Some original SUSY literature:

The reports of my death have
been greatly exaggerated.

~ Mark Twain
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Higgs and BSM Phenomenology

Sven Heinemeyer, IFT/IFCA (CSIC, Madrid/Santander)

Cosener's house, 07/2019

1. Basics of the Higgs
2. BSM Higgs physics (theory)
3. Higgs boson(s) at the LHC

4. Further BSM phenomenology
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Higgs and BSM Phenomenology
Further BSM phenomenology

Sven Heinemeyer, IFT/IFCA (CSIC, Madrid/Santander)

Cosener's house, 07/2019
1. Some models
2. SUSY at the LHC
3. Where are the SUSY particles?

4. \Where i1s the Dark Matter?
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1. Some Models
The Minimal Supersymmetric Standard Model (MSSM)
Superpartners for Standard Model particles

Standard particles SUSY particles

o' Quarks o Leptans ’ Force particles Squarks ._h__'.?' Sleptons @ SUSY force
particies

Problem in the MSSM: more than 100 free parameters

Nobody(?) believes that a model describing nature
has so many free parameters!
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A. Unconstrained models (MSSM):

agnostic about how SUSY breaking is achieved
no particular SUSY breaking mechanism assumed, parameteri zation of
possible soft SUSY-breaking terms

most general case:

) 105 new parameters: masses, mixing angles, phases

() many (close to) zero according to experimental data )
) no model missed (within the MSSM)

) O (100) parameters di cult to handle

B. Constrained models: (! details in a moment)
CMSSM, NUHM1, NUHM2, SU(5), mMAMSB, sub-GUT, ...:
assumption on the scenario that achieves spontaneous SUSY breaking

) prediction for soft SUSY-breaking terms
In terms of small set of parameters

) easy to handle
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GUT based models: 1.) CMSSM (sometimes wrongly called mSUGRA):

) Scenario characterized by

Mo; Mqi=; Ag; tan ; sign

Mg : universal scalar mass parameter

NN ©

mq-» : universal gaugino mass parameter at the GUT scale
Ao : universal trilinear coupling

tan : ratio of Higgs vacuum expectation values

sign( ) : sign of supersymmetric Higgs parameter

) particle spectra from renormalization group running to wea k scale
) Lightest SUSY particle (LSP) is the lightest neutralino ) DM!
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GUT based models: 1.) CMSSM (sometimes wrongly called mSUGRA):

) particle spectra from renormalization group running to wea k scale

Mo=300 GeV, M, ,=100 GeV, Ay=0
400

300 =il

200

100

Sparticle Mass (GeV)

) one parameter turns negative ) Higgs mechanism for free
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GUT based models: 2.) NUHM1: (Non-universal Higgs mass model)

Assumption: no unication of  scalar fermion and scalar Higgs parameter
at the GUT scale

) eectively M, as free parameters at the EW scale

) Scenario characterized by

Mo; My—; Ag; tan ; sign and Mp

GUT based models: 3.) NUHM2: (Non-universal Higgs mass model 2)

Assumption: no unication of  scalar Higgs parameter at the GUT scale

) eectively M and as free parameters at the EW scale

) Scenario characterized by

Mg; Mq=p; Ag; tan ; and Mp
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GUT based models: 4.) SU(5) GUT:

Assumption I:
no unication of  scalar Higgs parameter at the GUT scale

() eectively M and as free parameters at the EW scale)

Assumption II:

(qu;urser)i 2 10; (Cp;db)i 2 5

) Scenario characterized by

Ms5; Mig; Mq1=p; Ag; tan ; m Hus MHy
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GUT based models: 5.) mAMSB:

MAMSB scenario characterized by

M3->;Mg;tan ; sign( )

M3—> = hF1=Mpjanck : Overall scale of SUSY particle masses

Mgo: phenomenological parameter: universal scalar mass term

Introduced Iin order to keep squares of slepton masses positi ve
typical feature: very small neutralino{chargino mass di e rence
) ~ ! =P+ with very soft pions
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GUt based models: 6.) sub-GUT:

Based on CMSSM with  unication at Mgy 2 101° Gev:

) Scenario characterized by

Mo; Mqi=; Ag; tan ; sign

Uni cation is assumed at Min Mgut:

) Scenario characterized by

Min; Mo; Mq=; Ag; tan ; sign

Possible realization in \mirage uni cation"
warped extra dimensions
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Problem: We cannot be sure about the SUSY-breaking mechanis m

) it i1s possible that with the CMSSM, NUHM, SU(5), mMAMSB, sub-GUT
we missed the \correct" mechanism

) hint: strong connection between colored and uncolored sect or
tension between low-energy EW e ects and (colored) LHC sear ches
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Problem: We cannot be sure about the SUSY-breaking mechanis m

) it is possible that with the CMSSM, NUHM, SU(5), mAMSB, sub-GUT
we missed the \correct" mechanism

) hint: strong connection between colored and uncolored sect or
tension between low-energy EW e ects and (colored) LHC sear ches

Solution: investigate also the \general MSSM"

) 11 parameters are manageable ) pMSSM11

squark mass parameters: M., =0 Mg Mg,
slepton mass parameter(s): mg, m.
gaugino masses: M1, Mo, M3

trilinear coupling: A

Higgs sector parameters: M, tan

Higgs mixing paramter:
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Current at future collider experiments:

LHC (Large Hadron Collider): running

pp collisions at 13 TeV
HL-LHC nal high-luminosity phase: approved
HE-LHC new magnets ) 27 TeV possible?

ILC (International Linear Collider) decision 2018 in Japan
e" e collisions at 250 GeV (nal stage 1000 GeV )

CLIC (Compact Linear Collider)
e” e collisions at 380 GeV (nal stage 3000 GeV )

FCC-hh (Future Circular Collider)
pp collisions at 100 TeV
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2. SUSY at the LHC

SUSY 2215

- o~ T - -

Quantum Mechanics and QFT still hold
The Orbital Collider still sees nothing

Two centuries of triumph for SUSY and Strings

Topical Conference on SUSY: The New Hope
DESY - Santander Ol.— 05.April 2215

Highlights: Theorists Special:
* How to ensure your model remains

- Extremely weeny constrained SUSY predictability-free?”
-  The NSFWMSSM model
- The FF3C10ACBAS-MSSM model Special Topic:
- MSSM retrograde “If the universe is not supersymmetric, does
- Susvfication of vdB models it necessarily exist?”
- The anthropic landscape and trimming

it down Ethics and strings:
- Strings: the perpetual revolution “Every time you choose a path of action, a

multiverse is killed
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SUSY particle production at the LHC:

) colored (s)particles are copiously produced

g PR 1 111 1) e
2 |
R :
. A
\‘ :
. :
,fj * W----*-----

) production of gluinos, squarks, ...

As in QCD: NLO corrections are crucial!
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Example for SUSY production:

]O 3 1 1T 1T 1 | 1T 1T 1 I LI I 1T 1T 1 | LI I 1T 1T 1 | 1T 1T 1 | | L
10 =
I E NS = 14 TeV =
- o —— NLO 7

1T “2e ---- LO

10 g E
D n m [Ge‘v”]:

10 - L1 | L1 11 | | I .| I L1 11 I | I | | L1 11 I | I | | L1 11 | | I |

100 150 200 250 300 350 400 450 500

As in QCD: NLO corrections are crucial!
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Example for SUSY production:

LPCC SUSY ¢ WG
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) uncertainties cruciall
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Production of SUSY particles at the LHC

will in general result in complicated nal states
) cascade decays

¢! ¢! qo~9! qo ! qq -9
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Production of SUSY particles at the LHC

will in general result in complicated nal states
) cascade decays

¢! ¢! qo~9! qo ! qq -9
o lepton
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Production of SUSY particles at the LHC
will in general result in complicated nal states
) cascade decays

¢! ¢! qo~9! qo ! qq -9
o lepton

Production of uncolored particles via cascade decays often dominates over
direct production { Many states are produced at once

) Main background for SUSY is SUSY itself!
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Cascade decays:

di erent patterns d

taken from talk by

ue to di erent SM particles \coming out"

Signature

i
Motivating Model(s)

Comments

| Jet + O Lepton + MET

7O/

= Large Extra Dim (ExcGraviton)
= strong qG production, G propagate in extra Dim
= Planck Scale is MD in 4+ dim
= Normal Gravity == R

= SUSY

= gg—ISR t+ 2 Neutralino or squark + Neutralino

= Mot primary discovery
channel for SUGRA, GMSB,
AMSB... but helps in
characterization

= Possible leading discovery
for neutralino NLSP with
nearly degenerate gluino

+ MET

V4
2,34 [b]-Jet + 0 Leptin :'.‘ﬁuark.l"gluinn production

= squark—q+L5F gluino —qtsquark+L5P

= Possible leading squark/
gluino discovery channel
= Must manage QCD bkg

310/nb for b-jets ]5‘%

ry
2,3,4 [b]-Jet + | Lepton
+ MET
310/nb for b-jets 35/pb

uarkfgluino producticon with cascades which include electroweak

(or partner) decays
= high tan B leads to more T’

= Lepton requirement
suppresses QCD
= T's partially covered by e/

2 lepton + MET

F0ink

= Same sign: gluino cascade can have either sign lepton... squark/gluino
prod can produce same sign.

= Dpposite sign: squark/gluine decay dediated by 7 {or partner)

= Same flaver: 2 leptons from same sparticle cascade must be same
flavor

* Reduced SM backgrounds
for same sign

= Dpposite Sign-Havor
Subtraction

3 lepton + MET

= 5USY events ending in Chargino/neutralino pair decays
= YWeak Chargino/MNeutraline production
= Exotic sources

= Low 5M bkgs

2 photon + MET
3.1/ph

= GMSB models with gravitino LSP and neutralino or stau MLSP
= LUED- each KK partons cascade to LKP which decays to graviton + vy

= Mo SUSY limit {(not
sensitive at the time)
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Example: t sector of the MSSM

Stop mass matrices

0 1 0 1
2 2 2
v mX M2 + m2+ DT | 0 m?2
t/At t..R t t2 t
with
Xt = At =tan

) mixing important in stop sector!

Simplifying abbreviation:

Msusy = Mg = My = Mg,
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Direct stop production:

700

600

500

400

300

200

100

Top squark pair production, t, ® t" Ei

- ATLAS Preliminary

SUSY)
theory

Expected limit (x1s,,)

Vs=13 TeV, 36.1 fb™

All limits at 95% CL

400 600

I ATLAS 20 fb%, Ys=8 TeV
Q&%

1000 1200
m; [GeV]
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Stop overview ATLAS:

700

[GeV]

M_o
%,

600

500

400

300

200

100

i, production, t—> b ff ¥ /t—c¥, /t—> Wby, />t Status: Moriond 2017

_LIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_1_
. ATLAS Preliminary Y5=13 TeV

- Bt wby tOL 36.1 fb™! [CONF-2017-020]

- B t1L 13.2 fb’' [CONF-2016-050]

— -fﬁwa‘j t2L 13.3 fb' [CONF-2016-076]

- Eli-cx MJ 3.2 b7 [1604.07773]

| Vs=8Tev,20fb" Run 1[1506.08616]

| = Observed limits ==== Expected limits All limits at 95% CL
L % S

— /.. 3

ERCSERE

Wb

2 v G : - N

TR 97 T Yo 0 L

200

300

400

500

600 700 800 900 1000
m;, [GeV]
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Stop overview CMS:
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Be aware about squark limits:
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The anomalous magnetic moment of the muon
a (g 2) =2

Overview about the current experimental and SM (theory) result:
[A. Keshavarzia, D. Nomura, T. Teubner '18 ]

a&pP  gheoSM 5705 7:26) 10 10 :3:7
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The (g 2) experiment:

Coupling of muon to magnetic eld coupling
" #

up)  FU@@* o= aFad) u(pA  F(0)= a
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SUSY can easily explain the deviation:

Feynman diagrams for MSSM 1L corrections:

Diagrams with chargino/sneutrino exchange
Diagrams with neutralino/smuon exchange

Enhancement factor as compared to SM:

m2
SM, EW 1L: — —
Ile

0 . MSSM, 1L: — ——— tan
o Ta m 1an M Susy
Sven Heinemeyer { Higgs/BSM pheno lecture @ NEXT PhD WS (Cose ner's house) 11.07.2019 IVv/27



SUSY corrections at 1L;

F 2
. 100 GeV .
a>SusY S1L 13 10 10 tan sign( )
M susy
Mgusy (= m-= m.= m.): generic SUSY mass scale

asuUsY:IlL - ¢ 100:::+1000 10 10

a®P  glheo:sM 27 7:25) 10 10

) SUSY could easily explain the \discrepancy"

) a can provide bounds on SUSY parameter space
(by requiering agreement at the 95% C.L.)
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SUSY corrections at 1L;

F 2
. 100 GeV .
a>SusY S1L 13 10 10 tan sign( )
M susy
Mgusy (= m-= m.= m.): generic SUSY mass scale

asuUsY:IlL - ¢ 100:::+1000 10 10

a®P  glheo:sM 27 7:25) 10 10

) SUSY could easily explain the \discrepancy"

) a can provide bounds on SUSY parameter space
(by requiering agreement at the 95% C.L.)

If SUSY exists, it should x ( g 2) !
) there must be light EW SUSY particles!
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Example: Scan over SUSY parameter space

70 ] [ ] alldata
] ma,,mg >1TeV

100 200 300 400 500 600 700
Mcosp @€eVD

Scan over
, |\/|2, m-, A
LOSP = lightest observable
SUSY particle
LOSP = ~or ~
[D. Sbckinger '06 ]

SUSY could easily explain
discrepancy
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New example: Scan over SUSY parameter space

0| \ [ ] alldata | Scan over
mé _,mi >1TeV
| \ ., M, mo A
60 \ full result .

LOSP = lightest observable
SUSY particle

LOSP = -~ or ~

[D. Sbckinger '06 ]

— — - improved one- loop

SUSY could easily explain
discrepancy

100 200 300 400 500 600 700
Miosp @eVD

With improved precision (and similar central value):
) strong bounds on the MSSM parameter space
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Electroweak searches:
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i i - 0 0-_0
LHC is looking for pp! 1 ! W 72~
Reality: BR(~ 9! z-~%)=1is NEVER correct

because ~Y !

5> ! h~7 Is possible
[A. Bharucha, S.H., F. v.d. Pahlen '13 ]
I ) tanb =6
150 — M4<0
> 100 - N
® \
No™ \
£ \
\
* \
50+ -
| E
\
: \
O L L f . . . . I . . . . I . . . \‘l
100 15C 200 25C 300 35C
mgg@e\/[
) huge reduction of exclusion region (where ~ 8 ! ~(1)h allowed)
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More recently:

ATLAS and CMS are now also searching for

pp! ~ 9t w -9 w fn-fr w -§ b9

CMS Preliminary \s=8TeV,L =19.5fb"
;l 800 [ T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 ]
® E observed CL limits (95% CL) E
(O 700 —ppex%z (1.BF@D=08) T =
o SRLTEE PP X T (I, BFGD=1) ]
E‘* 600:_ ......... pp—>z°z (no7, BFW2)=1) B
500f. — PP L%, (ol BEWH)=1) " -
SERILIE PP =%, Xy (YL Fn=1) " :
s008 s
300 7 s =
2001 -
100t -

1 OO 200 300 400 500 600 700 800
m. = 0.5m.. + 0.5m,, m.=m, [GeV]
7, z, X, X,

) strongly reduced bounds!
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Overview about SUSY Ilimits: [CMS '17 ]

) all limits require special assumptions!
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3. Where are the SUSY particles
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Tool for combined SUSY analysis: MasterCode

) collaborative e ort of theorists and experimentalists

[Bagnaschi, Borsato, Buchmsller, Chobanova, Citron, Cost a,

De Roeck, Dolan, Ellis, Facher, SH, Isidori, Lucio, Luo, M artinez Santos, Olive,
Sakurai, Weiglein ]

tlber-code for the combination of di erent tools:

Lber-code original in Fortran, now re-written in C++
tools are included as subroutines

compatibility  ensured by collaboration of
authors of \MasterCode" and authors of \sub tools" ISLHA(2)

sub-codes in Fortran or C++

) evaluate observables of one parameter point consistently
with various tools

cern.ch/mastercode
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The 2 evaluation:
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Data we have;:

Higgs boson mass (LHC) ) FeynHiggs
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Data we have;:

Higgs boson mass (LHC) ) FeynHiggs

Higgs boson signal strengths (LHC) ) HiggsSignals
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Data we have;:

Higgs boson mass (LHC) ) FeynHiggs

Higgs boson signal strengths (LHC) ) HiggsSignals

Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds
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Data we have;:

Higgs boson mass (LHC) ) FeynHiggs

Higgs boson signal strengths (LHC) ) HiggsSignals

Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds

SUSY searches (LHC) ) own re-cast (Fastlim approach)
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Data we have;:

Higgs boson mass (LHC) ) FeynHiggs
Higgs boson signal strengths (LHC) ) HiggsSignals
Higgs boson exclusion bounds (LHC, Tevatron, LEP) ) HiggsBounds

SUSY searches (LHC) ) own re-cast (Fastlim approach)

electroweak precision data ) FeynWZ, FeynHiggs
avor data ) Superlso, SuFla

astrophysical data (DM properties) ) MicrOMEGAs, SSARD
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Results in the CMSSM, NUHM1, NUHM?2

[2014 ]

) only very large values are favored
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CMSSM DM prediction
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CMSSM DM prediction
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NUHM1 DM prediction
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NUHM1 DM prediction
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NUHMZ2 DM prediction
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NUHMZ2 DM prediction

Sven Heinemeyer { Higgs/BSM pheno lecture @ NEXT PhD WS (Cose ner's house) 11.07.2019 Iv/41



LHC prospects for CMSSM:

[2015 ]

solid: current LHC limits, dashed: HL-LHC prospects
) best-t regions can be covered! (in EW searches)
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LHC prospects for CMSSM:

[2015 ]

solid: current LHC limits, dashed: HL-LHC prospects
) best-t regions can partially be covered! (in colored searches)
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Results in the SU(5)

GUT Mass planes:

[2016 ]

) BRr=ERr=~ co0-ann. possible ) but ~1 co-ann. dominant!
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SU(5) best-t point:

[2016 ]

) not too heavy uncolored spectrum, colored within LHC reach?
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SU(5) prediction: best-t masses

[2016 ]

) high colored masses
) lower electroweak masses

P

ILC: = s=1000 GeV ) only very few EW particles possibly accessible

P

CLIC: s =3000 GeV ) pair production of many SUSY particles \likely"

) no access to colored particles
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Results in the mMAMSB

Dark Matter composition:

[2016 ]

) very relaxed limits ) lower masses
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Squark mass vs. DM mass:

[2016 ]

) bad LHC prospects :-(
) better FCC-hh prospects :-)
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Gluino mass vs. DM mass:

[2016 ]

) bad LHC prospects :-(
) better FCC-hh prospects :-)
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MAMSB prediction: best-t masses (wino)

[2016 ]

) high colored masses
) lower electroweak masses

P

ILC: =~ s=1000 GeV ) bad prospects

CLIC: g s =3000 GeV ) pair production of few SUSY particles \likely"

) no access to colored particles
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MAMSB prediction: best-t masses (higgsino)

[2016 ]

) high colored masses
) lower electroweak masses

P

ILC: = s=1000 GeV ) few EW particles possibly accessible

P s =3000 GeV ) pair production of few SUSY particles
\guraranteed"
) no access to colored particles

CLIC:
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Results in sub-GUT [2017 ]

) low M;, possible/favored
) mainly due to BR( Bs! * )

Sven Heinemeyer { Higgs/BSM pheno lecture @ NEXT PhD WS (Cose ner's house) 11.07.2019 IV/52



sub-GUT prediction: best-t masses

[2017 ]

) high colored masses
) high electroweak masses

ILC: P s =1000 GeV ) nothing
CLIC:

P s =3000 GeV ) pair production of few SUSY particles

) no access to colored particles
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Intermediate summary (simpli ed):

data: Higgs, LHC searches, DM measurements/searches, EW, avor

GUT based models exhibit a heavy spectrum

very di cult for the LHC

ILC has to be \lucky" (I did not discuss it's great Higgs/EW capab ilities)
CLIC has some particles in reach

colored spectrum could partially be covered at FCC-hh
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Intermediate summary (simpli ed):

data: Higgs, LHC searches, DM measurements/searches, EW, avor

GUT based models exhibit a heavy spectrum

very di cult for the LHC

ILC has to be \lucky" (I did not discuss it's great Higgs/EW capab ilities)
CLIC has some particles in reach

colored spectrum could partially be covered at FCC-hh

ARE WE DEPRESSED?
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Intermediate summary (simpli ed):

data: Higgs, LHC searches, DM measurements/searches, EW, avor

GUT based models exhibit a heavy spectrum

very di cult for the LHC

ILC has to be \lucky" (I did not discuss it's great Higgs/EW capab ilities)
CLIC has some particles in reach

colored spectrum could partially be covered at FCC-hh

ARE WE DEPRESSED?

Let's look at the more general pMSSM11!
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Results and predictions in the pMSSM11

Parameter Range Number of
segments
M 4 (-4 ,4) TeV 6
Mo (0,4) TeV 2
M3 (-4 ,4) TeV 4
Mg (0,4) TeV 2
Mg, (0,4) TeV 2
my (0,2) TeV 1
m _ (0,2)TeV 1
M A (0,4) TeV 2
A (-5,5) TeV 1
(-5,5) TeVv 1
tan (1, 60) 1
Total number of boxes 384
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PMSSM11: Going from 8 TeV to 13 TeV (and adding latest DM limit S)
[2017 ]

) substantial move to higher masses! ) notice the \nose"!
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PMSSM11.: mtl{m~o plane [2017 ]
1

) high (low) stop (neutralino) masses ) notice the compressed region!
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pPMSSM11l: m_{m_o plane [2017 ]
1

) all masses low!!
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pPMSSM11l: m_ {m_o plane [2017 ]
1 1

) chargino co-annihilation ) M1 M>
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One analysis of compressed sprectra:
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pMSSM11: B physics observables [2017 ]

) follows the experimental data
) BR(Bs! * ): below the SM value
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PMSSM11: best-t point parameters

[2017 ]

) excellent p value!
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PMSSM11: best-t point phenomenology [2017 ]

) heavy colored, light uncolored spectrum
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PMSSM11: prospects for ILC and CLIC [2017 ]

ILC: P

CLIC:

s =1000 GeV ) precision analysis of EW particle and DM easy!

P s =3000 GeV ) precision analysis of EW particles and DM easy!
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What to conclude?
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What to conclude?
) Look at the p values!
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What to conclude?
) Look at the p values!

Model Min.  2/dof 2_prob. (p-value)
CMSSM 32.8/18 11%
NUHM1 31.1/23 12%
NUHM?2 30.3/22 11%

SU(5) 32.4/23 9%
MAMSB 36.5/27 11%
sub-GUT 28.9/24 23%

OMSSM11 21.0/20 33%

Which model is more likely??
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What to conclude?
) Look at the p values!

Model Min. 2/dof | Z2-prob. (p-value)
CMSSM 32.8/18 11%
NUHM1 31.1/23 12%
NUHM2 30.3/22 11%
SU(5) 32.4/23 9%
MAMSB 36.5/27 11%
sub-GUT 28.9/24 23%
pPMSSM11 21.0/20 33%
Which model is more likely??
) pMSSM11: model with higher 2_probability

model with good ILC/CLIC prospects
detailed LHC analysis tbd!
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4. Where 1s the Dark Matter
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Results in the CMSSM, NUHM1, NUHM?2

[2014 ]

) only very large values are favored
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5! incl. 20/fb of LHC data

[2014 ]

) only very small values are favored

Sven Heinemeyer { Higgs/BSM pheno lecture @ NEXT PhD WS (Cose ner's house) 11.07.2019 IV/68



MSSM DM prediction
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MSSM DM prediction
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MSSM DM prediction
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MSSM DM prediction
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Results in the SU(5)

Dark Matter Diret Detection prospects:

[2016 ]

Sven Heinemeyer { Higgs/BSM pheno lecture @ NEXT PhD WS (Cose ner's house) 11.07.2019 IV/70



Results in the mMAMSB

Known fact: Dark Matter requirement restricts M3—s:

[2016 ]

) no Sommerfeld enhancement
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Results in the mMAMSB

Known fact: Dark Matter requirement restricts M3—s:

[2016 ]

) with Sommerfeld enhancement ) shift to higher m3-,
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Dark Matter Diret Detection prospects:
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Results in sub-GUT [2017 ]

g' : good prospects, all above the neutrino oor

ED . unclear prospects, best-t regions below the neutrino 00 r
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Results in the pMSSM11

DM mass: pMSSM10 vs. GUT based models prediction:

[2015 ]

) pMSSMI10 predicts muc
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Results in the pMSSM11 [2017 ]

DM mass: similar in the pMSSM11.

) PMSSM11 predicts much lower DM mass than GUT-based models
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PMSSM11 prediction:  m _o vs. 3" [2017 ]

) best-t point covered by future experiments
) but very low cross sections possible at 1 , below neutrino oor
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PMSSM11 prediction:  m_g vs. 5P: [2017 ]

) slim prospects for future experiments
) large regions allowed at 1 , below neutrino oor
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5. Conclusinos
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