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The story of collider physics in the last 60 years is marked by the accelerators eras 
and punctuated by key discoveries  
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1970 1980 1990 2000 2010 2020

The story of collider physics in the last 60 years is the slow yet steady turning of the 

Standard Model into a Standard Theory for Strong and EW interactions. 
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(A) theorist’s point of view

ℒ(4)
SM = −

1
4

FμνFμν + ψ̄i/Dψ

+(yijψ̄ i
Lϕψ j

R + h . c.)

+ |Dμϕ |2 − V(ϕ)

Strong and electroweak gauge interactions

Flavour structure      Yukawa couplings

EWSB mechanism      Higgs potential
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Where do we stand?

• SU(3)c x SU(2)L x U(1)Y gauge symmetries.

• Matter is organised in chiral multiplets of the fund. representation.

• The SU(2) x U(1)  symmetry is spontaneously broken to U(1)EM. 

• Yukawa interactions lead to fermion masses, mixing and CP violation.

• Matter+gauge group => Anomaly free.

• (Curse of) Renormalizability = valid to “arbitrary” high scales. 

ℒ(4)
SM = −

1
4

FμνFμν+ψ̄i/Dψ + (yijψ̄ i
Lϕψ j

R + h . c.) + |Dμϕ |2 − V(ϕ)
3 gauge forces 1 scalar force
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Where do we stand?

Apparently accidental, but key aspects for successful phenomenology:

ℒ(4)
SM = −

1
4

FμνFμν+ψ̄i/Dψ + (yijψ̄ i
Lϕψ j

R + h . c.) + |Dμϕ |2 − V(ϕ)

[Andreassen et al. 1707.08124]

SM

• Lepton and Baryon number conservation

• Custodial symmetry

• Absence of FCN interactions

• Small and hierarchical mixing among quarks 

• Collective suppression of CP violation

• IR values of the parameters do not indicate any problem at high 

scales, including vacuum stability

• Neutrino masses can be accommodated in a natural way

All these aspects are not only difficult to explain in one go, but are also 
typically not respected by extensions of the SM. 

MF, CPV, Flavour EWBGCustiodial, MV
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Where do we stand?

Yet many aspects of the SM are problematic vis-à-vis phenomenology:

ℒ(4)
SM = −

1
4

FμνFμν+ψ̄i/Dψ + (yijψ̄ i
Lϕψ j

R + h . c.) + |Dμϕ |2 − V(ϕ)

• EWBG difficult because of smallness of CPV and no 1st order transition

• Nature of Dark Matter

• Unnaturally small Higgs mass

• Unnaturally small strong CP violation

• Fermion mass hierarchy

Beyond SM theories typically address one of the above problems at 
the time. We don’t have a precise idea of where the scale of NP 
might reside.

1st

2nd

SM
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Where do we stand?
• Ta n g i b l e r e s u l t s o f a n a m a z i n g 

experimental effort over a 10+ year span, 
accessing a wide range of final states, 
each with very different challenges. 

• Theory predictions seem adeguate. (The 
key role of MCs is hidden in this plot). 

• Comparison with SM predictions shows 
that we have the necessary theoretical  
and experimental control to move onto  the 
next phase. 

8
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A quote

[S]He who knows the art of 

the direct and the indirect approaches 

will be victorious.

Sun Tzu, The Art of War
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 is lowΛBSM
BSM direct searches

M

g ppe+e-FT
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 is highΛBSM
Effective field theory

ℒ = ℒ(2) + ℒ(4) +
1
Λ

ℒ(5) +
1

Λ2
ℒ(6) + …

m2
h ≃ Λ2 ⇒ Λ ≥ 1014 GeV

⇒ Λ ≥ 106 GeV

⇒ Λ ≥ 1015 GeV

⇒ Λ ≥ 103 GeV

⇒ Λ ≃ 103 GeV

Rattazzi®GGI tea break

mv = 0

U(1)3
L × U(1)B

Yu, Yd, Yl ⇒ Flavor & CP

GIM

,⇒

🔒

U(1)L → mv ≠ 0

Flavor ⇒ μ → eγ, ΔmK, …

CP ⇒ edm′ s

Dipoles ⇒ (g − 2)μ

U(1)B ⇒ p → π0e+

⇒8⇒6

🔓🔓
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H

Higgs couplings
Present

V (H) =
m

2
H

2
H

2 + �3vH
3 +

�4

4
H

4 + . . .

V SM(�) = �µ2(�†�) + �(�†�)2 )
m2

H
= 2�v2

{ �SM
3 = �{ �SM
4 = �

v2 = µ2/�

Unique mass generation mechanism for fermions/vectors and the scalar.

In the SM gauge invariance + SSB => constrained system. Two-point 
functions (propagators/masses) fix the 3-point and 4-point interactions! 

+ 4 point interactions.}
🔒
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Higgs couplings
Present

Since its discovery, impressive advances in our understanding of the Higgs boson's properties 
have been achieved. At this moment, the new scalar seems consistent with the expectations of 
the SM, with different degrees of precision yet order 10%, in all measured channels.   

Need to explore 2nd and 1st fermion generation and Higgs potential. 

13

https://indico.cern.ch/event/1135177/
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The Higgs future
Couplings at HL-LHC

10-20%

[De Blas et al., 2020]

    →          2-4%

[ATLAS, 2024]

14

https://arxiv.org/pdf/2404.05498
https://arxiv.org/abs/1905.03764
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HL-LHC projections

Now
[ATLAS, 2024]

Higgs self-coupling

[De Blas et al., 2020]

Current limits on kλ and k2V

Future

15

Future limits on kλ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2024-006/
https://arxiv.org/abs/1905.03764
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HL-LHC projections
Higgs potential

FCC Physics Opportunities  Eur.Phys.J.C 79 (2019) 6, 474

HL-LHC1st  order
2nd order 1st order

GeV

Low effective potentials

1711.00019 [hep-ph]Plot based on the results of 

All plotted potentials are at the border of the first-second order 
transition. HL-LHC will be able to probe (excluding) a 1st 
order phase transition in a generic EFT. 

HL-LHC will be able to exclude a large number of 
simple alternative BSM scenarios for 1st phase 
order transition.
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https://inspirehep.net/literature/1713706
https://arxiv.org/abs/1711.00019
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HL-LHC projections
VV scattering

17

Polarized W±W±jj at the LHC and HL-LHC

Expected significance at the HL-LHC 

with 3000 fb-1 o=�7-|-�bv�0;Ѵo��Ɣã�

ATL-PHYS-PUB-2018-052

3

ڮ Access to longitudinally polarized W±W±jj is challenging at the LHC 

ᶺ Cross-section is very small (less than 10% of the total W±W±jj scattering cross-section)

PhysRevD.104.093002

(semi-leptonic W±Vjj)

(fully-leptonic)

[Mwewa, FCC-hh kick-off  meeting]

Considering all channels, and both experiments we could get at 5 sigma level for LL at 3 iab. 
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The precision goal

Hubble 1990 JWT 2022

18
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Theoretical challenges of the HL-LHC
Status

Fixed Order 
LO, NLO,…


QCD EW

Resummation 
LL, NLL,… 


Parton Showers

PDF’s 
LO,NLO,..Evolution


Fits

Precision 
@ HL-LHC
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,

2j at N3LOQCD

Vbb at N2LOQCDH+j at NLOQCD

tt at N2LOQCD

ttH at N2LOQCD

H,Z,W at N2LOQCD

H,Z,W at N4LOQCD

tt at NLO2EWxQCD

4j at N2LOQCD

ZH at N2LOEW

3j at N2LOQCD

V+3j at N2LOQCD
H,Z,W at N3LO

H,Z,W at NLO2EWxQCD

NEW

FAST MOVING FRONTIER

DONE

TO DO

* The more # of  loops/legs/scales (colors) the more difficult.

* Only Z,W,H 2 to 1 production known at N3LO

* EWxQCD corrections very limited

* EW N2LO still to be explored

* Need a subtraction method to turn to  IR safe observables

The multi-loop frontier

20



LI - International Meeting on Fundamental Physics, Benasque 9-14 Sept. 2024

Precision calculations for the LHC
Status: PDF’s

[Khalek, et al. 1906.10127]

[Moch et al. , 1707.08315]

• Complete N3LO PDF’s 
evolution not available yet. 
Non-singlet evolution available 
at 4 loops already. 


• Error budget with many 
sources. MHO uncertainties yet 
to be included in the final 
assessment. 


• Reaching 1% will be very 
challenging.


• Room for a breakthrough from 
lattice?

21

https://arxiv.org/abs/1906.10127
https://arxiv.org/abs/1707.08315
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The lattice frontier
 and PDF’sαS

Lattice determinations of the strong coupling   [Del Debbio and A. Ramos e-Print: 2101.04762 ]

MHO PC
Using Lattice QCD, one can combine input from well-measured QCD quantities -- like 
for example the proton mass, or a meson decay constant -- with the perturbative 
expansion of a short distance observable that does not need to be directly observable 
(like the quark anti-quark force). The advantage of this approach is that the 
experimental input comes from the hadron spectrum with a negligible uncertainty.

Neural-network analysis of Parton Distribution Functions from Ioffe-time pseudodistributions [L. Del Debbio et al. 2010.03996 ]
Parton Distribution Functions from Ioffe Time Pseudodistributions from Lattice Calculations: Approaching the Physical Point  [Bálint Joó et al. : 2004.01687 ]

This formula allows to relate collinear PDFs to quantities which are computable 
in lattice QCD simulations, through a factorized expression similar to those 
relating collinear PDFs to physical cross sections.It can be used in a fitting 
framework, to extract PDFs from lattice data, performing the same kind of 
analysis which is usually done when considering experimental data.

22

https://inspirehep.net/literature/1840506
https://arxiv.org/abs/2101.04762
https://inspirehep.net/literature/1821940
https://arxiv.org/abs/2010.03996
https://inspirehep.net/literature/1789625
https://inspirehep.net/authors/1004118
https://arxiv.org/abs/2004.01687
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Theoretical challenges of the HL-LHC
 Reach the 1% goal for the HL-LHC

Fixed Order 
LO, NLO,…


QCD/EW

Resum 
LL, NLL,… 


PS

PDF’s 
LO,NLO,..


Fits

• Very fast progress in conceptual 
as well as technical aspects. 


• Tight and consolidated 
community, with high 
momentum. 


• Considering the status of 20 
years ago seems clear that 
NNLO will be completed and  
N3LO will start to become 
available for 2→2 (see 3-loop 

 results)


• Mixed QCD-EW being included. 

qq̄ → γγ

• A variety of approaches 
available, both analytical and 
numerical. 


• Analytically historically 
matching the FO accuracy. 


• NNLO+PS will be the new 
standard. (N3LO+PS already 
being explored)


• Having a NLL and beyond PS, 
is being explored now. To be 
seen. 


• Not clear  whether one can 
reach 1%. 

• Complete N3LO PDF’s 
evolution not available yet. 


• PDF determination from fitting 
large set of data. Final quality 
depends on measurements. 


• Error budget with many 
sources. MHO uncertainties yet 
to be included in the final 
assessment. 


• Reaching 1% will be very 
challenging.


• Room for a breakthrough from 
lattice.
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https://arxiv.org/abs/2011.13946
https://arxiv.org/abs/2106.03206
https://arxiv.org/abs/2106.03206
https://arxiv.org/abs/2106.03206
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20502025 2075Near future Future

SuperKEKB pp CEPC

FCC-hh at 80 TeV with 14T magnets

FCC-hh A

B’s

HL-LHC

Timeline(s)

LHC

To be taken cum grano salis

e+e- CEPC

e+e- ILC 250

e+e- FCC-ee : 91,240,365 GeV

e+e- ILC 500

LEP3 with Lumi=1/5 Lumi FCC-ee

e+e- ILC 1000

FCC-eh with ERL

LHeC with ERL

24
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Future colliders
Reach in Higgs couplings

25

[De Blas et al., 2020]

https://arxiv.org/abs/1905.03764
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ECFA Higgs/Top/Electroweak Factory Study
Joint effort of linear and circular collider communities

26
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Future collider example: FCC-ee 

27
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FCC-ee runs

Markus Klute Institute of Experimental Particle Physics (ETP)

FCC-ee Runs Ordered by Energy

6
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29

FCC-ee runs
[Interim FCC feasibility report, 2024]
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EWPO 
FCC-ee

Markus Klute Institute of Experimental Particle Physics (ETP)

FCC-ee Physics: Precision

8

Experimental (statistical and 
systematic) precision of a 
selection of measurements

Compared with the present 
world-average precision

Improvement in precision 
typically at the level of 2-3 
orders of magnitude

Sensitivity to new physics at 
10-100 TeV scale

• Experimental precision of the typical EWPO attainable at 
FCC-ee runs.


• Improvements in precision typically at level of 2-3 orders 
of magnitude.


• Sensitivity to NP goes up to10-100 TeV scale


•  Z bosons would allow  the electroweak 
precision tests, the KM consistency checks and flavour 
physics in general, including the study of rare decays, 
and the search for feebly-interacting particles.


•   Z bosons would  enough to meet the needs for 
the HZ run.

5 ⋅ 1012

5 ⋅ 109

[Interim FCC feasibility report, 2024]
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Global fits
FCC-ee

[Interim FCC feasibility report, 2024]
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Global fit
FCC-ee

[Interim FCC feasibility report, 2024]
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Higgs self-coupling

[Interim FCC feasibility report, 2024][Durieux, 2024]

33

FCC-ee (and FCC-hh)

 can be constrained by two measurements and provide competitive info. kλ
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Scalar singlet 
FCC-ee (and FCC-hh)

FCC Physics Opportunities : Future Circular Collider Conceptual Design Report Volume 1 Eur.Phys.J.C 79 (2019) 6, 474

HL-LHC

[Interim FCC feasibility report, 2024]

34

https://inspirehep.net/literature/1713706


LI - International Meeting on Fundamental Physics, Benasque 9-14 Sept. 2024

Alps and ν′ Rs

Markus Klute Institute of Experimental Particle Physics (ETP)

FCC-ee Physics: Searches

11

ALP couplings Search for vRH

Direct searches for new physics

[Interim FCC feasibility report, 2024]

35

FCC-ee
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Precision calculations for weak scale factories
The workhorses

W

W

Known at NLO in EW with W decays. 
In order to determine mW at 1 MeV 
needs to be known at the subpermill 
leve l . NNLO EW computat ion 
involves many scales. In addition an 
EFT treatment of the W threshold is 
necessary. 

H

Z

Workhorse for H studies. Known at 
NLO in EW with Z decays. NNLO 
correct. Gives access to trilinear and 
top-Yukawa at one loop and 
quadrilinear Higgs self-couplings and 
others at two loops.  

t

t

_

Known at N3LO in the NRQCD EFT 
approach at threshold for top mass 
and width determination. NLO QCD 
corrections for the 2->6 known. 
NNLO EW corrections are not known. 

In addition ISR effects, collinear and soft need to be included. 

36

Z

Z-pole observables. Need for NNLO 
EW in   scatterings and N3LO 
for . The current  use and 
definition of PO’s will need to be 
reconsidered. 

2 → 2
2 → 1
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In QED the charges are scalars. No flows!  -Qi * Qj can be negative emission of 
a photon is independent from the others and the dipole does not change. 
Interleaving with the much more probable QCD radiation in the case of quarks 
is a challenge. 

However, YFS Soft resummation provides a way to resum soft contributions   

Collinear effects captured through the residuals. Improvements 
necessary to also have Ɣ to fermions splitting included at order α2 . 

NLO+NLL vs NLO+LL 

Bertone et al. 2207.03265

Precision calculations for weak scale factories
QED showers

37

https://arxiv.org/abs/2207.03265
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Summary of the needs
Precision calculations for weak scale factories

[Interim FCC feasibility report, 2024]

38
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20502025 2075Near future Future

SuperKEKB pp CEPC

FCC-hh at 80 TeV with 14T magnets

FCC-hh A

B’s

HL-LHC

Timeline(s)

LHC

To be taken cum grano salis

e+e- CEPC

e+e- ILC 250

e+e- FCC-ee : 91,240,365 GeV

e+e- ILC 500

LEP3 with Lumi=1/5 Lumi FCC-ee

e+e- ILC 1000

FCC-eh with ERL

LHeC with ERL

A

B
pp ee pp ee ppee

The binary strategy
ppeeμC

The non-binary strategy
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A new interest in a muon collider

122 pheno papers in 
the last 5 years

P5: 

40



LI - International Meeting on Fundamental Physics, Benasque 9-14 Sept. 2024

A new interest in a multi-TeV muon collider

Physics: We start only now to test EW interactions but only in a very 

low energy regime, i.e., in their broken phase. 

v

1st  

1st or 2nd order

4πv

EW restoration

ϕ± = W±
L

ϕ0 = Z0
L

a few 4πv

EW showers Vacuum Stability

ΛUV

Why?

E

41
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8 
G

eV
 - 

4 
M

W

2407.12450  Muon Collider Interim Report

Technology: new generation of accelerator technologies. 

No known showstoppers.

Why?
A new interest in a multi-TeV muon collider

42

https://arxiv.org/abs/2407.12450
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Key Challenges
2407.12450  Muon Collider Interim Report

43

https://arxiv.org/abs/2407.12450
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Muon collider physics
The essentials #0 : physics potential

EW : β ∼ 1

QCD : β ∼ (αS /α)2 ∼ 100

Simple/Naive/Rough estimate based on 
parton-parton luminosity for a generic  

 scattering.2 → 2

muC@10 TeV ~ pp@70 TeV

44
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Muon collider physics
The essentials #1 : two colliders in one

σs ∼
1
s

σs ∼
1

M2
logn s

M

A completely new regime opening for a multi-TeV muon collider
Different physics being probed in the two channels  

Energetic final states  
(either heavy or very boosted)

‘

‘

O(10) TeV muon collider energy  allows to have two colliders in one: 

Large production rates,  
SM coupling measurements 

Discovery light and weakly interacting

45
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Muon collider physics
The essentials #2 : luminosity with energy

arXiv:2208.06030 Collider Implementation Task Force  

10 ab-1 in 5 years
L = PsynradE−3.5

cm

L = PRF

46
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Muon collider physics
The essentials #3 : the green side

arXiv:2208.06030 Collider Implementation Task Force  
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[Buttazzo, Franceschini, Wulzer 2012.11555] 

The essentials #4 : luminosity with energy
Muon collider physics

48

https://arxiv.org/abs/2012.11555
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Muon collider physics

2] Luminosity growing with energy: 5 years
⟺ +

15 years 25 years

MuC is an STCC = Space-Time-Compact Collider 

 Goal of the tens:   

10 TeV ,  10 iab,  10 x smaller and O(10) x faster than the FCC 


⇒

⇒

1] O(10) TeV Energy small hybrid collider:

FCC-ee

+

FCC-hh

⟺

100 km10 km 100 km

MuC

t
x

The essentials #5: compactness

49
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Muon collider physics
The essentials

•A O(10 TeV) muC is in the range of what could be 
technically achievable. No showstopper known. Strong 
R&D programme is needed. Demonstrator is the next step.


• It would radically change the way we do collider physics, 
opening the exploration of EW phenomena at higher scales 
through an hybrid direct/indirect approach in a clean 
environment. 


•Given what we know now from the LHC + what will learn 
from HL-LHC what are the muC physics drivers?

pp ee μC

50
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Direct reach
s-channel pair production

 A few months of run could be sufficient for a  discovery.  

arXiv:2203.07256  Muon Collider Physics Summary 

HL-LHC

FCC-hh

arXiv:2209.01318  Muon Collider Forum Report

 Matching Higgs precision:  

51
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Precision physics
arXiv:2203.07256v1  Muon Collider Physics Summary 

Higgs factory with  107 Higgs bosons produced, 5 104 Higgs pairs bosons 
produced.

Weak boson collider

52



LI - International Meeting on Fundamental Physics, Benasque 9-14 Sept. 2024

Direct reach
VBF scalar singlet production

arXiv:2203.07256v1  Muon Collider Physics Summary 
[B

uttazzo et al.  1807.04743]
arXiv:2209.01318  Muon Collider Forum Report

Exclusion contour for a scalar singlet of mass mφ 
mixed with the Higgs boson with strength sin γ.  Reach in terms of the scale f in the Twin Higgs model 

53

https://arxiv.org/abs/1807.04743
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Higgs precision physics
Higgs coupling sensitivities

arXiv:2203.07256v1  Muon Collider Physics Summary 

%

arXiv:2308.02633

54
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Higgs precision physics
The shape of the H potential: HH production

[B
ut

ta
zz

o 
et

 a
l. 

20
12

.1
15

55
]

Reach on the trilinear coupling (and more) extremely competitive. 

ar
X

iv
:2

20
3.

07
25

6v
1
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Higgs precision physics
The shape of the H potential : HHH production

[C
hi

es
a 

et
 a

l. 
20

03
.1

32
68

]

Quadrilinear determination 
extremely challenging at 
any collider, due to limited 
sensitivity. 

Very preliminary study points to the possibility of 
setting competitive bounds at a muon collider. 

56

https://arxiv.org/abs/2003.13628
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How events will look at a multi-TeV muon collider?
tth production at the LHC (Fully hadronic) 

In  a muon collider gluons and quarks first appear at scales of order 100 GeV in the decays of W,Z,H (from either initial state or final state radiation) or from photon splitting. 


Multijet final states are of EW origin.  

tth production at the muC 100 TeV HH→4b production at a multi-TeV muC 

Contribution to: 2022 Snowmass Summer Study e-Print: 2203.07256 [hep-ph]
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https://inspirehep.net/conferences/1803127
https://arxiv.org/abs/2203.07256
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 Han, Ma, Xie arXiv:2007.14300v4. 2103.09844 Han, Ma, Xie rXiv:2203.11129v1 

Contribution to: 2022 Snowmass Summer Study e-Print: 2203.11129 [hep-ph]

Precision calculations for  multi-TeV lepton colliders
EW resummation in the initial state

58

https://inspirehep.net/conferences/1803127
https://arxiv.org/abs/2203.11129
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At very high energies, E>>v, SU(2) x U(1) is restored and evolution through EW radiation will take place. The non-abelian nature of SU(2) will make a shower 
look more like QCD.  One the scales are down to ~v EWSB effects will start to become important again. 

Evolution (EW double logs and polarisation):

• [Christiansen, Sjostrand 1401.5238]
• [Christiansen, Prestel 1510.01517]
• [Chen, Han, Tweedie 1611.00788] 
• [Manohar, Waalewijn 1802.08687]
• [Bauer, Provasoli, Webber 1806.10157]
• [Bauer, Webber 1808.08831] 
• [Kleiss, Verheyen, 2002.09248]
• [Bauer, Rodd, Webber 2007.15001]
• [Masouminia, Richardson, 2108.10817]
• [Brooks, Skands, Verheyen  2108.10786v2]
•

µ

<latexit sha1_base64="H3XVO+pvvRpczx88tX9E/FUcrOE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMaB6SLGF2MpsMmZld5iGEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VpZxp4/vfXmFtfWNzq7hd2tnd2z8oHx61dGIVoU2S8ER1IqwpZ5I2DTOcdlJFsYg4bUfjm5nffqJKs0Q+mElKQ4GHksWMYOOk+56w/XLFr/pzoFUS5KQCORr98ldvkBArqDSEY627gZ+aMMPKMMLptNSzmqaYjPGQdh2VWFAdZvNTp+jMKQMUJ8qVNGiu/p7IsNB6IiLXKbAZ6WVvJv7nda2Jr8KMydQaKsliUWw5Mgma/Y0GTFFi+MQRTBRztyIywgoT49IpuRCC5ZdXSeuiGtSq13e1Sv0xj6MIJ3AK5xDAJdThFhrQBAJDeIZXePO49+K9ex+L1oKXzxzDH3ifP2gpjfk=</latexit>

m�

<latexit sha1_base64="oD9v9nDwyKNkzyJ8DmiefQTZOuc=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvHisYD+kXUo2zbahSXZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8MBHcWM/7RoW19Y3NreJ2aWd3b/+gfHjUMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38z89hPThsfq3k4SFkgyVDzilFgndWQ/69ERn/bLFa/qzYFXiZ+TCuRo9MtfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2v3eKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM+exwOuGbVi4gihmrtbMR0RTah1EZVcCP7yy6ukdVH1a9Xru1ql/pDHUYQTOIVz8OES6nALDWgCBQHP8Apv6BG9oHf0sWgtoHzmGP4Aff4AVKKQQQ==</latexit>

q+W

<latexit sha1_base64="y6m0LQHukmqmo1BjNFVxcLVM+WE=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQkmkoO4KblxWsA9pY5hMJ+3QySTO3AglFNz4K25cKOLWn3Dn3zhts9DWA/dyOOdeZu4JEsE1OM63tbC4tLyyWlgrrm9sbm3bO7sNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsHgcuw3H5jSPJY3MEyYF5Ge5CGnBIzk2/v3ftbRVPEE8g5DwXBzdHfi2yWn7EyA54mbkxLKUfPtr043pmnEJFBBtG67TgJeRhRwKtio2Ek1SwgdkB5rGypJxLSXTW4Y4SOjdHEYK1MS8ET9vZGRSOthFJjJiEBfz3pj8T+vnUJ47mVcJikwSacPhanAEONxILjLFaMghoYQk4D5K6Z9oggFE1vRhODOnjxPGqdlt1K+uK6Uqrd5HAV0gA7RMXLRGaqiK1RDdUTRI3pGr+jNerJerHfrYzq6YOU7e+gPrM8fw5iYUQ==</latexit>

q�W

<latexit sha1_base64="FL1fZww18KQ269L+i9+3j1BfgJI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4sSRSUHcFNy4r2Ie0MUymk3boZBJnboQSCm78FTcuFHHrT7jzb5y2WWjrgXs5nHMvM/cEieAaHOfbWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwOfabD0xpHssbGCbMi0hP8pBTAkby7f17P+toqngCeYehYLg5ujvx7ZJTdibA88TNSQnlqPn2V6cb0zRiEqggWrddJwEvIwo4FWxU7KSaJYQOSI+1DZUkYtrLJjeM8JFRujiMlSkJeKL+3shIpPUwCsxkRKCvZ72x+J/XTiE89zIukxSYpNOHwlRgiPE4ENzlilEQQ0OIScD8FdM+UYSCia1oQnBnT54njdOyWylfXFdK1ds8jgI6QIfoGLnoDFXRFaqhOqLoET2jV/RmPVkv1rv1MR1dsPKdPfQH1ucPxqCYUw==</latexit>

0

<latexit sha1_base64="S91OdTov+6jMIKdIa5f1PCpy64A=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kEO0CNpYJmA9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFSw+0XS27ZnYOsE29JSrBEvV/86g1ilkYoDRNU667nJsbPqDKcCZwWeqnGhLIxHWLXUkkj1H42P3RKLqwyIGGsbElD5urviYxGWk+iwHZG1Iz0qjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynYELzVl9dJ66rsVco3jUqpVntaxJGHMziHS/CgCjW4gzo0gQHCM7zCm/PgvDjvzseiNecsIzyFP3A+fwCiX40+</latexit>

. . .

<latexit sha1_base64="6bg2tmaeToul/XXt9EJ3WXbZgAs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLGF2djYZM7uzzPQKYQn4CV48KOLV//Hm3zh5HDSxoKGo6qa7K0ilMOi6305hbX1jc6u4XdrZ3ds/KB8etYzKNONNpqTSnYAaLkXCmyhQ8k6qOY0DydvB6Gbqtx+5NkIl9zhOuR/TQSIiwShaqdWToULTL1fcqjsDWSXeglRggUa//NULFctiniCT1Jiu56bo51SjYJJPSr3M8JSyER3wrqUJjbnx89m1E3JmlZBESttKkMzU3xM5jY0Zx4HtjCkOzbI3Ff/zuhlGV34ukjRDnrD5oiiTBBWZvk5CoTlDObaEMi3srYQNqaYMbUAlG4K3/PIqaV1UvVr1+q5Wqdef5nEU4QRO4Rw8uIQ63EIDmsDgAZ7hFd4c5bw4787HvLXgLCI8hj9wPn8A5WWPwg==</latexit>

. . .

<latexit sha1_base64="6bg2tmaeToul/XXt9EJ3WXbZgAs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLGF2djYZM7uzzPQKYQn4CV48KOLV//Hm3zh5HDSxoKGo6qa7K0ilMOi6305hbX1jc6u4XdrZ3ds/KB8etYzKNONNpqTSnYAaLkXCmyhQ8k6qOY0DydvB6Gbqtx+5NkIl9zhOuR/TQSIiwShaqdWToULTL1fcqjsDWSXeglRggUa//NULFctiniCT1Jiu56bo51SjYJJPSr3M8JSyER3wrqUJjbnx89m1E3JmlZBESttKkMzU3xM5jY0Zx4HtjCkOzbI3Ff/zuhlGV34ukjRDnrD5oiiTBBWZvk5CoTlDObaEMi3srYQNqaYMbUAlG4K3/PIqaV1UvVr1+q5Wqdef5nEU4QRO4Rw8uIQ63EIDmsDgAZ7hFd4c5bw4787HvLXgLCI8hj9wPn8A5WWPwg==</latexit>

�

<latexit sha1_base64="HgX5Ajbu0rqs3869VS3+0Ao/A8g=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN4KXjxWsB/QLiWbZruhSXZJskJZCv4CLx4U8eof8ua/Mdv2oK0PBh7vzTAzL0wFN9bzvlFpbX1jc6u8XdnZ3ds/qB4etU2SacpaNBGJ7obEMMEVa1luBeummhEZCtYJx7eF33lk2vBEPdhJygJJRopHnBJbSH0a80G15tW9GfAq8RekBgs0B9Wv/jChmWTKUkGM6fleaoOcaMupYNNKPzMsJXRMRqznqCKSmSCf3TrFZ04Z4ijRrpTFM/X3RE6kMRMZuk5JbGyWvUL8z+tlNroOcq7SzDJF54uiTGCb4OJxPOSaUSsmjhCqubsV05hoQq2Lp+JC8JdfXiXti7p/Wb+5v6w1Gk/zOMpwAqdwDj5cQQPuoAktoBDDM7zCG5LoBb2jj3lrCS0iPIY/QJ8/KQCOvA==</latexit>

X

<latexit sha1_base64="QkPGpSQzP4B7MzfbQVdR59+zCI4=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kEO0CNpYJmA9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkSleSzvzSRBP6JDyUPOqLFSo9MvltyyOwdZJ96SlGCJer/41RvELI1QGiao1l3PTYyfUWU4Ezgt9FKNCWVjOsSupZJGqP1sfuiUXFhlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpVW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5RvGpVSrfa0iCMPZ3AOl+BBFWpwB3VoAgOEZ3iFN+fBeXHenY9Fa85ZRngKf+B8/gDe/41m</latexit>

X̄

<latexit sha1_base64="sDjfmhzieFIHZdGVLj2cgTIVBGM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN4CXjxGMA9IljA7mU2GzM4sM71CWAL+ghcPinj1e7z5N04eB00saCiquunuilIpLPr+t1dYW9/Y3Cpul3Z29/YPyodHTaszw3iDaalNO6KWS6F4AwVK3k4Np0kkeSsa3U791iM3Vmj1gOOUhwkdKBELRtFJrW5ETd6e9MoVv+rPQFZJsCAVWKDeK391+5plCVfIJLW2E/gphjk1KJjkk1I3szylbEQHvOOoogm3YT47d0LOnNInsTauFJKZ+nsip4m14yRynQnFoV32puJ/XifD+DrMhUoz5IrNF8WZJKjJ9HfSF4YzlGNHKDPC3UrYkBrK0CVUciEEyy+vkuZFNbis3txfVmq1p3kcRTiBUziHAK6gBndQhwYwGMEzvMKbl3ov3rv3MW8teIsIj+EPvM8fnJ6QKw==</latexit>

W

<latexit sha1_base64="9WJapuV5ml/gRpaKpMHNpHJ3t0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YD+gDWWznbZrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzwkRwbTzv2ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkg1Ci6xabgR2EkU0igU2A4nd3O//YRK81g+mGmCQURHkg85o8ZKjXa/XPFcbwGyTvycVCBHvV/+6g1ilkYoDRNU667vJSbIqDKcCZyVeqnGhLIJHWHXUkkj1EG2OHRGLqwyIMNY2ZKGLNTfExmNtJ5Goe2MqBnrVW8u/ud1UzO8CTIuk9SgZMtFw1QQE5P512TAFTIjppZQpri9lbAxVZQZm03JhuCvvrxOWleuX3VvG9VKzc3jKMIZnMMl+HANNbiHOjSBAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPshGM0w==</latexit>

q

<latexit sha1_base64="r2t+IYyiv9C2Dy5gEAa2B44FlA8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YFuhDWWznbRrN5u4uxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGo+5BqFFxi03Aj8D5VSONQYDsc3cz89hMqzRN5Z8YpBjEdSB5xRo2VGo+9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap73ahWam4eRxFO4BTOwYdLqMEt1KEJDBCe4RXenAfnxXl3PhatBSefOYY/cD5/ANl5jO0=</latexit>

q̄0

<latexit sha1_base64="Ou6kO/yjNPh8Mmj2pSp/qLqLstg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoN4KXjxWsLXQhjLZbtqlm026uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TRVmTxiJW7QA1E1yypuFGsHaiGEaBYI/B6HbmPz4xpXksH8wkYX6EA8lDTtFYqd0NUGXj6XmvXHGr7hxklXg5qUCORq/81e3HNI2YNFSg1h3PTYyfoTKcCjYtdVPNEqQjHLCOpRIjpv1sfu+UnFmlT8JY2ZKGzNXfExlGWk+iwHZGaIZ62ZuJ/3md1ITXfsZlkhom6WJRmApiYjJ7nvS5YtSIiSVIFbe3EjpEhdTYiEo2BG/55VXSuqx6terNfa1Sr+ZxFOEETuECPLiCOtxBA5pAQcAzvMKbM3ZenHfnY9FacPKZY/gD5/MH+jeP4w==</latexit>

fL

<latexit sha1_base64="J86upnB2nwrvmBeWdnSHJUQZP+0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgddxJQO0CNhYWEc0HJEfY2+wlS/b2jt05IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz88JUCoOe9+0U1tY3NreK26Wd3b39g/LhUdMkmWa8wRKZ6HZIDZdC8QYKlLydak7jUPJWOLqZ+a0nro1I1COOUx7EdKBEJBhFKz1EvbteueK53hxklfg5qUCOeq/81e0nLIu5QiapMR3fSzGYUI2CST4tdTPDU8pGdMA7lioacxNM5qdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0FUyESjPkii0WRZkkmJDZ36QvNGcox5ZQpoW9lbAh1ZShTadkQ/CXX14lzQvXr7rX99VKzc3jKMIJnMI5+HAJNbiFOjSAwQCe4RXeHOm8OO/Ox6K14OQzx/AHzucPFwyNoQ==</latexit>

fR

<latexit sha1_base64="RC26WyfniFMd/zdLU+IIz1f4gOw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmVgHoLePEYH3lAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3hang2njet1NYW9/Y3Cpul3Z29/YPyodHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObmZ+6wmV5ol8NOMUg5gOJI84o8ZKD1HvvleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroKJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C+/vEqaF65fda/vqpWam8dRhBM4hXPw4RJqcAt1aACDATzDK7w5wnlx3p2PRWvByWeO4Q+czx8gJI2n</latexit>

f

<latexit sha1_base64="gR755iBUQYEhH4C8I/f37HwDB/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoN4KXjy2YD+gDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbTzv2ylsbG5t7xR3S3v7B4dH5eOTlk4yxbDJEpGoTkg1Ci6xabgR2EkV0jgU2A7Hd3O//YRK80Q+mEmKQUyHkkecUWOlRtQvVzzXW4CsEz8nFchR75e/eoOEZTFKwwTVuut7qQmmVBnOBM5KvUxjStmYDrFrqaQx6mC6OHRGLqwyIFGibElDFurviSmNtZ7Eoe2MqRnpVW8u/ud1MxPdBFMu08ygZMtFUSaIScj8azLgCpkRE0soU9zeStiIKsqMzaZkQ/BXX14nrSvXr7q3jWql5uZxFOEMzuESfLiGGtxDHZrAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHyM2M4g==</latexit>

�

<latexit sha1_base64="/3PRSVqHRBUYdhbnTH8WYFIShSQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0JqLeAF48RzAOSJfROJsmYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1xwpmxQfDtra1vbG5tF3aKu3v7B4elo+OmUakmtEEUV7odo6GcSdqwzHLaTjRFEXPaise3M7/1RLVhSj7YSUIjgUPJBoygdVKzO0QhsFcqB5VgDn+VhDkpQ456r/TV7SuSCiot4WhMJwwSG2WoLSOcTovd1NAEyRiHtOOoREFNlM2vnfrnTun7A6VdSevP1d8TGQpjJiJ2nQLtyCx7M/E/r5PawXWUMZmklkqyWDRIuW+VP3vd7zNNieUTR5Bo5m71yQg1EusCKroQwuWXV0nzshJWKzf31XKtmsdRgFM4gwsI4QpqcAd1aACBR3iGV3jzlPfivXsfi9Y1L585gT/wPn8AhpWPEw==</latexit>

e+

<latexit sha1_base64="vGE0bL4jxfS89zyShaXNlY3mZS8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQkmkoN4KXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOle3w875XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdK8qHjVyvVdtVyr5nEU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w/jvI2E</latexit>

p̄

<latexit sha1_base64="lHZzTapsDkbh+2fu4OeaqW1bT7s=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLKF3MkmGzM4OM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dkRLcWN//9gobm1vbO8Xd0t7+weFR+fikZZJUU9akiUh0J0LDBJesabkVrKM0wzgSrB1N7uZ++4lpwxP5aKeKhTGOJB9yitZJ7V6EOlOzfrniV/0FyDoJclKBHI1++as3SGgaM2mpQGO6ga9smKG2nAo2K/VSwxTSCY5Y11GJMTNhtjh3Ri6cMiDDRLuSlizU3xMZxsZM48h1xmjHZtWbi/953dQOb8KMS5VaJuly0TAVxCZk/jsZcM2oFVNHkGrubiV0jBqpdQmVXAjB6svrpHVVDWrV24dapV7L4yjCGZzDJQRwDXW4hwY0gcIEnuEV3jzlvXjv3seyteDlM6fwB97nD5d6j7c=</latexit>

Matching

<latexit sha1_base64="+bK9DrA3/0O0tcC6E4ZV2XHVX2Y=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKwHgLePEiRDAPSNYwO5kkQ2Znl5leJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuriCWwqDrfju5tfWNza38dmFnd2//oHh41DRRohlvsEhGuh1Qw6VQvIECJW/HmtMwkLwVjK9nfuuRayMidY+TmPshHSoxEIyilR7Srg7JLUU2Emo47RVLbtmdg6wSLyMlyFDvFb+6/YglIVfIJDWm47kx+inVKJjk00I3MTymbEyHvGOpoiE3fjq/ekrOrNIng0jbUkjm6u+JlIbGTMLAdoYUR2bZm4n/eZ0EB1U/FSpOkCu2WDRIJMGIzCIgfaE5QzmxhDIt7K2EjaimDG1QBRuCt/zyKmlelL1K+equUqpVszjycAKncA4eXEINbqAODWCg4Rle4c15cl6cd+dj0Zpzsplj+APn8weHoJKG</latexit>

DGLAP

<latexit sha1_base64="EDhGggMEsi2njdSUWClAPHumxrA=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVwXqrKOjBQwX7AdulZNNsG5psliQrlKU/w4sHRbz6a7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1paporQJpFcqk6INeUspk3DDKedRFEsQk7b4eh66refqNJMxo9mnNBA4EHMIkawsZKfdZVAN7f3V41Jr1xxq+4MaJl4OalAjkav/NXtS5IKGhvCsda+5yYmyLAyjHA6KXVTTRNMRnhAfUtjLKgOstnJE3RilT6KpLIVGzRTf09kWGg9FqHtFNgM9aI3Ff/z/NREtSBjcZIaGpP5oijlyEg0/R/1maLE8LElmChmb0VkiBUmxqZUsiF4iy8vk9ZZ1TuvXj6cV+q1PI4iHMExnIIHF1CHO2hAEwhIeIZXeHOM8+K8Ox/z1oKTzxzCHzifP13JkKU=</latexit>

Pythia

<latexit sha1_base64="eu1e+MyN1P3vtP8RYQu93M9v8j4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWRgvVW8OKxgv2ANpTNdtou3WzC7kSMob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC2LBNbrut1XY2Nza3inulvb2Dw7L9tFxW0eJYtBikYhUN6AaBJfQQo4CurECGgYCOsH0Zu53HkBpHsl7TGPwQzqWfMQZRSMN7HIf4RERs2aKE05nA7viVt0FnHXi5aRCcjQH9ld/GLEkBIlMUK17nhujn1GFnAmYlfqJhpiyKR1Dz1BJQ9B+tjh85pwbZeiMImVKorNQf09kNNQ6DQPTGVKc6FVvLv7n9RIc1f2MyzhBkGy5aJQIByNnnoIz5AoYitQQyhQ3tzpsQhVlaLIqmRC81ZfXSfuy6tWq13e1SqOex1Ekp+SMXBCPXJEGuSVN0iKMJOSZvJI368l6sd6tj2VrwcpnTsgfWJ8/nW+Tsw==</latexit>

⌫

<latexit sha1_base64="ntef6D3glm6LML0cUydxlY/BeNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh75MB+WKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbSvql6tenNfqzRqeRxFOINzuAQP6tCAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBejY3V</latexit>

1

<latexit sha1_base64="XW/2sFSnOgppSReUk5gfTastosg=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmaS0WRuAS96S8AskAyhp9OTtOlZ6O4RwpAv8OJBEa9+kjf/xs4iqOiDgsd7VVTV8xPOpLKsDyO3tr6xuZXfLuzs7u0fFA+P2jJOBaEtEvNYdH0sKWcRbSmmOO0mguLQ57TjT67mfueeCsni6FZNE+qFeBSxgBGstNS0B8WSZVZq9qVTQ5ZZrjquU9GkWim77gWyTWuBEqzQGBTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9FNJE0wmeER7mkY4pNLLFofO0JlWhiiIha5IoYX6fSLDoZTT0NedIVZj+dubi395vVQFNS9jUZIqGpHloiDlSMVo/jUaMkGJ4lNNMBFM34rIGAtMlM6moEP4+hT9T9pl03ZMt+mU6jerOPJwAqdwDjZUoQ7X0IAWEKDwAE/wbNwZj8aL8bpszRmrmWP4AePtEwh0jSY=</latexit>
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<latexit sha1_base64="AsmPoPiIAvHMKAd67VRije65fQw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFSYxWrMruNFdC/YBbSiT6aQdO5mEmYlQQr/AjQtF3PpJ7vwbpw9BRQ9cOJxzL/feE6acKY3Qh1VYWV1b3yhulra2d3b3yvsHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H46uZ376nUrFE3OpJSoMYDwWLGMHaSA23X64g26n6Z+cIIruKPPfCM8T1fN8ojo3mqIAl6v3ye2+QkCymQhOOleo6KNVBjqVmhNNpqZcpmmIyxkPaNVTgmKognx86hSdGGcAokaaEhnP1+0SOY6UmcWg6Y6xH6rc3E//yupmOLoOciTTTVJDFoijjUCdw9jUcMEmJ5hNDMJHM3ArJCEtMtMmmZEL4+hT+T1qu7Xi23/AqtZtlHEVwBI7BKXBAFdTANaiDJiCAggfwBJ6tO+vRerFeF60FazlzCH7AevsE8XSNFg==</latexit>
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<latexit sha1_base64="Wgm3pGQVYKiWdgyVMs0SlxZeL6M=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GmbGLM4t4EVvCZgFkiH0dGqSNj0L3T1CGPIFXjwo4tVP8ubf2FkEFX1Q8Hiviqp6fsKZVJb1YeTW1jc2t/LbhZ3dvf2D4uFRW8apoNCiMY9F1ycSOIugpZji0E0EkNDn0PEnV3O/cw9Csji6VdMEvJCMIhYwSpSWmheDYskyXbvqVB1smWWn5lZsTRyrYrtVbJvWAiW0QmNQfO8PY5qGECnKiZQ920qUlxGhGOUwK/RTCQmhEzKCnqYRCUF62eLQGT7TyhAHsdAVKbxQv09kJJRyGvq6MyRqLH97c/Evr5eq4NLLWJSkCiK6XBSkHKsYz7/GQyaAKj7VhFDB9K2YjokgVOlsCjqEr0/x/6TtmHbZdJvlUv1mFUcenaBTdI5sVEN1dI0aqIUoAvSAntCzcWc8Gi/G67I1Z6xmjtEPGG+f8ySNFw==</latexit>
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Summary

60

• In the near future, i.e. for the next 25 years the LHC will 
be THE machine to explore Higgs physics and the TeV 
scale through a compelling program of challenging 
measurements. 

•For the future, i.e. after 2050, we are evaluating the 
options. The most mature and feasible project for CERN 
is an e+e- “weak-scale factory” in a new 91 Km circular 
tunnel and then the pp option in the 70’s. 

•A futuristic collider based on accelerating muons could 
open a new era in HEP experiments, with an exciting 
physics case. The technology needs to be demonstrated. 


