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CDF-II Results on W Boson Mass 

CDF-II: 𝑀< = 80433.5 ± 9.4 MeV
SM: 𝑀< = 80357 ± 6 MeV

Science 376, 170-176 (2022)

Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

Δ𝑚3 = 45!
+ 6!

" 07!
" − *

+
𝑆 + 𝑐3+ 𝑇 +

6!
" 07!

"

-7!
" 𝑈 ,

𝛼𝑆 = 4𝑠3+ 𝑐3+ Π889 0 − 6!
" 07!

"

7!6#
Π8:9 0 − Π::9 0 ,

𝛼𝑇 = ;!! <
=!
" − ;$$ <

=$
" ,

𝛼𝑈 = 4𝑠3+ Π33
9 0 − 𝑐3+ Π889 0 − 2𝑠3𝑐3Π8:9 0 − 𝑠3+ Π::9 0

𝑆 = 0.00 ± 0.07,
𝑇 = 0.05 ± 0.06,
𝑈 = 0

𝑆 = −0.01 ± 0.10,
𝑇 = 0.03 ± 0.012,
𝑈 = 0.02 ± 0.11

Phys. Rev. D 46 (1992) 381,
PTEP 2020 (2020) 8, 083C01

3、W-Boson Mass and CEPC constraints on the the GM Model



𝜆- − 𝜆. < 2𝜋, 2𝜆, + 𝜆+ < 𝜋,

6𝜆* + 7𝜆, + 11𝜆+ + 6𝜆* − 7𝜆, − 11𝜆+ + + 36𝜆-+ < 4𝜋,

2𝜆* − 𝜆, + 2𝜆+ + 2𝜆* + 𝜆, − 2𝜆+ + + 𝜆.+ < 4𝜋.

Nucl.Phys.B 262 (1985) 463-477，JHEP 01 (2013) 026,  JHEP 01 (2016) 120

tan 𝜃 = 2 2𝑣./𝑣- < 0.4

𝑚' ≈ ℎ$=𝑣.~ℎ$=𝑣-0𝜇1/𝑚.
0

ℎ$= < 10913

Perturbative unitarity

𝜆* > 0, 𝜆+ + 𝜆, > 0, 𝜆+ +
1
2
𝜆, > 0,

− 𝜆- + 2 𝜆* 𝜆+ + 𝜆, > 0,

𝜆- −
1
4
𝜆. + 2𝜆* 2𝜆+ + 𝜆, > 0.

Vacuum stability

ℒ>?@A9BB ⊃ ℎ$=𝐿:$7𝑖𝜏0𝜒𝐿:
= + 𝜇.tr Φ1 𝜎

7

2
Φ
𝜎8

2
𝑃1Δ𝑃 78

𝑺𝑼 𝟐 𝑳×𝑺𝑼 𝟐 𝑹 𝑺𝑼 𝟐 𝑽
𝜙, = 𝑣-/ 2
𝜒, = 𝜉, = 𝑣.

𝑣.~𝒪(10GeV)

Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

3、W-Boson Mass and CEPC constraints on the the GM Model



1 Δ𝑣 = 𝑣' − 𝑣( > 0 𝑆𝑈 2 %

Δ𝑚)

Phys.Rev.D 98 (2018) 1, 013008 , Phys.Lett.B 774 (2017) 119-122

2Type I + Type IIℎ"#

1. hypercharge gauge boson loops as 
a consequence of 𝑆𝑈 2 : ×
𝑆𝑈 2 C breaking effects in the 
kinetic term. 

2. Loop contributions contain ultra-
violet (UV) divergences which 
cannot be cancelled by 
counterterms associated with the 
Vcust part alone. 

3. …

Δ

𝐻 𝐻

𝜈> 𝜈>ℎ?@

𝜇

𝑀A = 𝐻 +ℎ?@𝜇/𝑀B
+

𝐻 𝐻

𝜈> 𝜈>𝑀C

𝑀A = − 𝐻 +𝑌A𝑀C
0*𝑌AD

𝑁𝑁
𝑌A 𝑌A

−ℒ! ⊃ 𝑦"#*6𝐿$,"𝜙𝑁,,# +
-
&
𝑀, "#𝑁,."/ 𝐶𝑁,,#

+ℎ"#𝐿$"%𝑖𝜏&𝜒𝐿$
# + ℎ. 𝑐.

𝑀' =
ℎ$=𝑣. 𝑦$=D

E𝑣-
𝑦$=D𝑣- 𝑀C $=

𝑀C ≫ 𝑣- ≫ 𝑣.

Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

3、W-Boson Mass and CEPC constraints on the the GM Model



2 Type-I + Type-II 𝑆𝑈 2 % Δ𝑚)ℎ"#

−ℒ' ⊃ 𝑦$=Dd𝐿:,$𝜙𝑁C,= +
1
2
𝑀C $=𝑁C.$E 𝐶𝑁C,= + ℎ$=𝐿:$7𝑖𝜏0𝜒𝐿:

= + ℎ. 𝑐.

𝑚' ≈ ℎ$=𝑣. − 𝑣-0 𝑦$=D
E𝑀C,=

91 𝑦$=D , ℎ$=𝑣. ≈ 𝑦D𝑣-
0/𝑀C,=

91

ℎ$= = 2 2 𝑉H"DIE 91 𝑣 1 − 𝑠(0

𝑠(𝑀C,$
𝛿$= 𝑉H"DI 91, 𝑦$=D = 𝑉H"DI 91

𝐵𝑅 𝜇 → 𝑒𝛾 < 4.2×10913,
𝐵𝑅 𝜇 → 3𝑒 < 10910

……

𝐵𝑅 𝜇 → 𝑒𝛾 ~
𝛼Ah
192𝜋

ℎ@i
4 𝑚>
𝑀jEE

4

ℎ@i < 10-/, 𝑀k > 50TeV

Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

3、W-Boson Mass and CEPC constraints on the the GM Model



2

Type-I 
+ 

Type-II

2

1
1

𝑣5 ≠ 𝑣6

Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

original
GM 

Model

3、W-Boson Mass and CEPC constraints on the the GM Model



Xiaokang Du（都小康） 8/18/2023 CEPC味物理-新物理和相关探测技术研讨会

2

Type-I 
+ 

Type-II

2

1

Precision 
of Higgs 
coupling 

measurement
At CEPC

CEPC Snowmass report 
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3、W-Boson Mass and CEPC constraints on the the GM Model

2 Type-I + Type-II 21
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𝐵𝑟 𝜇 → 𝑒𝛾 < 4.2×10913 MEG(2016)
< 6×1091/ MEG II 

𝐵𝑟 𝜏 → 𝑒𝜇𝜇 < 2.7×109J Bell(2010)
< ~1091, FCC/CEPC
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4、Summary and Q&A

1. Improved the Vacuum Stability Constraint on the GM model ; 

2. Taken a general discussion about the contribution to W boson 
mass in the original GM  Model; Explaining CDF-II results in 
the GM Extension Models;

3. Discussed the CEPC constraints on the GM model, especially
the lepton flavor violation constraints.
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4、Summary and Q&A

THANKS
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