project to prepare the 
EAP – the effort was started October 2016

▸ (Steiner Stapnes / 
CERN — LCWS2017 
Strassbourg)

https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
https://agenda.linearcollider.org/event/7645/
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MEANWHILE, 
IN JAPAN:

 8

The LDP, the governing party, formed a 
Liaison Council for ILC on Sep. 18 and 
adopted the following resolutions:  

• Position the ILC as a national project 
(which means an inter-ministry project 
to solve many different national issues) 

• Allocate a separate budget for the ILC 
aside from the normal budget for 
science & technology/academia/
university funds

Keisuki Fujii / October 2nd 2018

https://agenda.linearcollider.org/event/8047/contributions/42352/attachments/33620/51554/20181002fujiik.pdf
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