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Why are we still talking about LCs?



Ancient Greeks: Elements



Periodic Table

Credit: NASA



It’s A Small World?
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Fermi’s dream era

• Fermi formulated the first theory 
of the weak interaction (1932)


• The required energy scale to 
study the problem known since 
then: ~TeV

• We are finally got there with LHC!



early cyclotron



Redo the Big Bang!



fixed target vs collider
• fixed target experiment:


• need R~400,000km with 8T magnets

• collider: R=27km
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kudos to our accelerator friends

who make unthinkable a reality



Standard Model
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宇宙のあらゆる場所，あなたの眼の前
にすら，「ヒッグス粒子」が満ちている
　素粒子物理学の標準モデルでは，もう一つ未発見の素粒子
の存在が予言されています。それが「ヒッグス粒子」です。

　標準モデルによると，宇宙空間のあらゆる場所，真空や物
質の内部にさえ，ヒッグス粒子が満ちていると言います＊。
魚が周囲に満ちている水の存在に気づかないであろうよう
に，ヒッグス粒子はあらゆる場所に満ちているため，私たち
はその存在に気づいていないのです。

　ヒッグス粒子は，あらゆる素粒子の「重さ（質量）」を生
みだす源だと考えられています。標準モデルによると，本来，
あらゆる素粒子は質量がゼロだと考えられているのです。質
量とは，「物体の動かしにくさ」（より正確には「加速のしに
くさ」）を意味します。質量の小さな（軽い）ピンポン球は，
小さな力でも，いきおいよく動かすことができます。しかし
質量の大きな（重い）砲丸は，大きな力を加えないと，いき
おいよく投げることはできません。

　ヒッグス粒子が空間に満ちているため，素粒子が動こうと
すると，ヒッグス粒子と衝突してしまうことがあります。こ
れを素粒子の質量，すなわち，動かしにくさの起源だと考え
るわけです。質量が大きい（重い）素粒子ほど，ヒッグス粒
子と頻

ひん
繁
ぱん
にぶつかることになります。

ヒッグス粒子がなかったら，私たちは存在できない
　一方，光子のような質量ゼロの素粒子は，ヒッグス粒子と
衝突しません。光が自然界の最高速度（光速，秒速約 30万
キロメートル）で進めるのは，このためです。

　逆にいえば，光子は真空中を光速以下で進むことはできま
せん。光子は，生まれた瞬間から光速で動きつづける運命な
のだといえます。ヒッグス粒子がなければ，私たちの体をつ
くっている電子などの素粒子も，光速で進んでしまい，その
場に留まっていられなくなります。物体の構造が保たれてい
るのは，真空にヒッグス粒子が満ちているおかげなのです。
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●●●●
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Part 2 素粒子論入門
ヒッグス粒子①

＊： 真空に満ちているのは「ヒッグス場」で，加速器を使ってヒッグス場から
たたき出される（次ページ参照）のが「ヒッグス粒子」と使い分ける方が，
より正確ですが，この記事では「ヒッグス粒子」で統一することにします。
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Higgs boson frozen in the Universe

Weak boson

Just the right amount of Higgs boson for us to exist!

Credit: Newton Japan
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Higgs filling up the space keeping us in one piece

Who are they? 
Why are they frozen? 

Why do we exist?





I didn’t believe it

• Higgs boson is the only spin 0 particle in the 
standard model

• it is faceless

• one of its kind, no context

• but does the most important job

• looks very artificial

• we still don’t know dynamics behind the Higgs 

condensate

• Higgsless theories: now dead

What is Higgs?
Is it alone?

Any siblings?
Any relatives?
Why frozen?



Nima’s anguish

mH=125 GeV seems almost maliciously designed 
to prolong the agony of BSM theorists….



By A Pomarol

preferred

preferred

Supersymmetry

Alex Pomarol

Reveal the Secrets of the Higgs Boson

Use the Higgs boson as a new tool for discovery



dream case for experiments

can measure them all!



Recommendation 2
a. CMB-S4, which looks back at the earliest moments of the universe to probe physics at the 

highest energy scales. It is critical to install telescopes at and observe from both the South Pole 
and Chile sites to achieve the science goals (section 4.2). 


b. Re-envisioned second phase of DUNE with an early implementation of an enhanced 2.1 MW 
beam—ACE-MIRT—a third far detector, and an upgraded near-detector complex as the definitive 
long-baseline neutrino oscillation experiment of its kind (section 3.1). 


c. An off-shore Higgs factory, realized in collaboration with international partners, in order to 
reveal the secrets of the Higgs boson. The current designs of FCC-ee and ILC meet our scientific 
requirements. The US should actively engage in feasibility and design studies. Once a specific 
project is deemed feasible and well-defined (see also Recommendation 6), the US should aim for 
a contribution at funding levels commensurate to that of the US involvement in the LHC and HL-
LHC, while maintaining a healthy US on-shore program in particle physics (section 3.2). 


d. An ultimate Generation 3 (G3) dark matter direct detection experiment reaching the neutrino 
fog, in coordination with international partners and preferably sited in the US (section 4.1). 


e. IceCube-Gen2 for study of neutrino properties using non-beam neutrinos complementary to 
DUNE and for indirect detection of dark matter covering higher mass ranges using neutrinos as a 
tool (section 4.1). 19

New exciting initiatives

Rank-Ordered
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† Recommend infrastructure support to enable international contributions

Y: Yes

2: The Recommended Particle Physics Program 29

Figure 2  –  Construction in Various Budget Scenarios

Medium and large-scale US investments in 

new construction projects for possible budget  

scenarios. For the three budget scenarios, 

the projects are ordered in 5 budget brackets  

according to the number of “N” entries and then 

by approximate budget sizes. For the offshore 

Higgs factory, test facilities & demonstrators, see 

Recommendation 6. See the caption of Figure 

1 concerning the science drivers, and Section 8 

for the rationale behind these choices.
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2014 P5
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TABLE 1 Summary of Scenarios A, B, and C. Each major project considered by P5 is shown, grouped by project size and listed in time order based on year of peak construction. 
Project sizes are: Large (>$200M), Medium ($50M-$200M), and Small (<$50M). The science Drivers primarily addressed by each project are also indicated, along with the 
Frontier technique area (E=Energy, I=Intensity, C=Cosmic) defined in the 2008 P5 report. 
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Table 1
Summary of Scenarios

 Large Projects

Muon program: Mu2e, Muon g-2 Y, Y Y     � I

HL-LHC Y Y Y �  �  � E

LBNF + PIP-II Y, Y Y, enhanced  �   � I,C

ILC R&D only R&D, Y �  �  � E

NuSTORM N N N  �    I

RADAR N N N  �    I

 Medium Projects

LSST Y Y Y  �  �  C

DM G2 Y Y Y   �   C

Small Projects Portfolio Y Y Y  � � � � All

Accelerator R&D and Test Facilities Y, reduced Y, Y, enhanced � � �  � E,I

CMB-S4 Y Y Y  �  �  C

DM G3 Y, reduced Y Y   �   C

PINGU Further development of concept encouraged  � �   C

ORKA N N N     � I

MAP N N N � � �  � E,I

CHIPS N N N  �    I

LAr1 N N N  �    I

 Additional Small Projects (beyond the Small Projects Portfolio above)

DESI N Y Y  �  �  C

Short Baseline Neutrino Portfolio Y Y Y  �    I

LBNF components 
delayed relative to 
Scenario B.

possibly small  
hardware contri- 
butions. See text.

some reductions with 
redirection to  
PIP-II development

Mu2e small reprofile 
needed

Scenarios Science Drivers

low
medium

unlimited
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Future of CERN = FCC?

Bonn, 23.05.2024

“The cost estimates in the feasibility study are subject to a large number of 
uncertainties, the effects of which are still largely unknown. The financing plan is 

extremely vague and requires a high level of commitment from external partners, 
which is neither assured nor even in prospect at the present time. 

Under the current economic conditions, Germany is not in a position to provide the 
planned funding. In view of all these points, the FCC has to be considered as not 

affordable. 

Hence, CERN has to diversify its efforts and prepare for different scenarios including 
one without the FCC-ee.” 

BMBF Statement in CERN Council Meeting 02/2024
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European Strategy Group (ESG) remit

The remit of the European Strategy Group (ESG), established in June 2024, is to develop an update of the European Strategy 
for Particle Physics and submit it for approval by the Council. The aim of the Strategy update should be to develop a visionary 
and concrete plan that greatly advances human knowledge in fundamental physics through the realisation of the next flagship 
project at CERN. This plan should attract and value international collaboration and should allow Europe to continue to play a
leading role in the field.

The ESG should take into consideration:
q the input of the particle physics community;
q the status of implementation of the 2020 Strategy update;
q the accomplishments over recent years, including the results from the LHC and other experiments and facilities worldwide, 

the progress in the construction of the High-Luminosity LHC, the outcome of the Future Circular Collider Feasibility Study,
and recent technological developments in accelerator, detector and computing; the international landscape of the field.

The Strategy update should include the preferred option for the next collider at CERN and  prioritised alternative options to be pursued 
if the chosen preferred plan turns out not to be feasible or competitive. The Strategy update should also indicate areas of priority for 
exploration complementary to colliders and for other experiments to be considered at CERN and at other laboratories in Europe, 
as well as for participation in projects outside Europe. 

The ESG should review and update the Strategy and add other items identified as relevant to the field, including accelerator,
detector and computing R&D, the theory frontier, actions to minimise the environmental impact and to improve the sustainability 
of accelerator-based particle physics, the strategy and initiatives to attract, train and retain the young generations, public engagement 
and outreach. 

The ESG should submit the proposed Strategy update to the Council by the end of January 2026.

Approved by Council in June



Power of Linear Colliders
• can reach higher energies with higher luminosities

• flexible science program as science evolves with many upgrade options

• (nearly) affordable

• smaller CO2 footprint

• tighter beam

• beam polarization: four colliders at a single facility

• the right machine for the world at the right time

• won’t tie the community for the next hundred years



284 CHAPTER 14. ILC AND MODELS OF PHYSICS BEYOND THE STANDARD MODEL
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Figure 14.5: Relative deviations of the Higgs boson couplings in six diverse models of new physics.
First row: 2-Higgs doublet models; Second row: Little Higgs models; Third row: a Composite Higgs
model and a Scalar Singlet model. Error intervals shown are those for the ILC500. From [658]; see
this reference for more details.

Who is he?
We will finally know who Higgs 
boson is with linear colliders



telescopes

Credit: Particle Data Group

Higgs
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Figure 8: 68% confidence level contour in the (x = CA
CF

,y = TR
CF

) plane, calculated from statistical plus systematic
uncertainties (shaded region). For comparison also the results from previous measurements are given, as well as
predictions for simple Lie groups.

The results are

x = 2.27± 0.09(stat)± 0.08(sys)
y = 0.38± 0.05(stat)± 0.07(sys)

(⇢xy)total = �0.15

for the pure QCD case, and

x = 2.26± 0.08(stat)± 0.07(sys)
y = 0.15± 0.06(stat)± 0.06(sys)

(⇢xy)total = �0.19

for the QCD+gluino hypothesis.

Figure 10 shows that these results exclude the existence of a massless gluino at more than
95% confidence level, since the measured colour factor ratios do not agree with the expectation of
SU(3) anymore.

In a previous publication by ALEPH [33] a similar analysis allowed to set a limit on the light
gluino mass. At that time only LO predictions existed for the four-jet angular correlations, both

23

and it’s SU(3)!
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https://en.wikipedia.org/wiki/File:Bose-Einstein_Condensation.ogv

nK vs PK



History of Colliders
1.precision measurements of neutral current (i.e. 

polarized e+d) predicted mW, mZ

2.UA1/UA2 discovered W/Z particles

3.LEP nailed the gauge sector

1.precision measurements of W and Z (i.e. LEP + 

Tevatron) predicted mH

2.LHC discovered a Higgs particle  
3.LC nails the Higgs sector?

1.precision measurements at LC predict ???
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