
• «classical» Flavour 

• (charged) Lepton flavour violation 

• Fixed target ideas 

• International HEP scenario 

CSN1 perspectives/2 

Mainly from LTS1 workshop @Elba : 











































BSM: secluded DM 
• Problem: connect dark matter (e.g. WIMPs) to SM particles while being compatible with direct 

measurements: 

– Low elastic cross section on nuclei 

– Low production rates at colliders 

• Solution: DM not directly connected to the SM, but only through “mediator” particles 

• Hidden or secluded or dark sectors often present in string teories and supersymmetry 

• Simple model: add additional U(1)’ gauge group, but a vector boson is not the only possible mediator 

– Singlet scalar, right-handed neutrino, non-Abelian interactions in the secluded sector, arXiv:0711.4866 [hep-ph] 

• The mediator could be not the lightest dark particle and thus it is not itself a DM candidate 
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Nuclear recoil too weak 

MeV GeV TeV 



Portals to secluded sector 
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Dark photon experiments 
• Thick target (beam-dump) 

• Thin target + decay of dark photon: 

– Decay to visible particles (e+ e-, m+ m-, …)  

• “Bump hunting”, looking for a peak in the invariant mass 

• Displaced vertices, looking for long-lived particles 

– Decay to invisible particles 

• Look for missing mass  

• DM particles recoil 

[Meson decays] 
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Electron beam-dump experiments 
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Luminosity: At colliders: Beam 
section 

In addition to cross section advantage 
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Decay to invisibles 

Decay to e+e- 

1013 e+ 550 MeV  
Full simulation 

1013 e+ 550 MeV  
First estimate 

Dump experiment 
1016 e- 750 MeV 

PADME at Frascati 
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- Positron annihilation experiments (decay to invisibles and e+e-): 
104 electrons/bunch × 50 Hz × 2107 seconds 

- Beam dump on thick target: 1016 electrons at 750 MeV dumped 



Heavy neutral lepton 

INFN CSN1 - LTS1 Workshop - 2014 28 

• Alternative to see-saw mechanism for neutrino masses: instead of a very heavy 
neutral lepton, new leptonic flavours with masses similar to those of known quarks 
and leptons. This gives the possibility of direct experimental search. 

• This can explain the missing of WIMP particles at LHC (DM particles are just too light) 
• Baryogenesis due to those new leptonic flavours 
 

Shaposhnikov neutrino (nMSM) is a realization of this model 
 



SHiP at CERN SPS 
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SHiP (dark photon search) 
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HNL at NA62 
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Still a factor 10 below SHiP for D decays 



 EU strategy update May 2013 

Europe’s top priority should be the exploitation of the full 
potential of the LHC, including the high-luminosity upgrade. 

CERN should undertake design studies for accelerator projects 
in a global context, with emphasis on proton-proton and 
electron-positron high-energy frontier machines.  

high-field magnets and high-gradient accelerating  
structures 

Europe looks forward to a proposal from Japan to discuss a 
possible participation. 

Experiments in Europe with unique reach should be supported, 
as well as participation in experiments in other regions of the 
world.n experiments in other regions of the world. 

International scenario: 



P5 report released May 22, 2014 

Use the Higgs boson as a new tool for discovery 

Complete the LHC phase-1 upgrades and continue the strong 

collaboration in the LHC with the phase-2 (HL-LHC) upgrades of 

the accelerator and both general purpose experiments (ATLAS and 

CMS). The LHC upgrades constitute our highest-priority near-term 

large project. 

Motivated by the strong scientific importance of the ILC and the 

recent initiative in Japan to host it, the U.S. should engage in 

modest and appropriate levels of ILC accelerator and detector 

design in areas where the U.S. can contribute critical expertise. 

Complete the Mu2e and muon g-2 projects 

the Mu2e profile could be adjusted by a small amount if needed 



SuperKEKB 

Full support to Belle2 

J-PARC 

COMET phase1 funded/started – phase2 future funding 

KOTO in progress 

LHC 

Participation to phase2 upgrade (magnets and Atlas) 

ILC 

Negotiating international cooperation  decision by 2018 

Potential construction schedule 2021 -2028 (250 GeV option) 

360 and 500 GeV will follow 



 BEPC2:  Explore full potential 

8-10 yr more then need new project 

Super tau-charm factory does not have large enough 

scope! 

 Limited interest in LHC and ILC 

 Circular Higgs factory fits our strategic needs: 

 Science (great & definite physics) 

 Timing (after BEPCII) 

 Technological feasibility 

 Manpower reality (our hands are free after ~2020) 

 Economical scale (although slightly too high)  

 The risk of no-new-physics is complemented by a pp collider in the 

same tunnel  

 A definite path to the future 

 ee schedule: build 2021-27, physics 2028-35 

 pp schedule: build 2035-2042, physics 2042 - .... 

A 50-70 km tunnel is very 

affordable in China NOW 



 Large INFN involvement ~ 500 FTE/ 60% of CSN1 budget: 

 ATLAS/CMS: Phase 1 fully funded and in progress 

 ATLAS/CMS: Phase 2 R&D funded & starting 

 ATLAS/CMS: Phase 2 upgrades under discussion 

Logical continuation for INFN-LHC community 

Strong physics case 

Strong international support in Europe, US and Japan 

Construction: 2018 – 2025, data: 2026-2035 

A long way to get to 3000 fb-1 .....  Is it sustainable? 

Does TOTEM makes still sense after completion run2 ... (3)? 

 LHCb:  

Upgrade approved by INFN 

Construction: now – 2019, data: 2020 - > 2028 ??? 

How long can it really last? How far can we push flavor physics at LHC? 

Where does the community go? 

CSN1 vs LHC future 



 Belle2: 

 Completing constructions,  data  2016 for ~10  yrs 

 Minor upgrade in between running periods 

 What then? Not obvious physics is compelling after that, nor upgrade path 

 Community has interest in ILC if it happens 

Timing roughly matches/ Could get support from  part of  LHC communities  this 

could have implications on LHC experiments 

 BES-III: 

 Data taking in progress  for 8-10 more years 

 INFN group growing. Participating in tracking chamber upgrade 

What happens 10 years from now?  TLEP or ILC? 

 

 These communities play  important role in case of major 

developments in Asia 

CSN1 vs Asia  



Strong case for CLFV physics 
MEG@PSI: 

Upgrade in progress.  Data 2015-2018.  
Room for additional update? Potential for joining Mu2e upgrade 

Mu2e@FNAL: 
R&D/planning fase – critical decisions 2014-15 – data 2020 – 25 
INFN collaboration getting ready for constrution 

What are chances for future expansion? Upgrade for PIP-I/II? 
G-2@FNAL 

R&D/Construction fase – data 2016-19 
Part of collaboration could merge into Mu2e or upgrade for EDM? 

CSN1 vs muons 



PADME@BTF: 

Search for dark photons in visible and invisible channels 

Simple layout and interesting physics 

Is physics reach competitive enough? 

 Electron EDM@LNF: 

Need to construct small ring 2pR ~ 20-50 m 

Are costs and physics reach competitive? 

Are there technical issues still to be solved (eg. Polarimetry)? 

In general very challenging technically 

CSN1 vs LNF future 



SHiP: 

Search for HNL with beam dump experiment 

Physics interesting, but 

Is it covering enough parameter space? Can it be increased by 

improving the design?  

Is the large cost of the beam dump justified by the physics? 

Waiting to SPSC recommendations. 

R&D/Studies starting now 

What are the limits of potential reach of LHCb, NA62 

in this measurement? 

CSN1 vs SHIP ? 



Lepton collliders: 

 ILC: 

Is the physics still compelling given the small Higgs mass (can build 

TLEP for similar or smaller price and have tunnel for pp)? 

Room for new physics after LHC results is reduced. 

Decision will be political in  the end (or major discoveries at LHC?) 

If ILC goes on should participate: it will be the first leptonic Higgs factory 

«Higgs can potentially couple wildly»  detailed study is mandatory! 

TLEP (CERN or China): 

An attractive possibility, but needs a large tunnel  

Feasiblity/cost in CERN area still to be verified (?)  

Is China serious  or is it just politics? 

Better keep all options open to these possibilities 

CSN1 vs large electron colliders 



 Hadron colliders O(33-100 TeV): 

 Largest discovery power! 

 Need tunnel and new generation of magnets 

Magnets ready for construction ~2025,  industry could start delivery 2030 with 

completion  few years later 

In LHC tunnel could upgrade energy to 33 TeV if nothing else happens in the 

world 

Is factor 3 sufficient? Cost is ~ 7 BCHF! Depends on discoveries! 

If aim to 100 TeV large tunnel (~100 km): 

Can it really be done in CERN area? Can EU sustain the cost? 

If China goes ahead, what is the future of CERN? CLIC? 

 LHeC (... and american variants EIC etc ...) 

 Besides specific physics large reduction of pdf systematics 

 May leave something in EU if energy frontier goes to Asia  

CSN1 vs future hadron colliders 



Morale 

Molte più domande che risposte 
 
Gli scenari cambiano radicalmente in caso di possibili scoperte nel Run II di 
LHC 
 
HL-LHC è ormai sicuro 
 
Fra le opzioni «in pista» al momento ILC resta la più forte, sia scientificamente 
(naturale completamente di LHC), sia politicamente e finanziariamente. 
 
Esperimenti piccoli e medi possono ancora dirci cose importanti su modelli di 
NP alternativa. 


