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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
Aim: Z mass & width to ~100 keV (stat: 10 keV) W mass & width to ~500 keV (stat : 300 keV)
For beam energies higher than ~90 GeV can use ee  Z  or ee  WW events
to5/30/2017
calibrate ECM at 5-10 MeV level:
requirements
for mH and mtop measts
Alainmatches
Blondel Physics
at the FCCs
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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 , AFBPol(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
--5/30/2017
Obtaining high level of polarization
in high
luminosity
5
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Physics
at the FCCs collisions is delicate in top-up mode

45 GeV

At the Z obtain excellent polarization level
but too slow for polarization in physics
need wigglers for Energy calibration
30/05/2017

80 GeV

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

30/05/2017
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5/30/2017

Many effects spoil the calibration if it is performed
outside physics time
-- tides and other ground motion
-- RF cavity phases
9
-- histeresis
effects
and environmental effects (trains…etc)
Alain
Blondel Physics
at the FCCs

by 1999 we had an excellent model of the energy variations…
but we were not measuring the Z mass and width anymore
30/05/2017
– 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.

5/30/2017

Alain Blondel Physics at the FCCs
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PAC 1995

LEP:
This was only tried 3 times!
Best result: P = 40% , *y= 0.04 , one IP

30/05/2017

FCC-ee
Assuming 2 IP and *y= 0.01 
reduce luminosity, 1010 Z @ P~30%
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Reduction of polarization due to continuous injection
The colliding bunches will lose intensity continuously due to collisions.
In FCC-ee with 4 IPs, L= 28 1034/cm2/s beam lifetime is 213 minutes
In FCC-ee with 2 IPs, L= 1.4 1036/cm2/s beam life time is 55minutes
Luminosity scales inversely to beam life time.
The injected e+ and e- are not polarized  asymptotic polarization is reduced.
Assume here that machine has been well corrected and beams
(no collisions, no injection) can be polarized to nearly maximum.
(Eliana Gianfelice in Rome talk)
(polarization time is 26h)
30/05/2017
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We have simulated the simultaneous effect of
-- natural polarization
-- beam consumption by e+e- interactions
-- replenishment with unpolarized beams
assuming optimistically a maximal 90% asymptotic polarization

Running at full luminosity
P_max=0.03! P_eff=0.03

30/05/2017

Running at 10% Lumi
P_max=0.24, P_eff=0.21

Running at 1% Lumi
P_max=0.66, P_eff=0.5
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 ALR scales as 1/(P2L)

Lumi
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Figure of merit:
L.10^34 sum(P2L)
Peff
1
220
0.195
2
110
0.367
4
55
0.627
6
37
0.805
8
27
0.924
10
22
1.003
12
18
1.053
15
15
1.09
18
12
1.101
22
10
1.088
26
8
1.059
30
7
1.023
40
5
0.92

Pmax
0.03
0.059
0.1078
0.149
0.184
0.214
0.24
0.27
0.3
0.33
0.354
0.37
0.41

0.03
0.06
0.11
0.16
0.2
0.24
0.27
0.32
0.35
0.4
0.43
0.46
0.52

Optimum around a reduction of luminosity by a factor 18.
This is still a luminosity of ~1035 per IP… and the effective polarization is 30%.
This is equivalent to a 100% polarization expt with luminosity reduced by 180.
30/05/2017
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Measuring sin2Weff (mZ)
sin2Weff  ¼ (1- gV/gA)
gV = g L + gR

arXiv:0509008

gA = g L - gR

𝑔𝑒𝑉

Alain Blondel

AFB @ FCC-ee

ALR @ ILC

ALR @ FCC-ee
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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 sin2effW
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

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- mw2/mz2
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

EWRCs

relations to the well measured

GF mZ QED

at first order:

 =  / (mtop/mZ)2
-  /4 log (mh/mZ)2

3 = cos2w  /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
Alain Blondel

Extracting physics from sin2leptW
1. Direct comparison with mZ

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

)

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 AFBPol () with 2.1012 Z

Comparing ALR (P) and AFB ()
Both measure the weak mixing angle as defined by the relation Al =
with 𝑔𝑒𝐿
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= ½ -sin2leptW and 𝑔𝑒𝑅 = -sin2leptW Al  8(1/4 -sin2leptW )

ALR = Ae
AFB= ¾ Ae A = ¾ Al2
-- 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

𝑑sin2leptW

= 1.73 vs

𝑑ALR

𝑑sin2leptW

= 7.9

Measurement of ALR

Verifies polarimeter with experimentally measured cross-section ratios
statistics

ALR =
ALR = 0.000045 with 5.1010 Z and 30% polarization in collisions.
2

eff

-6

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
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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 sin2effW
much improvement possible
by using dedicated selection
e.g. tau  v to avoid had. model

Going through the observables
the weak mixing angle as defined by the relation
Al =

2𝑔𝑒𝑉 𝑔𝑒𝐴
𝑔𝑒𝑉
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with 𝑔𝑒𝐿 = ½ -sin2leptW and 𝑔𝑒𝑅 = -sin2leptW
Al  8(1/4 -sin2leptW ) very sensitive to sin2leptW !
Or
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 Al2

