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STANDARD MODEL

» The SM has predicted correctly measurements done at colliders for the last 40
years

» Electroweak precision measurements, top and higgs masses and properties, CP violation,
precision flavor physics, LHC cross sections etc.

» Tensions exist at any given moment - currently : g-2, some flavor physics observables, 750 GeV
bump. But no evidence of BSM at colliders yet
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STANDARD MODEL

» The SM is however doing very badly to describe the real world...

» No Dark Energy
» No Dark Matter

» No matter (should have annihilated with antimatter)

» No neutrino masses None of this is predicted by the SM !
» No gravity

» Electroweak scale
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SUPERSYMMETRY

» symmetry between bosons and fermions,
doubles the spectrum

» two Higgs doublets, giving a five Higgs
bosons and their spin 1/2 partners

HIGGSINO
PHOTINO /" ° D /!
SQUARK L

-

» Minimum particle content : ) Y H

» gluinos (degenerate octet)

» scalar quarks and leptons

ELECTRON oo

» colorless neutral (N% ,34) and charged (C*4 2) -

states, from mixing of higgsinos, photino, winos,
Zinos

WBOsON

» All masses and interactions predicted by the
symmetry to be the same as those of the SM (!!)
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SUSY BREAKING

» One needs to introduce new particles and interactions in order to have a viable
spontaneous breaking of supersymmetry

» We don't really know how this might be realized, so there are two choices :

» Assume a specific mechanism of SUSY breaking, giving a predictive model with few parameters,
much might be wrong

» Write the more general weak-scale lagrangian, which has ~120 free parameters. As there are
very strong flavor physics constraints on sfermion mixing angles and CP phases, one can set all

of them to zero, but we still have at least ~20 free parameters relevant for collider
phenomenology
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QUITE A FEW ADVANTAGES

» Cancelation in the radiative contributions to the Higgs
mass between SUSY and SM particles. It solves the
hierarchy problem, if super-partner masses are at the
Higgs mass scale.

» If R-parity is conserved, the lightest SUSY particle is
stable providing a Dark Matter candidate.

» Unification of gauge couplings. The unification of

couplings was taken as a strong hint that SUSY was
right.

» Electroweak spontaneous breaking is predicted in
SUSY, has to be assumed in the SM.

"5 8 10 12 14 16 18
Log,,(Q/1 GeV)
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CERTAINLY DIFFERENT VIEWS OF SUSY EXISTED. . .

“The MSSM is an
U\ﬂlﬂ theory with

3t free paromeos
and almost cevlainly |
fF» =

SUS\/ s | Naturally, different opinions exist about how
i,rlﬂuﬁﬂq( We promising is supersymmetry....

meed Some. quidonce ) ARSI

» Thisis what| had in a slide of a seminar in 2007
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BUT PREDICTIONS WERE CLEAR ENOUGH AND TESTABLE

» Lightest CP-even Higgs boson lighter than the Z mass.

» Radiative corrections actually can raise its mass up to 130 GeV maximum for large tan b, stop
mass and mixing.

» Superpartners at the same mass scale of the Z (order of magnitude) to ensure
naturalness

» It was reasonable to expect the observation of both the Higgs boson and SUSY
particles at LEP. But should that fail, SUSY particle (if they existed) would show up
pretty early at LHC, with the Higgs taking a bit more time
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ISAJET, m,=70.0, m, ,=350.0 A =0, tanf=10.0, sgn(u)=+, m=175
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REALITY CHECK. ..

» plot shows the limit on the (former) most
popular gravity-mediated SUSY breaking

http://arxiv.org/abs/1507.05525

All limits at 95% CL.

= = Expected (+10,,,)

m Od e I === Observed (+1 cigzyy)
Expected (0+1)-lepton combination

» squarks bound to be heavier than about Expected  0/1-lepton + 3 brjets + E™*
1600 GeV. The stop mass is related to .\
that of other squarks, which makes the
model not very natural (top loop to the
Higgs is not well canceled, ~1% fine
tuning or worse remain)

» We don’t even bother to generate
mMSUGRA simulated samples these days..

1000 2000 3000 4000 5000 6000
m, [GeV]

ATLAS 2011 - 2012

\s=7TeV: [Ldt=4.6-4.81b"
(s=8TeV: [Ldt=5.8-5.9fb"
1
10

10 ) SM-like Higgs at 125 GeV, this is ok. A bit heavy but still within the range
i : predicted by SUSY.

10°

107

10° N

107 . . . .

10" » The hierarchy problem is more actual than ever. DM is still there too.

10"

110 115 120 125 130 135 140 145 150
m,, [GeV]



http://arxiv.org/abs/1507.05525
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REACTIONS
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NATURALNESS AS A GUIDE

» The higgsinos, stop and gluino are related to the Higgs mass at tree level, 1-loop,
2-loop respectively. For a natural scenario, these particle must be light, the others
might be light.

*~{ameew
200GeV

A 30(@)2(@(/\/%&/))

TeV 3

ANS(@)Z(Iog(A/TeV))Z
TeV 3

natural SUSY i  decoupled SUSY
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NATURALNESS - CAVEATS

» The formulas of the previous slides consider the sensitivity
of the Z mass of the electroweak scale effective susy mass
parameters, but these are not the fundamental parameters
of the theory, but derived from the unknown susy breaking
parameters. “Accidental” cancellations might not be

accidental any more, but a consequence of the SUSY
breaking Mean apparent size from Earth:

Sun 32.1', Moon 31.5’
» 1 =A-B, with B=A-1, is not fine tuned no matter how large A is !

2% fine-tuning.
» higgsino has to be light in a natural theory. But the large fine tuning
from high stop and gluino mass could be an apparent one.

» In any case, interpretation of the naturalness bound is
subjective. How much fine tuning are you prepared to
accept ? Is 5% acceptable 71% 7 0.1% ?
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ELECTROWEAK SECTOR

M., M; 2
M1 IVIZ

M

M M M

U should be light. My and M, might or might not be.

MSUGRA predicts the third spectrum, still the most used in search limits (stuff which decays
directly to the LSP is a simple signature)

Ni => NJ Z or Njh, Ci=> NJ W

If there are intermediate sleptons, decay through leptons easily dominate, 2/3/4 leptons in all
events, very easy. But leptons do not need to be light either...
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LET'S NOT FORGET DARK MATTER

ttp://arxiv.org/abs/1508.06608

<

. M Bilike LSP
Before ATLASRun1 : B Fi-like LSP

ATLAS

The plot is for a scan of the 19-dimensional
PMSSM space, to evaluate constraints from
ATLAS searches and complementarity with
non-LHC constraints

Relic density is a tough constraints on
SUSY models. Getting it right requires :

bino like (M1 << Mj,u) would be too abundant,
need annihilation mechanism to reduce density in
early universe: half the Z/H/A mass for s-channel
annihilation, or close in mass (few 10s of GeV) to
an other particle (squarks, sleptons)

well tempered neutralino (careful mixture of bino,
wino, higgsino => M1, My, u should be within 100
GeV)

heavy higgsino or wino (TeV scale, bad for LHC,
not natural)

light higgsino or wino, other Dark Matter from
something else (like axion)


http://arxiv.org/abs/1508.06608
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DARK MATTER DIRECT DETECTION

http://arxiv.orq/abs/1508.06608

pPMSSM: %, LSP
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http://arxiv.org/abs/1508.06608
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OK, LET'S 6O TO LHC SEARCHES

Width: 44m
Diameter: 22m
Weight: 7000t
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AVAILABLE DAIA
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—— 8 TeV
------ 13-14 TeV

Cross Section [pb]

Total Integrated Luminosity [fbo ']

ATLAS Online Luminosity /s=13TeV
[ LHC Delivered
[ ] ATLAS Recorded

ATLAS Preliminary 1s=13TeV
7] LHC Delivered

[ ] ATLAS Recorded

B All Good for Physics

Total Delivered: 4.2 o Total Delivered: 3.12 1

~

Total Recorded 36 b Total Recorded: 284 b

All Good for Physics: 32 b

Total Integrated Luminosity [fb™)

Day in 2015 Day in 2016

Cross section for strong production (gluino,
squarks) of heavy particles rise with energy
more than that of weak production (charginos,
neutralinos, sleptons) of light particles.

» 2015 data have placed strong constraints on
the already tight limits on strongly interacting
particles. Electroweak search limits are still
from run1 (but they will benefit the most from
integrated luminosity)
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EWKINOS WITHOUT SLEPTONS

> Limits on C{N; production decaying via either WZ or
WH (the case of both decays competing is not shown).

» WH mode limit will improve fast with luminosity (best
channel is 1Lbb+MET, BR limit only weakly dependent
on mass)

» WZ mode limit from 3L+MET, 2L+2J+MET channels.
Very clean signature for large AM(N2,N+1), more difficult
for AM~mg (signal similar to SM WZ background) and
for AM << mz (soft leptons from decay via virtual W,Z) .

> Only bino-like can be lighter than 100 GeV, then limits
on the NSLP in the 200-400 GeV range, depending on
the decay mode.

> For LSP heavier than 100 GeV, very weak limits, and no
limits for AM < 30 GeV in any case.

http://arxiv.org/abs/1509.07152

[s=8 TeV, 20.3 fb™

XXy via WW 21, arXiv:1403.5294 - - - . Expected limits

—— Observed limits
~t~

XXy —— via WZ 21431, arXiv:1403.5294 All limits at 95% CL
via Wh Ibb+lyy+FI"+3l, arXiv:1501.07110

- -
- ~
-
-

150 200 250 300 350 N 4000 450
m(%. 7)) [GeV]

ATLAS s=8TeV, 2031
= Observed limit (+ 10,")
= Expected limit (+ 10,_)
Al limits at 95% CL
[ Combination

» CL Limit on o/g™"""'
-t

959

| .., ™Cyyobserved mit .
Ly » W N, m,=0GeV 3/ 0bserved limit
150 200 250 300 = 350

m.. {GeV]

http://arxiv.org/abs/1501.07110



http://arxiv.org/abs/1509.07152
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CU M PRESSED S P ECTRA http://arxiv.org/abs/1509.07152

Simplified Model: 7. 7, - | v ¥ ), 1T {1 (F v) = Iv T, 11 (v v)
% ATLAS o \s=8 T(_V 2'0,'310"' ]
»  The worst for LHC, but still natural scenario, is a light higgsino St
with decoupled bino/wino. Then there is only a triplet of 200 F — oomervegtmn st sonsh
degenerate higgsino states, with AM ~ M?,,/2(min(M1,M2)+-u) 180F " "M )
wof
» Dark matter requires additional contributions to relic density 140/ ‘
20| Contn s A
» Compressed spectra has been accessed in run1 for decays via 100} R
leptons (which is easier). Signature is ISR+2/3 soft leptons
+MET. Need to trigger on either ISR or soft leptons. m.. [GeV]
[s=8 TeV, 20.3 fb
» No run2/run3/HL-LHC projections. Moderate mass splitting T —— via WW 2, eiv:1403.5298 -~ Expected limits
likely accessible with luminosity, unlikely to reach few GeV i KR ve adameum Mo

mass differences (without intermediate sleptons)

Light higgsinos have not, and won't, be excluded by o s
LHC (independently of assumptions on other ' Ty

particles). They provide a good physics case for a
linear collider.

350 . 4000 450
m(%. %) [GeV]


http://arxiv.org/abs/1509.07152
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VERY COMPRESSED EWKINOS

» If very small chargino-neutralino mass splitting, the chargino becomes long lived.

» Good sensitivity from disappearing tracks (seen only by inner layers of tracker) and slow
heavily ionizing massive particles searches (seen with dEdx measured in pixel detector).

» Expected for pure wino LSP (~0.2 MeV mass splitting from SM radiative corrections). Pure
higgsinos have ~0.4 MeV minimum mass splitting, lifetime is too short.

http://arxiv.orq/abs/1310.3675 http://arxiv.orq/abs/1604.04520

T 1~W » LW Status: July 2015
tanf=5pn>0 1000 il il —— ATLAS
: . ’ ! Data 2015, \s « 13 TeV

Pixel dE/dx arXiv:1506,05332 = <=« Expected limits

200 — Digappearing track arXiv:1310.3675 Observed limits
95% CL Emits

Am. [MeV]

800~ & SMP (Full Detector) arXiv:1411.6795

E 18.4-203 1" 15=8 TeV
700 F. 1842031071

- ATLAS Preliminary
600 | -

o, not included

dE/dx [MeV g cnv)

Lower limit on m 3+ [GeV]

500 |

-
- e

400

J_uu]l_l_l._l_l.lul. | . nou_-

300 F

200

oo <ol 100,

hedecdhedododhoked b d bbb b A A b bbb b A b bbb b A b A A A A A A A AL A AA)

1000 1500 2000 2500

m.. [GeV]) r for 1 qp [MeV]


http://arxiv.org/abs/1310.3675
http://arxiv.org/abs/1604.04520
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LIGHT HIGGSINO TO GRAVITINO

» If gravitino LSP and neutralino decays
promptly to the gravitino, it's much more
difficult for light higgsino to hide!

» Neutralino decays to gravitino and Z,h, or
photon.

» Significant limits from run1. Probably run2
will probe the entire natural range,

» ...aslong as the neutralino is not long lived
(which then becomes pretty much like
neutralino LSP for the LHC...)

» displaced decays analyses important, as
they probe the intermediate lifetimes case

http://arxiv.org/abs/1409.3168

CMS L=195f"' V(s=8TeV

Combined exclusion regions,
all analyses

= Observed
Expected =1 0Oy,

+2 Oexp.

1 i
350 400 450 500
Higgsino mass m  (GeV)
X

1

CMS L=195f" Vs=8TeV

%h+é)

bbbb

0
1

Br(x
Most sensitive analysis

150 200 250 300 350 400 450 500
Higgsino mass m  (GeV)

Xy

+ETMISS for all these channels, of course


http://arxiv.org/abs/1409.3168
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STOP PHENOMENOLOGY

—
<

Q@

— 8 TeV
13-14 TeV

Cross Section [pb]
Iy

—
o

T bx* T ty°

» Large cross section at low mass (but
more similar to SM backgrounds)

» ~tdecays give bWbW+MET final state (without or with on-shell top)

» ~b decays give bb+MET or t WW+MET final states

~b/~t to an higgsino triplet would give a mix of bb+MET, tt+MET, bt+MET (ignoring soft decay products from
~H+ => ~HO+ff")
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SIMPLIFIED MODEL LIMITS

ATLAS-CONF-2015-062 http://arxiv.org/abs/1506.08616

~ . ~ ~0 ~t ~% () ~0
t,t, production, t,— t X /b Xy X, w +L, mf =2 Mo

............ SUSY
............ theory

N, ~0
ATLAS x = BR(t;~ t%,)
% = 0%
{s=8 TeV, 20 fb X = 25%
X = 50%
tOL/t1L combined — X = 15%
m— = 100%

— QObserved limits ==== Expected limits All limits at 95% CL

_____ Expected limit (+1 0yy)
's=13 TeV, 3.2 fb"

o ATLAS E™™ + 2 b-jets, 20.1 fb™!, Ys=8 Te
All limits at 95% CL

Best SR T ATLAS monojet, 20.3 fb™", ys=8 TeV

other decays beyond
dashed lines, limjts not

/

AN

""'hi,gh pt btere

0 il
100 200 300 400 500 600 700 800 900 10001100

m. [GeV]
» The 100% BR can occur in a sbottom - bino only »  Limits as a function of masses and BR of stop in neutralino and chargino.
spectrum, (unlikely and unnatural) or for m(sbottom- Assumes chargino mass twice the neutralino one.

LSP) < mtop (coannihilation scenario, more interesting)
»  Still a simplified model - expect also ~t => tN, => tZN, decays with

comparable BR to chargino if stop-wino-bino or stop-higgsino-bino

»  Signature can happen with reduced BR (sbottom to
spectrum

neutral higgsino, ~25% bb+MET), cross section limits
within the 100% excluded line are a major part of the

| » Gives an idea of the dependence of limits on decays - here changing
result

between 500 and 700 GeV depending on BR


http://arxiv.org/abs/1506.08616
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DIFFICULT CORNERS

http://arxiv.org/abs/1506.08616 http://arxiv.org/abs/1506.08616

iﬂ production,f1 —b ;Zf Xf—) wt 7(?

T, production,t,— b f ' 5{? IT—c Z? /T—=Wb i? It~ t 2?

ATLAS Ys=8 TeV, 20 fb

s m, =150 GeV bOL, tiL
B, =106GeV il t2L
B M, -106GeV 1-2L[1208.4305], [1209.2102] fs=7 TeV, 4.7 "

ATLAS V=8 TeV, 20 b
— -ty tOL/t1L combined
BTty toL, SC
EET-Wbxbiry — wWw

t1L, toL
tc |
tc, L 05976180 190 200 210
m; [GeV]

- Expected limits All limits at 95% CL

S

©

S
3>

—— QObserved limits ==== Expected limits All limits at 95% CL

m.<m, (=150 GeV)

» Even for 100% BR scenarios, there are difficult corners, allowing low mass stops :
»  Small AM, soft decay products. ISR jet + (soft charm or leptons) + MET covering up to 250 GeV mass

» AM ~ mt, “stealth stop” very similar to SM ttbar production (soft neutralinos). Can be probed with boosted stop
production at run2 energy and enough luminosity

» stop -chargino -neutralino mass combination resulting in final state similar to SM ttbar (mass differences close to top
and W mass)


http://arxiv.org/abs/1506.08616
http://arxiv.org/abs/1506.08616
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STOP TO HIGGSINOS CMS-SUS-2016-007

»  Small AM(C4,N1) simplified model CMS preiiminary 2.3 fb' (13 TeV)
with mixed decays is a good pp =T+ T=b% bW X orT > 1%

approximation of a stop-higgsino 450| NLO+NLL exclusion
PP P-hIgg —Observed + 10

Expected + 10

h
model oo

experiment

» Not exact, the BR won't be 50%
independent of mass (different
phase space for top neutralino
decays)

» More complex decays if other
EWKinos are around (wino-
higgsino motivated by relic
density after all)
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(@)

QOO 300 400 500 600 700 800 900
m. [GeV]

But | would dare say that scenarios with both an higgsino lighter than 250 GeV and a stop
lighter than 700 GeV would have problems with LHC limits.



TEXT 27

GLUINO SEARCHES

» Octet of strongly interacting
states, high cross section Tobx T 6

» Inspiring many searches : long
lived R-hadrons, multijet (RPV), jets B%

+X+MET, with X=nothing.leptons, Decays to higgsinos via stop/sbottom would

taus, photons, ... yield a mixture of tt+MET, bt+MET, bb+MET
states.

» Because of high cross sections,
difficult to hide - 1 TeV limits even
for RPV case.

» Decays to the LSP via stop and
sbottom is the final state
motivated by the natural spectrum.
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OUR GBB/GTT SEARCH

https://arxiv.org/abs/1605.09318

ATLAS o Data 2015 == Total background
—~ A mtt [ Single top
\s=13TeV, 3.2 b BT+ W2Z O W+ets

"Qis\ NN B Z+jets [ Others
N

SR-Gbb-A  SR-Gbb-B  SR-Gbb-C SR-Gtt-0L-A SR-Git-OL-B SR-Gtt-0L-C SR-Gtt-1L-A  SR-Gtt-1L-B

» Best ATLAS channel is the search requiring
three identified b jets and large missing
momentum.

ATLAS e Data 2015

[s=13TeV, 3.2 b =~ Total background
SR-Gbb-B [t
[ ] Single top
B tt+wiz
I Z+jets
[ ] W+ets

» Selection targeting top decays also require 0 1 e o0 200
lepton and additional jets, 1 lepton with large ‘* Gbb:my = 140,800
M+(lep, MET), or 2 same sign or 3 leptons.

>
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» No excess...

~ 700 800
EMSS [GeV]



https://arxiv.org/abs/1605.09318
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- > 3b jets expected
LI M ITS 1400 fTL‘ﬁ Preliminary > 3b jets observed -
g— Y, SS leptons expected
1200 ., — SS leptons observed
= - \s=13TeV,3.21b Run | expected

- Run | observed
ATLAS [ ] ATLAS 8 TeV, 20.1 b . 3b jets: to appear
{s=13 TeV, 3.2 fb™ ==== Expected limit (1 0,,,)

SUSY

= Observed limit (x10y.0)

PR T P T A
1600 1800 2000 2200

m(g) [GeV]

-
1000

1

1400

1200

1000 1200 1400 1600 | 1 806 2000
m(g) [GeV]

» For alight neutralino, the limit is now close to 1.8 TeV.

» Somewhat smaller masses are probably possible for a mix of final states, but not
much smaller (see later)

» What about compressed mass spectra ?


https://arxiv.org/abs/1605.09318
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COMPRESSED GLUINO

» If small AM(gluino,neutralino), jets from the 23" (13 TeV)
decay are too soft to be detected. But
boosted gluino production still gives ISR jets
+ MET from the invisible gluino decay.

https://arxiv.org/abs/1603.04053

> 1800[pp = §5,§ —bb 5" NLO+NLL exclusion
O)

1600 —Observed = 10,

-=:=Expected + 10

experiment

» The CMS search looks in bins of jet and b-jet
multiplicity (starting from one and zero), Hr
(scalar sum of jet pr), M12 and goes all the
way to the diagonal.

» Since we don't detect the gluino decay, limits
at the diagonal itself are independent of the |
gluino decay mode 00 800 1000 1200 1400 1600 1800
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Basically, we get a lower limit of 900 GeV on a gluino-higgsino mass degenerate combination, which
is actualy less natural than a 200 GeV higgsino and 1800 GeV gluino.


https://arxiv.org/abs/1603.04053
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PMSSM SCANS

» In order to check how well the simplified model limits
hold when more realistic scenarios with multiple
production and decay processes take place, ATLAS
and CMS have performed scans of the 19-dimensional
PMSSM parameter space and evaluated the limits
from several run1 searches.

» The ATLAS scan considers 500 million model points,
310,000 of which survive Dark Matter and previous
collider constraints. 22 searches are considered.

Inclusive
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O-lepton + 2-6 jets + EF™
O-lepton + 7-10 jets + EF™
[-lepton + jets + E];Hss
(/) + jets + EF™
SS/3-leptons + jets + E%plss
0/1-lepton + 3b-jets + E%nss
Monojet

O-lepton stop

[-lepton stop

2-leptons stop

Monojet stop

Stop with Z boson

2b-jets + E&piss

th+ET"™, stop
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Disappearing Track

Long-lived particles
H/A - 51~




TEXT 3

PMSSM RESULTS e 508 050

ATLAS Preliminary pMSSM:iZ0 LSP o 0
1 ATLAS Preliminary pMSSM: X LSP
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g — qqi(: [1405.7875]
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» The limit itself have been » Correlation is somewhat worse for

superseded by run-2 result, but the the (stop, neutralino) plane.
good correlation between the
simplified (white line) and general

limit is still interesting


http://arxiv.org/abs/1508.06608
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PMSSM: DARK MATTER

http //arxiv. orgZabsM 508.06608
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PMSSM OVERALL SUMMARY
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(a) Point 18898934 (fine-tuning 56)

» The least fine-tuned pMSSM point
surviving run1 constraints

» Fine tuning is actually driven by the
Higgs mass constraint (which could
be evaded in extensions of the
model) rather than the direct searches


http://arxiv.org/abs/1508.06608
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OK, WHERE DO WE STAND ?

mass (GeV) 100 1000 1500 2000
gluino
(heavy squarks)
light squark 8 degenerate states
: "
(heavy gluino) L statc

difficult to evade limits - limits dependent on assumptions .no constraint

Fine tuning M < 10 Fine tuning bars based on formulas from arXiv:1110.6926 with m(tr)=m(t2), xt=0,
mmmm 10-100 tan 3 large, A =103 TeV. Use with care - other calculations proposed, possible
>100  dependence on the fundamental parameters of SUSY breaking.

» Significant constraints from LHC results, but still plenty of room for light natural
supersymmetry
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FUTURE PROSPECTS

Run 2
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_

radiation
damage

2 x nominal luminosity

I—
||@

integrated
luminosity

» 3 b delivered in 2016 so far, 30 fb™' expected for the end of the year

» ultimately, 3000 fb™' by the end of the year

» In other words, factor of 10 increases in integrated luminosity in 5 months, 7 years, and 20 years all

giving comparable gains in sensitivity
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FUTURE PROSPECTS, NATURAL SUSY

ATLAS-PHYS-PUB-2013-011

PP %, W h'%, ~Fv,bbi, mulati inary
172 1 1M imulation Pre//m/nary
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. . . *+» 3000 1b™" (<pu>=140) 95% CL exclusion
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wans
o nucooou.....‘
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» Good coverage for EWkinos with moderate to large mass differences up to 1 TeV NLSP mass, independently of having
friendly (lepton-rich) decay modes. No study of compressed scenarios though (analysis is more complicated)

» stop (expected) limits should hit 1 TeV this year already, ultimately 1.4 TeV. Again, official projections from compressed

scenarios are lacking. Theory papers suggest good sensitivity using boosted stop production (feasible with enough
energy and luminosity).

» gluino searches have the spotlight now, but will saturate 13 TeV PDF reach this year. HL-LHC increase sensitivity to gluinos
for light LSP from ~2.4 to ~2.8 TeV (higher masses probed if squarks are around). Compressed mass spectra sensitivity
more difficult to asssess, as it depends critically on the level of systematic uncertainty achieved in monojet+MET analysis.
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FUTURE PROSPECTS, PERSONAL MUSINGS

» Higgsino-wino mixture with moderate
mass splitting (natural and DM friendly)
should be accessible at LHC in soft lepton
channels.

>
)
S
)
%)
©
=

» pure very compressed higgsino won't, but
direct detection searches will probe most
of parameter space.

» stop and gluinos will be probed up to ~1.5
TeV and 3 TeV respectively - compressed
scenarios at lower mass would be allowed

but even less natural | .
(a) Point 18898934 (fine-tuning 56)

» Models like the one on the right should
give a signal in run2 already. Likely true for
“most” natural SUSY scenarios still allowed.
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CONCLUSIONS

»  SUSY wasn't the low hanging fruit expected before the LHC startup

» Tight constraints from run1, still not compromising a SUSY solution to Dark Matter
and naturalness though

» Good prospects for future LHC detection, with 2016 providing a sizeable chunk of
the ultimate reach improvement.

» No signal at either the HL-LHC and direct detection experiments would put SUSY
(as solution of Dark Matter and fine tuning) in a tight spot indeed.
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» standard model and susy

» predictions and observations
» reactions...

» naturalness theme

» electroweak searches

» third generation searches

» gluino searches

» where do we stand ?

» prospectives



