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Aim
• Want to give you a quick (and dirty) estimate of the relation 

between the mass reaches of different proton-proton 
collider setups 

• Ignore all subtleties, just allow for a base-line check 

• If the estimate differs a lot from sophisticated simulations, 
something interesting has happened: 

• brick-wall (new irreducible backgrounds, granularity of 
assumed detectors, …) 

• too conservative or non-optimal estimates



Example!

Assume we are currently sensitive to gluinos of 
1200 GeV (95% CLs, 8 TeV, 20 1/fb), how well can 
we in principle do at 

 14 TeV, 300 ifb ? 
 14 TeV, 3000 ifb ? 
 33 TeV, 3000 ifb ? 
 100 TeV, 3000 ifb ?  

!

 



Assumptions
• We don’t need to worry about scaling of 

background vs. signal 

• Reconstruction efficiencies, background rejection, 
etc all stay reasonably constant
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where Cij includes the flavour constraints for the process under consideration.

E.g. for a glue-glue induced process Cij = �ig�jg.
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• Cross-sections are simply proportional to



Even simpler: instead of ratio of # of events, use ratio of 
partonic luminosities (e.g. qq lumi, gg lumi)

N
signal-events

(M2

high

, 14TeV,Lumi)

N
signal-events
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, 8TeV, 19fb�1)
= 1

Very basic estimate: solve following equation for Mhigh
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gg 	
stop limits      [expected]   (lsp = 0gev)	

     7tev, 4.7 ifb      500 gev	
     8tev, 20.5 ifb     650 gev      ---> 675 GeV	
!
qqbar	
!
     sequential z-prime [expected]	
     7tev, 1.1 ifb      1800 gev	
     8tev, 6 ifb,       2500 gev    ---> 2450 GeV	
     8 tev, 20 ifb      2800 gee    ---> 2790 GeV	
!
qg	
     excited quark q*  [expected]   (NB,sig ≠ bgd scaling )	
     7 tev, 1 ifb        2900 gev    	
     8 tev, 5.8 ifb     3500 gev    ---> 3700 GeV	

8tev, 13 ifb       3700 gev    ---> 3900 GeV	
        

1208.1447 
ATLAS-CONF-2013-024 

ATLAS EXOT-2011-06 
ATLAS-CONF-2012-129 
ATLAS-CONF-2013-017

EXOT-2011-07 
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LHC comparison
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Future colliders comparison

2 New Particles Working Group Report

• The ILC new physics program has been studied in great detail, and has excellent capabilities to
discover and measure the properties of new physics, including dark matter, with almost no loopholes.
A necessary requirement is that the new physics must be accessible. Essentially this means particles at
su�ciently low mass missed by LHC due to blind spots, or heavy physics indirectly accessible through
precision measurement. Discovery of physics beyond the standard model at LHC that is accessible at
ILC would make the case even more compelling.

• A 100 TeV pp collider has unprecedented and robust reach for new physics that is evident even with
the preliminary level of studies performed so far. It can probe an additional two orders of magnitude
in fine-tuning in supersymmetry compared to LHC14, and can discover WIMP dark matter up to the
TeV mass scale. Any discovery at the LHC would be accessible at this machine and could be better
studied there, making the case for these options even more compelling.

• High energy e+e� colliders such as CLIC and muon colliders o↵er a long-term program that can extend
precision and reach of a wide range of physics.

A summary of the energy reach for a range of physics beyond the SM at various proposed facilities is shown
in Fig. 1-1. This is a highly simplified plot. In particular, although the mass reach of hadron colliders is
generally very impressive, hadron colliders searches often have blind spots, for example due to compressed
spectra or suppressed couplings. Searches at e+e� colliders are much more model independent, but generally
have more limited mass reach. Many examples of this complementarity are discussed in the body of this
report.
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Figure 1-1. 95% confidence level upper limits for masses of new particles beyond the standard model
expected from pp and e+e� colliders at di↵erent energies. Although upper mass reach is generally higher at
pp colliders, these searches often have low-mass loopholes, while e+e� collider searches are remarkably free
of such loopholes.

Community Planning Study: Snowmass 2013

Energy Frontier Snowmass study (1311.0299)

http://arxiv.org/pdf/1311.0299v1.pdf
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the preliminary level of studies performed so far. It can probe an additional two orders of magnitude
in fine-tuning in supersymmetry compared to LHC14, and can discover WIMP dark matter up to the
TeV mass scale. Any discovery at the LHC would be accessible at this machine and could be better
studied there, making the case for these options even more compelling.

• High energy e+e� colliders such as CLIC and muon colliders o↵er a long-term program that can extend
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A summary of the energy reach for a range of physics beyond the SM at various proposed facilities is shown
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Conclusions

cern.ch/collider-reach *

* currently only accessible from within CERN, security clearance should arrive anytime soon

Based on LHAPDF and HOPPET

http://cern.ch/collider-reach



