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Soft supersymmetry-breaking terms provide a wealth of new potential sources of flavour violation, which 
are tightly constrained by precision experiments. This has posed a challenge to construct flavour models 
which both explain the structure of the Standard Model Yukawa couplings and also predict soft-breaking 
patterns that are compatible with these constraints. While such models have been studied in great detail, 
the impact of flavour violating soft terms on the Higgs mass at the two-loop level has been assumed to 
be small or negligible. In this letter, we show that large flavour violation in the up-squark sector can give 
a positive or negative mass shift to the SM-like Higgs of several GeV, without being in conflict with other 
observations. We investigate in which regions of the parameter space these effects can be expected.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

The discovery of the Higgs boson [1,2] has already celebrated 
its third anniversary, and in the meantime its properties are mea-
sured with an impressive precision. The average mass is mh =
(125.09 ± 0.32) GeV [3–5]. This measurement is much better than 
the theoretical prediction of the mass in any model beyond the 
standard model (SM). The most studied extension of the SM is the 
minimal supersymmetric standard model (MSSM), in which the 
uncertainty is estimated to be of the order of a few GeV, taking 
into account the dominant two-loop corrections [6–9]. However, 
this estimate does not include the impact of large flavour violation 
for instance. While one-loop contributions to the Higgs mass are 
known exactly, the widely used two-loop corrections (those not 
involving electroweak gauge couplings) make the approximation 
of including only third generation states. Electroweak corrections 
have been calculated for the MSSM at O(ααs) [10], stemming 
from the D-term couplings between Higgs bosons and coloured 
sfermions and neglecting all fermion masses other than the top 
mass.1
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The impact of first and second generation (s)quarks (in gauge-
less contributions) can safely be neglected under the assumption 
that the only source of flavour violation is the CKM matrix of the 
SM. In this ansatz, known as ‘minimal flavour violation’ [11–13], 
the three generations of sfermions are aligned with the corre-
sponding fermions and the soft-breaking terms do not introduce 
any additional flavour violation. However, there is no fundamental 
reason why this alignment should be present. In particular in mod-
els where SUSY breaking is transmitted via gravity, this is often a 
very strong and hard to motivate assumption [14,15]. It can be 
motivated in models with pure gauge mediation, but these models 
have significant difficulties in explaining the Higgs mass – hence 
recent interest in non-minimal gauge mediation models with di-
rect couplings between the messenger and visible sectors, which 
may as a consequence lead to flavour violation [16–21].

For these reasons, non-minimal flavour violation in the MSSM 
has been studied for several years: the focus has been mainly on 
the collider phenomenology [22–27], and the impact on flavour 
precision observables, see for instance Ref. [28] and references 

O(m2
Z /m2

t ) compared to O(αtαs)p2=0. Interestingly, since the Higgs mass is of 
the order of the electroweak scale, those contributions required the inclusion of 
all O(ααs) terms – and the first two generations via their D-term coupling only. 
However, those corrections are almost completely orthogonal to the (much larger) 
contributions considered here – and indeed in that calculation flavour mixing was 
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therein. Interestingly, a large mixing between stops and scharms 
could explain some recent flavour anomalies [29]. It is also known 
that large flavour mixing involving stops can have an important 
consequence for the Higgs mass calculation at one loop [7,30–35]. 
A complete one-loop calculation including all flavour and momen-
tum effects exists for years for the MSSM. Already at one loop, it 
has been shown [34,35] that Higgs mass corrections can be larger 
than 10 GeV due to large flavour mixing in the squark sector, and 
that positive as well as negative differences can be found. The 
shifts can even be as high as O(60) GeV if more mixing param-
eters are included. However, those points are highly constrained 
by precision B observables, namely Bs → μ+μ− , B → Xsγ and 
�MBs . Knowing that these effects can be large at one loop, it was 
not yet studied how significant these effects can be at two loops. 
We close this gap here. We shall show that the usually neglected 
two-loop corrections can shift the Higgs mass by several GeV.

This letter is organised as follows: in sec. 2 we introduce our 
conventions to parametrise flavour violation in the MSSM, before 
we show the numerical results in sec. 3. We discuss the results in 
sec. 4.

2. The MSSM with general flavour violation

We shortly introduce our conventions for the discussion in the 
following. We stick closely to the SLHA 2 conventions for the defi-
nition of our basis [36], and the superpotential reads

W = Y ij
e L̂i Ê j Ĥd + Y ij

d Q̂ i D̂ j Ĥd + Y ij
u Q̂ i Û j Ĥu + μ Ĥu Ĥd (1)

where the sums over colour and isospin indices are implicit. The 
hat symbol (e.g. L̂i ) denotes a superfield. In general, the Yukawa 
couplings Y X (X = e, d, u) are 3 × 3 complex matrices. Since there 
is no source of lepton flavour violation in the MSSM, Ye has to be 
diagonal: Ye = diag(ye, yμ, yτ ). Moreover, one can always perform 
a rotation into the super-CKM basis where quark Yukawa couplings 
become diagonal as well:

Yd = diag(yd, ys, yb), Yu = diag(yu, yc, yt) . (2)

The entire information of flavour violation is then included in the 
CKM matrix V which is defined as

V = (U u
L )†U d

L (3)

where (U d
L) and (U u

L ) rotate the left-handed down- and up-quarks 
which are assumed to be aligned with the corresponding super-
fields.

The soft-SUSY breaking sector of the model is parametrised by

−L= (
T ij

e l̃i ẽ j Hd + T ij
d q̃id̃ j Hd + T ij

u q̃i ũ j Hu + BμHd Hu + h.c.
)

+ (M1λBλB + M2λW λW + M3λGλG + h.c.)

+ m2
φ,i jφ̃

∗
i φ̃ j + m2

Hd
|Hd|2 + m2

Hu
|Hu|2 (4)

with φ = u, d, q, e, l. In the limit of minimal flavour violation, Ti =
Ai Yi (i = d, u, e) would hold, but we want to study explicit devia-
tions from this. We concentrate in the following on the up-squark 
sector. In general, the mass matrix squared for the six up-squarks, 
M2

U , in the basis (ũL, ̃cL, ̃tL, ̃uR , ̃cR , ̃tR) is given by

M2
U =

(
V m2

q V † + 1
2 v2

u Y 2
u + D LL X†

X m2
u + 1

2 v2
u Y 2

u + D R R

)
(5)

with the 3 × 3 matrix

X = − vd√ μ∗Yu + vu√ Tu (6)

2 2
and the D-term contributions are expressed in diagonal matrices 
D LL and D R R . We assume further that the only sources of ad-
ditional flavour violation are the (2, 3) and (3, 2) entries of Tu
and that Td as well as Tu,11 are vanishing. In this case, we can 
parametrise the squark sector by:

mu,33, mu,22, mq,33, mq,22

m̃ ≡ mq,11 = mu,11 = md,ii

Tu,33, Tu,32, Tu,23

μ, tanβ

For simplicity, we assumed a universal mass m̃ for all squarks not 
mixing with the stops, and take this value also for all slepton soft 
masses. The remaining parameter is the gluino mass M3, which 
will be important in the following.

3. Numerical results

For the numerical analysis we make use of the combination of 
the public codes SPheno [37,38] and SARAH [39–44]. All masses 
are renormalised in the DR

′
scheme: at one loop all corrections 

including the full momentum dependence are taken into account 
for any SUSY and Higgs state. For the neutral Higgs masses, the 
two-loop corrections in the gaugeless limit and without momen-
tum dependence are included, but all generations of (s)fermions 
are taken into account [45,46]. These results make use of the 
generic approach developed in Refs. [47–49], which also contain 
a detailed description of the renormalisation procedure for the in-
terested reader. We will refer to this calculation as mfull

h in the 
following, keeping in mind that these provisos exist. It has been 
shown that the obtained results for the MSSM are in perfect agree-
ment with widely used results of Refs. [50–54], if first and second 
generation (S)quarks are neglected (this will be called mapprox

h in 
the following). If they are taken into account in the limit of mini-
mal flavour violation, the differences are still very small. We shall 
study what happens if we are far away from minimal flavour vio-
lation.

3.1. Exploring the MSSM with large stop flavour violation

We fix in the following the parameters which have a less im-
portant impact on the two-loop Higgs mass corrections as follows:

M1 = 100 GeV, M2 = 200 GeV, m̃ = 1500 GeV

μ = 500 GeV, M2
A = (1000 GeV)2, tanβ = 10

For the other parameters, we scan over the following ranges:

M3 ∈ [1,3] TeV

mu/q,33 ∈ [0.2,2] TeV, mu/q,22 ∈ [1.2,2.5] TeV

Tu,i j ∈ [−4,4] TeV (i, j = 2,3)

To be consistent with LHC collider limits, the second generation 
mass parameters are chosen larger than 1.2 TeV. The third gen-
eration can be much lighter. It is always possible to choose M1
such that the LSP mass is close to the stop mass, thus avoiding 
the collider limits. The change of M1 would have no impact on the 
results. The quantity of interest is the difference between the cal-
culation with third generation squarks only (mapprox

h ) and the ‘full’ 
calculation including all generations, mfull

h ,2

2 The specific settings in SPheno used for the two values of the Higgs mass are 
in the Flag 8 of Block SPhenoInput: the value is set to 3 for mfull

h (diagram-
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Fig. 1. Correlation between δm(1L)

h and δm(2L)

h ≡ δmh . The blue points are all points 
which give a tachyon-free spectrum without any further restrictions. The red points 
provide at two loops a Higgs mass with mh > 120 GeV. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version 
of this article.)

δm(2L)

h ≡ δmh = mfull
h − mapprox

h . (7)

If we impose no cut upon the Higgs mass – i.e. do not require it to 
have the observed value of 125 GeV – then we can have very large 
shifts in its value through flavour effects. To begin with, we con-
sider a rough scan over 250k points, where the only requirement 
is that the spectrum contains no tachyons, leaving 95k points. 
Those are shown in Fig. 1, where δm(1L)

h , the difference between 
a full one-loop calculations and the one-loop calculation neglect-
ing flavour effects, is shown against δm(2L)

h . We see that there is 
indeed a weak correlation between the one- and two-loop effects. 
The more realistic points with the restriction mh > 120 GeV are 
shown in red in Fig. 1. Cutting on points which have a sufficiently 
large Higgs mass at the two-loop level singles out points where 
the one- and two-loop effects are of comparable size.

To investigate further, we shall be interested in potentially phe-
nomenologically relevant models, and so shall show the results 
of a larger, finer scan where we restrict to points for which the 
full Higgs mass including all generation of squarks at two loops 
(mfull

h ) is larger than 120 GeV. This scan included 5 million points 
using a flat prior. To avoid the issue of undersampling in a scan 
with six free parameters, at least 106 points have to be sampled, 
which is far exceeded by this number. From the total number of 
points, a selection of about 50k points have mh > 120 GeV and 
|δmh| > 0.5 GeV, as well as fulfilling flavour constraints from all 
important B observables. The strongest constraints usually come 
from b → sγ . This selection is used throughout the following 
plots, Figs. 2–5. It is useful to define the ratio ru ≡ mu,33/mu,22
and rq ≡ mq,33/mq,22 of soft mass parameters. We show in Fig. 2
the value of δmh with the largest absolute value per bin. These 
plots indicate regions where the highest corrections, positive as 
well as negative, can be obtained, possibly among other points 
with smaller corrections residing in the same bin which are not 
shown. Therefore, each plot in Fig. 2 projects out a certain amount 
of points and the remaining number equals the number of bins. 
Complementarily, Fig. 3 shows histograms of the number of points 
(arbitrary units) which survive the cut |δmh| ∈ [0.8, 7] GeV. The 
upper plot (red hue) shows only points with negative δmh and the 
lower plot (blue hue) shows only positive δmh . These plots do not 
show the magnitude of the corrections, but rather the general lo-
cation in parameter space where positive and negative corrections 
can be found. We find the following behaviour:

matic calculation) and to 9 for mapprox
h (2-loop dominant, 3rd generation contribu-

tions; using routines based on Refs. [50–54]).
Fig. 2. δmh (in GeV) of the point with the maximal |δmh| per bin is shown, as 
function of different ratios of important soft-breaking parameters.

(i) From Fig. 2 (upper) it can be seen that a necessary condi-
tion for a large deficit of several GeV in mapprox

h (i.e. δmh > 0) 
is a large hierarchy between the third and second genera-
tion of the soft-masses mq or mu (i.e. small values of ru, rq). 
In particular, many such points reside in a region around 
(ru, rq) = (0.8, 0.2) and (0.8, 0.2) which is visible in Fig. 3
(lower). On the other side, if rq or ru is ≥0.4, one finds neg-
ative δmh . This can be seen in Fig. 3 (upper), where the bulk 
of points is within the area of ru ≥ 0.4, rq ≥ 0.4. It is also visi-
ble in Fig. 4, where δmh is displayed against min(ru, rq). Large 
negative values of δmh are found around 0.4.
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Fig. 3. These plots show normalised histograms of points from the generated sample 
that fulfil |δmh| ∈ [0.8, 7] GeV (colour bars range from 0 to 1). The upper plot shows 
points with negative δmh (red hue) and the lower plot shows points of positive δmh

(blue hue). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)

Fig. 4. δmh as function of min(mx,33/mx,22) (x = q, u).

(ii) In the case that the gluino is lighter than the second gener-
ation of soft-masses (M3/mx,22 < 1, x = q, u), δmh is found 
positive (blue area within Fig. 3, middle), while for a heavier 
gluino (M3/mx,22 > 1, x = q, u) the additional corrections from 
flavour violation are negative (red area within Fig. 3, middle).

(iii) The sign of the additional corrections depends strongly on 
the ratio of Tu,33 and the two off-diagonal couplings Tu,32
and Tu,23. If |Tu,32| or |Tu,23| are much bigger than |Tu,33|, 
the flavoured two-loop corrections are usually large and posi-
Fig. 5. δmh as function of Tu,33/max(Tu,32, Tu,23), where max picks the entry whose 
absolute value is larger independent of the sign.

tive. Negative corrections appear in particular for the case that 
max(|Tu,32|, |Tu,23|) 	 |Tu,33|. This is shown in Fig. 2 (lower) 
and also in Fig. 5. We checked that a very similar pattern as 
in Fig. 5 also exists at one loop: positive (negative) corrections 
can be found around Tu,33/max(Tu,32, Tu,23) = 0 (at ±1, re-
spectively), whereas the magnitude can be much larger.

3.2. Examples

To further investigate the dependence on the different parame-
ters, we pick two parameter points where the flavour effects at two 
loops give either a positive or negative shift to the Higgs mass.

3.2.1. Positive contributions from flavour effects
The input parameters of the first example are

mu,33 = 300 GeV, mq,33 = 2000 GeV

mu,22 = mq,22 = 2300 GeV

Tu,33 = Tu,32 = −1800 GeV, Tu,23 = 0,

M3 = 1550 GeV. (8)

Note that this choice of parameters respects direct collider bounds 
by the same reasoning that was given in sec. 3.1. Depending on 
the used two-loop calculation, we find the following values for the 
SM-like Higgs mass

mfull
h = 123.1 GeV (9)

mapprox
h = 121.1 GeV (10)

Thus, the approximation to consider only the third generation 
(s)quark effects at two loop gives a result which is 2 GeV too 
small compared to the full calculation. For comparison we checked 
the impact of including/excluding the flavour violating effects at 
the one-loop level and found: mfull,(1L)

h = 116.4 GeV, mapprox,(1L)

h =
119.5 GeV. Thus, the effects are of similar size but with different 
sign. The chosen point is not one of the points which maximizes 
the difference between both calculations, but it can be used to see 
nicely the dependence on the different parameters as shown in 
Fig. 6: the difference between both calculations quickly increases 
for smaller M3 and mu,33 as well as for larger negative Tu,32. For 
decreasing |Tu,33| the change in sign can also be observed.

There is one final comment in order: it is known that large 
trilinear couplings in the squark sector together with a sizeable 
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Fig. 6. mfull
h (solid blue) and mapprox

h (dashed red) as functions of Tu,32, Tu,33, mu,33

and M3. The other parameters are fixed to the values in eq. (8).

splitting in the soft-masses can trigger charge and colour break-
ing [55–59]. For non-violating trilinears, the generally-used rule of 
thumb is that

T 2
u,33 < 3|Y 33

u |2(m2
q,33 + m2

u,33 + m2
Hu

+ |μ|2), (11)

but once we allow new flavour-violating directions a new mini-
mum can appear along a D-flat direction where e.g. 〈Q 3〉 = 〈U2〉, 
giving

T 2
u,23 < |Y 33

u |2(m2
q,22 + m2

u,33 + m2
Hu

+ |μ|2) (12)

and similarly for 2 ↔ 3. Since the two conditions are not dramat-
ically different, having the same scan ranges for conventional and 
flavour-violating trilinears is entirely reasonable and there is no 
reason to suspect any new problems from vacuum stability. How-
ever, to perform a careful analysis of this we checked the vacuum 
stability a sampling of the surviving points (after all other cuts) 
with Vevacious [60] allowing the possibility that the second and 
third generation of up-squarks can receive vacuum expectation val-
ues. We actually found that this happens at the global minimum of 
the scalar potential for the benchmark point above. However, the 
lifetime of this point calculated with CosmoTransitions [61]
turns out to be many times the age of the universe. Also all flavour 
observables were checked to be in agreement with experiment us-
ing the FlavorKit functionality of SARAH/SPheno [62].

3.2.2. Negative contributions from flavour effects
As second example we choose the point given by

mu,33 = 720 GeV, mq,33 = 875 GeV

mu,22 = mq,22 = 2500 GeV

Tu,33 = 1200 GeV, Tu,32 = −1900 GeV, Tu,23 = 0,

M3 = 2600 GeV. (13)

The scalar potential is even stable for this point and charge/colour 
is unbroken at the global minimum. The approximate calculation 
turns out to predict a Higgs mass which is too large by about 
3 GeV

mfull
h = 121.2 GeV (14)

mapprox
h = 124.0 GeV (15)

Just by comparing the effects from flavour violation, we already 
obtain an uncertainty of 3 GeV. Thus, the total theoretical uncer-
tainty of mh is certainly above that widely misused estimate: the 
3 GeV uncertainty stated in literature was derived for the MSSM 
under several assumptions like negligible effects from flavour vi-
olation. One has to be more careful in applying this uncertainty 
estimate to a study. We find for this particular point that the 
flavour violation effects at the two-loop level are even more im-
portant than at one loop where they cause only a shift of about 
1 GeV: mfull,(1L)

h = 117.3 GeV, mapprox,(1L)

h = 118.3 GeV. The depen-
dence on the trilinear squark couplings Tu,32 and Tu,33 as well as 
on mu,33 and M3 is shown in Fig. 7. Note, in the regions with large 
|Tu,32| in the upper plot in Fig. 7, where δmh is very large, the 
electroweak potential becomes metastable and even short-lived. 
So, the constraints from charge and colour breaking minima are 
actually more severe than the ones from flavour observables.

4. Discussion

We have analysed the effect of large flavour-mixing on the 
Higgs mass calculation, and compared it to the approximation that 
only the third generation contributes, finding that the discrepancy 
can be several GeV for parameter points that are consistent with 
all other observations. The size and the sign of the flavoured two-
loop contributions depends mainly on the hierarchy in the soft-
breaking squark masses, the size of the flavour violating trilinear 
soft-terms and the gluino mass. This raises several questions:

1. Do the shifts at two loops correlate with those at one loop? At the 
beginning of section 3 we saw that there is a relationship be-
tween the shifts at one and two loops; clearly models with 
large generation mixing will show large effects at one loop. 
We show this again for the points of our fine scan in Fig. 8. 
We see roughly two branches of points: the first which ex-
hibit negligible differences between the third-generation-only 
approximation and full calculation at two loops, and those for 
which there is a positive correlation for δmh with the one-
loop shift; i.e. broadly speaking, for the points that show devi-
ations from the third-generation approximation, the flavour-
dependent corrections at one and two loops are correlated. 
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Fig. 7. δmh in the (Tu,32, Tu,33) and (mu,33, M3) plane. The other parameters are 
fixed to the values in eq. (13).

Fig. 8. Correlation between the off-diagonal-flavour induced shift in the Higgs mass 
at one and two loops.

A naive assumption for the origin of the branches would be 
that the gluino mass would suppress the differences at two 
loops, and so the correlated points should be those with heavy 
gluinos. In fact, this is not the case: only the points on the 
correlated branch tend to exhibit large ratios of gluino to stop 
masses, indicating that the gluinos have the effect of enhanc-
ing the two-loop corrections in general.

2. Are the corrections proportional to the full Yukawa (yu,d,c,s = 0) 
couplings? To investigate this, we recalculated the corrections 
Fig. 9. Top: δmh against proportional shift in lightest stop mass, δmt̃1
/mt̃1

compared 
to model with T23 = T32 = 0, colours show percentage of points in each bin in 
a 50-by-50 grid, bins with zero points shown as white. Bottom: δmh (ordinate) 
against approximation for shift from inserting on-shell stop masses into the one-
loop Higgs mass expression (abscissa) as given in equation (17). (For interpretation 
of the colours in this figure, the reader is referred to the web version of this article.)

with only the top/bottom mass terms in the Yukawa couplings 
non-zero, and found very little difference; in fact only yt ≡
Y 33

u is relevant. Therefore, it is purely the trilinear couplings 
Tu,i j that are responsible for the shifts.

3. Are the differences mostly in α2
t or αtαs corrections? By compar-

ing results using specially modified versions of our code we 
have compared the “full” and third-generation only results for 
the strong corrections only, and found that as usual the strong 
corrections are largest and thus exhibit the largest differences.

4. Can the differences be explained by the effect of the one-loop shift in 
the stop masses? The one-loop shift to the light stop mass stem-
ming from flavour terms, δmt̃ = m1L

t̃
− m1L

t̃

∣∣
T23=T32=0, could be 

correlated to δmh . Fig. 9 (top panel) shows a 2D histogram of 
points with respect to δmt̃/mt̃ and δmh . There is no clear sign 
of a correlation between the two, but rather a spread of points 
and with many large shifts in the Higgs mass showing no 
change in the lightest stop mass. However, as a slightly more 
refined measure, we could use a guess for the order of magni-
tude of two-loop corrections (δosm2

h) as inserting the one-loop 
corrected stop masses into the expression for the one-loop 
Higgs mass:

δosm2
h = δ1Lm2

h(mon-shell
t̃i

) − δ1Lm2
h(mDR

′
t̃i

), (16)

with δ1Lm2
h(M) being the one-loop correction to the Higgs 

mass-squared computed using the effective potential method 
found, for example, in [51] (and we defined the “stops” as be-
ing the two eigenstates with largest stop components). Here 
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we use the DR
′

values for all other parameters (mixing an-
gles, trilinears, etc.). The value that we obtain, δosm2

h , is not a 
true two-loop value, but merely an (in general large over-) es-
timate of the order of magnitude. However we can use this to 
see whether shifting both the stop masses may correlate with 
the Higgs mass shift we calculate, using the quantities

δ(1L)2
m2

h ≡ δosm2
h − δosm2

h

∣∣
T32=T23=0 ,

→ δm(1L)2

h ≡
(

(mapprox
h )2 + δ(1L)2

m2
h

)1/2

− mapprox
h , (17)

where δm(1L)2

h is derived from δ(1L)2
m2

h as a parameter of mass 

dimension 1. The size of δm(1L)2

h gives the would-be “two-
loop” shift in the Higgs mass when we turn on the generation-
mixing trilinear using the above reasoning; we subtract off 
the equivalent contribution with those trilinears turned off as 
that is supposedly accounted for in mapprox

h . As we show in 

Fig. 9 there is a weak anti-correlation between this δm(1L)2

h
and δmh , the full shift that we find. In fact, the plot appears to 
give the inverse of the relationship shown in Fig. 8. Since this 
is a weak anti-correlation, it merely reflects the relationship 
between the one- and two-loop shifts. However, it does im-
ply that the discrepancy between our full two-loop calculation 
and the third-generation-only approximation (for the two-loop
parts) might be reduced by passing from the DR

′
-scheme to 

on-shell scheme for (at least) the stop masses. While this is a 
complicated undertaking – requiring an on-shell scheme for at 
least two generations, and the inclusion of the new countert-
erms at two loops – it would be interesting to explore this in 
future work. However, this would at best explain part of the 
difference: the plots show that a significant proportion of the 
points show no correlation at all, including some of the points 
with the largest differences which have almost no shift in the 
stop masses whatsoever.

From considering the above, we conclude that a sizeable contri-
bution to δmh arises from the new diagrams involving the trilinear 
couplings T23, T32 mixing the generations, and that the effects can 
not be simply obtained from the existing approximate expressions. 
Hence, once these trilinear terms have magnitude comparable to 
the other soft terms we can no longer trust the third-generation-
only approximation.

It would be interesting to consider consistent models realising 
such substantial flavour violation terms from a top-down perspec-
tive (along the lines of e.g. [18]). Moreover, since the result is 
largely independent of the charm mass, models mixing the stop 
and sup should yield very similar results.
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