
Energy Calibration and Polarization Workshop
18-27 October

Aims: 
-- take stock of the requirements from physics
-- Check that the questions are all clear and well posed.
-- describe baseline running scheme, look for show-stoppers
-- Establish performance in terms of possible frequency of measurements and precision
-- Create tables of parametres for wigglers, polarimeter, depolarizing kicker  
-- systematics between resonance and beam energy, center of mass energy etc… 

-- large work! 
-- go back to LEPI tables and study extrapolation
-- establish additional instrumentation and measurements
-- establish need and,eventually, solution for supplementary monitoring. 

-- NMR, Spectrometer, Möller scat.,  
additional measurement in the polarimeter etc..              

-- RF phase measurements, saw-toothing etc… 
-- energy spread/bunch length measurements
-- other effects (interferences with resonances etc…) 

-- produce draft0 of write-up for CDR



Wednesday 18 October

15:00-15:15  introduction, welcome, goals and technicalities
15:15-16:00  requirements from W and Z physics and higher energies

presentation: Blondel/Azzurri
questions/ discussion 

16:00 coffee 
16:30 -17:30 present status of FCC-ee optics, correction schemes, emittance and imperfections 

open questions
presentations: 
Katsunobu Oide,                        
Sandra Aumon
Daniel Sagan 

17:30 - 18:00  transverse polarization performance estimates with or without wigglers
requirements on corrections, open questions. 
presentation: Eliana
questions: all 

discussion and action items



Thurday 19 October

15:00 - 15:30    experience on precise energy calibration from Novosibirsk
presentation I. Kopp, 

15:30-16:00      experience from precise energy calibration at LEP: 
presentation:Guy Wilkinson

questions: all 
16:00 coffee break
16:30 -17:00     describe baseline running scheme with wigglers

and systematic errors as they stand
presentation: Mike Koratzinos
questions: all  

17:00-17:30     Energy calibration by resonant depolarization: depolarizer settings, 
time it takes to do a calibration (1st time or as monitoring) hardware needed
presentation: Jorg Wenninger + others (RF)  

17:30-18:00     tables of parametres for wigglers, polarimeter, depolarizing kicker, etc..               
presentations: Attilio Milanese, Jorg Wenninger

Discussion and action items



Friday 20 October

15:00-15:30  systematic errors on the E_CM energy calibration – theoretical issues 
presentation: Bogomyagkov
questions: all 

15:30 – 16:00 simulation tools for polarization and energy calibration                     Des Barber 
questions: all

16:00 coffee break
16:30 -17:00 Spin Simulations with the Bmad Toolkit

presentation David Sagan

17:00- 17:30          measurements of RF phase and saw-toothing at FCC-ee
presentation: Mike Hildredth, Wolfgang Höfle,  Helga Timko

17:30 -18:00 determination of beam energy spread with and without beamstrahlung
from data: Patrick Janot

18:00-18:30   determination of energy spread from beam parameters, bunch length, beam sizes   
etc.. : Mike Koratzinos

discussion with Thibaut Lefevre will take place tuesday morning. 

18:30 discussion and agenda for the next week. 



Monday 23 October

15:00 summary of actions from 1st week, plan for second week 15m 
Speakers: Alain Blondel (Universite de Geneve (CH)) , Jorg Wenninger (CERN) 
15:15 a new measurement technique for 10-6 beam energy at the Z 30m 
Speaker: Serguei Nikitin
discussion
16:00 coffee break
16:30 supplementary monitoring :NMRs 20m 
Speakers: Jorg Wenninger (CERN) , Michael Guinchard (CERN) 
16:50 supplementary monitoring Spectrometer (possibly within polarimeter) 30m 
Speaker: Nickolai Muchnoi
17:20 discussion and action items on
need and,eventually, solution for supplementary monitoring. 
points raised in previous sessions.  questions:  all and action items
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https://www.overleaf.com/11630130cmkmfpvyhhgb#/44005491/

Produce Draft0 of CDR

will use overleaf (cern report format) 
This allows collective editing. 
The first template has been produced: 

Uses bibtex (INSPIRES provides the record of each publication you want to refer to)
Use standard LaTeX with the cernrep style file. 
The web interface ensures that everyone benefits from the same format advantages. 

A pdf copy of the cernrep tutorial is uploaded. 

We will have a tutorial tomorrow morning at 9:00 in room 376-1-020
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Resources

you find enclosed in the meeting header a number of resources:



FCC-ee Requirements on 
Beam Polarization and Energy Calibration

Alain Blondel, University of Geneva

Some references:
B. Montague, Phys.Rept. 113 (1984) 1-96;  
Polarization at LEP CERN Yellow Report 88-02; 
AB. Beam Polarization in e+e- CERN-PPE-93-125 Adv.Ser.Direct.High Energy Phys. 14 (1995) 277-324; 
Spin Dynamics in LEP 
Precision EW Measts on the Z Phys.Rept.427:257-454,2006  arXiv:0509008v3
for FCC-ee:  arXiv:1308.6176 ;  arXiv:1506.00933  ; arXiv:1705.03003 

EPOL group: 
A Milanese, K Oide CERN/KEK,  T Tydecks,  J Wenninger, F Zimmermann, CERN  
D Barber, W Hillert DESY
E Gianfelice-Wendt, FERMILAB
A Blondel , M Koratzinos, GENEVA
M Hildreth, Notre-Dame USA
I Koop , N Muchnoi, A Bogomyagkov NOVOSIBIRSK 

http://dx.doi.org/10.1063/1.1384062

http://arxiv.org/abs/hep-ex/0509008v3
http://dx.doi.org/10.1063/1.1384062
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Context: 
FCC-ee run plan

from P. Janot in 
recent Academic
Training lecture



Beam polarization is directly useable in lepton colliders
-- no polarized structure functions etc…

At Electroweak Scale there are two main uses

-1- transverse polarization for energy calibration by resonant depolarization

-2- e+e- longitudinal polarization combinations
-- as a way to control the spin of the   e+e- system

Both can be used to improve precision measurements. 
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Beam Polarization can provide two main ingredients to Physics Measurements

1. Transverse beam polarization provides beam energy calibration 
by resonant depolarization
 low level of polarization is required (~10% is sufficient)
 at Z & W pair threshold comes naturally
 at Z use of asymmetric wigglers at beginning of fills

since polarization time is otherwise very long. 
 could be used also at ee  H(126) (depending on exact mH !)
 use ‘single’ non-colliding bunches and calibrate continuously

during physics fills to avoid issues encountered at LEP
 this is possible with e+ and e- Compton polarimeter (commercial laser) 
 should calibrate at energies corresponding to half-integer spin tune
must be complemented by analysis of «average E_beam» to E_CM relationship

For beam energies higher than ~90 GeV can use ee  Z  or ee  WW events
to calibrate ECM at 5-10 MeV level: matches requirements for mH and mtop measts

Aim: Z mass & width to ~100 keV (stat: 10 keV)  W mass & width to ~500 keV (stat : 300 keV)
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Beam Polarization can provide two main ingredients to Physics Measurements

2. Longitudinal beam polarization provides chiral e+e- system 
-- High level of polarization is required (>40% ) 
-- Must compare with natural e+e- polarization due to chiral couplings of electrons (15%)

or with final state polarization analysis for CC weak decays (100% polarized) (tau and top)

-- Physics case for Z peak is very well studied and motivated:  
ALR , AFB

Pol(f) etc… (CERN Y.R. 88-06)
figure of merit is L.P2 --> must not lose more than a factor ~10 in lumi. 

self calibrating polarization measurement * spares

-- uses : enhance Higgs cross section (by 30%) 
top quark couplings? final state analysis does as well (Janot arXiv:1503.01325)
enhance signal, subtract/monitor  backgrounds, for eeWW , ee H 

-- requires High polarization level and often both e- and e+ polarization
 not interesting If loss of luminosity is too high 

-- Obtaining high level of polarization in high luminosity collisions is delicate in top-up mode     
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45 GeV 80 GeV

At the Z obtain excellent polarization level
but too slow for polarization in physics
need wigglers for Energy calibration

At the W expectation similar to LEP at Z
 enough for energy calibration

Simulations by Eliana Gianfelice
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LEP Resonant depolarization, 1991

variation of RF frequency
to eliminate half integer
ambiguity
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Many effects spoil the calibration if it is performed
outside physics time
-- tides and other ground motion
-- RF cavity phases 
-- histeresis effects and environmental effects (trains…etc)



18/10/2017 19

by 1999 we had an excellent model of the energy variations… 
but we were not measuring the Z mass and width anymore

– we were hunting for the Higgs boson! 
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We have concluded that first priority is to achieve transverse polarization
in a way that allows continuous beam calibration by resonant depolarization
(energy measurement every ~10 minutes on ‘monitoring’ single bunches)

- This is a unique feature of circular e+e- storage ring colliders
- baseline runnig scheme defined with monitoring bunches
- the question of the residual systematic error requires further studies of the 

relationship between spin tune, beam energy at IRs, and center-of-mass energy
 target is 100keV at Z  and  W pair threshold energies

‘Do we want longitudinal polarization’?
we will discuss this in the following. 
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Requirement on the beam energy spread for the Z width

correction is quadratic
if requirement is that
contribution to width
error is <50 keV
then the requirement is

E E

10 MeV     0.5 MeV a 
30 MeV  0.25 MeV 
60 MeV  0.12 MeV
Challenging!
see discussion on friday.  



PAC 1995

LEP:
This was only tried 3 times!
Best result: P = 40%  , *

y= 0.04  , one IP

FCC-ee
Assuming 2 IP and *

y= 0.01 
reduce luminosity, 1010 Z @ P~30%18/10/2017 22
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Alain Blondel 

WIN 05 June 2005

Measuring sin2W
eff (mZ)

sin2W
eff  ¼ (1- gV/gA)

gV = gL + gR

gA = gL - gR

𝑔𝑒𝑉

arXiv:0509008 





AFB
 @ FCC-ee ALR @ ILC ALR @ FCC-ee

visible Z decays 1012 visible Z decays 109 5.1010

muon pairs 1011 beam
polarization

90% 30%

AFB
 (stat) 3 10-6 ALR (stat) 4.2 10-5 4.5 10-5

 Ecm (MeV) 0.1 2.2 ?

AFB
 (ECM ) 9.2 10-6 ALR (ECM ) 4.1 10-5

AFB
 1.0 10-5 ALR 5.9 10-5

sin2lept
W 5.9 10-6 7.5 10-6 6 10-6  +?

All  exceeds the theoretical precision from (mZ) (310-5) or the comparison with mW (500keV)

But this precision on sin2leptW can only be exploited at FCC-ee!



The forward backward tau polarization
asymmetry is very clean. 
Dependence on ECM same as ALR negl. 
At FCC-ee

ALEPH data 160 pb-1 (80 s @ FCC-ee !)
Already syst. level of 6 10-5on sin2eff

W

much improvement possible 
by using dedicated selection
e.g. tau  v  to avoid had. model



Concluding remarks
1. There are very strong arguments for precision energy calibration with transverse 

polarization at the Z peak and W threshold. 

2.   Given the likely loss in luminosity, and the intrinsic uncertainties in the extraction of 
the weak couplings, the case for longitudinal polarization is limited

We have concluded that first priority is to achieve transverse polarization
in a way that allows continuous beam calibration by resoenant depolarization

- this is all possible with a very high precision, both at the Z and the W. 
calibration at higher energies can be made from the data themselves at sufficient level.

- the question of the residual systematic error requires further studies of the 
relationship between beam energy and center-of-mass energy
with the aim of achieving a precision of O(100 keV) on E_CM 

-- for the width (and peak cross-section) measurement the energy spread must be measured



spares



Longitudinal polarization at FCC-Z?

Main interest: measure EW couplings at the Z peak most of which provide measurements
of  sin2leptW = e2/g2  (mz)   
(-- not to be confused with -- sin2W  = 1- mw

2/mz
2

Useful references from the past: 
«polarization at LEP» CERN Yellow Report  88-02
Precision Electroweak Measurements on the Z Resonance
Phys.Rept.427:257-454,2006  http://arxiv.org/abs/hep-ex/0509008v3
GigaZ @ ILC by K. Moenig

http://arxiv.org/abs/hep-ex/0509008v3


Alain Blondel 

WIN 05 June 2005

relations to the well measured

GF mZ QED

 =  /  (mtop/mZ)
2

-  /4  log (mh/mZ)
2

at first order:

3  = cos
2w  /9  log (mh/mZ)

2

b =20/13  /  (mtop/mZ)
2

complete formulae at 2d order
including strong corrections 
are available in fitting codes

e.g. ZFITTER , GFITTER

EWRCs



Extracting physics from sin2leptW

Uncertainties in mtop , (mz) , mH , etc…. 
sin2leptW ~  (mz) /3           =   10-5  if we can reduce (mz) (see P. Janot)

2. Comparison with mw/mZ

Compare above formula with similar one: 

sin2W  cos2W  =                                  
1

1−( )

Where it can be seen that (mz) cancels in the relation.
The limiting error is the error on mW.  
For mW= 0.5 MeV this corresponds to sin2leptW = 10-5

1. Direct comparison with mZ



Assume for now ONE experiment at ECM=91.2 

Luminosity «baseline» with beta*=1mm : 2.1 1036/cm2/s  = 2 pb-1/s, 
Sigma_had = 31 10-33cm2  

 6.5 1011 qq events/107 year/exp.  

Consider 3 years of 107 s  
2 1012 Zqq events (typical exp at LEP was 4.106)
4 1011 Zbb

1011 Z ,  each



Will consider today the contribution of the Center-of-mass energy systematic errors

Today: step I, compare
ILC measurement of ALR with 109 Z and Pe- =80%, Pe+ =30%  

FCC-ee measurement of AFB
 and  AFB

Pol ()  with 2.1012 Z 



Comparing ALR (P) and AFB ()

Both measure the weak mixing angle as defined by the relation   Al = 
𝑔𝑒𝐿

2− 𝑔𝑒𝑅
2

𝑔𝑒𝐿
2+ 𝑔𝑒𝑅

2

with 𝑔𝑒𝐿 = ½ -sin2lept
W  and 𝑔𝑒𝑅 = -sin2lept

W     Al   8(1/4 -sin2lept
W )

ALR = Ae

AFB
= ¾ Ae A = ¾ Al

2

-- AFB
 is measured using muon pairs   (5% of visible Z decays)  and unpolarized beams

-- ALR is measured using all statistics of visible Z decays with beams of 
alternating longitudinal polarization

both with very small experimental systematics

-- parametric sensitivity
𝑑AFB



𝑑sin2lept
W

= 1.73   vs
𝑑ALR

𝑑sin2lept
W

= 7.9 

-- sensitivity to center-of-mass energy (w.r.t. m ) is larger for A 



Measurement of ALR

ALR  = 0.000045   with 5.1010 Z  and 30% polarization in collisions.

sin2θW
eff (stat) = O(2.10-6)

ALR  = 
statistics

Verifies polarimeter with experimentally measured cross-section ratios 



Will consider two sources of errors

-- statistics
-- uncertainty on center-of-mass energy (relative to the  Z mass) 

main inputs taken from
arXiv:hep-ex/0509008v3 precision measurements on the Z resonance 
Phys. Rep. 427:257-454,2006

there are other uncertainties but they are very small for AFB

This is a lower limit estimate for ALR  ; the systematics related to knowledge of 
the beam polarization (80% for e-, 30% for e+) should also be taken into account

http://arxiv.org/abs/hep-ex/0509008v3
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The forward backward tau polarization
asymmetry is very clean. 
Dependence on ECM same as ALR negl. 
At FCC-ee

ALEPH data 160 pb-1 (80 s @ FCC-ee !)
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Going through the observables

Or 

the weak mixing angle as defined by the relation   

Al = 
2𝑔𝑒𝑉 𝑔

𝑒
𝐴

𝑔𝑒𝑉
2+ 𝑔𝑒𝐴

2
=

𝑔𝑒𝐿
2− 𝑔𝑒𝑅

2

𝑔𝑒𝐿
2+ 𝑔𝑒𝑅

2

with 𝑔𝑒𝐿 = ½ -sin2lept
W  and 𝑔𝑒𝑅 = -sin2lept

W       

Al   8(1/4 -sin2lept
W )   very sensitive to sin2lept

W !

ALR = Ae measured from (vis ,L - vis ,R ) / (vis ,L - vis ,R ) 
( total visible cross-section had +  +  (35 nb) for 100% Left Polarization

AFB
= ¾ Ae A = ¾ Al

2


