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1. Introduction

Some \recent" measurements:

top quark mass

Higgs boson mass
Higgs boson \couplings"
Dark Matter (properties)
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1. Introduction

Some \recent" measurements:

top quark mass

Higgs boson mass
Higgs boson \couplings"
Dark Matter (properties)

Simple SUSY models predicted correctly:

top quark mass

Higgs boson mass
Higgs boson \couplings"
Dark Matter (properties)

) good motivation to look at SUSY!
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The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles

Standard particles SUSY particles
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Problem in the MSSM: more than 100 free parameters

Nobody(?) believes that a model describing nature
has so many free parameters!
Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016




Problem: We cannot be sure about the SUSY-breaking mechanis m

) it Is possible that with the CMSSM, NUHM1, NUHM2, ...we misse d
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, NUHM1, NUHM2, ...we misse d
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"

) 10 parameters are manageable ) pMSSM10

squark mass parameters: Mg, Mg,
slepton mass parameter:  m.
gaugino masses: M1, Mo, M3
trilinear coupling: A

Higgs sector parameters: M, tan
Higgs mixing paramter:
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2. The Mastercode ITIEIS@

) collaborative e ort of theorists and experimentalists
[Bagnaschi, Borsato, Buchmuller, Cavanaugh, Chobanova, C itron, Costa, De Roeck,

Dolan, Ellis, Facher, SH, Isidori, Lucio, Mallik, Marouc he, Martinez Santos, Olive, Richards,
Sakurai, Weiglein ]

tJber-code for the combination of di erent tools:

®ber-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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Status of the \MasterCode":

(so far) one model: (MFV) MSSM

tools included:

our own LHC SUSY search implementation ) NEW
(3 search categories: colored, electroweak, compressed st op)

Higgs related observables, (g 2) [FeynHiggs |

Higgs signal strengths  [HiggsSignals | ) NEW
Higgs exclusion bounds [HiggsBounds | ) NEW

B -physics observables [SuFla ]

more B -physics observables [Superlso ]
Electroweak precision  observables [Feynwz ]
Dark Matter observables [MicrOMEGAs, SSARD |
for GUT scale models: RGE running [SoftSusy ]

) all most-up-to-date codes on the market!
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Status of the \MasterCode":

(so far) one model: (MFV) MSSM

tools included:

our own LHC SUSY search implementation ) NEW
(3 search categories: colored, electroweak, compressed st op)

Higgs related observables, (g 2) [FeynHiggs |

Higgs signal strengths  [HiggsSignals | ) NEW
Higgs exclusion bounds [HiggsBounds | ) NEW

B -physics observables [SuFla ]

more B -physics observables [Superlso ]
[FeynWZ |

Electroweak precision  observables

Dark Matter observables [MicrOMEGAs, SSARD |

for GUT scale models: RGE running

) all most-up-to-date codes on the market!

[SoftSusy |

) crucial for precision!
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LHC searches for SUSY particles: ATLAS/CMS results for CMSS

M, ...

MSUGRA/CMSSM: tan(B) = 30, A_ = -2my, u >0

Status: SUSY 2013
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arXiv: 1308.1841
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ATLAS-CONF-2013-026
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ATLAS-CONF-2013-007
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More details in talk bv M Hohlfeld

) Results given in CMSSM

) can be taken over to NUHM1, NUHM2
) not applicable to the pMSSM (or mMAMSB .. .)
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LHC searches for SUSY particles in the pMSSM:

3 limits:

1. searches for colored particles
4-dim grid In m~8, Mg Mg Mgy, Mg

2. searches for compressed stop spectra

t! b~;; t! bw-Y; t!

3. searches for light EW particles

~ o~

0
1 2

via T ~1 ~8 via WZ:

RO

b ~1; ! c~

0 .
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Example for m_o =310 GeV:
1

my =310 GeV
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2

comparison for colored searches
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(home made code \a la Atom")
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LHC searches for SUSY particles in the pMSSM:

3 limits:

1. searches for colored particles
4-dim grid In m~8, Mg Mg Mgy, Mg

2. searches for compressed stop spectra

t! b~;; t! bw-Y; t!

3. searches for light EW particles

~ o~

0
1 2

via T ~1 ~8 via WZ:

RO
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2 comparison for EW searches
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2 comparison for EW searches
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LHC searches for SUSY particles in the pMSSM:

3 limits:

1. searches for colored particles
4-dim grid In m~8, Mg Mg Mgy, Mg

2. searches for compressed stop spectra

t! b~;; t! bw-Y; t!

3. searches for light EW particles

~ o~

0
1 2

via T ~1 ~8 via WZ:

RO
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2 comparison for light stop searches
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2

comparison for light stop searches
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The 2 evaluation:

MasTERce Global fits of SUSY

Experimental
constraints

4 SUSY model

N
”

:Nfa (Pi—#i

Mastercode

o
i 1

)

/
\

parameters

compatibility

predictions
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3. Results in the pMSSM10

Parameter Range Number of
segments
M 1 -1,1) TeV 2
M o (0,4) TeV 2
M 3 (-4 ,4) TeV 4
Mg (0,4)TeV 2
Mg, (0,4) TeV 2
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 128

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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PMSSM10 prediction: DM mass vs. light stop mass:

o

[2015 ]
* pMSSM10 w LHCS: best fit, 10, 20
Y¢ === === pPMSSM10 w/o LHCS: best fit, 10, 20
700}
600¢
500¢
3
) 400¢
< 300¢
200¢ . *
100 :
.o - e -.—ff——%
% 500 1000 1500 2000
m%l[GeV]
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PMSSM10 prediction: DM mass vs. light stop mass:

[2015 ]
* pPMSSM10 w LHC8: best fit, 10, 20
Y¢ === === pPMSSM10 w/o LHCS: best fit, 10, 20
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PMSSM10 prediction: DM mass vs. light stop mass:

[2015 ]
* pMSSM10 w LHCS: best fit, 10, 20
Y¢ === === pPMSSM10 w/o LHCS: best fit, 10, 20
700¢
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NS
_-:-C-_;-I. BT R D W S e e e L 2 T &2 Z
O ! ! !
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) chargino co-annihilation UL [GeV] ) M1 M>
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PMSSM10 prediction: best-t masses

N

o

o

o -
Ty Ty T T T T T T T T T T T T T T T T T

ot | | |

o

[2015 ]

Mpo Mo Mao Mys mcgmomomomm m»{\m/amm "thhh"‘l‘}m%mﬁm@z mg\

) high colored masses
) relatively low electroweak masses
partially with not too large ranges
) clear prediction for m~g (DM) and EW spectrum
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PMSSM10 prediction: DM mass

[2015 ]

— /0110%
$ —_— 2340! i
- == 2340%
#_
® |
:H: n | m
+_
| B
%
I 1] # $ % %I
|} &'()*

) PMSSMI10 predicts much lower DM mass than GUT-based models
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/./
LHC prospects for pMSSM10:

* pMSSM10: best fit, 10, 20 [2015 ]
700}
600}
500}
2
& 400
< 300}

0
0 2000
| staucoann. [ hybrid B stopcoann. [ hfunnel
B A/H funnel W % coann. | focuspoint  Zfunnel
solid: current LHC limits, dashed: HL-LHC prospects
) best-t regions not covered! (in EW searches)
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/./
LHC prospects for pMSSM10:

* PMSSM10: best fit, 10, 20 [2015 ]
R 'i (B '
700} vy '
7 i * L
i v X 1
600 o :
-
u
B
B
]
5
3

00 1000 2000 3000 4000
m§1[GeV]
| staucoann. [ hybrid B stopcoann. [ hfunnel
B A/H funnel W % coann. | focuspoint  Zfunnel
solid: current LHC limits, dashed: HL-LHC prospects
) best-t regions can partially be covered! (in colored searches)
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/
e prospects for pMSSM10:

e+
[2015 ]
4000~ - .
3500 E
> - .
(5 3000 =
B 2500 E
(%)) - ]
S 2000 E
= :
& 1500 =
E‘ 1000 [ =
e f
0E — | | | --|-| -| || | | | || | | | | | || | -
Mo Mpyo Mpo Mys Mo Mg Moo Meo Mcs Mg MR Mg my my - mg Mg My Mg My Mg, my;
ILC: P s =1000 GeV ) precision analysis of EW particle and DM easy!
CLIC: P s =3000 GeV ) precision analysis of EW particles and DM easy!
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o

DM production cross sections:  ete 1 ~§-9(+
[2014 ]
) GUT based models: ILC :-(, CLIC possible
) pMSSM10: easy at the ILC
Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016 26



DM production cross sections: e

172
[2014 ]
) GUT based models: ILC :-(, CLIC possible
) pMSSM10: easy at the ILC - but no real upper limit
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PMSSM10 prediction:

m_

107
1(Y42i
1cr43i
10744}
£ 104
L ,

mf(tf [GeV]

) LHC bounds try to \rescue" DD experiments!

[2015 ]
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PMSSM10 prediction: m o VS. g': future expectations
1

) 68% CL areas covered by next round of DD experiments

[2015 ]

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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PMSSM10 analysis: DD experiments: p- VS. n-scattering

[2015 ]

g' is evaluated for
p-scattering

Can n-scattering come
to rescue?

Some points with  low

have even lower >

) no \no-lose theorem"
for DD experiments!
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4. Results in the mMAMSB [PRELIMINARY ]

No MSSM in the \bulk" R
Anomaly: hFi enters RGEs > >
- q
2 JhF 1] 4 2 .
m maq ,
i (@6 2)2%k M0 \the bulk"
2
m
572 4 4 m2 -
(16 22k~ M0 / /
M hF | 2 M3-> 2
i 16 29 16 29 MSSM brane  Hidden brane
(we live here) hFi60

MAMSB scenario characterized by
M3—>; Mg;tan ; sign( )
M3—> = hF1=Mpjanck : Overall scale of SUSY particle masses

Mo: phenomenological parameter: universal scalar mass term
Introduced Iin order to keep squares of slepton masses positi ve
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AMSB scenario (SPS 9):

typical feature: very small
neutralino{chargino mass
di erence

with very soft pions

1400

m [GeV]
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New LHC limit implementation: large chargino life time:

[PRELIMINARY

]

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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New LHC limit implementation: gluino decay modes:

99! (ag—)(qa-); &g!
gg! (bb-P)(bb-); gg!
99! (tt~)(tb~); 9!

) new LHC13 limits applied!

| included into 2 evaluation

(tt~P)(tt ~P);
(th~; )(tb~} );
(bb~P)(th~ )

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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Known fact: Dark Matter requirement restricts

m3:2:

) no Sommerfeld enhancement

[PRELIMINARY

]

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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Known fact: Dark Matter requirement restricts

m3:2:

) with Sommerfeld enhancement

) shift to higher

M3

[PRELIMINARY

]

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016

35



Best-t point in MAMSB:
[PRELIMINARY ]

) very heavy spectrum ... ) no preference for sign(

)

[2015 ]

Sven Heinemeyer, SUSY16, Melbourne, 04.07.2016
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Results in (tan , Mg) plane:

[PRELIMINARY ] [2015 ]
> 0 < 0

) strong restrictions on tan from My

) large allowed range for mg

) lower masses possible if CDM is taken as upper  limit only
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5. Conclusinos

SUSY is (still) the best-motivated BSM scenario

constrained models: CMSSM, NUHM1, NUHM2, mAMSB , ...
general models: pMSSM10, ...

Our tool: MasterCode

combination of LHC searches, Higgs measurements, EWPO,
BPO, CDM ) 2 evaluation

Fit results in the pMSSM10:

LHC: only partial coverage of best-t regions
ILC/CLIC: good prospects for DM / EW searches
DD experiments: good prospects, but no \no-lose" theorem

Fit results in the mAMSB (preliminary!):

DM restricts ms-, (DM as upper limit is WIP)
M restricts tan , no strong limits on  mg
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