
Satoshi Mishima (KEK)

Global Electroweak Fits at CEPC

/ 32

International Workshop on High Energy Circular Electron Positron Collider

Satoshi Mishima (KEK)

 1

Nov 13, 2018, IHEP, Beijing, China



EW precision fit

Satoshi Mishima (KEK) 2 / 32

 Electroweak precision fit offer a very powerful handle 
on NP behind the EW sector. 

 No free SM parameter after the Higgs discovery. 

 The precise measurements of the top, W and H masses 
at the LHC have improved the power of the fit.

 Solid progresses in theoretical calculations of higher-
order corrections in the SM. 

 The fit have provided strong constraints on NP. 

EW 2-loop and more



In this talk, I will present …

Satoshi Mishima (KEK) 3 / 32

 the current status of the EW precision fit in the SM; 

 our projection of model-independent constraint on 
NP for the CEPC era. 

 Numerical results in this talk have been obtained with 
the HEPfit code. 
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 HEPfit is a framework for calculating various 
observables (EWPO, Higgs, flavor…) in the SM and in 
its extensions and for constraining their parameter 
space with a global fit. 

fit
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http://hepfit.roma1.infn.it
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HEPfit is written in C++, supporting MPI parallelization.  

 Dependencies:  ROOT,  GSL,  Boost header files

HEPfit will be made available to the public under GPL. 

Bayesian Analysis Toolkit (BAT)

Beaujean, Caldwell, Greenwald, Kollar & Kroninger

https://github.com/silvest/HEPfit

 Working developer versions, requiring NetBeans IDE, 
are always available through github. 

http://hepfit.roma1.infn.it

optional

fit
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your observable

config file

SUSY

SM

2HDM Effective 
Lagrangian

your model

Models

Obs' ThObservable

histograms
Br(B ! Xs�)

…
Predictions

Bayesian Analysis Toolkit

 alternatively, a library to compute observables in a given model. 

 a stand-alone program to perform a Bayesian statistical analysis. 

 add user’s favorite models and observables as external modules. 

(base class)

…

…
…

HEPfit

(libHEPfit.a and HEPfit.h)

fit
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Our publications (EW precision fit)

• M. Ciuchini, E. Franco, S.M., L. Silvestrini,  JHEP08 (2013) 106 [arXiv:1306.4644] 

• M. Ciuchini, E. Franco, S.M., L. Silvestrini,  EPJ Web Conf. 60 (2013) 08004

• J. de Blas, M. Ciuchini, E. Franco, D. Ghosh, S.M., M. Pierini, L. Reina, L. Silvestrini,  
Nucl.Part.Phys.Proc. 273-275 (2016) 834  [arXiv:1410.4204]

• M. Ciuchini, E. Franco, S.M., M. Pierini, L. Reina, L. Silvestrini,  
Nucl.Part.Phys.Proc. 273-275 (2016) 2219 [arXiv:1410.6940]

fit
1

HEP

ICHEP2014

ICHEP2014

LHCP2013

• J. de Blas, M. Ciuchini, E. Franco, D. Ghosh, S.M., M. Pierini, L. Reina, L. Silvestrini,  
PoS EPS-HEP2015 (2015) 187 EPS-HEP2015

• J. de Blas, M. Ciuchini, E. Franco, D. Ghosh, S.M., M. Pierini, L. Reina, L. Silvestrini,  
PoS LeptonPhoton2015 (2016) 013 Lepton-Photon2015

• J. de Blas, M. Ciuchini, E. Franco, S.M., M. Pierini, L. Reina, L. Silvestrini,  
JHEP 1612 (2016) 135 [arXiv:1608.01509]

• J. de Blas, M. Ciuchini, E. Franco, S.M., M. Pierini, L. Reina, L. Silvestrini,  
PoS ICHEP2016 (2017) 690  [arXiv:1611.05354] ICHEP2016

• J. de Blas, M. Ciuchini, E. Franco, S.M., M. Pierini, L. Reina, L. Silvestrini,  
PoS EPS-HEP2017 (2017) 467  [arXiv:1710.05402] LHCP2017 & EPS-HEP2017
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EW precision observables (EWPO)

Z-pole ob’s are given in terms of effective couplings:  

MW , �W and ~10 Z-pole observables
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Experimental data
 Very precise measurements of the W & Z boson 
properties at e+ e- colliders:

MW , �W

Z-pole obs. 
(LEP/SLD)

MZ , �Z , �0
h, sin2 ✓lept

e↵ , Af , A0,f
FB, R0

f

0.002% O(0.1%) � O(1%)

W obs. 
(LEP2)

2%

 Measurements at hadron colliders (Tevatron & LHC):

MW , �W

0.020% (CDF + D0)

0.024% (ATLAS)

0.04%

mt mh

GF , ↵            are fixed to be constant. 

⇠ 0.4%
<latexit sha1_base64="+MixIDo3if1vh7lv+cLV9cqxrrk="></latexit><latexit sha1_base64="+MixIDo3if1vh7lv+cLV9cqxrrk="></latexit><latexit sha1_base64="+MixIDo3if1vh7lv+cLV9cqxrrk="></latexit><latexit sha1_base64="+MixIDo3if1vh7lv+cLV9cqxrrk="></latexit>

0.1%
<latexit sha1_base64="SMWwyNSd7ZjP2DVfB3BS2a7Z7ss="></latexit><latexit sha1_base64="SMWwyNSd7ZjP2DVfB3BS2a7Z7ss="></latexit><latexit sha1_base64="SMWwyNSd7ZjP2DVfB3BS2a7Z7ss="></latexit><latexit sha1_base64="SMWwyNSd7ZjP2DVfB3BS2a7Z7ss="></latexit>

0.14% (CDF + D0)

0.16% (ATLAS)

0.23% (CMS)

0.46% (LHCb)
<latexit sha1_base64="aBGf1xwcKFlrMoedHI3B+R0WzmQ="></latexit><latexit sha1_base64="aBGf1xwcKFlrMoedHI3B+R0WzmQ="></latexit><latexit sha1_base64="aBGf1xwcKFlrMoedHI3B+R0WzmQ="></latexit><latexit sha1_base64="aBGf1xwcKFlrMoedHI3B+R0WzmQ="></latexit>

sin2 ✓lept
e↵

<latexit sha1_base64="9eFV91REjnU0/WA6PpeERCRl2HU="></latexit><latexit sha1_base64="9eFV91REjnU0/WA6PpeERCRl2HU="></latexit><latexit sha1_base64="9eFV91REjnU0/WA6PpeERCRl2HU="></latexit><latexit sha1_base64="9eFV91REjnU0/WA6PpeERCRl2HU="></latexit>
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Theoretical status

M. Awramik, et al., hep-ph/0311148
A. Blondel, et al., 1809.01830

Theory errors from missing higher-order corrections 
are safely below current experimental errors. 

 EWPO have been calculated with full EW 2-loop 
+ leading 3- & 4-loop corrections. 

See talks by Fulvio Piccinini & Ayres Freitas

Current Data HL-LHC CEPC

↵s(MZ) 0.1180±0.0010

�↵
(5)
had(MZ) 0.027611±0.000111

MZ [GeV] 91.1875±0.0021 ±0.0005
mt [GeV] 172.8±0.7 ±0.4
mH [GeV] 125.13±0.17 ±0.05 ±0.0059

MW [GeV] 80.379±0.012 ±0.008 ±0.001
�W [GeV] 2.085±0.042 ±0.030 ±0.003
�Z [GeV] 2.4952±0.0023 ±0.0005
�0
h

[nb] 41.540±0.037

sin2 ✓lept
e↵ 0.23143 ± 0.00027 ±0.00018 ±0.0000023

Ppol
⌧ 0.1465±0.0033

Ae 0.1516±0.0021
Aµ 0.142±0.015
A⌧ 0.136±0.015
Ac 0.670±0.027
Ab 0.923±0.020

A0,e
FB 0.0145±0.0025 ±0.00008

A0,µ
FB 0.0169±0.0013 ±0.00005

A0,⌧
FB 0.0188±0.0017

A0,c
FB 0.0707±0.0035

A0,b
FB 0.0992±0.0016 ±0.00010

R0
e 20.804±0.050

R0
µ 20.785±0.033 ±0.002

R0
⌧ 20.764±0.045

R0
c 0.1721±0.0030

R0
b

0.21629±0.00066 ±0.000043

Table 7: [updated!, CEPC numbers are confidential.] Expected experimental sensitivities to the

di↵erent EWPO at future colliders. Apart from the improvements quoted in this table, we also

assume that future measurements of �↵(5)
had(MZ) and ↵S(MZ), whose errors dominate in the

parametric uncertainties of the theoretical predictions, are possible with an error of approxi-

mately ±5 ⇥ 10
�5

and ±0.0002, respectively.

Current Future Current CEPC
Observable Th. Error Th. Error Exp. Error

MW [MeV] 4 1 12 1

sin2 ✓lept
e↵ [10�6] 45(47) 15 270 2.3

�Z [MeV] 0.4 0.15(0.2) 2.3 0.5
R0

`
[10�4] 60 15 250

R0
b
[10�5] 10 5(7) 66 17

Table 8: [updated!, CEPC numbers are confidential.] Projected theoretical uncertainty for the

di↵erent EWPO and comparison with the corresponding experimental sensitivity at various fu-

ture colliders considered in this study. The values in the parentheses are used in our fits.

MW [MeV] �Z [MeV] R0
`
[10

�4
] R0

b
[10

�5
] sin

2 ✓lept
e↵ [10

�6
]

Exp. error 12 2.3 250 66 160

Th. Error 4 0.4 60 10 45

Table 9:

3
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EW precision fits

PDG (Erler et al.)
GAPP (Global Analysis of Particle Properties)

MSbar scheme  &  frequentist

Gfitter group

http://gfitter.desy.de

http://www.fisica.unam.mx/erler/GAPPP.html

on-shell scheme  &  frequentist
Gfitter (Generic fitting package)

Our group

on-shell scheme  &  Bayesian
fit

1

HEPHEPfit http://hepfit.roma1.infn.it

and many other groups ….

http://gfitter.desy.de
http://www.fisica.unam.mx/erler/GAPPP.html
http://hepfit.roma1.infn.it


EW fit in the SM
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Measurement Posterior Prediction Pull

↵s(MZ) 0.1180 ± 0.0010 0.11800 ± 0.00094 0.1180 ± 0.0029 0.00

�↵
(5)
had(MZ) 0.027611 ± 0.000111 0.027576 ± 0.000106 0.02720 ± 0.00038 1.0

MZ [GeV] 91.1875 ± 0.0021 91.1882 ± 0.0020 91.2005 ± 0.0091 �1.4
mt [GeV] 172.8 ± 0.7 173.18 ± 0.66 176.27 ± 1.97 �1.7
mH [GeV] 125.13 ± 0.17 125.13 ± 0.17 96.78 ± 18.23 1.6

MW [GeV] 80.379 ± 0.012 80.3621 ± 0.0057 80.3570 ± 0.0065 1.6

�W [GeV] 2.085 ± 0.042 2.08854 ± 0.00059 2.08855 ± 0.00059 �0.08

�Z [GeV] 2.4952 ± 0.0023 2.49458 ± 0.00065 2.49446 ± 0.00069 0.3
�0
h

[nb] 41.540 ± 0.037 41.4924 ± 0.0077 41.4915 ± 0.0080 1.3
R0

`
20.767 ± 0.025 20.7495 ± 0.0081 20.7482 ± 0.0086 0.7

A0,`
FB 0.0171 ± 0.0010 0.01623 ± 0.00010 0.01622 ± 0.00010 0.9

Ppol
⌧ =A` 0.1465 ± 0.0033 0.14710 ± 0.00046 0.14712 ± 0.00047 �0.2

A` (SLD) 0.1513 ± 0.0021 0.14710 ± 0.00046 0.14714 ± 0.00049 1.9
Ac 0.670 ± 0.027 0.66793 ± 0.00023 0.66793 ± 0.00023 0.08
Ab 0.923 ± 0.020 0.934753 ± 0.000041 0.934754 ± 0.000041 �0.6

A0,c
FB 0.0707 ± 0.0035 0.07369 ± 0.00024 0.07371 ± 0.00026 �0.9

A0,b
FB 0.0992 ± 0.0016 0.10313 ± 0.00032 0.10315 ± 0.00034 �2.4

R0
c 0.1721 ± 0.0030 0.172210 ± 0.000054 0.172211 ± 0.000054 �0.04

R0
b

0.21629 ± 0.00066 0.21586 ± 0.00010 0.21585 ± 0.00010 0.7

sin2 ✓lept
e↵ (Qhad

FB ) 0.2324 ± 0.0012 0.231512 ± 0.000059 0.231509 ± 0.000059 0.7

sin2 ✓lept
e↵ (Tev/LHC) 0.23143 ± 0.00027 0.231512 ± 0.000059 0.231516 ± 0.000060 �0.3

Table 1: [Updated!] Experimental measurement, result, prediction, and pull for the five input parameters

(↵s(MZ), �↵(5)
had(MZ), MZ , mt, mH), and for the set of EWPO considered in the SM EW fit. The values

in the column Prediction are determined without using the corresponding experimental information (see text).

Pulls are calculated both as individual pulls (1D Pull) and as global pulls (nD Pull) for sets of correlated

observables (see text), and are given in units of standard deviation. Groups of correlated observables are

identified by shades of grey.

1

-3 -2 -1 0 1 2 3

-3 -2 -1 0 1 2 3
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⌧
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Ac

Ab

A0,c
FB

A0,b
FB
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FB

)

sin
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1

Posterior:  our fit results

Prediction:  determined w/o using the corresponding experimental information

input parameters



Fit results for the input parameters
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 Indirect determinations of the SM input parameters from 
the fit are consistent with the measurements. 



Parametric uncertainties
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Prediction ↵s �↵(5)
had MZ mt

MW [GeV] 80.3566 ± 0.0054 ±0.0007 ±0.0020 ±0.0027 ±0.0042
�W [GeV] 2.08811 ± 0.00058 ±0.00040 ±0.00016 ±0.00021 ±0.00033
�Z [GeV] 2.49435 ± 0.00057 ±0.00050 ±0.00011 ±0.00021 ±0.00016
�0
h
[nb] 41.4915 ± 0.0053 ±0.0049 ±0.0002 ±0.0020 ±0.0005

sin
2 ✓lept

e↵ 0.231542 ± 0.000047 ±0.000003 ±0.000039 ±0.000015 ±0.000022
P pol

⌧
= A` 0.14687 ± 0.00037 ±0.00003 ±0.00030 ±0.00012 ±0.00017

Ac 0.66783 ± 0.00016 ±0.00001 ±0.00013 ±0.00005 ±0.00008
Ab 0.934739 ± 0.000027 ±0.000001 ±0.000025 ±0.000010 ±0.000005

A0,`
FB 0.016178 ± 0.000082 ±0.000006 ±0.000067 ±0.000026 ±0.000038

A0,c
FB 0.07356 ± 0.00020 ±0.00002 ±0.00017 ±0.00006 ±0.00010

A0,b
FB 0.10296 ± 0.00026 ±0.00002 ±0.00022 ±0.00008 ±0.00012

R0
`

20.7486 ± 0.0062 ±0.0062 ±0.0007 ±0.0003 ±0.0003
R0

c
0.172206 ± 0.000021 ±0.000019 ±0.000002 ±0.000001 ±0.000008

R0
b

0.215869 ± 0.000026 ±0.000011 ±0.000001 ±0.000000 ±0.000024

Table 2: [Updated!] SM predictions computed using the theoretical expressions for the EWPO

without the corresponding experimental constraints, and individual uncertainties associated with

each input parameter, except for mH (see text).

Result Correlation Matrix

S 0.04 ± 0.10 1.00
T 0.08 ± 0.12 0.90 1.00
U �0.00 ± 0.09 �0.62 �0.84 1.00

Table 3: [Updated] Results of the fit for the oblique parameters S, T , and U .

Result Correlation Matrix

S 0.04 ± 0.08 1.00
T 0.08 ± 0.06 0.90 1.00

Table 4: [Updated!] Results of the fit for the oblique parameters S and T , taking U = 0.

Result Correlation Matrix

�"1 0.0006 ± 0.0010 1.00
�"2 �0.0001 ± 0.0008 0.85 1.00
�"3 0.0003 ± 0.0009 0.91 0.64 1.00
�"b 0.0003 ± 0.0013 �0.32 �0.32 �0.24 1.00

Table 5: [updated!] Results of the fit for the �"i parameters (i = 1, 2, 3, b).

Result Correlation Matrix

�gb

R
0.017 ± 0.007 1.00

�gb

L
0.003 ± 0.001 0.89 1.00

�gb

V
0.019 ± 0.008 1.00

�gb

A
�0.014 ± 0.006 �0.98 1.00

Table 6: [updated!] Results of the fit for the shifts in the Zbb̄ couplings.

2

Parametric uncertainties are well below the current 
experimental errors. 
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Key observables in the EW fit
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More precision in the CEPC era? 

Good consistency of predictions with data



Our strategy for CEPC sensitivity study
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 Follow the CEPC expected precision in a preliminary 
version of CDR, where a part of them needs to be 
updated to the latest values. 

 Assume that theoretical and parametrical uncertainties 
will also be reduced. 

 Use SM predictions as central values for future 
measurements

Limits provide future sensitivity to NP
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CEPC: THE PRECISION FRONTIER 9

surements and electroweak observables attainable by the CEPC are summarized below.
The details of the analysis underpinning these projections are presented in Section 11.1

(a)

Current accuracy

CEPC: baseline and improvements

MZ ΓZ MW Rb Rl AbFB Nν
10-7

10-6

10-5

10-4

0.001

0.010

R
el
at
iv
e
E
rr
or

Precision Electroweak Measurements at the CEPC

(b)

Figure 2.1: (a) Higgs coupling extraction in the -framework. (b) Projection for the precision of the
Z-pole measurements.

The CEPC will operate primarily at a center-of-mass energy of
p

s ⇠ 240 GeV. The
main mode of Higgs boson production is through e+e� ! ZH process, and with an
integrated luminosity of 5.6 ab�1, over one million Higgs bosons will be produced. At
CEPC, in contrast to the LHC, Higgs boson candidate events can be identified through
a technique known as the recoil mass method without tagging its decay products. This
allows Higgs boson production to be disentangled from Higgs boson decay in a model-
independent way. Moreover, the cleaner environment at a lepton collider allows much
better exclusive measurement of Higgs boson decay channels. All of these give CEPC
impressive reach in probing Higgs boson properties. The resulting precision attainable by
CEPC in measurements of Higgs couplings is shown in the left panel of Figure 2.1(a) in
terms of the  framework [4]. The results can be further improved by including additional
measurements. For example, Z and W would be tightly constrained to be very close to
each other by the electroweak precision measurements.

Several aspects of the precision attainable at CEPC stand out. The CEPC will be able
to measure the Higgs coupling to the Z boson with an accuracy of 0.25%1, about a factor
of 10 better than the reach of the High Luminosity upgrade of the LHC (HL-LHC). Such
a precise measurement gives CEPC unprecedented reach into interesting new physics sce-
narios which are very difficult to probe at the LHC. The CEPC also has strong capability in
detecting invisible decays of the Higgs boson. For example, with 5.6 ab�1, it can improve
the accuracy of the measurement of the Higgs boson invisible branching ratio to 0.3%,
also more than 10 times better than the projected precision achievable by the HL-LHC.
In addition, it is expected to have excellent sensitivity to exotic decay channels which are
swamped by backgrounds at the LHC. It is also important to stress that an e+e� Higgs fac-
tory can perform model independent measurement of the Higgs boson width. This unique
feature in turn allows for the determination of the Higgs couplings without assumptions
about Higgs boson decay channels.

1This is the result from a 10-parameter fit. In particular, it includes the Higgs boson width as a free param-
eter. The result shown in Figure 2.1 is from a more constrained 7-parameter fit. See Section 11.1 for a full
set of results and more detailed explanations.

 CEPC expected precision for EWPO in CDR: 

Expected precision for EWPO

 In this talk, I don’t present global analysis combined 
with Higgs data. 

Run at the Z pole (~1012 Z) and near the WW threshold (~107 W)
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Theoretical uncertainty

 Theoretical efforts are necessary to match future 
experimental precision. 

M. Awramik, et al., hep-ph/0311148
A. Freitas, et al., 1307.3962
A. Blondel, et al., 1809.01830

Current Data HL-LHC CEPC

↵s(MZ) 0.1180±0.0010

�↵
(5)
had(MZ) 0.027611±0.000111

MZ [GeV] 91.1875±0.0021 ±0.0005
mt [GeV] 172.8±0.7 ±0.4
mH [GeV] 125.13±0.17 ±0.05 ±0.0059

MW [GeV] 80.379±0.012 ±0.008 ±0.001
�W [GeV] 2.085±0.042 ±0.030 ±0.003
�Z [GeV] 2.4952±0.0023 ±0.0005
�0
h

[nb] 41.540±0.037

sin2 ✓lept
e↵ 0.23143 ± 0.00027 ±0.00018 ±0.0000023

Ppol
⌧ 0.1465±0.0033

Ae 0.1516±0.0021
Aµ 0.142±0.015
A⌧ 0.136±0.015
Ac 0.670±0.027
Ab 0.923±0.020

A0,e
FB 0.0145±0.0025 ±0.00008

A0,µ
FB 0.0169±0.0013 ±0.00005

A0,⌧
FB 0.0188±0.0017

A0,c
FB 0.0707±0.0035

A0,b
FB 0.0992±0.0016 ±0.00010

R0
e 20.804±0.050

R0
µ 20.785±0.033 ±0.002

R0
⌧ 20.764±0.045

R0
c 0.1721±0.0030

R0
b

0.21629±0.00066 ±0.000043

Table 7: [updated!, CEPC numbers are confidential.] Expected experimental sensitivities to the

di↵erent EWPO at future colliders. Apart from the improvements quoted in this table, we also

assume that future measurements of �↵
(5)
had(MZ) and ↵S(MZ), whose errors dominate in the

parametric uncertainties of the theoretical predictions, are possible with an error of approxi-

mately ±5 ⇥ 10
�5

and ±0.0002, respectively.

Current Future Current CEPC
Observable Th. Error Th. Error Exp. Error

MW [MeV] 4 1 12 1

sin2 ✓lept
e↵ [10�6] 45(47) 15 270 2.3

�Z [MeV] 0.4 0.15(0.2) 2.3 0.5
R0

`
[10�4] 60 15 250

R0
b
[10�5] 10 5(7) 66 17

Table 8: [updated!, CEPC numbers are confidential.] Projected theoretical uncertainty for the

di↵erent EWPO and comparison with the corresponding experimental sensitivity at various fu-

ture colliders considered in this study. The values in the parentheses are used in our fits.

MW [MeV] �Z [MeV] R
0
`
[10

�4
] R

0
b
[10

�5
] sin

2
✓
lept
e↵ [10

�6
]

Exp. error 12 2.3 250 66 160

Th. Error 4 0.4 60 10 45

Table 9:

MW [MeV] �Z [MeV] R
0
`
[10

�4
] R

0
b
[10

�5
] sin

2
✓
lept
e↵ [10

�6
]

Current exp. error 12 2.3 250 66 160

CEPC error 1 0.5 20 4 10

Current th. Error 4 0.4 60 10 45

Future (w/ O(↵
3
), O(↵

2
↵s) and O(↵↵

2
s
a)) 1 0.15 15 5 15

Future (w/ leading 4-loop) < 0.07 < 7 < 3 < 7

Table 10:

3
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Expected precision in input parameters

      :    HL-LHC

�↵(5)
had(MZ)

↵s(MZ)

�↵s(MZ) ⇡ ±0.0002

��↵(5)
had(MZ) ⇡ ±0.00005

           :   lattice QCD projection

�↵s(MZ) = ±0.0010

                :   ongoing and future experiments for
�(e+e� ! hadrons)

mt

mH
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Oblique parameters

S = �16⇡⇧0
30(0) = 16⇡

h
⇧NP0

33 (0) � ⇧NP0
3Q (0)

i

T =
4⇡

s2W c2WM2
Z

⇥
⇧NP

11 (0) � ⇧NP
33 (0)

⇤

U = 16⇡
⇥
⇧NP0

11 (0) � ⇧NP0
33 (0)

⇤

 Suppose that dominant NP effects appear in the vacuum 
polarizations of the gauge bosons: 

Kennedy & Lynn (89); 
Peskin & Takeuchi (90,92)

 When the EW symmetry is realized linearly, U is 
associated with a dim. 8 operator and thus small.  

Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0080615 1.034866 0.50201132 0.50201132

e: 1.0051936 1.0365488 -0.037095553 -0.50129811

u: 1.005868 1.0360421 0.19204789 0.50146567

d: 1.00683 1.0355437 -0.34699825 -0.50170486

b: 0.98797022 1.0428401 -0.34265627 -0.49698365

where Re(⇢bZ) = 0.98797022 is derived with the two-loop approximate formula of R0
b . Not using the

approximate formula, we obtain a bit larger coupling Re(⇢bZ) = 0.99372123.
Using “NPEpsilons” model in SusyFit codes by inputting the SM predictions for the ✏ parameters

above, the couplings are computed as

Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0079048 1.0350129 0.5019723 0.5019723

e: 1.0051936 1.0365488 -0.037109872 -0.50129671

u: 1.0058569 1.036117 0.19203107 0.50146209

d: 1.0067607 1.035605 -0.3469788 -0.50168732

b: 0.99283957 1.0428401 -0.34349816 -0.49820668

where the small di↵erences between Re(geV,A) and the corresponding SM predictions originate from the
omission of the imaginary parts. If neglecting the flavor nonuniversal vertex corrections, but keeping
the value of ✏b to be ✏b = �0.0069378641, the couplings become

Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0051936 1.0365488 0.50129671 0.50129671

e: 1.0051936 1.0365488 -0.037109872 -0.50129671

u: 1.0051936 1.0365488 0.19183882 0.50129671

d: 1.0051936 1.0365488 -0.34656777 -0.50129671

b: 0.99129417 1.0437905 -0.34308984 -0.49781879

8.4 Peskin-Takeuchi S, T and U parameters

(The formulae in this subsection are not directly used in our codes.)
Below we review the formalism in Refs. [91, 95]16 First of all, we define ⇧0

XY (q
2) by

⇧XY (q
2) ⌘ ⇧XY (0) + q2⇧0

XY (q
2) , (255)

where ⇧0
XY (q

2) = d⇧XY (q2)/dq2 for q2 ⇡ 0. Suppose the NP scale is su�ciently higher than the weak
scale, the vacuum polarization amplitudes can be expanded in terms of q2 ⇡ 0:

⇧11(q
2) = ⇧11(0) + q2⇧0

11(0) , (256)

⇧33(q
2) = ⇧33(0) + q2⇧0

33(0) , (257)

⇧3Q(q
2) = q2⇧0

3Q(0) , (258)

⇧QQ(q
2) = q2⇧0

QQ(0) (259)

with ⇧3Q(0) = 0 and ⇧QQ(0) = 0, which should be understood as the relations for the finite parts.
The three of the above six amplitudes can be fixed by using the precisely measured quantities ↵(0),
MZ and GF . In Refs. [90, 91], Peskin and Takeuchi introduced the three oblique parameters:

↵(0)S = 4e2
⇥
⇧NP0

33 (0)�⇧NP0
3Q (0)

⇤
,

16The sign of sW in Refs. [91, 95] is identical to ours.
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Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0080615 1.034866 0.50201132 0.50201132

e: 1.0051936 1.0365488 -0.037095553 -0.50129811

u: 1.005868 1.0360421 0.19204789 0.50146567

d: 1.00683 1.0355437 -0.34699825 -0.50170486

b: 0.98797022 1.0428401 -0.34265627 -0.49698365

where Re(⇢bZ) = 0.98797022 is derived with the two-loop approximate formula of R0
b . Not using the

approximate formula, we obtain a bit larger coupling Re(⇢bZ) = 0.99372123.
Using “NPEpsilons” model in SusyFit codes by inputting the SM predictions for the ✏ parameters

above, the couplings are computed as

Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0079048 1.0350129 0.5019723 0.5019723

e: 1.0051936 1.0365488 -0.037109872 -0.50129671

u: 1.0058569 1.036117 0.19203107 0.50146209

d: 1.0067607 1.035605 -0.3469788 -0.50168732

b: 0.99283957 1.0428401 -0.34349816 -0.49820668

where the small di↵erences between Re(geV,A) and the corresponding SM predictions originate from the
omission of the imaginary parts. If neglecting the flavor nonuniversal vertex corrections, but keeping
the value of ✏b to be ✏b = �0.0069378641, the couplings become

Re(rho) Re(kappa) Re(gV) Re(gA)

nu: 1.0051936 1.0365488 0.50129671 0.50129671

e: 1.0051936 1.0365488 -0.037109872 -0.50129671

u: 1.0051936 1.0365488 0.19183882 0.50129671

d: 1.0051936 1.0365488 -0.34656777 -0.50129671

b: 0.99129417 1.0437905 -0.34308984 -0.49781879

8.4 Peskin-Takeuchi S, T and U parameters

(The formulae in this subsection are not directly used in our codes.)
Below we review the formalism in Refs. [91, 95]16 First of all, we define ⇧0

XY (q
2) by

⇧XY (q
2) ⌘ ⇧XY (0) + q2⇧0

XY (q
2) , (255)

where ⇧0
XY (q

2) = d⇧XY (q2)/dq2 for q2 ⇡ 0. Suppose the NP scale is su�ciently higher than the weak
scale, the vacuum polarization amplitudes can be expanded in terms of q2 ⇡ 0:

⇧11(q
2) = ⇧11(0) + q2⇧0

11(0) , (256)

⇧33(q
2) = ⇧33(0) + q2⇧0

33(0) , (257)

⇧3Q(q
2) = q2⇧0

3Q(0) , (258)

⇧QQ(q
2) = q2⇧0

QQ(0) (259)

with ⇧3Q(0) = 0 and ⇧QQ(0) = 0, which should be understood as the relations for the finite parts.
The three of the above six amplitudes can be fixed by using the precisely measured quantities ↵(0),
MZ and GF . In Refs. [90, 91], Peskin and Takeuchi introduced the three oblique parameters:

↵(0)S = 4e2
⇥
⇧NP0

33 (0)�⇧NP0
3Q (0)

⇤
,

16The sign of sW in Refs. [91, 95] is identical to ours.
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Three of the above can be fixed by                  , and the others are ↵, MZ , GF
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CEPCToday
360 REFERENCES

remaining uncertainties are estimated based on [189–192]. In the case of the W mass
measurement, an uncertainty of 1 MeV from the computation of the near-threshold WW
cross section is added in quadrature with the estimated four-loop theory uncertainty in the
observable itself.
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Figure 11.18: CEPC constraints on the oblique parameters S and T . (a):comparison of CEPC projec-
tion (orange) to current constraints (blue). Contours are 68% confidence level. (b): a closer look at the
CEPC fit, showing 68% confidence level (solid) and 95% confidence level (dashed).

The results of the fit are depicted in Figure 11.18. Solid contours are 68% confidence
level curves, meaning ��2

mod = 2.30; the dashed contour is 98% C.L. (��2
mod = 6.18).

For clarity we have assumed that the measured central values will precisely agree with
Standard Model predictions. In particular, the contour depicting current constraints is
artificially displaced to be centered at the origin, though it accurately reflects the size
of the uncertainties in current data. From the figure, we see that the results of CEPC will
significantly shrink the error bars on the S and T parameters relative to currently available
data.

By fixing T = 0 or S = 0, we can also obtain the projected one-parameter 68%
C.L. bounds on S and T . As one-parameter fits these correspond to ��2

mod = 1.0. We
obtain:

|S| < 3.6 ⇥ 10
�2

(current), 7.9 ⇥ 10
�3

(CEPC projection), (11.34)
|T | < 3.1 ⇥ 10

�2
(current), 8.4 ⇥ 10

�3
(CEPC projection). (11.35)

Thus CEPC will achieve about a factor of four improvements in the precision of both
oblique parameters that are considered here.

References

[1] ATLAS Collaboration, Observation of a new particle in the search for the
Standard Model Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B
716 (2012) 1, arXiv:1207.7214 [hep-ex].
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NP in Zbb couplings

 Two solutions are disfavored 
by the off Z-pole data for 
AFBb. 

Choudhury et al. (2002)

 Z-pole data yield four solutions. (gL, gR)

�b ⇠ |�gb
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L|2
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 The current fit shows a deviation from the SM due 
to        .
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NP in Zbb couplings

 In the CEPC plot, the precision of      is not updated. Ab
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More general analysis (SMEFT)

 LHC suggest that the NP scale is well above the EW 
scale.

 Consider an effective theory built exclusively from the 
SM fields with the SM gauge symmetries. 

SU(3)c ⇥ SU(2)L ⇥ U(1)Y

 Contributions from higher-dimensional operators are 
suppressed by powers of the NP scale. 

L = L(4)
SM +

1

⇤

X

i

C
(5)
i O

(5)
i +

1

⇤2

X

j

C
(6)
j O

(6)
j + O

✓
1

⇤3

◆

Standard Model Effective Field Theory (SMEFT)
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EFT approach

 Correlations among observables are induced by gauge-
invariant operators.

 Model-independent

Useful guide to look for NP effects

 Constraints on the Wilson coefficients will give us clues 
for constructing the UV theory.

Pros: 

Cons: 

 EFT analyses cannot capture the stronger correlations 
among operators that may arise in specific NP models.

 Too many operators in general.

 Systematic power counting
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59+ dim-six operators in Warsaw basis
Grzadkowski, Iskrzynski, Misiak & Rosiek (10)X

3
H

6
and H

4
D

2
 

2
H

3

OG f
ABC

G
A⌫

µ
G

B⇢

⌫
G

Cµ

⇢
OH (H

†
H)

3
OeH (H

†
H)(L̄eH)

O eG f
ABC eGA⌫

µ
G

B⇢

⌫
G

Cµ

⇢
OH⇤ (H

†
H)⇤(H

†
H) OuH (H

†
H)(Q̄ufH)

OW "
IJK

W
I⌫

µ
W

J⇢

⌫
W

Kµ

⇢
OHD

�
H

†
D

µ
H

�? �
H

†
DµH

�
OdH (H

†
H)(Q̄dH)

OfW "
IJK fW I⌫

µ
W

J⇢

⌫
W

Kµ

⇢

X
2
H

2
 

2
XH  

2
H

2
D

OHG (H
†
H)G

A

µ⌫
G

Aµ⌫
OeW (L̄�

µ⌫
e)⌧

I
HW

I

µ⌫
O

(1)
HL

(H
†
i

$
Dµ H)(L̄�

µ
L)

O
H eG (H

†
H) eGA

µ⌫
G

Aµ⌫
OeB (L̄�

µ⌫
e)HBµ⌫ O

(3)
HL

(H
†
i

$
D

I

µ
H)(L̄⌧

I
�
µ
L)

OHW (H
†
H)W

I

µ⌫
W

Iµ⌫
OuG (Q̄�

µ⌫
T

A
u)fH G

A

µ⌫
OHe (H

†
i

$
Dµ H)(ē�
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µ
u)

O
(1)
ud
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5

 10 CP-even op’s for EWPO.

 To avoid dangerous FCNC, 
we assume flavor universality.

(Alternatively, MFV may be assumed. )

 Other choices of the basis 
are possible.

See, e.g., Giudice et al. (07); Contino et al. (13)

direct connections to observables
operator mixing in the RG running
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Dim-six contributions to EWPO

 switch on one operator at a time
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 There are two flat directions in the fit. See, e.g., Han & Skiba (05)
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Expected sensitivities at CEPC

> 8 to 29 TeV NP scale > 3 to 10 TeV

 Improvements of th. and par. errors are highly desirable. 

preliminary
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Ultimate sensitivities at CEPC

“CEPC” =  “CEPC + improved th. + par. errors” in the previous slide. 

“CEPC” sensitivity is limited somewhat by the precision of       .mt
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Summary
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 We have investigated CEPC sensitivities to NP: 

 The current EW precision fit shows a good agreement with 
the SM predictions at the 2-loop level, and gives strong 
constraints on NP at the TeV scale.  

 To achieve these precisions, the reduction of the theoretical 
uncertainties are highly desirable. 
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 We will update our fits with the latest CEPC errors in CDR.


