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Solution to hierarchy problem

* Resolves the hierarchy problem of the SM by
stabilizing the Higgs boson mass via additional
guantum loop corrections from the top super-
partner (top squark),which compensate the
correction due to the top quark

60 ~_ Standard Model 60 ~ Minimal
. \\ supersymmetric
S0 50- an~ extensicn of
' d Model
40 40- \\Swnda d Mode!
« ~
30 K N P
20 20 3
10 10-
0 s “ ¢ . . » ’ . 0 ! Ir ‘ . . -
1 10° 100 10'° 1 10° 10 10"
Energy, GeV Energy, GeV

Dark Matter in the Universe

* If R-parity is conserved the lightest state predicted by the

theory is stable and potentially massive, providing a
candidate for dark matter.— a stable neutral particle

Unification of Gauge Couplings

e SUSY particles modify running coupling constant
and ensure unification of gauge couplings
(unification of the electroweak and strong forces
at high energies)
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SUSY particle spectrum

e SUSY is a symmetry between fermions and bosons
* To make the SM Lagrangian supersymmetric requires each
bosonic particle to have a fermionic superpartner and vice-versa

Standard Model Particles Supersymmetric Particles

Spinl2 |, , w Spin 0 R B[
r
quarks < squarks 4
\ =
leptons 1 sleptons V. ﬁ
Spin 1/2

gluino{ EN

~ ~o ~0 ~y

—— q Nm..am.{ % 7 fs ,ff
- (D |
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About SUSY

SUSY allows for proton decay to occur and the lifetime is predicted to
be very short
BUT proton decay experiments have established proton life to be

> 1.6 x 10 33 years
A new discrete symmetry called R-parity conservation is invoked to
deal with proton long life time

e All SM particles have even R-parity (R = 1)

e All SUSY particles have odd R-parity (R=-1) k

(_1)25‘+3B—|—L

* Protons can not decay in R-parity conserving SUSY models
A consequence of R-parity conservation is that the Lightest
Supersymmetric Particle (LSP) is stable (its decay would be R-parity
violating)
The LSP would thus make a very good dark matter candidate if it is
neutral and non-strongly interacting, many models are popular in
which the LSP is the lightest neutralino
SUSY particles are produced they always cascade down to the massive
but stable LSP (which shows up only as missing energy — the canonical
SUSY signature)
Can only produce (or annihilate) SUSY particle pairwise
No evidence yet of SUSY since it was proposed ~ 40 years
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CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0 m Pixel (100x150 pm) ~16m?* ~66M channels
Overall length 287 m Microstrips (80x180 um) ~200m? ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

N )
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CMS Run 2 <

2\
(Q
\

CMS Integrated Luminosity, pp, 2016, vs = 13 TeV CMS Integrated Luminosity, pp
Data |ncluded from 2016-04-22 22:48 to 2016-10-27 14:12 UTC Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
45 - w 60
;‘ - LHC Delivered: 41.07 ! T — 2010 7 TeV 45.0 pb!
2 ~ )\ ] CMS Recorded: 37.82 fb 40 g m— 2011, 7 TeV, 6.1 fb ' 5o
> > = 2012, 8 TeV, 23.3 fb!
[ 35 =
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o CMS Online Luminosity <] ,
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CMS in excellent shape to explore BSM

* LHC exceeded design goals

* Goal for 2016 was 25 fb!

* LHC had much higher availability
* CMS recording efficiency > 92%

Analysis shown here are based on 12.9 fb-1, a factor of ~5 increase in statistics with respect to 2015
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Search for SUSY at 13 TeV C’%

* Large increase of the cross-sections (w.r.t. Run 1) of
massive particles at 13 TeV:
 gluino: x 30 for mass = 1.4 TeV
* stop: x 8 for mass = 700 GeV
* chargino: x 4 for mass = 500 GeV
e ttbar: 3.3

* Increasing luminosity and increased collision
energy leads to probing higher mass scales by
searching for signatures in the far tails of SM
distributions

e Experimental challenge:

» Keep trigger rates under control at increasing
luminosity

* Increasing number of simultaneous collisions

* Follow data-taking conditions with on(off)line
calibrations (particularly important for SUSY
measurements — high object multiplicities,
select tails of distributions)
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Each cascade decay chain
ends with the LSP, invisible
and causes missing
transverse momentum

(MET)
[ \ Each SUSY particle successively
SUSY particles will be pair—produced decays to another SUSY partide
and SM particle (the cascade
decay)

The final states contain large MET, jets, and possibly leptons or photons
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SUSY flavors

The potential SUSY parameter space is enormous:
 ctMSSM (4+1), pMSSM (19), MSSM (105), NMSSM, ...
Some scenarios are privileged in our searches:

e R-Parity conserved with lightest SUSY particle (LSP) )“('10
* Provides Dark Matter candidate
* Classical SUSY signature with high transverse missing energy (MET)
» Strong or electroweak production
* Gauge mediated symmetry breaking (GMSB)
* Decay chain terminated with low mass and invisible particles
* Typical signature: MET from G , photons or Z from last decay step
* R-Parity violating
* Coupling strongly constrained (proton stability)
* Loose MET handle for background reduction
* Alternative signature, like high jet multiplicity
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A SMS contains two (or three) new particles in
addition to the SM particles

New particles are named after sparticles with the
same quantum numbers, e.g., gluinos, neutralinos
The heavier particles are produced in pair. Each
decay chain ends with the lighter particle (LSP).
The masses of the new particles are the only new
parameters if the couplings are specified by a
particular SUSY model

We use the data to exclude the possible range of
the masses of the new particles in SMS as long as
the data agrees with the SM predictions

Relevant for “natural” SUSY models, in which only
a few particles are light enough to be produced at
LHC

Very useful to define the signal regions (as closely
related to experimental observables) and to
interpret the results. Usually the masses of SUSY
particles are scanned in 2 dimensions

CMS-PAS-SUS-14-01 |
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* Select you preferred signal, with its associated
decay. It can be classified as a function of the
lepton number : 0l, 11, 2, ...

* Play with the different observables to

enrich S/B
» Standard SM objects: isolated leptons, jets, b-jets, MET = |-X(particle) p+|

Composite, boosted objects: topness, boosted W and top taggers, jet substructure

Kinematic variables to reconstruct mass of intermediate states: m;of (I, MET) or (b, MET), my,, m¢;

Hadronic/total energy: Hy My Mg

Event kinematics: hemispheres, razor, recursive jigsaw reconstruction,...

* Optimize your selection depending on the parameter space: High Am,
compressed spectra, ... 2 several signal regions (SR)

» Different approaches can be used: multi-variate (with BDT) or cut&count.In Run2 mainly
cut&count approach
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Common variables >

,_’_—Z“:‘_/
Common variables used to define search regions or categories
* HT-ameasure of how energetic the event was S — - . =
2 = E =
Hr =Z| Pn | Ht At T Er
i€ jets
* MET - sensitive to the presence of invisible particles and their total p; CMS |omnmidtner S ssmsesr
7= -37 ‘\\\‘ \\ OrbitCrossing: 172360379 1329 H:=940 GeV
Fr iepmiczs ‘\\\‘ - Jet p, 311 GeV
b-tagged
M, - alternative to MET, defined only by jet p; ‘t',e;‘;g;l,GjJ
ﬁT = -2 I_7)Ti Jetp 45GeV
i€ jets /!
‘: Jet p, 57 GeV
\ b-tagged
A(P - the azimuthal angle between jet p; and My (or MET) / N
E,™s = 366 GeV
Jet p, 464 GeV
Jet multiplicity njet , b-jet multiplicity nb "
— EP2 2 | . .
ot = Er /Mt where| ET | is the transverse energy of the less enersetic of the

M; is the transverse of the di-jet system defined as

9 . S i 3 . . 2 |
my = min lleX ('n-]- (li.py) . my (12, P:)) I mp = [Er(l) + Er()? — [pr(p) — pr(2)]
Pit+p2T E:ln.\\

. — [apmiss ol (1 aeel s
meﬁ: HT+ ETmlss mr = / _I,T pT(I L()S(Ad))).
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CM§//

Background estimation

* SUSY analyses can not rely on perfect modeling in MC to
estimate background yields in Signal Region (SR).

* Major backgrounds are estimated with data-driven techniques
using orthogonal control regions (CR), typically by varying the
lepton multiplicity or the b-jet multiplicity.

* Otherwise stay as close as possible to the signal regions (™
same binning)

* If statistically limited, an integration over some variables is
done

» Use of Transfer Factors (Control region = Signal region)

* Yields of rare backgrounds are taken from simulation

* reweighted to the most accurate cross-section and to known
mis-modeling of the simulation (ex: PU)

e all uncertainties (theory — experimental) are taken into
account
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Interpretation of the results |

If no excess is observed in data, limits are derived based on the different

SR (with the poss

ibility to also have aggregated SR)

example: the stop pair production

Kinetic limits

\
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Gluino pair
production
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Gluino d to bb X}
uino decays to bb x, =
—
pp — 3g, § »bbX% icHEP 2016
;‘ 1800—| | T T T | T T T | T T T I T T T | T T T | T T I_
CMS-SUS-16-014 8 : CMS Preiiminary 12.9 fb' (13 TeV) ]
CMS-SUS-16-015 =, 1600 —SUS-16-014 (H™) wExpected ]
Ex C - SUS-16-015 (My,) —Observed -
CMS-SUS-16-016 1400~ —SUS-16-016 (0iy) —
1200~ -
1000~ -
800 B
600~ -
4001~ -
200~ [ .
Gluinos: highest SUSY production cross section SR IR BRI AR | ML
.. . 800 1000 1200 1400 1600 1800 2000
All Hadronic inclusive searches My [GeV]
Can give access to other sparticles via decay — ;
chains * Sensitive to many different new
: physics scenarios:
Here we consider decays to two quarks and the + Light/heavy flavors, low/high jet
LSP multiplicity
Extensive categorization used and wide phase * Key variables:
space covered. * Njey,Np, H{™S, Mr2,01
Gluino masses excluded up to ~1.75 TeV
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CMS-SUS-16-030

* Dedicated search using top-tagging techniques.

* Key variables: ny,n.,,E{™ss, My,

* Top tagging in CMS

e Target hadronically decaying tops: tri-jet (fully resolved), di-jet
(boosted) and mono-jet (very boosted) candidates considered

* Number of b-tag sub-jet, W and top mass constraints are used

* Efficiency ~80% at high top p; (¥20% mis-tag probability)

CMS preliminary 12.9 fb™ (13 TeV)

pp — 33,3 — t 1% NLO+NLL exclusion

—Observed + 16
EX1400 si:Expectedt 1o

theory

experiment

I|I|IIIIlllllllllllllllll

lIIIIIIIlIIIIIIIlIIIIIIIlI
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-
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e
&

95% CL upper limit on cross section [pb]

CMS Prelimi 12.9fbo™ (13 TeV ~e Ty
P P 22 R TEY) pp = GG, §—tIXS  icHEP 2016
GC) - + Data (1790) B T (1236) N ;‘ Frrrrrrrrr T T T T
S r I W(lv)+jets (140) Single top (47) T © 2000~ o -1 .
L r I Z(vv)+jets (206) 1iZ (34) ] O] C CMS Preliminary ) 12910 (1 8 TeV) ]
2 r I QCD (89) Rare (39) ] = [ —SUS-16-014, 0-lep (HT™°) 4
000 - —— T21t(850,100) (x38)  ===+- T2M(500,325) (<20) | <1800 - . SUS-16-015, 0-lep (MTTz) —(E))t()zz‘::/z(jj e
C e T11ttt(1200,800) (x22) -+ - -~ T11tt(1500,100) (x46) ] & 1600F- —SUS-16-016, 0-lep (o) 3
1500; ] r —=SUS-16-019, 1-lep (Aq)) ]
= . 1400~ —SUS-16-020, >2-lep (SS) —
] r =SUS-16-022, >3-lep 7
. 1200~ —SUS-16-030, O-lep (top tag) —
] 1000 ) -
E g0l BT o~
] 6001 3 =
o 400F -
= n H ]
3 1 200~ u -
T 1 1 o : : N ]
@] r ] Co v v by T R | | R - .
ot . . . . ] 800 1000 1200 1400 1600 1800 2000
1 2 3 4 5 6
N, Mg [GeV]
H ~
Gluino masses excluded up to ~1.8 TeV
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* Require 1-lepton (e,u), significant jet activity (Hr),
significant leptonic activity (Lt) and b-tags.

* AD(W(pq),lep(p+)) is used to further discriminate

between signal and backgrounds

CMS-SUS-16-019
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e 2 all-hadronic inclusive searches
* Key variables: nj,np,Hy, H;™* ,My,

CMS Preliminary 129 fb' (13 TeV)
m —
5 250 +Da.a Bz Lost . []Hadremic [Maco
w i §+qq i?(mg=14OOGeV, m_, =100 GeV)
200 = === §-4q ¥, (m, = 1000 GeV, m , = 800 GeV)
i ‘ - 35,N5*1=0,HT’>1000Gev
pp — 99, § —>aATX}  icHEP 2016 1508
S‘ L T | T T T | T T T I T T T | T T T | T T T I T T T ] CMS_SUS_16_014
8 1400 __CMS Preliminary 129 fb1 (13 TeV) ]
= [ _SUS-16-014 (H™) wExpected ] 1005 :
z><1200:_ SUS-16-015 (Myy) —Observed_:
B ] 50
1000~ — E
- § - ;
800__ __ 0 11 11 I | I | —'—'—'—'—l—'—'—'—'—.—'—?_
B : E zEFrTTYTTTYTTTTYT YT T T T T T T T T
600~ = LS — S T NN
- ) 3 5
4001 _" -] S I BN B B IR BRI .
- - 300 400 500 600 700 800 800 1000
- - H™= [GeV]
200_— ]
1 hi o J | Gluinos masses excluded between around 1620 and 1750
800 1000 1200 1400 1600 1800 2000 . .
my[Gev] | GeV depending on the assumed gluino decay mode
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CMS
2

S

R-parity conserved, LSP = X,

Same-sign dileptons

* small SM backgrounds (multi-boson
Single lepton search fake leptons, charge flip)

* 1 lepton, jets, (here no) b-jets *binned in p+(l), m;, MET, H;, #jets

* key variables: H;, MET, “W” py,

(NN
and Ad("Wlep) — q CMS-5US-16-020
CMS preiiminary 12.9 fb™' (13 TeV)
;- 1800 = o)
[ pp—>99,d—>qq W% ® NLO+NLL exclusion ] 2
O 1600 = c
CMS-5US-16-019 = = Observed + 1 Gtheory 3 2 1800 CMS Preliminary 12.9fb" (13 TeV)
— E‘X1400 === Expected £ 16, 0 imen . Sl PP — 3, 3> aqWx;  NLO+NLL exclusion e
N C.M.S.P‘rﬁhml.m.m./. e 1291|b (13TeVL) » =05 - - n 0] 1600 = 1 \E
A —— T5qqqqWW 1.20.8x10 e Data ] . mi‘ - (m§+m”°) _ . (%)) ~_ Observed + 1 Otheory . o
s 10 ) it + jets E 1200~ ! i 7] it b =
% a0 TR s r ] O | |E 1400 Expected £ 1 and 2 6,,g4rimon 1 o
2 10 W +jets E - =4 10-1 o 4 *
o [ Qcop E - = 3 [ My =Mmo+20 GeV : »
g 10 W e B 10001~ F 3 3 5 1200 3
\% 10° I WW/WZ/zZ ] C ] i = - 10 5
= 800 S - 1 E 1000 5
10° E L r 1 - R 1 =
107 & 600 ; E S 800 <. 1 E
E C i 1 —=10? Q F 5
10 = \ 41 3 6001 Q
. 400? | o _ E E 10°5
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Gluino masses excluded up to ~1.6 TeV
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* Search with 2 leptons (Opposite Sign, Same
Flavour 2 on-Z), jets, MET
* Key variables: #jets, #b-jets, HT, MET + 1 SR

CMS-SUS-16-021

Events / 25 GeV

Data
Prediction

12.9f0" (13 TeV
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10°

10
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D FS background
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| ll[lLul 1 IlllLul 1 lIllIlll Ll
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Gluino masses below 1200 TeV for high/low neutralino masses, and
1450 TeV for medium neutralino masses have been excluded
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Squark pair
production




CMS

Light squarks <)\
—
CMS-SUS-16-014 ~— —
CMS-SUS-16-015 1200 PP =49, 9 —=dqX: icHEP 2016
;‘ i T | L I L I T 1 | L | L I T 71 ]
® L CMS Preiiminary 13 TeV
(.2. B _ -:Expected
” §s1000[~ —SUS-16-014, 0-lep (HT™), 12.9fb"  —Observed ]
1 = - —SUS-16-015, 0-lep (M;,), 12.9 fb™ i
0 800 ]
600_— ,
400~ -
* All-hadronic inclusive searches: . ]
i 2oo ‘ —
njetlnerTiHTmlss M1, -
* Modest excess (<20) seen by \’}one light q | | e ]
the two analysis o- 400 600 800 1000 1200 1400 1600
my [GeV]
Light squark masses excluded up to ~1.4 TeV
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Shottom

_/
avgy
CMS Preliminary 129 fb" (13 TeV)
o109""’!""I""I""I""
> 108 fl: + Data
CMS_SUS_16_014 2 . :d '.' “~ Total Standard Model
< 10 - — - V+jets, tt, residual SM
-0 CMS-SUS-16-015 o R
X1 108 o - QCD multijet
CMS-SUS-16-016 Eold
10 h !
~0 104 A. |
X1 i '
103 I ;q“l+1+
102 | é' L.—W"*‘“—o—r A
10f.
. : els ST b
3 all-hadronic inclusive searches: 0 o5 i 15 3 5
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pp — bb, b ->b %% icHEP 2016
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8 7005 CMS rreiiminary 13 TeV ]
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* Low-thresholds (trigger) used, unigue phase H L Tl ia0is olep i) 2o Opserved 3
Space Covered 600:_—SUS—16—O16, O-lep (ary), 12.9 b E
.. . ; 500 -
* Use Ad,,,, = minimum A¢ jet and H{™'ss :
. . . . 400— —
computed without the jet to keep multi-jet -
background at a negligible level " E
* Extensive categorization: Njg,Ny, Hy, H{™sS 0 E
100f- -
EIIII|IIII|IIII|IIII|IIII|IIII:'-IIIIEIIII_
Sbottom masses excluded up to ~1 TeV (900 400 500 600 700 800 900 1000 1100
m: [GeV]
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Sbottom P
CM3-5U5-16-021 Opposite-sign dilepton search (dilepton mass edge)
* Opposite-sign ee or puu pair with jets and MET
* Here: off-Z regions targeting kinematic edge in decay
chain
e dominant flavor-symmetric backgrounds estimated
from data
* SRs binned according to tt discriminator, #jets, #b-jets,
MET
> - 12.9fb’ (13TeV) - N 12.91b' (13 TeV) CMS Preliminary 12.91b" (13 TeV) 1
L — CMS 7 ) - s L < —bB, b7, 7°-1/Z7°, T-57%; m_ = 100 GeV 1' o
g E Preliminary -e-observed data g 50;322’3”3”' _e- observed data % 1000 :f: 0.5(m +:n.,);2NLO+N'LLex::lusi1;m ﬁ'
Z s00f ] = g ©) B Expected fimit, £1(2) o ©
% - T predeted E_‘Ch 501~ — Predicted = l_cz"xN Obiewedlimi:11(c) -~ c
> — Q : . & P theoy o
Tt ] w 40;_+ + non-tt like 1 || E soof 7 —
300; 2 | - 302 | f+ 1 g
i :wke 20 o — 2 = 6001 ; — 10"2
100f s - 10? oE / | =)
|1|||| llllll_+ 400+ I', ; (__l)
50 100 150 200 250 300 50 100 150 200 250 300 s °
m, (GeV) m, (GeV = S
5 2 S R Y - : = o>
g g P e £ 2wy L N st 00 | T .
g S 500 600 700 800 900
m; [GeV]

Sbottom masses excluded up to 800 and 625GeV depending onX3 mass
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Stop search =

* Low-mass top squarks required for natural

SUSY models could be the NLSP (and the first mi) yleey e
detectable sparticle at the LHC) S e
o Q .‘.'@7 -

» Several final states explored (0,1,2 leptons) iy mid AR & @,m\/ -
* Different topologies depending on Am=mg, - 100 ‘;;,.«-']30 ,‘0 3 ]d‘

Mysp WO A X

O & + . 0 . . .
0 m(W+mio) 4 5g M 200 300 miF)) 1GeV]

Signature

* favored decay via t(*) and LSP: final states
classified according to W decay mode

e approaches SM tt signature for Am=m(t) and
low LSP mass

R-parity conserved, LSP = X,
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Stop (hadronic)

CMS-SUS-16-029
CMS-SUS-16-030

t
Py ) /
t‘l - ., {?
TT-el .. 0
V ?1 ~\ X1

t

Typical backgrounds :

O-lepton

* Lost leptons from ttbar or W+jets: higher
MET than expected from hadronic events

* (ttbar) Z->vv + jets: provides MET

* QCD: very large cross section, MET from
mismeasured jets, b-tagged jets from
gluon splitting or mistag

Experimental signatures

Typical signal topology:

* Multiple jets, potentially b-tagged jets

* Missing transverse momentum (MET)
from neutralinos

* Potentially leptons from W decay

* More challenging as mass splitting
becomes smaller (less jets, MET, ...)

1-lepton

* Lost leptons from ttbar or single top:
higher MET, m+(lepton,MET) € my,

e Off-shell W boson decays

* (ttbar) Z—vv + jets: provides MET
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CMS,

Stop (hadronic, 0-lepton) >

e

CMS-SUS-16-029 Direct stop
| Hadronic search (0-lepton)
\\P? - e Optimizations for low and high AM (stop, neutralino)
1 _ & %

T ' * High AM : (using W and top tagging) #jets, #b-jets,
b el 0 m+,, and MET; #tops and #Ws from jet substructure
/ f1 \ | * Low AM: Soft top squark decay products (4-body

£ decay), rely on ISR-tag

12.9 o' (13 TeV)
& 1200 T 7T [T rrr ot T |E| L LA B B = o 1
S - CMS ‘Deiw ] 12910 (13 TeV) 100CMS Preliminary 12.9 b (13 TeV) -
i . . EDZ(VVMets « 10 T T T T T T T ; . —§ E
D 1000 L Simulation ‘Daco 7 § L CMS et i ® pp > TLT 1% NLO+NLL exclusion i 2
i ‘D rare w Preliminary =W - Tati(850,50) O, goo| =Observed + 15,,, g
: E 10° ---- T21t(600,300) % Bkg. Uncertainty o . v =
i frere10x T2(B5050) N,=1, M (b ) <175 GeV g™ z22Expected £ 16, imen ERLI
800 feeen 10X T21(600,200) 104 ' 500 -l - @
B T 10x T2tt(300,200) = | 5 5-6 jets . 27 jets r ] @
: : 10 : o
L -1 ©
600 102 ‘ ‘_' 400 — e c
- e - °
10 O Reeeeeeed hecuiucuucesssensad] r il =
i - e T 2001 E E
400 o T R e 1 3100
L H . e L L LT T e AL E L L 1 8
107 : - =
F N _ : 200 3 =3
200 £ - [y
§ <, - e 100/ - ©
X S 1 = oo <o et 1 R
0 z \ ) ) ) . . \ A . T 8
0 (250, 300) [300, 400) [400,500) >500 [250,300) [300, 400) [400, 500) 500 0500 2008008001000 1200 19"
MT(b1 , E) [GeV] £; [GeV] m: [GeV]

Exclude top squark masses up to 860 GeV and neutralino masses up to 320 GeV,
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Stop (hadronic, 0-lepton)

t . .
\\m . / With top tagging 5 generation SUSY often comes with top
ty Y S 0 . .
X o s quarks, up to 2 for direct production, up to 4 for
e 2 = 1 gluino-mediated production

* Use top tagging to identify number of top quarks
in an event
Nietsy Np» My, A@(j123,MET) and MET, no leptons
or isolated tracks, M+,, Hy

12.9fb" (13 TeV)
—

| L

—— T2tt(850,100) (x38)
T1tttt(1200,800) (x22)

T21t(500,325) (x20)
T1tttt(1500,100) (x46)

[9)]

g ¢ Data (1.790) -tf.(1236) . . | |

K o e e e 0P 47 * 59 signal region binned in MET, My,, N, and N,
800 - I QCD (89) Rare (39)

im

o e e b b |

W/ W-jets(t, ;) Il th(vV?
N =2 )

CMS rreiiminary 12.9 fb™' (13 TeV)

:
r

— 700 =
% pp = 11T = t % NLO+NLL exclusion E

” CMS IP(eI{m{'na'vry' R 12,9 fbl'1 (13 TeV) (20._ 600| ==Observed £ 10, ]

S b Nt N N-2 . | —Daa W Z(v9)+jets i 22z Expected £ 16,0 <10

@, B g e MOWietsey) HACD 500 3 3

10

95% CL upper limit on cross section [pb]

] 10~ = 102
400 600 800 1000 1200|gfS B
Mr, [GeV] o[ 1 ! ! [ B 10 s
o 0300 200 600 800 1000 1200 10
Sgoarch regionsto)in number my [GeV]
Exclude top squark masses up to 910 GeV for neutralino masses up to 400 GeV
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Stop (1-lepton)

CMS-SUS-16-028

* 1 lepton, veto on 2nd lepton or isolated track
Niets) Ny, My, Min A@(j;,,MET) and MET

* M,V (minimal mother mass compatible with W
mass and MET constraints for a ttbar(2l) event

topology)
. -1
CMS preiiminary 12.9 o™ (13 TeV) ;

CMS Prelimi 12.9fb" (13 TeV. S’ 700 - 2100 =
%) T T |( — ) [O) pp -ttt —t )N(? NLO+NLL exclusion 3 2
c [ Miostiepton Wit i 7 (850,550) - -t (600,300) § Data ] (O] o i =
Lq>lj 10° b 1 (not fromt) Bzovw  — b (750,50) _ '—O' _ 600 TObserved +1 Gtheory 4 g
§ 2jets : 3jets : >4 jets : >4 jets § Etx === EXpeCted 1 Gexperiment E 10 8
Fotwg>64 1 M,>200GeV MY, <200GeV ! MY, > 200 GeV . = = ] 1)
L : : : - 500 | 1)
102 E _E = - — 8
=2 3 C 1 41 ©
oo ] 400 — 3 p
- 13 5
10 | —E N \\ 7 Bl =
N ] 3001 ' 1 i £
i C ' 1 3 o)
e B \ 1 1 o
200— 4 I/ \ o - ] %
- / - 1 4102
5 1003/ 7" i 4 3 ©
g Ly 4 : 14 &
3 E , 1 1 — o
o [ 14 | o AT | -

@ - 05— 10

e ET** [GeV] 200 400 600 800 1000 1200
m; [GeV]

Exclude top squark masses up to 860 GeV for neutralino masses up to 380 GeV
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Stop (2-lepton)

CMS-SUS-16-025

b
¢, q
P, e v * Dedicated search for compressed spectra
""""" - X A . .
- B 5(% * Requires presence of 2 soft leptons with opposite
§\~‘ Leen T : 1 .
7 3 § v, of sign
4aq * n, to suppress ttbar, one jet in final state
b
CMS Preliminary  10.1-12.9f7 (13 Tev) ,
CMS Preliminary 10.1 fb™' (13 TeV) ;' 100 ~ -0 310 i~
2 40 haa T T O pp >ttt — bff ¥, ] .8_
L%’ 35Fmuen O, =Observed 106, i ‘=
- EIDv-jets | :iiiExpected +1o, . *20, 12
30 r|:|VV Ozx‘— gol=== : experiment experiment O
C mtw N C 1 8
255E|Fakes Z: 70:_ = . »
20%— £ g g §
151 < 60; 1 410 &
10 08 11 E
5 40/ -1 8
0 - N o
- ] S0 . = 3
L 15 = C s ol - 1. O
s 10 —— + : R o 2
80.55 10 15 20 25 Eo 10""/'—""'""""""""""': e
Leading lepton b, [GeV] 260 280 300 320 340 360 380 400
m; [GeV]

Exclude top squark masses up to 360 GeV, for AM(t, LSP) of 30 GeV
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CMS
Stop summary >

gy

CMS: best exclusion from the | o PP 121K ionenaors.

. o - relimina 13 TeV 1

combination of 0-1 lepton o) BOO;CMSP e ey eEapeed 3

Rr [ —SUS-16-014 O-lep (HT'™), 129" _5pcey 7

channels for 2-3 body decays [E "F _Sisiaoie oiep o o 3

- —SUS-16-029, 0-lep stop, 12.9 fb™ E

* Stop masses up to ~ 900 GeV) _E-gigieis tinn i

— —Combination O-lep and 1-lep stop, 12.9 fb™ =

are excluded for small LSP 3 e E

masses s00k- E

e At small Am stop masses of | zo =

~400 GeV are excluded (At 100} S
mLSPNZSO GeV) %00 '4<|)o' | lecl)o' | '8<I)o ::510%0' 1200

my [GeV]
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Electroweak
production




: : : CMS
Chargino/neutralino production >

—

. // , Direct production of “electroweakino” pairs
X2 .. .€F--- T . .
S  decays via sleptons / sneutrinos
x\\ o * using benchmarks to illustrate different scenarios (depend on
‘ mixings and nature of lightest slepton)
/6 Multilepton searches
W el : : . .
NI e 2 same-sign leptons and 23 leptons include hadronically decaying
x*[\\f taus
v * SRs defined using lepton flavour and charge, E;™ss and m(Il)/p+(ll)
900 CMS Freiiminary 12.9 fo! (13 TeV) i 4OOCMS Preliminary 12.9 fo' (13 TeV) )
% pp — ;zj;zgarvﬁ, BR(7(2—>IT)=O.5,m=0.5(m~l+m%o) P Td = PP — T VT, BRG,—>¥%)=1,m =0.5(m +m,) )
O, 800l =0pserved+ 16 NLONLCexel| | ©. 350 =Observed + 10,,,,, NLONLLexdl | o1
I =:: Expected + 1 clheor.y ] -é CMS-5US-16-024 E??{ 2= Expected + 1 Ge:peri):nent . -%
E 700 experiment _ 8 300 | o)
600|- 1 g0t g ] ;J
3 (%] 250— - o
13 9 I | | 5
500 — g 200 o= — cC>
400 1 o2 I 8 ‘ 10 E
|1 3 E 150 - =
300 - ] o) i §
17 % 100 1 S
200 - 410° 3| Other results in EW prod " 1] ©°
100 11 S| | cMs-sus-16-021 8. LR G
| | e 1 o CMS-SUS-16-025 foo 200 300 400 500 600 700 °
400 600 800 1000 1200 ° CMS-SUS-16-026 m.. = m, [GeV]
m.. = m_, [GeV] :

Chargino masses excluded up to 450 GeV

Chargino masses excluded up to ~1 TeV
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CMS,

S

= Xa CMS-SUS-16-025

Strong motivation for small mass splittings in
natural SUSY
* C~2 and X~1 degenerate, X~1 only slightly

lichter
(&)

50 CMS Preliminary 10.1-12.9 tb™ (13 TeV) 0
D [P RE RS2 S WE, g
O, 45| =o0bserved + 1 Ciheory i c
—_~~ P o
---Expected £ 10 ' +t20 ) = =
Ol?'é_ 40| ==~ p experiment experiment | 8
W F ] o
S - ] S
30f— = put
< E E —410 O
25f.. 4 1 E
201~ - 1 2
L - o
[ 3] T 5
15 —] |
E €A 4 O
= . P 3
C 1 ll 1 ] 1 ‘I 1 I 1 1 I' I 1 1 1 L 1 1 1 I II 1 1 . — 1 m

100 120 140 160 180 200 220
m zz, iﬁ [GeV]

Second-lightest neutralino masses excluded up to 195 GeV

Soft dilepton search

* need very low lepton p; (23.5-5GeV)
combination of pure MET & specific
2U+MET triggers

* other selections: MET, Hy, b-jet veto

* 2 same-sign leptons and >3 leptons (include
hadronically decaying taus)

* Soft di-lepton search in the more

compressed region

CMS Preliminary 12.9fb" (13 TeV)
<+ Data ]

CNWZ(20)]
mit(21)

Events

a0
<O
<<
)
Q

1

|

mtw
[JFakes

. | |
510 15 20 25 30 35 40 45 50
M(Il) [GeV]

0
3
2F | E
1
0

Data/Pred.
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CMS Public Results on SUSY <

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

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-014/index.html|

All CMS SUSY results and results presented here can be found at the following URLs

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-015/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-016/index.html|

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-019/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-020/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-021/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-024/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-025/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-026/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-028/index.html

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-029/index.html|

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-030/index.html
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Conclusions >

Excellent LHC performance allowed for considerable increase in sensitivity with partial 2016
data set

* Experiments performed a large set of analyses almost synchronously with data taking
Searches now extended to more challenging scenarios

* Electroweak production, compressed mass spectra, ...

e Can expect many more after end of 2016 data taking
No convincing excess is observed and exclusion limits are derived using simplified models

* Mass limits (in simplified model spectra!) pushed to about 1.8TeV (gluinos) and

900GeV (top squarks), 1 TeV/400 GeV (Chargino/neutralino)

More data in Run-2 means
* More challenges: systematics becoming dominating

* More opportunities: electroweak production, compressed spectra
 We don’t give up and we hope to see soon deviations from SM predictions

THANKS !! to SILAFE2016 organizers for this talk opportunity and wonderful hospitality
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