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R-parity conservation
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NLO+NLL pp, 1 =13 Tev
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https://arxiv.org/abs/1704.07781

- Thorough search in signal-like phase space region with no
leptons

- Standard Model background estimated with a mixture of MC- and data-
driven techniques.
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SUSY-2016-12, to appear
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-14/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-035/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-034/index.html
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- 2-TeV exclusion on gluinos starts to be a reality. Eight-fold degenerate squark
production excluded up to ~ 1.5 TeV

* One-fold squark degeneracy limit ~ 1 TeV.

* Limits on simplified models - Run 1 experience tells us that they translate quite reliably on
more generic exclusions.
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https://link.springer.com/article/10.1007/JHEP10(2015)134
https://link.springer.com/article/10.1007/JHEP10(2015)134

Natural SUSY under test
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Gluino pair productionand decay
through (possibly of-shell) stop also
excluded up to a mass of 2 TeV.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-021/
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* Gluino pair production not observed — stop pair production?
* cross section nearly two orders of magnitude lower.

* Large top quark mass makes stop decay topology complex:

* If no SUSY particle other than the stop and the neutralino LSP takes

part in the process then the decay is ¢ — t(*) %0 with 100% BR.
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NLO + NLL, pp, Vs = 13 TeV
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*Secondary vertex

enhances sensitivity to low-pr b-jets.

« ISR-like selection with dedicated variables.
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-049/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-050/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037/
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t
- Sensitivity exceeds 1 TeV in favourable scenarios. )
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- What if the stop-neutralino model is too simple?

(G 2 1
|.Vivarelli - Searches for SUSY - Lepton-Photon 2017


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-034/
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“Standard Model”
(scalars and vectors,
before EW simmetry breaking)

B
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Intermezzo - the electroweak sector
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“Standard Model”

(scalars and vectors, SUSY partners (fermions)
before EW simmetry breaking)
B B b-ino, 1 neutral state
W |:> W w-ino, 1 neutral, 2 charged states
H U9 H d f,  higgs-ino, 2 neutral, 2 charged states

G 22

|.Vivarelli - Searches for SUSY - Lepton-Photon 2017



US

INntermezzo - the electroweak sector  university of Sussex

“Standard Model”

(scalars and vectors, SUSY partners (fermions)
before EW simmetry breaking)
B B b-ino, 1 neutral state 0 ~0 ~0 ~0
R ~ _ ’ wal. 2 ch d stat X1s X2y X35y X4
W T/ Ww-ino, 1 neutral, 2 charged states i
H, H 7 X1 X2
uy £4d f,  higgs-ino, 2 neutral, 2 charged states

e 22
|.Vivarelli - Searches for SUSY - Lepton-Photon 2017



US

INntermezzo - the electroweak sector  university of Sussex

“Standard Model”

(scalars and vectors, SUSY partners (fermions)
before EW simmetry breaking)
B B b-ino, 1 neutral state 0 ~0 ~0 ~0
R ~ _ ’ wal. 2 ch d stat X1s X2y X35y X4
W T/ Ww-ino, 1 neutral, 2 charged states i
H, H 7 X1 X2
uy £4d f,  higgs-ino, 2 neutral, 2 charged states

Let’s neglect the mixing
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“Standard Model”

(scalars and vectors, SUSY partners (fermions)
before EW simmetry breaking)
B B b-ino, 1 neutral state 0 ~0 ~0 ~0
R ~ _ ’ wal. 2 ch d stat X1s X2y X35y X4
W T/ Ww-ino, 1 neutral, 2 charged states i
H, H 7 X1 X2
uy £4d f,  higgs-ino, 2 neutral, 2 charged states

Let’s neglect the mixing
wino-bino

M 4  higesino -+ -0 -0
""""" X27X37X4
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Intermezzo - the electroweak Sector  university of sussex
“Standard Model”
(scalars and vectors, SUSY partners (fermions)
before EW simmetry breaking)
B B b-ino, 1 neutral state 0 ~0 ~0 ~0
= ~ _ ’ | 2 ch g X17X27X37X4
W W w-ino, 1 neutral, 2 charged states Xi Xi
~ 1>A2
H U9 H d f,  higgs-ino, 2 neutral, 2 charged states
Let’s neglect the mixing
wino-bino higgsino LSP
m 4 higgsino ~+ -0 ~0 . JWino o 50
Ay X2 X3+ X4 onn Xg o X4
/ --------- X3
wino ~+ ~0
""""" X1 X2
bi ~0 higgsino ~+ ~0 ~0
R S A oot X1 X1 X2
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Intermezzo - the electroweak sector
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“Standard Model”
(scalars and vectors,
before EW simmetry breaking)

SUSY partners (fermions)

|.Vivarelli - Searches for SUSY - Lepton-Photon 2017

B B b-ino, 1 neutral state -0 ~0 ~0 ~0
- ~ . Xla X27 X37 X4
1%% YA/ w-ino, 1 neutral, 2 charged states TR
H, H 7 X1
uy 44d f,  higgs-ino, 2 neutral, 2 charged states
Let’s neglect the mixing
wino-bino higgsino LSP bino LSP
m 4 higgsino ~+ ~0 ~0 ___Wino o+ -0 higgsino ~+ ~0 ~0
P X2 5 X35 X4 bino XX Trometems X2 X35 X4
......... X3 wino ~+ ~0
//;; """"" X1 X2
wino ~:|: ~0
""""" X1 X2
bino ~0 higgsino ~+ ~0 -~O0 bino ~0
""""" X1 meeeeeeee X1 X1 X2 mmemmeetm X
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« What if the stop-neutralino model is too simple?

« pPMSSM oriented simplified models.

» For example: assume bino LSP, and a wino doublet

as NSLP.

« More complex phenomenology, reduced sensitivity.

Wino NLSP model: tf, bb production, my: ~ ~ Mg =~ 2xmg (M = 2% My)

—"'|'"'|""|"''|""|""|'"'|""|""|"'L
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- Maybe SUSY is produced via EW interactions?

Events

Data / pred.

10*

+ Direct production of charginos, neutralinos, sleptons.

* Beware: cross sections depend on the EW state composition in
terms of bino, wino, higgsino, or (for slepton) chirality.

« Wino-bino hierarchy. Several event categories:
« 3L, SS leptons, 2L.2J (transitions with WZ, WH).
« 1Lbb, 1Lyy (WH).

. CMS-PAS-SUSY-17-004
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same as in slide 16 (no stop/sbottom)

A
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-004/index.html
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Wino-bino limit summary University of Sussex

« Common wino NLSP mass excluded up to ~600 GeV assuming BR into WZ of
100%

- Significantly weaker limits with increasing BR into WH.
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EW pI’OdUC’[iOﬂ aﬂd ﬂatura|ﬂeSS University of Sussex

Naturalness wants light higgsinos. Selection highlights:
- Two OS leptons with low pt
- If higgsinos are decoupled (heavy bino and wino), then - Large Et™ss 0.6 < ET™sS/Ht <1
Am is typically o(GeV) (but it can be as low as 300 MeV). - 4 GeV <mi <50 GeV (and Y
veto)
- ... and the cross section is small...
- CMS Preliminary  33.2-35.9" (13 TeV) e
= ing! = 0t - 0 _ -
Extremely challenging > o RT L SZ LT oW T 3
O, 45| =0bserved + 1 Ciheory T =
S+ | =i=Expected t 1o, . . 1 2
123 40 i 1 3
o w (R g 7))
.. N : 1 10 4
— 35 Careful! Wino cross] I !
m € F ; sections assumed!7 ] &
é < 30: S . —: ] g
255 e 1 1 E
e -0 ~0 ~+ - 141 5
::::::}X17X27X1 tAm ~ few GeV 20F 1 §
: C 1 - S
. . 15__ | 7] -
higgsino LSP, m ~p r 4 ] @)
C 10 X
10_— oo - o O
=T B (’l 1 471 I |'1’| T B R R B |—-10—1 m
100 120 140 160 180 200 220 240 260
m %Z’ X“f [GeV]
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Higgsino NLSP

US

University of Sussex

* Naturalness does not require a higgsino LSP.
GMSB-like higgsino NLSP scenarios are potentially

“natural”.
» Dedicated 1Lbb, 1Lyy analy
« SUS-16-044, SUS-16-0

Ses:

45.

Higgsino cross sections assumed

CMS Freiiminary 35.9 b (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-044/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-045/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-004/index.html
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EW-scale supersymmetry University of Sussex

Naturalness
- Gluinos pair production excluded

up to 2 TeV
- Stops pair production excluded
up to 1100 GeV
Wino-bino scenario excluded up
to 600 GeV of common wino
mass

Dark Matter ‘coupling unification

28
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EW-scale supersymmetry University of Sussex

Let’s release some
assumptions:
R-Parity violation implies Naturalness
no good SUSY SM
counterpart as Dark
matter candidate

- Gluinos pair production excluded
up to 2 TeV
- Stops pair production excluded
up to 1100 GeV
Wino-bino scenario excluded up
to 600 GeV of common wino
mass

coupling unification

29
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R-parity violating scenarios University of Sussex

- Limits for R-parity violating natural SUSY are also competitive

t
) -1 ~ o~
= 10 9MS Preliminary 35.9fb"' (13 TeV) = 2500 — —— pp 5 ba
£ E L 4 = — 1 ' T ' T ' T T T T T T =
}Zé F —*— Observed 95% CL limit 8 L gt %? — ttuds ATLAS 1 S ATLAS Preliminary b-tagged Selection 3
Lo - - an / - ir prod. cr ion b
?’ i Expected 95% CL limit = [ V(s=13TeV,36.1fb" === Obs.limit(* 1 c5ear) | L0 {s =13 TeV, 36.7 fb" :ZE)SZ pai prod. st secto ]
a - Expected = 1o Ozx'_ 2000f- n © — expected 95% CL limit 3
o 10° = = I e e Exp. limit (£ 1 o,,,) ] I expected + 1o 7
o) D Expected + 20 E : : 107k expected + 2 _
: NONL (50— 55 1500 Al limits at 95% CL - 2
I i ] 105, .n -
0% i ] - 3
i 1000 . L i
10 = : : 1 0—1 E_ i
E 500 j i F B stop pair prod. cross section (Vs = 8TeV) N
r B 7 10,2 :_ =1=1 observed limit, ATLAS 8 TeV
i AR e = E I | I | I | I | I | 1 |\\‘1\
1 | ! ! | ! i l 0 L L ! | ! L i/ A | L L 100 200 300 400 500 600 700 800
1000 1500 2000 1500 2000 m. [GeV]
o | m(@) [GeV]
CMS-PAS-SUS-16-040, to appear, and arXiv:1704.08493 ATLAS-CONF-2017-025
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https://cds.cern.ch/record/2258148
mailto:no_reply@apple.com
https://arxiv.org/abs/1704.08493
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R-parity violating scenarios University of Sussex

arxiv:1612.00945

 LHCb results on R-parity violating neutralino
decays:

« For example: look for a displaced vertex produced in
association with a muon

. Using 1 (2) fb™' of 7 (8) TeV data

! T IO 10 ¢
N e Data8Te ;
N&.) 10 E LHCb l?it:[tot;; Y E [ d)
> O e . background ] &
% ------------ signal C) i =
> } s
g 1§ E S 1t
%’ 107" 1 ¢ [ PD
] r
- . o T LHCh vE =8 TeV
20 40 60 30
10 20 30 40 50 60
LLP mass [GeV/c?] LLPmass  [GeV/c)
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https://arxiv.org/abs/1612.00945
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EW-scale supersymmetry University of Sussex

What if we drop the naturalness requirement altogether?

Beware: no “naturalness” criterium implies no need for “EW-scale” SUSY

Dark Matter coupling unification
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LOﬂg B | |Ved g | U | NOS University of Sussex

-« Squark-mediated gluino decay: gluino lifetime becomes
measurable if the squark mass is large (e.g., split SUSY).

- Different techniques probe different gluino lifetimes

(r for n=0, By=1) Beampipe iInner Detector Calo MS T [ns]

IllIIII| | IlIIIII| | Iilllllll | IIIIlllli | Ililllll | IIIIlII| | IIIlIIII | IIIlIIII |
10° 102 10" 1 10 10? 10° 10*
ct [m]

WK
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Upper limit on cross section [fb]

Long-lived gluinos

US

University of Sussex

-« Squark-mediated gluino decay: gluino lifetime becomes

measurable if the squark mass is large (e.g., split SUSY).

- Different techniques probe different gluino lifetimes

10* g

102

10

10_15I

(r for n=0, By=1) Beampipe élnner Detectoré Calo MS T [ns]
IllIIII| | IlIIIII| | Iilllllll | IIIIlllli | Ililllll | IIIIlII| | IIIlIII| | IIIlIII| |
10° 102 10" 1 10 10?2 10° 10
ct [m]

e
- ATLAS Preliminary

£ m, = 1400 GeV (+ 10,,,]

L Vs=13TeV,L=3271fb" mj = 2000 GeV ( 16,,,)]
E —— Observed 3
T g—qq if, M= 100 GeV ~ ------ Expected

1400 GeV gluino-pair production

~~

L 2000 GeV gluino-pair producy.

Ll Lol Lol Lol L
1072 107" 1 10
7 [ns]

Displaced vertices
ATLAS-CONF-2017-026
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Upper limit on cross section [fb]

Long-lived gluinos

US

University of Sussex

-« Squark-mediated gluino decay: gluino lifetime becomes

measurable if the squark mass is large (e.g., split SUSY).

- Different techniques probe different gluino lifetimes

(r for n=0, By=1) Beampipe !Inner Detector Calo M3 T [ns]
IllIIII| | IlIIIII| | Iilllllll | IIIIlIIli | Ililllll | |I|Il||| | IIIlIII| | IIIlIII| |
-3 —2 —1 2 3 4
10 10 10 1 10 10 10 10
ct [m]
'\"‘I"‘\"'\"‘I":’\s'"\"s‘g‘
WH;}H:}:H}H;}Hi;ﬂiuszjluz;*:};
> r
T A — £ [ 1s=13TeV, 3.2fo"
E L. 3 <] —=— Observed 95% CL LL
F ATLAS Preliminary m, = 1400 GeV (+ 16,1} £ .. Observed:io, LL A\
103 Vs=13TeV,L=327fb" m; = 2000 GeV (£ 10, 2 10— Expected 95% CLLL (£ 10,,) | } 4
E — Observed E - F —e— Observed 95% CLLL (8 TeV) // / ]
C §—>qaif, m,=100 GeV  --o- Expected ] [ ----- Observed +1o, LL (8 TeV)
10%E Y = | G w7 m@)=100Gev
......................... AR T Ll L N
1 -
10 = ]
3 E ATLAS
- 2000 GeV gluino-pair producti //E [ i
€' gLIInO-paIfDrO uction > L - L - - L - - .
1? ........ e / ...... . 2(1)0 460 6(\)0 8(1)0 10|00 12\00 14100 16|00
- ) — ] Mass [GeV]
107" . , . . .
1(;72 — 1(')71 — '1 — “"'1"0 —= |Oﬂ|88.'t|0n, time Of ﬂlght
o) Phys. Rev. D 93 112015
Displaced vertices Phys. Lett. B 760 (2016) 647-665

ATLAS-CONF-2017-026 CMS-PAS-EXO-16-036
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Upper limit on cross section [fb]

US

LOﬂg B | |Ved g | U | NOS University of Sussex

-« Squark-mediated gluino decay: gluino lifetime becomes
measurable if the squark mass is large (e.g., split SUSY).

- Different techniques probe different gluino lifetimes

(r for n=0, By=1) Beampipe iInner Detector Calo MS T [ns]

IllIIIIl | IlIIIII| | Iilllllll | IIIIlllli | Ililllll | IIIIlII| | IIIlIIII | IIIlIIII |
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_ _ - R xpected +1o @
1% Vs=13TeV,L=327fb" m; = 2000 GeV (+ 16,,,)] = 10— Expected 95% CLLL ( 100,) | 3 E T 10 Ey>130GeV,E > 170 GeV . Expected £26 %
3 —— Observed 3 F —s— Observed 95% CL LL (8 TeV) ;/ / o £ ~70GeV 40 L
L g—-qq if m,=100GeV  ------ Expected ] [----- Observed +1o, LL (8 TeV) ./ ./ E et &
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102 3 3 | G aa%’ mE)=100 GeV /-~ x 1F Gicry (M = 800 GeV) °
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........................................................................ - ] E
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£ 3 ATLAS Q 4 10°
& [ ©
B 2000 GeV gluino-pair production | | | | | | | | _2
.............................................................. 5 102
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Pl lonisation, time of flight
7 [ns] Phys. Rev. D 93 112015 Stopped gluinos

Displaced vertices Phys. Lett. B 760 (2016) 647-665 CMS-PAS-EXQ-16-004
ATLAS-CONF-2017-026 CMS-PAS-EXO-16-036
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Wl NO- I_S P ScenaHO University of Sussex

ATLAS-CONF-2017-017

* Very common (in MSSM) SUSY scenario:

* A chargino nearly degenerate with a neutralino
(wino-like LSP).

* The chargino becomes long-lived (typical T = 0.2
ns or ct~6 cm).

» Effort to increase to increase sensitivity at low
lifetime.
'a‘ 1c:| | T T TT T T L~.: 7T T T TT F“Itla'rllﬁlzlls’lll; >I_O <
IE. : ........ :
B af " ]
2 b -
1

IIIIII|

X H
- H
G o
i 5
e
./' 5
... ,f"" ‘0’. : )
,,,,,,, § . 5
...... - o 122.5 mm 4
........ - 3
e - 1
- \ v

0.2 0 ULt g - ‘/‘
- ; o 565 mm |
0.1 ' ATLAS Preliminary _|
F {s=13TeV, 36.1 fb™" 3 mﬂ“ ’
. ——— Observed 95% CL limit (+1 oy,0, ) 1

g.gg IR Expected 95% CL limit (+1 0, ) 1 New Run-2 search

Sedl --= ATLAS (8 TeV,20.3 fb™, EW prod) | ~12 cm
0.02 e Theory (Phys. Lett. B721 252 (2013)) Run-1 search ( )

| | " ALEPH (Phys. Lett, BS33 223 (2002) (~30cm)
00100 200 300 400 500 600 _ 700
m.. [GeV]
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https://cds.cern.ch/record/2258131
https://cds.cern.ch/record/2258131

The big picture

University of Sussex

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

May 2017 V5=7,8,13TeV
Model &MU T,Y Jets EL™ [Lanm™ Mass limit V5=7,8TeV [V5=13TeV Reference
MSUGRA/CMSSM 0-3epu/l-27 2-10jets/3b Yes  20.3 1.85TeV  m(@=m(z) 1507.05525
g —uﬂg 0 2-6jets  Yes  36.1 m(¥})<200 GeV, m(1* gen. §)=m(2" gen.§) ATLAS-CONF-2017-022
2 _,q,\'/, (compressed) mono-jet  1-3jets  Yes 3.2 m(@)-m(¥))<5 GeV 1604.07773
<z g—»qq)(l 0 26jets  Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-022
g 23, 8—qkT —>qu*)(1 0 26jets  Yes 361 m(¥})<200 GeV, m(F*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
% 2z, gaqq(el/wm 3en 4 jets - 36.1 m(¥})<400 GeV ATLAS-CONF-2017-030
© BB §oagWZi 0 7ljets  Yes  36.1 m(¥?) <400GeV ATLAS-CONF-2017-033
= GMSB (¢ NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
3 GGM (bino NLSP) 2y - Yes 3.2 cr(NLSP)<0.1mm 1606.09150
S  GGM (higgsino-bino NLSP) Y 1b Yes 203 1.37 TeV m(¥9)<950 GeV, cr(NLSP)<0.1 mm, u<0 1507.05493
= GGM (higgsino-bino NLSP) Y 2 jets Yes 13.3 m(¥})>680 GeV, cr(NLSP)<0.1 mm, y>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 900 GeV m(NLSP)>430GeV 1503.03290
Gravitino LSP 0 mono-jet Yes  20.3 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(3)=1.5TeV 1502.01518
5% 0 36 Yes 361 miY)<600 GeV ATLAS-CONF-2017-021
Sg 0-1ep 3b Yes  36.1 me})<200 GeV ATLAS-CONF-2017-021
%, w0 0-1ep 3b Yes 201 1.37 TeV m(¥})<300 GeV 1407.0600
= 0 2b  Yes 361 _ m(¥1)<420 GeV ATLAS-CONF-2017-038
% S 2¢u(SS)  1b Yes  36.1 ~ 275-700 GeV m(¥?)<200 GeV, m(¥; )= m(£)+100 GeV ATLAS-CONF-2017-030
3 g 026, 1-2b  Yes 4.7/13.3 :1 117-170Gev [ 200-720 GeV. mEE) = 2m(F)), m(¥9)=55GeV 1209.2102, ATLAS-CONF-2016-077
88 A, f1—>Wbi‘1‘ or it} 0-2¢,u 02jets/1-2b Yes 20.3/36.1 (7 90-198 GeV [ 1205:050/Ge V! m(¥)=1 GeV 1506.08616, ATLAS-CONF-2017-020
SS af, Ao 0 monojet  Yes 32 [FANIIIIINN00-323 GeV] m(i)-m(¥)=5 GeV 1604.07773
<) 8 ih (natural GMSB) 2e,u(2) 1b Yes 203 |#& 150-600 GeV meF)>150 GeV 1403.5222
Y8 bh.hoh+Z 3e,u(2) 1b Yes 361 |%&  290-790 GeV m(¥})=0GeV ATLAS-CONF-2017-019
iy, - +h 1-2epu 4b Yes 361 |& 320880 GeV m(#)=0GeV ATLAS-CONF-2017-019
Tirlig, T8 2ep 0 Yes  36.1 mE))=0 ATLAS-CONF-2017-039
)?1*)?,’,)?,* —v(Ev) 2ep 0 Yes  36.1 m(#)=0, m(Z, 7)=0.5(m(¥;)+m(E)) ATLAS-CONF-2017-039
)21)2 1S, X —>Tv(r9), B Tr(v) 27 - Yes  36.1 m(¥3)=0, m(z, 7)=0.5(m(¥;)+m(El)) ATLAS-CONF-2017-035
> g )(1)( —»f,_ve,_f(w), VL E(Y) 233&# . 29 . Yes 22.1 mp?,‘)=mp?g(/)ét ma?();no, mg;o j_i(mp?,‘)+m0?f)) ATLAS-CONF-2017-039
ms Xr *)W)( -3 e, jets  Yes X ¥ m¥T)=m(3), m(¥1)=0,  decoupled ATLAS-CONF-2017-039
° X&’X&awxlh))), h—bb|WW/tr/yy ey 0-2b Yes 203 ,\_f‘, 270 GeV m¥)=m(E3), m(¥})=0, Z decoupled 1501.07110
T, X33 - et bdep 0 Yes 203 XL 635 GeV m(3)=m(B3), m(¥})=0, m(Z, )=0.5(m(¥3)+m(¥}) 1405.5086
GGM (wino NLSP) weak prod., it —yG leu+y - Yes 20.3 \ 4 115-370 GeV cr<tmm 1507.05493
GGM (bino NLSP) weak prod., X] —yG 2y - Yes 20.3 w 590 GeV cr<imm 1507.05493
Durect):(l)gf prod., long-lived X Disapp. trk 1 jet Yes  36.1 m(¥)-m(¥})~160 MeV, 7(¥§)=0.2 ns ATLAS-CONF-2017-017
Direct ¥1 X7 prod., long-lived ¥{ dE/dx trk - Yes 184 495 GeV meE;)-m(P})~160 MeV, 7(¥1)<15 ns 1506.05332
Sy Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 m(¥})=100 GeV, 10 us<7(2)<1000 s 1310.6584
g % Stable g R-hadron trk - - 3.2 1606.05129
&E Metastable g R- hadron dE/dx trk - - 32 m(¥})=100 GeV, r>10 ns 1604.04520
S S awmss, stable 7, xﬁr(e,ﬁ)me, ) 1-2p - - 194 10<tan<50 14116795
il GMSB, 2 —¥G, long-lived ¥] 2y - Yes 203 1<T(X/?)0<3 ns, SPS8 model 1409.5542
22, )(1—>ee|({e‘uv//,lyv displ. ee/eu/pp - - 20.3 7 <ct(¥)< 740 mm, m(g)=1 3TeV 1504.05162
GGM gg, X1 —~2G displ. vix +jets - - 203 6 <cr(f})< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—¥; + X, ¥r—ep/et/ut epet.ut - - 3.2 2511=0-11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS) 0-3b Yes 20.3 1.45 TeV m(§)=m(g), crzsp<1 mm 1404.2500
piremwet —)W)(é > eev, euv, pv dep - Yes  13.3 m(E3)>400GeV, 41240 (k = 1,2) ATLAS-CONF-2016-075
Xk, X —)WXl,Xl—rr‘rv,, etv, Bepu+T - Yes 203 meE)>0.2xm(E7), 21zs#0 1405.5086
,;,>_ 88.8—499q 0 4-5large-Rjets - 14.8 R(b)=BR(c)=0% ATLAS-CONF-2016-057
O 2z 5990, > qqq 0 45largeRjets - 14.8 00 GeV ATLAS-CONF-2016-057
88, g—1Xy, Xy b—» 999 1 e g»:g J_e:sjg»:lg - gg.} pala TTva,;m¢Oo ATLAS-CONF-2017-013
88, g1t f—bs e,u 8-10jets/0-4b - X m(i)=1TeV, Az ATLAS-CONF-2017-013
iy, fi—bs 0 2jets+2b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fh, h—be 2epu 2b - 36.1 BR(f1—be/p)>20% ATLAS-CONF-2017-036
Other Scalar charm, c—ct) 0 2¢ Yes 203 |@& 510 GeV . m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or 1 1
phenomena is shown. Many of the limits are based on 10 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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LHC has radically changed the way we think about SUSY

- Where are all the sparticles?

- 7 years of LHC have given us only a striking agreement with the

Standard Model. Many pre-LHC SUSY models now highly
disfavoured by the data.

* The pillars of EW scale SUSY are under severe scrutiny (and a bit of
pressure)

* A very rich research programme - if there is a discovery to be made, we
do not want to miss it.
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Full list of results can be found at University of Sussex

- ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
SupersymmetryPublicResults

- CMS: http://cms-results.web.cern.ch/cms-results/public-results/
preliminary-results/SUS/index.html

- LHCb: http://Ihcbproject.web.cern.ch/lhcbproject/Publications/
LHCbProjectPublic/Summary QEE.html

G 3 /
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nggs bOSOn d|SCO\/ery University of Sussex

- The Higgs boson mass in the MSSM is determined (at 1-loop) by
EW parameters and by the stop masses and mixing

3y7m? m? X7
m; = my cos> 28 + Z;Qt llog (—‘;) + X7/ ( — 1—5)] + .-

10000 F g

- Critical connection of stops and
electroweakinos (actually higgsinos) to the
heart of the only argument in favour of

EW-scale SUSY

GeV

3000 +

Average stop mass in

l()[X):

- However, Higgs at 125 GeV already hinting
for heavy-ish stops (Barbieri-Giudice fine _
tuning measurement requires them to be ~ ol | anvA2128847 \ /]
500 Ge\/) -4 -2 0 2 4

Stop mixing parameter

124
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Simplified model approach University of Sussex

» Simplified model: p t [ f q
>I,E/' d X1

* only one (or few) SUSY production mode

t
- only one (or few) decay mode b g

- only few SUSY particles involved in the decay

The good:

- Optimise for a well defined topology

- Intuitive understanding of sensitivity

- Exclusion limits easily reproducible by theory colleagues

The bad:
- The approach becomes quickly cumbersome at increasing complexity of final state

The ugly:
- Real model complexity hidden: sensitivity claimed on simplified model does not necessarily map
to a real model
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D | SC | al mer University of Sussex

- We use simplified models to optimise our analyses and (often) to
interpret the result

- The translation to actual models not always straightforward.
“Absolute” exclusion (when they exist) limits are weaker.

» Take our limits cum grano salis

ATLAS \s=8TeV, 20.3fb"
2000 —

Mass [GeV]
o
o
o

1000

Fraction of Models Excluded

500

2 i, %,
Sparticle

e — T
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How to read a limit

US

University of Sussex

A Sbottom pair production, 51 —b %?

;‘ 600 _I il | L | L | T
G ATLAS
ool

500 —J- Ldt = 20.1fb", 1s=8 TeV
400
300

200

100

Decreasing “released energy”

Expected limit (1o

SUSY)
theory

o

B cor2es510

All limits at 95% CL I:l DO 5.2 fb”

Illlll\

expected limit

Yellow band: uncertainty on the
expected limit taking into
account Poisson fluctuations,
total experimental and

200 300 400

previous limits

500

" \s=7 TeV
d theoretical systematic
R B uncertainty on the background.
N . It includes also experimental
"‘-3_‘\ 3 i and acceptance uncertainty on
‘\E S N the signal
; O
[\L — observed limit
Lt QD
A\ o~ uncertainty on observed limit
E ] from signal production cross
bl section uncertainty
600 700 800
m. [GeV]
—

Decreasing cross section
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Highlights (RPC strong production)  university of sussex

Variable Y

ATLAS-CONF-2016-078

 OL + jets + Et™ss: traditionally the flagship
of the ATLAS SUSY

- To record these events, require a Ey™ss
trigger

* Signal regions defined for different jet
multiplicities and different mes selections

*Irreducible background prediction
obtained from MC normalised in
dedicated Control Regions

VR SR

1

CR » VR
Variable X

> +Reducible background (e.g. multijet)

completely data-driven
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https://cds.cern.ch/record/2206252
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Dark matter connection University of Sussex

* Relic dark matter WIMP density depends on assumed velocity
spectrum and on WIMP self-interaction cross section

Tg _0.1pb-c

ME)1<UA’U> - {oav)

Qxh2 ~ const. -

- Bino self-interaction cross-section usually too low (predicted
density too high). Need mechanism to increase it.

)Z(i) f X > : < Tj:
L7 (Or other diagrams requiring N :
’ low-mass sparticles, for T ¥
example stau co-annihilation) ~ ;
& f P ) T o ~-m--- A~ ZY
1

» Wino-Higgsino self-interaction cross-section usually too high.
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Dark matter connection University of Sussex

« Scan a 5-parameter pMSSM (EWKH, scanning My, M,, y, tan3, M,)

* Apply EW constraints and relic density abundance as upper limit

* Finally evaluate the impact of ATLAS EW run 1 electroweak analyses
* Very important impact on the h- and Z-funnel regions

« Hardly scratching the rest of the parameter space...

e T " L AL L 2 06 . L
> . . o 10° k' a1L4S B excl. by 2¢
(QDJ - ATLAS Simulation 4 é Samples from the initial likelihood scan M excl. by 3¢
= Samples from the initial likelihood scan_s:- S 10° b Excl by Run-1 27+ 3¢ + 4¢ p— inLS:e ‘I‘sf 4
- EWKH model > ol - EWKH model
& 10° | 25 5
Nt i o g ]
S -
B B-like
W-like i
H-like
10 |« BW mix | 3
F BH mix ] £5 10 . .
WH mix 82 1
BWH mix | > O: 4 |
; 0.2} i
0.0 - :
~t 10? 10°
m(x; ) [GeV] m(3) [GeV]
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ATLAS-CONF-2017-026

* Squark-mediated gluino decay: gluino lifetime becomes measurable if the squark mass is
large (e.g., split SUSY).

* Long-lived SUSY particles can yield a high-mass displaced vertex (DV).

miss

* Current search: DV + Er  (RPC decay of the gluino).

* Dedicated large radius tracking improves tracking efficiency in the sensitive region.

(>J‘ _I T T T I T I T T T T | T T T T I T T T T ] E‘ 104-|E— |||| T T IIIIIII T T IIIIIII T T IIIIII| T I_é
) C . . .. ] 2, g E
g 1o AT‘IFAS13 ?;\r;nulatlon Preliminary - = - ATLAS Preliminary 5 . = 1400 GeV (+ 10,1
= g Spit-SUSY Model, §-7 7 . B 10°k Vs=13TeV,L =327 fb" mj = 2000 GeV (+ 1 p)é
c 1  R-hadron: m(g) = 1200 GeV, m(x )=100 GeV, T =1 ns @ = — Obsefved 3
2 - . n T gd—qg Z‘: m,=100 GeV  ------ Expected ]
] ®, . —+— Standard Tracking : (%2} 2 *

Z 08 I *+ 4 — % 107 E
|72} L _ F . . ) 3
§ : + + ++++ —+— Standard + Large Radius Tracking (LRT) : 8 E 1400‘GeV g!L{!np-palr pr‘o‘dUCtlon L E
® 0.6 — = L _
) L K + + + ] £ 10 = 3
© - . . - :
g 04 — +++ , +++ + ++++ ++++ — § ] : 2000 GeV gluino-pair pr‘oduction - :
- it H ] =) = N 2
0.2 4 + _ C W 7
0_I L L ! L | L 1 I “”m”.’ “¢+’¢+ + 9 10 TE-_l |||||| 1 1 1 IIIIII L L 1 IIIIII 1 1 1 IIIII| L E

0 50 100 150 200 250 300 102 107" 1 10
Ry, [mm] 7 [ns]
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EW-scale supersymmetry University of Sussex

3y2m?2 m2 X2
mi =m%cos> 208 + Ztﬂ_?‘ {log (m7§> + X? (1 — 4)] N

t 12 B
W
g
Naturalness
____________ ?L tr
............ gy e
H
natural SUSY decoupled SUSY

107! 710 from arXiv:hep-ph/9709356
< 60
=y 2 4 38 T T T T T T T
g 10 10 g
po = UG A
3 g 50F 3
81073 1078 =
7] 7] 40_ TS A 4
5 10-4F ‘ H104 & suER)
= -1 = 3
2 5 o 30
= v =
8 10°°F y 41074 8 ook E
& v T
= Aas S
2 1076F s z02 - J102 5 10653 3
0 L 1 n 1 L 1 n 1 n 1 " 1 L 1 " 1
1077kt : : ol 11074 2 4 6 8 10 12 14 16 18
10! 102 10° 10* 10° Log,,(Q/GeV)

WIMP Mass [GeV/c?]

auge coupling

Dark Matter N
unification
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Sbottom pair production University of Sussex

CMS Simulation 35.9 fo”' (13 TeV) . .
o o1 Gommon SUSY-breaking mass parameter with stop
() i I Rare ] . . - =
51102 =t imposes indirect constraints on sbottom mass
r [ Wijets b
i -gﬂets~ i
Jok S e - See SUS-2016-32 and ATLAS-CONF-2017-038.
; * Mct: contransverse mass, a transverse mass type variable. It
1 shows a kinematical end-point for top pair production.
CMS 35.9 fo'((13 TeV)
10 E < 900 — - R b
E - . =
o 200 400 600 800 10001206 8 - ﬁebb,babn NLO+NLL exclusion| "o 10 -§ /
M [GeV] = fObserved £ 1 Cpeory = < D by __el @
CMS Simulation 35.9 fo' (13 TeV) A 700 2i2 Expected + 1 Oexperiment i S -7
2 o T o E F 1, 3 Tt~ 0
¢ W 600 13 y By \\ .
L ot E - ] b
[ Wijets a1 500_— _ c —
1 03 [ ] %+jets~ = C ] 0_1 o b
—?ﬂb}?(SSO,SOO) 3 400 E e
102 —t—>cx“’(400,370) 7 E E g c
300(- -] /
10 200E _E1O-z_|% p /tlf/, ........ 2
: (@)
1 C o T~
1005 i ﬁ\) p z T~ 0
10" - T T VR 103 7 ' \
5 ] > 3 . : : E 400 600 800 1000 1200 B
Nb-tags+ Nc-tags+ NSV mg [GeV] ¢
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https://arxiv.org/abs/0910.0174

US

R-parity violating scenarios University of Sussex

arXiv:1704.08493
: - . = 2500———— T
* Final states with up to 12 jets and a lepton 3 it aTiAS
) . . . = [ {s=13TeV,36.1fb™" === Obs. limit (+ 1057 )
- Bin the phase space in jet and b-jet G 2000 ot 1)
c L e xp. limit (£ 1 6,

multiplicity:

All limits at 95% CL

* (nearly) fully data-driven background
estimate, with ttbar scaling in jets
multiplicity and number of b-tagged jets.

v b b by

|

%) T | | | ]
S - ATLAS -o-Data ] i | e ]
- 0 1 1 i Sl 1

21 1501 {s=13TeV, 36.1 fb™ BRI+ Jets 1500 2000

: ) B W+ jets ~
i I1+10jets (pT > 40 GeV) Z+jets | m(g) [GeV]

Jook m(g) = 2 TeV, m(z)) = 500 Gev [l Multi-jet - = 2000
I Others E F gt s ATLAS ]
- y = | (s=13TeV,36.1fb" == Obs. limit(+1cjur) |
2+ . i
B 00[ | fchvermw T SmeTe)

r All limits at 95% CL T
1000 u
— | — i i
3 1.27___'_ ______ , , 158 A
= 7 /J// 22 7 / = ]
< ) S i i 1
- 0.5 500 -

()] N | :
0 1 2 3 >4 n L n 0 o n Il ]

N 1000 1500
b-tags
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R-parity violating scenarios University of Sussex

ATLAS-CONF-2017-025
- Stop with RPV decays: look for 2x2 jet resonances: ,
* Two-jet resonances with compatible mass p ) i
t s
- Signal regions no b-tags and two b-tags 27 N
K> N
* Stops excluded up to 600 GeV. )
pp—> 1 t*; T by
3 T | T I_ l T I T | T I T I_ T ?
> 700EATLAS Fielminaly T b tagged Selbdtion. S [ ATLASPrliminary _ btaggad Selection
o] = (5=13 TeV, 36.7 fb" It\t_/lultljets (DD) o0 ok 15=13TeV,367 10 B ooppai o oomssecion ]
9 600:_ s Total SM é ‘ — expected 95% CL limit 3
- 500 E— e D(f:ltg [ expected + 1o ]
£ = 1 — b (m. = 100 GeV) 10%E sxpecied + 20 -
o 400 —— 1 — bg (m. =200 GeV) E 3
D 300E ~— t— b (m = 300 GeV) C ]
- 10 .- E
200;_ »\ 'E" ;
100
5 1 S RSO A - ]
Ci) .5‘ % 10 £ E
-'g 1_§ \ L 3 E ---- stop pair prod. cross section ({s = 8TeV) T f
() 05 _§ ...................................................................................................................................... : 1 0,2 E =+=' observed limit, ATLAS 8 TeV a
- = = - 1 | 1 ] 1 ] 1 | 1 ] I ] \\‘h
100 200 100 200 300 400 500 600 700 800
m- [GeV]
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https://cds.cern.ch/record/2258148

Summary plots
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University of Sussex
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“Na-tural” SUSY under test University of Sussex

* The Higgs boson mass in the MSSM is determined (at 1-loop) by EW parameters
and by the stop masses and mixing.

3u2m?2 m2 X2
m; = m>cos’ 2B + Ztﬂt llog (#) + X2 (1 _ _t>] ...
i

A Natural Spectrum.
General “bottom-up” viewpoint
M --q-- G2 b
T ~ “Distant Final state involving up to 12 jets, up to 4 b-
I TeV - Cousins” .
The “Nuclear Family” _i_ ' Jets, SS Ieptons
of the Higgs
L. Hall |
200 Gel} i ‘ - Lot of work on understanding the y-scale: stop
B po () masses of few TeV may well be natural (see, for
8= (<) 5 example, H. Baer et al.)

«— Closeness to Higgs
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