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Lessons from the LHC, 10 fb-1  

□ A new boson with exists with mX~125 GeV, decaying into  
and 4 leptons. 

□ It is consistent with the expected Higgs boson. 3 month 

extension of the current LHC run at 7 TeV should provide 

convincing  evidence for/against the Higgs interpretation by 
the Spring of 2013. 

□ There is no evidence for any other new physics. 

 

□ Question: Given these findings, what the strategy of the 
HEP/US HEP/Fermilab should be. ‘Snowmass 2013’ is supposed 

to address these question. We should prepare as much of the 

scientific and technical input as possible to make the 

discussions better informed and more productive. 





Primary Objective for the ‘Next 

Step’ 
□ Determine the nature of the newly discovered boson: 

production mechanism and cross section. decay modes, 

branching fractions, quantum numbers 

□ Is it a source the electroweak symmetry breaking?  

□ Is it the only source of the EWSB? 

□ Are there any indications for any deviation from the SM 

predictions? 

 

Whereas many people may agree with the objective, it is likely 

that opinions on the best strategy to accomplish are likely to 

be quite different. This strategy (a.k.a. Higgs Factory)  is likely to 

be the central focus of the Snowmass meeting.  

 



Solving the Higgs puzzle at the 

LHC 
□ The LHC machine works remarkably well. 

□ The experiments are hugely successful. They have 
demonstrated their capabilities to detect and analyze Higgs-

like objects already so  early in the game. 

□ Further improvements of the machine: 13 TeV, higher 

luminosity, 25 ns bunch spacing are expected. 

□ Experiments will be upgraded to cope with the improved 

machine performance. 

□ Question: 
□ How well the LHC experiments can establish the nature and measure the 

properties of the Higgs-like object? 

□ Is there any need/room for a new machine to study the 125 GeV bump? 

□ One should expect a thorough analysis of the potential of the 
LHC experiments to be prepared/presented by the CMS and 

ATLAS collaborations. 
 



The Case for the ILC 

□ The physics potential of the ILC as a Higgs laboratory through 
ZH production is very well established, including very detailed 

detector simulation. 

□ Technical design of the machine and the experiments are 

very mature.. 

□ Given the current lack of evidence for any new physics below  

1 TeV what is the best staging/phasing strategy: 
□ Low energy 250 GeV machine to study ZH 

□ 350-400 GeV machine to study Higgs and ttbar threshold? 

□ Higher energy machine to establish/measure Higgs self-coupling? 

□ Technical/cost optimization of the staging scenario 

□ Fast track project organization/approval/funding scenario. 

□ One should expect a detailed analysis and evaluation of this 
scenario from the ‘ILC Community’. 

 
 



Muon Collider Higgs Factory 

□ Physics case for the s-channel muon has been studied in great 
details ~10-15 years ago. Most of he attention was directed 

lately to the ‘very high energy’ case.  

□ 125 GeV bump has re-ignited the interest (UCLA workshop in 

December) 

□ Machine issues: need to establish a list of the most critical 

issues and collect known information or  stimulate the new 

analysis focused on known (finally) target beam energy. 
□ Energy spread/Higgs width 

□ Absolute energy scale in a rapid cycled synchrotron 

□ Luminosity, cooling requirements 

□ R&D strategy: the critical path 

□ Possible time scales and cost estimated 

□ One should expect the MAP people to prepare the ‘machine’ 

case.   
 

 



Detector for the Muon Collider 

Higgs Factory 
□ Several ‘experimental’ studies carried out ~ 10-15 years ago. 

Need to review these studies and update where necessary. 

□ Generic, ILC-like detectors are likely to be quite sufficient for 

the studies. 

□ Detector simulation tools, lcism, optimized for the muon 
collider case developed and available for use on DETSIM 

cluster (Hans Wenzel). Need an organized and coherent 

effort. 

□ Major issue: beam induced backgrounds and their implication 
for the detector/physics capabilities. 



ZH Higgs Factory: Linear vs 

Circular 
□ 125 GeV Higgs case is very interesting, especially if it can be 

asserted that there is no need/interest EVER to go to higher  

energies. 

 



  LEP2  LHeC LEP3 DLEP 

beam energy Eb [GeV]  
circumference [km]  

beam current [mA]  

#bunches/beam  

#e−/beam [1012]  
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  LEP2  LHeC LEP3 DLEP 

ESR
loss/turn [GeV]  

VRF,tot [GV]  

dmax,RF [%] 

ξx/IP  

ξy/IP 

fs [kHz]  

Eacc [MV/m]  

eff. RF length [m]  
fRF [MHz]  

δSR
rms [%]  

σSR
z,rms [cm]  

L/IP[1032cm−2s−1]  
number of IPs  

beam lifetime [min]  
ϒBS [10−4]  

nγ/collision  
BS/collision [MeV]  
BS

rms/collision [MeV]  
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0.77 
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History at KEK (LEP3Day Yokoya) 
□ Stimulated by the LEP3, Katsunobu Oide proposed possible 

ring collider at Ecm=240GeV in Tsukuba region in an LC 

meeting in January.  

□ Higher energy colliders Ecm=400-500GeV were also proposed 

in a meeting on future of KEK in February. 

□ I raised the issue of beamstrahlung and concluded  

□ Beam energy spread induced by beamstrahlung demands 
large momentum aperture. 

□ Ring colliders with Ecm=400-500GeV with luminosity and 

power consumption similar to those of  ILC/CLIC are 

impossible 

□ A collider with Ecm=240GeV is at the border of feasibility. A 

large momentum acceptance (several percent) would be 

required  

□ Later Valery pointed out importance of the critical energy of 

beamstrahlung  
2012/6/18 LEP3Day Yokoya 14 



Circular Higgs Factory in Illinois ? 
□ Physics/detector case pretty much identical to the ILC case. 

□ A lot of machine design aspects studied at considerable 

depth at CERN and KEK. They may need to be 

reviewed/updated for the specific Fermilab-centric case. 

□ Site/tunelling/etc – a lot of ILC-oriented work can be re-used 

or adopted for the circular machine. 

□ Synergy with the Superconducting RF work.. 

□ Synergy wit Fast Ramping Dipole Design work (H. Piekarz) 

□ It is very likely that the machine performance (luminosity!) 

would be limited in practice by beamstrahlung. Need very 

careful optimization. 

□ May be an initial stage for the future proton machine. 

□ Way to go? Invite CERN/KEK people to present the work done 

so far, do not reinvent the wheels but address the fine print 

isues? 


