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It is often argued that low fine tuning in the MSSM necessarily requires a rather light Higgsino. In this
note we show that this need not be the case when a more complete set of soft SUSY breaking mass
terms are included. In particular an Higgsino mass term, that correlates the p-term contribution with
the soft SUSY-breaking Higgsino masses, significantly reduces the fine tuning even for Higgsinos in the

TeV mass range where its relic abundance means it can make up all the dark matter.
© 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

Our expectation of what to find beyond the Standard Model
(SM) of particle physics has largely been shaped by naturalness
arguments, and arguably low energy supersymmetry emerged as
the prime candidate for BSM physics. Fine tuning considerations
give us a handle to judge (i) which classes of models are (more)
natural but also (ii) for a given model which parameter choices
are preferred. It has been realised long ago that the w term plays
a special role in fine tuning considerations. The RGE evolution is
very mild and the fine tuning with respect to u can be estimated
as

Au"’i (1)

which implies that for a natural theory with fine tuning A, < 100
the value of u should not exceed a few hundred GeV. As the Hig-
gsino mass in the usual MSSM is roughly given by p, this has
led to the belief that a natural theory necessarily requires a rather
light Higgsino, see e.g. [1-10]. It is of crucial importance to eval-
uate whether this conclusion is true, as light Higgsinos start to be
established as one of the main tell tale signs for naturalness within
the community and search strategies are developed accordingly.

A light Higgsino typically means that it is the lightest su-
persymmetric particle (LSP). As the annihilation cross section of
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Higgsinos is sizeable, dark matter is typically underproduced in
this case. While this is experimentally viable, because dark mat-
ter could consist of several components (there might e.g. be an
additional component of axion dark matter), it would be nice to
saturate the relic abundance with Higgsinos only. The Higgsino
relic abundance depends on the Higgsino mass my and the correct
relic abundance is achieved for mg ~ 1 TeV. This however seems
to be in strong tension with naturalness arguments.

In this note we show that in the MSSM Higgsino masses of
about 1 TeV can be achieved with low fine tuning. The key in-
sight is that in addition to the usual pu term a SUSY breaking
Higgsino mass term can be present. As discussed below although
such a term can readily be generated nevertheless it is almost al-
ways discarded. The reason is that it can be reabsorbed into other
parameters of the model and hence seems superfluous. While this
is true with respect to the particle spectrum, the inferred values
for the fine tuning can differ significantly. Accordingly, the conclu-
sions with regards to the particle spectrum based on fine tuning
considerations change as well; in particular a TeV scale Higgsino
might well be natural.!

This letter is organised as follows. In Section 2 we introduce
the new ingredients we consider in the context of the MSSM and
discuss in detail the structure and possible origin of the Higgsino
mass term. In Section 3 we give an approximate relation between
the fine-tuning in the model and the new soft-terms before we
perform, in Section 4, a purely numerical study of the fine-tuning.
We conclude in Section 5.

! Another possibility which was explored in [11] is to assume a correlation be-
tween the usual p-term and other soft terms such as mg.

0370-2693/© 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.


http://dx.doi.org/10.1016/j.physletb.2016.05.053
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://creativecommons.org/licenses/by/4.0/
mailto:g.ross1@physics.ox.ac.uk
mailto:kai.schmidt-hoberg@desy.de
mailto:florian.staub@cern.ch
http://dx.doi.org/10.1016/j.physletb.2016.05.053
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physletb.2016.05.053&domain=pdf

G.G. Ross et al. / Physics Letters B 759 (2016) 110-114 111

2. The MSSM with the full set of soft terms

Let us consider the MSSM extended by the following non-
holomorphic soft-terms, “soft” in the sense that they do not lead
to quadratic divergences at radiative order [12],

Lyn =Ty ;Hjlg 4 + Té,inZaTz,i‘jj +
T, jHiek i+ W HqHy +he. )

e,ij
The potential origin of these terms can either be spontaneous SUSY
breaking within gravity mediation [13], strongly coupled SUSY
gauge theories [14], or they are radiatively-generated in N =2 and
N =4 SUSY gauge theories [15-19]. In 2.1 we give an explicit ex-
ample for the case of the Higgsino mass term.

While ' enters the neutralino mass matrix

1 1
M, 0 —381Vd  381Vu
1 1
0 M, 782Vd  —382Vu
Mgo = 1 1 / €)
—581Vd  382Vd 0 W
%glvu _%gzvu - = 0
the mass matrices for all scalars as well as the two minimisa-
tion conditions g—“,/, =0 (i = u, d) are not changed compared to the

MSSM without the terms given in eq. (2). Thus, the dependence of
M% on the SUSY parameters and tan 8 = ¥ =tz is as usual

Vd
2 2 2 2 2
M2 WP (= (w2 +m2,))
B 2
2 th— 1

~—u(Q)* —mp, (Q)? (4)
where in the last step we explicitly show the dependence on the
scale Q at which the parameters are determined. In the follow-
ing, unless otherwise stated, we take this to be the SUSY breaking

scale. Some phenomenological consequences of the additional soft-
terms were analysed in Refs. [20,21].

2.1. The soft Higgsino mass

Low fine-tuning requires that there should be no significant
relation between uncorrelated coefficients of the soft terms. How-
ever in specific SUSY breaking schemes there may be correlations
between the coefficients and such natural correlations can signifi-
cantly affect the fine-tuning measure. For example if SUSY breaking
leads to degenerate soft scalar masses there is a cancellation be-
tween the tree level and radiative contributions to the Higgs mass
that leads to a reduction of the sensitivity of the Higgs mass to
the initial scalar masses, the so-called “focus point”. As a result
the fine-tuning measure is significantly reduced.

Thus, when computing fine-tuning, it is important to take care
of all possible natural correlations between the coefficients of the
soft terms. Here we argue that the soft Higgsino mass provides
one such correlation that has not been included in fine tuning esti-
mates and that it can lead to a significant reduction in fine-tuning.
The reason that it is not included is that it can be eliminated by a
change in the supersymmetric “u term”, wH, Hylgg, together with
a change in the Higgs soft masses,? mH3|Hu|2,mH§|Hd|2:

(' HyHa = mgHyHalps —m? (IHul?| + Hal®) (5)

2 In general also the non-holomorphic trilinear couplings T' need to be shifted
due to the F-term contribution of the superpotential p-term.

However dropping the Higgsino mass term is inconsistent with the
determination of the fine-tuning measure because, as may be seen
from this equation, the Higgsino mass term implies a natural cor-
relation between the coefficients of the p term and the Higgs soft
masses.

Of course it is important to ask whether, in an effective field
theory sense, an Higgsino mass can occur with a coefficient uncor-
related with the other soft SUSY breaking terms of the MSSM. It is
straightforward to establish that this is the case. For example the
authors of reference [22] have tabulated all the allowed dimension
5 operators in the MSSM that are consistent with R parity. In par-
ticular they find the operator

0= % /d“e[A(s, SHD*(B(S, STYHae™")

x Do (T'(S, SHeV1Hy) + h.c] (6)

where A,B and I' are functions of the SUSY breaking spurion
S = M62 where M is the SUSY breaking scale, V¢ is a combi-
nation of the MSSM vector superfields, M is the mediator mass
coming from integrating out massive fields in the underlying the-
ory. For example, this particular operator can be generated by in-
tegrating out two massive SU(2) multiplets that are coupled to the
MSSM Higgs supermultiplets and in this case M is the mass of
these massive doublets. Including the SUSY breaking effects this
operator generates a soft Higgsino mass term with coefficient pro-
portional to the coefficient of the SST term in A. As this is the
only SUSY breaking term proportional to this coefficient the soft
Higgsino mass is not correlated with other SUSY breaking terms,
and should be included when calculating fine-tuning in the MSSM.

3. The impact of the new soft-terms on the fine-tuning measure

The fine tuning measure which we consider with respect to a
set of independent parameters, p, is given by [23,24]

dlnv?  p ov?
dlnp  v2 ap

A =maxAbs[A,], Ap (7)
The quantity A~! gives a measure of the accuracy to which inde-
pendent parameters must be tuned to get the correct electroweak
breaking scale. In the following we will concentrate on the contri-
butions of i and w’ on the fine tuning measure.

The generic expressions for the Renormalisation Group Equa-
tions (RGEs) in the presence of non-holomorphic soft-terms are
given in Refs. [25,26]. We have implemented them in the Math-
ematica package SARAH [27-32] to calculate the B-functions for
all relevant terms in the considered model. The one-loop results
for running of the new holomorphic soft-terms as well as the stan-
dard soft-breaking masses are summarised in Appendix A. We can
use these results to find an approximate dependence of the run-
ning mi,u as function of all other soft-breaking terms. For this
purpose, we assume CMSSM-like boundary conditions at the scale
Mcur = 2.0 x 1016 GeV
My =Mz =M3=my,, m%{d :mf_,u Em(z)
m; =mj =mj =m; =m; =1mj
Ti=AqYi, Ti/ = AE)Y,'

and expand around mg =my;; = Ag = Aj = 4 = ' =1 TeV. For
tan 8 =50, we find

m%, (Q) = 0.001A,A; — 0.002A, Mz — 0.009A,M3
— 0.007A;? 4 0.002A, A, — 0.024A} " — 0.013A'2
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—0.012A, pt/ — 0.032AZ + 0.007A; M7 + 0.039A,;M>
+0.145A;M3 + 0.015A;% + 0.023A; .’ + 0.007M7
—0.005M1 M3 — 0.021M; M3 +0.222M3 — 0.131M2 M3
—1.479M3 — 0.051mj ;, — 0.013mj 5 — 0.051m{ 1,
—0.026m 5+ 0.037mj;, +0.637m}, +0.051m; ,
+0.025m}5 — 0.051m 1, — 0.350m; 5 +0.101m;, ;,
—0.287m} 5 +0.168.* (8)

Here, we neglected first and second generation Yukawa cou-
plings and skipped all terms with coefficients smaller than 1073, In
addition, we parametrised T,.() = A(/),-Yi for (i=t, b, 7). For both
and p/ we obtain the simple relation 1) ~ 0.86, ) (Mcuyr). Thus,
the dependence of the Z-boson mass at the weak scale on the pa-
rameters at the GUT scale is given by

M% ~ ’ 2 2
5 = —0.17pu (Mgur)” — 0.86u(Mcur)” + ... (9)

Neglecting mixing effects in the neutralino sector, the Higgsino
mass is given by mg ~ 0.86(w 4 ). We therefore expect that the
fine tuning can be very mild even for rather heavy Higgsinos, if the
main contribution to its mass comes from the non-holomorphic
soft term.

4. Parameter scan and plots

We verified this expectation with an explicit numerical study.
As free parameters at the GUT scale we take myg,my /2> Ao,
tan B, i, By, ;' The correct electroweak vacuum is ensured via
the choice of the Higgs masses m%u,m%,d. The overall fine tuning
in this setup will typically not be dominated by u, but this could
be changed by considering e.g. non-universal gaugino masses (see
e.g. [33,34]). As these two problems ‘factorise’ we concentrate on
the fine tuning with respect to w and u'.

We performed a scan over the MSSM parameter space using the
SARAH generated SPheno [35,36] version. In Fig. 1 we show the
contribution to the fine tuning measure with respect to p and the
non-holomorphic Higgsino mass term p’. We find that the usual

approximation for the fine tuning with respect to u, A, ~ ZMLZZ is
an excellent approximation. Inspecting the plots we infer thatzthe
lowest fine tuning for a given Higgsino mass will be achieved for a
non-holomorphic contribution to the Higgsino mass which is about
4-5 times larger than the contribution from the usual w term.
If we aim for a Higgsino mass of 1 TeV, particularly interesting
from the dark matter perspective as it naturally gives the correct
relic abundance, the ideal combination with respect to fine tuning
would therefore be for values w ~ 200 GeV and ' ~ 1000 GeV,
resulting in a fine tuning of about A, ~ A,/ ~ 20. Without the
soft Higgsino mass term the fine tuning would be A, ~ 350! This
estimate is confirmed in Fig. 2 where we plot the mass of the
neutralinos with the largest Higgsino component against the fine
tuning, showing that indeed it can be of O(1 TeV) for A;L, < 20.
Depending on the parameter choice this state can be the LSP and
give the correct relic abundance to be dark matter. For compari-
son we also show the fine tuning for the case where ©' =0 (red
points).

5. Summary and conclusions
In this letter we have shown that a heavy Higgsino with a mass

of O(1 TeV) can arise in the MSSM without having a very large
contribution to the fine tuning in the MSSM from the u term,
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Fig. 1. Top: Contribution of x to the fine tuning measure vs. the value of . The
2

red line corresponds to the rough estimate A, ~ ZMLZ which we observe to be an
z

excellent approximation. Bottom: Contribution of u’ to the fine tuning measure vs.

the value of u’. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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Fig. 2. The maximum A, contribution to the fine tuning measure plotted against
the Higgsino mass for varying p’ (blue) and ' =0 (red). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version
of this article.)

provided that one allows for a non-holomorphic soft SUSY break-
ing Higgsino mass term. Such a heavy Higgsino has a sufficiently
small annihilation cross section so that it can readily be dark mat-
ter without the need for any additional dark matter component.
Although the soft Higgsino mass term is equivalent to a combi-
nation of a supersymmetric u term and soft SUSY breaking Higgs
mass terms, it is essential to keep the Higgsino mass term explic-
itly when calculating the fine tuning because it naturally correlates
the magnitude of the equivalent p term and soft Higgs mass terms
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in such a way as to largely cancel the fine tuning contributions of
these terms.

In order to make the role of the Higgsino mass clear, we have
concentrated on the contribution to fine tuning coming from the
i term and the soft Higgsino mass term. However the significant
suppression of these contributions that we find means that other
contributions to the fine tuning are likely to be dominant and it
will be important to perform a complete analysis including all fine
tuning contributions. In this context it will also be important to in-
clude the Higgsino soft mass term in extensions of the MSSM, such
as those with non-universal gaugino masses [33,34| or the gen-
eralised NMSSM [37,38,34] that have been shown to reduce fine
tuning. We hope to consider these issues shortly.
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Appendix A. Renormalisation group equations including
non-holomorphic soft-terms

A.1. RGEs for non-holomorphic soft-terms

B = 43T, Y Y+ TV Yy +2v, YIT) — 4p/'vu Y)Yy

T, =
6
av,yiT - 2V ((5g§ n g%);/ - 5Tr(T[’1YZ))

+T! (3Tr(de§) _ % (20g§ + g%) + Tr(Yey,I)) (A1)

By = +TyY{¥a + 3TyYIYu +2YaY Ty +2YaY (T,

AYaY iYL + Yy (ZTr(T;YJ) + 6Tr(T[,Y;)
1
=T (2g% + 45Tr(Yu YJ) _ 80g§)

(A2)

- g(Sgﬁ +gf)w) +

B = £ TLYIVe + 2 YIT, + Ye (ZTr(T;YZ) + 6Tr(T[,Y§)

T, =
_ g<5g% + g%)p,’) + Té(3Tr(Yu YZ) - gg%) (A3)
Y = 3M’Tr(deT) - %M’ (5g§ - STF(Yu YZ) + g%)
n ,u’Tr(YeY;r) (A4)

A.2. RGEs for soft-breaking masses

2 32
1
By == 1581 1IM1> = = g31IMs® — 6g31IMaf? + 2m7, ¥y

+2m? YiYy + 2T Tg + 2T Ty + 275 T 4 21, 1)*

AW PYTYE — A PYTYE 4+ m2YlYg +m2y]Y,

gilo
3
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6
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T
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8 32
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a_ 32
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32
M — - g31 M3 + dm}y, Yy Y,

4g11o0
3

+ Ay m2y] +2v,Yim? — (A10)

Bl = —?g%HM] 2+ 2(2m§dyeyl 21Tt
— 4 PYEY] 42T TS+ m2Yey! 4+ 2vem?y!
+ Yeylmg) 128110 (A11)
with
o= §g1 ( - 2Tr(mﬁ) - Tr(mlz) —mpy, +mp,
+Tr(m§) +Tr(mg) +Tr(m§)>

References

(A12)

[1] H. Baer, V. Barger, P. Huang, A. Mustafayev, X. Tata, Phys. Rev. Lett. 109 (2012)
161802, arXiv:1207.3343.

[2] H. Baer, V. Barger, P. Huang, X. Tata, J. High Energy Phys. 05 (2012) 109, arXiv:
1203.5539.

[3] H. Baer, V. Barger, P. Huang, D. Mickelson, A. Mustafayev, X. Tata, Phys. Rev. D
87 (11) (2013) 115028, arXiv:1212.2655.

[4] M.W. Cahill-Rowley, J.L. Hewett, A. Ismail, T.G. Rizzo, Phys. Rev. D 86 (2012)
075015, arXiv:1206.5800.

[5] J.L. Feng, D. Sanford, Phys. Rev. D 86 (2012) 055015, arXiv:1205.2372.

[6] Z. Kang, J. Li, T. Li, J. High Energy Phys. 11 (2012) 024, arXiv:1201.5305.

[7] H. Baer, V. Barger, D. Mickelson, Phys. Rev. D 88 (9) (2013) 095013, arXiv:
1309.2984.

[8] H. Baer, V. Barger, D. Mickelson, Phys. Lett. B 726 (2013) 330-336, arXiv:
1303.3816.

[9] K. Kowalska, E.M. Sessolo, arXiv:1307.5790, 2013.


http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031327570s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031327570s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031327579s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031327579s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031326366s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A323031326366s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib436168696C6C526F776C65793A323031327276s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib436168696C6C526F776C65793A323031327276s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib46656E673A323031326A6661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4B616E673A323031327379s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303133677661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303133677661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303133767061s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303133767061s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4B6F77616C736B613A32303133696361s1

114 G.G. Ross et al. / Physics Letters B 759 (2016) 110-114

[10] H. Baer, V. Barger, D. Mickelson, M. Padeffke-Kirkland, Phys. Rev. D 89 (11)
(2014) 115019, arXiv:1404.2277.

[11] K. Kowalska, L. Roszkowski, E.M. Sessolo, S. Trojanowski, ]. High Energy Phys.
04 (2014) 166, arXiv:1402.1328.

[12] L. Girardello, M.T. Grisaru, Nucl. Phys. B 194 (1982) 65.

[13] S.P. Martin, Phys. Rev. D 61 (2000) 035004, arXiv:hep-ph/9907550.

[14] N. Arkani-Hamed, R. Rattazzi, Phys. Lett. B 454 (1999) 290-296, arXiv:hep-th/
9804068.

[15] B. de Wit, M.T. Grisaru, M. Rocek, Phys. Lett. B 374 (1996) 297-303, arXiv:hep-
th/9601115.

[16] D. Bellisai, F. Fucito, M. Matone, G. Travaglini, Phys. Rev. D 56 (1997)
5218-5232, arXiv:hep-th/9706099.

[17] M. Dine, N. Seiberg, Phys. Lett. B 409 (1997) 239-244, arXiv:hep-th/9705057.

[18] E. Gonzalez-Rey, M. Rocek, Phys. Lett. B 434 (1998) 303-311, arXiv:hep-th/
9804010.

[19] EI. Buchbinder, LL. Buchbinder, S.M. Kuzenko, Phys. Lett. B 446 (1999)
216-223, arXiv:hep-th/9810239.

[20] D.A. Demir, G.L. Kane, T.T. Wang, Phys. Rev. D 72 (2005) 015012, arXiv:hep-
ph/0503290.

[21] CS. Un, S.H. Tanyildizi, S. Kerman, L. Solmaz, Phys. Rev. D 91 (10) (2015)
105033, arXiv:1412.1440.

[22] 1. Antoniadis, E. Dudas, D.M. Ghilencea, P. Tziveloglou, Nucl. Phys. B 808 (2009)
155-184, arXiv:0806.3778.

[23] J.R. Ellis, K. Enqvist, D.V. Nanopoulos, F. Zwirner, Mod. Phys. Lett. A 1 (1986)
57.

[24] R. Barbieri, G.F. Giudice, Nucl. Phys. B 306 (1988) 63.

[25] 1. Jack, D.R.T. Jones, Phys. Lett. B 457 (1999) 101-108, arXiv:hep-ph/9903365.

[26] 1. Jack, D.R.T. Jones, Phys. Rev. D 61 (2000) 095002, arXiv:hep-ph/9909570.

[27] E. Staub, arXiv:0806.0538, 2008.

[28] F. Staub, Comput. Phys. Commun. 181 (2010) 1077-1086, arXiv:0909.2863.

[29] F. Staub, Comput. Phys. Commun. 182 (2011) 808-833, arXiv:1002.0840.

[30] E. Staub, Comput. Phys. Commun. 184 (2013) 1792-1809, arXiv:1207.0906.

[31] F. Staub, Comput. Phys. Commun. 185 (2014) 1773-1790, arXiv:1309.7223.

[32] F. Staub, Adv. High Energy Phys. 2015 (2015) 840780, arXiv:1503.04200.

[33] D. Horton, G. Ross, Nucl. Phys. B 830 (2010) 221-247, arXiv:0908.0857.

[34] A. Kaminska, G.G. Ross, K. Schmidt-Hoberg, arXiv:1308.4168, 2013.

[35] W. Porod, F. Staub, Comput. Phys. Commun. 183 (2012) 2458-2469, arXiv:
1104.1573.

[36] W. Porod, Comput. Phys. Commun. 153 (2003) 275-315, arXiv:hep-ph/0301101.

[37] G.G. Ross, K. Schmidt-Hoberg, Nucl. Phys. B 862 (2012) 710-719, arXiv:
1108.1284.

[38] G.G. Ross, K. Schmidt-Hoberg, F. Staub, ]. High Energy Phys. 1208 (2012) 074,
arXiv:1205.1509.


http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303134696361s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib426165723A32303134696361s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4B6F77616C736B613A32303134687A61s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4B6F77616C736B613A32303134687A61s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib476972617264656C6C6F3A31393831777As1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4D617274696E3A313939396863s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib41726B616E6948616D65643A313939387763s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib41726B616E6948616D65643A313939387763s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib64655769743A313939366B63s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib64655769743A313939366B63s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib42656C6C697361693A31393937636Bs1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib42656C6C697361693A31393937636Bs1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib44696E653A313939376E71s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib476F6E7A616C657A5265793A31393938677As1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib476F6E7A616C657A5265793A31393938677As1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4275636862696E6465723A313939387164s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4275636862696E6465723A313939387164s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib44656D69723A323030357469s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib44656D69723A323030357469s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib556E3A32303134616661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib556E3A32303134616661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib416E746F6E69616469733A323030386573s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib416E746F6E69616469733A323030386573s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib456C6C69733A313938367967s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib456C6C69733A313938367967s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib42617262696572693A31393837666Es1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4A61636B3A313939397564s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4A61636B3A313939396661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A32303038757As1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A323030396269s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A323031306A68s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A323031327062s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A32303133747461s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib53746175623A323031356B6661s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib486F72746F6E3A323030396564s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib4B616D696E736B613A323031336D7961s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib506F726F643A323031316E66s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib506F726F643A323031316E66s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib506F726F643A32303033756Ds1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib526F73733A323031317876s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib526F73733A323031317876s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib526F73733A323031326E72s1
http://refhub.elsevier.com/S0370-2693(16)30200-3/bib526F73733A323031326E72s1

	On the MSSM Higgsino mass and ﬁne tuning
	1 Introduction
	2 The MSSM with the full set of soft terms
	2.1 The soft Higgsino mass

	3 The impact of the new soft-terms on the ﬁne-tuning measure
	4 Parameter scan and plots
	5 Summary and conclusions
	Acknowledgements
	Appendix A Renormalisation group equations including non-holomorphic soft-terms
	A.1 RGEs for non-holomorphic soft-terms
	A.2 RGEs for soft-breaking masses

	References


