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Despite all of these developments, the quest for high-
precision predictions for the Higgs masses in SUSY mod-
els is not by any means concluded. As described at the end
of Sects. 3–6 of this report, efforts aimed at improving and
extending the calculations, and KUTS meetings to discuss
them, are bound to continue. An obvious question in this
context is what should be the target for the precision of the
theoretical predictions. Ideally, to fully exploit the potential
of the Higgs-mass measurement in constraining the parame-
ter space of SUSY models, one would need to bring the the-
ory uncertainty of the prediction for the mass of the SM-like
Higgs boson below the level of the current (and future) exper-
imental precision. This would however require a reduction
of the theory uncertainty by more than a factor of 10 com-
pared to the current level, which is probably too ambitious a
target in the medium term. A more realistic goal is that, in
the coming years, the theory uncertainty of the Higgs-mass
prediction be reduced by a factor of about 2−3, down to
the level of the current “parametric” uncertainty that stems
from the experimental uncertainty with which the SM input
parameters are known. As discussed in Sect. 6.4, the domi-
nant contribution to this parametric uncertainty comes from
the value of the top mass measured at hadron colliders, whose
relation with the theoretically well-defined top-mass param-
eter that is needed as input for the Higgs-mass calculation is
an additional source of uncertainty. It is therefore unlikely
that further reductions of the theory uncertainty would bring
substantial benefits, at least until an improved measurement
of the top mass, e.g. at future e+e− colliders, reduces the
associated parametric uncertainty down to the level of the
experimental precision of the Higgs-mass measurement.

The urgency of further improvements in the accuracy of
the Higgs-mass predictions in SUSY models will also depend
on the experimental developments concerning the proper-
ties of the observed Higgs boson, the electroweak precision
observables and the direct searches for BSM particles. In the
MSSM, the minimal values of the stop masses that lead to a
prediction for the Higgs mass compatible with the measured
value lie typically above the current bounds from direct stop
searches at the LHC. Therefore, the scenario of a SM-like
Higgs boson with mass around 125 GeV and no hints for
additional particles from direct BSM searches can still be
considered a fully consistent realization of the MSSM. If
no deviation from the SM is detected in the coming years,
a SUSY model with superparticle masses beyond the kine-
matic reach of the LHC - or even of future hadron colliders
such as the FCC-hh - will continue to be a viable possibility
(one could invoke fine-tuning arguments to favor or disfavor
certain classes of models). In this case, the requirement that
the prediction for the mass of the SM-like Higgs boson agree
– within the uncertainties – with the measured value will
place constraints on the multi-dimensional space of exper-
imentally inaccessible parameters of the considered model.

For example, as can be inferred from Fig. 1 in Sect. 2.1, a
lower bound on the stop masses of O(10 TeV) from future
searches at the FCC-hh would constrain the region of the
MSSM parameter space with large tan β, which is consistent
with a possible SUSY explanation of the (g − 2)µ anomaly.
We also remark that, in the absence of new discoveries, the
benefits of any possible improvement in the calculation of
the Higgs masses will have to be assessed on a case-by-
case basis. For example, in the simplified MSSM scenario
with a common SUSY scale and a fixed value of tan β,
the correlation between MS and Xt discussed in Sect. 2.1
(see Fig. 2 there) illustrates the ultimate sensitivity on the
unknown SUSY parameters that could be reached in the ide-
alized situation where experimental and theory uncertainties
are negligible. Even in that idealized situation, however, all
correlations get blurred when more SUSY parameters are
allowed to vary or non-minimal models are considered.

If, on the other hand, any significant deviations from the
predictions of the SM are detected (e.g., with definitive con-
firmations of the lepton-flavor anomalies recently observed
by LHCb, or of the long-standing (g − 2)µ anomaly) and/or
any BSM particles are discovered, future investigations on
the theory side will obviously focus on the classes of mod-
els that can accommodate the observed phenomenology. If
SUSY models belong to this class, the techniques and results
discussed in this report will be crucial to obtain accurate pre-
dictions for the Higgs masses, and the case for improving the
calculations until the theory uncertainty matches the experi-
mental accuracy of the Higgs-mass measurement will be even
stronger. It is also worth stressing that, while these techniques
were developed in the context of SUSY, they can be applied
more generally to any BSM model that involves some kind
of prediction for the quartic scalar couplings. In combina-
tion with direct experimental evidence for BSM physics, the
Higgs-mass predictions will be a powerful tool for unraveling
the nature of the new phenomena.
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Despite all of these developments, the quest for high-
precision predictions for the Higgs masses in SUSY mod-
els is not by any means concluded. As described at the end
of Sects. 3–6 of this report, efforts aimed at improving and
extending the calculations, and KUTS meetings to discuss
them, are bound to continue. An obvious question in this
context is what should be the target for the precision of the
theoretical predictions. Ideally, to fully exploit the potential
of the Higgs-mass measurement in constraining the parame-
ter space of SUSY models, one would need to bring the the-
ory uncertainty of the prediction for the mass of the SM-like
Higgs boson below the level of the current (and future) exper-
imental precision. This would however require a reduction
of the theory uncertainty by more than a factor of 10 com-
pared to the current level, which is probably too ambitious a
target in the medium term. A more realistic goal is that, in
the coming years, the theory uncertainty of the Higgs-mass
prediction be reduced by a factor of about 2−3, down to
the level of the current “parametric” uncertainty that stems
from the experimental uncertainty with which the SM input
parameters are known. As discussed in Sect. 6.4, the domi-
nant contribution to this parametric uncertainty comes from
the value of the top mass measured at hadron colliders, whose
relation with the theoretically well-defined top-mass param-
eter that is needed as input for the Higgs-mass calculation is
an additional source of uncertainty. It is therefore unlikely
that further reductions of the theory uncertainty would bring
substantial benefits, at least until an improved measurement
of the top mass, e.g. at future e+e− colliders, reduces the
associated parametric uncertainty down to the level of the
experimental precision of the Higgs-mass measurement.

The urgency of further improvements in the accuracy of
the Higgs-mass predictions in SUSY models will also depend
on the experimental developments concerning the proper-
ties of the observed Higgs boson, the electroweak precision
observables and the direct searches for BSM particles. In the
MSSM, the minimal values of the stop masses that lead to a
prediction for the Higgs mass compatible with the measured
value lie typically above the current bounds from direct stop
searches at the LHC. Therefore, the scenario of a SM-like
Higgs boson with mass around 125 GeV and no hints for
additional particles from direct BSM searches can still be
considered a fully consistent realization of the MSSM. If
no deviation from the SM is detected in the coming years,
a SUSY model with superparticle masses beyond the kine-
matic reach of the LHC - or even of future hadron colliders
such as the FCC-hh - will continue to be a viable possibility
(one could invoke fine-tuning arguments to favor or disfavor
certain classes of models). In this case, the requirement that
the prediction for the mass of the SM-like Higgs boson agree
– within the uncertainties – with the measured value will
place constraints on the multi-dimensional space of exper-
imentally inaccessible parameters of the considered model.

For example, as can be inferred from Fig. 1 in Sect. 2.1, a
lower bound on the stop masses of O(10 TeV) from future
searches at the FCC-hh would constrain the region of the
MSSM parameter space with large tan β, which is consistent
with a possible SUSY explanation of the (g − 2)µ anomaly.
We also remark that, in the absence of new discoveries, the
benefits of any possible improvement in the calculation of
the Higgs masses will have to be assessed on a case-by-
case basis. For example, in the simplified MSSM scenario
with a common SUSY scale and a fixed value of tan β,
the correlation between MS and Xt discussed in Sect. 2.1
(see Fig. 2 there) illustrates the ultimate sensitivity on the
unknown SUSY parameters that could be reached in the ide-
alized situation where experimental and theory uncertainties
are negligible. Even in that idealized situation, however, all
correlations get blurred when more SUSY parameters are
allowed to vary or non-minimal models are considered.

If, on the other hand, any significant deviations from the
predictions of the SM are detected (e.g., with definitive con-
firmations of the lepton-flavor anomalies recently observed
by LHCb, or of the long-standing (g − 2)µ anomaly) and/or
any BSM particles are discovered, future investigations on
the theory side will obviously focus on the classes of mod-
els that can accommodate the observed phenomenology. If
SUSY models belong to this class, the techniques and results
discussed in this report will be crucial to obtain accurate pre-
dictions for the Higgs masses, and the case for improving the
calculations until the theory uncertainty matches the experi-
mental accuracy of the Higgs-mass measurement will be even
stronger. It is also worth stressing that, while these techniques
were developed in the context of SUSY, they can be applied
more generally to any BSM model that involves some kind
of prediction for the quartic scalar couplings. In combina-
tion with direct experimental evidence for BSM physics, the
Higgs-mass predictions will be a powerful tool for unraveling
the nature of the new phenomena.

Acknowledgements The authors of this report wish to thank all of the
colleagues who, directly or indirectly, contributed over the past seven
years to the progress of the Higgs-mass calculations in SUSY mod-
els and to the success of the KUTS initiative. The work of P.S. and
M.Go. has been supported in part by the French “Agence Nationale
de la Recherche” (ANR), in the context of the LABEX ILP (ANR-11-
IDEX-0004-02, ANR-10-LABX-63) and of the grant “HiggsAutoma-
tor” (ANR-15-CE31-0002). The work of S.H. has been supported in
part by the MEINCOP (Spain) under contract FPA2016-78022-P and
under contract PID2019-110058GB-C21, in part by the Spanish Agen-
cia Estatal de Investigación (AEI), in part by the EU Fondo Europeo de
Desarrollo Regional (FEDER) through the project FPA2016-78645-P,
in part by the “Spanish Red Consolider MultiDark” FPA2017-90566-
REDC, and in part by the AEI through the grant IFT Centro de Exce-
lencia Severo Ochoa SEV-2016-0597. H.B., T.B., J.B., P.D., D.M.,
I.S. and G.W. acknowledge support by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy – EXC 2121 “Quantum Universe” – 390833306.
The work of H.E.H. has been partially supported by the U.S. Depart-
ment of Energy Grant DE-SC0010107. The work of R.H., M.M., A.V.,

123



Detour: how we got there
  450 Page 46 of 71 Eur. Phys. J. C           (2021) 81:450 

Despite all of these developments, the quest for high-
precision predictions for the Higgs masses in SUSY mod-
els is not by any means concluded. As described at the end
of Sects. 3–6 of this report, efforts aimed at improving and
extending the calculations, and KUTS meetings to discuss
them, are bound to continue. An obvious question in this
context is what should be the target for the precision of the
theoretical predictions. Ideally, to fully exploit the potential
of the Higgs-mass measurement in constraining the parame-
ter space of SUSY models, one would need to bring the the-
ory uncertainty of the prediction for the mass of the SM-like
Higgs boson below the level of the current (and future) exper-
imental precision. This would however require a reduction
of the theory uncertainty by more than a factor of 10 com-
pared to the current level, which is probably too ambitious a
target in the medium term. A more realistic goal is that, in
the coming years, the theory uncertainty of the Higgs-mass
prediction be reduced by a factor of about 2−3, down to
the level of the current “parametric” uncertainty that stems
from the experimental uncertainty with which the SM input
parameters are known. As discussed in Sect. 6.4, the domi-
nant contribution to this parametric uncertainty comes from
the value of the top mass measured at hadron colliders, whose
relation with the theoretically well-defined top-mass param-
eter that is needed as input for the Higgs-mass calculation is
an additional source of uncertainty. It is therefore unlikely
that further reductions of the theory uncertainty would bring
substantial benefits, at least until an improved measurement
of the top mass, e.g. at future e+e− colliders, reduces the
associated parametric uncertainty down to the level of the
experimental precision of the Higgs-mass measurement.

The urgency of further improvements in the accuracy of
the Higgs-mass predictions in SUSY models will also depend
on the experimental developments concerning the proper-
ties of the observed Higgs boson, the electroweak precision
observables and the direct searches for BSM particles. In the
MSSM, the minimal values of the stop masses that lead to a
prediction for the Higgs mass compatible with the measured
value lie typically above the current bounds from direct stop
searches at the LHC. Therefore, the scenario of a SM-like
Higgs boson with mass around 125 GeV and no hints for
additional particles from direct BSM searches can still be
considered a fully consistent realization of the MSSM. If
no deviation from the SM is detected in the coming years,
a SUSY model with superparticle masses beyond the kine-
matic reach of the LHC - or even of future hadron colliders
such as the FCC-hh - will continue to be a viable possibility
(one could invoke fine-tuning arguments to favor or disfavor
certain classes of models). In this case, the requirement that
the prediction for the mass of the SM-like Higgs boson agree
– within the uncertainties – with the measured value will
place constraints on the multi-dimensional space of exper-
imentally inaccessible parameters of the considered model.

For example, as can be inferred from Fig. 1 in Sect. 2.1, a
lower bound on the stop masses of O(10 TeV) from future
searches at the FCC-hh would constrain the region of the
MSSM parameter space with large tan β, which is consistent
with a possible SUSY explanation of the (g − 2)µ anomaly.
We also remark that, in the absence of new discoveries, the
benefits of any possible improvement in the calculation of
the Higgs masses will have to be assessed on a case-by-
case basis. For example, in the simplified MSSM scenario
with a common SUSY scale and a fixed value of tan β,
the correlation between MS and Xt discussed in Sect. 2.1
(see Fig. 2 there) illustrates the ultimate sensitivity on the
unknown SUSY parameters that could be reached in the ide-
alized situation where experimental and theory uncertainties
are negligible. Even in that idealized situation, however, all
correlations get blurred when more SUSY parameters are
allowed to vary or non-minimal models are considered.

If, on the other hand, any significant deviations from the
predictions of the SM are detected (e.g., with definitive con-
firmations of the lepton-flavor anomalies recently observed
by LHCb, or of the long-standing (g − 2)µ anomaly) and/or
any BSM particles are discovered, future investigations on
the theory side will obviously focus on the classes of mod-
els that can accommodate the observed phenomenology. If
SUSY models belong to this class, the techniques and results
discussed in this report will be crucial to obtain accurate pre-
dictions for the Higgs masses, and the case for improving the
calculations until the theory uncertainty matches the experi-
mental accuracy of the Higgs-mass measurement will be even
stronger. It is also worth stressing that, while these techniques
were developed in the context of SUSY, they can be applied
more generally to any BSM model that involves some kind
of prediction for the quartic scalar couplings. In combina-
tion with direct experimental evidence for BSM physics, the
Higgs-mass predictions will be a powerful tool for unraveling
the nature of the new phenomena.

Acknowledgements The authors of this report wish to thank all of the
colleagues who, directly or indirectly, contributed over the past seven
years to the progress of the Higgs-mass calculations in SUSY mod-
els and to the success of the KUTS initiative. The work of P.S. and
M.Go. has been supported in part by the French “Agence Nationale
de la Recherche” (ANR), in the context of the LABEX ILP (ANR-11-
IDEX-0004-02, ANR-10-LABX-63) and of the grant “HiggsAutoma-
tor” (ANR-15-CE31-0002). The work of S.H. has been supported in
part by the MEINCOP (Spain) under contract FPA2016-78022-P and
under contract PID2019-110058GB-C21, in part by the Spanish Agen-
cia Estatal de Investigación (AEI), in part by the EU Fondo Europeo de
Desarrollo Regional (FEDER) through the project FPA2016-78645-P,
in part by the “Spanish Red Consolider MultiDark” FPA2017-90566-
REDC, and in part by the AEI through the grant IFT Centro de Exce-
lencia Severo Ochoa SEV-2016-0597. H.B., T.B., J.B., P.D., D.M.,
I.S. and G.W. acknowledge support by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy – EXC 2121 “Quantum Universe” – 390833306.
The work of H.E.H. has been partially supported by the U.S. Depart-
ment of Energy Grant DE-SC0010107. The work of R.H., M.M., A.V.,

123



Detour: how we got there
  450 Page 46 of 71 Eur. Phys. J. C           (2021) 81:450 

Despite all of these developments, the quest for high-
precision predictions for the Higgs masses in SUSY mod-
els is not by any means concluded. As described at the end
of Sects. 3–6 of this report, efforts aimed at improving and
extending the calculations, and KUTS meetings to discuss
them, are bound to continue. An obvious question in this
context is what should be the target for the precision of the
theoretical predictions. Ideally, to fully exploit the potential
of the Higgs-mass measurement in constraining the parame-
ter space of SUSY models, one would need to bring the the-
ory uncertainty of the prediction for the mass of the SM-like
Higgs boson below the level of the current (and future) exper-
imental precision. This would however require a reduction
of the theory uncertainty by more than a factor of 10 com-
pared to the current level, which is probably too ambitious a
target in the medium term. A more realistic goal is that, in
the coming years, the theory uncertainty of the Higgs-mass
prediction be reduced by a factor of about 2−3, down to
the level of the current “parametric” uncertainty that stems
from the experimental uncertainty with which the SM input
parameters are known. As discussed in Sect. 6.4, the domi-
nant contribution to this parametric uncertainty comes from
the value of the top mass measured at hadron colliders, whose
relation with the theoretically well-defined top-mass param-
eter that is needed as input for the Higgs-mass calculation is
an additional source of uncertainty. It is therefore unlikely
that further reductions of the theory uncertainty would bring
substantial benefits, at least until an improved measurement
of the top mass, e.g. at future e+e− colliders, reduces the
associated parametric uncertainty down to the level of the
experimental precision of the Higgs-mass measurement.

The urgency of further improvements in the accuracy of
the Higgs-mass predictions in SUSY models will also depend
on the experimental developments concerning the proper-
ties of the observed Higgs boson, the electroweak precision
observables and the direct searches for BSM particles. In the
MSSM, the minimal values of the stop masses that lead to a
prediction for the Higgs mass compatible with the measured
value lie typically above the current bounds from direct stop
searches at the LHC. Therefore, the scenario of a SM-like
Higgs boson with mass around 125 GeV and no hints for
additional particles from direct BSM searches can still be
considered a fully consistent realization of the MSSM. If
no deviation from the SM is detected in the coming years,
a SUSY model with superparticle masses beyond the kine-
matic reach of the LHC - or even of future hadron colliders
such as the FCC-hh - will continue to be a viable possibility
(one could invoke fine-tuning arguments to favor or disfavor
certain classes of models). In this case, the requirement that
the prediction for the mass of the SM-like Higgs boson agree
– within the uncertainties – with the measured value will
place constraints on the multi-dimensional space of exper-
imentally inaccessible parameters of the considered model.

For example, as can be inferred from Fig. 1 in Sect. 2.1, a
lower bound on the stop masses of O(10 TeV) from future
searches at the FCC-hh would constrain the region of the
MSSM parameter space with large tan β, which is consistent
with a possible SUSY explanation of the (g − 2)µ anomaly.
We also remark that, in the absence of new discoveries, the
benefits of any possible improvement in the calculation of
the Higgs masses will have to be assessed on a case-by-
case basis. For example, in the simplified MSSM scenario
with a common SUSY scale and a fixed value of tan β,
the correlation between MS and Xt discussed in Sect. 2.1
(see Fig. 2 there) illustrates the ultimate sensitivity on the
unknown SUSY parameters that could be reached in the ide-
alized situation where experimental and theory uncertainties
are negligible. Even in that idealized situation, however, all
correlations get blurred when more SUSY parameters are
allowed to vary or non-minimal models are considered.

If, on the other hand, any significant deviations from the
predictions of the SM are detected (e.g., with definitive con-
firmations of the lepton-flavor anomalies recently observed
by LHCb, or of the long-standing (g − 2)µ anomaly) and/or
any BSM particles are discovered, future investigations on
the theory side will obviously focus on the classes of mod-
els that can accommodate the observed phenomenology. If
SUSY models belong to this class, the techniques and results
discussed in this report will be crucial to obtain accurate pre-
dictions for the Higgs masses, and the case for improving the
calculations until the theory uncertainty matches the experi-
mental accuracy of the Higgs-mass measurement will be even
stronger. It is also worth stressing that, while these techniques
were developed in the context of SUSY, they can be applied
more generally to any BSM model that involves some kind
of prediction for the quartic scalar couplings. In combina-
tion with direct experimental evidence for BSM physics, the
Higgs-mass predictions will be a powerful tool for unraveling
the nature of the new phenomena.

Acknowledgements The authors of this report wish to thank all of the
colleagues who, directly or indirectly, contributed over the past seven
years to the progress of the Higgs-mass calculations in SUSY mod-
els and to the success of the KUTS initiative. The work of P.S. and
M.Go. has been supported in part by the French “Agence Nationale
de la Recherche” (ANR), in the context of the LABEX ILP (ANR-11-
IDEX-0004-02, ANR-10-LABX-63) and of the grant “HiggsAutoma-
tor” (ANR-15-CE31-0002). The work of S.H. has been supported in
part by the MEINCOP (Spain) under contract FPA2016-78022-P and
under contract PID2019-110058GB-C21, in part by the Spanish Agen-
cia Estatal de Investigación (AEI), in part by the EU Fondo Europeo de
Desarrollo Regional (FEDER) through the project FPA2016-78645-P,
in part by the “Spanish Red Consolider MultiDark” FPA2017-90566-
REDC, and in part by the AEI through the grant IFT Centro de Exce-
lencia Severo Ochoa SEV-2016-0597. H.B., T.B., J.B., P.D., D.M.,
I.S. and G.W. acknowledge support by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation) under Germany’s
Excellence Strategy – EXC 2121 “Quantum Universe” – 390833306.
The work of H.E.H. has been partially supported by the U.S. Depart-
ment of Energy Grant DE-SC0010107. The work of R.H., M.M., A.V.,

123



Xt =
p
6M

t̃
, tan �̃ = 20, MH = M3 = M�

1 2 3 4 5
M

µ
  [TeV]

1

3

10

30

100

M
t  

[T
eV

]

1 TeV

2 TeV

3 TeV

3.5 TeV

4 TeV

M
µ

~

~

~

M
χ
 =M� ⌘ M1 = M2 = µud0

Interplay of (g-2)µ and Higgs-mass prediction in the FSSM

<latexit sha1_base64="CkfvqHjKoB/1Dz21004dIIpV/5Y="></latexit>

�aµ ⇡ ŷ0µ
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EFT calculation of the SM-like Higgs mass in the NMSSM
Considering the simplest scenario where the EFT valid below the SUSY scale is just the SM

• SUSY-scale boundary conditions:  full 1-loop  +  full 2-loop QCD   [including mixed QCD-EW]                                                      
.                                                                        +  2-loop-Yukawa in the “gaugeless limit”                   

• Evolution between the SUSY and EW scales:   full 3-loop RGE of the SM                       .                                       

• EW-scale (=SM) boundary conditions:   full 2-loop relation between     and  Mh                .                                                                   �
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SUSY-scale boundary conditions for the NMSSM calculation:

- FlexibleEFT (numerical) approach  [1609.00371, 1710.03760, 2003.04639]  
(also SARAH/SPheno [1703.03267], but only LL )

- Analytical results: only 1-loop in a very constrained scenario  [1810.09388]    
.                                (all BSM masses depending on just one parameter)



EFT calculation of the SM-like Higgs mass in the NMSSM
Considering the simplest scenario where the EFT valid below the SUSY scale is just the SM
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The Higgs sector of the NMSSM with heavy BSM particles
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[ All Feynman diagrams in this talk were drawn with R. Harlander’s FeynGame ]
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One-loop matching condition for the quartic Higgs coupling
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Three options for the treatment of the singlet vev and mass entering the tree-level part
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�Z2`,QCD

h•                is again the same as in the MSSM and can be borrowed from 1908.01670

Two-loop-QCD contribution to the matching condition

The NMSSM-specific part has the same structure as the one-loop squark contribution:
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The correction to the trilinear Higgs-singlet coupling can be computed with usual methods 
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Non-trivial consistency check of our result:

- the full 1-loop RGEs of all parameters in      
<latexit sha1_base64="WeV2qyHgehm0+TSNy505u9RrGkI="></latexit>

�tree
SM

- the explicit Q2 dependence of            and      
<latexit sha1_base64="J8X82oFMq/J5MSf9gADm3o6Hei4="></latexit>

��1`
SM ��2`,QCD

SM

Combining:
- the 2-loop                and                RGEs of                        in      O(↵s↵t) O(↵s↵b) � , A� , tan�

<latexit sha1_base64="WeV2qyHgehm0+TSNy505u9RrGkI="></latexit>

�tree
SM

- the 1-loop             RGEs of the relevant parameters in      O(↵s)
<latexit sha1_base64="J8X82oFMq/J5MSf9gADm3o6Hei4="></latexit>

��1`
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=  the full 1-loop + 2-loop-QCD RGE for         in the SM�SM
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Numerical impact of the NMSSM-specific contributions

<latexit sha1_base64="FcllMAI2pUkX9phLIp1OzOLtTEY="></latexit>

MS = 5 TeV, Xt =
p
6MS ,

<latexit sha1_base64="wrFKkczypg2Eo4CF2AMV+zuU5yg="></latexit>

(M1, M2, M3) = (1, 2, 2.5) TeV
Heavy-SUSY scenario:

<latexit sha1_base64="JUKRKAbNRt4WKx226xW44jO4kRM="></latexit>

µ = � vs = 1.5 TeV

<latexit sha1_base64="UgcR1+Sb3QSkkXUxz4KkU+bxF8w=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclaRqbRdCxY3LCn1BG8JkOmmHziRhZiKE0PyKGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9iVCrL+jBWVtfWNzYLW8Xtnd29ffPgsCvDWGDSwSELRd9DkjAakI6iipF+JAjiHiM9b3qT+717IiQNg7ZKIuJwNA6oTzFSWnLNEnevYXaVwbMsHQoO26Q7c82yVbE0ajWYE7tu2Zo0GvVqtQHtuWVZZbBEyzXfh6MQx5wECjMk5cC2IuWkSCiKGZkVh7EkEcJTNCYDTQPEiXTS+fEzeKKVEfRDoStQcK5+n0gRlzLhnu7kSE3kby8X//IGsfLrTkqDKFYkwItFfsygCmGeBBxRQbBiiSYIC6pvhXiCBMJK51XUIXx9Cv8n3WrFrlUu7s7LzeoyjgI4AsfgFNjgEjTBLWiBDsAgAQ/gCTwbmfFovBivi9YVYzlTAj9gvH0C0X+UOQ==</latexit>

mA = 3 TeV

<latexit sha1_base64="pF48bwhHl9vmxssXMkr/Wj4mSEQ="></latexit>

 = � , A = �2 TeV

<latexit sha1_base64="dYTqZtGxFskzW1iZh5a4y3tAzMw="></latexit>

ms ⇡ 2.45 TeV, ma = ms̃ = 3 TeV

• We use mr to extract the SM parameters and evolve up to the SUSY scale

• We scan the input value of Mh until                matches the NMSSM prediction 
<latexit sha1_base64="TZu+D0PkzvzRqUiMkJ8XPeyOmUo=">AAACH3icbVBNT9tAFHyGAiEUmsCRy6oRUnqJbEQ/jpG4cIkUFAKp4ihar59hxa5t7T4jRZZ/Ra9w4Ndwq3rl37AJPrTQkXY1mpmnfTtRrqQl33/21tY/bGxuNbabOx939z612vuXNiuMwLHIVGYmEbeoZIpjkqRwkhvkOlJ4Fd2eLv2rOzRWZukFLXKcaX6dykQKTk76GarRoDuYj77MWx2/56/A3pOgJh2oMZy3PQjjTBQaUxKKWzsN/JxmJTckhcKqGRYWcy5u+TVOHU25RjsrVxtX7MgpMUsy405KbKX+PVFybe1CRy6pOd3Yt95S/J83LSj5MStlmheEqXh9KCkUo4wtv89iaVCQWjjChZFuVyZuuOGCXEnNMMZkWUkZKldhzOdlaF0qp/qmhcIyNJqNBlVVuc6Ctw29J5fHveBb7+v5Sad/XLfXgEP4DF0I4Dv04QyGMAYBGn7BPTx4j96T99v78xpd8+qZA/gH3vMLJbuiSg==</latexit>

�SM(MS)

We study the dependence of Mh  on     and 
<latexit sha1_base64="1HrL49oNxwxrSkCcSYAWUznstMk="></latexit>

tan�
<latexit sha1_base64="4jfy9s6KmzrymlUWmnms2O4rzWM="></latexit>

�

DR parameters in the 
Higgs/singlet sector:

<latexit sha1_base64="VekDTrTUNIjkoyPvcA685AfZ34o=">AAACHXicbVDLSgMxFL3j2/rWpZtgEXRTZsTXRhDcuCkotVbolJLJ3NHQzIPkjlCG+Qi3uvBr3Ilb8W9M6yx8HUg4nHMuuTlBpqQh1/1wJianpmdm5+ZrC4tLyyura+vXJs21wLZIVapvAm5QyQTbJEnhTaaRx4HCTjA4G/mde9RGpskVDTPsxfw2kZEUnKzU2bk8afZbu/3Vuttwx2B/iVeROlS46K854IepyGNMSChuTNdzM+oVXJMUCsuanxvMuBjwW+xamvAYTa8Y71uybauELEq1PQmxsfp9ouCxMcM4sMmY05357Y3E/7xuTtFxr5BJlhMm4uuhKFeMUjb6PAulRkFqaAkXWtpdmbjjmguyFdX8ECNftZqFr2yBIe8XvrGpjKqbhgoLX8es1SzL0nbm/W7oL7nea3iHjYPL/frpXtXeHGzCFuyAB0dwCudwAW0QMIAHeIQn59l5cV6dt6/ohFPNbMAPOO+fYoGhXA==</latexit>

(Q = MS)
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<latexit sha1_base64="7J/dHrRwTOlMoVNmm80cYTlGniU="></latexit>

tan� = 5
<latexit sha1_base64="JSQlec7c0Nzfaq1vn0YoDNj085s="></latexit>

tan� = 3

1-loop contribution significant at large    ,  2-loop contribution much smaller<latexit sha1_base64="KqS1jbZ9aisQUCyp0rvJjvkpUmk=">AAACHnicbVDLSgMxFL3j2/qqunQTLIKrMiO+loIbN4KitYVOKZnMHQ1mHiR3hDLMT7jVhV/jTtzq35i2s9DWAwmHc84lNyfIlDTkut/OzOzc/MLi0nJtZXVtfaO+uXVn0lwLbIlUpboTcINKJtgiSQo7mUYeBwrbweP50G8/oTYyTW5pkGEv5veJjKTgZKWOr2w05Kxfb7hNdwQ2TbyKNKDCVX/TAT9MRR5jQkJxY7qem1Gv4JqkUFjW/NxgxsUjv8eupQmP0fSK0cIl27NKyKJU25MQG6m/JwoeGzOIA5uMOT2YSW8o/ud1c4pOe4VMspwwEeOHolwxStnw9yyUGgWpgSVcaGl3ZeKBay7IdlTzQ4x8dXNZVLX0C9/YVEbVTQOFha9jdnNZlqXtzJtsaJrcHTS94+bR9WHj7KBqbwl2YBf2wYMTOIMLuIIWCFDwDC/w6rw5786H8zmOzjjVzDb8gfP1Az6OomU=</latexit>

�

<latexit sha1_base64="nnA0r0TSVCm61PxmdWsthJzV4Uw="></latexit>

(��SM)�

<latexit sha1_base64="nnA0r0TSVCm61PxmdWsthJzV4Uw="></latexit>

(��SM)�

Driven by the tree-level dependence on    :
<latexit sha1_base64="KqS1jbZ9aisQUCyp0rvJjvkpUmk=">AAACHnicbVDLSgMxFL3j2/qqunQTLIKrMiO+loIbN4KitYVOKZnMHQ1mHiR3hDLMT7jVhV/jTtzq35i2s9DWAwmHc84lNyfIlDTkut/OzOzc/MLi0nJtZXVtfaO+uXVn0lwLbIlUpboTcINKJtgiSQo7mUYeBwrbweP50G8/oTYyTW5pkGEv5veJjKTgZKWOr2w05Kxfb7hNdwQ2TbyKNKDCVX/TAT9MRR5jQkJxY7qem1Gv4JqkUFjW/NxgxsUjv8eupQmP0fSK0cIl27NKyKJU25MQG6m/JwoeGzOIA5uMOT2YSW8o/ud1c4pOe4VMspwwEeOHolwxStnw9yyUGgWpgSVcaGl3ZeKBay7IdlTzQ4x8dXNZVLX0C9/YVEbVTQOFha9jdnNZlqXtzJtsaJrcHTS94+bR9WHj7KBqbwl2YBf2wYMTOIMLuIIWCFDwDC/w6rw5786H8zmOzjjVzDb8gfP1Az6OomU=</latexit>
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General formulas for the 
1-loop self-energies:

<latexit sha1_base64="CIXDOfIqy0r5OqLEZuYn1N78BOM="></latexit>

��1` ,OS

SM
= 2

aOS

hhs

M2
s

�ahhs �
(aOS

hhs)
2

M4
s

�M2
s

(Note: this receives also 2-loop-QCD contributions)



Numerical effect of the change of scheme
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Summary

• “General formulas” are powerful tools to compute 1-(and 2)-loop corrections,    
but human input still needed for subtleties related to renormalization choices

• In the NMSSM with heavy BSM particles, the EFT calculation of the Higgs mass 
requires some care for the definition of the parameters in the singlet sector

• The NMSSM-specific contributions to the matching condition for the quartic 
Higgs coupling can be neatly grafted onto the MSSM result 

• The numerical impact of the 1-loop contributions can be sizable at large    ,       
but the qualitative behavior is already driven by the tree-level dependence 
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�

• Our full-1-loop + 2-loop-QCD NMSSM-specific contributions to the quartic Higgs 
coupling are available on request. Shall we implement them in FeynHiggs? 



Thank you!!!
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