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With the discovery at the Large Hadron Collider (LHC) at CERN  of the 

Higgs boson, the main missing block for the experimental validation of the 

Standard Model is now in place.  

 

An additional LHC result of great importance (and totally unexpected) is 

that a large new territory has been explored and no unambiguous signal 

of New Physics  has been found (so far).   

 

These results, indicate that there might be no New Physics with a direct 

and sizeable coupling to Standard (Model) particles up to energies ~105 

TeV unless specific flavour structures/symmetries are postulated.  

Preamble 

A very unexpected situation. 
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Expectations for New Physics at the LHC 
http://lhc2008.web.cern.ch/lhc2008/nobel/ 

Nobel expectations for new physics at the LHC, 2008 

What did leading figures in particle physics expect from the LHC in 2008? 

…really unexpected! 
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David Gross: "a super world” 
(Nobel prize in Physics in 2014, with D. Politzer and F. Wilczek) 
 

I expect new discoveries that will give us clues about the unification 
of the forces, and maybe solve some of the many mysteries that the 
Standard Model (SM) leaves open.  
I personally expect supersymmetry to be discovered at the LHC; and that 
enormous discovery, if it happens, will open up a new world – a super world.  

What leading physicists  expected from the LHC in 2008  
http://lhc2008.web.cern.ch/lhc2008/nobel/ 
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David Gross: "a super world” 
(Nobel prize in Physics in 2014, with D. Politzer and F. Wilczek) 
 

I expect new discoveries that will give us clues about the unification 
of the forces, and maybe solve some of the many mysteries that the 
Standard Model (SM) leaves open.  
I personally expect supersymmetry to be discovered at the LHC; and that 
enormous discovery, if it happens, will open up a new world – a super world.  

What leading physicists  expected from the LHC in 2008  

Gerardus ’t Hooft: "a Higgs, or more” 
(Nobel prize in Physics in 1999, with M. Veltman) 

The first thing we expect - we hope to see - is the Higgs. I am practically certain that the 
Higgs exists. My friends here say it is almost certain that if it exists, the LHC will find it… 
My real dream is that the Higgs comes up with a set of particles that nobody has yet predicted and 
doesn’t look in any way like the particles that all of us expect today. That would be the nicest of all 
possibilities. We would then really have work to do to figure out how to interpret those 
results. 

http://lhc2008.web.cern.ch/lhc2008/nobel/ 
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George Smoot: "the nature of dark matter” 
2006 Nobel Prize in Physics with J. Mather  

I am looking forward to hearing about the Higgs, because I’d like to see the  
Standard Model completed  and understood…. 
…. But what I am really looking forward to is supersymmetry or  
something that  shows what dark matter is made of, so I have really high  
hopes, perhaps too high hopes. 

What leading physicists  expected from the LHC in 2008  
http://lhc2008.web.cern.ch/lhc2008/nobel/ 
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George Smoot: "the nature of dark matter” 
2006 Nobel Prize in Physics with J. Mather  

I am looking forward to hearing about the Higgs, because I’d like to see the  
Standard Model completed  and understood…. 
…. But what I am really looking forward to is supersymmetry or  
something that  shows what dark matter is made of, so I have really high  
hopes, perhaps too high hopes. 

Douglas Osheroff: "lots of new particles” 
shared the 1996 Nobel Prize in Physics with David Lee and Robert Richardson  for 
their discovery of superfluidity in helium-3” 

 
If we don’t get the Higgs, that would in fact be a bit more interesting,  
but I am hoping that there will be lots of new particles and resonances that 
no one ever expected. That will be really exciting. 

What leading physicists  expected from the LHC in 2008  
http://lhc2008.web.cern.ch/lhc2008/nobel/ 
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2017, 9 years later: 
 



2017, 9 years later: 
 

Higgs discovered with mass ~ 125.5 GeV. 
No new particles found. 



 SM works in all laboratory/collider experiments   
 LHC 2012 – final piece of the model discovered: the Higgs boson 
        - Mass measured   125 GeV –   
        - Perturbative and predictive for high energies 

 Add gravity: 
      -  get cosmology 
       -  get Planck scale  MPlanck = 1.22 1019  GeV as the highest energy to worry about. 

The Standard Model is in excellent shape! 
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The masses of the top quark (~172.5 GeV) and of the Higgs boson 
(125.5  GeV) the Nature has chosen, make the Standard Model a  
self-consistent (effective field) theory all the way up to the quantum 
gravity Planck scale, even in absence of New Physics at the TeV 
scale. 
 

The theory is mathematically consistent and does not loose 
predictability up to very high energies,  MPlanck ~1019 GeV. 

…. Is  this the end of the story ?…… 



 

 1) Observations of neutrino oscillations: 
   ⟶ in the Standard Model neutrinos are massless and do not oscillate. 
 

 2) Evidence for Dark Matter  
   ⟶ Standard Model does not have particle candidate for DM. 
 

3) No antimatter in the Universe in amounts comparable with matter: 
   ⟶ baryon asymmetry of the Universe is too small in the SM. 
 

4) Cosmological inflation is absent in canonical variant of the SM. 
 

5) Accelerated expansion of the Universe (?): 
 ⟶ though can be “explained” by a cosmological constant. 

Experimental evidence for New Physics beyond the Standard Model 
 

NO!  

Hence: we do need New Physics ! 
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 We are living in a Dark world 

( hence: us! ) 
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Today – more than ever - we must keep a broad view  

What is the scale of New Physics? 

Masses of right handed neutrinos 
    10-9 – 1015 GeV 

 
Mass of Dark Matter particle 

10-31 – 1020 GeV 
 

Mass of new particles required for baryogenesis 
10-2 - 1015 GeV 

 
Mass of New Particles for Higgs hierarchy 

103 – 1018 GeV 
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 So far the experimental efforts have been concentrated on the discovery  

     of new particles with masses at (or slightly above) the Higgs mass and  

     sizeable couplings with Standard Model (SM) particles.  
 

? New Physics ? 

What is the scale of New Physics? 
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 Another viable possibility (largely unexplored) is that new particles are 

below the Higgs mass and couple very weakly with SM particles 

     and are “dark” or “hidden” 
 

 

 

 So far the experimental efforts have been concentrated on the discovery  

     of new particles with masses at (or slightly above) the Higgs mass and  

     sizeable couplings with Standard Model (SM) particles.  
 

What is the scale of New Physics? 

? New Physics ? New Physics ! 

G. Lanfranchi                                         Search for New Physics at the Intensity Frontier                                                           11 



 

 These particles could be light, long-lived, and mix with SM particles that not 

carry electromagnetic charge, like for example Higgs (Dark scalar or pseudo-

scalar),  photons (Dark Photon) and  neutrinos (Heavy Neutrinos). 

What is the scale of New Physics? 

Standard Model world (our world) 

Hidden or Dark world 
that could explain all the open problems 
in particle physics 

“Tiny” coupling constant  
between the two worlds 
(“kinetic mixing”) 
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       ….  lost among the orders of magnitude ….  
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High intensity frontier:  

  MeV-GeV region 

High Energy frontier:  
TeV region 

Below the Higgs mass... but where? 

kinetic mixing of a dark photon-ordinary  photon versus mass of dark photon 
 

G. Lanfranchi                                         Search for New Physics at the Intensity Frontier                                                           14 



As universe cools below DM mass, density decreases as exp{-m/T} 
- Dark Matter interacts with SM to stay in equilibrium 

- eventually Dark Matter particles can't find each other to annihilate 

- and a (minimal) DM abundance is left over the present day. 

 

 

 

 

 

 

 

 

 
DM annihilation cross-section necessary to obtain the observed Dark Matter density: 

                        

                         σ v (relic) = 3x10-26 cm3/s 

 
 

MeV-GeV region: Light Dark Matter with thermal origin 
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DM 

DM SM 

SM 

? 



The equilibrium can be reached: 

  - either with an heavy DM particle (~TeV)  with a Standard Model  mediator (excluded by current limits) 

  - or with Light Dark Matter (LDM) particle  (~MeV-GeV) with a light new mediator (hence new forces). 

MeV-GeV region: Light Dark Matter with thermal origin 

~ me ~ mp, mn Heavy Dark Matter < 10 keV 
DM too hot, spoils  
structure formation 

1 MeV                          1 GeV                       MZ                     10 TeV 

> 100 TeV 
DM overproduced 

Light Dark Matter 
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DM 

DM SM 

SM 
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mediator 
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traditional heavy DM 

(WIMP at TeV ) 

with SM mediator  

(excluded by current limits) 

MeV-GeV region for Light Dark Matter with thermal origin 
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MeV – GeV range 

traditional heavy DM 

(WIMP at TeV ) 

with heavy mediator  

(excluded by current limits) Light Dark Matter  

with light mediators  

(hence new forces) that 

couple very weakly to SM 

and are therefore hidden 

or dark 

MeV-GeV region for Light Dark Matter with thermal origin 
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How we can study Dark Matter and related mediators with mass in this range? 



Light Dark Matter: connection between relic density 
         and production of LDM at the accelerators 

, p 

, p 

Direct DM annihilation (main process to 
get the thermal relic abundance) 
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Light Dark Matter: connection between relic density 
         and production of LDM at the accelerators 

, p 

, p 

Production of DM (and mediators) at accelerators 
via, eg,  electron or proton bremsstrahlung 

Direct DM annihilation (main process to 
get the thermal relic abundance) 

Direct annihilation is controlled by the same couplings relevant for DM production at accelerators, 
leading to well defined predictions, once we assume the thermal origin target 



K, D, B  
photons,  
neutrons, protons, π 
muons from K/π decays  
and light resonances, 
neutrinos, etc.. 

Proton  

or electron  

beams 

Use K, D, B decays and photons 
to search for light mediators or 
Light DM in the MeV-GeV region 

Production of Hidden Particles  

fixed 
target 
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Standard Model Particles Dark Sector Particles 



Photon produced in light meson 
resonances, bremsstrahlung, and 
QCD processes. 
 
Search for massive particle mixing  
with the photon and decaying to  
visible final states (e+ e- , μ+μ-, etc.) 

✖ 

γ A’ 

K, D, B  
photons,  
neutrons, protons, π 
muons from K/π decays  
and light resonances, 
neutrinos, etc.. 

SPS protons 

400 GeV/c 

Production of Dark Photons via kinetic mixing 

photon dark photon 

Eg: Production of Dark Photons: 
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Eg: protons 

400 GeV/c 

dump 

Heavy neutrinos 

Dark photons 

Dark Scalars 

Any kind of feebly-interacting 
long-lived particle or LDM 
(put here your favored model); 

muons 

neutrinos 

….Background, background, background….. 

A dump with suitable length stops all  beam-induced backgrounds but neutrinos 
and muons: 

Light Dark Matter 

Background is the name of the game ! 
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1) Light and feebly-interacting  particles can be originated by the decay of beauty, charm and 

strange hadrons and by photons produced in the interaction of protons with a target. As the 

heavy quark cross-sections increase steeply with the energy, a high-intensity, high-energy 

proton beam is required to improve over the current results: 

→ To date the world best line to produce high intensity fluxes of beauty and charm hadrons and 

photons through the interactions of protons on a high-Z target is a 400 GeV/c proton beam line 

extracted from the CERN SPS .  

 

2) The smallness of the couplings implies that the hidden sector mediators are also very long-

lived  (up to several km) compared to the bulk of the Standard Model particles: 

 →The decays to SM particles can optimally be detected only using an experiment with decay 

volume tens of meters long.. 

How to produce and detect Hidden Particles in the MeV-GeV range? 
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The CERN accelerator complex 

SPS 

LHC 

 Fixed target experiments 

     in the North Area 

2 
2015: 2-3 1019 pot delivered  to the North Area. 
Highest energy proton beam delivered for fixed target experiments in the world 



Fixed Target Experiments @ CERN 

SPS 

LHC 

Neutrino platform,  

NA61, NA64, etc. 

Compass 

NA62 

SHiP 

Three experiments in the 
North Area will search for 
hidden particles in the 
coming years: 
NA62 (running),  
NA64 (running) 
SHiP (proposed) 



The NA62 experiment in the ECN3 experimental hall 

beam 

The NA62 detector, served by the P42 400 GeV proton line and designed to measure the branching 
fraction of the rare decay K+→ 𝜋+ν νbar, is perfectly suited to search for hidden particles 
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secondary beam 

(Kaon ID) 
(Beam  

Tracker) 

(Beam guard ring) 

E.M. 

calorimeters 

(large angles) 

Decay volume  
(60m, 10-6 mbar vacuum) 

(Straw spectrometer) 

(E.M. calorimeter (forward)) 

(Hadron  

Calorimeters) 

Detectors for decay products 

400 GeV 
proton 
beam 

Acromat for 
precise beam  
momentum selection 

             NA62 ~ (2.0-3.0)x1018 protons-on-target/year @ 400 GeV/c 

The NA62 experiment: conceptual scheme  

(Charged 

Hodoscopes) 

(Muon Veto ) 

G. Lanfranchi                                         Search for New Physics at the Intensity Frontier                                                           27 



The NA62 experiment: the real apparatus   
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The tracking stations 



The 400 GeV/c proton beam impinges on a Be-target 
producing a mixed beam of K, pions, protons. A magnetic 
system and two 1.6-m long, water-cooled, copper collimators 
(TAXes) select a monochromatic beam of 75 GeV/c 
momentum.   

Be target 

beam 

Be target 
collimators 

20 m 

π 
K-tagged protons 

K,p,π 

80 m 

NA62 in kaon (normal) operation mode 
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(3.2 m of Cu + Fe)) 



 NA62  in “dump”operation mode 

 

Heavy Neutrinos, Dark Photons, Dark scalars, and ALPS 
can be originated  by charm, beauty and photons 
produced in the interaction of protons with the dump. 

Be target 

beam 

Be target 
collimators 

20 m 

protons 

80 m 

HNL 
A’ 

Dark Scalars 

Light Dark Matter 

NA62 dump  
(3.2 m of Cu + Fe)) 

In dump mode the target can be moved away 
from the beam and the beam let impinging on 
the copper. Hence: the collimators can act as a 
dump.  
  ⟶  this operation is easy, quick (15 minutes)  
         and fully reversible. 
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 NA62 has the main goal of measuring the BR(K+ → 𝜋 + ν νbar) with 10% accuracy; 
 

   - Before LS2 (2017-2018) many searches in the hidden sector will be performed using the kaon beam. 

   - After LS2 (2021++) there is a window of opportunity to run NA62 in beam-dump mode to collect 

      at least 1018 pot to search for hidden particles from charm, beauty decays, and photons. 

NA62 in kaon and dump modes: scientific scheduling 

NA62 in dump mode  
and kaon physics 

NA62: K+ → 𝜋 + ν ν, LFV/LFU modes 
Hidden sector from K decays 

LS2 LS3 

today 
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 Goal: integrate at least ~1018 protons on target in dump mode by 2023 
(corresponding to ~ 3 months of dedicated data taking in 2021-2023)  

  

? 



Photon produced in light meson 
resonances, bremsstrahlung, and 
QCD processes. 
 
Search for massive particle mixing  
with the photon and decaying to  
visible final states (e+ e- , μ+μ-, etc.) 

✖ 

γ A’ 

K, D, B  
photons,  
neutrons, protons, π 
muons from K/π decays  
and light resonances, 
neutrinos, etc.. 

SPS protons 

400 GeV/c 

Production of Dark Photons via kinetic mixing 

photon dark photon 

Production of Dark Photons: 
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Search for Dark Photons decaying to SM particles @ NA62 

Fixed target domain:  

  MeV-GeV region 
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SeaQuest 

A lot of experimental results expected on the Dark Photon in the near future 

Search for Dark Photons decaying to SM particles @ NA62 

NA62 projections  
with 1018 pot 

Fixed target domain:  

  MeV-GeV region 

90% CL exclusion limit 
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M(A’) (MeV/c2) 



(Pseudo)-Scalar Portal: Dark (Pseudo)-Scalars  

The discovery of the Higgs provides strong evidence that fundamental scalar bosons exist in nature: 
  - timely and well-motivated to search for additional scalar or pseudo-scalar particles that could be  
    mediators of light Dark Matter 
 
 
 
 
 
 

At SPS energies: 
σ (pp → ssbar X) /𝛔 (pp→ X) ~ 0.15 
 σ (pp→ c cbar X ) /𝛔 (pp→ X)  ~ 2 10-3 

 σ (pp → b bbarX) / 𝛔 (pp→ X)  ~ 1.6 10-7 
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Higgs S or P 

 g* 

At the SPS energy we cannot produce directly the Higgs because it is too heavy, we can produce it only 
indirectly via decays of quarks. 



Secluded DM annihilation via mediators (only possibility compatible with CMB and rare mesons  

decays constraints), mediators then decay to SM particles 
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In dump-mode, from b decays 

Search for Dark (Pseudo)-Scalars: NA62 in dump and kaon mode 
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 Pseudo-scalar particles can be Pseudo Nambu-Goldstone bosons of a spontaneously  
    broken U(1) symmetry: 
  - The prime example is the axion  introduced to solve the strong CP problem in QCD: m~ 10-5 eV 
  -  Other pseudo-scalar particles can feature very similarly to the axion but with larger mass: ALPS 

 
 Axions and ALPs can couple to: gauge bosons, fermions, gluons 
 
                   - gauge bosons, eg: photons:                                           - fermions: 
 
 
 
 

 
 In both cases their interactions are suppressed by a scale 1/fa, scale of the  
      spontaneous symmetry breaking. 

Axion and Axion-Like Particles 

ℒ ⊃
1

4
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 - Search for ALPs with photon coupling @ NA62 in dump mode  

ALP ⟶    𝛄 𝛄 

NA62: projections 
with 1018 pot 

ALPS production via Primakov effect at target 
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The Neutrino Portal: the 𝛎MSM 
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Suitable values of mN and U2f allow  
to simultaneously explain: 
-  oscillations induced by massive 
      states N2, N3 
– dark matter: N1 with mass keV 
– BAU: leptogenesis due to Majorana 
mass term 

Add three right handed neutrinos to the SM pattern 

G. Lanfranchi                                         Search for New Physics at the Intensity Frontier                                                           38 



HNLs can be produced in decays where a neutrino is replaced by a N (kinetic mixing, U2); 
Main neutrino sources at fixed target: c and b mesons. 

They can then decay again to SM particles through mixing (U2) with a 
SM neutrino. This (now massive) neutrino can decay to a large amount 
of final states through emission of a Z0 or W boson 

The Neutrino Portal: the 𝛎MSM 

Production processes 

Decay channels 
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[GeV]
iN

m
1−

10 1 10
2

10

, 
i

µ2
|U

|
12−10

11−
10

10−
10

9−
10

8−
10

7−
10

6−
10

5−
10

4−
10

3−
10

2−10

1−
10

1

P
S

1
9
1

LHC14

CM
S

DELPHI

NUTEV

LHCb

EWPDBelle

C
H

A
R
M

LBNF

NA62

E
9
4
9

B
B

N

See Saw

SHiP

BAU

FCC

[GeV]
iN

m
1−

10 1 10
2

10

,i−2
|U

|

12−10

11−
10

10−
10

9−
10

8−
10

7−
10

6−
10

5−
10

4−
10

3−
10

2−10

1−
10

1

See Saw

SHiP

FCC

BBN

CHARM

N
O

M
A

D

EWPD

DELPHI

SHADOWS

U2
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2
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τ = 52:1:1 

Normal hierarchy of active 𝛎 masses 
U2

e:U
2
μ:U2

τ = 1:16:3.8 

Normal hierarchy of active 𝛎 masses 

U2
e:U

2
μ:U2

τ = 0.061:1:4.3 

Normal hierarchy of active 𝛎 masses 

These sensitivities assume to detect all 2-track final states, including open channels,  and zero background. 

  NA62   

NA62 projections  
with 1018 pot 

NA62 projections  
with 1018 pot 

NA62 projections  
with 1018 pot 
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𝝻 enhanced U2
𝛕 enhanced 



SPS protons 

400 GeV/c 

dump 

Heavy neutrinos 

Dark photons 

Dark Scalars 

Any kind of feebly-interacting 
long-lived particle or LDM 
(put here your favored model); 

muons 

neutrinos 

….Background, background, background….. 

A dump with suitable length stops all  beam-induced backgrounds but neutrinos 
and muons: 

Light Dark Matter 

Background is the name of the game ! 
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NA62-DUMP: data driven background estimate 

In November 2016,  few hours long run taken  in dump mode, 2x1015 pot collected for  
ALPs search and in preparation for the longer physics runs in dump mode in 2021-2023: 
  - This small dataset already provides crucial information on the background level; 

  - More data in short runs have been collected in 2017 and will be collected in 2018. 

 
Very simple selection applied to search for generic 2-track final states: 
 -   Good quality tracks and 2-track vertices 

- No further activity in time with the 2-track candidates 

- Particle Identification information 

- Isolation of the vertex: no further track close to the selected vertices. 

 

Results: no background left for fully reconstructed final states  pointing backwards to the dump,  
O(20) events left for partially reconstructed final states.  
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Extrapolation of the 2-tracks of the remaining o(20) events at the beginning of the decay vessel:  
⟶ they are all concentrated either in the “empty” zone not covered by any detector in NA62 

Adding a new detector in front of the decay vessel  
(missing in the current setup) the background can be reduced (almost) to zero 

NA62-DUMP: residual background in dump mode 

The tracks are all within a radius < 60-70 cm  
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Search for massive particle mixing  
with the photon and decaying to  
visible final states (e+ e- , μ+μ-, etc.) Electrons of  

~ 100 GeV 

Production of Dark Photons via kinetic mixing 

✖ 

γ A’ 

photon dark photon 

:Eg: Production of Dark Photons 
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Active dump 

Any discrepancy between the energy of the electron measured before and in the active dump 
would be sign of the production of some non-interacting particles, as for example Dark Matter 

DM 

DM 



Approved in March’16 for dark photon to invisible searches with 100 GeV e- beam; 
electron beam dump, search for missing energy.  

Current status: running   

Fixed Target Experiments @ CERN: NA64 

https://na64.web.cern.ch/ 
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Dark Photons in invisible modes: NA64 current and future sensitivities 
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Dark Photons in invisible modes: beam dump vs direct searches 
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Dark Photons in invisible modes: beam dump vs direct searches 

Presented by  
T. Volyansky 
at EPS 2015 
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For specific models, direct DM searches and beam-dump results can be directly compared  



From CHARM, NuTeV (1980++)…. 

Perspectives for searches for Hidden Sector particles:  



From CHARM, NuTeV (1980++)…. 

…to NA62, NA64 (now)… 

Perspectives for searches for Hidden Sector particles:  



From CHARM, NuTeV (1980++)…. 

…. to next generation’s experiments 

            (SHiP/LBNF, 2026++) 

…to NA62, NA64 (now)… 

Perspectives for searches for Hidden Sector particles:  



    The SHiP project: a dedicated experiment to Search for Hidden Particles 
(one of the projects proposed for the next European Strategy for Particle Physics in 2019-2020) 

B, K, D, photons 

SHiP target,  
W-Mo based 

A’ 

𝛍 

Beam: 
400 GeV/c protons 

4x1013 pot/spill 

2x1020 pot/5 years 

𝛍 

x40 beam intensity  
x15 larger acceptance 
Optimized for hidden sector physics 

A facility to Search for Hidden Particles (SHiP) at the CERN SPS arXiv: 1504.04956 

The SHiP Physics case, arXiv:1504.04855 
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10 nuclear interaction lengths long production target  (~ 120 cm) 

High-Z target, hybrid solution composed of TZM (Molybdenum  alloy) & pure W 

30x30 cm2, segmented target 

58 cm TZM (13 layers) + 58 cm W (4 layers) 

The SHiP target: 

TZM 

Tungsten 

30x30cm2  
Proton beam 
400 GeV/c 
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SHiP target configuration: main parameters 

 SHiP target is a high pulse intensity “spallation” target 

 90% of the beam energy (2.56 MJ) is deposited in the target 

 SC-averaged beam power (355 kW) similar to SNS and JSNS 

 Pulse-averaged power is similar to ESS (2.6 MW), but more challenging due to 

high intensity pulse 

  Baseline 

Beam protons 

Momentum [GeV/c] 400 

Beam Intensity [1013 p/cycle] 4.0 

Magnetic cycle length [s] 7.2 

Spill duration [s] 1.0 

Expected r.m.s. spot size (H/V) [mm] 6/6 

Average beam power on target (deposited) [kW] 355 (320) 

Average beam power on target during spill (deposited) [kW] 2560 (2300) 
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SHiP: detection of decay products of hidden mediators 

Tracking  
system 

magnet 

Timing  
detector 

calorimeters 

Muon 
system 

Dark Photon 𝛍 

𝛍 
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 SHiP: Light Dark Matter direct detection 

60 m 

10 m 

5 m 

DM 
A’ 

DM particles can scatter on the electrons of the 
dense material of the Emulsion Spectrometer in 
the Upstream Detector: 

DM 
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( a taste of the ) SHiP Physics Reach 
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Physics Beyond Colliders: A new initiative at CERN  

Organization PBC@work Resources

Physics Beyond Colliders is an exploratory study aimed at exploiting the full scientific potential of CERN's accelerator complex and its scientific

infrastructure through projects complementary to the LHC, HL-LHC and other possible future colliders. These projects would target fundamental

physics questions that are similar in spirit to those addressed by high-energy colliders, but that require different types of beams and experiments. The

mandate of the study team may be found here.

The kick-off workshop held in September 2016 identified a number of areas of interest. Working groups have been set-up to pursue studies in these

areas. See organization for a detailed breakdown of the current structure. The Physics Beyond Colliders study remains open to further ideas for new

projects.

Should you wish to receive general announcements and occassional updates, please subscribe to the e-group PBC-info here.

PBC Home http://pbc.web.cern.ch/

1 of 1 02.05.17, 09:19

http://pbc.web.cern.ch/ 

Projects discussed in this framework:  
NA62 in dump mode,  NA64 (electron dump),  
SHiP (proton dump), and others   
(IAXO, ALPS-II,  proton and deuteron EDM, etc.) 
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Three new proposals in the last 12 months to search for hidden particles using the high-intensity flux of heavy mesons  

and photons produced in some of the LHC interaction points. 

Using the LHC to Search for Hidden Particles 

CODEX-b @ LHCb FASER @  ATLAS MATHUSLA @  surface (top of ATLAS) 

The interest @ CERN is growing…… 



Large (and continuously growing) “hidden sector” community:  
Ex: current and proposed experiments searching for Dark Photons 

Searches  for A’ → visible states 

Searches for A’ → Light Dark Matter  (invisible states) 

Direct detection of LDM via the process A’ → LDM → LDM  scattering in the detector  

.. and not only at CERN ! 
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Very lively communities in Europe and US ! 



What is the scale of New Physics? 

Masses of right handed neutrinos 
    10-9 – 1015 GeV 

 
Mass of Dark Matter particle 

10-31 – 1020 GeV 
 

Mass of new particles required for baryogenesis 
10-2 - 1015 GeV 

 
Mass of New Particles for Higgs hierarchy 

103 – 1018 GeV 

We really do not know.   

Today – more than ever - we must keep a broad view  



“I think Nature is smarter than physicists. We should have the courage to say:  
Let Nature tell us what is going on. 
 

Our experience of the past has demonstrated that in the world of the infinitely 
small, it is extremely silly to make predictions as to where the next physics 
discovery will come from and what it will be.  
 

In a variety of ways, this world will always surprise us all.  
The next breakthrough might come from beta decay, or from underground 
experiments, or from accelerators.  
 

We have to leave all this spectrum of possibilities open and just enjoy this 
extremely fascinating science.” 

Conclusions 

Carlo Rubbia 
http://lhc2008.web.cern.ch/lhc2008/nobel/ 
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 - Thank you for your attention !-   

Conclusions 


