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Are Z0 Calibration Runs Necessary? 

• How many particles are available for 
calibration from running at Ecm=500 GeV? 
– There are many processes with very large 

cross-sections at Ecm=500 GeV: 
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Assume in the following that Z0 Lumi = 0.01 Lumi at Ecm=500 GeV 
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Run Over All SM Processes at Ecm=500 GeV Using WHIZARD MC and 
compare with Distributions on the Z0 Resonances 
 
Examples of SM Processes (Divided into 78 Process Classes ): 
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Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq  1 fb-1 

( )particleE GeV

dN
dE

Charged Hadrons 
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Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq, ee  1 fb-1 

( )particleE GeV

dN
dE

Electrons 
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Muons 

Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq, µµ  1 fb-1 

( )particleE GeV

dN
dE
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 range # Muons
10 GeV 0.6 10
50 GeV 0.5 10

150 GeV 0.7 10

E
E
E
E

µ

µ

µ

µ

> ×
> ×
> ×

Ecm=500 GeV  L=100 fb-1 : 
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Photons 

Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq  1 fb-1 

( )particleE GeV

dN
dE
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Neutral Hadrons 

Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq  1 fb-1 

( )particleE GeV

dN
dE
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Charged Particles 

Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq  1 fb-1 

cosθ

cos
dN

d θ

9

9

9

cos  range # Charged Tracks
0.4 cos 0.4 0.3 10
0.8 cos 0.8 0.8 10

0.95 cos 0.95 1.3 10

θ
θ
θ
θ

− < < ×
− < < ×
− < < ×

Ecm=500 GeV  L=100 fb-1 : 

Ecm=91 GeV  L=1 fb-1 : 

9

9

9

cos  range # Charged Tracks
0.4 cos 0.4 0.2 10
0.8 cos 0.8 0.4 10

0.95 cos 0.95 0.5 10

θ
θ
θ
θ

− < < ×
− < < ×
− < < ×
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Neutral Particles 

Ecm= 500 GeV  All SM Processes 100 fb-1 

Ecm= 91 GeV   Z qq  1 fb-1 

cosθ

cos
dN

d θ
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Conclusions 
• There are many more charged tracks, photons and 

neutral hadrons in 100 fb-1 of data at Ecm=500 GeV 
than in 1 fb-1 of data at Ecm=91 GeV due to high 
cross-section processes such as     
        
        
 This is true at all angles and energies 

• The charged tracks, photons and neutral hadrons at 
Ecm=500 GeV are not restricted to Eparticle < 50 GeV                                                    
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Conclusions (cont) 
• What is missing at Ecm=500 GeV is the large number of 

45 GeV monochromatic back-to-back quark jets and 
leptons.  This will make some calibration tasks more 
complicated if only Ecm=500 GeV data is used.    

• Note, however, that many charged track pairs at Ecm=500 
GeV will be back-to-back in r-φ .   Also, knowledge of the 
Z and W masses along with precise cross-section 
calculations can probably be used to obtain excellent 
energy scale calibrations using Ecm=500 GeV only.                                                

We might very well be able to perform all detector  
calibrations without Z0 running. 
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