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This talk 

• We have done this before! 

• I will recall what was achieved at LEP and 
where we can do better 

• This is a first attempt at the problem (and a 
brief presentation). In reality there is enough 
material here for many theses.  
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Where do we aim at? 

• The Z width and mass measurements will not 
be statistically limited! 

• So the more we can reduce the other 
uncertainties, such as the energy scale, the 
lower our overall error 

• Next page a physics teaser for terraZ 
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The LEP1 experience 
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The energy model 

• The energy was given every 15 minutes of physics per 
experiment during the scan periods 1993-1995 and not 
only as one number per year 

• This is to take into account the up time of each experiment 
• The energy model contained an overall normalization and a 

series of corrections 
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Error analysis 
• Very complicated (tedious?) resulting in a 4-dimentional 

error matrix [7X7X4X4] giving the correlations between 
energy points, years and experiments. 
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LEP 1993-1995: calibrated fills 

• Some proportion of fills was calibrated at the end 
of a fill (64/352) 

• 6 fills had measurements at the beginning and at 
the end of the fill 
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How good was the energy model? 

• Plot the model prediction versus the real 
resonant depolarization values. RMS was 
~few MeV 
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LEP error table (simplified) 
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• Can be reduced by measuring the energy continuously during physics 

• Can be reduced by measuring the energy of positrons as well 



How can we do better? 

• Use the resonant depolarization technique to measure 
continuously 

Therefore the first 11 contributions to the error table simply 
become: 

 ∆𝐸 = ∆𝐸𝑑𝑒𝑝𝑜𝑙,𝑠𝑦𝑠𝑡 +
∆𝐸𝑑𝑒𝑝𝑜𝑙,𝑠𝑡𝑎𝑡

𝑁𝑑𝑒𝑝𝑜𝑙
+ ∆𝐸𝑒𝑥𝑡𝑟𝑎𝑝𝑜𝑙𝑎𝑡𝑖𝑜𝑛 

• 𝑁𝑑𝑒𝑝𝑜𝑙 I assume to be 104 per year (one energy 
measurement every every 1000s ) 

• ∆𝐸𝑒𝑥𝑡𝑟𝑎𝑝𝑜𝑙𝑎𝑡𝑖𝑜𝑛 I assume for the moment to be negligible 
(need to extrapolate over a few minutes!) 

• Measure electrons and positrons 
• The resonant depolarization measurement gives the 

average energy in the ring 
• Need to apply specific corrections for each IP 
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Resonant depolarization paper 
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Resonant depolarization accuracy at 
LEP 

• Total error was given as 200keV per beam 

• Some of these numbers are upper bounds 

• Some of these numbers are theoretical estimations which could not be verified 
experimentally 
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Resonant depolarization accuracy 
– spin tune shifts 

• The systematic error of resonant depolarization at LEP was 
dominated by spin tune shifts due to radial magnetic fields 
(due to quad misalignement). 
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• The spread was estimated to be 30keV for 𝜎𝑦 = 0.5𝑚𝑚 

• The paper finally quotes an error smaller than 100keV 

• TLEP needs to do a factor of 30-100 better than LEP in the 
ratio of quad. strength/misalignment (to be verified if 
optimistic or pessimistic). Then  the error on the energy would 
be 3keV 

• Harmonic spin matching (vertical π bumps): its effect was 
negligible at LEP – will this be the case in TLEP? 

nq: number of quads 
KL: quad strength 
σy : RMS orbit distortion 



Interference between depolarizing 
resonances 

• The resonance interference error is the shift of an 
(artificially excited) spin resonance due to a nearby 
natural spin resonance  

• It is actually stated in the text (but not the table) of the 
paper that the effect is smaller than 90keV. 

• it has a statistical and systematic component 
depending on if the excited spin resonance on the right  
or on the left of the natural resonance.  

• I will have to assume that most of this error 
contribution would become statistical by some clever 
technique (to be worked on!) 

• My assumption: 9keV systematic, 90keV statistical 
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Spin tune shifts due to longitudinal 
fields 

• These arise from the experimental solenoids, 
for instance. 

• They can be reduced by accurate spin 
matching of the solenoids 

• At LEP this effect was smaller than 𝛿𝜈 < 10−5 
(5keV) 
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Resonant depolarization accuracy at 
TLEP/FCCee – wild extrapolation 

• Statistical errors are divided by sqrt(10,000) 

• This is a zeroth order working hypothesis 

• The table should eventually also include effects that were negligible at the time of LEP 
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Stat(keV) Syst.(keV) 

15 

0 

1 

1 0 

1 9 

5 

3 

5 

1.4 20 

Systematic 
error 
dominates 



IP-specific corrections 

• Resonant depolarization gives the average 
energy of the beam through the ring 

• What we need is the ECM energy per 
experiment 

• There are IP specific corrections (due to RF) 

• There are corrections when computing ECM 
from the beam energy (in some specific 
dispersion scheme) 
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 RF corrections 

• At LEP cavity misalignment 
was assumed to be 1.4mm in 
1995 
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Errors arise due to cavity 
misalignments primarily: 

Clever thinking is needed to reduce this error to negligible levels. For LEP the error 
was of the order of 500keV (leading to an error of 400/200keV for the mass/width 
of the Z. Need to reduce this error by (more than) a factor of 10! 



Opposite side vertical dispersion 

• OSVD introduced a correlation between ECM 
energy and bunch collision offset  

• Dispersion difference at the IP was ~2mm 

 

M. Koratzinos 20 

Collision offsets were sub-micron! 

To avoid the problem, we should 
run with zero OSVD! 



Energy spread 
• For the Z width measurement, the energy spread needs to be known 

accurately. 

• The energy spread is related to the bunch length which can be measured 
accurately by the experiments by 
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• Q(incoherent) can be estimated from  

 

 

• κ was measured to be 0.045±0.022. This introduced the dominant error 
(700keV) 

• Mom. Compaction factor α error of 1% translated to an energy spread 
error of 400keV 

• Total error was 1000keV translating to 200keV for the Z width 

We need to improve this by at least a factor of 10 for TLEP 



Other effects 

• If we are planning to reduce the error of 
resonant depolarization measurements by a 
large amount compared to LEP, new effects 
that were negligible back then will make their 
appearance. 

• A careful study is called for. 
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Summary  

• Resonant depolarization is a great tool for very 
accurate energy determination. 

• The LEP analysis was complicated and still we 
are called to do (at least) 10 times better! 

• Work is just beginning, it is very exciting and 
we hope we can take the error size to new 
(low) levels. 

M. Koratzinos 23 



End 
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