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Introduction: Prediction for the W-boson mass 
from muon decay: relation between MW, MZ, α, Gμ

Tree-level prediction: MWtree = 80.939 GeV, MWexp = 80.385 +- 0.015 GeV             
⇒ off by many σ                                                       (accuracy of 2 x 10-4)

3

Observables with the highest sensitivity to the
Higgs-boson mass: MW, sin2 θeff

MW: Comparison of prediction for muon decay with experiment
(Fermi constant Gµ)
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Complete 2-loop results + leading higher-order corrections known
for MW, sin2 θeff in the SM Lectures on SM and SUSY Phenomenology, Georg Weiglein, Prague, 09/2007 – p.113
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Figure 5.1: Left: Muon decay in the Fermi model, tree level diagram with four-fermion
vertex. Right: Muon decay in the electroweak SM, tree level diagram with W boson
exchange.

5.2 Determination of the W boson mass

Muons decay via the weak interaction almost exclusively into eν̄eνµ [165]. The decay
was originally described within the Fermi model, which is a low-energy effective theory
that emerges from the SM in the limit of vanishing momentum transfer (left diagram
in Fig. 5.1). The Fermi constant, Gµ, is determined with high accuracy from precise
measurements of the muon life time [166] and the corresponding Fermi-model prediction
including QED corrections up to O(α2) for the point-like interaction [167–171]. Com-
parison of the muon-decay amplitude in the Fermi model and in the SM or extensions
of it (tree-level diagram at the right side of Fig. 5.1) yields the relation

Gµ√
2
=

e2

8s2WM2
W

(1 + ∆r) . (5.1)

Here ∆r represents the sum of all loop diagrams contributing to the muon-decay ampli-
tude after splitting off the Fermi-model type virtual QED corrections,

∆r =
!

i

∆ri , (5.2)

with
MLoop,i = ∆ri MBorn . (5.3)

This decomposition is possible since after subtracting the Fermi-model QED corrections,
masses and momenta of the external fermions can be neglected, which allows the re-
duction of all loop contributions to a term proportional to the Born matrix element,
see Refs. [120, 129]. By rearranging Eq. (5.1), the W boson mass can be calculated via
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. (5.4)

In different models, different particles can contribute as virtual particles in the loop
diagrams to the muon-decay amplitude. Therefore, the quantity ∆r depends on the
specific model parameters, and Eq. (5.4) provides a model-dependent prediction for the

Fermi model SM

⇠ Gµ

; QED corrections in Fermi model incl. in def. of Gμ
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W-mass prediction within the SM:                     
one-loop result vs. state-of-the-art prediction

Pure one-loop result would imply preference for heavy Higgs, Mh > 400 GeV                                                                                            
Corrections beyond one-loop order are crucial for reliable prediction of MW

4
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Figure 5.10: Prediction for MW in the SM. The orange line is the SM MW result using
only the one-loop ∆r result, the red line is the SM MW result using the full ∆r expression
as given in Eq. (5.21). The gray band indicated the current MW measurement with the
1 σ experimental uncertainty. The thin blue vertical band indicates the mass M exp

h of
the discovered Higgs boson.

5.7 Result for MW in the MSSM

In this section we discuss the results for MW in the MSSM, based on a parameter scan.
While the numerical analysis has been done for the MSSM, the results can also be of
interest in the context of the NMSSM. Obviously in the MSSM-limit the NMSSM results
are identical with the MSSM ones. Furthermore, the effect of the MW contributions from
the sfermion sector, in particular from stops and sbottoms, which are discussed in detail
in this section, are identical in the NMSSM (also away from the MSSM-limit).

5.7.1 MSSM parameter scan: Scan ranges and constraints

Our numerical results are based on the contributions to ∆r described in Sect. 5.3.3 and
Sect. 5.3.4, where the Fortran implementation has been used to generate the MSSM
results presented below.

In the following we will investigate the prediction for MW in the MSSM based on
scans of the MSSM parameters over a wide range (using flat distributions). We have
performed two versions of the random scan, one where the top-quark mass is kept fixed
at mt = 173.2 GeV and one where mt is allowed to vary in the scan. Both scans use
initially ∼ 5×106 points, and dedicated smaller scans have been performed in parameter
regions where the SUSY contributions to MW are relatively large. The scan ranges are
given in table 5.1. We restrict our numerical analysis based on the parameter scan to
the case of real parameters, for the effects of complex phases see Sect. 5.7.4. Possible

[L. Zeune, G. W. ’14]

Mh = 125GeV

⇒
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Sources of theoretical uncertainties

5

Theoretical uncertainties: current status

From experimental errors of the input parameters

δmt = 0.9 GeV ⇒ ∆M
para
W ≈ 5.4 MeV, ∆ sin2 θparaeff ≈ 2.8× 10−5

δ(∆αhad) = 0.00014 ⇒ ∆M
para
W ≈ 2.5 MeV, ∆ sin2 θparaeff ≈ 4.8× 10−5

From unknown higher-order corrections (“intrinsic”)

SM: Complete 2-loop result + leading higher-order
corrections known for MW and sin2 θeff

⇒ Remaining uncertainties:
[M. Awramik, M. Czakon, A. Freitas, G.W. ’03, ’04]
[M. Awramik, M. Czakon, A. Freitas ’06]

∆M intr
W ≈ 4 MeV, ∆ sin2 θintreff ≈ 5× 10−5

– p. 24
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The role of the W-boson mass as a precision observable

• Very accurately known both experimentally and theoretically

• Highly sensitive to quantum corrections of new physics

• Global fits in the Standard Model: dominated by the two 
observables MW and sin2θeff                                                                                       

• Prospects for further experimental improvements of MW from 
analysis of Tevatron data, LHC, future e+e- collider

• Interpretation of constraints from sin2θeff is complicated by 
the fact that the two most precise individual measurements 
differ from each other by more than 3 σ

6

Note:
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Introduction: the MSSM and the NMSSM
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Next-to-minimal supersymmertic Standard Model (NMSSM) 

�̃�
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7 physical Higgs bosons: neutral components:
�̃±

1,2charged components:

S S̃

�̃0
1,2,3,4,5

h1, h2, h3, a1, a2,H
±

• Solves the μ - problem of the MSSM: 
μ parameter generated dynamically from the 
vacuum expectation value of the singlet

WMSSM = ... + µH2H1

WNMSSM = ... + �S H2H1 + ...

Theoretical framework

• Every theoretical calculation that is expressed in terms of the 
Fermi constant Gμ requires a prediction for Δr in the 
considered model and to the accuracy of that calculation

• Coherent theoretical framework for comparison between 
different models: SM, MSSM, NMSSM, ...

7
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Introduction: the MSSM and the NMSSM

2
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5 physical Higgs bosons: neutral components:
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1,2charged components:

�̃0
1,2,3,4

h,H,A,H±

Minimal supersymmertic Standard Model (MSSM) 



Improved prediction for the mass of the W boson in the SM, the MSSM and the NMSSM, Georg Weiglein, EPS-HEP 2015, Vienna, 07 / 2015

What is experimentally measured?

• LEP: e+e- → W+W - in the continuum and at threshold (small 
amount of data); impact of fully hadronic final state suffered 
from uncertainties due to BE correlations, colour reconnections

• Tevatron, LHC (under study): transverse mass distribution

How is the measured parameter (Monte Carlo mass) related to 
the theoretically well-defined quantity MW? 

Similar question as for top-quark mass, where the latter is 
conceptually much more difficult (coloured object, renormalon 
ambiguities, ...), but here we are aiming for a two orders of 
magnitude higher accuracy

8
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What is the mass of an unstable particle?

9

What is the mass of an unstable particle?

Particle masses are not directly physical observables
Can only measure cross sections, branching ratios,
kinematical distributions, . . .
⇒ masses are “pseudo-observables”

Need to define what is meant by MZ, MW, mt, . . . :
MS mass, pole mass (real pole, real part of complex pole,
Breit–Wigner shape with running or constant width), . . .

⇒ Determination of MZ, MW, mt, . . . involves deconvolution
procedure (unfolding)
Mass obtained from comparison data – Monte Carlo

⇒ MZ, MW, mt, . . . are not strictly model-independent
Lectures on SM and SUSY Phenomenology, Georg Weiglein, Prague, 09/2007 – p.53
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Expansion around the complex pole (example: MZ)

10

Renormalisation of MW, MZ at the two-loop level

Expansion of amplitude around complex pole:

A(e+e− → ff̄) =
R

s−M2
Z

+ S + (s−M2
Z) S′ + · · ·

M2
Z = M

2
Z − iMZ ΓZ

Expanding up to O(α2) using O(ΓZ/MZ) = O(α)

From 2-loop order on:

real part of complex pole, MZ ̸= pole of real part, !M 2
Z

δM
2
(2) = δ!M 2

(2) + Im
"
Σ′

T,(1)(M
2)
#

Im
"
ΣT,(1)(M

2)
#

$ %& '
gauge-parameter dependent!

Lectures on SM and SUSY Phenomenology, Georg Weiglein, Prague, 09/2007 – p.55
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Physical mass of unstable particles: real part of 
complex pole

11

Renormalisation of MW, MZ at the two-loop level

⇒ Only the complex pole is gauge-invariant

Expansion around the complex pole leads to a Breit–Wigner
shape with constant width

For historical reasons, the experimental values of MZ, MW are
defined according to a Breit–Wigner shape with running width

⇒ Need to correct for the difference in definition when
comparing theory with experiment

Lectures on SM and SUSY Phenomenology, Georg Weiglein, Prague, 09/2007 – p.56
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Deconvolution and residual model dependence

LEP legacy: the experimental value quoted for the Z-boson 
mass actually depends (slightly) on the Higgs-boson mass of 
the Standard Model!

δMZexp ≈ +- 0.2 MeV for 100 GeV < MH < 1 TeV, corresponds to 
about 10% of the experimental error

Careful assessment of this kind of effects will be crucial for the 
upcoming analyses at the Tevatron, the LHC and future 
colliders

12

⇒
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MW prediction in the Standard Model

Contributions beyond one-loop order:

13
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• higher-order contributions 
 
 
SM part 
Complete 2-loop result, leading 3- and 4-loop contributions 

     in the MSSM and NMSSM

12

�r

�r(N)MSSM = �r(N)MSSM(↵) +�r(N)MSSM(h.o.)
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Chetyrkin, Kuhn, Steinhauser, Djouadi, Verzegnassi, Awramik, Czakon, Freitas, 
Weiglein, Faisst, Seidensticker, Veretin, Boughezal, Kniehl, Sirlin, Halzen, Strong, 
...

Impact of different contributions to Δr (x 104) for fixed           
MW = 80.385 GeV and MHSM = 125.09 GeV:

∆r(α) ∆r(ααs) ∆r(αα
2

s) ∆r(α
2)

ferm +∆r(α
2)

bos ∆r(G
2

µαsm
4

t ) +∆r(G
3

µm
6

t ) ∆r(Gµm
2

tα
3

s)

297.17 36.28 7.03 29.14 -1.60 1.23

Table 1: The numerical values (×104) of the different contributions to ∆r specified in Eq. (35) are
given for MW = 80.385 GeV and MSM

H = 125.09 GeV.

higher-order corrections is estimated to be of similar size.

4.3 SM higher-order corrections

We compare our evaluation of MSM
W to the result from the fit formula for MSM

W given in Ref. [58].
In the latest version of Ref. [58] all the corrections of Eq. (35) are included. The MW fit formula
incorporates the O(ααs) from Ref. [41], whereas we use the O(ααs) from Ref. [37]. These results are
in good numerical agreement with each other if in both cases the electric charge is parametrized in
terms of the fine structure constant α. The O(α2αs) three-loop corrections included in Eq. (35) are
parametrized in terms of Gµ. We therefore choose to parametrize the O(ααs) contributions also in
terms of Gµ. The difference between the Gµ parametrization of the QCD two-loop corrections that we
use here and the α parametrization used in Ref. [58] leads to a prediction for MSM

W that is ∼ 2 MeV
lower than the result given in Ref. [58].

The numerical values of the different SM-type contributions to ∆r are given in table 1 for MW =
80.385 GeV and MSM

H = 125.09 GeV. The other relevant input parameters that we use are

mt = 173.34 GeV, mb = 4.7 GeV, MZ = 91.1876 GeV, ΓZ = 2.4952 GeV,

∆αlept = 0.031497686, ∆α(5)
had = 0.02757, α−1 = 137.035999074,

αs(MZ) = 0.1184, Gµ = 1.1663787 × 10−5 GeV−2. (39)

As explained above, the values for the W and Z boson masses given above, which correspond to
a Breit-Wigner shape with running width, have been transformed internally to the definition of a
Breit-Wigner shape with fixed width associated with the real part of the complex pole.

4.4 Results for the MW prediction in the NMSSM

We now turn to the discussion of the prediction for MW in the NMSSM. Our evaluation has been
carried out for the case of real parameters, consequently for all parameters given in this section the
phases are set to zero and will not be listed as separate input parameters.

An earlier result for MW in the NMSSM was presented in Ref. [78]. Concerning SUSY two-loop
contributions, in this result only the part of the contributions to ∆ρSUSY,(ααs), see Eq. (36), arising
from squark loops with gluon exchange is taken into account. As we will show below in the discussion
of our improved result for MW in the NMSSM, the two-loop contributions that have been neglected
in Ref. [78] can have a sizeable impact. A further improvement of our results for the MSSM and the
NMSSM is that they are based on contributions to ∆r that can all be evaluated at the correct input

value for MW (using an iterative procedure), i.e. M (N)MSSM
W , while the evaluation in Ref. [78] makes

use of the fitting formula for MSM
W [58]. The corresponding contribution to ∆r extracted from the

fitting formula for MSM
W is determined at the input value MSM

W rather than M (N)MSSM
W , while it is the

latter that is actually needed for the evaluation in the (N)MSSM (see Ref. [73] for a discussion how to

16

[O. Stål, G. W., L. Zeune ’15]
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W boson mass in the SM

MW
exp
! 80.385 GeV
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• Tree-level prediction differs from 
measurement by more than 30 σ 

• Corrections beyond 1-loop 
cause downward shift by more 
than 100 MeV 

• For a reliable       prediction in  
SUSY models: crucial to include  
SM higher orders 

!

• SM result 
!

• Differs from the measurement by 1.5 σ 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Including all higher order  
corrections

MW

MSM
W (mt = 173.34 GeV,MSM

H = 125.09 GeV) = 80.358 GeV,

1.8�

Methods for estimating theoretical uncertainties 
from unknown higher-order corrections
• Parametric factors, e.g. α, αs, Nc, Nf, ... 

• Geometric progression, e.g.

• Renormalisation scale dependence: affects only part of the 
higher-order corrections; often underestimates theoretical 
uncertainties

• Renormalisation scheme dependence

• ... 

14

Current uncertainties 7/22

Experiment Theory error Main source
MW 80.385 ± 0.015 MeV 4 MeV α3, α2αs

ΓZ 2495.2 ± 2.3 MeV 0.5 MeV α2
bos, α3, α2αs, αα2

s
σ0
had 41540 ± 37 pb 6 pb α2

bos, α3, α2αs

Rb ≡ Γb
Z/Γhad

Z 0.21629 ± 0.00066 0.00015 α2
bos, α3, α2αs

sin2 θℓ
eff 0.23153 ± 0.00016 4.5 × 10−5 α3, α2αs

Methods for theory error estimates:

Parametric factors, i. e. factors of α, Nc, Nf , ...
Geometric progression, e. g. O(α3)

O(α2)
∼ O(α2)

O(α)

Renormalization scale dependence (often underestimates error)
Renormalization scheme dependence (may underestimate error)
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Renormalisation scheme dependence

15

Example: Error estimation for MW 9/22

Renormalization scheme dependence:

a) Uncertainty of O(α2) corrections beyond leading α2m4
t and α2m2

t
from comparison of MS and OS schemes: Degrassi, Gambino, Sirlin ’96

δMW ∼ 2 MeV (for MH ∼ 100 GeV)

Actual remaining O(α2) corrections: Freitas, Hollik, Walter, Weiglein ’00

δMW ∼ 3 MeV (for MH ∼ 100 GeV)

b) Estimate of missing O(α3) corrections from comparison of
MS and OS results: Awramik, Czakon, Freitas, Weiglein ’03

Degrassi, Gambino, Giardino ’14

δMW ∼ 4...5 MeV (after accounting for O(αtα
3s) corrections)

→ Saturates previous δMW estimate!

Note: Differences in (implicitly) resummed higher-order contributions

[A. Freitas ’15]
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MW prediction in the MSSM

Δr in the MSSM and the NMSSM, treatment of higher-order 
contributions:                                                                            
full one-loop + higher orders (SM) + higher orders (SUSY)

⇒ State-of-the art SM prediction recovered in decoupling limit,                   
all available higher-order corrections of SUSY-type included

For light SUSY particles: additional theoretical uncertainty from 
higher-order SUSY-loop corrections

16
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     in the MSSM and NMSSM
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�r

• higher-order contributions  
 
 

�r(N)MSSM = �r(N)MSSM(↵) +�r(N)MSSM(h.o.)

�r(N)MSSM(h.o.) = �rSM(h.o.) +�rSUSY(h.o.)
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     in the MSSM and NMSSM
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�r

• higher-order contributions  
 
 

�r(N)MSSM = �r(N)MSSM(↵) +�r(N)MSSM(h.o.)

�r(N)MSSM(h.o.) = �rSM(h.o.) +�rSUSY(h.o.)
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SUSY higher-order contributions

17
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• higher-order contributions  
 
 
SUSY part 
leading reducible 2-loop corrections, gluon/gluino 2-loop corrections, 
higgsino 2-loop corrections 

     in the MSSM and NMSSM

13

�r

�r(N)MSSM = �r(N)MSSM(↵) +�r(N)MSSM(h.o.)

�r(N)MSSM(h.o.) = �rSM(h.o.) +�rSUSY(h.o.)

Djouadi, Haestier, Heinemeyer, Stoeckinger, 
Weiglein, Consoli, Hollik, Jegenlehner, ... 

�rSUSY(h.o.) = �rSUSY(↵2
)

red

� c2W
s2W

�⇢SUSY,(↵↵s) � c2W
s2W

�⇢SUSY,(↵2
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Prediction for MW (parameter scan): SM vs. MSSM

18
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Figure 4: Prediction for MW as a function of mt. The left plot shows the MW prediction
assuming the light CP-even Higgs boson h in the mass region 125.6±3.1 GeV. The red band
indicates the overlap region of the SM and the MSSM with MSM

H = 125.6±0.7 GeV. The right
plot shows the MW prediction assuming the heavy CP-even Higgs boson H in the mass region
125.6±3.1 GeV. The blue band again indicates the SM region with MSM

H = 125.6±0.7 GeV.
All points are allowed by HiggsBounds.

corrections in the MSSM prediction for the Higgs boson mass. We have added a global
uncertainty of 3 GeV [104] in quadrature, yielding a total uncertainty of 3.1 GeV.

Starting with the left plot, where the light CP-even Higgs boson has a mass that is
compatible with the observed signal, we find a similar result as in Fig. 1. In particular,
the comparison with the experimental results for MW and mt, indicated by the gray ellipse,
shows a slight preference for a non-zero SUSY contribution to MW . While the width of
the MSSM area shown in green is somewhat reduced compared to Fig. 1 because of the
additional constraint applied here (requiring Mh to be in the range Mh = 125.6 ± 3.1 GeV
leads to a constraint on the stop sector parameters, see, e.g., Ref. [32], which in turn limits
the maximal contribution to MW ), the qualitative features are the same as in Fig. 1. This is
not surprising, since the limits from the Higgs searches implemented in Fig. 1 have already
led to a restriction of the allowed mass range to the unexcluded region near the observed
signal. As in Fig. 1 the plot shows a small MSSM region (green) below the overlap region
between the MSSM and the SM (red), which is a consequence of the broadening of the allowed
range of Mh caused by the theoretical uncertainties from unknown higher-order corrections,
as explained above.

In the right plot of Fig. 4 we show the result for the case where instead the mass of
the heavy CP-even Higgs boson is assumed to be compatible with the observed signal, i.e.
MH = 125.6±3.1 GeV. While as mentioned above the interpretation of the discovered signal
in terms of the heavy CP-even Higgs boson within the MSSM is challenged in particular by
the recent ATLAS bound on light charged Higgs bosons [39] (which is not yet included in the
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Signal interpreted as light (left) / heavy (right) CP-even Higgs

Slight preference for MSSM over SM⇒

MSSM: SUSY parameters varied
Exp. result for mt interpreted (perturb.) as pole mass
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Impact of different SUSY contributions

19

168 170 172 174 176 178
mt [GeV]

80.30

80.40

80.50

80.60

M
W

 [G
eV

]

MH = 125.6 ± 0.7 GeVSM

MSSM
HiggsBounds

allowed

MSSM, HB allowed
SM, MSSM

Heinemeyer, Hollik, Stockinger, Weiglein, Zeune ’13

experimental errors 68% CL:

LEP2/Tevatron: today

mchar
200
150
100 95

ML
500
200
150

100

90

171 172 173 174 175 176 177 178
mt [GeV]

80.35

80.40

80.45

80.50

M
W

 [G
eV

]
Heinemeyer, Hollik, Stockinger, Weiglein, Zeune ’13

experimental errors 68% CL:

LEP2/Tevatron: today

mchar
200

150

100
95

ML
500
200
150

100

90

Figure 1: Prediction for MW as a function of mt. Left: The green region shows the
HiggsBounds allowed region for the MSSM MW prediction. It has been obtained by scan-
ning over the MSSM parameters as described in the text. The cuts m

˜t2/m˜t1 < 2.5 and
m

˜b2
/m

˜b1
< 2.5 are applied. The red strip indicates the overlap region of the SM and the

MSSM, with MSM

H = 125.6 ± 0.7 GeV. The two arrows indicate the possible size of the
slepton and the chargino (and neutralino) contributions. Right: zoom into the most relevant
region, with the SM area omitted.

and mt. In order to obtain the MSSM prediction shown as the green band in Fig. 1 we have
imposed as an additional restriction a limit on the mass splittings in the stop and sbottom
sector, which has been implemented via the conditions m

˜t2/m˜t1 < 2.5 and m
˜b2

/m
˜b1

< 2.5.
If no such condition on the mass splittings in the stop and sbottom sector were imposed,
even larger values of MW (up to ⇠ 80.8 GeV) would be possible in the MSSM, see also
the discussion in Ref. [17]. Since this parameter region far above the experimental value of
MW is of little phenomenological interest, we will not consider it further here. While it is
well-known that a non-zero SUSY contribution tends to increase the prediction for MW as
compared to the SM case, close inspection of Fig. 1 reveals that there exists a small MSSM
(green) region below the overlap region between the MSSM and the SM (red), which is best
visible for the largest mt values. The reason for this feature lies in the fact that, as explained
above, the SM prediction is shown for the range MSM

H = 125.6±0.7 GeV, while no restriction
from the signal observed in the Higgs searches has been applied to the MSSM parameter
space. As a consequence, the MSSM region (green) contains parameter points where the
lightest CP-even Higgs boson of the MSSM has a mass above the range allowed for MSM

H

(and below the upper bound on Mh in the MSSM, which increases with increasing mt). In
the decoupling region, where all superpartners are heavy, the MSSM prediction for MW in
this case corresponds to the prediction in the SM with a higher value of MSM

H , which yields
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Dominant contributions from superpartners of t, b
But sizable SUSY contributions also possible for heavy squarks

⇒
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High-precison measurements of mt and MW

Upper bounds on the heavier stop mass and the lighter sbottom mass in a 
hypothetical future scenario where the LHC has detected the lighter stop

20

400± 40 GeV at the LHC, but that no other new particle has been observed. We set lower
lower limits of 300 GeV on sleptons and 300 GeV on charginos, 500 GeV on other scalar

SH: really?? LZ:
plots updated, now
300

quarks of the third generation and of 1200 GeV on the remaining colored particles. We
have selected the points from our scan accordingly. Any additional particle observation
would lead to an even more restricted set of points and thus strengthen the parameter
determination. In Fig. 8, we show the “surviving” points from our scan. All points fulfill
Mh = 125.6±3.1 GeV and m

˜t1 = 400±40 GeV. Yellow, red and blue points have in addition
a W boson mass of MW = 80.375, 80.385, 80.395±0.005 GeV, respectively, corresponding to
three hypothetical future central experimental values for MW . The left plot in Fig. 8 shows
the MW prediction as a function of the lightest sbottom mass. Assuming the experimental
MW stays at its current value of 80.385 GeV (red points) or goes up by 10 MeV (blue points),
the precise measurement of MW would set stingent upper limits of ⇠ 800 GeV (blue) or
⇠ 1000 GeV (red) on the possible sbottom mass range. The right plot shows the results
in the m

˜b1
–m

˜t2 plane. It can be observed that these unknown mass scales are restricted
to small intervals if 80.385±0.005 GeV or 80.395±0.005 GeV are assumed as experimental
values (i.e. for central values su�ciently di↵erent from the SM prediction). In this situation
the precise MW measurement could give clear indications where to search for the heavy stop
and the light sbottom (or how to rule out the simple MSSM picture).

Figure 8: MSSM parameter assuming a measurement of m
˜t1 = 400 ± 40 GeV at the LHC,

and lower limits on all other masses from the non-observation at the LHC: other third
generation squarks are heavier than 500 GeV, other colored particles than 1200 GeV, slep-
tons are heavier than 300 GeV, charginos are heavier than 300 GeV. All points fulfill
Mh = 125.6 ± 3.1 GeV. Yellow, red, blue points have MW = 80.375 ± 0.005 GeV (yel-
low), MW = 80.385± 0.005 GeV (red), and MW = 80.395± 0.005 GeV (blue).

6 Conclusions

Since the discovery of the Higgs boson, there are no unknown parameters in the SM MW

prediction anymore. The SM result MSM

W = 80.361 GeV for a SM Higgs at 125.6 GeV
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⇒Precision observables provide constraints on undetected particles
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+ lower limits on other SUSY 
particles

Figure 8: Results of an MSSM parameter scan illustrating the prediction for MW in a
hypothetical future scenario assuming a measurement of m

˜t1 = 400± 40 GeV at the LHC as
well as lower limits on all other SUSY particles: the assumed lower limits are 500 GeV for
the other third generation squarks, 1200 GeV for all other colored particles, and 300 GeV for
sleptons and charginos. All displayed points fulfill Mh = 125.6 ± 3.1 GeV. The yellow, red
and blue points correspond to MW = 80.375±0.005 GeV (yellow), MW = 80.385±0.005 GeV
(red), and MW = 80.395 ± 0.005 GeV (blue). The left plot shows the prediction for MW as
a function of the lighter sbottom mass, m

˜b1
, while the right plot shows the MW prediction

in the m
˜b1

–m
˜t2 plane.

6 Conclusions

We have presented the currently most precise prediction for the W boson mass in the MSSM
and compared it with the state–of–the–art prediction in the SM. The evaluation in the
MSSM includes the full one-loop result (for the general case of complex parameters) and
all known higher-order corrections of SM and SUSY type. Within the SM, interpreting the
signal discovered at the LHC as the SM Higgs boson with MSM

H = 125.6 GeV, there is no
unknown parameter in the MW prediction anymore. This yields MSM

W = 80.361 GeV, which
is somewhat below (but compatible at the level of about 1.5 �) with the current experimental
value of M exp

W = 80.385 ± 0.015 GeV. The loop contributions from supersymmetric particles
in general give rise to an upward shift in the prediction for MW as compared to the SM
case, which tend to bring the prediction into better agreement with the experimental result.
For very light superpartners of the top and bottom quarks and large mass splittings in this
sector even much larger (and thus experimentally disfavored) values of MW are possible.

We have investigated the MSSM and SM predictions in the MW–mt plane, updating
earlier results in Ref. [17] while taking into account the existing constraints from Higgs
and SUSY searches. We have analyzed in this context the implications of the results of
present and possible future searches for supersymmetric particles at the LHC. While the
existing bounds on the gluino and the squarks of the first two generations have only a
minor e↵ect, more stringent bounds on the third generation squarks would have a drastic
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MW prediction in the NMSSM

Higgs sector:
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NMSSM shift to the tree-level Higgs mass
• In the NMSSM: Additional tree-level Higgs mass contribution 

Can reduce the size of the radiative corrections needed to ’push’ the lightest 
Higgs mass up to the experimental value 

• Here the NMSSM Higgs sector contribution to MW is predominately 
SM like with vvvvvvvv
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Singlet-doublet mixing in the NMSSM
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Singlet doublet mixing in the NMSSM

• Higgs signal can be interpreted as heavy NMSSM Higgs  
Not necessary also a light charged Higgs like in the MSSM 

• Strong singlet-doublet mixing, two Higgs bosons close in mass 

• Higgs signal can be interpreted as lightest NMSSM Higgs  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Singlet-doublet mixing in the NMSSM
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Singlet doublet mixing in the NMSSM

• Sizeable doublet–singlet mixing has only a minor effect on the MW 
prediction 

• Both NMSSM Higgs signal interpretations lead to the same MW 
prediction which is well compatible with the MW measurement  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Contributions of the neutralino sector: NMSSM / MSSM
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NMSSM neutralino sector contributions to

• Modified mass relations lead to lighter (compared to MSSM) NMSSM neutralinos  
with small singlet component 

• Sizeable NMSSM W boson mass contributions from neutralino sector
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Contributions of the neutralino sector in the NMSSM
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NMSSM neutralino sector contributions to
• Sizable difference between the 

full chargino/neutralino 
contributions and the 
approximation by the EEE     
term (T parameter)
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Conclusions

Relation between MW, MZ, α, Gμ provides unique sensitivity to 
quantum effect of new physics; crucial for discriminating between 
different possible scenarios

Coherent state-of-the-art predictions in the SM, MSSM, NMSSM: 
facilitates comparison, identification of possible deviations

Impact will be further enhanced by improvements in the 
experimental determinations and further information on possible 
SUSY spectra (both from limits and discovery!) 

More work will be needed in order to fully exploit the potential of 
the upcoming experimental results
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Backup
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Prediction for MW (parameter scan): SM vs. MSSM
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Figure 7: Prediction for MW as a function of mt, as given in the left plot of Fig. 4 (the mass
Mh of the light CP-even Higgs boson is assumed to be in the region 125.6 ± 3.1 GeV). In
addition to the current experimental results for MW and mt that are displayed by the gray
68% C.L. ellipse the anticipated future precision at the ILC is indicated by the red ellipse
(assuming the same experimental central values).

scan accordingly. Any additional particle observation would impose a further constraint and
would thus enhance the sensitivity of the parameter determination. In Fig. 8 we show the
parameter points from our scan that are compatible with the above constraints. All points
fulfill Mh = 125.6 ± 3.1 GeV and m

˜t1 = 400 ± 40 GeV. Yellow, red and blue points have
furthermore a W boson mass of MW = 80.375, 80.385, 80.395 ± 0.005 GeV, respectively,
corresponding to three hypothetical future central experimental values for MW . The left
plot in Fig. 8 shows the MW prediction as a function of the lighter sbottom mass. Assuming
that the experimental central value for MW stays at its current value of 80.385 GeV (red
points) or goes up by 10 MeV (blue points), the precise measurement of MW would set
stringent upper limits of ⇠ 800 GeV (blue) or ⇠ 1000 GeV (red) on the possible mass range
of the lighter sbottom. As expected, this sensitivity degrades if the experimental central
value for MW goes down by 10 MeV (yellow points), which would bring it closer to the
SM value given in Eq. (19). The right plot shows the results in the m

˜b1
–m

˜t2 plane. It can
be observed that sensitive upper bounds on those unknown particle masses could be set9

based on an experimental value of MW of 80.385 ± 0.005 GeV or 80.395 ± 0.005 GeV (i.e.
for central values su�ciently di↵erent from the SM prediction). In this situation the precise
MW measurement could give interesting indications regarding the search for the heavy stop
and the light sbottom (or put the interpretation within the MSSM under tension).

9See also Ref. [120] for a recent analysis investigating constraints on the scalar top sector.

20

[S. Heinemeyer, W. Hollik, G. W., L. Zeune ’14]

⇒Large improvement at the ILC, high sensitivity to new physics effects

Signal interpreted as light Higgs h


