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’blue-band’ plots 0509008

Higgs mass?

1. Higgs Era
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1. Higgs Era
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1. Higgs Era

1902.00134, CepedaMh=125 GeV
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2. Beyond Higgs

Topics

Light Higgs Boson?

New Resonance?

B anomalies?

Muon g-2?

CDF-II W mass?
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2. Beyond Higgs

“Light Higgs boson? ”
0306033

∼ 98 GeV, 2.3σ

1811.08459, Sirunyan CMS PAS HIG-21-001 

∼ 96 GeV, 3σ ∼ 95 GeV, 2.6σ

4-jets
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2. Beyond Higgs

“ A new resonance? ”

~3.8 σ 

∼ 650 GeV 

∼ 90 GeV 

CMS-PAS-HIG-21-011
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2. Beyond Higgs

“ A new resonance? ”
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2. Beyond Higgs

“ Muon g-2? ”

10th of August, 2023

https://muon-g-2.fnal.gov/
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2. Beyond Higgs

“ Overweight W mass ?” April 8, 2022

Science, 2022, CDF-II

Questions:
Higher order ✓
PDF ✓
Width ✓
Generator
Detector
New Physics
…

May 6, 2022 A key parameter in the EW fits
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Weak theory
…
1961：Glashow, IVB Z boson
1964：Salam and Ward,  EW and W boson mass 
1967：Weinberg, EW and W/Z boson masses
…

1979 Nobel Prize

3. W mass

1983, UA1+2 Collab：
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(world average)

13.5 MeV sys. shift 

2204.03996, Athron, Fowlie, Lu, Wu, Wu, Zhu

* iterative calculation

mz Pure weak Corr.

1-loop [1980],

2-loop level [1987-2002, QCD, EW], 

leading 3- and 4-loop corrections [1994–2005],

unknown higher-order corrections [2003, 2021 updated],

0311148, Awramik, Czakon, Freitas, Weiglein

3. W mass



2. EW Fits and NP Hints

Three important questions:
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Internal Consistency of the SM？

New Physics Scale？

Possible New Physics Models？

2204.03796, Lu, Wu, Wu, Zhu
2204.03996, Athron, Fowlie, Lu, Wu, Wu, Zhu
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2. EW Fits and NP Hints

0311148, Awramik, Czakon, Freitas, Weiglein

MW correlates

positively with mt and MZ

negatively with α(MZ) and αs(MZ) 

Internal Consistency of the SM :
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2. EW Fits and NP Hints

Internal Consistency of the SM :

Muon g-2 and W mass 

pull the physics in opposite directions
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Oblique Parameters:

PRD 46 (1992) 381-409, Peskin and Takeuchi

Ø Exception-1: NP is comparatively light.

Ø Exception-2: NP is comparatively large, but the low-
energy measurements become sufficiently accurate.

9306267, Maksymyk, Burgess, London

2. EW Fits and NP Hints
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S, T and U:

due to W width in fits

favor positive

2. EW Fits and NP Hints

2204.03796, Lu, Wu, Wu, Zhu
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New Physics scale:

T parameter S parameter U parameter

Λ ∼ 10 TeV
pert. couplings

Λ ∼ 0.1 TeV
pert. couplings

2. EW Fits and NP Hints



= 1 
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How to make T larger:

(higher Higgs representations: Triplet etc)

NP @ tree-level

NP @ loop-level

( new particles: 2HDM etc)

2. EW Fits and NP Hints

(tree level)



2023/12/15 Seminar @ USTC 19

How to make S and U larger:
e.g. multiplet scalarsPRD 49 (1994) 1409-1416, Lavoura and Li

2. EW Fits and NP Hints

J=1 T

S

U

T

U

S

J=3 J=5

T

U

S

high isospin, light states
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3. Inert 2HDM

i2HDM:

Discrete Z2 symmetry (H1 → H1 and H2 → −H2) 

PRD 18 (1978) 2574, Deshpande, Ma 

2204.03693, Fan, Tang, Sming, Wu
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Oblique Parameter

3. Inert 2HDM

S

H+/- /A

A/H+/-

“Spectrum”
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Relic Density of DM

S

S

S

S

S

S

S

S

S

S

S S

A H+

3. Inert 2HDM

x
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Direct Detection

Higgs invisible decay

3. Inert 2HDM
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LHC signatures:

2 leptons+missing ET

mono-jet

multi-jet+missing ET

3. Inert 2HDM
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T parameter SA Coannihilation

3. Inert 2HDM
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Direct Detection LHC Indirect Detection

It is very predictive, and can be tested soon!

3. Inert 2HDM
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4. Summary

Thank you!
Welcome to NNU ØTheory (18+2)

Heavy Flavor: 肖振军、郭立波、朱瑞林、邢志鹏
Hadron Physics：平加伦、何军、黄虹霞、何秉然、黄琦
New Physics： 武雷、Peter Arthon、吴永成、卢致廷、Ariel Arza

+ Andrew Fowlie、祝斌
QCD Physics： 王琦、黄日俊、刘宁、金立刚

ØExperiment (4)
BESIII： 钟彬、张敬庆
CMS： 易凯、张敬庆、Gary Baur
Belle II：易凯、钟彬
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Backup



2023/12/15 Seminar @ USTC 29

1. Higgs Era

Higgs Era: Precision Measurements and New Physics

2209.07510, Dawson et al.
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May 6, 2022 ~6𝜎
Questions:
Higher order ✓
PDF ✓
Width ✓
Generator
Detector
New Physics
…

B1. W mass status and future

HL-LHC: 5 MeV CEPC: 1 MeV



(world average)

13.5 MeV sys. shift 

What is experimentally measured? 
• LEP: e+e- -> W+ W- in the continuum and at threshold (small
amount of data);
• Tevatron/LHC: transverse mass distribution
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2204.03996, Athron, Fowlie, Lu, Wu, Wu, Zhu

* iterative calculation

mz Pure weak Corr.

α is extracted from low-energy experiments,
GF is extracted from the muon lifetime,
mZ is measured from e+e− annihilation near the Z mass,
∆r is radiative corrections.
1-loop [1980],
2-loop level [1987-2002, QCD, EW], 
leading 3- and 4-loop corrections [1994–2005],
unknown higher-order corrections [2003, 2021 updated],



scale dependence of α 

2023/12/15 Seminar @ USTC 32

New Physics

(1) parity violation effects in
electron scattering;

(2) atomic parity violation (weak
charge), Lamb shift

(3) electron and muon magnetic
moments



Strength of the ratio of NC to CC at
zero–momentum transfer in DIS

(=1, Custorial symmetry)

(other Higgs representations)

New Physics

(1) non-degenerate SU(2) doublet :
2HDM, SUSY, vector-like fermion…

(2) heavy Zʹ bosons

(3) Other higher representations
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9306267, Maksymyk, Burgess, London

U only contributes to W mass and width

B2. EW fit



EW Global Fitting

• SM is well-known to explain our nature extremely well
• Global Fitting is a way to quantitatively show above statement
• In the fitting
• Varying the independent input parameters of a model
• Calculating observables
• Comparing with measurements
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EW Global Fitting 
• Input Parameters for SM
• Fixed:

• 𝐺! = 1.1663787×10"#

• 𝑚$, 𝑚%, 𝑚& (MSbar)
• Free in Fitting

• 𝑚', 𝑚(, 𝑚), -𝑚*, -𝑚+

• Δ𝛼',%
(#) , 𝛼&

• All other parameters/observables can be expressed 
in terms of above parameters.

• 𝑀#
$ = %!

"

$
1 + 1 − &'( )*+,

-#%!"

• Etc.
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EW Observables

• Z resonance parameters:
• 𝑀., Γ.
• 𝜎(𝑒/𝑒* → 𝑍 → ℎ𝑎𝑑𝑟𝑜𝑛)

• Partial Z cross section
• 𝑅ℓ1, 𝑅21 , 𝑅31

• Neutral current couplings
• sin 𝜃455ℓ

• 𝐴ℓ, 𝐴2, 𝐴3
• 𝐴67

1,ℓ , 𝐴67
1,2 , 𝐴67

1,3

• W-boson parameters
• 𝑀#, Γ#

• Higgs parameter
• 𝑚9

• Misc
• 𝑚:, 𝑚3, 𝑚2

• 𝛼;, 𝛼 Δ𝛼9<=
>
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EW Global Fitting in GFitter
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EW Global Fitting Individual Result
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• 𝑚0
• There is huge deviation between 
• CDF measurement and SM prediction
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EW Global Fitting Individual Result
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• Higgs Mass

• Dominated by Current Measurement
• CDF Measurement prefer much lighter Higgs 
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EW Global Fitting Individual Result
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• Δ𝛼123
(5)

• Is also important for g-2 interpretation
• CDF prefer lower value which will enlarge the g-2 deviation
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EW Global Fitting Individual Result
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• 𝑚7 , 𝑚8
• Fitting w/ CDF measurement prefer larger value
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~ 0.5 MeV precision wrt exact formulae

MW correlates

positively with mt and MZ

negatively with α(MZ) and αs(MZ) 

2. EW Precision Fits and NP Hints

0311148, Awramik, Czakon, Freitas, Weiglein



Oblique Parameters
• New CDF measurement worse the SM global fitting
• New Physics can be parameterized through 
• its correction to the self-energy of gauge bosons

𝑚#
$ = 𝑚#

?% $
1 −

𝛼𝑆
2 𝑐@$ − 𝑠@$

+
𝑐@$𝛼𝑇
𝑐@$ − 𝑠@$

+
𝛼𝑈
4𝑠@$
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Fitting with S/T/U
• Fitting with S/T/U
• Need larger U

• Fix U = 0
• S and T are significantly deviated from 0
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“light higgs”



Fitting with S/T/U

°0.1 0.0 0.1 0.2 0.3
S
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202
1

CDF 202
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Fixed U = 0

• Most BSM has 𝑈 ≈ 0
• Large correction to 

S/T is needed
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B3. EW Fit and Muon g-2
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Muon g-2:
∆𝛼!"#

$ 𝑒𝑤 = ∆𝛼!"#
$ 𝑒%𝑒& ∗

𝛿𝑎'()* (𝑒𝑤)
𝛿𝑎'()*(𝑒%𝑒&)

2204.03996, Athron, Fowlie, Lu, Wu, Wu, Zhu

Relationship:
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From Dong Liu’s 
Slides @LP2021

EW fit



The time-like and space-like master formulae for              and  

1. Time-like : Using for                               data calculations 

1. Space-like : Using for lattice QCD calculations

52



A summary for            form data-driven and lattice QCD calculations

53



The problem to compare             form data-driven and lattice QCD

1. The           is calculated at the scale MZ for five quark flavors from data-
driven method with  

2. However, we don’t have enough informaiton for           from lattice QCD 
side.

KNT, DHMZ

For example, 
using the whole energy range project 
[proj(∞)] :

54



The 3rd way to extract            : Global Electrowek Fits

Then, how to transform the information between           and           ?
Here we consider the whole energy range projection.

GFitter
P.Athron, A.Fowlie, C.T.Lu., L.Wu, Y.C.Wu, B.Zhu
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Using Global EW Fits to extract            : Low energy projection

For the case of low energy projection,             is shrunk, but            is 
enlarged after the transformation compared with the whole energy 
range projection.

GFitterP.Athron, A.Fowlie, C.T.Lu., L.Wu, Y.C.Wu, B.Zhu

56



Three various projections between             and        

1. According to Crivellin:2020zul, there are three different hypotheses for the projection between 

and               :           

(Hypothesis : The part above the upper energy threshold is the same as data driven one and the uniform scaling is 
applied.)

1. Open questions : (1) Which projection should be preferred ? 

(The low energy projection agrees better with BMWc restuls.)

(2) Can we go beyond the uniform scaling (energy independent) hypothesis ?

(1) Low energy for the sum of exclusive channels : 
(2) Energy below the perturbative contributions : 
(3) The whole energy range :  

57



The impact to muon g-2 from the global EW fits

The EW fits from indirect and BMWc inputs go into opposite 
direction compared with the one fromm e+e- input.

P.Athron, A.Fowlie, C.T.Lu., L.Wu, Y.C.Wu, B.Zhu

58



P.Athron, A.Fowlie, C.T.Lu., L.Wu, Y.C.Wu, B.Zhu
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2HDM (alignment):

making a global SU(2) transformation in the scalar space spanned by the two doublets, it is always 
possible to work in the so-called Higgs basis, 

0207010, Gunion and Haber

B4. 2HDM
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2HDM (alignment):

Alignment limit: Higgs base = Mass base
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2HDM (alignment):

Negative T

Negative TNegative S

2022.03796, Lu, Wu, Wu, Zhu
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2HDM (alignment):

H
A

H+/-

“Spectrum”

1906.09101, Aiko, Kanemura, Mawatari
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2HDM (inert):
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Monash U.

PMO


