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INTRODUCTION

INTRODUCTION

• Summarize our quantitative knowledge of SM in terms 

of the Lagrangian parameters
•  renormalization scheme and Landau gauge
•  (Standard Model in Dimensional Regularization)
• Interpolation formulas
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INTRODUCTION

WHAT IS ?

• A public computer code library which does state-of-the-art 

calculations relating the  inputs to on-shell observables.
• All known multi-loop contributions to the physical masses of 

the Higgs boson, the W and Z bosons, and the top quark, the 
fine structure constant and weak mixing angle, and the 
renormalization group equations and threshold matching 
relations for the gauge couplings, fermion masses, and 
Yukawa couplings.

𝚂𝙼𝙳𝚁

MS
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 can be downloaded from: [https://www.niu.edu/spmartin/SMDR/]𝚂𝙼𝙳𝚁

Ref: arXiv:1907.02500 

https://www.niu.edu/spmartin/SMDR/
https://arxiv.org/abs/1907.02500
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 can be downloaded from: [https://www.niu.edu/spmartin/SMDR/]𝚂𝙼𝙳𝚁

https://www.niu.edu/spmartin/SMDR/
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LOOP CALCULATION OF Mh
The Higgs squared pole mass  can be obtained fromMh
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 does similar calculations at 2 loops and beyond.𝚂𝙼𝙳𝚁
Ref : arXiv:1407.4336 

https://arxiv.org/abs/1407.4336


INTRODUCTION (CONTINUED)

WHY NOT JUST USE ?

• Long Computational Times
• For instance, it took 6 hours (on the NICADD cluster) to 

produce 100 values to make a plot of  vs  (shown later)
• Not having access to a machine that runs  
• Learning Curve for 
• Interpolation formulas give the "error budget" for the 

parameters. Know exactly how each input parameter 
affects each output parameter, as a number.

𝚂𝙼𝙳𝚁

λ Mt

𝚂𝙼𝙳𝚁
𝚂𝙼𝙳𝚁
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INTERPOLATION FORMULAS 7

INTERPOLATION FORMULAS
• We evaluate the  Lagrangian parameters at 200 GeV
• 200 GeV is chosen since it is safely above 
• Can be scaled using renormalization group equations
• The parameters which will be our outputs include:

MS
Mt

Higgs sector: 
gauge couplings: 
quark Yukawa couplings: 
lepton Yukawa couplings: 

λ, m2,
g3, g, g′￼,

yt, yb, yc, ys, yu, yd,
yτ, yμ, ye .
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INTERPOLATION FORMULAS
The quantities that are in the most direct correspondence to the 
Lagrangian parameters and which will be our inputs include:

fine-structure constant:  = 1/137.035999084 . . .  and 

Fermi decay constant: 
5-quark QCD coupling: 
heavy particle physical masses: 
running light quark masses: 

lepton pole masses: 

α Δα(5)
had(MZ)

GF

Δα(5)
s (MZ)

Mt, Mh, Mz, MW

mb(mb), mc(mc), ms(2GeV), mu(2GeV), md(2GeV)
Mτ, Mμ, Me

Values taken from RPP (Review of Particle Physics)
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INTERPOLATION FORMULAS
We define a set of benchmark on-shell inputs:

α0 = 1/137.035999084, Δα(5)
had(MZ)0 = 0.027660,

GF0 = 1.1663787 × 10−5, α(5)
S0 (MZ) = 0.1179,

Mt0 = 172.5 GeV, Mh0 = 125.25 GeV, MZ0 = 91.1876 GeV,
mb(mb)0 = 4.18 GeV, mc(mc)0 = 1.27 GeV, ms(2 GeV)0 = 93 MeV,
mu(2 GeV)0 = 2.16 MeV, md(2 GeV)0 = 4.67 MeV,
Mτ0 = 1.77686 GeV, Mμ0 = 0.1056583745 GeV,
Me0 = 0.5109989461 MeV

Values taken from RPP (Review of Particle Physics)
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INTERPOLATION FORMULAS
We next define the following dimensionless quantities: 

Most contribution. 

δZ = (MZ − MZ0)/(0.001 GeV),
δt = (Mt − Mt0)/(1 GeV),
δh = (Mh − Mh0)/(0.1 GeV),

δS = 1000 [α(5)
S (MZ) − α(5)

S0 (MZ)],

δa = 104 [Δα(5)
had(MZ) − Δα(5)

had,0(MZ)] .
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INTERPOLATION FORMULAS
For our data set, we formed a grid of 
inputs by taking all possible combinations of 5 different 
values of the 5 on-shell experimental quantities, , , 

,   and  when it came to finding 
interpolation formulas for , , , , ,  g' and .

The 5 different values were chosen by varying the values 
in  by increments of 2.5 times the experimental 
uncertainty  both in the positive and negative directions.

N = 55 = 3125

MZ Mt
Mh α(5)

S (MZ) Δα(5)
had(MZ)

MW λ m2 g3 g yt

δk
σ
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INTERPOLATION FORMULAS
When it came to the creating a data set for the other 
parameters, namely the Yukawa couplings of light quarks 
and leptons, we formed a grid  inputs.

We took all possible combinations of 3 different values 
of the 5 on-shell experimental quantities and 5 different 
values of the respective masses.

35 × 5 = 1215
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INTERPOLATION FORMULA FOR THE -BOSON MASSW

Reproduces the results of  to better than 0.1 MeV, 
which is much smaller than the current theoretical and 
experimental uncertainties

MW = MW0 (1 + ct
MW

δt + cZ
MW

δZ + ca
MW

δa + cS
MW

δS + ch
MW

δh + ctt
MW

δ2
t )

ct
MW

= 7.61 × 10−5, cZ
MW

= 1.56 × 10−5, ca
MW

= − 2.29 × 10−5,

cS
MW

= − 8.8 × 10−6, ch
MW

= − 5.9 × 10−7, ctt
MW

= 1.3 × 10−7 .

𝚂𝙼𝙳𝚁
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INTERPOLATION FORMULA FOR THE -BOSON MASSW
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INTERPOLATION FORMULA FOR λ

Where, f = b, c, s, u, d, , , e

Δf =
mf

mf0
− 1

τ μ

ΔGF
=

GF

GF0
− 1
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INTERPOLATION FORMULA FOR λ

Agrees to better than  fractional precision in 10−6 λ
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INTERPOLATION FORMULA FOR λ

The time taken by SMDR to produce 100 values for the  vs  plot
= 6.3 hours

λ Mt
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INTERPOLATION FORMULA FOR g3

Agrees to better than  fractional precision10−5



INTERPOLATION FORMULAS 19

INTERPOLATION FORMULA FOR g3
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CONCLUSION
• Help satisfy basic curiosity about the fundamental 

parameters of the Standard Model
• Help in matching to various candidate ultra-violet 

completions of the Standard Model, 
• The results also can be viewed as providing the 

parametric error budget for the defining couplings of 
the Standard Model Lagrangian. 

THANK YOU!


