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We describe a measurement of the W boson mass mW using 200 pb!1 of
ffiffiffi
s

p ¼ 1:96 TeV p !p collision

data taken with the CDF II detector. With a sample of 63 964 W ! e! candidates and 51 128 W ! "!
candidates, we measure mW ¼ ½80:413$ 0:034ðstatÞ $ 0:034ðsysÞ ¼ 80:413$ 0:048' GeV=c2. This is

the single most precise mW measurement to date. When combined with other measured electroweak

parameters, this result further constrains the properties of new unobserved particles coupling to W and Z
bosons.
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I. INTRODUCTION

The discovery of the W and Z bosons in 1983 [1]
confirmed a central prediction of the unified model of
electromagnetic and weak interactions [2]. Initial W and
Z boson mass measurements verified the tree-level predic-
tions of the theory, with subsequent measurements probing
the predicted Oð3 GeV=c2Þ [3,4] radiative corrections to
the masses. The current knowledge of these masses and
other electroweak parameters constrains additional radia-
tive corrections from unobserved particles such as the
Higgs boson or supersymmetric particles. These con-
straints are however limited by the precision of the mea-
suredW boson mass mW , making improved measurements
of mW a high priority in probing the masses and electro-
weak couplings of new hypothetical particles. We describe
in this article the single most precise mW measurement [5]
to date.

The W boson mass can be written in terms of other
precisely measured parameters in the ‘‘on-shell’’ scheme
as [4]
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where $EM is the electromagnetic coupling at the renor-
malization energy scale Q ¼ mZc

2, GF is the Fermi weak
coupling extracted from the muon lifetime, mZ is the Z
boson mass, and "r includes all radiative corrections.
Fermionic loop corrections increase the W boson mass
by terms proportional to lnðmZ=mfÞ for mf ( mZ [4],
while the loop containing top and bottom quarks (Fig. 1)
increases mW according to [6]
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where the second and third terms can be neglected since
mt * mb. Higgs loops (Fig. 2) decrease mW with a con-
tribution proportional to the logarithm of the Higgs mass
(mH). Contributions from possible supersymmetric parti-
cles are dominated by squark loops (Fig. 3) and tend to
increase mW . Generally, the lighter the squark masses and
the larger the squark weak doublet mass splitting, the larger
the contribution to mW . The total radiative correction from
supersymmetric particles can be as large as several hun-
dred MeV=c2 [7].
Table I [8] shows the change in mW forþ1% changes in

the measured standard model input parameters and the
effect of doubling mH from 100 GeV=c2 to 200 GeV=c2.
In addition to the listed parameters, a variation of
$1:7 MeV=c2 on the predicted mW arises from two-loop
sensitivity to $s, e.g. via gluon exchange in the quark loop
in Fig. 1. Theoretical corrections beyond second order,
which have yet to be calculated, are estimated to affect
the mW prediction by $4 MeV=c2 [8].
The uncertainties on themW prediction can be compared

to the 29 MeV=c2 uncertainty on the world average from
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FIG. 1. The one-loop contribution to the W boson mass from
top and bottom quarks.
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FIG. 2. Higgs one-loop contributions to the W boson mass.
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FIG. 3. One-loop squark contributions to the W boson mass.
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Overview

First priority: measure and calculate mW in  
the SM to <5 MeV

Second priority: study implications for physics  
beyond the SM

Discuss here two cases:  
an effective field theory (EFT) and the phenomenological MSSM (pMSSM)

EFT: general framework for describing perturbative physics at a high scale

pMSSM: well-motivated class of models with TeV-scale particles
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SM effective field theory

Parametrize high-scale physics in powers of inverse scale of effective operators

For example: cWWZ (v2/ΛNP2)(Wμν Wνρ Zρμ)

Dimension-6 
 operatorSuppression from  

scale hierarchy
Dimensionless  

effective coupling

76 operators conserving baryon number (one generation) 
2499 operators for three generations 
4 operators violating baryon number conservation

One operator violating lepton  
number conservation

Equations of motion reduce number of dimension-6 operators from 76 to 59
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Dimension-6 SM EFT

Operators fall into categories: (1)  Four-fermion operators: 21 
(2)  Gluon self-interaction operators: 3 
(3)  Higgs and electroweak operators: 35

(SILH basis)

Chapter II.2. EFT Formalism 287

The tree-level relations between the input observables and the electroweak parameters are given by:

GF =
1p
2v2

, ↵ =
g2g02

4⇡(g2 + g02)
, mZ =

p

g2 + g02v

2
, m2

h = 2�v2. (II.2.4)

We demand that the dimension-6 operators O(6)
i in Eq. (II.2.2) form a complete, non-redundant

set - a so-called basis. Complete means that any dimension-6 operator is either a part of the basis or
can be obtained from a combination of operators in the basis using equations of motion, integration
by parts, field redefinitions, and Fierz transformations. Non-redundant means it is a minimal such set.
Any complete basis leads to the same physical predictions concerning possible new physics effects.
Several bases have been proposed in the literature, and they may be convenient for specific applications.
Historically, a complete and non-redundant set of D=6 operators was first identified in Ref. [614], and
is usually referred to as the Warsaw basis. This basis is described in detail in Section II.2.3., and the
relevant formulas are summarized in Appendix A of Ref. [621]. Below, we work with another basis
choice commonly used in the literature: the so-called SILH basis [464]. Later, in Section. II.2.1.d, we
propose a new basis choice that is particularly convenient for leading-order LHC Higgs analyses in the
EFT framework.

Table 97: Bosonic D=6 operators in the SILH basis.
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The full set of operators in the SILH basis is given in Tables 97, 98, and 99. We use the normal-
ization and conventions of Ref. [464].II.4

II.4In Ref. [464] it was assumed that the flavour indices of fermionic D=6 operators are proportional to the unit matrix.
Generalizing this to an arbitrary flavour structure, one needs to specify flavour indices of the operators [OH`], [O0

H`], [O``] and
[O0

uu] which are absent in the SILH basis to avoid redundancy. Here, for concreteness, we made a particular though somewhat
arbitrary choice of these indices.
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Table 98: Two-fermion dimension-6 operators in the SILH basis. They are the same as in the Warsaw basis, except
that the operators [OH`]11, [O0

H`]11 are absent by definition. We define �µ⌫ = i[�µ, �⌫ ]/2. In this table, e, u, d

are always right-handed fermions, while ` and q are left-handed. For complex operators the complex conjugate
operator is implicit.

Vertex

[OH`]ij
i

v2
¯̀
i�µ`jH† !DµH

[O0
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i�k�µ`jH†�k !DµH
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i

v2 ēi�µējH† !DµH

[OHq]ij
i

v2 q̄i�µqjH† !DµH

[O0
Hq]ij

i
v2 q̄i�k�µqjH†�k !DµH

[OHu]ij
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v2 ūi�µujH† !DµH

[OHd]ij
i

v2 d̄i�µdjH† !DµH

[OHud]ij
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p
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v q̄i�kH�µ⌫djW k
µ⌫
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p
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v q̄iH�µ⌫djBµ⌫

II.2.1.c Effective Lagrangian of mass eigenstates
In Section. II.2.1.b we introduced an EFT with the SM supplemented by D=6 operators, using a man-
ifestly SU(2) ⇥ U(1) invariant notation. At that point, the connection between the new operators and
phenomenology is not obvious. To relate to high-energy collider observables, it is more transparent to ex-
press the EFT Lagrangian in terms of the mass eigenstates after electroweak symmetry breaking (Higgs
boson, W , Z, photon, etc.). Once this step is made, only the unbroken SU(3)c ⇥ U(1)em local symme-
try is manifest in the Lagrangian. Moreover, to simplify the interaction vertices, we will make further
field transformations that respect only SU(3)c⇥U(1)em. Since field redefinitions do not affect physical
predictions, the gauge invariance of the EFT we started with ensures that observables calculated using
this mass eigenstate Lagrangian are also gauge invariant. This is possible because the full SU(2)⇥U(1)
electroweak symmetry is still present, albeit in a non-manifest way, in the form of non-trivial relations be-
tween different couplings of mass eigenstates. Finally, for the sake of calculating observables beyond the
tree-level one needs to specify the gauge fixing terms. Again, the gauge invariance of the starting point
ensures that physical observables are independent of the gauge fixing procedure. Below we only present
the Lagrangian in the unitary gauge when the Goldstone bosons eaten by W and Z are set to zero, which
is completely sufficient to calculate LHC Higgs observables at tree level; see Appendix C of Ref. [621]
for a generalization to the R⇠ gauge.

In this section we relate the Wilson coefficients of dimension-6 operators in the SILH basis to the
parameters of the tree-level effective Lagrangian describing the interactions of the mass eigenstates. The
analogous relations can be derived for any other basis; see Appendix A of [621] for the map from the
Warsaw basis. The form of the mass eigenstate Lagrangian obtained directly by inserting the Higgs VEV
and eigenstates into Eq. (II.2.2) is not convenient for practical applications. However, at this point one is
free to make the following redefinitions of fields and couplings in the Lagrangian:

Ga
µ ! (1 + �G)Ga

µ, W±
µ ! (1 + �W )W±

µ , Zµ ! (1 + �Z)Zµ, Aµ ! (1 + �A)Aµ + �AZZµ,
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Table 98: Two-fermion dimension-6 operators in the SILH basis. They are the same as in the Warsaw basis, except
that the operators [OH`]11, [O0

H`]11 are absent by definition. We define �µ⌫ = i[�µ, �⌫ ]/2. In this table, e, u, d

are always right-handed fermions, while ` and q are left-handed. For complex operators the complex conjugate
operator is implicit.
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Oblique corrections and EFT
Historical parametrization of new physics in electroweak propagators: S, T, U

S, T related to dimension-6 operators; U related to dimension-8 operator

J
H
E
P
0
3
(
2
0
1
5
)
1
5
7

Figure 1. Results of a χ2 analysis of ST parameters in EWPTs using the expansion formalism
of [106]. The dotted, dashed and solid contours denote the regions allowed at the 68%, 95%, and
99% CL, respectively, which may be compared with those of [109].

while those that affect the leptonic and hadronic Z-pole measurements directly through

modifications to the gauge boson-fermion couplings are

Ldim-6 ⊃
∑

fL

⎛

⎝ c̄fL
v2

OfL +
c̄(3)fL

v2
O(3)

fL

⎞

⎠+
∑

fR

c̄fR
v2

OfR .

The sum is over the left-handed lepton and quark doublets, fL ≡ LL, QL, and right-handed

lepton and quark singlets, fR ≡ eR, uR, dR, and we assume minimal flavour violation. The

Fermi constant GF defined by the muon lifetime, which we take as an input observable, is

modified by c̄(3)fL
as well as the four-fermion operator O(3)l

LL :

Ldim-6 ⊃
c̄(3)lLL

v2
O(3)l

LL .

We note that the coefficients are defined such that

c̄ ≡ c
M2

Λ2
, (2.6)

where M ≡ v,mW depending on the operator normalization, and c ∼ g2NP is a coefficient

proportional to a new physics coupling gNP defined at the scale M . These are related to

the coefficients at the new physics scale through RGE equations [110–117].

These operators form a redundant basis that is reducible through field redefinitions,

or equivalently the equations of motion, that have no effect on the S-matrix [44–49]. Fol-

lowing [88], we may eliminate the operators OLL ,O
(3)
LL

that affect the left-handed leptonic

Z couplings, and the operators O2W ,O2B,O2G corresponding to the Y,W and Z parame-

ters [101, 102] in the generalization of the universal oblique parameters.6 The coefficients

6The U, V and X parameters correspond to higher-dimensional operators.

– 7 –

5

Individual constraint: 
 0 < cT < 0.002 

Global fit constraint:  
|cT| < 0.004

gNP

ΛNP

0.39
0.1

3.9 39

1

10
Excluded
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Traditional constraints from 
mZ (S), ΓZ (T), mW (U)

Use mZ as an input:  
Individual impact of mW not clear



Phenomenological MSSM

Supersymmetry the best motivated model for TeV-scale physics 
Must search systematically and exhaustively

Phenomenological MSSM defines free parameters broadly consistent with existing constraints 
A number of dedicated studies probe the available parameter space

ATLAS combined Run 1 direct searches with 
Higgs measurements to exclude models 
defined by scanning 19 parameters up to 

mass scales of 4 TeV

J
H
E
P
1
0
(
2
0
1
5
)
1
3
4

Parameter Min value Max value Note

mL̃1
(= mL̃2

) 90GeV 4TeV Left-handed slepton (first two gens.) mass

mẽ1(= mẽ2) 90GeV 4TeV Right-handed slepton (first two gens.) mass

mL̃3
90GeV 4TeV Left-handed stau doublet mass

mẽ3 90GeV 4TeV Right-handed stau mass

mQ̃1
(= mQ̃2

) 200GeV 4TeV Left-handed squark (first two gens.) mass

mũ1(= mũ2) 200GeV 4TeV Right-handed up-type squark (first two gens.) mass

md̃1
(= md̃2

) 200GeV 4TeV Right-handed down-type squark (first two gens.) mass

mQ̃3
100GeV 4TeV Left-handed squark (third gen.) mass

mũ3 100GeV 4TeV Right-handed top squark mass

md̃3
100GeV 4TeV Right-handed bottom squark mass

|M1| 0GeV 4TeV Bino mass parameter

|M2| 70GeV 4TeV Wino mass parameter

|µ| 80GeV 4TeV Bilinear Higgs mass parameter

M3 200GeV 4TeV Gluino mass parameter

|At| 0GeV 8TeV Trilinear top coupling

|Ab| 0GeV 4TeV Trilinear bottom coupling

|Aτ | 0GeV 4TeV Trilinear τ lepton coupling

MA 100GeV 4TeV Pseudoscalar Higgs boson mass

tan β 1 60 Ratio of the Higgs vacuum expectation values

Table 2. Scan ranges used for each of the 19 pMSSM parameters. Where the parameter is written
with a modulus sign both the positive and negative values are permitted. In the above, “gen(s)”
refers to generation(s).

is when decays proceed via virtual heavy sparticles, when increasing that sparticle mass

would lead to further suppression of those decays. A larger range is permitted for |At|, a
parameter which affects loop corrections to the mass of the the Higgs boson. The larger

range increases the fraction of model points having the mass of the lightest Higgs boson

close to the measured value.

Given the large dimensionality of the pMSSM, a grid sampling technique at regular

intervals is impractical. The space is therefore sampled by choosing random values for each

parameter. It should be noted that in many cases only some of the parameters are relevant

for a given observable, in which case the scan is effectively more comprehensive within the

subspace of relevant parameters. The value of each parameter is chosen from a flat probabil-

ity distribution, with lower and upper bounds given in table 2. The lower and upper limits

of the parameter ranges are chosen to avoid experimental constraints and to give a high den-

sity of model points with masses at scales accessible by the LHC experiments, respectively.

Condition iv imposes the constraints that the soft mass terms for the second generation

are equal to those in the first, as shown in table 2. This means, for example, that ũL and

c̃L have the same soft mass term in the Lagrangian so that their physical masses are very

close. Furthermore the scalar partners of the left-handed fermions, such as ẽL and ν̃eL ,

have the same soft mass due to SU(2)L invariance, but D-terms related to electroweak

symmetry breaking split their mass-squared values by O(m2
W ).

– 9 –

J
H
E
P
1
0
(
2
0
1
5
)
1
3
4

Parameter Minimum value Maximum value

∆ρ −0.0005 0.0017

∆(g − 2)µ −17.7× 10−10 43.8× 10−10

BR(b → sγ) 2.69× 10−4 3.87× 10−4

BR(Bs → µ+µ−) 1.6× 10−9 4.2× 10−9

BR(B+ → τ+ντ ) 66× 10−6 161× 10−6

Ωχ̃0
1
h2 — 0.1208

Γinvisible(SUSY)(Z) — 2MeV

Masses of charged sparticles 100GeV —

m(χ̃±
1 ) 103GeV —

m(ũ1,2, d̃1,2, c̃1,2, s̃1,2) 200GeV —

m(h) 124GeV 128GeV

Table 3. Constraints on acceptable pMSSM points from considerations of precision electroweak
and flavour results, dark matter relic density, and other collider measurements. A long dash (—)
indicates that no requirement is made. Further details may be found in the text.

Once each of the 19 parameters has been chosen, a variety of publicly available soft-

ware packages are used to calculate the properties of each model point, as described in

appendix A. In some cases the software is modified to produce accurate results for the

wide range of models found in the pMSSM scan. The sparticle decays are calculated, again

using a variety of codes and analytical techniques, as described in appendix B.

3.2 pMSSM point selection

Acceptable model points are furthermore required to have consistent electroweak symmetry

breaking, a scalar potential that does not break colour or electric charge, and all particles’

mass-squared values must be positive. Model points with theoretical pathologies, described

in more detail in appendix C, are discarded. Further experimental constraints, shown in

table 3, which indirectly affect the parameter space are applied and described below.

3.2.1 Precision electroweak and flavour constraints

Unless specified otherwise, the relevant observables are calculated using micrOMEGAs

3.5.5 [77, 78]. The constraint on the electroweak parameter ∆ρ uses the limit on ∆T

(the parameter describing the radiative corrections to the total Z boson coupling strength,

the effective weak mixing angle, and the W boson mass) in ref. [79] and ∆ρ = α∆T with

α = 1/128. The allowed branching ratio (BR) of b → sγ is the union of the two standard de-

viation (2σ) intervals around the theoretical prediction and the experimental measurement

from ref. [80]. For the branching ratio of Bs → µ+µ−, the value calculated by micrOMEGAs

is scaled by 1/(1 − 0.088) as proposed in ref. [81] for comparison with experiment. The

– 10 –
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mW and pMSSM scan

Ideally incorporate mW measurement into pMSSM constraints 
Existing scan uses an mW window of 80340 - 80428 MeV 
ATLAS measurement would lower upper bound to 80408 MeV at 95% CL 

Can use existing scan to find relative reduction of parameter space, but 
not total reduction of parameter space, from the W mass constraint

Dominant contribution to mW is from stop and sbottom quarks:

Figure 0: Feynman diagrams for the contribu-
tion of scalar quark loops to the gauge boson
self energies at one-loop order[8].

The calculation of the SM and MSSM con-
tributions to the �⇢ parameter are given in
[8]. The dominant SUSY corrections at the
one loop level come from the scalar top and
bottom contributions. These are shown in fig-
ure 0. For mb 6= 0 they are given by
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2.6 W boson

The ⇢ parameter a↵ects the SUSY precition
of the W mass. It is therefore possible to
use predictions of the W boson mass to ex-
clude a fraction of parameter space within the
pMSSM by comparing the prediction for the
W boson mass for a set of model points within

the parameter space with the experimentally
measured value. The models which predict a
value which di↵ers by more than 2� can be
excluded.

3 Previous research and
project aim

This section provides a brief summary of
the previous research on which the report
is based. It then outlines the problem this
project aims to resolve and relevant informa-
tion about the programs used in the project.

3.1 Searches for SUSY

No statistically significant signals consistent
with SUSY have been observed yet. However
it is possible to constrain SUSY model space
using current data. This is mostly done by
setting lower limits on the masses of the rele-
vant sparticles. The most comprehensive as-
sessment of ATLAS constraints on supersym-
metry was carried out by the ATLAS collabo-
ration in [9]. This analysis considered 22 dis-
tinct ATLAS searches based on proton-proton
collision data at centre-of-mass energies

p
s =

7 TeV and 8TeV at the LHC. The

.

.

results of these searches were then interpreted
in the context of the pMSSM and were used
to impose constraints on SUSY. The analysis
also imposed constraints from previous
electroweak and flavour measurements as
well as dark matter experiments.

The model set used in the analysis was gen-
erated by selecting points within the pMSSM.
The parameter space was sampled by choos-
ing random values for each parameter from a
flat probability distribution within the ranges
given in table 1. A variety of packages were

3
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use predictions of the W boson mass to ex-
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pMSSM by comparing the prediction for the
W boson mass for a set of model points within

the parameter space with the experimentally
measured value. The models which predict a
value which di↵ers by more than 2� can be
excluded.

3 Previous research and
project aim

This section provides a brief summary of
the previous research on which the report
is based. It then outlines the problem this
project aims to resolve and relevant informa-
tion about the programs used in the project.

3.1 Searches for SUSY

No statistically significant signals consistent
with SUSY have been observed yet. However
it is possible to constrain SUSY model space
using current data. This is mostly done by
setting lower limits on the masses of the rele-
vant sparticles. The most comprehensive as-
sessment of ATLAS constraints on supersym-
metry was carried out by the ATLAS collabo-
ration in [9]. This analysis considered 22 dis-
tinct ATLAS searches based on proton-proton
collision data at centre-of-mass energies
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results of these searches were then interpreted
in the context of the pMSSM and were used
to impose constraints on SUSY. The analysis
also imposed constraints from previous
electroweak and flavour measurements as
well as dark matter experiments.
The model set used in the analysis was gen-

erated by selecting points within the pMSSM.
The parameter space was sampled by choos-
ing random values for each parameter from a
flat probability distribution within the ranges
given in table 1. A variety of packages were
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0 for x=y

boson, it is necessary to sum over every pos-
sible Feynman diagram involving the Higgs
propagator. These diagrams have the Higgs
as the initial and final particle with fermion
loops forming the intermediates. To find the
contribution of each of these diagrams to the
Higgs mass, one integrates over the whole of
the phase space of the intermediate particles.
This results in an infinite contribution as the
particle/antiparticle pairs forming the loops
borrow infinite amounts of energy from the
vacuum. Consequently, the Standard Model
predicts an infinitely massive Higgs boson.
This cannot be correct since the Higgs mass
has been measured to be 125GeV[1][3].

SUSY[4] is the most attractive extension
of the SM as it provides a solution to many
of these problems. It introduces a new sym-
metry (a ‘suspersymmetry’) which relates the
properties of bosons to those of fermions and
vice versa. In SUSY, every SM particle has
corresponding SUSY “superpartners” which
form a supermultiplet. The simplest su-
permultiplet consists of a spin-12 fermion (a
quark) and two spin-0 scalars (squarks). The
divergent contributions to the mass of the
Higgs by the fermion loops are cancelled by
their partner boson loops, giving the Higgs
boson a finite mass and thus solving the hier-
archy problem. If SUSY is unbroken, all the
particles in the supermultiplet must have the
same masses, electric charges, weak isospin
and colour degrees of freedom. However,
since no superparticles have been observed,
the partners must di↵er in mass and so SUSY
must be broken. In order for broken SUSY to
provide a solution to the hierarchy problem,
we must consider “soft” (low energy) SUSY
breaking.

2.2 MSSM

The simplest possible SUSY model is the
Minimal Supersymmetric Standard Model
(MSSM)[5]. It is minimal because it con-
tains the smallest possible number of new par-
ticle states and interactions consistent with
the phenomenology. Despite this, it still con-
tains 105 unkown parameters in addition to
19 from the SM. This is far too many to allow

for meaningful phenomenological analyses. In
order to test for SUSY we therefore make rea-
sonably justifyied simplifying assumptions.

2.3 pMSSM

The phenomenological MSSM (pMSSM)[6] is
based on the following phenomenological con-
straints:

1. No new sources of CP violation

2. No Flavour Changing neutral currents

3. First and Second generation universality

These constraints allow the 105 unkown pa-
rameters of the MSSM to be reduced to just
19 unkown parameters. These parameters are
given in table 1.

2.4 Electroweak precision variables

High precision measurements can be used to
search for indirect e↵ects of new particles
(such as superparticles) by looking for small
deviations of experimental results from the
theoretical predictions of the SM[7]. A possi-
ble indication of SUSY could come from the
contribution of SUSY particle loops to the
electroweak gauge-boson self-energies. This
contribution enters the electroweak observ-
ables via the ⇢ parameter.

2.5 The �⇢ parameter

The ⇢ parameter measures the relative
strength of the neutral to charged current pro-
cess at zero momentum transfer[7]. It can be
defined via

⇢ =
M

2
W

M

2
Z cos2 ✓W

=
1

1��⇢

(1)

�⇢ =
⌃Z (0)

M

2
Z

� ⌃W (0)

M

2
W

(2)

where ⌃Z,W (0) denotes the transverse parts
of unrenormalised Z and W boson self-
energies at zero momentum transfer. MW and
MZ are the masses of the W and Z bosons re-
spectively. �⇢measures the amount by which
the value of ⇢ di↵ers from 1.

2
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mW and pMSSM scan

Initial study: calculated mW using model parameters and FeynHiggs 2.11.2 
Includes QCD corrections to the sbottom mass that affect it by up to 100 GeV 
Corrections are not in FeynHiggs 2.3.2 or micrOMEGAs  

micrOMEGAs used to constrain the model points in the ATLAS scan

In probing fractional reduction of parameter space need to use micrOMEGAs for consistency 
After discovering SUSY we will need corrections when mapping measurements to parameters 

Will be a source of parameter uncertainty

8

on 12 model points. All of these points pro-
duced values of �⇢ which di↵ered by a factor
of ⇠ 103/104 depending on the program used.

We adapted the codes so that they printed
out the values of the masses and mixing an-
gles used by FeynHiggs and micrOMEGAs
in the calculation of �⇢ for each of the 12
model points. We then repeated the calcu-
lations described in sections 4.3 and 4.4 us-
ing these values. The calculated values of �⇢

were compared with the output of the respec-
tive programs. The values of each of the terms
in equation 3 calculated using one set of in-
put parameters were compared with the val-
ues of each of the terms calculated using the
opther set of input parameters. The terms
which showed the greatest di↵erence between
the two sets of calculations were then identi-
fied, as were the variables (masses and angles)
which appeared in those terms.

4.6 FeynHiggs-2.3.2

After carrying out the procedures described
above it, was apparent that FeynHiggs and
SUSY-Hit calculate the masses and/or mix-
ing angles di↵erently. To examine these dif-
ferences we ran an earlier version of Feyn-
Higgs on the 12 specimen files and com-
pared the value of �⇢ predicted by this ver-
sion with that predicted by the up-to-date
version of FeynHiggs and by micrOMEGAs.
FeynHiggs-2.3.2 (the earlier version) di↵eres
from FeynHiggs-2.11.2 (the up-to-date ver-
sion) in several ways. One way in which it dif-
fers is in the calculation of the squark masses.
FeynHiggs-2.11.2 includes SM and MSSM
QCD corrections to the sbottom masses when
calculationg �⇢[14], which FeynHiggs-2.3.2
does not.

4.7 plot mass di↵erence against cer-
tain variables

5 Results

5.1 Prediction of �⇢

The values of�⇢ calculated by FeynHiggs and
those calculated by micrOMEGAs are not the

Figure 1: Figure comparing the value of
�⇢ calculated by FeynHiggs and that calcu-
lated by micrOMEGAs. The values of �⇢

calculated by micrOMEGAs are constrained
within the range -0.0005 and 0.0017 while the
values calculated by FeynHiggs have a long
tail extending up to values O �

10�2
�
.

same, di↵ering by up to 4 orders of magni-
tude. This is shown in figure 1. As can be
seen, the values calculated by micrOMEGAs
are constrained to lie within the range -0.0005
to 0.0017 whereas the values calculated by
FeynHiggs extend up to 0.04.

5.2 Comparison with the dominant
contribution

Figure 2 compares the value of �⇢ calcu-
lated using equation 6 with the values for the
masses and mixing angles given in the input
files with the value of �⇢ given in the output
of micrOMEGAs. As can be seen from the
figure, the two sets of values agree very well.
Figure 3 shows a comparison of the value of

�⇢ calculated using equation 3 with the val-
ues for the squark masses and mixing angles
in the input files with the value of �⇢ given in
the output of FeynHiggs. As can be seen, the
values show no evidence of being correlated.

5.3 Analysing the dominant contri-
bution

The plots of the values of each of the con-
tributions to equation 3 described in section
4.4 showed that the mean value of each of the
individual contributions to �⇢ were several
orders of magnitude larger than the final re-
sult. Additionally, it was found that the first
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Summary

W mass measurement significantly constrains  
new physics 

Effects that contribute differently to mW and mZ 
E.g. squarks with non-universal masses 

Investigating impact of mW measurements on  
EFT and pMSSM 

Ideally produce new propaganda plots in  
these frameworks
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