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MW ∼ 80 GeV
Mp,n ∼ 1 GeV



[Athron, Fowlie, Lu, Wu, Zhu, 2204.03996]

LEP (e+e-) result →

LHC (p+p+) result →

Tevatron (p+p-) result →

(LHCb/ATLAS)

(D0/CDF)
← New data by CDF

7σ deviation 

between data vs SM 


Data have been taken 
in 2002–2011

at Tevatron@Fermilab 

[CDF, Science, ’22]
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Numbers

All measured data provide p-value of 0.2% for compatibility = 3σ inconsistency which is 

independent of SM predictions


The new world average is [de Bas, Pierini, Reina, Silvestrini, 2204.04204]


The Standard Model prediction (will be explained later) is

M exp
W = 80413.3± 8.0 MeV

<latexit sha1_base64="qqHZbmFWTFhiyQDGB3Vz3PVrjy8=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAEIewmAXMRAoJ4CUQwD8jGMDvpJENmdpeZWTEs6z948Ve8eFDEqwdv/o2Tx0ETCxqKqm66u7yQM6Vt+9taWl5ZXVtPbaQ3t7Z3djN7+3UVRJJCjQY8kE2PKODMh5pmmkMzlECEx6HhDS/GfuMOpGKBf6NHIbQF6fusxyjRRupkTiuduJHcxi7chzg5L9lFp5ArYDcUuJSz8YMriB5IEVegnnQyWTtnT4AXiTMjWTRDtZP5crsBjQT4mnKiVMuxQ92OidSMckjSbqQgJHRI+tAy1CcCVDuePJXgY6N0cS+QpnyNJ+rviZgIpUbCM53jG9W8Nxb/81qR7pXaMfPDSINPp4t6Ecc6wOOEcJdJoJqPDCFUMnMrpgMiCdUmx7QJwZl/eZHU8zmTY/66mC1fzuJIoUN0hE6Qg85QGV2hKqohih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGUQJyr</latexit>

This corresponds to 5.6σ discrepancy

MSM
W = 80350.5± 7.7MeV

<latexit sha1_base64="ZX+8vtHqpIvq9yeV6jLSUMS69q8=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBEZNn1QXIRRC9eAoomEbIxzE46ZnBmd5npFcOSf/Dir3jxoIhXL978GycxB18FDUVVN91dYSKFQc/7cMbGJyanpnMz+dm5+YXFwtJyzcSp5lDlsYz1RcgMSBFBFQVKuEg0MBVKqIfXRwO/fgPaiDg6x14CTcWuItERnKGVWoXNSqt+mQVa0bNKn+7Tsrez57l7NEgULbmlYCtAuMWsArV+q1D0XG8I+pf4I1IkI5y0Cu9BO+apggi5ZMY0fC/BZsY0Ci6hnw9SAwnj1+wKGpZGTIFpZsOf+nTdKm3aibWtCOlQ/T6RMWVMT4W2UzHsmt/eQPzPa6TYKTczESUpQsS/FnVSSTGmg4BoW2jgKHuWMK6FvZXyLtOMo40xb0Pwf7/8l9S2XX/H3T7dLR4cjuLIkVWyRjaIT0rkgByTE1IlnNyRB/JEnp1759F5cV6/Wsec0cwK+QHn7RM8Y5tF</latexit>

�MW = 62.8± 11.1MeV
<latexit sha1_base64="TF/TfZ4Mc3ub0dACf7ivz6m2ta0="></latexit>

correlation of systematic 
errors is included
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Charged kaon mass

Indeed, we know that the charged 

kaon mass (K+  ) data have given 

the double peak fitting result


In that case, one has to amplify the 

systematic uncertainty by “scale 

factor S” in the world average of this 

observables


                e.g., S (MK+) = 2.8

= s̄u
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More conservative numbers

No scale factor


Multiplying the scale factor S;  [Falkowski; Wilson]


Known higher-order QCD corrections (N3LL+NNLO of ) via RESBOSv2 could shift the 

CDF result by up to  MeV [Isaacson, Fu, Yuan, 2205.02788]


But,  MeV shift is insufficient to explain the discrepancy 


The SM prediction is

S(MW) = 2.1

αs

−10

−10

M exp
W = 80413.3± 8.0 MeV

<latexit sha1_base64="qqHZbmFWTFhiyQDGB3Vz3PVrjy8=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBAEIewmAXMRAoJ4CUQwD8jGMDvpJENmdpeZWTEs6z948Ve8eFDEqwdv/o2Tx0ETCxqKqm66u7yQM6Vt+9taWl5ZXVtPbaQ3t7Z3djN7+3UVRJJCjQY8kE2PKODMh5pmmkMzlECEx6HhDS/GfuMOpGKBf6NHIbQF6fusxyjRRupkTiuduJHcxi7chzg5L9lFp5ArYDcUuJSz8YMriB5IEVegnnQyWTtnT4AXiTMjWTRDtZP5crsBjQT4mnKiVMuxQ92OidSMckjSbqQgJHRI+tAy1CcCVDuePJXgY6N0cS+QpnyNJ+rviZgIpUbCM53jG9W8Nxb/81qR7pXaMfPDSINPp4t6Ecc6wOOEcJdJoJqPDCFUMnMrpgMiCdUmx7QJwZl/eZHU8zmTY/66mC1fzuJIoUN0hE6Qg85QGV2hKqohih7RM3pFb9aT9WK9Wx/T1iVrNnOA/sD6/AGUQJyr</latexit>

 5.6σ discrepancy

3.7σ discrepancyM exp
W = 80413± 15MeV

<latexit sha1_base64="N/+KNl2zPuc+JasFvxizrqBgDNY=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBSSLiLimmEoI2NoGASIRfD3mZiluzeHbtzknDkL9j4V2wsFLG1s/PfuIkpNPpg4PHeDDPzglgKg6776czMzs0vLGaWsssrq2vruY3NmokSzaHKIxnp64AZkCKEKgqUcB1rYCqQUA96pyO/fgfaiCi8wkEMTcVuQ9ERnKGVWrnCeat+k/paUejHQ3pMy+6Bt0/9WFHv0N/zEfqYnkNt2Mrl3aI7Bv1LvAnJkwkuWrkPvx3xREGIXDJjGp4bYzNlGgWXMMz6iYGY8R67hYalIVNgmun4oyHdtUqbdiJtK0Q6Vn9OpEwZM1CB7VQMu2baG4n/eY0EO+VmKsI4QQj596JOIilGdBQPbQsNHOXAEsa1sLdS3mWacbQhZm0I3vTLf0mtVPT2i6XLg3zlZBJHhmyTHVIgHjkiFXJGLkiVcHJPHskzeXEenCfn1Xn7bp1xJjNb5Bec9y8JVptF</latexit>

MSM
W = 80350.5± 7.7MeV

<latexit sha1_base64="ZX+8vtHqpIvq9yeV6jLSUMS69q8=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBEZNn1QXIRRC9eAoomEbIxzE46ZnBmd5npFcOSf/Dir3jxoIhXL978GycxB18FDUVVN91dYSKFQc/7cMbGJyanpnMz+dm5+YXFwtJyzcSp5lDlsYz1RcgMSBFBFQVKuEg0MBVKqIfXRwO/fgPaiDg6x14CTcWuItERnKGVWoXNSqt+mQVa0bNKn+7Tsrez57l7NEgULbmlYCtAuMWsArV+q1D0XG8I+pf4I1IkI5y0Cu9BO+apggi5ZMY0fC/BZsY0Ci6hnw9SAwnj1+wKGpZGTIFpZsOf+nTdKm3aibWtCOlQ/T6RMWVMT4W2UzHsmt/eQPzPa6TYKTczESUpQsS/FnVSSTGmg4BoW2jgKHuWMK6FvZXyLtOMo40xb0Pwf7/8l9S2XX/H3T7dLR4cjuLIkVWyRjaIT0rkgByTE1IlnNyRB/JEnp1759F5cV6/Wsec0cwK+QHn7RM8Y5tF</latexit>

conservative top mass 
uncertainty is included
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How to measure MW

Collider 

Z

high-energy (~TeV) collision

W boson

ℓ (e and μ)

ν = missing massless momentum

1, pℓT (lepton transverse momentum)

2, pνT (missing transverse momentum) 

3, mT (transverse mass)

mT =
q

2
�
p`Tp

v
T � ~p `

T · ~p v
T

�
<latexit sha1_base64="eDGnwzbdzn1+p/iaPPcbne/GbEA="></latexit>

3 observables × 2 channels (e± and μ±) = 6 results 

Detecter 

Fit each distribution by varying MW



/ 29Teppei Kitahara (Nagoya Univ.), IBS and KMI Joint Workshop 2022, August 3, 2022, online
A new physics interpretation of the W-boson mass anomaly with B anomaly

8

CDF result
muon electron

1, pℓT

2, pνT

 3, mT 

[CDF Collaboration, Science 376 (2022)]

3×2 = 6 individual fit results are consistent 
with each other 

All 6 results deviate from the SM prediction

MSM
W = 80350.5± 7.7MeV

<latexit sha1_base64="ZX+8vtHqpIvq9yeV6jLSUMS69q8=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBEZNn1QXIRRC9eAoomEbIxzE46ZnBmd5npFcOSf/Dir3jxoIhXL978GycxB18FDUVVN91dYSKFQc/7cMbGJyanpnMz+dm5+YXFwtJyzcSp5lDlsYz1RcgMSBFBFQVKuEg0MBVKqIfXRwO/fgPaiDg6x14CTcWuItERnKGVWoXNSqt+mQVa0bNKn+7Tsrez57l7NEgULbmlYCtAuMWsArV+q1D0XG8I+pf4I1IkI5y0Cu9BO+apggi5ZMY0fC/BZsY0Ci6hnw9SAwnj1+wKGpZGTIFpZsOf+nTdKm3aibWtCOlQ/T6RMWVMT4W2UzHsmt/eQPzPa6TYKTczESUpQsS/FnVSSTGmg4BoW2jgKHuWMK6FvZXyLtOMo40xb0Pwf7/8l9S2XX/H3T7dLR4cjuLIkVWyRjaIT0rkgByTE1IlnNyRB/JEnp1759F5cV6/Wsec0cwK+QHn7RM8Y5tF</latexit>
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Why not LHC?

The CDF result at Tevatron (p+p-; Left) is better than the LHC data (p+p+; Right)

p+

p−

u, u, d

u, u, d- - -

u 

d -

W+
p+

u, u, d

u, u, d

u 

d -

W+

p+

gluon 

larger systematic 
uncertainty 

Also, LHC suffers from event pileup 

LHC (7-13 TeV); x ～0.01 for W


Tevatron (1TeV); x ～0.1 for W

[Gao, Harland-Lang, Rojo 2018]
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Standard Model Prediction of MW

In the SM, the W-boson mass is not input value, but rather non-trivial prediction 

M2
W =

1
2

g2v2tree-level relation

1, the SM Higgs vev v is determined by GF, which is equivalent to the muon lifetime

v ≡ (2 2GF)−1/2 τμ ≡
192π3

m5
μ

I(me, mμ) × G−2
F

2, the gauge coupling g is determined by MZ and αEM

g2 =
M2

Z + MZ M2
Z − 8αEMπv2

v2
M2

W =
M2

Z

2
1 + 1 −

4παEM

2GFM2
Z

1 + 2

M tree SM
W = 80938.7MeV

<latexit sha1_base64="2Znf901iAZUsN7xbuK9U6CuUw2I=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFQkDCjgvEgBL14CUQ0C2Ri6OlUTGPPQneNGIZ8gxd/xYsHRbx68ubf2FkObg8KHu9VUVXPj6XQ6DifVmZqemZ2LjufW1hcWl6xV9dqOkoUhyqPZKQaPtMgRQhVFCihEStggS+h7t+cDv36LSgtovAS+zG0AnYdiq7gDI3UtnfK7fpV6qmAogLwdi/KA3pMi87RfrFwSL1dD+EO0zLUBm077xScEehf4k5InkxQadsfXifiSQAhcsm0brpOjK2UKRRcwiDnJRpixm/YNTQNDVkAupWOXhrQLaN0aDdSpkKkI/X7RMoCrfuBbzoDhj392xuK/3nNBLvFVirCOEEI+XhRN5EUIzrMh3aEAo6ybwjjSphbKe8xxTiaFHMmBPf3y39Jba/g7hf2zg/ypZNJHFmyQTbJNnHJISmRM1IhVcLJPXkkz+TFerCerFfrbdyasSYz6+QHrPcvmzebjA==</latexit>

0.5 GeV heavier than the CDF
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Standard Model Prediction of MW

Loop corrections have been encoded:


Full one and two-loops, and the leading three and four-loops were included


Fitting of EW precision observables are also encoded


The theoretical uncertainty is dominated by the input parameter uncertainty of top 

quark mass 


The subdominant uncertainty comes from the missing higher-order corrections

Δmt = 1.0 GeV(conservative)

[Awramik, Czakon, Freitas, Weiglein, 0311148v3 (2021)]

M2
W =

M2
Z

2
1 + 1 −

4παEM

2GFM2
Z

MSM
W = 80350.5± 7.7MeV

<latexit sha1_base64="ZX+8vtHqpIvq9yeV6jLSUMS69q8=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBBEZNn1QXIRRC9eAoomEbIxzE46ZnBmd5npFcOSf/Dir3jxoIhXL978GycxB18FDUVVN91dYSKFQc/7cMbGJyanpnMz+dm5+YXFwtJyzcSp5lDlsYz1RcgMSBFBFQVKuEg0MBVKqIfXRwO/fgPaiDg6x14CTcWuItERnKGVWoXNSqt+mQVa0bNKn+7Tsrez57l7NEgULbmlYCtAuMWsArV+q1D0XG8I+pf4I1IkI5y0Cu9BO+apggi5ZMY0fC/BZsY0Ci6hnw9SAwnj1+wKGpZGTIFpZsOf+nTdKm3aibWtCOlQ/T6RMWVMT4W2UzHsmt/eQPzPa6TYKTczESUpQsS/FnVSSTGmg4BoW2jgKHuWMK6FvZXyLtOMo40xb0Pwf7/8l9S2XX/H3T7dLR4cjuLIkVWyRjaIT0rkgByTE1IlnNyRB/JEnp1759F5cV6/Wsec0cwK+QHn7RM8Y5tF</latexit>

[de Blas, et al, 2112.07274]
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Electroweak precision fittings [de Blas, Pierini, Reina, Silvestrini, 
2204.04204]

Fitting without the dataGlobal fit

Several 
predictions 
deviate from 
the data

Global fit 
does not 
work for MW
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MW anomaly vs muon g-2 anomaly [Athron, Fowlie, Lu, Wu, Zhu,

 2204.03996]

The 4.2σ muon g-2 anomaly 
could be worsened to 5.1σ 

new MW

Muon g-2 anomaly �↵(5)
had(M

2
Z) =

M2
Z

4⇡2↵
P
Z 1

m2
⇡0

ds

M2
Z � s

�ee!had(
p
s)

<latexit sha1_base64="+QDto2XjWpZB/8orbNaV/K0J3+o="></latexit>

Assuming the 
overall rescaling 
of  , 

the HVP 
contribution to 
the muon g-2 
reduces, and 
tension is 
amplified


σee→had
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New physics?

If new W-boson mass measurement is correct,

it implies the first evidence of 

violation of the electroweak symmetry breaking

https://cds.cern.ch/

0.05% violation of
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New physics

Already, there are O(100) papers on arXiv after new MW data was announced 


Categorized into only three types: [Endo, Mishima, 2204.05965]


Dimension-six operator


The so-called “oblique S parameter”


Dimension-six operator 


The so-called “oblique T parameter”, the most popular scenarios and less constraint


Change the muon lifetime

After the electroweak symmetry 
breaking, these two operators 
produce additional W/Z boson 
mass

This relation is modified by new physics; interesting ideaτμ ≡
192π3

m5
μ

I(me, mμ) × G−2
F
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Oblique corrections

The oblique corrections are defined by the following Lagrangian


Using U(1)em symmetry and using the input values , three free parameters 

remain; S, T and U parameters 

MZ, GF, αEM

ℒ = −
1
2

ΠW3W3(p2)W3μW3
μ −

1
2

ΠBB(p2)BμBμ − ΠW3B(p2)W3μBμ − ΠW+W−(p2)W+μW−
μ

S = 16⇡⇧0NP
W 3B(0)

T =
4⇡

s2W c2W 2M2
Z

⇥
⇧NP

W 3W 3(0)�⇧NP
W+W�(0)

⇤

U = 16⇡
⇥
⇧0NP

W 3W 3(0)�⇧0NP
W+W�(0)

⇤
<latexit sha1_base64="b/6U8Cm6v8PqPu4LReyC3xg/kJ8="></latexit>

p →

[Peskin, Takeuchi, ’90, ‘92]

S =
8sWcW

αEM
v2CHWB

T = −
1

αEM
v2CHD

dim-6 SMEFT language

U is dim-8 operator
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New physics scale

Oblique S parameter                                 s            [Fan, Li, Liu, Lyu, 2204.04805]


1/Λ2 ~ (5—10 TeV)-2  (tree)  but other contributions are required 


 Oblique T parameter                                                 [Strumia, 2204.04191]


1/Λ2 ~ (6 TeV)-2  (tree)  → ~ 1TeV (loop suppressed)


Change the muon lifetime [Endo, Mishima, 2204.05965]


1/Λ2 = (5—8 TeV)-2  (tree) 

[Lu, Wu, Wu, Zhu, 2204.03796]

Positive S & T favored
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Custodial symmetry breaking (~oblique T )

In the extended scalar models, a mass difference between the heavy SU(2) scalar multiplet 

produces a custodial symmetry breaking, leading to the higher W mass

Type-II 2HDM
[Ahn, Kang, Ramos, 2204.06485]

Higgs triplet model
[Kanemura, Yagyu, 2204.07511]

CDF

m2
H++ − m2

H+, m2
H+ − m2

A

tr
ip

le
t v

ev
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Supersymmetry

In the supersymmetric model, several loops contribute to MW. In particular, stop-bottom 

loop gives the leading contribution [Heinemeyer, Hollik, Weiglein, Zeune, 1311.1663]

stop = Scalar supersymmetric partner of top quark

sbottom = Scalar supersymmetric partner of bottom

The lightest stop mass should be around 1TeV

LHC (2013, Run 1) 
bounds are encoded

M exp
W = 80413± 15MeV

<latexit sha1_base64="N/+KNl2zPuc+JasFvxizrqBgDNY=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBSSLiLimmEoI2NoGASIRfD3mZiluzeHbtzknDkL9j4V2wsFLG1s/PfuIkpNPpg4PHeDDPzglgKg6776czMzs0vLGaWsssrq2vruY3NmokSzaHKIxnp64AZkCKEKgqUcB1rYCqQUA96pyO/fgfaiCi8wkEMTcVuQ9ERnKGVWrnCeat+k/paUejHQ3pMy+6Bt0/9WFHv0N/zEfqYnkNt2Mrl3aI7Bv1LvAnJkwkuWrkPvx3xREGIXDJjGp4bYzNlGgWXMMz6iYGY8R67hYalIVNgmun4oyHdtUqbdiJtK0Q6Vn9OpEwZM1CB7VQMu2baG4n/eY0EO+VmKsI4QQj596JOIilGdBQPbQsNHOXAEsa1sLdS3mWacbQhZm0I3vTLf0mtVPT2i6XLg3zlZBJHhmyTHVIgHjkiFXJGLkiVcHJPHskzeXEenCfn1Xn7bp1xJjNb5Bec9y8JVptF</latexit>
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Leptoquark catalogue
Leptoquarks that do not lead to proton decay and can contribute precision measurements 
[LQ* requires additional symmetry that forbids the proton decay, see 1603.04993]

Label Spin Charge R(D(*)) R(K(*)) muon g-2 MW

S1 LQ (*) 0 (3, 1, 1/3) Loop With S3

U1 LQ 1 (3, 1, 2/3) ❌ ❌

R2 LQ 0 (3, 2, 7/6 [1/6]) Loop Small

V2 LQ (*) 1 (3, 2, 5/6) Small Electron Small

S3 LQ (*) 0 (3, 3, 1/3) ❌ ❌ With S1

U3 LQ 1 (3, 3, 2/3) ❌ ❌ ?

—

—

[cf. Angelescu, Bečirević, Faroughy, Jaffredo, Sumensari, 2103.12504; 

Athron, Balazs , Jacob , Kotlarski, Stockinger , Stockinger-Kim, 2104.03691]

—

https://arxiv.org/abs/1603.04993
https://arxiv.org/abs/2103.12504
https://arxiv.org/abs/2104.03691


Proposed new physics scenario
[A. Crivellin, M. Kirk, TK, F. Mescia, 2204.05962]



/ 29Teppei Kitahara (Nagoya Univ.), IBS and KMI Joint Workshop 2022, August 3, 2022, online
A new physics interpretation of the W-boson mass anomaly with B anomaly

22

Vector-like quarks models 1/3
Motivation of vector-like quark models: (vector-like means non-chiral and Left = Right)


1, simple renormalizable extension of the SM


2, connection to the quark flavor physics (unique model predictions)


3, connection to the B anomaly (different long-standing anomaly)


Lagrangian 
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Vector-like quarks models 2/3

Interaction term


W boson mass correction

SM Yukawa (quark-quark SM Higgs)

VL q-quark-SM Higgs

⇠3
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�M2
W / (⇠3)2(yt)2

M2
VLq

<latexit sha1_base64="PjAt6kPVvotuynM49/mVrQtChEI="></latexit>

oblique T 

We found only

U, Q1 and Q7


can explain the 

W mass anomaly

VL q-VL q-SM Higgs is unimportant 

yt
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Vector-like quarks models 3/3

We calculated three vector-like quark models (U, Q1 and Q7 ) 


One-loop matching between UV model and SMEFT (all relevant terms including top and B 

physics), one-loop RGE between UV to EW, and one-loop matching between SMEFT and 

the weak hamiltonian


Both oblique S and T are  produced

S

T with



/ 29Teppei Kitahara (Nagoya Univ.), IBS and KMI Joint Workshop 2022, August 3, 2022, online
A new physics interpretation of the W-boson mass anomaly with B anomaly

25

A result: U vector-like quark model
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tree-level top FCNC:

unique prediction in VL q model

 has been checked, 
but it is irrelevant
b → sγ
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Lepton flavor universality observables R(K) and R(K*) 

R(K(*)) =
BR(B → K(*)μ+μ−)
BR(B → K(*)e+e−)

NP, e.g., Z’ bosonvs.SM

~ 3.1σ below the SM ~ 2.5σ below the SM

R(K)
R(K*)

R(K) ' R(K⇤) ' 1
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SM predictions:

26
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[LHCb, 2003.04831]

2.5 σ, 2.9 σ 3.3 σ

Angular distribution of  [K6] is also deviated at 2.6 σ [LHCb, 1808.00264]Λb → Λμ+μ−

B → K*μ+μ− Bs → ϕμ+μ−

 (not ratio) anomaliesb → sμ+μ−

Bs → μ+μ−

[Altmannshofer, Stangl, 2103.13370;

 Buras, 2205.01118]

2.7 σ

[LHCb, 1506.08777]

Now, no anomaly [CMS, ICHEP2022]
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Final result: U vector-like quark model

B anomaly

favored region

Predicted top FCNC can be probed

by future 100TeV collider
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⇠3
<latexit sha1_base64="AhGBuoL+d4RCtjUp/yBsLVhsueo=">AAACF3icdVBLSwMxGMz6rPW16tFLsAgeZMlua21vRS8eK9gHtMuSTbNtaPZBkhXL0n/hxb/ixYMiXvXmvzF9gYoOBIaZ+ZIv4yecSYXQp7G0vLK6tp7byG9ube/smnv7TRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryh5cTv3VLhWRxdKNGCXVD3I9YwAhWWvJMK+tOL+mIvu9myKpWyqjknCILoYqDypqcIbtqV8fdO+YVx55ZWGTgIgMXGWhrZYICmKPumR/dXkzSkEaKcCxlx0aJcjMsFCOcjvPdVNIEkyHu046mEQ6pdLPpSmN4rJUeDGKhT6TgVP0+keFQylHo62SI1UD+9ibiX14nVUHFzViUpIpGZPZQkHKoYjgpCfaYoETxkSaYCKZ3hWSABSZKV5nXJSx+Cv8nTceyi5ZzXSrULuZ15MAhOAInwAbnoAauQB00AAH34BE8gxfjwXgyXo23WXTJmM8cgB8w3r8A8tqcBg==</latexit>

yt
<latexit sha1_base64="+Ub6GTmeHvhJz6Kgd0V7sXR3Q5Y=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KGW37WJ7K3rxWME+YLuUbJptQ7MPkqywLPsnvPhXvHhQxKvgzX9juu2Cig4Ehpn5ki/jhIwKqeufWmFtfWNzq7hd2tnd2z8oHx71RRBxTHo4YAEfOkgQRn3Sk1QyMgw5QZ7DyMCZXy38wR3hggb+rYxDYnto6lOXYiSVNC5Xk1F2icWnjp3oNaNhGq1GVa+ZZtOs64o0zWaj3U7jsUzH5UqegHkC5glo1PQMFbBCd1z+GE0CHHnEl5ghISxDD6WdIC4pZiQtjSJBQoTnaEosRX3kEWEn2UIpPFPKBLoBV8eXMFO/TyTIEyL2HJX0kJyJ395C/MuzIum27IT6YSSJj5cPuRGDMoCLiuCEcoIlixVBmFO1K8QzxBGWqsiSKiH/Kfyf9OuqqFr9plnpXK7qKIITcArOgQEuQAdcgy7oAQzuwSN4Bi/ag/akvWpvy2hBW80cgx/Q3r8A2UCbew==</latexit>

yt
<latexit sha1_base64="+Ub6GTmeHvhJz6Kgd0V7sXR3Q5Y=">AAACFXicdVBLSwMxGMzWV62vqkcvwSJ4KGW37WJ7K3rxWME+YLuUbJptQ7MPkqywLPsnvPhXvHhQxKvgzX9juu2Cig4Ehpn5ki/jhIwKqeufWmFtfWNzq7hd2tnd2z8oHx71RRBxTHo4YAEfOkgQRn3Sk1QyMgw5QZ7DyMCZXy38wR3hggb+rYxDYnto6lOXYiSVNC5Xk1F2icWnjp3oNaNhGq1GVa+ZZtOs64o0zWaj3U7jsUzH5UqegHkC5glo1PQMFbBCd1z+GE0CHHnEl5ghISxDD6WdIC4pZiQtjSJBQoTnaEosRX3kEWEn2UIpPFPKBLoBV8eXMFO/TyTIEyL2HJX0kJyJ395C/MuzIum27IT6YSSJj5cPuRGDMoCLiuCEcoIlixVBmFO1K8QzxBGWqsiSKiH/Kfyf9OuqqFr9plnpXK7qKIITcArOgQEuQAdcgy7oAQzuwSN4Bi/ag/akvWpvy2hBW80cgx/Q3r8A2UCbew==</latexit>

tree-level top FCNC:

unique prediction in VL q model
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Conclusion

New W mass measurement from CDF is inconsistent at 3σ level with the other colliders 


Conservatively, the tension could become 3σ level between average of data vs. SM


Future electron colliders (ILC/CEPC/FCC-ee) are required to crosscheck [  precision]


Many new physics models have been proposed; can be categorized into only three types


2HDM, HTM, Supersymmetry work well


TeV scale vector-like quark can explain the MW as well as B anomaly (our work), predicting 

unique signal in top FCNC decays

𝒪(1) MeV


