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Introduction

O Discovery of a BEH scalar @ ~125 GeV completes SM

CMS Preliminary

Vs=7TeV,L=505f" Ns=8TeV, L=5.26 fb"
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O Still many open questions: motivate searches for physics beyond the SM
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Some Guiding Questions & ldeas

Big Questions

o » %
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Big

Ideas
Multiverse
SUSY
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Extra dimensions
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Higgs Sector

Top
Partner

W'z’

Minimal
Dark Matter

Hidden
Sector

We also need to watch out for “unexpected”

Snowmass ‘13 Energy Frontier Report

arXiv:1401.6081v1 [hep-ex]
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A Large # of Results w/ 2012 Data

CMS and ATLAS searched for new physics in a variety of final states

®

CMS ATLAS
[0 Exotica [0 Exotica

B 14 pub + 14 PAS B 14 pub + 29 conf note
https: //twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
[0 Beyond 2 Generations 0 SUSY

B 6 pub + 17 PAS m 18 pub + 38 conf note

o i i AP B s/t ol viese AtlasPUbLiC /S i

O SUSY [0 BSM Higgs

B 12 pub + 23 PAS B 4 pub + 6 conf note
[0 BSM Higgs

B 4 pub+6PAS
o/ twiki cern ;]pmuﬂ. ;].f;n viewcmspunlicphysicsresutisii. | ODVIOuUsly cannot cover all these results. |

will present only some highlights of these
See also David Rousseau’s talk on Monday results in this talk. And, ...
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16 Parallel Talks for Details

Monday:

O

Searches for direct pair production of third
generation squarks with the ATLAS detector:
USAI, Giulio

O 3rd generation SUSY searches at CMS:
LACROIX, Florent Sylvain

O Inclusive searches for squarks and gluinos with the
ATLAS detector: MARTIN DIT LATOUR, Bertrand

O Inclusive SUSY searches at CMS:
VANELDEREN, Lukas

O Search for electroweak SUSY production at CMS:
MASCIOVECCHIO, Mario

Tuesday:

O Searches for production of two Higgs bosons using
the CMS detector: DAS, Souvik

O Beyond-the-Standard Model Higgs physics using the
ATLAS experiment: ERNIS, Gunar

O Search for Higgs Bosons Beyond the Standard
Model with the CMS Detector: SCHRODER, Matthias

O Searches for invisible decay modes of the Higgs
boson with the CMS detector:
DUNNE, Patrick James

O Constraints on new phenomena through Higgs

coupling measurements with the ATLAS detector:
MAIANI, Camilla

Thursday:

O

Search for heavy resonances in two-particle final
states with leptons, jets and photons at CMS:
GUTH, Andreas

Searches for heavy resonances and anomalous
production of multi-leptons with the ATLAS
detector: DAYA, Rozmin

Searches for vector-like quarks, tt and tb
resonances with the ATLAS detector: CALVET,
David

Searches for supersymmetry in resonance
production, R-parity violating signatures and
events with long-lived particles with the ATLAS
detector: GOBLIRSCH-KOLB, Maximilian

Search for Dark Matter at CMS: HOEPFNER, kerstin

Searches for dark matter and extra dimensions
with the ATLAS detector: Mr. CLEMENT, Christophe

Much more complete stories will be
presented in the parallel-session talks

August 25 - 29, 2014




Resonances
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Resonance Searches
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[0 Mass resonances are simple yet powerful probe to discover new particles
O Predicted in many BSM scenarios:

B Single resonances: Extended gauge theories [W’/Z’], compositeness [excited
fermions], Randall-Sundrum (RS) model [KK-graviton/gluon] etc.

B Paired resonances: Supersymmetry [gluinos/squarks], leptoquarks, vector-like
quarks, colorons, etc.

[0 Additional information comes from e.g. angular distributions

August 25 - 29, 2014 7
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Dileptons
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Jet Substructure: Top/W Tagging

O New physics searches often involve high p; boosted top/W

: : i My
B Boosted decay products - merged jets. E.g. AR" ~ A" ~2——
pPr,v
Fully merged
Top tagging W tagging
350 S — CMS Preliminary Simulation, IE =8 TeV, dijets
e we 5 0% onee o ccommep ssooce
pel.Z > ti 5 o QCD1.1<p_<1.4TeV
2 L mi<24 —— 4+ <PU>=22 } sim.
=) o W, 400 <p_<600 GeV
K2 | —— +<PU>=22 + sim,
b o J ol — W 11<p_<1.4TeV
SEEEEEEECEEEEE o e +<PU>=2§+sim.
()] L
N 04
© L i
£ |
o - 1
Un-merged < 02QCD jets i W Jets
) 0 A 5 500 © % 50 100 150
P! (GeVic) pruned jet mass (GeV)

Standard jet reconstruction w/ anti-k; algorithm, size parameter R=0.5

B Use fat jets tagging algorithm based on Cambridge/Aachen clustering
algorithm, with size parameter R=0.8 (CA8) or 1.5 (HEP top tagger)

9
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W’ =2 t+b

0 Semi-leptonic search: 0 All hadronic search

t > W+b -> (lv)+b "
b _t-> W+b > (qq)+b

B One isolated lepton (e,mu :
' P (€,mu) B p,oP>450 GeV: CMS top tagging algo
W pJet1.2>120(40) GeV, =1 btag(s) : :
B Subjet b-tagging . b
top jet substructure
m pr>85 GeV b
® pr> 370 GeV technique!
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W’ =2 t+b

Semi-leptonic search:
t > W+b -> (lv)+b

Events / 50 GeV
32,
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Vector-like Top Quark (T’) Pair

—

O T > Wb, Zt, Ht:
T’ crucial for naturalness

Zt + X analysis

(ATLAS-CONF-2013-051):

[0 Opposite-sign (OS)
dileptons or >3 leptons +
b-tags

Wb + X analysis
(ATLAS-CONF-2013-060):

[0 Boosted-W + b-tags

Ht + X analysis

(ATLAS-CONF-2014-036):

[0 Same-sign (SS) dileptons +
b-tags

850

= 1
T ATLAS JLdt 1438203 fo"
i Preliminary J <~ ¢ 1oy
E 0.8 . Summary results: 750
o0 Ht + X analysis Same-Sign Il |=700
ATLAS-CONF-2013-051
0.6 Ht+X,Wb+X comb. 650
ATLAS-CONF-2013-060
Zb/t + X 5600
ATLAS-CONF-2014-036
0.4 550
511500
0.2 S| =450
Zt + X analysis Wb + X analysis 400
0 |
0 0.2 0.4 0.6 0.8 1 350
BR(T = Zt) ~ 1 BR (T — Wb)

Different analyses/optimizations
complementarily cover a wide
phase space

August 25 - 29, 2014
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Single Resonances

o

Highest

Highest mass

Final

Highest

Highest

Dijet
ee
MM
T
lv
bb

top b*
ttbar*

mass event

~5.1 TeV
~1.8 TeV
~1.8 TeV
~0.7 TeV
~2.3 TeV
~4.1 TeV
~3.8 TeV
~3.3 TeV

limit
5.82 TeV
2.79 TeV
2.53 TeV
1.90 TeV
3.28 TeV
1.68 TeV
2.03 TeV
2.5 TeV

Resonances to fermion Pairs

*Analysis is using jet-substructure techniques

State
WZ(3lv)
VV(jjlv)*
LZ(lL3j)*

VV(33)*
Va(3y)®
hh(bbbb)
W(lv)y

Z(W)y

yjet
Ly

mass event

~1.1 TeV
~3.3 TeV
~2.2 TeV
~2.7 TeV
~3.7 TeV
~1.3 TeV
~1.3 TeV
~1.6 TeV
~3 TeV
~1.3 TeV

mass limit
1.52 TeV
2.5TeV
1.59 TeV
1.7 TeV
3.2 TeV
0.59-0.71TeV

0.96 TeV
0.89 TeV
3.5 TeV
2.2 TeV

Resonance decays involving bosons

Probing ~1 - 5 TeV scale masses in a wide range of final states

August 25 - 29, 2014
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pair-produced

—

o
Paired Resonances )

T'(5/3)(dilep,ss)

T'-stZ(semilep+lep)

T'—tH(semilep+iep)

T'—bW(semilep+lep)

T'stH(H-yy)

T'—tH(hadronic)

B'-bZ(multilep)

B'—bH(multilep)

B'-tW(multilep)

B'—tW(ss-dilep)

B'—bZ(dilep)

B'—-bZ(semilep)

B'—bH(semilep)

B'-tW(semilep)

B'—bH(hadronic)

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

lIlIlIlIlIlIl

Vector-like T'

Vector-like B'

Excluded Mass (TeV)

mass event | mass limit
2x(top jet) ~1.2TeV 0.8 TeV
2x(3j) ~1.2 TeV 0.74 TeV
2x(jij) ~1.9 TeV 0.65 TeV
2x(jjb) ~1.7 TeV 0.835 TeV
2x(3jij) ~1.7 TeV 1.2 TeV
2x(top tau) S;~0.9TeV  0.63 TeV

2x(tau b) ~0.85 TeV 0.74 TeV

Probing ~0.5-1 TeV scale masses in a
wide range of final states

August 25 - 29, 2014
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Dark Matter
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Dark Matter (DM) Searches

Experimental approaches:

O

O

thermal freeze-out (early Univ.)
indirect detection (now)

Direct search
| DM-nucleon scattering: CDMS, SIMPLE, XENON, LUX

Indirect search
| DM annihilation or decay: Fermi, PAMELA, AMS, IceCube

Collider search: LHC

B DM production in cascade decays from heavier
particles: Supersymmetry, Higgs portal

B Direct DM pair production: Effective field theory (EFT)

c DM SM
2
3]
Q
Q
©
3]
o
© DM SM
—

production at colliders

EMF collapses SM-DM interaction in effective 4-point operator

/9 /9 O  Parameters: mp,, EFT scale
q DM q DM v
A= A"[/\/ 9xYq
- - 9q 1 9x O Translate to DM-nucleon cross section
q DM q DM 1

o(XN — xN) ~ Fﬂi,N

August 25 - 29, 2014



Mono-X Searches

Mono-jet/y/Z Mono-top
Use ISR jet to give a boost 9/7/2

to DM-pair system & induce X
MET:
B Monojet + MET 7 )
B Monophoton + MET ! X
B Mono-W/Z + MET
B Monotop + MET
— 1 ey M Simulation
8 ...
3101 . ™. E
%10_2‘ e A\ For mono-W, two diagrams with same initial & final
X state interfere destructively - Mono-W is most
oo Ve ] sensitive to models where ratio of couplings = -1
otk +§f§131 O.bserva.tions in giifferent channels vyould
e AVE=- give us information about the couplings of

10-51 Lol
1 10

the mediator particle to different quarks
and to gluons

August 25 - 29, 2014
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CMS

‘Compact Muon Solenoid

Mono-X Searches

Monojet: Monophoton: Mono-top:
S e R R e e e e e e e CMS Preliminary (s=8TeV,L=19.6 fb* CMS Preliminary 19.7 pb™" at (s=8 TeV
[0 7 — 0 F T T T T T T T I T T T T e
01()% |:|Zavv > J ! ! ] ! E ] 80 F o dat —
¥ E  CMS Preliminary ] w-v § B e B zibr 8 oF . Zijits E
210° 1s=8TeV [ F 10 - o E \ I Wjets 1
& f 1 [ a =3 Wro vy 1 60 L1 E
@4tk Ldt=19.5fb [ Jaco 1 O Zro Wy vy 1
— v SO ; [SingleTop
10* L BMea = e ADDM,=2TeV,5=3 —4— DATA ] &
? ...... DMA=09TeV, M =1GeV 10! E e E g
10° [ beip g e UNP d =17, A, =2 TeV F ] 4
E —@— Data 102 E T E
10 - . E
E 10-3 §_ | L (]
10 A 2.5 ' ] =
g 1 S 3 . 8
1L N E 1'5;{% ] S
E I 1 a ,Y& & T )
S P PP ron I I O £ Qo'si ) ‘Y ) ) t ) ) ) ) ]
200 300 400 500 600 700 800 900 1000 200 300 400 500 GOO 700 800 900 1000 260 280 300 320 340 360 380 400
ET* [GeV] ¥; [GeV] Er (GeV)
Mono-W/Z (hadronic): .
( ) MOI’\O-Z. © -+ Data wz
ATLAS: 1309.4017 ATLAS W/Zsjets 275l
* * ATLAS: 1 404 . 005 1 mm WW/Top quark~., Systematic Unc
Te} —— D1, M.=0.050 TeV
""" iR et A LAV
_— - —— e 1 Mediator, m]: , f=
Process ET™ > 350 GeV | ET™ > 500 GeV I L
7 — 100739 F1FS L=20.3b" (s=8 TeV
—+ W —34 2%_10 . m, =200 GeV
W — ¢y, Z — (+0F 210722 v 5r-S (/] S T
WW,WZ,ZZ 571! 91713 R T
tt, single ¢ 3971° 3.7 % e , o
F43 9 O 14F E
TOtal 707_38 89_ 12 g 121W liliiiisisisss ///////////////////////;
ERY 2z e + =
Data 705 89 08 =
(=) O JE|
0 50 100 150 200 250 300 350 400 450 500

ET° [GeV]
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Mono-X Interpretations

[0 Limits are set on effective field theory scale A using effective operators at
90% CL = limits on elastic DM-nucleon cross section versus DM mass
O Complementary unique coverage at low mass and strong sensitivity for
spin-dependent interactions
C\.l'_|10-34 T T IIIIIIIATLAIS T IleVIIIIIDSI T TTTTT T 1 TTTT T T IIIIII| T T IIIIII| E
) —_ mono-W lep, D5¢c o 3 .
Vector: S 10°F o amtasmenetien oo ATLAS = 90%CL 4 Axjal-vector:
— 136 --©-- ATLAS mono-Z lep, D5 20.3fb" \Vs=8TeV
v H c 10 ATLAS jet 7 TeV, D 3 (2dd
(XY X)(@V1T) S 1o monoset 7 Tev, 03 \ // (X" x) (@7 q)
o 3
A2 8 10% = 1 A2
o 10°° E
8 -40 L= in- )ﬁ‘;
O 10 spin-dependent o7 )
O - 4w ] 5pin-dependent (SD)
i " @A scattering is not
10% spin-independent — PICASSO 2012 3 coherent over
o s ATLASmono-Wlep.Ds - __ qupi 0011 ] the whole nucleus,
1045 - oot 2010 e ATLASmonoWizhad. D9 - eecuve w'w 3 thus SD scattering is
0 XENON100 2012 ==El= ATLAS mono-W/Z had, D5c ATLAS mono-jet 7 TeV. D9 lceCube b5 3 suppressed relative
10 SuperCDMS 2014 = =A== ATLAS mono-W/Z had, D5d - -©-- ATLAS mono-Z lep, D9 COUPP 2012 E PP ..
10—47 1 Ipl IIIIII 1 1 1 IIIIII 1 1 1 IIIIII | 11 IIIII| 1 11 IIIlI| | 1 1 IIIII| 3 to Sp]n-]ndependent
2 3 2 3 (SI) scatterin
1 10 10 mx[Gy\)/f 10 10 mx[G1e(\)/] (Sh g

August 25 - 29, 2014
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Higgs Portal to Dark Matter

. 7H arXiv:1404.1344

O DM particles directly couple to
the Higgs sector, H 2 xx

B Look for H = invisible in
VBF+H and Z(ll,bb)+H modes

-1 B T T T T T 1T 17T

> F 10 ‘/ ! Combination of VBF and !

© 10*= CMS —e— Observed 102 & ZH, H — invisible CMs
(O] E 4 VBFm,=125Gey, 3F Vs=8.0TeV, L=18.9-19.7 fo" (VBF+ZH)

5ol {s=8TeV,L=19.5fb B(H-—inv) = 100% 10 Vs=7.0TeV,L=49 fo' (ZH) B(Ho inv) <0.51 @ 90% CL
107 VBF H(inv [ vsiers 10 iy = 125 GeV

; E - tf, tW, DY(ll)+jets, VV 1 0_5

+=2 42

c 10°E

(O]

>
(N1

—
o

— -

—_———_——=
[ CRESST 1o
[ cRessT 2o
—— - XENON100(2012)

1010

......... XENON10(2011)
' ] DAMA/LIBRA
=== Min I CoGeNT(2013)/90%CL
Lattice 1 CoGeNT(2013)/99%CL
[ CDMS(2013)/95%CL
""" Max COUPP(2012)
—— « LUX(90%CL)
| | | Lo I I 1

—

Q
N
)

150 200 250 300 350 400 450 500
E™S [GeV]

i S
DM-nucleon cross section G, [pb]
o
3

—

o
N
w

\I03

10 10° 1
DM Mass M, [GeV]
o The limits on the DM-nucleon cross section
fBgﬁl_\l;é?:?zzR\)/;S]ble) <0.68(0.81) vary for scalar, fermion, & vector, but the
most stringent limits at low DM masses
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Supersymmetry
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SUSY “Framework” for LHC Searches

e MPCCSUSYOWG O gluinos and 1t & 2" generation
2 210° & squarks: high cross section
—~ B - @) . .
> e — B Multiple jets + MET
> ELURS w/w.o. leptons, b-tags, photons
n B - ﬁ
p 10 i
o F 31077 ,
5 02l i 1 g O Stop & sbottom: medium cross
Ok =102 £ section
= - —= .
Z. 107 1 8 m  Multiple jets + MET + b-tags w/
S 310 £ w.o0. leptons
E10-4_.|......|...|.....|.. L
200 [400 600 800 1000 1200 1400 1600
SUSY sparticle mass [GeV] . .
https://miki.ccrn.ch/t\Vi/ in/view/LHCPhysics/SUSY CrossSections arXiv:1206.2892 Standard partlcles SUsY partlcles
v

O Charginos, neutralinos, sleptons:
small cross sections

B 0-4 leptons + MET
w/w.o. b-tags, jets, W’s, Z’s, h’s

Higgs

| Quarks @ tLeotons @ Force particies Squarks () sleptons ) SUSY force
particles
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- All-hadronic Inclusive SUSY Search

All hadronic inclusive search:

O
O
O

Number of events

-
o

-

Data/Bkg

OO0 ===
ONB D _ N

Minimum jet multiplicity (2 to 6 jets)
Mo = MET + Zp;(jets) > 0.8-2.2 TeV

15 signal regions targeting different
decay chains

B 2 of which require hadronic W
decays (W—2>jj)

21 2m 2t 2W 3 4j-

T T I T T ! T I

e Data 2012
—— SM Total
Il Diboson
[ Multijets
m W+jets
[ Top
Il Z+jets

ATLAS IL dt=20.3fb", ys=8TeV

4jl 4Jm 4t 4w 5j 6jl  6m 6t 6jt+
Signal Region
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@ 1400
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=~ 1200
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1521000
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7_[ Ldt=203f" Vs=8TeV
[ 0leptons, 2-6 jets

== Observed limit (£1 G(S,‘i;)

\\\‘\

==== Expected limit (+10,)
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Expected limit (4.7 ™", 7 TeV) -|

N
o
<

ooty L0y L

L o
1200 1400

L .
1000
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=
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. m Observed limit (+1cmv)

JlHlH

==== Expected limit (+106,,,)
Observed limit (4.7 b, 7 TeVy—|
Expected limit (4.7 tb™", 7 TeV,

900 GeV
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T
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J‘ Ldt=203fb", {s=8 TeVq
0-lepton, 2-6 jets ]
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arXiv:1405.7875

Gluinos

Increased
complexity,
exploiting
boosted W
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CMS

Stop/Sbottom from Gluino

CMS-PAS-SUS-14-011
CMS Preliminary, L = 19.3 b, /s =8 TeV

Inclusive search with b-tags:

[0 Testing natural SUSY scenario % PP — @ 5% C.L. NLO*NLL exclusion
with ~TeV gluino, possible lighter @ 1200 100w G obBy;,  mem=5GeV
~ =T=50% § — tby,, 50% § — bby,
stops and sbottoms, and a nearly 2 000| — 100% § - o7
degenerate chargino/neutralino 50% § -, 50% § =t __ opserved
. === 100% g — tty - == Expected
triplet. 5 800~ :
§ - oy : e
5 600 e
goux’ [ S
{ e— 400
g — bby’ \ | i
_ 200/ A
X W - 1.25-1.35 TeV
~ | I | | | | ‘ | | | | | | | |:-I\:-I‘ I:-“ |
G — Z?OO 600 800 1000 1200 1400
m. (GeV)
O Covering all possible y
ng all p . . Complex top quark decays lead
combinations of partial widths to the sensitivity degradation
into: 4b, 3b1t, 2b2t, 1b3t, 4t vs # of top quarks in the final state

Similar ATLAS analysis: arXiv:1407.0600
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Direct Stop Production

[0 Dominant stop decay channel largely depends on available phase space

Decay modes in the m(stop) vs. m(LSP) plane
(can be more complex in reality depending on other ewkino, sleptons etc masses)

mW) <Am<m(t)  Am>m(t)

A A
( N [ \

Dedicated searches
since the 2011 data

d

.......................... = ~ 0 ~ ~ O
since the 201 7 t —= bWy, I =>1x,
: , (off-shell top) (on-shell top)
i t—=bx —bWx X1
L >
m(w) m(t) m(f) [GeV]
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Stop Search with 0/1-leptons

0 lepton + >4-6 jets + >2 b-tags:
u

(GeV]

m.,

X,

1 lepton + >4 jets

3 sets of signal selections targetting +>
different decay modes and stop, x;°
O
and x* masses b
O
f, —--
arXiv:1406.1122
tt‘produchon t —;t/ ort —>b)( (m -2xm )
500 T =
= ATLAS — B=100% (obs) 3
450— (exp.) —
100 J-Ldt=20.1 b, V=8 TeV — B=T5% Eobsg E s
= All-hadronic — B=50%(obs) %
350 o ep) 3 3
= Excluded Limit at 95% CL _-8_25%(255) 3
300;_ ST B=0% (E)bsp)) E
250F - (exp) 5
e , 700 GeV
150~ 1 =
1002— J —z
50;: "‘::““75@75
S0 g 00 200 S i T—T
m.‘.'[GeV]

Exclusion as function of BR in t+y,°

m(x?) [GeV]

=

R o tﬁtx
(off-shell top] shell top)

1-2 b-tags:

m(w) m(t) m(f) [GeV]

Hard(>25 GeV) & soft(7-50 GeV) leptons

15 search regions sensitive to stop in
various scenarios:
B Large R jets > for high stop mass

B Soft-lepton based analyses - for
compressed scenarios

B o o arXiv:1407.0583
i1, production, = b 1'%, /T—~ Wb, /1,17
400 T T T T T T T T T T T T T
ATLAS m— Observed limit (=1 o)
- 350 ~ 1
‘ Ldt=20", {3=8TaV ---- Expected limit (=1 o)
300 1-lepton + jets + E7 Al limits at 95% CL
250

200

150

T I T I T I T I T I T

100
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[GeV]

M,

Monojet analysis

?31 production, BF{(?1 -c i?) =1
T T T T T T T T

Use ISR jet to give a boost to stop-
pair system & induce MET

350 [
- ATLAS

=< 300 |— monojet-like selection: M1, M2, M3

"""" Observed limit (+10y.5")

— — - Expected limit (£1 Oexp)
LEP (6 = 0°)
CDF (2.6 fb™)

All limits at 95% CL

250

200

150

100

| | T T T T | T T T T
f Ldt=20310", 1s=8TeV .-~

[GeV]

M,

IIII|IIII|IIII|IIII|I‘III|IIII‘

a
o

I 1 1 1 1 1 1 1 1
150 00 250

—_
o
o

As the m(stop,LSP) increases, monojet

search loses its sensitivity

A dedicated search with charm-tag fills

this gap

Stop with Compressed Sp

350

<300

250

200

150

\

50

i
8 /> X G
C

!

AW

%
0

Charm-tag analysis

?31 production, BF{(?1 -c i?) =1
T T T T T T

[
~ ATLAS

[ c-tagged selection: C1, C2

SUSY:

Observed limit (+1 G'heory)
— — - Expected limit (£1 Oexp)
LEP (6 = 0°)

CDF (2.6 fb™)

All limits at 95% CL

—_
o
o

150 200
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CMS

More Stop Searches

. -t production, T—)fi?/c'i? O M(stop) ~ m(top): arXiv:1406.5375
; _I T 1T | T T 1T [ T 1T | T T 1T ‘ T 1T | T TT | LI ‘ T I_ . .
) L _
8  LoMSPreliminary  — opeeres : B New constraints from ttbar cross section
é 600:— s=8TeV ——~ Expected _: measurement ; é‘ﬂ_;\ﬁbv o -
& ZICHEP 2014 . ] 35- 1s=8TeV, 203 fb E
— 500} SUS-13-011 1-lep (MVA) 19.5 fb _ | ]

_EI Expected limit £1 6, P
-~ Observed limit 1 1

w

== SUS-14-011 0-lep + 1-lep + 2-lep (Razor) 19.3 fb™!
= SUS-14-011 0-lep (Razon) + 1-lep (MVA) 19.3 fb

Susy
theory

T

n
[}
‘
|

95% CL limit on signal strength p

400 == SUS-13-009 (monojet stop) 19.7 b (T ¢ 7)) / _ t>t %, m(X)=1 GeV
| === SUS-13-015 (hadronic stop) 19.4 fb’! i 2;7 .
300 O ,,;f)I How can we close this gap? 8¢ .
— ,"' ‘4' , = 1: 77777777
Y A - 05F 3
200—_ - 170 180 190 200 210 220 230
n ' ] m; [GeV]
100/ /. {\CMS Vs=8TeV, /_czdt =195 fb‘1
[ /T o ' . > soom me=m 0=175caev t—>tx—
(0] "J—"'—l ! ; n— 11| (.2. [ meeee Expected UL:
100 “eed 300 400 500 600 700 800 U @ £ 7121 00% 9 i’
stop mass [GeV] S i : 9362 : 112;:500/ y = 12
400 2 1£)= ° "".’.. 7 h Z
O M(stop) - m(top)+m(LSP): [axiv:1405.3886 | L8 M
M Compressed regions indirectly accessed  3oo- \ ;
via stop2 searches: : 1o
B stop2 - stop1 + Z/H, stop1 = top +LSP  ,ql, i
200 300 €00’
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CMS /1
-~ Chargino/Neutralino (EWKino)
EWKino search in the diboson/multileptons + MET final state
arXiv:1405.7570
CMS-PAS-SUS-14-002 Gauge-mediated SUSY Gravity-mediated SUSY -
- . s (gravitino LSP) (neutralino LSP) X
(1J (h]ggS]nO) CMS Prellmlnary L= 195fb1 s = 8TeV 2
@ e — T I ] I
0 i -
-‘,? 0.8 Combined exclusion regions, _: %Z'%T prOdUCt|On h/Z ZL
h/Z CNS i all analyses 1 %‘900:\HI\HH\IIH|\HI\HH|IHI|HII:
E 0.6 = Observed - o, iCMS Pre“minary s 562 % —H 56?)(W i?) 7 l
B 5 Expected +1 Oep. 7| § 800 Vs =8TeV 3(2 if -z i:)(w i:) ? )Zl v v
é v 0.4:— *2 Oexp. _: 3)E_ 700 ;ICHEP 2014 _ X; i :—iﬁimrr):n é
oo Excluded 1 7 coof —eustens tesmt  — A% U BrT-03) 4 Covered final
- o.:—%.:'.n‘f'r*?; metcev SN o __‘r copF. " SUS- 14002 195 o M_X % GBI E states:
Covere(EI ﬁnal 150 200 20 300 35I91|995|?1g0mass4r?1 (GeV()) g M://@:“‘;\‘\ g WZ W. 3|
StaFe& CMS Preliminary L =19.5f" (s= 8 Tov 0F T 5 ZZw. 4l
Multileptons ) o 300F- 4 WHZ™)
h(bb)Z(ll) z : 4 w.Ssl
hh(bbbb) W 2 F - WZ/zZ
g
W . YY : g L1 ["J L 1N ‘ Il &V A I4(|)0l 11 I5(|)OJ | | \6(|)0I L1 I7(|)O 11 IBOO W(Iv)h(bb)
L1 ( llJJ ) 02 neutralino mass = chargino mass [GeV] VW h
w. SS |
150 200 250 300 35& iggs?r?g mas455?n N ng\(}) W. 3_4 |
The hadronic decays of ewkino is more difficult than leptonic decays. Vv\\//WOS I

The sensitivity strongly depends on the branching fraction of ewkino.
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CMS

M(l*1") Kinematic Edge Search

O

200 CMS Prel/m/nary 19 4 fo! (8 TeV) 20 CMS Pre//mlnary 19 4 b (8 TeV)

Generic search for kinematic endpoint in dilepton (e*e” & p*p) mass spectrum

H e.g. X2 — ll — X 0711~ with Medge = \/ m mlg)(mlg — m?z(l,)/ml~

BG estimation with opposite sign, opposite flavor (e*p' & ep*) leptons
B Two search regions: central [n| < 1.4, forward 1.6 < |n| < 2.4

Signal and BG contributions determined from kinematic fit

B [n addition, cut & count analysis of events with 20 < M(l*1") < 70 GeV

Pull
DGR Lhoanw
FTTT TTT Al

“““““““““““ 1 CMS-PAS-SUS-12-019
180:— + Data 3
160 —Fit
- 190 . . ] .
8 120 ey & ey E cut & count analysis
2 ook for BG estimate
,g c ] Central Forward
22 % 1S Observed [SF] 860 163
O O
EE ' Flav. Sym. [OF] 722427 +29 155413+ 10
L 40 o
1= 205 1= Drell-Yan 82126 1.7+14
L ] - .°  Total estimates 730 + 40 157 £16
- — + + | 3 Observed — Estimated 130138 6120
= 8' Significance [¢] 2.6 0.3
SEILEE E [
e - -2
100 150 200 250 300 o

m, [GeV]
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CMS

M(l*1") Kinematic Edge Search

O

200 CMS Prel/m/nary 19 4 fo! (8 TeV) 20 CMS Pre//mlnary 19 4 b (8 TeV)

Generic search for kinematic endpoint in dilepton (e*e” & p*p) mass spectrum

m eg. X2 — 1l — X1 071~ with Medge = \/ m mlg)(mlg — m?Z?)/mf

BG estimation with opposite sign, opposite flavor (e*p' & ep*) leptons
B Two search regions: central [n| < 1.4, forward 1.6 < |n| < 2.4

Signal and BG contributions determined from kinematic fit

B [n addition, cut & count analysis of events with 20 < M(l*1") < 70 GeV

|||||||||||||||| ] T L — LI — I — L — T T \: CMS_PAS_SUS_12_O19
1sott : ¢ Data E $ Data E
160{@ —Fit 160~ —Fit
X -FS g E
> 140'{ oy R 140 e & el . & l .
& 120f 1 St M H E cut & count anatysis
2 ook Signal & 0+ for BG estimate:
2 1OO|F_ 2} 190F ] Central Forward
S 8ol 1 » & 80f 19
> F 1 > r 17 Observed [SF] 860 163
W sofs I oW g o
I 13 : 12 Flav. Sym. [OF] 722427 4+29 155413410
40 : = 40 o
F_ : 15 o 1= Drell-Yan 82126 1.7+14
20 H 1S 20 1S
ooy a2 - 1> Total estimates 730 £ 4 7+16
y— : 3 Observed — Estimated ﬂOfg 6120
= R B Signifi 26 0.3
5 5 ignificance [o] . .
a P '} M oa
-2} * + % - -2k
-3 700 150 200 250 300 O

m, [GeV]

August 25 - 29, 2014 31



Run 1 Run 2
L;.=-100 fb"!
L;=~30 fb"
~1%x103% cm2s!
-
7-8 TeV 'ﬂ 13-14 TeV

Future Prospects

—

LS2

—>

Run 3

L;c=~300 fb""

High-luminosity LHC

1
N

14 TeV

' X 1034 cmZs

LS3

L5 %1034 cmZs

L

int

=~3000 fb-"

LS4

LS5

—

}
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Future Prospects

O Good prospects for gluinos, .
squarks, & high mass resonances [ ——99
from energy increase from 8 >

13/14 TeV

O For weakly interacting ; X
high-luminosity helps a lot - iy - @ 1.5 TeV,

100 —r———r . e — .
ratios of LHC parton luminosities: 13 TeV / 8 TeV

---- xqq

10 F

luminosity ratio

particles, - gluino pair

-

gl ,_':'::::: - Z ’ @ 3 Tf.

<

MSTW2018NLO
1 L L 1 L A PR N B A 1
100 1000
M, (GeV)
; > ~0 ~0 5 Z~0 ~+ } VV~0
§§product|on g—»qq/ g qqx1 t]_ ) tXl 700 X2 X].’ Xl X].
T —1000———— —— —— —— —— —— — < C
:— ATLAS Slmulatlon pre"mmary g = _: é 9OOE_ATLAS Simulatioh Prellm/nary T T T 3 E g et Doy
r | Ldt=300,30001b", 5=14TaV 1 = E\s=14 TeV '288% (Su>=80) 5o discovery = 600~ I
L D-epton combined ] %800F -3ooom(<(li:>-1)40) 56 d:s?c(;\:/:rs;on 53 £ E + Phase |, <PU>=0,  L=300 ""‘
e 3 € pHb Bl e 2 C b g e Luon
- 9 E CIATLAS 8 TeV (0-lepton): 95% CL obs. limit] E o - . === Phase ll Conf3, <PU>=140, L=3000 &
- 4 600 g, 3 400F- %, 21,
C ] 500E-0 and 1-lepton combined . st FR= Eoxowy
C ] g R 3 300F-
ol q 400 i . 5 F
C 1 300 = 200
- 1 200F e S
3 - g 3 100 o .
i 1 1005 3 3
] E MR I S - T Ty T, BT R R 7 R T BT
L HEEEE H 2l 600 800 1000 1200 1400 00 200 300 400 500 600 700 300 900 1000
500 1000 1500 2000 2500 00 -
m; [GeV] Mtop [GEV] mx* m 2 (GeV)
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Summary

CMS & ATLAS have performed a wide variety of searches for physics

beyond the Standard Model in the LHC Run 1 (2009-2012) data

[0 No new physics was observed so far: only
B Singly (pair) produced resonances up to 5

exclusions are provided
(1) TeV

B Unique complementary dark matter searches
B Gluinos up to 1.4 TeV, 3 gen. squarks up to 0.7 TeV, gauginos up to

WH

~0.3-0.7 TeV
Minimum bias
Y44
[0 Our journey of new physics ¢ (s-channel)
searches at the ~ TeV scale el
. t (t-channel
have just begun R

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)

gluino pair (2.5 TeV)

Stayed tuned when the LHC comes Z5M (3TeY) |

Q" (4 Tev)

back again QBH (6 TeV)

. Cross section ratios: 14 (13) TeV / 8 TeV
1.2

J 2.1
J 2.1
J2.2
J2.6 And: pp — H*(500) + X: 14 TeV/8 TeV ~ 7
J2.6
J2.8
J3.9
) 4.7
J11 (for 13 TeV /8 TeV: 8.4)
J16 (for13TeV/8TeV:12)
J 72 (for13TeV/8TeV:46)

J 5700 (13/8:2700)
J13

) 87
J 12000

1 10 100 1000 10000 100000
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ATLAS Exotics Summary

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: ICHEP 2014 fL dt=(1.0-203)tb"t +s5=7,8TeV
Model ty Jets ET™ [rdm] Mass limit Reference
T T T T T T T T T T T T T T T — T
ADD Gkk +g/q - 12 Yes 47 4.37 TeV 1210.4491
ADD non-resonant ££ 2e,u - - 20.3 ATLAS-CONF-2014-030
ADD QBH — (q lep 1j - 20.3 n= 1311.2006
2  ADDQBH - 2j - 20.3 n=6 to be submitted to PRD
S ADD BH high Ny 24u(SS) - - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
5 ADD BH high 3, p7 >leu >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
£ RS1Gkk— 2epu - - 20.3 kfMp =01 1405.4123
g RS1 Gk = WW — tvly 2eu - Yes 4.7 Gk mass 1.23 TeV k/Mp =0.1 1208.2880
E Bulk RS Gkx — ZZ — (tqq 2eu 2j/1J - 20.3 k/Mp =1.0 ATLAS-CONF-2014-039
W Bulk RS Gkx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 Gev [l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gxk — tt Teu =1b,>1J2) Yes 14.3 BR =0.925 ATLAS-CONF-2013-052
S'/z, ED 2epu - - 50 | Mgk =R 4.71 TeV 1209.2535
UED 2y - Yes 4.8 Compact. scale R~ 1.41 TeV ATLAS-CONF-2012-072
I SSM Z’ — (¢t 2epu - - 20.3 1405.4123
S ssMZ o 27 - - 19.5 ATLAS-CONF-2013-066
8 SSM W’ — ¢v leu - Yes 203 ATLAS-CONF-2014-017
.qn) EGM W' - WZ — (v ('l 3epu - Yes 20.3 1406.4456
® EGM W — WZ - gqlt 2eypu 2j/1J - 20.3 ATLAS-CONF-2014-039
& LRSMW; —tb lepu 2b01] Yes 143 ATLAS-CONF-2013-050
LRSM W,’? - tb Oep >1b,1J - 20.3 to be submitted to EPJC
Cl qqqq - 2j - 4.8 1210.1718
Cl gqtt 2ep - - 20.3 N =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,>1j Yes 143 ICl=1 ATLAS-CONF-2013-051
= EFT D5 operator (Dirac) Oe,u 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator (Dirac) Oe,p 1J,1)  Yes 20.3 at 90% CL for m(x) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e 22j - 1.0 LQ mass 660 GeV p=1 1112.4828
Scalar LQ 2™ gen 2pu >2j - 1.0 [LQmass 685 GeV p=1 1203.3172
Scalar LQ 3" gen teutr 1b1j - 47 | LQmass 534 GeV B=1 1303.0526
Vector-like quark TT — Ht + X ey 22b2>24j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
§~§2 Vector-like quark TT > Wb+ X 1eu >1b>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
3 § Vector-like quark TT — Zt + X  2/>3e,u  >2/>1b - 20.3 Tin (T,B) doublet ATLAS-CONF-2014-036
I S vectorlike quark BB - Zb+ X 2/>83e,u  22/>1b - 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB - Wt + X 2e,u(SS) >1b,>1j Yes 143 Bin (T,B) doublet ATLAS-CONF-2013-051
- 'é Excited quark g* — qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
% S Excited quark * — qg - 2j - 203 only u* and d*, A = m(q") to be submitted to PRD
Lfl g Excited quark b* — Wt 1or2e,x1b,2jor1j Yes 47 b* mass 870 GeV left-handed coupling 1301.1583
= Excited lepton £* — £y 2e,m1y - - 13.0 A=22TeV 1308.1364
LSTC ar - Wy Teuly - Yes 20.3 to be submitted to PLB
LRSM Majorana v 2epu 2j - 21 N° mass 1.5 TeV m(Wg) = 2 TeV, no mixing 1203.5420
S Type lll Seesaw 2epu - - 5.8 |V,|=0.055, |V,|=0.063, | V;|=0 ATLAS-CONF-2013-019
£ Higgs triplet H** — ¢¢ 2e,u(SS) - - 47 | HEt mass 409 GeV DY production, BR(H** — (()=1 12105070
S) Multi-charged particles - - - 4.4 multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, Igl = 1gp 1207.6411
Ll " L MR R | L L PR R R R A | L L L1

*Only a selection of the available mass limits on new states or phenomena is shown.

Mass scale [TeV]
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CMS,

Compact Muon Solenoid

CMS Exotica Summary

LQ1(ej) x2
LQ1(ej}+LQ1(v})
LQ2(yj) x2
LQ2(uj}+LQ2(v))
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2
LQ3(vt) x2

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(jj), k=0.1
RS1(WW—4j), k=0.1

CMS Preﬁminory

SSM Z'(t1)
SSM Z'(j)

SSM Z'(bb)

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

SSM W'(iv)

SSM W'(WZ - Ivil)
SSM W'(WZ—4j)

e* (M=A)
u* (M=A)
q° (q9)
q*(ay)
b*

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

stopped gluino (cloud)
stopped stop (cloud) .
HSCP gluino (cloud) Long-Lived
Leptoquarks HSCP stop (cloud) Particl
q=2/3¢ HSCP arficies
q=3e HSCP
neutralino, ctau=25cm, ECAL time
0 1 2 3 4
2 3 4 j+MET, SI DM=100 GeV, A ‘
+MET, SD DM=100 GeV, A
y+MET, SI DM=100 GeV, A
y+MET, SD DM=100 GeV, A Dark Matter

1+MET, £&=+1, S| DM=100 GeV, A

I+MET, £&=+1, SD DM=100 GeV, A

1 2 3 4 1+MET, £=-1, S| DM=100 GeV, A

1+MET, £=-1, SD DM=100 GeV, A

0 1 2 3 4
ﬁ
ADD (yy), nED=4, MS
ADD (ce.0) nED4. MS Large Exira
| ADD (+MET), nED=4, MD Dimensions

. ADD (v+MET), nED=4, MD
) QBH, nED=4, MD=4 TeV
| I NR BH, nED=4, MD=4 TeV
— Jet Extinction Scale

Excited
Fermions

Py Compositeness

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

Multijet
Resonances

CMS Exotica Physics Group Summary — ICHEP. 2014
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Compact Muon Solenoid

CMS B2G Summary

CMS Searches for New Physics Beyond Two Generations (B2G)
95% CL Exclusions (TeV)

T'(5/3)(dilep.22)

q«(eomb'ned)
T'—tZ(zemilep+iep)

T'—tH(semilep+ep) Z'(1.2%)(combined)

it Resonances

T-sbW(esmilep+lep) Vector-like T'

TstH(H-77) 9{eomilep)
TstH(hadronic)

Z'(1.29%)(zemilep)
B'-bZ(muttilep)

B'—sbH(mutilep) g, (akhad)
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CMS SUSY Summary

Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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CMS Preliminary

For decays with intermediate mass,
& .. m =Xxm +(1 -x)-mlbp

x L intermediate mother

slepton EWK gauginos
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RPV
]
[
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*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe "up to* the quoted mass limit
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ATLAS SUSY Summary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
- Model &MY Jets ET [Lanm™] Mass limit Reference
3 MSUGRA/CMSSM 0 2-6 jets Yes 20.3 3.8 1.7TeV m(g)=m(g) 1405.7875
MSUGRA/CMSSM lep 3-6jets  Yes 203 |2 1.2 Tev any m(g) ATLAS-CONF-2013-062
= " MSUGRA/CMSSM 0 7-10jets Yes 203 |% 1.1 TeV any m(3) 1308.1841
c L @540 1 0 2-6jets  Yes 203 |q 850 GeV mp?f):o GeV, m(1* gen. §)=m(2" gen. q) 1405.7875
. s 38 Sﬂqul 0 26jets  Yes 203 |2 1.33 TeV mp?.) 0GeV 1405.7875
® 22 2—qq¥i —>qqW* )(. 1ep 3-6jets Yes 203 |Z 1.18 TeV m(X )<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
Y] 28, eﬂqg([[/[v/vv)f\/l A 0-3 jets - 20.3 Z 1.12 TeV m(¥})=0GeV ATLAS-CONF-2013-089
3 GMSB ({ NLSP) 2e,pu 2-4jets  Yes 4.7 & 1.24 TeV tanf<15 1208.4688
) GMSB (7 NLSP) 1-27+0-1( 0-2jets  Yes 20.3 z 1.6TeV  tang>20 1407.0603
% GGM (bino NLSP) 2y - Yes 203 |z 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) leu+y - Yes 4.8 g 619 GeV m(¥))>50 GeV ATLAS-CONF-2012-144
Q GGM (higgsino-bino NLSP) Y 1b Yes 48 |& 900 GeV m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2¢,u(Z) 03jets  Yes 58 m(NLSP)>200 GeV ATLAS-CONF-2012-152
- q:; - gﬁhb/\/l 0 3b Yes 201 |& 1.25 TeV m(¥})<400 GeV 1407.0600
= > g g—m)(6 0 7-10jets  Yes 20.3 g 1.1 TeV m(x’) <350 GeV 1308.1841
= ?fﬁ = gﬂtt-,\/l 8-1 e 2Z ies gg} g 11.?;41:I'e‘>l mp\/.)<4ooeev 1407.0600
pe gobit| -1e.p es . Z 3Te m(¥1)<300 GeV 1407.0600
- biby, by Hhxw 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
o = biby, bi—iXy 2¢,u(SS)  08b Yes  20.3 by 275-440 GeV m(t;)=2 m(i}) 1404.2500
<.8 7 (ight), i —bXi 12e,pu 1-2b Yes 47 |4 110-167 GeV m@?)=ss GeV 1208.4305, 1209.2102
g ‘5’ 7171 (light), 7y _)Wb)?l 2e.p 0-2 jets Yes 20.3 A 130-210 GeV m(¥}) =m(7)-m(W)-50 GeV, m(7, )<<m(¥}) 1403.4853
- gg 7171 (medium), 71— 2e.p 2jets Yes 203 |§ 215-530 GeV @?,) 1GeV N 1403.4853
- 5 fifi(medium), 7 —>b)(| 0 2b Yes 201 i 150-580 GeV m(¥})<200 GeV, m(¥})-m(¥})=5 GeV 1308.2631
i-—z—f 7,7 (heavy), 1,%% Tepu 1b Yes 20 |# 210-640 GeV m(¥))=0 GeV 1407.0583
< O Aii(heavy) 7 -1t 0 2b Yes  20.1 A 260-640 GeV m(t})=0 Gev 1406.1122
- AT i, 1ok 0  mono-jet/ctag Yes  20.3 | 4 90-240 GeV m()-m(¥1)<85GeV 1407.0608
717 (natural GMSB) 2e.pu(2) 1b Yes 203 |# 150-580 GeV m(t})>150 GeV 1403.5222
e - h, ot +Z 3e.u(2) 1b Yes 203 |#& 290-600 GeV m(¥})<200 GeV 1403.5222
- lirlig, (_mr, 2epu 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
Ve, )?, —Tv(l7) 2ep 0 Yes 203 | X} 140-465 GeV m(¥})=0GeV, m(, o.s(mwf)m(i?)) 1403.5204
> ‘g )(Ig X —>v(rv) . 27 - Yes 203 xi Y 100-350 GeV ) mg?T):o GeV, m(z, 7)=0. 5(m(/\7| )+m()2.)) 1407.0350
% )g; 6_’[' v{[ va), vl L) Sepu 0 Yes 20.3 )f';)-( 700 GeV m(Fr)=m(¥2), m(¥))= o m(, v) =0.5(m(¥7 )+m(E!)) 1402.7029
XX — WX, ZX 2-3ep ] Yes 20.3 % 420 GeV mE7)=mi ()( ). m()(‘) 0, sleptons decoupled 1403.5294, 1402.7029
)Eg)? HW)(\h)(, Tepn 2b Yes 203 g;,)?, 285 GeV m(t7)= m ), m(?)=0, sleptons decoupled ATLAS-CONF-2013-093
T3, X553 o lrl dep 0 Yes 203 |k 620 GeV m(¥3)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
B @ Direct V{1 prod. long-lived ¥ Disapp. trk 1 jet Yes 203 | 270 GeV m(¥E)-m(¥))=160 MeV, 7(¥+)=0.2 ns ATLAS-CONF-2013-069
@ % Stable, stopped g R hadron 0 1-5 jets Yes 27.9 2 832 GeV m(¥})=100 GeV, 10 us<7()<1000 s 1310.6584
©E GMSB, stable 7, -z, re. ) 1-2p - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
s 8 GMSB, ¥1-yG, long-lived ¥ 2y - Yes 47 |H 230 GeV 0.4<7(¥})<2 ns 1304.6310
- G, X0 —qqu (RPV) 1y, displ. vix - - 203 |4 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
@ LFV pp—¥; + X, ¥r—e +p 2e,p - - 46 |9 161 TeV  1,,=0.10, 1;=0.05 1212.1272
LFV pp—7: + X, Vo—e(u) + 7 Tep+t - - 46 | 1.1 TeV 45;,=0.10, 1,2)33=0.05 1212.1272
> Bilinear RPV CMSSM 2e,10(SS) 0-3b Yes 20.3 3.z 1.35 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
o TR W) seety, e dep - Yes 203 | @ 750 GeV m(E})>0.2xm(E), A1 70 1405.5086
)Z,*)?, XWX >trve, ey, Bepu+t - Yes 20.3 X 450 GeV mpv.)>0 2xm(¥7), 4133 %0 1405.5086
8999 0 6-7 jets - 203 |z 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—hit, i —>bs 2¢,u(8S)  08b Yes 203 |Z 850 GeV 1404.250
- Scalar gluon pair, sgluon—¢gq 0 4 jets - 4.6 sgluon 100-287 GeV incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—tf 2e,(SS) 2b Yes 14.3 sgluon | 350-800 GeV ATLAS-CONF-2013-051
% 6 WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
| L L P | L L PR
Vs =7TeV Vs =8TeV 10-! 1
£ full data full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical

signal cross section uncertainty.
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Dijets

Two-jets with R=0.6, p>50 GeV

M;;: 0.25-4.5 TeV. Cross section
spans over >8 orders of
magnitude, fitted with

f(x)=p1(1 - m)p2$p3+p4 Inz .

M

237
S

7

0 4 ' ‘
210°k
g ATLAS A
[ 108 ‘ 4
o 1s=8 TeV, [L dt=20.3 fb
23)10 W
g0 >8 orders of magnitude
o 10° :
®
§ 10* —e— Data
a 10° — Fit
el g, m=0.6 TeV
—o- g, m=2.0TeV
10 *
g, m=35TeV
1 K4 =
£ 1 =
& o mfi
S £
e 2 —=
5 0 =
o, =

03 0405

3
Reconstructed m, [TeV]

N
[6)]

102k

10°

arXiv:1407.1376

—e— Observed 95% CL upper limit 3
- Expected 95% CL upper limit _]
\ 68% and 95% bands E

\ Ldt=2031" 3
N\ \s=8 TeV

m,. [TeV]

Exclusions on various models

Excited quark (=qg): < 4.1 TeV
Color-octet scalar (=gg): < 2.7 TeV
W’ (=qq’bar): < 2.5 TeV

Quantum black hole (=q,g): < 5.8 TeV

Model-independent interpretations

Gaussian signal shape
Breit-Wigner shape

O /M=0.5-5%

O qq, qg, gg, qgbar initial states
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Mono-X Searches

M et Mono- top CMS: B2G-12-022
3 T T T T T T T T T T T T T T OnOJe . CMSPreIlmmary197pbat\s_sTeV
610" [ . 2 : 3
& © CMS Preliminary ] w-v CMS: EXO-12-048 CMS Preliminary 5= 8 TeV, L= 19.6 fb"* g 5 data
S ) B . . ‘ ‘ E +ets
2 10°F  (§=8Tev I E E ) veiet, W), 1, ZDy 70 ] Waets
8 F fLactosn R ] 3 3 Beam Hal —
e B — 3 5 1 = E v
E 1 I zor 3 . > 1 =wew 1 s Single To|
104; ------ ADDMg=2TeV,5=3  _ MonophOton = 1 -ﬂla “I{ ; Fshng )
ElHe DMA=09TeV, M, =1 GeV — sﬁ"X‘B&S&‘i DTeVn=3) 1
10° [ poiiey e UNP4=17,A)=2TeV | CMS EXO 1 2 047 —6— DATA
E @ Data E - = 1
e i |
F i PRy i, g i 1 E
10 E ' 1 1 [®)
E 3 2
L 107 ! . g
E ISENIE 025 1 = 5 EAY
S i i i 2 . N R
200 300 400 500 600 700 soo 500 1000 2 .: I E 0. SF S
T° [GeV] g 1 +¢—<}J~+ 0™560 280 300 320 340 360 380 400
0.5 1 E: (GeV)
300 300" 400500 600 700 800 9001000 >10°g T Wz =
: GeV $10E  ATLAs E
MonO'W/Z (had ronIC): Er [ ¢ ] (OD 186 E -W(I%I/‘ﬁtSquark A égs?elt/n\étlc Unc._J
el =] —— D1, M.=0.050 TeV ?
. ~10°ec T =
ATLAS. 1 309.401 7 Process Er’fw“ss > 350 GeV E?ISS > 500 GeV _$1g4 ; ——  meees ZZ gdrg?;rv '\rq %Tl\% 6 _;
= 39 £10° -
7 — v 402t34 54*_’?0 10 f__ J-L_zo;f:mo\;z\leev 3
W — (*v, Z — (567 210738 2213 Mono-Z: d - E
o 3
WW,WZ,ZZ 57t 91713
] ’ — +—1.1 . 3
tt, single t 391—;0 3.7*_'}:2 ATLAS. 1404.0051 3
Total 0T 8077, - :
Data 705 89 =S T ks ) Dy 2

050 100 150 200 250 300 350 400 450 500
ET™ [GeV]

SM background for MET > ~350 GeV
Monojet: Mono-W/Z(hadr): Mono-y: Mono-top(blv): Mono-Z(ll)
# of BG events: ~10,000: ~1,000: ~100: ~10: ~1
Main BG: Z(vv)+jets/W(lv)+jets  Z(vv)y ttbar L(W)Z(vv)

Different mono-X searches deal with different BGs at different level
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CMS,

Compact Muon Solenoid

Higgs Portal to Dark Matter

O DM particles directly couple to
the Higgs sector, H 2 xx

B Look for H = invisible in

e

—_

o
'

Events / 20 GeV
o

VBF+H and Z(ll,bb)+H modes

;_ CMS —@— Observed

3 VBF m,, = 125 GeV,
F (s=8TeV,L=19.5b" — Biteim=1o0%
=|_VBF H(inv Bl v

C - tf, tW, DY(Il)+jets, VV

—_
o
\II

q

,,,,, S —
E CMS —e— Observed E
£ ys=8TeV,L=19.7 fb"' __ ZH(m=125GeV),
E B(H — inv)=100% 7
D DY(ll)+jets
[ titw,ww,wjets &

[z E

C 18.9 fb 1 o ZHm,=125GeV,
- - — " B(H — inv)=100%
2 10" Caen winw fione, 5.
‘ 9h P, [ s
* 1,
E Qaco

arXiv:1404.1344

ZH

2 :
o0 | 1 é
150 200 250 300 350 400 450 500 EIQ tlossmmetneets g . ;
E_r;r_'nss [GeV] 0: ‘ ) ) ) p 0: ‘ ‘ ) ) ) ‘ ‘ ]
0 100 200 300 400 500 -1 -0.8-06-04-02 0 02 04 06 08 1
O Lepton vetos ET® [GeV] BDT output
0O VBF jets: pT(j1,2)> 50 GeV O Dileptons, M(ll)=M(Z)x15 GeV O MET: 100-130, 130-170, >170 GeV
|An|>4.2 Mjj > 1.1 TeV O Extra (b-)jet vetos O pr(j1,2)>60,30 GeV, Mjj<250 GeV
O MET > 130 GeV O MET > 120 GeV O CSV b-tag, additional jet vetos
O Ap(j1,j2) < 1.0 O IMET - pr(L1)| /7 p+(ll) <0.25 O lepton vetos, A@(Z,H) > 2.0, etc
O Central jet veto O A (LLLMET) > 2.7 O BDT > 0.8, 0.7, 0.3
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CMS,

Compact Muon Solenoid

~ Higgs Portal to Dark Matter

= [ 95% CLlimis [CMS VBF H = invisible |
5L Observed limit ~ Vs=8TeV,L=19.51" 10
> [ .. — = T T T T T T T 17T T T T T 1T
e [ - Expected limit QO A ! Combination of VBF and |
2 %0 [ Expected limit (10) 2 1022 ZH, H - invisible CMS
T b Expected limit (20) % 403L ¥5=8.0TeV, L =18.9-19.7 o (VBF+ZH)
%’ 15— 0 x (s=7.0TeV,L=491b"(ZH) B(H— inv) <0.51 @ 90% CL
x L () 1 0-4 my, = 125 GeV
© r cC 5
1 S 10
- 3] 6
B o 10
05— w 7R N
B n 10" = e -
10?’ I15LTI ;I ;‘7(|)0I = 2£|30 ‘ I3(‘)0 ‘ I35‘0 = ‘4(‘)0 24 1 0'8
p ~~<. M, [GeV] S . e
- o - v —— CRESST 1o
-~ - 1 0 ----------- CRESST 2
s F CMS o imi = = -10 —_— XENONTO(()I(2012)
3} - 95% CL limits 8 1 0 .......... XENON10(2011)
~= [J Combination of Z(bb)H mt L = =T ) "1 DAMA/LIBRA
\052-5_ and Z(INH, H — irsvis)ible (E): S:g:g Ililmmiltt © 10 ' === Min B CoGeNT(2013)/90%CL
T [ (5=8TeV (Both ZH channels) e P - =) Latice B O ey
% o L=189197 0" [ Expected I!m!t (1o) g 1 0'12 """ Max 2272 COUPP(2012)
e L Vs=7 Te\q (Z(IHH only) Expected limit (2c) E 1 0_13 L L —I - LUXI(QO%(;')L) I
@ | L=49f
i O 3
; 15— 10 1 02 10
: DM Mass M, [GeV]
1
0.5‘
B e e The limits on the DM-nucleon cross section
m, [Ge

vary for scalar, fermion, & vector, but the

The VBF channel sensitivity far | most stringent limits at low DM masses

exceeds the ZH one
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Supersymmetry (SUSY)

Standard particles

SUSY is a fundamental global
symmetry between fermions Y ¢
and bosons dl s
B Each fermion has a boson

superpartner, and vice versa
B Broken symmetry:

O Gravity-mediated SUSY
breaking, Gauge-mediated
SUSY breaking (GMSB), etc

Why attractive?

B The Lightest Supersymmetric Particle (LSP, often neutralino or gravitino) is
stable & neutral (if R-parity is conserved) - good Dark Matter candidate

B Supersymmetry provides a beautiful solution to the hierarchy problem

| Quarks @ Leptons @ rorce particies Squarks () Sleptons

Classical SUsY

2 2 1

R
-

1612 (m¢

Higgsino

) susy force
particles

SM
I | ! 1
: ,/"‘\' mh - (mh)o— @)\ZAZ‘F WAZ/\Z'F
- T @ ol 1
! . ~_-7 ~ = mf)In(A /m;) ,
I
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Supersymmetry Searches at the LHC

10 e ,L,ITCC SIIJSYOI“,'C,’ R _ 0O gluinos and 1t & 2" generation
2 410" § squarks: hlgh cross section
S e T
% ' 10t 2 i g
7 - g E N
p 10" 162 P
o C E £ _____
o - i - 7
B 102E &8 1 S b S
) 2 —=10? -2 ] _
3 - 12 B Multiple jets + MET
3 10°K 108 w/w.o. leptons, b-tags, photons
S F 108
Z 10_4_'2(')0' 1160 600 800 1000 1200~ 1400 1600
SUSY sparticle mass [GeV] [0 Stop & sbottom: medium cross
¥ section i
v AN .
O Charginos, neutralinos, sleptons: / T
St

small cross sections

B Multiple jets + MET + b-tags w/
M >’W‘“< >”““< w.o. leptons

selecting 0-4 leptons w/w.o. b-
tags, jets, W’s, Z’s, h’s
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CMS

Displaced Dilepton: e,

CMS-PAS-B2G-12-024 | ~ SMeSmuaten
O Model: [cm]

B stop-stop — bl bl with lifetimes (ct ~ 100pm - )

2 cm) L

O Selection: )
B OS and isolated e/p with no common vertex

B Control regions: SS & non-isolated regions to
derive QCD background estimate

B Validation regions: control regions with ~ CMS Preliminary: L= 10.7 f6™ at V5 = 8 TeV
smaller d, 5 e
B Interpret as colored pair production with 100% s | ]
BR into lepton + X. No selection on X. ® joL -
; expected limit +2 ¢ E
Event Source 0.02cm < |dy| <005em  0.05cm < |dp| < 0.1cm |do| = 0.1 ecm B expected limit +1¢ B
Total expected background 180+05+38 1.01 £0.06 £0.30 0.051 +£0.015+0.010 i . I
Obscrvation 1 0 n e expected limit .
pp—hiy E = observed limit 3
M =500 GeV, {ct) =1 mm 301+£07+1.1 654+0.34+£024 1.344+0.15+0.05 L i
M =500 GeV, (ct)=1cm 353+08+13 303+07+11 513+10%+19 - g
M =500 GeV, {ct)=10cm 473+0.30+0.17 5.57 £0.32+0.20 26.27 +£0.70 £0.93 107 _
[0 Best results at ct ~ 2 cm with exclusion of K .
m(stop) < 790 GeV at 95% CL 350" 400 450 500 550 600 650 700 750 800

stop mass [GeV]
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LHC Evolution

Run 1 Run 2 Run 3 High-luminosity LHC
L;..=~3000 fb!
. -5 %1034 cm2s°f
injector
LHC: splice upgrade, HL-LHC (w/ lumi
" | consolidation cryogenics, installation | leveling)
collimation
. : Li=~300fb" . oA < o)
Line=~100 fb-" int
L;t=~20 fb . ] I ‘3 (ﬁ (ﬁ
~1 %103 cmZs! ~2 %103 cm2s!
— a
«— ~25PU/crossing =d ~50 PU/crossing ~140 PU/crossing
8 TeV ‘j @ 25ns @ 25ns @ 25ns
—_— >
13-14 TeV 14 TeV

Iﬂﬂlﬂ}

Based on LHC schedule approved by CERN management, LHC experiment spokespersons and
technical coordinators on Dec 2, 2013  Also, Bordry at ECFA HL-LHC workshop & Gregor.
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