
R O B E RT O  F R A N C E S C H I N I  ( R O M A  3  U N I V E R S I T Y )N O V.  2 3  2 0 2 1

The “lumergy” dilemma

Roma3



Roberto Franceschini - https://indico.in2p3.fr/event/20459/ - IRN “Terascale” fall 2021 meeting

Colliders are for …

• study known particles and interactions (study of electrons and positron in QED) 

• search new particles/establish new interactions (discovery of the Higgs boson, 2012)

In particle physics colliders are generally used:

• high-energy 
• high-intensity

Activity based on two main pillars:

E N O U G H ?H I G H  

When is it high enough?

https://indico.in2p3.fr/event/20459/
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When is it high-enough?

• look at LHC results 

• look at the LHC results with a specific question in mind(!)

Energy:

• a longer discussion

Luminosity:

E N E R G YH I G H  

https://indico.in2p3.fr/event/20459/


LHC ruled out new 
physics at   N  TeV … 



Roberto Franceschini - Blois 2021 - https://indico.cern.ch/event/997281/

LHC ruled out new physics at the TeV … 
O F  T H E  S U M M A R I E SS U M M A RY
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V E H I C U L A  C U R S U S  L O R E MN I B H

What about electroweak scalars?
A R E  E L U S I V ES I N G L E T S

https://indico.in2p3.fr/event/20459/
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V E H I C U L A  C U R S U S  L O R E MN I B H

What about electroweak scalars?

SM Higgs cross-section

A R E  E L U S I V ES I N G L E T S

https://indico.in2p3.fr/event/20459/
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V E H I C U L A  C U R S U S  L O R E MN I B H

What about electroweak scalars?

SM Higgs cross-section

σ(ϕ) ∼ sin2 θhϕ ⋅ σ(hSM with mϕ)

×h125 S

sin γ
SM

SM

g

g

⇒ sin θ ≲ 0.3

sin θ ≃ ( mh

mH )
α

⇒ mH ≃ 2 ÷ 3 ⋅ mh

A R E  E L U S I V ES I N G L E T S

https://indico.in2p3.fr/event/20459/
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A R E  A B O U T  A S  T O U G H  T O  C AT C HD O U B L E T S

What about electroweak scalars?

2 ⋅ mH 4 ⋅ mH 8 ⋅ mH

There is in general a weak sensitivity to new 
scalars, because of: 

• “small” cross-sections 

• large backgrounds

it is hard to explore the scalar sector and the 
only big discovery of the LHC may be left 
unmatched … even if light scalars may exist. 

https://indico.in2p3.fr/event/20459/


Interesting  
New Physics sub-TeV

lots of space for 



how much lumi?
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O F  N E W  P H Y S I C SD I S C O V E RY

Few “clear” luminosity targets

• a “handful” of new physics events for a spectacular signature (e.g. )  

• hundreds of events (somewhat clear signature, but needs background rejection) 

•  events for a signature buried in background (e.g.  at hadron 

colliders)

W± → ℓ±ν

10N h → bb̄

https://indico.in2p3.fr/event/20459/
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 O F  K N O W N  P H Y S I C SM E A S U R E M E N T

Few “clear” luminosity targets

•  bosons known at  level (LEP&SLC) 

•  boson known at   by the end of HL-LHC 

•  quark  known at  by the end of HL-LHC*

W, Z 10−3

h 10−1 → 10−2

t 10−2 → 10−3

* QCD at   is not guaranteed10−3

https://indico.in2p3.fr/event/20459/
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 O F  K N O W N  P H Y S I C SM E A S U R E M E N T

Few “clear” luminosity targets

•  bosons known at  level (LEP&SLC) 

•  boson known at   by the end of HL-LHC 

•  quark  known at  by the end of HL-LHC*

W, Z 10−3

h 10−1 → 10−2

t 10−2 → 10−3

* QCD at   is not guaranteed10−3

‣   bosons 

‣  “usable”  bosons 

‣  usable  quarks

O(106) Z

O(103) h

O(106) t

δO
O

∝
1

N
∝

1

σ ⋅ ℒ

https://indico.in2p3.fr/event/20459/
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T E N S I O NL U M I - E N E R G Y

High-lumi  vs. High-energy
* QCD at   is not guaranteed10−3

σ(ab → cd) ∝
1

Φab
⋅ Pab→cd

}

}

probability

flux

σ(ab → cd) ∝
1

EaEb
⋅ #

Careful balance between Energy and Lumi

https://indico.in2p3.fr/event/20459/


Concrete Examples
Some
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Crystal Ball: on the Future High Energy Colliders Vladimir Shiltsev 

6 

DEJ-model Eq.(1), the cost of 100 km long accelerator facility with some 400MW of site power and based 

on today’s SC magnets can be estimated as TPC=2×(100/10)1/2+2×(100 TeV/1TeV)1/2+2×(400/100)1/2 

=30.3B$±9B$. As the biggest share of the TPC is for the magnets, the primary goal of the long-term R&D 

program should be development of ~16T SC dipole magnets which will be significantly (by a factor 3-5) 

more cost effective per TeV (or Tesla-meter) then those of, say, LHC – see Fig.2.   

 

While talking about frontier colliders, one should take into account the availability of experts. A simple 

“rule of thumb” (also know as “Oide-principle” [19]) based on statistics of construction projects in Japan 

and Europe and widely accepted in the accelerator community states that “one accelerator expert can spend 

intelligently 1 M$ in one year”. One can estimate that the world-wide community of accelerator physicists 

and experienced engineers does not exceed 1500 people and the total accelerator personnel (all scientists, 

engineers, technicians, drafters, etc) is about 4,000-4,500. Therefore, any plans for a really big facility at 

the scale of few B$ to 10B$ should take into account that significant time will be needed to get the required 

number of the people together. Another comment deals with the fact that due to extremely cpmplex nature 

of the fronrtier accelerators it takes time to get to design luminosity - often as long as 3-7 years [20] – and 

that should also be taken into account in any realistic plans.  

 
Fig.3: “Luminosity vs Energy” paradigm shift (see text) 

 
Finally, one can try to assess options for  “far future” post-FCC energy frontier collider facility with 

c.o.m. energies (20-100 times the LHC (300-1000 TeV). We surely know that for the same reason the 

circular e+e- collider energies do not extend beyond the Higgs factory range (~0.25 TeV), there will be no 

circular proton-proton colliders beyond 100 TeV because of unacceptable synchrotron radiation power – 

they will have to be linear. It is also appreciated that even in the linear accelerators electrons and positrons 

become impractical above about 3 TeV due to beam-strahlung (radiation due to interaction at the IPs) and 

about 10 TeV due to radiation in the focusing channel (<10 TeV). That leaves only ȝ�ȝ- or pp for the “far 

future” colliders. If we further limit ourselves to affordable options and request such a flagship machine not 
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4

Lepton Colliders Luminosity

J.P.Delahaye ARIES wokshop (July 03, 2018)

Circular

Linear

Muons

Circular

Linear

Muons

Delahaye
https://indico.cern.ch/event/719240
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• No well-established technology in sight to   

reach high energy and keep large enough 

luminosity  

• Lots of R&D on beams and accelerators is 

needed to enable a flourishing future for 

high energy physics

https://indico.in2p3.fr/event/20459/


Concrete Examples
Some
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C O L L I S I O N SVA L E N C E

Any sign of SUSY below the TeV will be 
observable, no matter if the sparticles are 
colored or not.

(e.g. in the Higgs sector, or from new strong 
interactions at the TeV, fermions mass and 
mixing generation at the TeV)

B E S T  P O S I T I O N  T O  O B S E RV E  A N Y  S I G N  O F  
E L E C T R O W E A K  N E W  P H Y S I C S  

→ new physicsℓ+ℓ−

Higgsino Dark M
atter could be here

barely sufficient for exclusion at 95% CL

104 events for ℒ ≃ ab−1

2012.11555 - Buttazzo, RF, Wulzer 2102.11292

https://indico.in2p3.fr/event/20459/
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ℓ+ℓ− → ff̄, W+W−, Zh
T O TA L  C R O S S - S E C T I O NP R E C I S I O N

21mm.nnnnn - RF, Xiaoran Zhao
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PRELIMINARY

Majorana DM triplet

• fiducial cross-sections are 
significantly affected by off-shell 
new physics heavier than the 
collider kinematic reach

χ  is heavy/light new physics
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SM works wonderfully!

dσ
dpT

measurements sensitive to a range of mass scales

New Physics may fit well in a EFT (new contact interactions)
• effects grow at larger energies like νe-→νe- in Fermi Theory

• sensitive to a range of energy scales 
• progress is easy to measure: bounds on new Fermi constants

1% at mZ is worse than 10% at 1 TeV

as NP effects may grow quadratically with energy 

ΔO = ONP − OSM ∼ ( E
v )

2

https://indico.in2p3.fr/event/20459/
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R AT ET O TA L

ℓ+ℓ− → Zh
σZh = A(00)

SM

2
+ A00

SM ⋅ A00
BSM + . . .

cW = ̂S/m2
W

the “leveraging energy” way 

cW [TeV−2]

̂S < 2 ⋅ 10−4 (95 % CL)

̂S < 3 ⋅ 10−5 (95 % CL)

s = 0.240 TeV, ℒ = 5 ab−1

s = 3 TeV, ℒ = 5 ab−1
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LEP

ℓ+ℓ− 3 TeV
̂S95% ≲

1.2 ⋅ 10−4

Ebeam /TeV ⋅ ℒ/ab−1
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R AT ET O TA L A(00)
SM

2
+ A00

SM ⋅ A00
BSM + . . .

̂S95% ≲ 1.2 ⋅ 10−4 1
Ebeam /TeV

⋅
1

ℒ/ab−1

Ever higher energy colliders can exploit “precise” measurements at the 10% level

Buttazzo, RF, Wulzer -  2012.11555 the “leveraging energy” way 

ℒ ∼ E2
cm

ℓ+ℓ− → Zh

NP/SM

https://indico.in2p3.fr/event/20459/
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• Lots of targets for SM studies and New Physics searches are sub-TeV (high-energy, 

yes, but not out of reach!) 

• The higher the energy, the more the achievable luminosity will matter!  

• Lots of R&D on beams and accelerators is needed to enable a flourishing future for 

high energy physics 

• Time from here to next update of European Strategy for Particle Physics is crucial to 

set the future path

Conclusions
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Thank you!


