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1、CDF-II Results

CDF-II Results on W Boson Mass 

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

Science 376, 170-176 (2022)
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2、Explaining W-Boson Mass In the Georgi-Machacek Model

The Georgi-Machacek Model Fields 𝑈 1 𝑌 𝑆𝑈 2 𝐿 𝑆𝑈 3 𝐶
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𝝌 1 3 1

𝝃 0 3 1

Nucl.Phys.B 262 (1985) 463-477，JHEP 01 (2013) 026,  JHEP 01 (2016) 120
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𝑺𝑼 𝟐 𝑳 × 𝑺𝑼 𝟐 𝑹 𝑺𝑼 𝟐 𝒄
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𝜆4 − 𝜆5 < 2𝜋, 2𝜆3 + 𝜆2 < 𝜋,
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Nucl.Phys.B 262 (1985) 463-477，JHEP 01 (2013) 026,  JHEP 01 (2016) 120
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𝑣Δ~𝒪(10GeV)
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𝑺𝑼 𝟐 𝑳 × 𝑺𝑼 𝟐 𝑹 𝑺𝑼 𝟐 𝒄

𝜙0 = 𝑣𝜙/ 2

𝜒0 = 𝜉0 = 𝑣Δ
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1 Δ𝑣 = 𝑣𝜒 − 𝑣𝜉 > 0 𝑆𝑈 2 𝑐 Δ𝑚𝑊

1. Choices of inputs to generate non-custodial 
symmetry preserving vacuum from 
𝑆𝑈 2 𝐿 × 𝑆𝑈 2 𝑅 symmetry preserving 
scalar potential is possible.

2. hypercharge gauge boson loops as a 
consequence of 𝑆𝑈 2 𝐿 × 𝑆𝑈 2 𝑅

breaking effects in the kinetic term. 
3. Loop contributions contain ultra-violet (UV) 

divergences which cannot be cancelled by 
counterterms associated with the Vcust
part alone. 

4. …
JHEP 03 (2021) 221; Phys.Rev.D 98 (2018) 1, 013008; Phys.Lett.B 774 (2017) 119-122; Phys.Rev.D 106 (2022) 5, 055035
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2 Type-I + Type-II 𝑆𝑈 2 𝑐 Δ𝑚𝑊ℎ𝑖𝑗

−ℒ𝜈 ⊃ 𝑦𝑖𝑗
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𝐵𝑅 𝜇 → 𝑒𝛾 < 4.2 × 10−13,
𝐵𝑅 𝜇 → 3𝑒 < 10−12

𝐵𝑅 𝜇 → 𝑒𝛾 ~
𝛼𝐸𝑀
192𝜋

ℎ𝑖𝑗
4 𝑚𝑊

𝑀𝐻++

4

ℎ𝑖𝑗 < 10−2, 𝑀𝑅 > 50TeV
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2 Type-I + Type-II

2、Explaining W-Boson Mass In the Georgi-Machacek Model



3 Δ𝑣 = 𝑣𝜒 − 𝑣𝜉 > 0 Type-I + Type-II
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3、Explaining W-Boson Mass In the Gauge Mediation Scenarios

Nucl.Phys.B 34 (1971) 632-639，Phys.Lett.B 46 (1973) 109-110，Nucl.Phys.B 70 (1974) 39-50, Adv.Ser.Direct.High Energy Phys. 21 (2010) 1-153, Phys.Rept. 496 (2010) 1-77
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4/3 𝑤ℎ𝑒𝑛 Φ = 𝑄, ത𝑢, ҧ𝑑
0 𝑤ℎ𝑒𝑛 Φ = 𝐿, ҧ𝑒, 𝐻𝑢, 𝐻𝑑

𝐶2 = ቊ
3/4 𝑤ℎ𝑒𝑛 Φ = 𝑄, 𝐿, 𝐻𝑢, 𝐻𝑑
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01 the minimal Gauge Mediation (MGM) 

singlet field X (spurion): 𝑋 = 𝑋 + 𝜃𝐹

Messenger fields (in 𝟓⨁ഥ𝟓 representation of SU(5): 𝜙𝑖 , ෨𝜙𝑖

𝑊𝑚 = σ𝑖 𝜆𝑖𝑋𝜙𝑖 ෨𝜙𝑖
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Cheung, Clifford etc, JHEP 07 (2008) 054 • arXiv: 0710.3585 

𝑀𝑖 =
𝛼𝑖
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2 = 2σ𝑖=1

3 𝐶 ሚ𝑓
𝑖 𝛼𝑖

4𝜋

2
Λ𝑆
2 ,

𝐴𝑢,𝑑,𝑙 = 0,

02 the (Extra)Ordinary Gauge Mediation (EOGM)

𝑊𝑚 = 𝑀𝑖𝑗
𝑘𝜆𝑖𝑋𝑘𝜙𝑖 ෨𝜙𝑗 = 𝜆𝑖𝑗

𝑘 𝑋𝑘 +𝑚𝑖𝑗 𝜙𝑖 ෨𝜙𝑗

Λ𝐺 = 𝐹𝜕𝑋 log det𝑀𝑖𝑗
𝑘 =

𝑛𝐹

𝑋

Λ𝑆
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1

2
𝐹 2 𝜕2

𝜕𝑋𝜕𝑋∗
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2

Λ𝑆
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𝑊𝑚 = 𝜆2𝑖𝑗𝑋 +𝑚2𝑖𝑗 𝐿𝑖 ෨𝐿𝑗 + 𝜆3𝑖𝑗𝑋 +𝑚3𝑖𝑗 𝐷𝑖෩𝐷𝑗

5 = 1,2 𝐿 ⨁ 3,1 𝐷 , ത5 = 1, ത2 ത𝐿 ⨁ ത3, 1 ഥ𝐷 ,

𝑚 ሚ𝑓
2 = 2෍

𝑟=1
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𝐶 ሚ𝑓
𝑟 𝛼𝑖
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2 = Λ𝐺
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Λ𝑆1
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2

5
Λ𝑆3
2 +

3

5
Λ𝑆2
2 𝑁𝑒𝑓𝑓,1

−1 =
2

5
𝑁𝑒𝑓𝑓,3
−1 +

3

5
𝑁𝑒𝑓𝑓,2
−1



3、Explaining W-Boson Mass In the Gauge Mediation Scenarios

Cheung, Clifford etc, JHEP 07 (2008) 054, arXiv: 0710.3585; JHEP 05 (2013) 035 , arXiv: 1303.0461 

02 the (Extra)Ordinary Gauge Mediation (EOGM)

𝜇2 ≈ −
1

2
𝑚𝑍
2 −𝑚𝐻𝑢

2 (𝑆𝑈𝑆𝑌) 𝑚𝐻𝑢
2 (𝑆𝑈𝑆𝑌) ≈ 𝑚𝐻𝑢

2 −
3

4𝜋2
𝑦𝑡
2𝑚 ሚ𝑡

2 log
𝑀𝑚𝑒𝑠𝑠

𝑚෨𝑡

𝑚𝐻𝑢
2 ∝

3

4
𝛼2 𝑀𝑚𝑒𝑠𝑠

2𝑁𝑒𝑓𝑓,2
−1 ，𝑚 ሚ𝑡

2 ∝
4

3
𝛼3 𝑀𝑚𝑒𝑠𝑠

2𝑁𝑒𝑓𝑓,3
−1

with large tan 𝛽: with stop loops:
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◆ for 𝑵𝒆𝒇𝒇,𝟑
−𝟏 ≪ 𝑵𝒆𝒇𝒇,𝟐

−𝟏 :

𝜇2~𝑚𝑍
2 ,

𝑚ሚ𝑙~𝑚 ෤𝑞,

𝑀1:𝑀2: 𝑀3~1: 2: 6

◆ for 𝑵𝒆𝒇𝒇,𝟑
−𝟏 ≫ 𝑵𝒆𝒇𝒇,𝟐

−𝟏 :
𝜇 tan𝛽𝑒𝑓𝑓 < 56.9 𝑚෨𝐿𝑚෤𝜏,𝑅

+57.1 𝑚෨𝐿 + 1.03𝑚෤𝜏,𝑅

−1.28 × 104GeV +
106GeV2

𝑚෩𝐿+𝑚෤𝜏,𝑅

−6.41 × 107GeV3
1

𝑚෩𝐿
2 +

0.983

𝑚෤𝜏,𝑅
2

𝑚ሚ𝑙 ≪ 𝑚 ෤𝑞,

𝜇2~
𝛼3
4𝜋2

Λ𝐺

𝑁𝑒𝑓𝑓,3
≫ 𝑀𝑍

2,

𝑀1: 𝑀2:𝑀3~1: 2: 6

VS



3、Explaining W-Boson Mass In the Gauge Mediation Scenarios

Phys.Rev.D 77 (2008) 016005, arXiv: hep-ph/0611312; Phys.Rev.D 79 (2009) 035002, arXiv: 0805.2944 

03 the General Gauge Mediation (GGM)

several singlets and a single set of 𝟓⨁ഥ𝟓 messengers:

𝑊𝑚 = 𝑋𝑖 𝜆𝐿
𝑖 𝐿෨𝐿 + 𝜆𝐷

𝑖 𝐷෩𝐷 + 𝐹𝑖𝑋
𝑖

𝑋𝑖 = 𝑋𝑖 + 𝜃2𝐹𝑖

𝑀1 =
𝛼1

4𝜋

2

3
Λ𝐷
2 + Λ𝐿

2 ,

𝑀2 =
𝛼2

4𝜋
Λ𝐿 ,

𝑀3 =
𝛼3

4𝜋
Λ𝐷

Λ𝐷 =
𝜆𝐷
𝑖 𝐹𝑖

𝜆𝐷
𝑗
𝑋𝑗
,

Λ𝐿 =
𝜆𝐿
𝑖 𝐹𝑖

𝜆𝐿
𝑗
𝑋𝑗

𝑀1:𝑀2:𝑀3~1: 2: 6

Xiaokang Du（都小康） 11/09/2022 第十六届TeV物理工作组学术研讨会 17/23



3、Explaining W-Boson Mass In the Gauge Mediation Scenarios

EOGMMGM
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3、Explaining W-Boson Mass In the Gauge Mediation Scenarios
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MGM（light wino and slepton）



4、Summary and Q&A

1. Taken a general discussion about the contribution to W boson 
mass in the original GM  Model;

2. Explaining CDF-II results in the GM Extension Models. 
Misalignment among the triplet VEVs and large ℎ𝑖𝑗 couplings 

allowed with RH neutrino sector;

3. Taken a general discussion about the contribution to W boson 
mass and 𝑔𝜇 − 2 in the MGM and EOGM;

4. Explaining CDF-II results in the GGM framework.
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4、Summary and Q&A

THANKS

Q&A
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Backup

Phys.Rev.D 77 (2008) 016005, arXiv: hep-ph/0611312; Phys.Rev.D 79 (2009) 035002, arXiv: 0805.2944 

03 the General Gauge Mediation (GGM)

several singlets and a single set of 𝟏𝟎⨁𝟏𝟎 messengers (𝑄, ത𝑄, 𝑈, ഥ𝑈, 𝐸, ത𝐸)

𝑊𝑚 = 𝑋𝑖 𝜆𝑄
𝑖 𝑄 ෨𝑄 + 𝜆𝑈

𝑖 𝑈෩𝑈 + 𝜆𝐸
𝑖 𝐸 ෨𝐸

𝑋𝑖 = 𝑋𝑖 + 𝜃2𝐹𝑖

𝑀1 =
𝛼1

4𝜋

4

3
Λ𝑄
2 + 2Λ𝐸

2 +
8

3
Λ𝑈 ,

𝑀2 =
𝛼2

4𝜋
Λ𝑄,

𝑀3 =
𝛼3

4𝜋
2Λ𝑄 + Λ𝑈

Λ𝑄 =
𝜆𝑄
𝑖 𝐹𝑖

𝜆𝑄
𝑗
𝑋𝑗
,

Λ𝑈 =
𝜆𝑈
𝑖 𝐹𝑖

𝜆𝑈
𝑗
𝑋𝑗
,

Λ𝐸 =
𝜆𝐸
𝑖 𝐹𝑖

𝜆𝐸
𝑗
𝑋𝑗
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