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Physics case for new High Energy Machines

» Understand the mechanism Electroweak Symmetry Breaking

- Discover physics beyond the Standard Model
Reminder:The Standard Model A

e M
-tells ushow but not why J \”%m
3 flavour families? Mass spectra? Hierarchy9 parameters! 0 <_
-needs fine tuning of parameters to level of 1! 0
-has np_cor_mectlon with gravity | / 0 700
-no unification of the forces at high energy 0 2170001

Most popular extensionssince 2000

- Supersymmetry
- Extra space dimensions
Many otherideas:More symmetry and gauge bosons, composite
Higgs models, R symmetry, quark& lepton substructure, »
Little Higgs models Technicolor, Hidden ValleystdC AT AOAOET &

Higgslesanodelssomewhat disfavoured these dayse ' " 2 e



- New Gauge Bosons?

Event=/50 Gev/0.

| o

L
L,=ww
JL=0.1fb"!
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Extra Dimensions?

New Physics?

Supersymmetry

Events/40 Ge'V/300 b

ZZ/\WW resonances?

| T—=2Zt =l blv

. signal

4
,@ qqZZ (SM)
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Little Higgs?

ATLAS
300 bt
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2000

10N 1
Il blv mass (GeV) —

entries / 10Gev/ct
3 . 5

entries / 10GeV/ et

Technicolor?

M, = 300 Gev/c*
. WHME

mmmmmmmmmmmmm

M (Gev/c)

Hidden Valleys?

A Conceptual Diagram

What stabilizes the Higgs Mass? Many ideas, not all viable any more
A large variety of possible signals. We have to be ready for that
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Somelnteresting Collisions

8Al OAAAU ET TPIPS8

GATLAS

1 EXPERIMENT

CMS Experiment at LHC, CERN

Data recorded: Tue Oct 26 07:13:54 2010 CEST
5 <}l Run/Event: 148953 / 70626194

\| Lumi section: 49

| Orbit/Crossing: 12688625 / 466

\{’- = %\
4 5;..,: m'
% ﬂ-? . '% " s’ 7
> '.‘\ o /’

A Eventswith five jets of particlesand largemissingenergywhich

could comefrom a possibledark matter particle
A But a feweventsis not enoughto prove we have something new
A No visibleexcesshas been building uwvith OE | A 8



Beyondthe StandardModel

A Apart from the naturalnessargument:

I StandardModel accommodates but doesnot explain:

A EWSB

A CPRviolation

A Fermionmasseg(i.e., the valuesof the Yukawacouplingsto the Higgsfield)
i ItAT A (iodd@natural explanationfor the:

A Neutrino masses

A Colddark matter

A Logicalconclusion

I Standardmodel is an effective theory z alow-energy approximation
of a more completetheory, which ultimately explainsthe above
phenomena

I Thisnew theory must take off at a scaleof ~1TeVto avoidsignificant
amount of fine tuning

I Threeclassesf solutions:
A Ensureautomatic cancellationof divergencies(SUSY/LittleHigg9

A Eliminatefundamental scalarand/or introduce intermediate scaley ~ 1TeV
(Technicolor/ Higgslessmodels) - basicallydead now

A Reducethe highestphysicsscaleto ~1TeV(Extra Dimension3
September 2015 Javier Cuevas, TAE 2015, Benasque 5



BSMsignatures

= Many extensions of the SM have been _ = 1iet+MET

developed over the ¥ . jets + MET
g

1 lepton + MET
m Supersymmetry « —

. Same-sign di-lepton

s Extra-Dimensions ‘3&“"5} Dilepton resonance
Technicol N =

= Technicolor(s) ~ mh.\..-;f ~ 7/ Diphoton + MET

MW = Diphoton resonance
= Little Higgss ™ RN

Multileptons
Lepton-jet resonance

= No Higgs ‘9\ N AN Lepton-photon resonance
m GUT \ \\1'\ ‘ Gamma-jet resonance
= Hidden Valley < {' é"{;?:‘ﬂ"\ glb;?n resonance
7 W NN o
= Leptoquarks ‘\)ﬁ i‘\‘\\\§\ W/Z+Gamma resonance
= Compositeness <</ SN \\ SN » Top-antitop resonance
Slow-moving particles

= 4™ generation (t', b")
s LRSM, heavy neutrino
m efc...

Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

(for illustration onlv)
September 2015 Javier Cuevas, TAE 2015, Benasque



Large Extra Dimensions

Size: » TeV!; SM-particles on brane; gravity in bulk
KK-towers (small spacing); KK-exchange; graviton prod.

Signature: e.g. x-section deviations; jet+Er miss ....
Warped Extra Dimensions

5-dimensional spacetime with warped geometry
Graviton KK-modes (large spacing); graviton resonances
Signature: e.g. resonance in ee, yy, yy-mass distributions ...

TeV-Scale Extra Dimensions

SM particles allowed to propagate in ED of size TeV!
[scenarios: gauge fields only (nUED) or all SM particles (UED)]

nUED : KK excitations of gauge bosons

UED : KK number conservation; KK states pair produced (at tree-level) ...
Signature: e.g. Z'/W' resonances, dijets+Eniss, heavy stable quarks/gluons...



Search for Large Extra Dimension:
Mono-et final state #MissingE; (ADD)

Taal arXiv:1408.3583
o-jet > 11GeV Limits on My
MET > 20@GeV between Lower limit on the Planck Scale
3 and 4TeV versus number of extra dimensions
%107HHII”I'II“IHHllillzl_l.,:vlllllllH“ S‘QECMS\ ‘,, [ 1
%ﬁws ?_Miva EE‘:H» E 8:_ ki CLémgS(LO)STeVJQ.? ' 7
s=8Te i o <ooeeee CMS (LO) 7 TeV, 5.0 07
11-003 g]u-:inf}" %105 det=19,5fb" %::: . = ;:_ i\gmi i(tl_O)TTeV, 4.7 fb‘ﬂé
A= R e IR DF limi 1
p—>%— p - 5
Lr::l." - r 103 ----- UNPd =17 A, =2 TeV
L 102 oneg .
MET 10 Tove -l
1
200" 300 400 500 600 700 80O 900 1000 2 3 4 5 6
Ere [GeV] o)
Mp (ADD) at LO Vs |[Lumi| 6&=3 5=3 5=6 5=6
95% CL limits [TeV] |[tb?] | Exp. Obs. Exp. Obs.
. | CMS Monojet 8 19.5i 3.94 3.96 2.95 2.94
Septem|be r2015 Javier Cuevas, TAE 2015, Benasque 8




Search for Micro Black Holes

EXTRA-DIMENSION Nice eventsega 10 jet event
A . .
Extra Dimensions!

’/ Graviton

% g,’.[,% % Planck scale

a few TeV?

UNIVERSUM 3-brane
arxivl1202.6396 CMS /s=8TeV  L=12.11b" R CMS (s=8TeV  L=12.1fb"
E - Multiplicity N = 8 E -
Look for the decay producs gio°r ¢ Deta £
. = —— Background E
of an evaporating black hole % Uncertainty :
w < Mp=1.5TeV, M =55TeV,n=6 E .

2 .
10°¢ - My =20TeV,MJ"=50TeV,n=4

i
—-My=25TeV, MJ"=45TeV,n=2

Define S; to be the scalar :
sum of all high p; objects 105 B
found in the event : TN
Look for deviations
at high S;

4.5

- 1 TR | BlackMax
- LI Y ]
| br = I | —e— Nonrotating
] LU - --m- Rotating
- 1 Lol LL 4

- Rotating (mass and angular momentum loss)

1 I 111 | { |- I 111 I 11| | ‘ 111 I | - I | - ‘ 1

||\\|||||||\\||||\\||||\\||| 1‘5 2 2‘5 3 3‘5 4‘5 5

00 3500 4000 4500 5000 5500 Mp (Tev)
S, (GeV)

Pull (o)

1
2
0
-1
-2

‘\III\\II
2000 2500 30

Black hole masses excluded in range below ~5 TeV depending on assumptions



Searcheswith Boosted Objects

Heavy
&

BOOSTdedicatedmeetings
http://boost2015.uchicago.edu/

- Several different techniques to ﬁzzun“‘f 5T e Py
identify merged jets are on the @ 2000 Gt 3T ) i
|-u1ﬂﬂﬂ 'I.'I:‘ :.f‘ru'd' ::WZH:::W Pjﬂi;:!"
markEt"' 1600 CMs Prnllrnina‘ryr{m.ﬂih") [ _n,}
* N-subjettiness, Tn, uses To1=To/T1as a 1400 = Vemeddats o o, [

. . . . 1200 QCD Pythia Z2* CA R=08 :
discriminant to separate QCD jets from Qco Herwige+ N
, 1000 : =
meraed W/Z iets TN -
LS prem B NN ¢
TN = — PT.k mm(&Rl,kg ARQ,I:-; I &RN,I:) 600 ;;-.__/ +..~— 1'1
do & 400 "/-/" . \
U Boomeaw JeTH =08 s oo Q0 il R-0s 200 / / :,_ % [EXO-12-02 4] \
a7 R ss| T ©“" 0z 04 o8 08 1
8 W Jet o] 5.4 QCD Je!: " Jet 1,
; . ; -3 '
-1 Yoo o, | =% = g SIGNAL BACKGROUND
14 % . | o] .'I 5 -.l-‘ -lﬁ . m}m" My . mia' jf.r;l.li
P 48 :Eﬂ Gev 7 ~mg~0 /
1 48 Dipolar J’ﬁ' ..
02 0 o2 -I:Id- 06 08 1 -1z -1 -u'a 06 -04 -0.2 struct‘ure !
September 2015 ev s, TAE' 2015, Benasqusg ~71(
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Resonances Decaying intgV or VV

Heavy resonances decaying intgZ or gW, or VV jets only (CMS)
or llgq (ATLAS) using boosted jets and jet substructure analysis

CMS CMS,L=19.7fb", (s =8 TeV CMS, L=19.7fb", (s =8 TeV p
I —— Observed I —— Observed
o 1; = Expected (68%) ) 1; [ Expected (68%)
2 F Expected (95%) 2 i Expected (95%)
=  — GRS—>WW(IU'ﬁFI= 0.1) — —— G zzudﬁn= 0.1)
E 10" N 10"
1 T
g o .l
% 10 -&): 102; 2
X
o b
10 10° Jets start to merge for
N Y T S R} S X = 700900 GeV
Resonance mass (TeV) Resonance mass (TeV)
— Sy ..ASI | | ‘+ Ob;erved !;5% CLI =
S - Vs=8TeV,20.3fb" ..o Expected 95% CL ]
_ ,T 10° E [ ] + 1o uncertainty E
arXiv:1506.00962 £ ¢ [ )ezounceinsny
E 1022__-_ EGM W', ¢ = 1 E
= ol These type of analyses
%BAAOO ET E:p | - will get even more
(2.5 with LEE) b3 E important at 13TeV
107

September 2015
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Top: a window to BSM physics ?

%“ 950 % = '22|:__ Aml T T ‘I I t| T T _—:I
ATLAS 900 & 3 o ata 3
i Vs=8TeV, 20.3 b Summary results: = = FHYIEN ILﬂt bl [C]SHERPA i, norm. to data
= ~Sian di = T qgTfs=BTeV, = 20, L =
o S o, E . e []Signal, B = 5%
o - = E Hadronic Selection F
> ? I SE e A m(top) FCN Cs?
"l‘ke uar SO 12 b . e
Vec or wof © in hadrome
- 3 8: channel 3
e 6 ! - .
e} = 5
e
e 2k t
el E.. e I Pl P P TN L oot 5
b (®] uﬂ 50 100 150 200 250 300 350 400 450 500
~s. my; [Gev]
0 010203040506070809 1
BR(T — Whb) W'— tb— jjbb candidate
= - 2 b-tag channel
BRI, — ZL)
] m. = 500 GeV m; = 500 GeV
A M. = 20 Gey m. = 120 Gey
x]
. Matter
_1 - - _1 - -
BRIL, — hi,) ¢ BRI, — ) BRIE, — hi,) . BRI, — 7]

» No significant excess observed yet

» Eagerly await analysis of 13 TeV data

September2015
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Summary of Exotica Searches

LQ1(ej) x2
LQ1(ej)+LQ1(v))
LQ2(uj) x2
LQ2(pj)+LQ2(vj)
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2
LQ3(vt) x2

RS1(yy), k
RS1(ee,uu), k
RS1(jj), k
RS1(WW—4)), k=

0.1
0.1
0.1
0.1

Leptoquarks

F-

CMS Prellmlnory

SSM Z'(t1)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(ee)+Z'(up)
SSM W'(jj)

SSM W'(lv)

SSM W'(WZ—1vll)
SSM W'(WZ—4))

e* (M=A)
u* (M=A)
q*(gg)

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluinof(jjb) x2

Septembe®015 1

#
| ——
——

Excited
Fermions

Multijet
Resonances

2

stopped gluino (cloud)
stopped stop (cloud)
HSCP gluino (cloud)
HSCP stop (cloud)
q=2/3e HSCP

q=3e HSCP

neutralino, ctau=25cm, ECAL time

j+MET, SI DM=100 GeV, A
]+MET, SD DM=100 GeV, A
y+MET, S| DM=100 GeV, A
v+MET SD DM=100 GeV, A
[+MET, €=+1, SI DM=100 GeV, A
+MET, &=+1, SD DM=100 GeV, A
I+MET, £€=-1, S| DM=100 GeV, A
I+MET, €=-1, SD DM=100 GeV, A

ADD (yy), nED=4, MS
ADD (ee,py), nED=4, MS
ADD (j+MET), nED=4, MD
ADD (y+MET), nED=4, MD
QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
Jet Extinction Scale
String Scale (jj)

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single e, A HnCM
single y, A HnCM
inclusive jets, A+
inclusive jets, A-
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Long-Lived

Particles

3

1 2
|

Dark Matter
1 2

3

4

4

Large Extra
Dimensions

Compositeness

13 17 21]

— |CHEP

CMS Exotica Physics Group Summal

2014



TheHierarchyProblem

A Higgs boson massreceivescorrections from fermion
loops: f

A Thesizeof correctionsis~to the Uchtoff (¥)
squared o2
&eMj = —(q + M3) + ...

A In order for the nggsboson massto be finite, a fine
tuning (cancellation of variousloopsisrequiredto a
precision~ My/¥)?~1034for ¥ ~ My,

A Thisisknown A O hiarar€hyproblemo stemming
from alarge hierarchybetween the electroweak
symmetry breakingand Planckscales andit requires
new physicsat ¥ ~ 110TeV

September 2015 Javier Cuevas, TAE 2015, Benasque 14



Important properties of SUSY

A Elegantsolution to the hierarchyproblem (i.e.,
why the Higgsmassis not at the Planckscalg

A Darkmatter candidatewith the right
abundance

A Gaugeunification
A predictsalight Higgs m, < 130GeV
A consistentwith EW precisiortests



Searches for BSM Physics

A First Searches at the LHC (202012)
I Supersymmetrywith MET plus jets, lepton(s), photons

I Extra Dimensions and black holes, heavy resonances (in
electrons, muons, taus, jets),leptoquarks, excited leptons and

quarks, 4" generation, a few very exotic signatures (R
hadrong 8

A Evolved Searches (2038Q

| Supersymmetryon third generationsquarks compressed =~
spectra, stealth SUSYEWKinost 6" & DOI AAOOAO

I Higgs in decays or as study object, vectbke quarks, boosted
| AEAAOOh 11TT1TC 1 EOAA PAOOEAI A
I More dedicated Dark Matter searches!

A We are now facing a restart of the machine at 13/Te\8
Back to the basics or do we change paradigm?

September 2015 Javier Cuevas, TAED15 Benasque 16



MSSM ancctMSSM

A SUSYsarenormalizableand calculableheory and hasbeenthoroughly
studied theoretically over the last four decades

A MSSMhasjusttwo Higgsdoublets; neverthelessthe number of
parametersdescribingthe modelisstill verylarge: 124

I 18arethe SMones+ Higgsboson mass(now known!)
I 105genuinelynew parameters

A 5real parametersand 3 CRiolating phasesin gauginosector
A 21squarkislepton massesand 36mixing angle
A 40 CPRviolating phasesin the sfermion sector

A Thismakesit very challengingto searchfor genericSUSY, and
simplifyingassumptionsare typically made
A Oneof these simplificationsis constrainedMSSM,or cMSSM which

assumeggauginounification and degeneratesquark/slepton massesat
high energy (typical of gravity-mediated SUSYoreaking)

A Thatresultsin just five parametersfixing all the SUSYnteractions:
common scalarand fermion massesMO0, M1/2 ratio of the vacuum
expectations of the two nggsdoublets O A Jsignof Higgsinomass
term signt {, &hdtrilinear coupling AO

September 2015 Javier Cuevas, TAE 2015, Benasque 17



Detecting SupersymmetricParticles

| ~ simulation
Energy produced in the detector

Supersymmetricparticles decay and produce a cascade of jets, leptons and
missingtransverseenergy (MET) dueO1 A OAADE | Cpaddeisandidates/

Veryprominent signatures in CMS anATLAS

September 2015 Javier Cuevas, TAE 2015, Benasque 18



squark mass [GeV]

SUSYSearches: No signal yet to date

Status in 2013

MSUGRA/CMSSM: tanB = 30, A = -2m,, 110
T I T T T I T T

I T T T -'.I T I::T I T I T T T T T T I T T .

- ATLAS preimnary 1 - Sofar NOclear signal of
5000 [— ‘ det:Z,o_s v issTev o SUPErsymmetricparticles

- ¢ i . has been found

- i ”Owed -lepton compine 7]
4000 — “-“ a m—= Observed limit (+1 ciﬁf;)—_ .

N ! o epecedimt o) 1 - WWecan exclude regions

i E oxp .
3000 - {E [ stauLsP 1 where th_e new particles

. £ 1  could exist.
oo b R : o

- e s 1 - Searcheswill continue for
1 ~ excluded . the higher energy in 2015
000 —

K | 1 | | | | ooy

800 1000 1200 1400 1600 1800 2000 2200
gluino mass [GeV]

Plenty of searches ongoing: with jets, leptons, photons, W/Z,
top, Higgs, with and without large missing transverse energy

Also special searches for contrived model Rgioss

September 2015 Javier Cuevas, TAE 2015, Benasque 21



Limits on Squarksand Gluinos

Results depend on the topologies studies, assumed mass of the LSP etc.

Examples R L

7 ;e A
q
~ o~ . ~ —--0
g-q production, g— q
;‘ 900 T | T T T 1 T T T | T T T l T T T 1 | T T T I ]
[¢] r - - -1
¢, CMS Preliminary .
§ 800 Vs =8 TeV —SUS-13-012 (H + #) 185" -
nE_ 700 -ICHEP 2014 ~— SUS-12-028 (o) 11.7 fb” ]
o » .
- [ —— Observed SUS-13-019 (M) 19.5 b ]
600~ -~ Observed -1 aguoY, A
E - - Expected E
500 —
400 - -
i q+4,03889 -
300 ... ]
200~ N =
C one light q » s ]
100 PS3s -
NS N TE N T A

400 600 800

1000 1200 1400
squark mass [GeV]

LSP mass [GeV]

500

400

300

200

100

., Popular presentation of data:
SimplifiedModelS(SMS)

g-g production, g—qq %

Vs =8 TeV
ICHEP 2014

...................................

]IIIT]IIIII!II]][III]IIlll}lll

SUS-13-019 (M,,) 19.5 fb”

IllIIITI

—— SUS-12-028 (q;) 11.7 fb"

IlllIIITIll.lll.lllllllllllll}llllllllT]ll[llllll
CMS Flrellmlnary

——— SUS-13-012 (H+ W) 195"

- : ] Z '
B v v v v i o By v um Do i ol o Py

— Observed

~ Observed -1 og‘fo‘r’y

- -~ Expected

II|IIIJ|IIII|!III|IIIllllllllIII|III\|IIII|IIII

1

200 500 600 700 800 900 1000 1100 1200 1300 1400

gluino mass [GeV]

Combined limits typically > 1-1.3 TeV on sparticle masses



What Is really needed from SUSY?

End 2011: Revision!

N. ArkanrAhmed
CERN Nov 2011 C\M,_Wl F‘IS‘“"‘I /'C%ura/ Si US_)/
7 J r—————
~

Papuccj Ruderman

WeilerarXiv:1110.6926 [Soo j
LHC data end 2011 \\(
Stops > 208B00 GeV
Gluino> 600800 GeV A ~
t

Moving away from 'too \L LRI
constrained SUSY models
Ol OI AOOOAI &6 11T AAI O L-

120 —
Natural SUSY survived 2 z
LHC so far, but we | Ll + . [yoo J o~
are getting close to uhaufu IJ“ . ""‘m':'j-" ("‘mm' "\ M~
push it to its limits! t J
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Stop Searches

A Stopis specialfor Chaturalnesd Y directly cancelsthe
top loop
A Searchdependson stop massand decaychannelsz
broad program..
A Focuson just two Feynmandiagramsrepresenting
relevant production anddecay.tY OCahdtY AC?
I Both resultin the samesignature: bbW*W+MET

i Thisisthe samesignatureastt production (unlessboth 7 6 O
decayhadronically) - givesyou anidea ofthe dominant
backaround




Stop Searches

A Dependingon the massdifferencesbetween the stop and
neutralino (chargino), severalkinematicregionsare
defined:

300

200

100

g I > 200 300 400 500 600 700 ! >
200 300 400 500 600 700 my [GGV]! m;! [GEV]!

A Different regionscorrespondto different challenges so
searchstrategy generallydependson the region

A Giventhat 4-body decaysare enormouslysuppressed
kinematically, the regiona - K, inthe O ?ifodeis
usuallycoveredby other channels e.g. FCNC ¥ A lecay



Stopsearches x E A @ bestfinal state
to pursuethe search

A Thefinal state dependson the W bosondecay
channels

i All hadronicchannelhas the highestbranching
fraction, but backgrounds  Augé

I Dilepton channelisclean but the branchingfraction is
tiny
I Tauchannelsaretough

A Single-epton (A C E A O Q bhpn@disaAs@O
compromise between BR (3@6) andurity

A Standard variablevhen dealingwith MET: MT

A MT2or stransversemass(Lesters& Summers hep-
ph/9906349):

Mt ="' 2prB, (17 cosael) ™A= _mn [max(riri)]

A

September 2015 Javier Cuevas, TAED15 Benasque



Data/MC

Entries / 30 GeV

Finaloptimization

A Cutbasedapproach, variables ardreated independently
putting acutoff in eachof them.

A Multivariate: all variables arecombinedin alikelihood,
BDTor ANNreflecting how signaHike they are.

A Selecteventswith MT > 12@eV

A Severalsignalregionsdefined with a cut-basedor MVA
approach(~ 40 %mprovement)

CMS Preliminary Vs=8TeV, [Ldt=19.5f" t2tt t2bW
2
- aad =F o - -1
1.5:. — CMS \s=8 TeV,ﬂ.dt =19.5fb CMS \s=8 TeV,det =19.5fb \
0.5 = ; -------------------------------- ﬂv‘e;--_] 102 13- ;. T e e e e et iy e m.eo. T 10
0 D 400Fpp-TET-ty === Observed (=16 ") O D 40Fpp-TEi-by === Observed (16" "")
L L L L L O] - BDT analysis === Expected (+10) - O F BDT analysis === Expected (+10)
5. T t;° BDT1 Loose —®— Data = 350 g — %50 10
i : t ! [ 1/top I E = ¥ F
: ; E = E
i fis S - (a g S o
4 L : | | W+jets E E A .
e - . I rare 250E % 0 S . 1
s . E g S
o L ervees SM + T 17 (250/50) | ok B .
S P ... E & : 10-1
------ 150 -
102 T 100F
: E Y 10-2
50— J /

: il 1 0-3
300 400 500 600 700 800

100 200 300 400 500 600 700 800
M, [GeV] m- [GeV] mi:=0.5 m.+0.5 m.o me [GeV]

50 100 150 200 250 300

o upper limit [pb]



stop: Comb

tf, production, t— b ) /1, ¢ %,/ t> Wb E[ /Tt %]

Inationof channels

T 1T L T 1T LI L T 17T L
450~ I | I | | -

- ATLAS \s=8TeV, 20" 5 40

- ot zz toLtiL combined & g
400 mmioty 2L, SC e

C O EEioWbEmIrY  Ww E 20

- EEio Wby t1L, t2L 10
350¢ i xf ' tc 0 # - .

L EEtsobff ﬁf fc, tiL 170 180 190 200[(‘:‘21\9]

— my |Ge
300— '

— —— Observed limits ---- Expected limits All limits at 95% CL -
250[— —
200f— =
150 — —

o .

200 300

Illlllllll'il

400 500 600

800

m; [GeV]

Start to filling holeswith new ideas:
indirect search(from tt crosssection)

September2015

LSP mass [GeV]

700

600

500

400

300

200

100

t-t production, t—t ')ch) I ')22

- CMS Preliminary

Vs =8 TeV
"ICHEP 2014

- SUS-13-011 1-lep (MVA) 19.5 fb'*
——— SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3 fb
—— SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fbt
—— SUS-13-009 (monojet stop) 19.7 b (T ¢ %;)
= SUS-13-015 (hadronic stop) 19.4 fb!

-~~~ Expected

= X
- 3

llllllllllllllllllll]

P

A | £+ | o S| | N NS

I EEE S RSN G E L S EEE RS E R B
LI [ | | [ | [ I

— Observed

llllllllll]lllllllllll]lllllllllll_

100 200 300 400 500

800

stop mass [GeV]
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Prospectsfor run 2

A Discoveryreachin
stop masswill reach

to 800 GeVin a |
conservativescenario

A Crucialregion for
testing naturalness
andwhether SUSY
has a role in
Electroweak
symmetry breaking

A Naturalnessprefers
lighter than 700

oo

A Higgsmassof ~125
GeVprefers mg,,
heavierthan 300 GeV
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Recent New Directions
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Summary of SUSY Searches (ATLAS

In short: no sign of SUSY with the data collected so far

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model ey Jets ET™ [Ldidm) Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 203 |%E 1.7TeV  m(7)=m(z) 14057875
44, G—qit; 0 26jets Yes 203 |@ 850 GeV m(i})=0 GeV, m(1" gen. @)=m(2" gen. g) 1405.7875
@ G—q¥} (compressed) 1y 0-1jet  Yes 203 |@ 250 GeV m(g-miE) = mic) 1411.1559
S & d-qab 0 26jets  Yes 203 |& 1.33 Tev mi})=0 Gev 1405.7875
E I ,E:—)qqfr—»quti\';]? Teyp 36 J:eis Yes 20 2 1.2 TeV m(¥)<300 GeV, m(¥*)=0.5(m(¥")+m(2)) 1501.03555
0 38 F—qqtl/tv/vix) 2ep 0-3 jets - 20 |& 1.32 TeV m(¥))=0 GeV 1501.03555
©  GMSB(7NLSP) 1-27+0-1¢ 02jets  Yes 203 |& 1.6TeV  tang>20 1407.0603
g GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV m(¥)>50 GeV ATLAS-CONF-2014-001
S GGM (wino NLSP) lep+y - Yes 48 mi¥})>50 GeV ATLAS-CONF-2012-144
£ GGM (higgsino-bino NLSF) ¥ 15 Yes 48 m(i)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 20.3 F'? scale 865 GeV m(G)>1.8x 107 eV, m(z)=m(g)=1.5TeV 1502.01518
S gobbt 0 3b Yes 201 |& 1.25 TeV m(i})<400 GeV 1407.0600
%8 ¥ 0 710jets  Yes 203 |& 1.1 TeV m(¥]) <350 GeV 1308.1841
S 0-1 e, 35 Yes 204 |& 1.34TeV mii")<400 GeV 1407.0600
€' bty 0-1e.p 3bh Yes 204 | & 1.3 TeV m(T})<300 Gev 1407.0600
o e bibi,bi—bt] 0 2h Yes 201 | B 100-620 GeV m(¥}))<80 GeV 1308.2631
X8 bbbtk 2e4(SS)  03b Yes 203 |b 275-440 GeV mi¥;)=2 mi¥}) 1404.2500
g S ff.h—=btT “2ep  12b  Yes 47 | [1105967.Gav miFT) = 2miF). m(F)=55GeV 1209.2102, 1407.0583
@S ff, i —WhE or ] 2ep  O2jels  Yes 203 |[& 90-191 GeV 215-530 GeV m(i)=1 Gev 1403.4853, 1412.4742
£ 8 iy, ik 0-1e,p 1-2b Yes 20 [ 210-640 GeV mi¥})=1 Gev 1407.0583,1406.1122
g;'g fify, i =t 0  mono-jetctag Yes 203 | F 90-240 GeV mif )-miE})<85 GeV 1407.0808
?ﬂ 5 ffi(natural GMSB) 2ep(2) 1h Yes 203 | @ 150-580 GeV mi¥})>150 GeV 1403.5222
faf, h—i +Z Sepu(Z) 1b Yes 20.3 A 290-600 GeV m¥)<200 GeV 1403.5222
friLr, Etd) 2ep 0 Yes 203 |# 90-325 GeV miFY)=0 GeV 1403.5294
¥ —v(tw) 2ep 0 Yes 203 |k} 140-465 GeV miFY)=0 GeV, m(Z, #)=0.5(m(¥] }+m(i})) 1403.5294
= g X o) 27 - Yes 203 | & 100-350 GeV m(i})=0 GeV, m(#,7)=0.5(m (i} J+m(i})) 1407.0350
o= iR B viL (). 67D E7v) Bep 0 Yes 203 | 5L 700 GeV mFF)=m(E2), m()=0, m(Z, 7)=0.5(m(F5 )+m(F})) 1402.7029
T nh-wi b 23ep  O-2jets  Yes 203 | FLE 420 GeV m¥})=m(E3), m(¥))=0, sleptons decoupled | 1403.5294, 1402.7029
fffg—-wf‘;’fr)??‘ h—=bb/WW(TT/yy ©HY 0-2b Yes 20.3 XX 250 GeV m(¥;)=m(¥%), m(¥))=0, sleptons decoupled 1501.07110
KR, K93 —lwl dep 0 Yes 203 |R, 620 GeV MEL)=m(FY), m(EY)=0, m(Z, 7)=0.5(m(E2)+m(})) 1405.5086
Direct X1 ¥} prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 |& 270 GeV m(F})-m(E)=160 MeV, 1(¥})=0.2 ns 1310.3675
g @ Stable, stopped g R-hadron 0 1-5jets Yes 279 |& 832 GeV m(¥})=100 GeV, 10 us<r(g)<1000 & 1310.6584
=g Stable g R-hadron trk - - 191 |2 1.27 TeV 1411.6795
2L  GMSB, stable 7, V] -2, i)+1(e, ) 124 - 191 | & 537 GeV 10<tang<50 1411.6795
= g GMSB, ¥ =G, long-lived ¥ 2y - Yes 203 | & 435 GeV 221(¥))<3 ns, SPS8 model 1409 5542
aa, ¥ —aqqu (RPV) 1 p, displ. vix - - 203 |@ 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108GeV | ATLAS-CONF-2013-092
LFV pp—iz + X, vr—e(u) + 7 lepy+t - 4.6 A51y=0.10, 412)33=0.05 1212.1272
~  Bilinear RPY CMSSM 2e.u(SS)  03b  Yes 203 |a@g& 1.35 TeV m(@=m(g), ctesp<1 mm 1404.2500
& B, X W K e, eut, dep - Yes 203 | 750 GeV ME)>0.2xm{F] ), 12120 1405.5086
PO K = Wh W srrv, eti, Beu+T - Yes 203 | & 450 GeV mEN>0.2xm(¥; ), A135#0 1405.5086
8949 0 6-7 jets - 203 |& 916 GeV BR(r)=BR(5)=BR(c)=0% ATLAS-CONF-2013-091
g—nt, [y —bs 2e.u(SS)  03b Yes 20.3 3 850 GeV 1404.250
o . - . 0
Other S-=SEErmterfiber 2013 T JavierC#evas, TAE 2015, Benasgeeey 1901013z 31
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Summary of SUSY Searches (CMS)

In short: no sign of SUSY with the data collected so far

Summary of CMS SUSY Results* in SMS framework
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Dark Matter. Complementary Searches?

After the discovery of the Higgs particle @ the LHC:
Dark matter is the next important physics problems to tackle for the LHC

The search is complementary to other experimental techniques used.
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Events / GeV
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