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• motivation

• ΑLR (electron)

• Af (f=b/c/μ/τ)

• Rf

• gL & gR
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recap 1: Higgs couplings are related to EW couplings (EWPOs)
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• contact interactions from cHL/cHL’/cHE in Higgs processes 
can be constrained by EWPOs at Z-pole: ALR, Γl 

JT@FC2019, Madrid

https://indico.cern.ch/event/773621/contributions/3451027/


a gift from ISR: radiative return @ ILC250
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• ISR is mostly collinear 

• asymmetric collision at Z-pole

• ISR (QED) retains initial e-/e+ chirality



# of radiative return events @ ILC250
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• ~108 events at ILC250 with 2 ab-1

• > 5 (100) times than all Z at LEP (SLC)

• and now all with beam polarizations

• potentially much better Af and Rf measurements

ILC250 (-0.8,+0.3) (+0.8,-0.3)

hadronic 46M 31M

leptonic 7.2M 4.9M

combined 54M 36M



study of e+e- -> γZ @ ILC250
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• reconstruction method from LEP 2: Z mass can be 
determined by only directions of two fermions


• shortly after our SMEFT studies in 2017, I proposed to use 
this process at ILC250 for improving ALR (T.Barklow@AWLC17)


• SiD performed a fast simulation (T.Ueno@LCWS18)


• ILD full simulation ongoing (T.Mizuno)


• following are some expectations
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study of e+e- -> γZ @ ILC250
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inputs and assumptions for Af and Rf
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efficiency systematics

Z->hadrons 73%[1] 0

Z->μμ/ee 88%[2] 0

Z->τ τ (Rf) 80%[3] 0.1%

Z->τ τ (Af) 80%[3] 0

Z->bb (Rf) 73% x 80%[4] 0.1%

Z->bb (Af) 73% x 40%[4] 0

Z-> cc (Rf) 73% x 30%[4] 0.5%

Z-> cc (Af) 73% x 10%[4] 0

[1] Takayuki Ueno, Master Thesis

[2] T.Suehara et al; [3] D.Jeans; [4] R.Poeschl et al



result: ALR using e+e- -> γZ (Ae)

ILC250 NL NR ΔALR

hadronic 46M 31M 0.00015

leptonic 7.2M 4.9M 0.00035

combined 54M 36M 0.00014
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ALR =
σL − σR

σL + σR
= Ae

• to measure: cross sections for (-0.8,+0.3) and (+0.8,-0.3), 
using all hadronic and leptonic channels

ΔAe =
1

N
K2 − A2

e

K =
1 + |Pe−Pe+ |
|Pe− | + |Pe+ |

N: # of sig. events

• main systematics would be uncertainty of K factor (effective 
polarization), which would be determined using WW data -> 
c.f. R.Karl’s thesis, and further study would be needed



result: ALR using e+e- -> γZ (Af, f=μ/τ/b/c)

ALRFB =
σLF − σLB − σRF + σRB

σLF + σLB + σRF + σRB
=

3
4

Af ΔAf =
1

N

16
9

K2 − A2
f

ΔAb ΔAc ΔAμ ΔAτ

ILC250 0.00053 0.0014 0.00080 0.00083
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• to measure: + cross sections in the forward/backward regions

• systematics: + uncertainties from charge identification, 
momentum directions -> c.f. study by Adrain for bb/cc, need 
further study here due to the boost of Z (more forward jets); also 
need to study tau channel the about the momentum directions 



result: BR(Z->ff) using e+e- -> γZ (Rf, f=μ/τ/b/c)

ΔRb ΔRc ΔRμ ΔRτ ΔRe

ILC250 0.00023 0.00087 0.011 0.024 0.024
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Rb/c =
Γ(Z → bb̄/cc̄)
∑q Γ(Z → qq̄) Rμ/τ =

∑q Γ(Z → qq̄)

Γ(Z → μ+μ−/τ+τ−)

• to measure: σxBR, relative simple

• systematics: uncertainty on various efficiencies



result: Zff couplings (gL/gR) using e+e- -> γZ

δgL =
Af

2(Af + 1)
δAf ⊕

1
2

δRf ⊕
1
2

δΓhad

δgR =
Af

2(Af − 1)
δAf ⊕

1
2

δRf ⊕
1
2

δΓhad
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note the large factor for bR coupling



result: EWPOs from e+e- -> γZ

!12LCC Physics WG



take-home message

!13

ILC250 = ILC250 + 100xLEP/SLC

if we work hard and be smart



appendix



!15

0

0.5

1

1.5

2

2.5

3

3.5

4
Pr

ec
is

io
n 

of
 H

ig
gs

 b
os

on
 c

ou
pl

in
gs

 [%
]

Z W b τ g c hΓ γ γZ

 1/3×

 250 GeV unpolarised-1 5 ab-e+ e⊕HL-LHC 

 350 GeV unpolarised-1 1.5 ab-e+ e⊕... 

 250 GeV polarised-1 2 ab-e+ e⊕HL-LHC 

 500 GeV polarised-1 4 ab-e+ e⊕... 

dark/light: current / improved EWPO

Model Independent EFT Fit LCC Physics WG

impact of EWPOs



experimental inputs and assumptions for section 1
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efficiency systematics cosθ bin width

μ μ 98%[1] 0.1% [-0.95,0.95] 0.1

τ τ 90%[2] 0.2% [-0.95,0.95] 0.1

b b 29%[3] 0.2% [-0.95,0.95] 0.1

c c 7%[3] 0.5% [-0.95,0.95] 0.1

e e 97%[1] 0.1% [-0.95,0.95] 0.1

flat acceptance function within the fiducial volume

analytic differential cross section, w/o effects from beamstrahlung and ISR

b- and c-charge identification efficiency applied

[1] T.Suehara; [2] D.Jeans; [3] R.Poeschl



computation for W and Y oblique parameters
(provided by M. Peskin & M. Perelstein)
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composite models
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