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In 2002 I was concerned that, if the physics program for ILC were very rich 
requiring runs at many different energies, the available luminosity would not 
enable the program to be completed in reasonable time.

So, I examined the Snowmass SM2 benchmark point (strictly, now disallowed) 
which had many sparticles

 

accessible to a 500 GeV

 

ILC.   I considered final 
states of 2, 4, and 6 leptons (+ MET) which could often be fed from several 
different initial sparticle

 

pairs.   We focused on sleptons

 

and gauginos

 

and 
considered e

 

polarizations of ±80% and no e+

 

polarization.

Slepton

 

and 
gaugino

 

masses 
in SM2 scenario

2



1.

 

Full energy running for end points:

 
We called for substantial running at full energy to get 
sparticle

 

masses from the end points in energy of visible 
decay products.   The 

 

+ME final state is  dominated 
by smuon

 

pair production.  But for the 

 

ME final state, 
many different sparticle

 

pairs contribute.   Here one 
needs to compare (E,) distributions of final state 

 

1 
prongs to disentangle the several initial sparticles.

We simply scaled mass resolutions from previous studies to the 
luminosities of our run scenario, but accounted for mass precision 
degradation due to the overlapping sources of a given final state.

2.

 

Scans at other energies: After obtaining reasonable estimates 
of sparticle

 

masses from end points, we asked for threshold scans 
of some sparticle

 

pairs for more accurate mass determinations.

2002 study assumed L ~ Ecm

To dramatize the point of ILC flexibility, we also requested one

 
run at E*=580 GeV

 

(trade L

 

for E) to access ±

 

±

 

production, and 
a run with e

 

e

 

to better measure the eR

 

mass.
~ ~

~
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ee

 

(Lpol)→

 



 

152K evnts

ee

 

(Rpol)→

 



 

52K evnts



The 2006 RDR already differed from simple L

 

~ E scaling.  The new 
2010 Strawman

 

Baseline, updated from the 2009 version, (here called 
“NB”) parameter set differs further and has subsets according to 
whether a travelling focus (TF) at the IP is implemented or not.

For NB the beamstrahlung

 

is large, so we consider both the full 
delivered luminosity (totL) and that delivered within 1% of the nominal 
energy (pkL), since particularly for threshold scans, the lower energy 
collisions are of less use.

L

 

vs

 

E for different parameter sets (1034

 

cm-2

 

s-1)

NB parameters are taken from tdp2_machine_parameters_stamp.pdf at 
http://ilc-edmsdirect.desy.de/ild-edmsdirect/document.jsp?edmsid=*925325 4

http://ilc-edmsdirect.desy.de/ild-edmsdirect/document.jsp?edmsid=*925325


The original study considered a run of 6 years + 1 more for initial 
commissioning, giving ∫Ldt

 

= 1000 fb, where L

 

is the equivalent luminosity 
that would have

 

been accumulated if the time were spent at Ecm

 

= 500 GeV.  
L* is the actual luminosity delivered at the energy desired (for Ecm

 

scaling).

We proposed a set of runs starting with some running at full energy to obtain 
end point measurements that roughly define the sparticle

 

masses, followed 
by threshold scans for various sparticle

 

pair productions.

Note: this scenario did not provide for Higgs studies at the peak of the 
ZH cross section, but relied on Higgs samples taken from all energies. 5



The 2002 study estimated the sparticle

 

mass precisions from both 
the end point and threshold scans, accounting for the overlap of

 
several sources in a given final state, using the Ecm

 

scaling.
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Disclaimers:

We do not claim that these uncertainties 
are fully correct; we bootstrapped from 
studies available at the time, and made 
some assumptions on how to disentangle 
a particular sparticle

 

pair from the 
several reactions feeding a given final 
state.

And of course there is no reason to 
claim that the SM2 benchmark 
resembles what Nature chooses!

But we can use these results to estimate 
the relative

 

change as we go from Ecm

 
scaling to some other parameter set.
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We have now revisited the mass precisions expected for the RDR and new NB 
parameters, assuming that the mass precisions scale as 

√L(Ecm

 

scaling)/L(new

 

params)

The table shows the total uncertainties (sum in quadrature

 

of the end point and 
threshold scan uncertainties) and increase relative

 

to the Ecm

 

scaling case.
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Comments: 



 

The mass precisions with the RDR parameter set degrade only a few % 
relative to Ecm

 

scaling (we did not consider the effect of the 
beamstrahlung

 

for either the Ecm

 

scaling or RDR cases).



 

For the NB parameters with travelling focus, mass precisions degrade 
by ~20% relative to Ecm

 

scaling (considering only L

 

within 1% of nominal E).



 

For NB parameters with no travelling focus, mass precisions degrade by 
~35% relative to Ecm

 

scaling (L

 

within 1% of Enom

 

).



 

For the NB parameters, mass precisions using only the luminosity 
delivered within 1% of nominal energy are degraded by ~15% from those 
calculated using the total delivered luminosity.



 

In the spirit of these rough estimates, the run time for equal mass 
precision scales as (L/LEcm

 

scaling

 

)2



Supplementary tables (SBmod

 

== NB)



Decomposition of uncertainties from end point and scan measurements



Sparticle

 

mass uncertainties for different ILC parameters



Number of events (L and R e

 

polztn) in 
the +ME

 

final state from different 
reactions at 500 GeV

 

(335 fb)

ee

 

(left)→

 



 
152K evnts

ee

 

(right)→

 



 
52K evnts

±

 

±

±

 

±

 

 

 





 


~ ~



 


~ ~
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