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We use MasterCode to perform a frequentist analysis of the constraints on a phenomenological MSSM model
with 11 parameters, the pMSSM11, including constraints from ⇠ 36/fb of LHC data at 13 TeV and PICO,
XENON1T and PandaX-II searches for dark matter scattering, as well as previous accelerator and astrophysical
measurements, presenting fits both with and without the (g � 2)µ constraint. The pMSSM11 is specified by the
following parameters: 3 gaugino massesM1,2,3, a common mass for the first-and second-generation squarksmq̃ and
a distinct third-generation squark mass mq̃3 , a common mass for the first-and second-generation sleptons m˜̀ and
a distinct third-generation slepton mass m⌧̃ , a common trilinear mixing parameter A, the Higgs mixing parameter
µ, the pseudoscalar Higgs mass MA and tan�. In the fit including (g � 2)µ, a Bino-like �̃0

1 is preferred, whereas
a Higgsino-like �̃0

1 is favoured when the (g� 2)µ constraint is dropped. We identify the mechanisms that operate
in di↵erent regions of the pMSSM11 parameter space to bring the relic density of the lightest neutralino, �̃0

1, into
the range indicated by cosmological data. In the fit including (g� 2)µ, coannihilations with �̃0

2 and the Wino-like
�̃±
1 or with nearly-degenerate first- and second-generation sleptons are favoured, whereas coannihilations with the

�̃0
2 and the Higgsino-like �̃±

1 or with first- and second-generation squarks may be important when the (g � 2)µ
constraint is dropped. In the two cases, we present �2 functions in two-dimensional mass planes as well as their
one-dimensional profile projections and best-fit spectra. Prospects remain for discovering strongly-interacting
sparticles at the LHC, in both the scenarios with and without the (g � 2)µ constraint, as well as for discovering
electroweakly-interacting sparticles at a future linear e+e� collider such as the ILC or CLIC.
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We describe a likelihood analysis using MasterCode of variants of the MSSM in which the soft supersymmetry-
breaking parameters are assumed to have universal values at some scale Min below the supersymmetric grand
unification scale MGUT, as can occur in mirage mediation and other models. In addition to Min, such ‘sub-
GUT’ models have the 4 parameters of the CMSSM, namely a common gaugino mass m1/2, a common soft
supersymmetry-breaking scalar mass m0, a common trilinear mixing parameter A and the ratio of MSSM Higgs
vevs tan�, assuming that the Higgs mixing parameter µ > 0. We take into account constraints on strongly-
and electroweakly-interacting sparticles from ⇠ 36/fb of LHC data at 13 TeV and the LUX and 2017 PICO,
XENON1T and PandaX-II searches for dark matter scattering, in addition to the previous LHC and dark matter
constraints as well as full sets of flavour and electroweak constraints. We find a preference for Min ⇠ 105 to
109 GeV, with Min ⇠ MGUT disfavoured by ��2 ⇠ 3 due to the BR(Bs,d ! µ+µ�) constraint. The lower limits
on strongly-interacting sparticles are largely determined by LHC searches, and similar to those in the CMSSM.
We find a preference for the LSP to be a Bino or Higgsino with m�̃0

1
⇠ 1 TeV, with annihilation via heavy Higgs

bosons H/A and stop coannihilation, or chargino coannihilation, bringing the cold dark matter density into the
cosmological range. We find that spin-independent dark matter scattering is likely to be within reach of the
planned LUX-Zeplin and XENONnT experiments. We probe the impact of the (g�2)µ constraint, finding similar
results whether or not it is included.

KCL-PH-TH/2017-45, CERN-PH-TH/2017-197, DESY 17-156, IFT-UAM/CSIC-17-089

FTPI-MINN-17/19, UMN-TH-3703/17
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• As we know the Standard Model has 
several shortcomings, several of 
which are addressed by 
Supersymmetry

• hierarchy problem, gauge 
unification and dark matter

• Whatever extension to SM we 
propose, we need to make sure this 
model is in agreement with existing 
measurements 

• and hopefully can describe some of 
the tantalizing deviations we see in 
selected measurements (think g-2)

2

Overview
• Aim to confront theory models with as many 

experimental measurements as possible

• Use state of the art calculations of physical 
observables

• Explore/Scan parameter space of models 
with multinest algorithm

• O(108-109) points per model

• Carry our frequentist interpretation by 
calculating an overall χ2 and relative Δχ2

• Fit model parameters in different MSSM 
scenarios

• Explore sensitivity of different 
observables to parameter space

• Make predictions for observables
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Global fit of SUSY

3

Experimental 
constraints

SUSY 
model

SUSY 
model

SUSY 
model

SUSY 
model

Mastercode
compatibility

predictions

parameters

�2 =
NmeasX

i

✓
Pi � µi

�i

◆

The framework

The framework
… Frequentist fitting framework written

in Python/Cython and C++.
… We use SLHA standard as an interface

between the external codes that are
used to compute the spectrum and the
observables.

… The Multinest algorithm is used to
sample the parameter space.

Parameter Range Number of
segments

M1 (-1 , 1 ) TeV 2
M2 ( 0 , 4 ) TeV 2
M3 (-4 , 4 ) TeV 4
mq̃ ( 0 , 4 ) TeV 2
mq̃3

( 0 , 4 ) TeV 2
m

l̃
( 0 , 2 ) TeV 1

MA ( 0 , 4 ) TeV 2
A (-5 , 5 ) TeV 1
µ (-5 , 5 ) TeV 1

tan� ( 1 , 60) 1
Total number of boxes 128

Codes
Spectrum generation

SoftSUSY

Higgs sector and (g� 2)µ
FeynHiggs, Higgssignals, Higgsbounds

B-Physics
SuFla, SuperIso

EW precision observables
FeynWZ

Dark matter
MicroOMEGAs, SSARD

Prospects for SUSY dark matter after the LHC Run 1 Emanuele A. Bagnaschi (DESY) 5 / 14
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Experimental Constraints
Global analyses of experimental data in constrained versions of the

Minimal Supersymmetric Standard Model (MSSM)

PLANCK

g-2

LEP
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• + constraints from HiggsSignals for h125 properties and 

• HiggsBounds for heavy MSSM Higgs boson searches
5

Experimental Constraints
5

Observable Source Constraint

Th./Ex.

! mt [GeV] [39] 173.34± 0.76

�↵(5)
had(MZ) [40] 0.02771± 0.00011

MZ [GeV] [41, 42] 91.1875± 0.0021

�Z [GeV] [43] / [41, 42] 2.4952± 0.0023± 0.001SUSY

�0
had [nb] [43] / [41, 42] 41.540± 0.037

Rl [43] / [41, 42] 20.767± 0.025

AFB(`) [43] / [41, 42] 0.01714± 0.00095

A`(P⌧ ) [43] / [41, 42] 0.1465 ± 0.0032

Rb [43] / [41, 42] 0.21629 ± 0.00066

Rc [43] / [41, 42] 0.1721 ± 0.0030

AFB(b) [43] / [41, 42] 0.0992 ± 0.0016

AFB(c) [43] / [41, 42] 0.0707 ± 0.0035

Ab [43] / [41, 42] 0.923 ± 0.020

Ac [43] / [41, 42] 0.670 ± 0.027

Ae
LR [43] / [41, 42] 0.1513 ± 0.0021

sin2 ✓`w(Qfb) [43] / [41, 42] 0.2324 ± 0.0012

MW [GeV] [43] / [41, 42] 80.385± 0.015± 0.010SUSY

aEXP
µ � aSM

µ [44] / [45] (30.2± 8.8± 2.0SUSY)⇥ 10�10

! Mh [GeV] [46, 47] / [48] 125.09± 0.24± 1.5SUSY

! BR
EXP/SM
b!s� [49]/ [50] 1.021± 0.066EXP

±0.070TH,SM ± 0.050TH,SUSY

! Rµµ [51]/ [37,38] 2D likelihood, MFV

! BR
EXP/SM
B!⌧⌫ [50, 52] 1.02± 0.19EXP ± 0.13SM

! BR
EXP/SM
B!Xs``

[53]/ [50] 0.99± 0.29EXP ± 0.06SM

! BR
EXP/SM
K!µ⌫ [54, 55] / [40] 0.9998± 0.0017EXP ± 0.0090TH

! BR
EXP/SM
K!⇡⌫⌫̄ [56]/ [57] 2.2± 1.39EXP ± 0.20TH

! �M
EXP/SM
Bs

[54, 58] / [50] 1.016± 0.074SM

!
�M

EXP/SM
Bs

�M
EXP/SM
Bd

[54, 58] / [50] 0.84± 0.12SM

! �✏EXP/SM
K [54, 58] / [40] 1.14± 0.10EXP+TH

! ⌦CDMh2 [59, 60]/ [28] 0.1186± 0.0020EXP±0.0024TH

! �SI
p [31, 32] (m�̃0

1
,�SI

p ) plane

! Heavy stable charged particles [61] Fast simulation based on [61, 62]

! q̃ ! q�̃0
1, g̃ ! f f̄ �̃0

1 [5] � · BR limits in the (mq̃,m�̃0
1
), (mg̃,m�̃0

1
) planes

! H/A ! ⌧+⌧� [63–65] 2D likelihood, � · BR limit

Table 1
List of experimental constraints used in this work, including experimental and (where applicable) theoret-
ical errors: supersymmetric theory uncertainties are indicated separately. Instances where our implemen-
tations di↵er from those in Table 1 in [9] are indicated by arrows and boldface.
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Observable Source Constraint

Th./Ex.

MW [GeV] [31] / [42, 43] 80.379± 0.012± 0.010MSSM

aEXP
µ � aSM

µ [44] / [45] (30.2± 8.8± 2.0MSSM)⇥ 10�10

Rµµ [46–48] 2D likelihood, MFV

⌧(Bs ! µ+µ�) [48] 2.04± 0.44(stat.)± 0.05(syst.) ps

BREXP/SM
b!s� [49]/ [50] 0.988± 0.045EXP ± 0.068TH,SM ± 0.050TH,SUSY

BREXP/SM
B!⌧⌫ [50, 51] 0.883± 0.158EXP ± 0.096SM

BR
EXP/SM
B!Xs``

[52]/ [50] 0.966± 0.278EXP ± 0.037SM

�M
EXP/SM
Bs

[34, 53] / [50] 0.968± 0.001EXP ± 0.078SM
�M

EXP/SM
Bs

�M
EXP/SM
Bd

[34, 53] / [50] 1.007± 0.004EXP ± 0.116SM

BR
EXP/SM
K!µ⌫ [34, 54] / [55] 1.0005± 0.0017EXP ± 0.0093TH

BR
EXP/SM
K!⇡⌫⌫̄ [56]/ [57] 2.01± 1.30EXP ± 0.18SM

�SI
p [3, 4, 6] Combined likelihood in the (m�̃0

1
,�SI

p ) plane

�SD
p [5] Likelihood in the (m�̃0

1
,�SD

p ) plane

g̃ ! qq̄�̃0
1, bb̄�̃

0
1, tt̄�̃

0
1 [11, 12] Combined likelihood in the (mg̃,m�̃0

1
) plane

q̃ ! q�̃0
1 [11] Likelihood in the (mq̃,m�̃0

1
) plane

b̃ ! b�̃0
1 [11] Likelihood in the (mb̃,m�̃0

1
), plane

t̃1 ! t�̃0
1, c�̃

0
1, b�̃

±
1 [11] Likelihood in the (mt̃1

,m�̃0
1
), plane

�̃±
1 ! ⌫`±�̃0

1, ⌫⌧
±�̃0

1,W
±�̃0

1 [13] Likelihood in the (m�̃±
1
,m�̃0

1
) plane

�̃0
2 ! `+`��̃0

1, ⌧
+⌧��̃0

1, Z�̃0
1 [13] Likelihood in the (m�̃0

2
,m�̃0

1
) plane

Heavy stable charged particles [58] Fast simulation based on [58,59]

H/A ! ⌧+⌧� [60–63] Likelihood in the (MA, tan�) plane

Table 2
Experimental constraints that we update in this work compared to Table 1 in [19]. We indicate separately
the experimental and applicable theoretical errors in the SM and SUSY (sometimes in combination, la-
belled “MSSM”). The contribution of the ⌧(Bs ! µ+µ�) constraint to the global �2 likelihood function is
essentially constant across the relevant region of the pMSSM11 parameter space, and it is not included
in the fit. The new LHC constraints are all based on ⇠ 36/fb of data at 13 TeV.

ys) = 1.619 ± 0.009 ps. On general grounds,
A�� 2 [�1, 1]. The LHCb measurement ⌧(Bs !
µ+µ�) = 2.04 ± 0.44(stat.) ± 0.05(syst.) ps cor-
responds formally to A�� = 7.7 ± 10.0, implying
that the current LHCb result does not constrain
significantly the pMSSM11 parameter space, and
we do not include it in our fit. However, in the
later discussion of our fit results we present for
information the �2 profile likelihood functions we
find for A�� and ⌧(Bs ! µ+µ�).

We have also updated our implementations of
b ! s�, B ! ⌧⌫, B ! Xs``, �MBs and �MBd

to take account of updated theoretical calcula-
tions within the SM. For the same reason, in the
kaon sector we have also updated our implemen-
tations of K ! µ⌫ and K ! ⇡⌫⌫̄ 9. Since there
are, in general, supersymmetric contributions to
the observables commonly used in global fits to

9We refer to Table 1 of [19] for a complete set of the K-
decay constraints we implement.
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• The general MSSM has > 100 free 
parameters (masses, mixing angles, etc.)

• Impossible to all leave free and 
constrain parameter space, need to 
make a choice

• pMSSM11

6

Models investigated
• Sub-GUT MSSM

• Universality of SUSY breaking 
parameters not at GUT scale but some 
lower scale Min

• Study Sub-GUT generalization of 
CMSSM

• Free parameters:

• Min

• Common scalar mass: m0

• Common gaugino mass: m1/2

• Common trilinear mixing parameter: A

• Ratio of MSSM Higgs vev’s: tan β

• assume  Higgs mixing parameter μ > 0 
(motivated by g-2)

3

relations between sparticle masses that suppress
the relic density via coannihilation e↵ects and/or
rapid annihilations through direct-channel reso-
nances. Therefore one should study models capa-
ble of accommodating these DM mechanisms [23].

Examples of DM mechanisms that have been
studied extensively in the past [23] include coan-
nihilation with the lighter stau slepton, ⌧̃1, the
lighter chargino, �̃±

1 , or the lighter stop squark,
t̃1, and rapid annihilations via the Z boson, the
125-GeV Higgs boson, h, or the heavier MSSM
Higgs bosons, H/A. More recently, the possibil-
ity of coannihilation with gluinos, g̃, has been
explored in models with non-universal gaugino
masses [25,26], and coannihilation with the right-
handed up-type squarks of the first two genera-
tions, ũR/c̃R, emerged as a possibility in an SU(5)
model with non-universal scalar masses m5, m10

for sfermions in 5̄ and 10 representations [19].
All of these were possibilities in the pMSSM10,

but in that scenario the stau and smuon masses
were fixed to be equal, putting the LHC con-
straints on stau coannihilation in tension with the
possibility of a SUSY interpretation of (g�2)µ, a
tension that has increased with the advent of the
first LHC data at 13 TeV. In this paper we study
two possible resolutions of this issue. We study an
extension of the parameter space of the pMSSM10
to 11 parameters by relaxing the equality between
the soft SUSY-breaking contributions to the stau
mass and to the (still common) masses of the
smuon and selectron, the pMSSM11. In order to
assess the importance of the (g � 2)µ constraint,
we also consider a fit omitting the SUSY inter-
pretation of (g�2)µ. The principal results of this
paper are comparisons between the likelihoods of
di↵erent spectra in the pMSSM11 with and with-
out (g � 2)µ, and comparisons between the likeli-
hoods of di↵erent DM mechanisms including ⌧̃1, ˜̀,
q̃ and g̃ coannihilation, highlighting the impacts
of the LHC 13 TeV and recent DM scattering
data.

The layout of this paper is as follows. In
Sect. 2 we specify the framework of our analy-
sis. Subsection 2.1 specifies the pMSSM11, es-
tablishes our notation for its parameters and de-
scribes our procedure for sampling the pMSSM11

parameter space. In Subsection 2.2 we review the
MasterCode tool to construct a global �2 like-
lihood function combining constraints on model
parameters, Subsection 2.3 describes our treat-
ments of the electroweak and flavour constraints,
including some updates compared with our pre-
vious analyses. In Subsection 2.4 we give details
on our DM analysis, which includes constraints
on both spin-independent and -dependent DM
scattering [3–6]. Our implementations of the con-
straints from ⇠ 36/fb of LHC at 13 TeV [11–13]
are discussed in Subsection 2.5. Then, in Sec-
tion 3.1 we present results for the global likelihood
function in various parameter planes, highlight-
ing the regions where di↵erent DM mechanisms
operate and comparing results with and without
the (g � 2)µ constraint being applied. Section 4
displays the one-dimensional profile likelihood
functions for various masses, mass di↵erences
and other observables in these two cases, and
also shows predictions for spin-independent and -
dependent DM scattering. Section 5 highlights
the impacts of the LHC 13-TeV data [11–13]
and the recent direct searches for astrophysical
DM [3–6]. Section 6 discusses the best-fit points,
favoured and allowed spectra in these pMSSM
scenarios. Finally, Section 7 summarizes our con-
clusions.

2. Analysis Framework

2.1. Model Parameters
As mentioned above, in this paper we con-

sider a pMSSM scenario with eleven parameters,
namely

3 gaugino masses : M1,2,3 ,

2 squark masses : mq̃ ⌘ mq̃1 , mq̃2

6= mq̃3 = mt̃, mb̃,

2 slepton masses : m˜̀ ⌘ m˜̀
1

= m˜̀
2

= mẽ,mµ̃

6= m`3 = m⌧̃ ,

1 trilinear coupling : A , (1)

Higgs mixing parameter : µ ,

pseudoscalar Higgs mass : MA ,

ratio of vevs : tan � ,ar
Xi

v:
17

10
:1

10
91

arXiv:1711:00458
112x106 scan points

2x109 scan points
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• Preference for Min ≃ 4.2 
× 108 GeV when LHC 
13-TeV data and (g−2)μ
are both included (solid 
blue line)

• falling to Min ≃ 5.9×105

GeV when the 13-TeV 
data are dropped 
(dashed blue line). 

• Little difference 
between the global χ2

values at these two 
minima, but values of 
Min < 105 GeV are 
strongly disfavoured. 

7

Constraints on Min - SubGUT

• Chargino coannihilation is important for large m1/2
• rapid annihilation via the H/A bosons becomes important for lower m1/2, often 

hybridized with other mechanisms including stop and stau coannihilation. 
• Smaller regions with m1/2 ∼ 1.5 to 3 TeV where stop coannihilation and focus-

point mechanisms are dominant. 
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• Preference for quite heavy chargino and stau

• impact of LHC searches

• Lifetimes of up to femto seconds for chargino

• Lifetimes of 10’s of seconds allowed for stau
8

Chargino and stau lifetimes – Sub-GUT

14

Figure 6. One-dimensional profile likelihood functions for mµ̃R (upper left panel), m⌧̃1 (upper right
panel) and m⌧̃1 � m�̃0

1
(lower left panel). The lower right panel shows the (m⌧̃1 , ⌧⌧̃1) plane, colour-

coded as indicated in the right-hand legend. The 68 (95) (99.7)% CL regions in 2 dimensions, i.e.,
��2 < 2.30(5.99)(11.83), are enclosed by the red (blue) (green) contours.

11

Figure 3. One-dimensional profile likelihood functions for m�̃0
1
(top left panel) and m�̃±

1
(top right panel),

m�̃±
1

� m�̃0
1
(middle left panel) the �̃±

1 lifetime (middle right panel) and MA (bottom left panel). The

bottom right panel shows the regions of the (m�̃±
1
, ⌧�̃±

1
) plane with ⌧�̃±

1
� 10�15 s that are allowed in the

fit including the (g � 2)µ and LHC 13-TeV constraints at the 68 (95) (99.7)% CL in 2 dimensions, i.e.,
��2 < 2.30(5.99)(11.83), enclosed by the red (blue) (green) contour.
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Figure 6. One-dimensional profile likelihood functions for mµ̃R (upper left panel), m⌧̃1 (upper right
panel) and m⌧̃1 � m�̃0

1
(lower left panel). The lower right panel shows the (m⌧̃1 , ⌧⌧̃1) plane, colour-

coded as indicated in the right-hand legend. The 68 (95) (99.7)% CL regions in 2 dimensions, i.e.,
��2 < 2.30(5.99)(11.83), are enclosed by the red (blue) (green) contours.
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• Sub-
GUTmodel:

• Very heavy 
sparticle
spectrum

• Neutralinos/
charginos
1-1.5 TeV

• Higgs sector 
at 2 TeV

• Sleptons
and squarks
at 1.5-2 TeV

9

Mass Spectra

Higgs sector Chargino/
neutralino

sleptons/sneutrinos squarks gluino
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DM constraints – Sub-GUT
Spin-dependentSpin-independent
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• pMSSM11

• Lightest chargino vs 
neutralino mass

• Likelihood fcnt for 
lightest neutralino
and chargino mass

11

Impact of g-2 – pMSSM11
with g-2 without g-2
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• pMSSM11

• Gluino and squark
mass vs neutralino
mass

12

Impact of LHC@13 TeV – pMSSM11

21 21 

pMSSM11: RUN1 vs 13 TeV (2015 + 2016)

0 500 1000 1500 2000 2500 3000 3500 4000

mg̃[GeV]

0

100

200

300

400

500

600

700

m
�̃

0 1
[G

eV
]

pMSSM11 w LHC13 : best fit, 1�, 2�

0 500 1000 1500 2000 2500 3000 3500 4000

mq̃[GeV]

0

100

200

300

400

500

600

700

m
�̃

0 1
[G

eV
]

pMSSM11 w/o LHC13 : best fit, 1�, 2�

0 500 1000 1500 2000 2500 3000 3500 4000

mg̃[GeV]

0

100

200

300

400

500

600

700

m
�̃

0 1
[G

eV
]

pMSSM11 w/o LHC13 : best fit, 1�, 2�

0 500 1000 1500 2000 2500 3000 3500 4000

mq̃[GeV]

0

100

200

300

400

500

600

700

m
�̃

0 1
[G

eV
]

pMSSM11 w LHC13 : best fit, 1�, 2�

RUN1 RUN1

13 TeV
2015 + 2016)

13 TeV
2015 + 2016)

mgluino

squarks

msquark

msquarkmgluino



Henning Flaecher • SUSY17 • Mumbai 

• pMSSM11

• Much lighter 
sparticle
spectrum

• Relatively 
light sleptons
and charginos

• Very heavy 
squarks and 
gluino with 
exception of 
3rd generation

13

Mass Spectra – pMSSM11

Higgs sector Chargino/
neutralino

sleptons/sneutrinos squarks gluino
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DM constraints - pMSSM11
Spin-dependentSpin-independent
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• pMSSM11 scan

• freedom for                    plays 
important role for allowed 
parameter range

• Main mechanisms for bringing DM 
density in the right range are 
chargino coannihilation, slepton
coannihilation and rapid 
annihilation via  H/A funnels

• LHC 13-TeV constraints have 
largest impact on strongly-
interacting sparticles

• (g − 2)μ most important for charged 
slep- ton masses and 
electroweakinos

15

Summary
40

We see that for most sparticles the 95 and even
68% CL ranges extend into the ranges accessible
to future LHC runs. As was to be expected, the
best prospects for measuring sparticles at a linear
e+e� collider such as ILC [95,96] or CLIC [97] are
o↵ered by first- and second-generation sleptons
and the lighter electroweak inos �̃0

1, �̃
0
2 and �̃±

1 in
the case with the (g � 2)µ constraint applied.

Fig. 24 displays the breakdowns of the global
�2 functions in the cases with (left panel) and
without (right panel) the (g � 2)µ constraint 22.
The di↵erent classes of observables are grouped
together and colour-coded. We see that MW

makes only a small contribution, and that the
total contribution to the global �2 function of
the precision electroweak observables are quite
similar in the two cases. The total contribution
of the flavour sector is slightly reduced when
(g � 2)µ is dropped: ��2 ⇠ �1.2, largely be-
cause of a better fit to BR(Bs ! µ+µ�), but
this improvement is not very significant. The
contributions of the Higgs, LEP, LHC and DM
sectors are again very similar in the fits with and
without (g � 2)µ.

7. Conclusions

In this paper we have used the MasterCode
tool to analyze the constraints on the parame-
ter space of the pMSSM11 model, in which the
soft SUSY-breaking contributions to the masses
of the first- and second-generation sleptons are
allowed to vary independently from the third-
generation slepton mass. We have taken into ac-
count the available constraints on strongly- and
electroweakly-interacting sparticles from ⇠ 36/fb
of LHC data at 13 TeV [11–13] and the most re-
cent limits from the LUX, PICO, XENON1T and
PandaX-II experiments [3–6] searching directly
for DM scattering. In addition, we have updated
the constraint from the measurement of MW and
some constraints from flavour observables, as de-
scribed in Table 2. We have presented the results
from two global fits, one including the (g � 2)µ

constraint and without it. We have also made

22The corresponding horizontal bar has diagonal hatching,
to recall that it is not included in the fit.

various comparisons with fits without the LHC
13-TeV data. Comparing with our earlier fit to
the pMSSM10 [10], we note that the freedom for
m˜̀ 6= m⌧̃ plays an important role in best fits.
Furthermore, there is a big di↵erence between
M1 and M2 at the best-fit point without (g�2)µ.

The most visible impact of the LHC 13-
TeV constraints has been on the masses of the
strongly-interacting sparticles: see the left pan-
els of Figs. 8 and 9 and compare the solid and
dashed curves. On the other hand, the impact
of the LHC constraints on electroweak inos has
been less marked: see Fig. 11. As was to be ex-
pected, the importance of the (g � 2)µ constraint
is seen in the likelihood functions for charged slep-
ton masses and electroweak inos: compare the
blue and green curves in Figs. 10 and 11. The
composition of the LSP �̃0

1 is also di↵erent in the
cases with and without (g�2)µ: as seen in Fig. 12
and Table 6, a B̃ LSP is preferred when (g � 2)µ

is included, whereas a H̃ LSP is preferred when
(g � 2)µ is dropped. Moreover, the inclusion of
the (g�2)µ constraint also has significant indirect
implications for the squark masses, as also seen in
Figs. 8 and 9. This analysis reinforces the impor-
tance of clarifying the interpretation of the dif-
ference between the experimental measurement
and the SM calculation of (g � 2)µ. We therefore
welcome the advent of the Fermilab (g � 2)µ ex-
periment [98] and continued e↵orts to refine the
SM calculation.

We have also analyzed in this paper the im-
portances of di↵erent mechanisms for bringing
the relic LSP density into the range favoured by
Planck 2015 and other data: see the shadings in
Figs. 2, 4, 5, 6, 19, 20 and 21, and the profile �2

functions for the DM measures in Fig. 17. As we
see there, important roles are played by chargino
coannihilation, slepton coannihilation and rapid
annihilation via direct-channel H/A boson ex-
change, though other mechanisms such as stau
and squark coannihilation may be important in
limited regions of parameter space 23. In the case

23Compared to the pMSSM7 analysis in [24], we find that
stop coannihilation is less prominent, and that rapid an-
nihilation through the Z and the light Higgs boson is of
very limited importance. In these respects the more gen-
eral realization of the MSSM with four additional free pa-

• Sub-GUT model

• Very heavy sparticle spectrum
• Neutralinos/charginos 1-1.5 TeV
• Higgs sector at 2 TeV
• Sleptons and squarks at 1.5-2 TeV

• Compared to best fits with Min = MGUT, 
χ2 reduced by ∆χ2 ∼ 2 in the sub-GUT 
model

• sub-GUT model is able to provide a 
better fit to the measured value of 
BR(Bs,d → μ+μ−) than in the CMSSM 
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• Backup

16
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Hybrid regions:
In addition to the `primary' 

regions where only one of the 
conditions is satisfied, there 
can also be `hybrid' regions 

where more than one 
condition is satisfied. If 

present, these are indicated 
using combined colours.

See also arXiv:1508.01173  for further details 

DM mechanisms:
To satisfy cosmological DM density constraint 
requires, in general, specific relations between 

sparticle masses that suppress the relic density via 
coannihilation effects and/or rapid annihilations 

through direct channel resonances.

Define indicative measures to highlight different 
DM mechanisms in the preferred regions of the fit:
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Bs,d -> mu+mu-
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Dark matter

relic density

Direct Detection

Direct searches

Lightest Higgs

LHC SUSY searches

Indirect searches

MW , �Z , Afb(b), . . .

(g � 2)µ

Electroweak observables

Flavour observables
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