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Beam pol. @ future e+e– colliders

e- & e+ polarised e- polarised both beams unpolarised

Linear colliders Circular colliders
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Beam polarisation separates 
effects by their chiral behaviour

Separation of effects 
w/ same differential shapes

Demonstration in 
combined m+m- fit

Reducing systematic 
uncertainties

Demonstration w/ 
m acceptance
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“return-to-Z”
mmm ~ mZ

“high √s*”
mmm ~ √s

m+m- @ 250GeV
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Unpol. 1 00

e- pol. 2 +0, -0

e- & e+ pol. 4 ++, +-, -+, --

Combined Fit 
Physical and systematic effects“return-to-Z”

mmm ~ mZ

Datasets

“high √s*”
mmm ~ √s

Focus
today

m+m- @ 250GeV



DESYª 7

Polarised Sensitivity loss Unpolarised
LEP/SLC parameters

s0
  : total chiral cross section s0

f  : total chiral cross section

Ae  
: electron chiral asymmetry

Am  : final fermion asymmetry Af
FB,0 : forward-backward 

asymmetry

Correction parameters

em : Z/g interference correction

kL/R : radiative correction factors k0 : radiative correction  factor
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Polarised Sensitivity loss Unpolarised
LEP/SLC parameters

s0
  : total chiral cross section s0

  : total chiral cross section

Ae  
: electron chiral asymmetry

Am  : final fermion asymmetry AFB,0 : forward-backward 

asymmetry

Correction parameters

em : Z/g interference correction

kL/R : radiative correction factors k0 : radiative correction factor

normalisation

linear term

const./quad. term
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(80%,0%), 2ab-1 (80%,30%), 2ab-1

Enough information / datasets to determine 
all parameters independently!



DESYª 14

All parameters 
determined 

independently!

Ae uncertainty 
determined by 

polarisation 
knowledge
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Beam polarisation separates 
effects by their chiral behaviour

Separation of effects 
w/ same differential shapes

Demonstration in 
combined m+m- fit

Reducing systematic 
uncertainties

Demonstration w/ 
m acceptance
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– + +–
Flipped

Polarisation

Different

Physics

Same

Detector

Systematic effects will have
uniquely global signatures if 

included in combined fit!
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First test:

Geometric m acceptance

Polarisation allows
using chirality
dependence to

isolate systematic
effect

~7%

~5%
~15%
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~15%

First test:

Geometric m acceptance

Luminosity also
increases knowledge

of systematic~15%
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Beam polarisation separates 
effects by their chiral behaviour

Providing access to chiral 
structure of interactions

Separating physical from
systematic effects

Each additional beam 
polarisation reduces

parameter correlations.
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BACKUP
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LEP
● Unpolarised
● ~ 17M Z events

SLC
● e- beam polarised 
● ~ 400k Z events 
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e+e-

pp

~ 40 x more events

e- polarisation

[William J. Barter]

https://indico.cern.ch/event/686494/contributions/3037288/
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D
syst

 ≈ ½ D
stat

D
syst

 ≈ ½ D
stat

[William J. Barter]

D
syst

 
SLC: polarimeter, EW corrections

LEP: t charge, l/g ID, MC statistics, bkg estimation

e+e-

pp

https://indico.cern.ch/event/686494/contributions/3037288/
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250GeV test scenarios

Pol.:   (80%,30%) (80%,0%) (0%,0%)

Sharing:   +- : -+  : ++ : --  +0 : -0 00

  45 : 45 : 5   : 5 50 : 50

● L: 2ab-1 , 10ab-1

● Constraints: ΔL/L = 3e-3, ΔP/P = 2.5e-3 (= ΔP0)
[arXiv:1304.4082] [arXiv:0902.3221]

https://arxiv.org/abs/1304.4082
https://arxiv.org/abs/0902.3221
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Polarised positron source:
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External polarisation measurement
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6 parameters:

f f parametrisation
LEP/SLC parameters
s0f  ... total chiral cross section sum
Ae/f ... initial / final fermion chiral asymmetry

Correction parameters
ef ... Z/g interference correction
kL/R … radiative correction factors
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Correction parameters
ef ... Z/g interference correction
kL/R … radiative correction factors
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3 parameters:

f f parametrisation - unpolarised
LEP/SLC parameters
s0f  ... total chiral cross section sum
AfFB,0 ... forward-backward asymmetry

Correction parameters
ef ... Z/g 
k0 … radiative correction factor
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Example with meaningless values / deviations
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(80%,0%), 2ab-1

Not enough information

Ae uncertainty determined by 
polarisation knowledge
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Ae uncertainty 
determined by 

polarisation 
knowledge
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Ae uncertainty 
determined by 

polarisation 
knowledge

Solved by 
e+ polarisation
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Which systematic for mm?
ALEPH

L3 OPAL

→ First test of systematic effect: m acceptance

https://link.springer.com/article/10.1007/s100520000319
https://link.springer.com/article/10.1007/s100520050001
https://arxiv.org/abs/hep-ex/0012018
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Simplified m acceptance 

 → 2 Parameters: Δc, Δw

m acceptance 
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Simplified m acceptance 

 → 2 Parameters: Δc, Δw

m acceptance 
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[ILC TDR – Volume 4]

https://arxiv.org/abs/1306.6329
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δ = 2e-4Validation of the
parametrisation:

How relevant is:
- mistake made by
  parametrisation
vs.
- effect of deviation ?

Safe to use✓
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First test:

Geometric m acceptance

k parameters 
forward-sensitive

Need precise knowledge 
of m acceptance edge
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(80%,30%), 2ab-1(0%,0%), 2ab-1
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