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Physics case for new High Energy Machines

Reminder: The Standard Model
- tells us how but not why 

3 flavour families? Mass spectra? Hierarchy? 19 parameters!
- needs fine tuning of parameters to level of 10-30 !
- has no connection with gravity
-no unification of the forces at high energy

-Supersymmetry
-Extra space dimensions

Many other ideas:More symmetry and gauge bosons, composite  
Higgs models, L-R symmetry, quark & lepton substructure, 
Little Higgs models,Technicolor, Hidden Valleys, 4thÇÅÎÅÒÁÔÉÏÎȣ

Understand the mechanism Electroweak Symmetry Breaking

Discover physics beyond the Standard Model

Most popular extensionssince 2000
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New Physics?

Extra Dimensions? Black Holes???

Little Higgs?

ZZ/WW resonances?
Technicolor?

Supersymmetry

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

New Gauge Bosons?

Hidden Valleys?

Javier Cuevas, TAE 2015, Benasque 3



ÅEvents with five jets of particlesand large missingenergywhich
could come from a possible dark matter particle

Å But a few eventsisnot enoughto prove we have somethingnew 
Å No visible excesshas been building up with ÔÉÍÅȣ 

SomeInteresting Collisions
ȣÁÌÒÅÁÄÙ ÉÎ ΤΡΣΡȣ
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Beyondthe Standard Model
Å Apart from the naturalnessargument: 
ïStandard Model accommodates, but doesnot explain: 

ÅEWSB 
ÅCP-violation
ÅFermionmasses(i.e., the valuesof the Yukawa couplingsto the Higgsfield) 

ï It ÄÏÅÓÎȭÔprovide natural explanationfor the: 
ÅNeutrino masses
ÅColddark matter

Å Logicalconclusion: 
ïStandard model is an effective theory ɀa low-energy approximation

of a more complete theory, which ultimately explainsthe above
phenomena

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

ïThreeclassesof solutions: 
ÅEnsureautomatic cancellationof divergencies(SUSY/Little Higgs) 
ÅEliminatefundamental scalarand/or introduce intermediate scaleɤ~ 1 TeV

(Technicolor/ Higgslessmodels) -basicallydeadnow
ÅReduce the highestphysicsscaleto ~1 TeV(Extra Dimensions) 
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BSM signatures
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Search for Large Extra Dimensions
Mono-jet final state +MissingET (ADD)

pT jet > 110 GeV
MET > 200 GeV

Limits on MD

between 
3 and 4 TeV

Lower limit on the Planck Scale 
versus number of extra dimensions 

arXiv:1408.3583
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Extra Dimensions!

Look for the decay producs

of an evaporating black hole 

Define ST to be the scalar 

sum of all high pT objects 

found in the event

Look for deviations 

at high ST

Planck scale

a few TeV? 

Search for Micro Black Holes

arXiv:1202.6396

Nice events, eg a 10 jet event

September 2015 Javier Cuevas, TAE 2015, Benasque 9Black hole masses excluded in range below ~5 TeV depending on assumptions



Searcheswith Boosted Objects

BOOST dedicatedmeetings
http://boost2015.uchicago.edu/
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Resonances Decaying into qVor VV
Heavy resonances decaying into qZor qW, or VV jets only (CMS)
or llqq (ATLAS) using boosted jets and jet substructure analysis 

These type of analyses 
will get even more 
important at 13 TeV

Jets start to merge for 
X = 700-900 GeV

CMS

arXiv:1405.1994 ATLAS

arXiv:1506.00962

%ØÃÅÓÓ ÉÎ 7: ÏÆ ΥȢΦʎ
(2.5 with LEE)
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Top: a window to BSM physics ?
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Summary of Exotica Searches
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The Hier ar c hy  Problem

ÅHiggs boson mass receives corrections from fermion loops: 
!
!
!
!
!
!
ÅThe size of corrections is ~ to the UV cutoff (L ) squared: 

!

!
ÅIn order for the Higgs boson mass to be finite, a fine tuning 

(cancellation) of various loops is required to a precision  ~(MH/ L )2 ~ 

10-34 for L  ~ MPl 

ÅThis is known as a ñhierarchy problemò stemming from a large 

hierarchy between the electroweak symmetry breaking and Planck 

scales, and it requires new physics at ȿ ~ 1-10 TeV

9

æM 2
H =

ɚ2
f

4ᶏ2
(ᶏ2 + M 2

H ) + ...

TheHierarchyProblem
ÅHiggs bosonmassreceivescorrections from fermion

loops: 

ÅThesizeof corrections is~to the UV cutoff (ɤ) 
squared: 

ÅIn order for the Higgsbosonmassto be finite, a fine 
tuning (cancellation) of variousloops is required to a 
precision~  ɉMH/ɤ)2 ~ 10-34 for ɤ~ MPl

ÅThisisknownÁÓ Á Ȱhierarchyproblemȱ stemming
from a largehierarchybetween the electroweak
symmetrybreakingand Planck scales, and it requires
new physicsat ɤ~ 1-10 TeV
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Important properties of SUSY

ÅElegantsolution to the hierarchyproblem (i.e., 
why the Higgsmassisnot at the Planck scale) 

ÅDarkmatter candidatewith the right
abundance

ÅGauge unification

Åpredictsa light Higgs mh< 130 GeV

Åconsistentwith EW precision tests

September 2015 Javier Cuevas, TAE 2015, Benasque 15



Searches for BSM Physics

Å First Searches at the LHC (2010-2012) 
ïSupersymmetrywith MET plus jets, lepton(s), photons
ïExtra Dimensions and black holes, heavy resonances (in 

electrons, muons, taus, jets), leptoquarks, excited leptons and 
quarks, 4th generation, a few very exotic signatures (R-
hadronsɊȣ

Å Evolved Searches (2013-ȣɊ
ïSupersymmetryon third generation squarks, compressed 

spectra, stealth SUSY, EWKinosȟ 6"& ÐÒÏÃÅÓÓÅÓȣ 
ïHiggs in decays or as study object, vector-like quarks, boosted 
ÏÂÊÅÃÔÓȟ ÌÏÎÇ ÌÉÖÅÄ ÐÁÒÔÉÃÌÅÓȟ ÆÒÁÃÔÉÏÎÁÌ ÃÈÁÒÇÅÓȣ

ïMore dedicated Dark Matter searches!  

ÅWe are now facing a restart of the machine at 13/14 TeVȣ
Back to the basics or do we change paradigm? 

September 2015 Javier Cuevas, TAE 2015, Benasque 16



MSSM and cMSSM
Å SUSY isa renormalizableand calculable theory and has beenthoroughly

studied theoretically over the last four decades
ÅMSSM has just two Higgsdoublets; neverthelessthe number of 

parametersdescribingthe model isstill very large: 124 
ï18 are the SM ones+ Higgsbosonmass(now known!) 
ï105 genuinelynew parameters:

Å5 real parametersand 3 CP-violating phasesin gauginosector
Å21 squark/slepton massesand 36 mixing angle
Å40 CP-violating phasesin the sfermion sector 

Å Thismakesit very challengingto searchfor genericSUSY, and 
simplifyingassumptionsare typicallymade

ÅOneof thesesimplificationsisconstrainedMSSM, or cMSSM, which
assumesgauginounification and degeneratesquark/slepton massesat 
high energy(typical of gravity-mediatedSUSY breaking) 

Å Thatresults in just five parametersfixing all the SUSY interactions: 
commonscalarand fermion massesM0, M1/2, ratio of the vacuum
expectations of the two HiggsdoubletsÔÁÎɼ, signof Higgsinomass
term signɉʈɊ, and trilinear couplingA0 
September 2015 Javier Cuevas, TAE 2015, Benasque 17



Detecting SupersymmetricParticles

Energy produced in the detector

q f

Super-symmetric particles decay and produce a cascade of jets, leptons and 
missingtransverse energy(MET) due ÔÏ ÅÓÃÁÐÉÎÇ ȬÄÁÒË ÍÁÔÔÅÒȭ particle candidates

Veryprominent signatures in CMS and ATLAS

simulation

September 2015 Javier Cuevas, TAE 2015, Benasque 18



SUSYSearches: No signal yet to date

CMS-SUS-11-015

·Sofar NOclear signal of 
supersymmetricparticles 
has been found

·Wecan exclude regions
where the new particles
could exist.

·Searcheswill continue for 
the higher energy in 2015

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 regions 

excluded

allowed 

Status in 2013

September 2015 Javier Cuevas, TAE 2015, Benasque 21



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

Examples
Popular presentation of data:

Simplified ModelS(SMS) 

September 2015 Javier Cuevas, TAE 2015, Benasque 22Combined limits typically > 1-1.3 TeV on sparticle masses 



What is really needed from SUSY?

N. Arkani-Ahmed
CERN Nov 2011

Papucci, Ruderman, 
WeilerarXiv:1110.6926

LHC data end 2011
Stops > 200-300 GeV
Gluino> 600-800 GeV

Moving away from 
constrained SUSY models
ÔÏ ȬÎÁÔÕÒÁÌȭ ÍÏÄÅÌÓ

Natural SUSY survived
LHC so far, but we 
are getting close to 
push it to its limits!

End 2011: Revision!
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Stop Searches
ÅStop is specialfor Ȱnaturalnessȱ Ÿ directly cancelsthe

top loop
ÅSearchdependson stop massand decaychannelsɀ

broad program... 
ÅFocuson just two Feynmandiagramsrepresenting

relevant production and decay: t ŸÔϹʔand t ŸÂϹʔ
ïBoth result in the samesignature: bbW+W-+MET 
ïThis is the samesignatureas tt production (unlessboth 7ȭÓ

decayhadronically) - givesyou an idea of the dominant
background

September 2015 Javier Cuevas, TAE 2015, Benasque 24
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Dir ect  St op Signa t ur es

 We will model the stop pair production via a ñSimpliýed Model 

Scenarioò, i.e. zooming only on the light SUSY particles that matter 

for this process and assuming all other SUSY particles to be heavy  

 Focus on just two Feynman diagrams representing relevant 

production and decay: t Ÿ t+ c
0
 and t Ÿ b+ c

+ 

ƃBoth result in the same signature: bbW
+
W

-
+MET 

ƃN.B. this is the same signature as tt production (unless both Wôs decay 

hadronically) - gives you an idea of the dominant background
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Stop Searches
ÅDependingon the massdifferencesbetween the stop and 

neutralino (chargino), severalkinematicregionsare 
defined: 

ÅDifferent regionscorrespondto different challenges, so 
searchstrategy generallydependson the region

ÅGiventhat 4-body decaysare enormouslysuppressed
kinematically, the regionɝ- Ё -W in the ÔʔΡ mode is
usuallycoveredby other channels, e.g. FCNC t ŸÃʔdecay
September 2015 Javier Cuevas, TAE 2015, Benasque 25 S
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Kinema t ic Regions

 Depending on the mass differences between the stop and 

neutralino (chargino), several kinematic regions are deýned: 

!

!

!

!

!

!

 Different regions correspond to different challenges, so 

search strategy generally depends on the region 

 Given that 4-body decays are enormously suppressed 

kinematically, the region ȹM < MW in the t c 0 mode is usually 

covered by other channels, e.g. FCNC t Ÿc c 0 decay

6

ȹM = MW

MVA Strategy!
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Stop searches: ×ÈÁÔȭÓthe best final state
to pursuethe search

ÅThefinal state dependson the W bosondecay
channels
ïAll hadronicchannelhas  the highestbranching  

fraction, but backgrounds  ÁÒÅ huge
ïDilepton channelisclean  but the branchingfraction is

tiny
ïTau channelsare tough

ÅSingle-lepton (ÅϹÊÅÔÓȟʈϹÊÅÔÓ) channelsas a 
compromisebetween BR (30%) and purity
ÅStandard variable when dealingwith MET: MT
ÅMT2 or stransversemass(Lesters& Summers, hep-

ph/9906349 ):
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Trans ver se Mas s

 Standard variable when dealing with signatures containing MET 

 Classical example: W(l n ) 

 Transverse mass is an  

approximation of the  

invariant mass in the  

case when the  

longitudinal  

momentum component 

is not available (e.g.,  

due to a neutrino) 

 Has a sharp Jacobian peak  

with a sharp falling edge at  

the true invariant mass mW 

 Signal has different distribution in MT, as it contains three invisible 

particles and therefore doesnôt have a Jacobian peak at mW
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Figure 1. The W signal dist ribut ions: (a) E/ T dist ribut ion for the selected W ! e sample; (b) M T

distribut ions for the selected W ! Õ sample. The points represent the data. Superimposed are

the results of the maximum likelihood ýts for signal plus backgrounds, in yellow; all backgrounds,

in orange; QCD backgrounds, in violet . The dashed lines represent the signal dist ribut ions.

Smirnov test . The inclusive yield is NW = 12257Ñ111. The charge-speciýc yields are

NW + = 7445Ñ87 and NWī = 4812Ñ69. Here, we ýt simultaneously for the inclusive

yield NW and the rat io NW + / NWī so that , by construct ion, NW = NW + + NWī.

6.2 Z boson select ion

To ident ify Z ! `+ `ī decays, a pair of ident iýed leptons is required, with dilepton in-

variant mass in the range 60 < M `+ `ī < 120GeV. Backgrounds are very low, including

backgrounds from QCD processes. In theZ ! e+ eīchannel, theyield isobtained by count-

ing the number of selected events and making a small correct ion for backgrounds. In the

Z ! Õ+Õī channel, yield and lepton efficiencies areýtted simultaneously. No correct ion is

made for ɔᶎexchange.

6.2.1 Elect rons

The Z ! e+ eī candidate events are required to have two electrons sat isfying the same

select ion criteria as the electrons selected in the W ! e sample. Both electrons must

have an ECAL cluster with ET > 20GeV in the ECAL ýducial volume. The fract ion of

signal events selected in the simulat ion is FZ = 0.285Ñ0.005.

The Z mass peaks in the data exhibit small shifts, on the order of 1 to 2%, with respect

to the simulated distribut ions. From these shifts, we determine ECAL cluster energy scale

correct ion factors of 1.015Ñ0.002 and 1.033Ñ0.005 for barrel and endcap electrons,

respect ively. The uncertaint ies on these correct ion factors are propagated as systemat ic

uncertaint ies on the yield. Applying these correct ions to electron candidates in the data,

we select 677 events, with the dielect ron invariant mass shown in ýgure 2 (a), along with
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J
H

E
P

0
1

(
2

0
1

1
)

0
8

0
6.1 W boson select ion

The W events are characterized by a prompt, energet ic, and isolated lepton, and signiýcant

missing energy. The main backgrounds are QCD mult ijet events and Drell-Yan events in

which one lepton fails the select ion. The QCD background is reduced by requiring the lep-

ton to be isolated; the remaining eventsdo not have largeE/ T and can bedist inguished from

signal events on a stat ist ical basis. The Drell-Yan background is suppressed by reject ing

events with a second lepton candidate.

To measure the signal yields, we choose to ýt the E/ T dist ribut ion in the electron

channel and the M T dist ribut ion in the muon channel, where M T =
p

2pT E/ T (1īcosæű);

æű is the angle between the missing transverse momentum and the lepton transverse

momentum. QCD backgrounds are est imated from data, as explained below. According to

the simulat ion, W ! makes a small relat ive contribut ion; backgrounds from Z ! + ī,

t t , and diboson product ion are negligible in both electron and muon channels.

6.1.1 Elect rons

The W ! e candidate events are required to have one ident iýed electron with an ECAL

cluster of ET > 20GeV in the ECAL ýducial volume. If a second electron candidate

sat isfying looser criteria and with ET > 20GeV ispresent in theevent , theevent is rejected.

The fract ion of signal events selected in the simulat ion is FW = 0.446Ñ0.006, with FW + =

0.459Ñ0.007 and FWī = 0.428Ñ0.008. The number of events selected in the data is

28601, with 15859 posit ive and 12742 negat ive electrons.

The W ! e signal is extracted from an unbinned maximum likelihood ýt of the

observed E/ T dist ribut ion to the sum of signal and background shapes. The QCD back-

ground shape, which accounts for both QCD mult ijet product ion and direct-photon pro-

duct ion with the photon convert ing in the detector, can be modeled by a modiýed

Rayleigh dist ribut ion,

f (E/ T ) = E/ T ᶏexp

 

ī
E/ 2

T

2(ů0 + ů1E/ T )2

!

.

This funct ion can be understood as describing þuctuat ions of the missing transverse mo-

mentum vector around zero due to measurement errors; the resolut ion term, ů0 + ů1E/ T ,

increases with E/ T to account for tails in the E/ T measurement. This funct ion describes

well the QCD background shape in the simulat ion, over the full range of E/ T , as well as

E/ T dist ribut ions from signal-free samples obtained by invert ing the ident iýcat ion or isola-

t ion criteria.

The signal dist ribut ions are derived from simulat ion, separately for W+ and Wī, and

receive an event-by-event correct ion in bins of the W transverse momentum, determined

from a study of the hadronic recoil dist ribut ions of Z ! e+ eī events in the data [14]. In ýts

to the E/ T dist ribut ions, the free parameters are the W signal yield, the QCD background

yield, and the shape parametersů0 and ů1.

We extract the inclusive yield NW from a ýt where the expected rat io for ůW + / ůWī

is assumed. It has been checked that the result was insensit ive to this assumpt ion. Fig-

ure 1 (a) shows the E/ T dist ribut ion of the inclusive W ! e sample and the results of
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Figure 2: Comparison of data with MC simulation for the distributions of (a) MT, (b) Emiss
T ,

(c) MW
T2, (d) hadronic top c2, (e) H ratio

T , (f) minimum Df between the Emiss
T vector and the two

leading jets, (g) pT of the leading b-tagged jet, (h) DR between the leading b-tagged jet and the

lepton, and (i) lepton pT, after thepreselection. For theplots (a)-(f), distributions for theet ! t ec0
1

model with met = 650GeV and mec0
1

= 50GeV, scaled by a factor of 1000, are overlayed. We also

show distributions of et ! t ec0
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Introduction

ÅThestransversemassMT2 is a generalization of
the transverse mass for decay chains with two
unobserved particles, typical in SUSY events

MT2 = min
pc1
T

+pc2
T

= /pT

max m
(1)

T
,m

(2)

T

ÅFor the simpliýed case of no ISR and zero masses:

(MT2)2 ḗ 2p
vis(1)

T
p
vis(2)

T
(1 + cosű12)

ÅMultijet events divided into 2 massless pseudo-jets using a hemisphere

algorithm

ÅMT2 å /ETfor symmetric SUSY-like topologies

ÅMT2 is a QCD killer

ÅMT2 å0 for back-to-back events with no genuine MET

ÅMT2 < /ETstill highly suppressed for nearly back-to-back QCD mismeasurements

ÅMT2 provides a very good discriminating power between SM and SUSY-like

events, and in this analysis is used as a discovery variable

Bruno Casal (ETH) SUSY Search with MT2 02/04/2012 4 / 35

MT2 vs /ET

Pascal Nef

MT2 - MET comparison

69

PFMET

0 200 400 600 800

T
2

M

0

200

400

600

800

0

10

20

30

40

50

LM4

PFMET

0 50 100

T
2

M

0

50

100

1

10

210

310

410

QCD 470-600

0 200 400 600
0

10

20

QCD

W+jets

Z+jets

Top

Other

LM6

data

 3 Jets³

E
v
e
n
ts

 [GeV]T2M

after MET > 300 GeV

Bruno Casal (ETH) SUSY Search with MT2 02/04/2012 45 / 35

Introduction

ÅThestransversemassMT2 is a generalization of
the transverse mass for decay chains with two
unobserved particles, typical in SUSY events

MT2 = min
pc1
T

+pc2
T

= /pT

max m
(1)

T
,m

(2)

T

ÅFor the simpliýed case of no ISR and zero masses:

(MT2)2 ḗ 2p
vis(1)

T
p
vis(2)

T
(1 + cosű12)

ÅMultijet events divided into 2 massless pseudo-jets using a hemisphere

algorithm

ÅMT2 å/ETfor symmetric SUSY-like topologies

ÅMT2 is a QCD killer

ÅMT2 å0 for back-to-back events with no genuine MET

ÅMT2 < /ETstill highly suppressed for nearly back-to-back QCD mismeasurements

ÅMT2 provides a very good discriminating power between SM and SUSY-like

events, and in this analysis is used as a discovery variable

Bruno Casal (ETH) SUSY Search with MT2 02/04/2012 4 / 35

The MT2 Var ia ble

 MT2: ñstransverse massò - a 

generalization of the transverse 

mass in case of a pair of 

invisible particles 

 For a simpliýed case of no 

extra jets and zero masses for 

visible and invisible systems: 

!

!
ƃMT2 ~ MET for symmetric 

SUSY-like topologies 

 MT2 kills QCD background very 

efficiently: 
ƃMT2 ~ 0 for dijets 

ƃMT2 < MET in case of 

mismeasured dijets
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Final optimization
ÅCut-basedapproach, variables are treated independently

putting a cutoff in eachof them.
ÅMultivariate: all variables are combinedin a likelihood, 

BDT or ANN reflecting how signal-like they are.
ÅSelecteventswith MT > 120 GeV
ÅSeveralsignalregionsdefined with a cut-basedor MVA 

approach(~ 40 % improvement) 
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stop: Combinationof channels:
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Prospectsfor run 2
ÅDiscovery reachin 

stop masswill reach
to 800 GeVin a 
conservativescenario
ÅCrucial region for

testing naturalness
and whether SUSY 
has a role in 
Electroweak
symmetry breaking
ÅNaturalnessprefers

mstop lighter than 700 
GeV
ÅHiggsmassof ~125 

GeVprefers mstop
heavierthan 300 GeV
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Recent New Directions

Multi-ÊÅÔ ɉЄΨɊȟ ÎÏ -%4VBF EWKinoproduction Scalar charm quark

September 2015 Javier Cuevas, TAE 2015, Benasque 30



Summary of SUSY Searches (ATLAS)
In short: no sign of SUSY with the data collected so far
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Summary of SUSY Searches (CMS)
In short: no sign of SUSY with the data collected so far
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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.   

September 2015 Javier Cuevas, TAE 2015, Benasque 33



Mono-X signatures
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Figure1: Dark matter production in association with a single jet in a hadron collider.

3.1. Comparing Various Mono-Jet Analyses

Dark matter pair production through a diagram likeýgure 1 is one of the leading channels

for dark matter searches at hadron colliders [3, 4]. The signal would manifest itself as an excess

of jets plus missing energy (j + /ET) events over theStandard Model background, which consists

mainly of (Z ! ) + j and (W ! `inv ) + j ýnal states. In thelatter casethecharged lepton ` is

lost, as indicated by thesuperscript ñinvò.Experimental studiesof j + /ET ýnal stateshavebeen

performed by CDF [22], CMS[23] and ATLAS[24, 25], mostly in thecontext of ExtraDimensions.

Our analysiswill, for themost part, bebased on theATLASsearch [25] which looked for mono-

jets in 1 fbī1 of data, although wewill also compareto theearlier CMSanalysis [23], which used

36 pbī1 of integrated luminosity. The ATLAS search contains three separate analyses based on

successively harder pT cuts, the major selection criteria from each analysis that we apply in our

analysisaregiven below.3

LowPT Selection requires /ET > 120 GeV, one jet with pT(j 1) > 120 GeV, | (j 1)| < 2, and events

arevetoed if they contain a second jet with pT(j 2) > 30 GeV and | (j 2)| < 4.5.

Hi ghPT Selection requires /ET > 220 GeV, onejet with pT(j 1) > 250 GeV, | (j 1)| < 2, and events

are vetoed if there is a second jet with | (j 2)| < 4.5 and with either pT(j 2) > 60 GeV or

æű(j 2, /ET) < 0.5. Any further jetswith | (j 2)| < 4.5 must havepT(j 3) < 30 GeV.

veryHi ghPT Selection requires /ET > 300 GeV, one jet with pT(j 1) > 350 GeV, | (j 1)| < 2, and

eventsarevetoed if thereisa second jet with | (j 2)| < 4.5 and with either pT(j 2) > 60 GeV

or æű(j 2, /ET) < 0.5. Any further jetswith | (j 2)| < 4.5 must havepT(j 3) < 30 GeV.

In all caseseventsarevetoed if they contain any hard leptons, deýned for electronsas | (e)| < 2.47

and pT(e) > 20 GeV and for muonsas | (Õ)| < 2.4 and pT(Õ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events

areselected by requiring /ET > 150 GeV and one jet with pT(j 1) > 110 GeV and pseudo-rapidity

| (j 1)| < 2.4. A second jet with pT(j 2) > 30 GeV is allowed if theazimuthal angle it forms with

the leading jet isæű(j 1, j 2) < 2.0 radians. Eventswith morethan two jetswith pT > 30 GeV are

vetoed, asareeventscontaining charged leptonswith pT > 10 GeV. Thenumber of expected and

observed events in thevarioussearches isshown in tableI.

3 Both ATLASand CMSimposeadditional isolation cuts, which wedo not mimic in our analysis for simplicity and

since they would not havea large impact on our results.
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No signal ­limits on ñtraditionalò 

plane
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Z(Ÿll) + DM 

2 opposite-charge same-flavour leptons 

mll consistent with mZ 

Look for an excess in ET
miss  / M T spectrum 

[ATLAS /CMS] 

ZZ process fakes signal

monojet

MonoȰWȱ MonoZ


