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Disclaimer	  
•  CMS	  and	  ATLAS	  searches	  hundreds	  of	  new	  physics	  
models	  

•  Today,	  I	  will	  only	  show	  some	  personal	  collecDons	  
	  
	  
	  
Complete	  informaDon	  about	  all	  results:	  
•  ATLAS	  

–  hGps://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoDcsPublicResults	  
–  hGps://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults	  	  

•  CMS	  
–  hGps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO	  
–  hGps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS	  	  
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Introduc4on	  

The	  Standard	  Model	  is	  a	  (very)	  effecDve	  
theory	  that	  breaks	  down	  at	  a	  certain	  scale	  	  

→	  Hierarchy:quadraDc	  divergence	  of	  the	  
Higgs	  mass,	  extremely	  fine-‐tuned	  	  
→	  What	  is	  the	  underlying	  nature	  of	  EWSB?	  	  

Dark	  MaGer	  	  
→	  cannot	  be	  explained	  by	  SM	  	  
Neutrinos	  have	  mass	  	  
→	  where	  are	  the	  right-‐handed	  neutrinos?	  	  
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Why look “beyond” the Standard Model?

 See previous talk by G. Bhattacharyya

 The Standard Model is a (very) effective 
theory that breaks down at a certain scale
→ Hierarchy: quadratic divergence of the Higgs 

mass, extremely fine-tuned
→ What is the underlying nature of EWSB?

 Dark Matter
→ cannot be explained by SM

 Neutrinos have mass
→ where are the right-handed neutrinos?

 BSM models attempt to solve the SM 
limitations

New	  Physics?	  
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CMS	  and	  ATLAS	  

Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011 5

o

The ATLAS and CMS Detectors: same goals, different choices

CMS

ATLAS

 2T solenoid inside calorimeters
 Silicon+TRT tracker + electron ID 
 EM cal: Longitudinally segmented Lead-Ar: 

σE/E ~ 10%/√E[GeV]      0.7%

 HAD cal: Fe-scint + Cu-Ar, ≥11λ0           
σE/E ~ 50%/√E[GeV]      3%

 Air-toroid muon sp.: ⌡√B.dl = 1 to 7 T.m

 3.8T solenoid containing calorimeters

 Silicon tracker: σ(pT)/pT ~ 15% at 1TeV

 EM cal: homogeneous Lead-Tungstate 
crystal, σE/E ~ 3%/√E[GeV]      0.5%

 HAD cal: Brass-scint., ≥7λ0                             
  σE/E ~ 100%/√E[GeV]       5%

 Iron return yoke muon spectrometer

+o

+o

o+

o+

Both detectors are already close to their nominal performance
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More	  models	  more	  fun	  

Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011 9

A very long list of models x signatures

 Many extensions of the SM have been 
developed over the past decades: 

 Supersymmetry

 Extra-Dimensions

 Technicolor(s)

 Little Higgs

 No Higgs

 GUT

 Hidden Valley

 Leptoquarks

 Compositeness

 4th generation  (t', b')

 LRSM, heavy neutrino

 etc...

 1 jet + MET

 jets + MET

 1 lepton + MET

 Same-sign di-lepton

 Dilepton resonance

 Diphoton resonance

 Diphoton + MET

 Multileptons

 Lepton-jet resonance

 Lepton-photon resonance

 Gamma-jet resonance

 Diboson resonance

 Z+MET

 W/Z+Gamma resonance

 Top-antitop resonance

 Slow-moving particles

 Long-lived particles

 Top-antitop production

 Lepton-Jets

 Microscopic blackholes

 Dijet resonance

 etc...(for illustration only)

A complex 2D 
problem

Experimentally, 
a signature 

standpoint 
makes a lot of 
sense:
→ Practical
→ Less model-

dependent
→ Important to 

cover every 
possible 
signature
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Supersymmetry	  
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•  Supersymmetry	  links	  fermions	  and	  bosons	  
•  Elegant	  soluDon	  to	  the	  hierarchy	  problem	  
•  UnificaDon	  of	  the	  gauge	  couplings	  
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Same	  sign	  dilepton	  

SS	  dilepton	  can	  arise	  from	  e.g.	  gluino	  squark	  producDon	  
	  
	   	  CMS-‐SUS-‐11-‐010 	   	   	  ArXiV:1203.5763	  
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Results	  in	  some	  benchmark	  models	  

•  search	  for	  squark/
gluino	  producDon	  in	  
final	  states	  with	  jets,	  
missing	  ET	  ,	  and	  0/1	  
lepton	  

•  SensiDve	  to	  final	  states	  
from	  squarks	  mass	  
scale	  
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Summary of results in some benchmark model

ATLAS-CONF-2012-033   (4.7 fb-1)
Up to 6 jets + ET

miss

ATLAS-CONF-2012-037   (4.7 fb-1)

17/04/2012 15Michele Bianco (Spring-2012)

ATLAS-CONF-2012-037   (4.7 fb-1)
Up to 9 jets + ET

miss

ATLAS-CONF-2012-041   (4.7 fb-1)
1 lepton + jets + ET

miss
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Same	  sign	  dilepton	  with	  bjet	  
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• Similar to SS dilepton analysis: 
just add 2 b-tagged jets

• Fake lepton background from b’s 
dramatically smaller!

• top contribution expected to 
decrease by factor of 2!

• More exclusive search
• Same-sign top production
• SUSY 4 top final states
• SUSY sbottom pair production
• SUSY 4b4W final states

SS Dileptons + 2b-jets

SUS-
11-0

20
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R.	  Cavanaugh	  
Chicago	  2012,	  May	  2nd,	  2012	  
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Dilepton	  Resonances	  1/3	  
Mass	  Spectrum	  

35

BSM : heavy resonance searches

Very clean signature :
Two isolated high pt electrons
or muons

CMS (ATLAS) :

electrons : 
Et>35 barrel/40 endcap (25)
|eta|< 2.5(2.47)

-muons : 
pt>35((25) GeV

Search for narrow high mass resonances decaying into ee or µµ pairs
Predicted by many BSM models : spin 1 (GUT, LED, techni-mesons, ...) and spin 2 (RS gravitons, ...) 

NE
W

CMS EXO-11-019 ATLAS CONF 12-007

ee ee

µµ µµ Z' SSM : benchmark model
Same couplings as SM Z 
boson

5/7/12	   10	  

Expected	  in	  many	  new	  
physics	  models:	  
•  Z’	  
•  gravitons	  
•  Technicolor	  
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Dilepton	  resonance	  2/3	  

	  
CMS	  search	  in	  4.7	  F-‐1	  

•  μμ	  and	  ee	  channels	  
•  Z’SSM	  >	  1.94	  TeV	  
•  Z’ψ	  	  	  	  >	  1.62	  TeV	  
•  RS1	  	  graviton	  	  
–  k/MPl	  =	  0.05:	  mG	  >	  1.45	  TeV	  
–  k/MPl	  =	  0.10:	  mG	  >	  1.78	  TeV	  

CMS	  PAS	  EXO-‐11-‐019	  	  
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Dilepton	  Resonance	  3/3	  

ATLAS	  search	  in	  5	  F-‐1	  

•  μμ	  and	  ee	  channels	  
•  Z’SSM	  >	  2.21	  TeV	  
•  Z’ψ	  	  	  	  >	  1.76	  TeV	  
•  RS1	  	  graviton	  	  
– k/MPl	  =	  0.05:	  mG	  >	  1.71	  TeV	  
– k/MPl	  =	  0.10:	  mG	  >	  2.16	  TeV	  

ATLAS-‐CONF-‐2012-‐007	  	  
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Figure 5: The expected and observed 95% C.L. upper limits on �B as a function of mass for Z0 (top)
and G⇤ (bottom) models. Both results show the combination of the electron and muon channels. The
thickness of the Z0SSM (top) and the G⇤ for k/MPl=0.1 (bottom) theory curves illustrate the theoretical
uncertainties.

10
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τ+τ-‐	  

•  Searching	  for	  a	  Z’	  
decaying	  into	  τ+τ-‐	  pair	  

•  All	  4	  channels	  
consistent	  with	  SM	  
background	  
esDmates	  

•  95%	  CL	  limits	  
– ZSSM’	  >	  1.36	  TeV,	  
– Z’ψ	  >	  1.10	  TeV	  

5/7/12	   13	  

13

Z’ into di-taus 

• Searching for a Z’ decaying into 
a τ+τ- pair

• 4 possible final states: τeτμ, 
τeτhad, τμτhad, τhadτhad 

• Invariant masses shown at right 
with a simulated 750 GeV Z’ 
signal in orange 

• https://twiki.cern.ch/twiki/bin/
view/CMSPublic/
PhysicsResultsEXO11031

τμτhad τeτhad

τeτμ τhadτhad

• https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11031

D. Mason MCTP 2012

Thursday, April 19, 2012
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Dijet	  resonance	  
Signature	  of	  some	  new	  physics	  models	  
•  String	  balls	  
•  GUT	  
•  Diquark	  
•  Excied	  quarks	  
•  Axigluons	  
•  W’	  
•  Z’	  

CMS	  search	  in	  1	  F-‐1	  

Mass	  limits:	  
•  String	  resonance:	  m	  >	  4.00	  TeV	  
•  SSM:	  mW’	  >	  1.51	  TeV	  
•  Phys.	  LeG.	  B	  704,	  123	  (2011)	  	  
	  
ATLAS	  search	  in	  4.8	  F-‐1	  

Mass	  limits:	  
•  mq*	  >	  3.35	  TeV	  
•  ms8	  >	  1.94	  TeV	  
•  ATLAS-‐CONF-‐2012-‐038	  
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Diphoton	  
Signature	  for	  extra	  dimension	  m°°	  	  
	  
	  
	  
CMS	  search	  in	  2.2	  F-‐1	  

•  RS1	  MG	  >	  0.86	  –	  1.84	  TeV	  
•  ADD	  MD	  >	  2.3	  –	  3.8	  TeV	  
•  arXiv:1112.0688	  (accepted	  by	  PRL)	  
	  
	  
ATLAS	  search	  in	  2.1	  F-‐1	  

•  RS1	  MG 	  >	  0.79	  –	  1.75	  TeV	  
•  ADD	  MD	  	  >	  2.3	  –	  3.5	  TeV	  
•  Result	  combined	  with	  dilepton	  
•  arXiv:1112.2194	  (submiGed	  to	  PLB)	  	  
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Monojet	  
Monojet	  is	  a	  simple	  and	  striking	  signal	  	  
•High-‐pT	  jet	  with	  no	  object	  to	  balance	  pT	  	  
•Non-‐interacDng	  parDcle	  created	  	  
•Main	  BG	  is	  Z→νν	  
•BSM	  candidate	  here	  is	  ADD	  graviton	  	  

–𝑞𝑞→𝑔𝐺,	  𝑞𝑔→𝑞𝐺,	  gg→𝑔𝐺	  	  
–Limits	  set	  on	  MD,	  the	  Planck	  scale	  for	  𝑛𝐸𝐷	  
extra	  dimensions	  	  
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Monojet	  
ATLAS	  result	  obtained	  with	  1.0	  F-‐1	  	  
•MD	  >	  3.4	  TeV	  for	  𝑛𝐸𝐷=2	  	  
•MD	  >	  2.3	  TeV	  for	  𝑛𝐸𝐷=4	  	  
•ATLAS-‐CONF-‐2011-‐096	  	  
	  
CMS	  result	  obtained	  with	  4.7	  F-‐1	  	  
•MD	  >	  4.44	  TeV	  for	  𝑛𝐸𝐷=2	  	  
•MD	  >	  2.94	  TeV	  for	  𝑛𝐸𝐷=4	  	  
•Larger	  with	  NLO	  K-‐factor	  	  
•CMS	  PAS	  EXO-‐11-‐059	  	  
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Monophoton	  
CMS	  search	  in	  4.7	  F-‐1	  	  
•High-‐pT	  photon	  and	  not	  much	  else	  	  
•ADD	  limit	  (𝑞𝑞→𝐺𝛾):	  	  

–𝑀𝐷	  ≳	  1.59	  −	  1.66	  TeV	  for	  3	  ≤	  𝑛𝐸𝐷	  ≤	  6	  	  
•Limits	  on	  WIMP-‐nucleon	  cross	  secDon:	  	  

–𝜎𝐵	  <	  16-‐18	  w	  for	  1	  <	  𝑀DM	  <	  1000	  GeV	  	  
•CMS	  EXO	  11-‐096	  	  
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Monojet	  and	  Monophoton	  Results	  

	  
Best	  Limit	  for	  Dark	  MaGer	  Mass	  <	  3.5	  GeV	  a	  region	  as	  Unexplored	  	  
By	  Direct	  DetecDon	  Experiments	  	  
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Lepton+MET	  

5/7/12	   20	  

Search	  for	  𝑊ʹ′→𝑙	  ν	  (ℓ=𝑒,𝜇)	  	  
Calculate	  mass	  transverse:	  
	  
	  
ATLAS	  result	  based	  on	  1.0	  F-‐1	  	  
•SSM	  𝑚𝑊ʹ′	  >	  2.2	  TeV	  	  
•Phys.	  LeG.	  B	  705,	  28	  (2011)	  	  
	  
CMS	  result	  based	  on	  4.7	  F-‐1	  	  
•SSM	  𝑚𝑊ʹ′	  >	  2.5	  TeV	  	  
•SubmiGed	  to	  JHEP	  arXiv:	  1204.4764	  
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Leptoquark	  Search	  
✦	  Possibility	  of	  a	  fundamental	  relaDonship	  between	  quarks	  and	  leptons	  through	  
leptoquarks	  
✤	  they	  are	  colored	  and	  have	  fracDonal	  charge	  
✤	  couples	  to	  quarks	  and	  leptons	  with	  coupling	  λ	  
✤	  branching	  fracDons	  are	  denoted	  as:	  β(lq)	  and	  1-‐	  β	  (νq)	  

	  
✦	  CMS	  and	  ATLAS	  search	  for	  all	  3	  generaDon	  of	  leptoquarks	  with	  following	  final	  states:	  
✤	  llqq	  (β	  =1)	  where	  l	  =	  e,	  μ	  
✤	  lνqq	  (β	  =0.5)	  
✤	  bbνν	  

	  
✦Limits	  are	  set	  on	  mass	  of	  leptoquarks	  (MLQ)	  
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First	  genera4on	  leptoquark	  

•  Pair	  produced	  parDcle	  decay	  to	  ºq	  or	  lq	  
•  Search	  both	  llqq	  and	  lºqq	  channels	  

ATLAS	  search	  in	  1.1	  F-‐1	  

•  Using	  eejj	  and	  eºjj	  channels	  
•  Limits:	  	  
– 𝑚𝐿𝑄	  >	  660	  GeV	  for	  β=1	  	  
– 𝑚L𝑄	  >	  607	  GeV	  for	  β=0.5	  	  

•  Phys.	  LeG.	  B	  709,	  158	  (2012)	  	  

5/7/12	   22	  Rahmat	  Rahmat	  	  	  	  U.	  Mississippi	  



Second	  genera4on	  leptoquark	  
CMS	  search	  in	  2.0	  F-‐1	  	  
Using	  𝜇𝜇𝑗𝑗	  and	  𝜇𝜈𝑗𝑗	  channels	  	  
Limits:	  	  
•  𝑚𝐿𝑄	  >	  632	  GeV	  for	  β	  =	  1	  	  
•  𝑚𝐿𝑄	  >	  523	  GeV	  for	  β	  =	  0.5	  	  
CMS	  PAS	  EXO-‐11-‐028	  	  
	  
ATLAS	  search	  in	  1.0	  F-‐1	  	  
Using	  𝜇𝜇𝑗𝑗	  and	  𝜇𝜈𝑗𝑗	  channels	  	  
Limits:	  	  
•  𝑚𝐿𝑄	  >	  685	  GeV	  for	  β	  =	  1	  	  
•  𝑚𝐿𝑄	  >	  594	  GeV	  for	  β	  =	  0.5	  	  
ATLAS	  Preliminary	  	  
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8 Results
The number of observed data passing the full selection criteria is consistent with the standard
model background prediction. An upper limit on the LQ production cross section in the ab-
sence of a LQ signal is therefore set using the CLS modified frequentist approach [25, 26]. Lim-
its are found to be consistent with calculations using the Bayesian technique [27] with Markov
Chain Monte Carlo (MCMC) probing of the systematics space. Systematic uncertainties are
included as described in Section 7. A log-normal probability function is used to integrate over
the systematic uncertainties, except for the uncertainties in the µµjj channel, in which the small
statistics from the tt data control region require the use of a Gamma distribution. The 95% CL
upper limit on s ⇥ b2 or s ⇥ 2b(1 � b) as a function of LQ mass are shown together with the
NLO predictions for the scalar LQ pair production cross section in Figures 16, 17. The theoreti-
cal cross sections are represented for different values of the re-normalization and factorization
scale, µ, varied between one half the leptoquark mass and twice the leptoquark mass (green
shaded region). The PDF uncertainties are taken into account in the theoretical cross section
values.

By comparing the observed upper limit with the theoretical cross section values, we exclude
second generation scalar leptoquarks with masses less than 632(523) GeV with the assumption
that b = 1(0.5). This is to be compared with an median expected limit of 684(536) GeV.
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Figure 16: The expected and observed upper limit at 95% CL on the LQ pair production cross
section times b as a function of the second generation LQ mass. The expected limit and uncer-
tainty bands represent the median expected limit and the 68% and 95% confidence intervals.
The systematic uncertainties reported in Table 7 are included in the calculation. The shaded
region is excluded by the current ATLAS limit [10] and CMS limit [9] for b = 1 in the µµjj
channel only. The stheory curve and its band represent, respectively, the theoretical scalar LQ
pair production cross section and the uncertainties due to the choice of PDF and renormaliza-
tion/factorization scales.

In summary, we search for pair production of second generation scalar leptoquarks decaying
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Figure 17: The expected and observed upper limit at 95% CL on the LQ pair production cross
section times 2b(1 � b) as a function of the second generation LQ mass. The expected limit
and uncertainty bands represent the median expected limit and the 68% and 95% confidence
intervals. The systematic uncertainties reported in Table 8 are included in the calculation. The
shaded region is excluded by the current ATLAS limit [10] for b = 0.5 in the µn jj channel only.
The stheory curve and its band represent, respectively, the theoretical scalar LQ pair production
cross section and the uncertainties due to the choice of PDF and renormalization/factorization
scales.
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Third	  genera4on	  leptoquark	  
CMS	  search	  in	  1.8	  F-‐1	  	  
•  Search	  channel	  is	  𝑏𝑏𝜈𝜈	  	  
•  Uses	  razor	  variables	  	  
	  
	  
	  
	  
	  
Designed	  to	  search	  for	  pairs	  of	  heavy	  
parDcles	  	  
Limit:	  	  
•  𝑚𝐿𝑄	  >	  350	  GeV	  for	  β	  =	  0	  	  
CMS	  PAS	  EXO-‐11-‐030	  	  
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Are	  you	  ready	  to	  upgrade	  your	  plan?	  
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Welcome	  to	  4G	  
✦	  SM	  Extension:	  Adding	  one	  
more	  generaDon	  of	  quarks	  is	  an	  
obvious	  extension	  of	  SM	  and	  is	  
also	  not	  fully	  excluded	  by	  
electroweak	  precision	  data	  
	  
✦	  Due	  to	  heaviness	  of	  this	  new	  
generaDon	  of	  quarks	  the	  CP	  
violaDon	  can	  be	  boosted	  by	  large	  
factor	  and	  could	  resolve	  the	  
maGer-‐anDmaGer	  asymmetry	  in	  
the	  universe	  can	  provide	  enough	  
CP	  violaDon	  to	  explain	  maGer-‐
dominated	  universe	  
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Fourth	  genera4on	  quarks	  1/4	  
CMS	  and	  ATLAS	  search	  for	  heavy	  quarks	  	  
•Here	  denoted	  𝑇	  and	  𝐵;	  or	  𝑄	  for	  either	  flavor	  	  
•Searches	  for	  𝑇→𝑊𝑏,	  𝐵→𝑊𝑡	  and	  𝑇→𝑍𝑡,	  𝑇→𝐴0𝑡,	  𝐵→𝑍𝑏	  	  

–100%	  branching	  fracDon	  assumed	  for	  mass	  limits	  	  
•Both	  single	  and	  pair	  producDon	  considered	  	  

–Mechanism	  and	  cross	  secDon	  depend	  on	  Q	  nature	  
(chiral,	  vector-‐like)	  	  

•Complicated	  final	  states,	  usually	  with	  bosons	  	  
	  
ATLAS	  search:	  𝑄𝑞→𝑉𝑞𝑞ʹ′	  in	  1.0	  F-‐1	  	  
•Bosons	  decay	  leptonically	  	  
•Limits:	  	  

–𝑄𝑞→𝑊𝑞𝑞ʹ′:	  𝑚𝑄	  >	  900	  GeV	  	  
–𝑄𝑞→𝑍𝑞𝑞ʹ′:	  𝑚𝑄	  >	  760	  GeV	  	  

•arXiv:1112.5755	  (submiGed	  to	  PLB)	  	  
	  
ATLAS	  search	  for	  𝑄𝑄→𝑊𝑞𝑊𝑞	  in	  1.0	  F-‐1	  	  
•Both	  W’s	  decay	  leptonically	  	  
•Limit:	  𝑚𝑄	  >	  350	  GeV	  	  
•arXiv:1202.3389	  (submiGed	  to	  PRD)	  	  

Mass [GeV] CC σ× BR [pb] NC σ× BR [pb] κ̃2uD κ̃2uU CC− σ× BR [pb]
225 15 18 0.075 0.21 12
300 17 11 0.24 0.31 5.6
400 5.3 2.4 0.21 0.19 3.8
500 2.1 1.4 0.19 0.26 1.1
600 1.9 1.5 0.37 0.56 1.9
700 2.2 1.0 0.86 0.75 2.2
800 0.93 1.0 0.66 1.33 0.97
900 0.80 0.9 1.0 2.1 0.70
1000 0.91 1.1 1.9 4.0 0.50

Table 3: Observed upper limits at 95% confidence level on the cross section times branching ratio σ(pp → Qq) × BR(Q → Vq) as a function of mass and the
corresponding upper limit on a model-independent heavy-to-light quark coupling. The final column shows the limit on the CC process after selecting negatively
charged leptons.
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Figure 3: Upper limits at 95% confidence level on the cross section times
branching ratio σ(pp → Qq) × BR(Q → Vq) for the CC (top) and NC (bot-
tom) channels as a function of mass. The leading-order (LO) theoretical cross
section assumes κ̃uD = 1 and κ̃uU = 1 on the top and bottom respectively. The
width of the dark band around it corresponds to the theoretical uncertainty de-
scribed in the text. The expected cross section upper limit is determined by the
median result of background-only pseudoexperiments, and is shown with its 1σ
and 2σ uncertainties, respectively.

7. Conclusion

A search for single production of vector-like quarks coupling
to light generations has been presented. No evidence is found
for such quarks above the expected background in either the CC
or NC channel. Upper limits on the production cross section
times branching ratio to a vector boson and a jet were deter-
mined at 95% confidence level. Assuming couplings κ̃2uD = 1
and κ̃2uU = 1, the upper bounds obtained for the mass of vector-
like quarks are 900 GeV for the CC channel and 760 GeV for
the NC channel. These limits, which can be used to constrain
different models of vector-like quarks [11], are the most strin-
gent to date on this benchmark model.
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with the systematic uncertainties shown in Table VI and
Table VII; these fluctuations are not constrained by the
data.

Statistical interpretation of the fitted cross-section �
is made using the CLs technique [41, 42]. The observed
data are in good agreement with the expected back-
ground, and the fitted QQ̄ cross-sections at each mass
point are consistent with the absence of a heavy-quark
signal. Figure 10 shows the observed and expected limits
on the production cross-section �(pp ! QQ̄).

The upper limit on the production cross-section is
converted into a lower limit on m

Q

by finding the
point of intersection with the theoretical prediction as
a function of m

Q

. This analysis finds a lower limit of
m

Q

> 350 GeV at 95% confidence level (C.L.) whereas a
limit ofm

Q

> 335 GeV was expected. This limit assumes
that the branching ratio (BR) of Q ! Wq is 100%.
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FIG. 10. Observed and median expected 95% C.L. cross-
section upper limits on QQ̄ production, compared to the the-
oretical prediction. The limit was calculated for five signal
masses, and a linear interpolation has been made between
mass points.

XI. CONCLUSIONS

This Article presents a search for pair production of
heavy quarks decaying to Wq in the dilepton channel at
the CERN LHC. This search allows q = u, d, c, s or b in
the final state. The analyzed data correspond to an inte-
grated luminosity of 1.04 fb�1 collected by the ATLAS
detector in pp collisions at

p
s = 7 TeV. To enhance the

sensitivity to a new quark, mass reconstruction is per-

formed by exploiting the boost received by the heavy-
quark decay products. The reconstructed mass is used
for binned maximum-likelihood ratio fitting.
The data are found to be in agreement with the ex-

pectation from the Standard Model. A lower limit is
set on the mass m

Q

> 350 GeV at 95% confidence level.
This limit assumes BR(Q ! Wq) = 100% and is appli-
cable to many exotic models [43, 44], including up-type
fourth-generation quarks u

4

, down-type fourth genera-
tion quarks d

4

, and quarks with exotic charges (such as
�4/3) decaying to light quarks.
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Fourth	  genera4on	  quarks	  2/4	  
ATLAS	  search	  for	  𝑇𝑇→𝑊𝑏𝑊𝑏	  in	  1.0	  F-‐1	  	  
•One	  W	  decays	  leptonically	  	  
•One	  b	  is	  tagged	  	  
•Limit:	  𝑚𝑇	  >	  404	  GeV	  	  
•arXiv:1202.3076	  (submiGed	  to	  PRL)	  	  
	  
ATLAS	  search	  for	  𝑇𝑇→𝑡𝐴0𝑡𝐴0→𝑙	  𝑋	  in	  1.0	  F-‐1	  	  
•𝐴0	  is	  an	  undetected	  neutral	  parDcle	  	  
•Limit:	  𝑚𝑇	  >	  420	  GeV	  for	  light	  𝐴0	  	  
•PRL	  108,	  041805	  (2012)	  	  
	  
ATLAS	  search	  for	  𝐵𝐵→𝑊𝑡𝑊𝑡	  in	  1.0	  F-‐1	  	  
•Require	  1	  lepton,	  6	  jets,	  high	  MET	  	  
•Dijet	  mass	  used	  to	  idenDfy	  W-‐bosons	  	  
•Analysis	  uses	  bins	  in	  jet	  and	  W	  mulDpliciDes	  	  
•Limit:	  𝑚𝐵	  >	  480	  GeV	  	  
•arXiv:1202.6540	  (submiGed	  to	  PRL)	  	  
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4th	  genera4on	  quarks	  3/4	  

ATLAS	  search	  for	  𝐵𝐵→(𝑊𝑡)(𝑊𝑡)→𝑙𝑙𝑋	  in	  1.0	  F-‐1	  	  
•2	  same-‐sign	  leptons,	  2+	  jets,	  high	  MET	  	  
•Limit:	  𝑚𝐵	  >	  450	  GeV	  	  
•Also	  limits	  on	  same-‐sign	  𝑡𝑡	  producDon	  	  
•arXiv:1202.5520	  (submiGed	  to	  JHEP)	  	  
	  
CMS	  inclusive	  search	  for	  chiral	  𝑄	  in	  1.1	  F-‐1	  	  
•Assume	  𝑚𝑇	  =	  𝑚𝐵,	  CKM4:	  𝑉𝑇𝐵	  =	  𝑉𝑡𝑏≡	  𝐴	  	  
•Require	  1	  muon	  (trigger)	  and	  1	  b-‐jet	  	  
•Classify	  events	  by	  b-‐tag	  and	  W	  mulDpliciDes	  	  
•Limit	  set	  in	  𝐴−𝑚𝑄	  plane,	  𝑚𝑄	  >	  490	  GeV	  	  
•CMS	  PAS	  EXO-‐11-‐054	  	  
	  
CMS	  search	  for	  𝑇𝑇→(𝑍𝑡)(𝑍𝑡)	  in	  1.1	  F-‐1	  	  
•Require	  3	  leptons	  (2	  with	  Z	  mass),	  2+	  jets	  	  
•Limit:	  𝑚𝑇	  >	  475	  GeV	  	  
•PRL	  107,	  271802	  (2011)	  	  
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4th	  genera4on	  quarks	  4/4	  
CMS	  search	  for	  𝐵𝐵→𝑊𝑡𝑊𝑡	  in	  4.6	  F-‐1	  	  

•3	  leptons	  or	  2	  same-‐sign	  leptons	  plus	  a	  b-‐jet	  	  
•Limit:	  𝑚𝐵	  >	  600	  GeV	  	  
•CMS	  EXO-‐11-‐036	  Winter	  2012	  	  
	  
CMS	  search	  for	  𝑇𝑇→𝑊𝑏𝑊𝑏→𝑙𝑙𝑋	  in	  4.7	  F-‐1	  	  
•Require	  2	  leptons,	  2+	  jets,	  high	  MET	  	  
•Limit:	  𝑚𝑇	  >	  552	  GeV	  	  
•CMS	  EXO-‐11-‐050	  Winter	  2012	  	  
	  
CMS	  search	  for	  𝑇𝑇→𝑊𝑏𝑊𝑏→𝑙𝑋	  in	  4.7	  F-‐1	  	  
•Require	  1	  lepton,	  4	  jets,	  1	  b-‐tag	  and	  MET	  	  
•Limit:	  𝑚𝑇	  >	  560	  GeV	  	  
•CMS	  PAS	  EXO-‐11-‐099	  	  
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_bar	  resonance	  	  
ATLAS	  search	  of	  the	  dilepton	  channel	  in	  1.0	  F-‐1	  	  
•Low	  mass—down	  to	  400	  GeV	  	  
•Limit	  near	  𝑚	  >	  900	  GeV	  on	  the	  RS	  KK	  gluon	  	  
•ATLAS-‐CONF-‐2011-‐123	  	  
	  
	  
CMS	  search	  of	  the	  electron+jets	  channel	  in	  4.3	  F-‐1	  	  
•Model-‐independent	  limits	  for	  1%	  width:	  	  
–𝜎𝐵<	  2.51	  pb	  for	  𝑚	  >	  1	  TeV	  	  
–𝜎𝐵<	  0.62	  pb	  for	  𝑚	  >	  2	  TeV	  	  
•CMS	  PAS	  EXO-‐11-‐092	  	  
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Heavy	  Neutrinos	  
In	  LRSM,	  these	  appear	  as	  right-‐handed	  partners	  of	  the	  light	  
neutrinos	  	  
•𝑞𝑞→𝑊𝑅→𝑁𝑙→𝑊𝑅*𝑙𝑙→𝑙𝑙𝑗𝑗	  	  
•Leading	  to	  a	  mass	  resonance	  both	  𝑙𝑗𝑗	  and	  𝑙𝑙𝑗𝑗	  	  
	  
ATLAS	  searched	  in	  2.1	  F-‐1	  	  
•Assume	  similar	  masses	  for	  𝑁𝑒	  and	  𝑁μ	  	  
•Limit:	  𝑚𝑊𝑅	  >	  2.3	  TeV	  	  

–for	  (𝑚𝑊𝑅−	  𝑚𝑁)	  <	  300	  GeV	  	  
•Separate	  limits	  for	  Dirac	  and	  Majorana	  	  

–But	  very	  similar	  results.	  	  
•Limits	  also	  set	  on	  an	  effecDve	  operator	  model	  	  
•ATLAS	  Preliminary	  	  
	  
CMS	  searched	  in	  240	  pb-‐1	  	  
•Limits	  extend	  to	  about	  𝑚𝑊𝑅	  >	  1.6	  TeV	  	  
•Separate	  limits	  for	  e	  and	  μ	  	  

–Similar	  results	  for	  the	  two	  flavors	  	  
•CMS	  PAS	  EXO-‐11-‐002	  	  
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_bar	  l+jets	  
CMS	  search	  of	  the	  lepton+jets	  channel	  in	  4.7	  F-‐1	  	  
•Leptophobic	  topcolor	  𝑍ʹ′	  limits:	  	  

–	  𝑚𝑍ʹ′	  >	  1.3	  TeV	  for	  narrow	  resonance	  	  
–	  𝑚𝑍ʹ′	  >	  1.7	  TeV	  for	  10%	  width	  	  

•KK	  gluon:	  𝑚𝑔𝐾𝐾	  >	  1.4	  TeV	  	  
•CMS	  PAS	  TOP-‐11-‐009	  	  
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_bar	  l+jets	  ATLAS	  

RS	  model:	  	  
m(KK	  gluon)	  >	  1025	  GeV	  
	  
Leptophobic	  top	  color	  Z’:	  
mZ’	  >	  860	  GeV	  
	  
Preliminary	  
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_bar	  resonance	  all-‐jets	  	  
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CMS	  search	  of	  all-‐jets	  channel	  in	  4.6	  F-‐1	  	  
•Boosted	  jets	  with	  mass	  pruning	  	  
•Mass	  drop	  used	  in	  W-‐jet	  idenDficaDon	  	  
•Leptophobic	  topcolor	  𝑍ʹ′	  limits	  varying	  the	  
width	  (e.g.	  plot	  at	  right)	  	  
•KK	  gluon	  limit:	  𝑚𝑔𝐾𝐾	  >1.4	  -‐	  1.5	  TeV	  	  
•CMS	  EXO-‐11-‐006	  	  
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Many	  objects	  
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Microscopic black-holes decaying 
through Hawking Radiation	

	

The decay is democratic and 
isotropic. 	

Likely large multiplicity of 
particles → look for (many) jets 
and leptons at high mass	

Inclusive search: sum energy of	

all objects (e, μ, jets)	


Henri Bachacou, Irfu CEA-Saclay Lepton-Photon 2011 40

Black Holes: Multi-Object, Multi-Jets, Same-Sign

 Microscopic black-holes 
decaying through Hawking 
radiation

 Large uncertainty on models 
due to our ignorance of 
quantum gravity

 Semi-classical models only for  
m(B.H.) >> m(threshold)

 A safe bet: decay is democratic 
and isotropic. Likely large 
multiplicity of particles → look 

for (many) jets and 

leptons at high mass

ATLAS Simulation:
1μ 2e many jets

CMS data:
10 jets
Total Trans. E = 2.5 TeV
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CMS	  Limits	  
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Quantum	  Black	  Holes:	  3.8	  −	  5.2	  TeV	   	   	   	   	  String	  Balls:	  4.6	  −	  4.8	  TeV	  	  
	  

	   	   	   	  Published:	  	  10.1007/JHEP04(2012)061 	   	   	  	  
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exclusion limits for the number of extra dimensions n ranging from 2 to 7 are shown in Table 2.

Table 2: Lower limits at 95% C.L. onMD of the QBH model with n=2 to 7 extra dimensions.
n extra Expected Observed
dimensions limit (TeV) limit (TeV)
2 3.82 3.79
3 3.95 3.93
4 4.03 4.01
5 4.09 4.06
6 4.14 4.11
7 4.18 4.15

The same analysis has been applied to detect resonances in Fχ(mj j) due to excited quarks. With an
acceptance close to 90% for all masses this analysis sets a 95% C.L. lower limit on Mq∗ > at 2.58 TeV
with an expected limit of 2.97 TeV.

12 Limits on CI from the Fχ(mj j) distribution
As was done previously with the ATLAS 2010 data sample [22], the Fχ(mj j) distribution (see Fig. 3)

has been used in the current study to set limits on quark contact interactions. MC samples of QCD
production modified by a contact interaction are created for values of Λ ranging from 4.0 to 10.0 TeV.

For the CI distributions, QCD K-factors have been applied to the QCD-only components of the inner
and outer dijet mass spectra that form the numerator and denominator of Fχ(mj j) respectively. This is
done by subtracting the LO QCD cross section and adding the QCD cross section corrected for NLO
effects.

Individual Fχ(mj j) distributions are smoothed by a fit in mj j. For the pure QCD sample (corre-
sponding to Λ= ∞) a 2nd order polynomial is used, while for the MC predictions with finite Λ, a Fermi
function is added to the polynomial, which has been verified to be a good representation of the onset for
contact interactions.

Next, the MC Fχ(mj j) distributions are interpolated in Λ using a 4-parameter function 4, creating a
smooth predicted Fχ(mj j) surface as a function of mj j and Λ. This surface enables integration in mj j vs
Λ for continuous values of Λ.

A Bayesian limit method is then employed, using a prior that is flat in 1/Λ4. From the signal fits, a
posterior probability density is constructed as a function ofΛ. The systematic uncertainties are convolved
with the posterior distribution through pseudoexperiments. For the expected limit, pseudoexperiments
are performed about the QCD background and used as pseudodata.

As in previous studies, this procedure has been applied to CI MC samples with the phase set for
destructive interference. This analysis sets a 95% C.L. lower limit on Λ > at 7.6 TeV with an expected
limit of 8.2 TeV.

13 Limits on CI and QBH from the 11-bin χ distributions
Bayesian analyses, performed previously with the 2010 data sample [22], have been repeated using

the 11-bin χ distribution in the highest mass bin of Fig. 2 to set 95% C.L. limits on two NP hypotheses,
CI and QBH. The highest bin includes all dijet events with mj j > 2.6 TeV.

The first model is CI with a constant prior in 1/Λ4. For the CI distributions, similar to the Fχ(mj j)
analysis, QCD K-factors have been applied to the QCD-only component of the cross section; before
normalizing the χ-distributions, the LO QCD cross section has been replaced by the QCD cross section
corrected for NLO effects.

4The fitting function is f (x) = p4 1
exp(p1 (p2−log(x)))+1 + p3, x= 1/Λ2

12

The	  95%	  C.L.	  upper	  limits	  on	  σ	  ×	  A	  as	  funcDon	  of	  the	  reduced	  Planck	  	  

mass	  M
D	  
of	  the	  QBH	  model	  using	  F

χ
(m

jj
)	  (black	  filled	  circles).	  The	  	  

black	  doGed	  curve	  shows	  the	  95%	  C.L.	  upper	  limit	  expected	  from	  Monte	  

Carlo	  and	  the	  light	  and	  dark	  yellow	  shaded	  bands	  represent	  the	  68%	  and	  

95%	  contours	  of	  the	  expected	  limit,	  respecDvely.	  TheoreDcal	  predicDons	  

of	  σ	  ×	  A	  are	  shown	  for	  various	  numbers	  of	  extra	  dimensions.	  
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Summary	  
•  We	  have	  many	  new	  results!	  
•  Excellent	  performance	  of	  CMS	  and	  ATLAS	  	  
•  No	  evidence	  of	  new	  physics	  yet	  
•  It’s	  only	  the	  beginning	  
•  CMS	  and	  ATLAS	  are	  expected	  to	  have	  ~30	  w-‐1	  
combined	  from	  8	  TeV	  Collision	  by	  the	  end	  of	  
2012	  and	  as	  of	  today,	  we	  have	  started	  to	  have	  
some	  fun	  with	  	  more	  than	  2	  w-‐1	  at	  8	  TeV	  	  

•  We	  are	  very	  producDve	  producing	  new	  results	  
even	  our	  universe	  needs	  to	  expand	  
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More	  talks	  about	  New	  Physics	  at	  Pheno	  2012	  (CMS)	  

5/7/12	   40	  

•  Search	  for	  Heavy	  Stable	  Charged	  ParDcles	  at	  CMS	  Speaker:	  Venkatesh	  Veeraraghavan	  
(Florida	  State	  Univ.)	  

•  Recent	  results	  from	  a	  search	  for	  Dark	  MaGer	  producDon	  in	  the	  CMS	  experiment	  Speaker:	  
ShruD	  Shrestha	  (Kansas	  State	  Univ.)	  

•  Diboson	  physics	  at	  CMS	  Speaker:	  Irakli	  Svintradze	  (Kansas	  State	  Univ.)	  
•  Measurement	  of	  Drell-‐Yan	  Cross	  SecDon	  Speaker:	  Alexey	  Svyatkovskiy	  (Purdue	  Univ.)	  
•  Search	  for	  Fourth	  GeneraDon	  Top-‐Like	  Quarks	  at	  CMS	  Speaker:	  Michael	  Luk	  (Brown	  Univ.)	  
•  Study	  of	  the	  di-‐jet	  mass	  spectrum	  in	  associaDon	  with	  a	  W	  boson	  Speaker:	  Jake	  Anderson	  

(FNAL.)	  
•  Search	  for	  Supersymmetry	  in	  Events	  with	  Photons	  and	  Missing	  Transverse	  Energy	  Speaker:	  

Yueh-‐Feng	  Liu	  (Carnegie	  Mellon	  Univ.)	  
•  Search	  of	  new	  physics	  in	  the	  top	  quark	  sector	  Speaker:	  Victor	  Eduardo	  Bazterra	  (Univ.	  of	  

Illinois	  at	  Chicago)	  
•  Search	  for	  contact	  interacDons	  in	  the	  dimuon	  final	  state	  at	  CMS	  Speaker:	  Sowjanya	  

Gollapinni	  (Wayne	  State)	  
•  A	  Search	  for	  New	  Physics	  in	  Events	  with	  Jets	  and	  Missing	  Energy	  in	  pp	  Collisions	  at	  7	  TeV	  

Speaker:	  Hongxuan	  Liu	  (Baylor	  University)	  
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More	  talks	  about	  New	  Physics	  at	  Pheno	  2012	  (ATLAS)	  

•  BSM	  Higgs	  searches	  at	  ATLAS	  GOUSSIOU,	  Anna	  
•  Jet	  Produc4on	  Measurements	  with	  ATLAS	  FAROOQUE,	  Trisha	  
•  Diboson	  produc4on	  and	  TGCs	  from	  ATLAS	  JEANTY,	  Laura	  
•  Direct	  Photons	  at	  ATLAS	  CAPUTO,	  Regina	  
•  Inclusive	  searches	  for	  supersymmetric	  signatures	  with	  the	  ATLAS	  detector	  

HARPER,	  Devin	  
•  Searches	  for	  third	  genera4on	  squarks	  with	  the	  ATLAS	  detector	  BUTLER,	  Bart	  
•  Search	  for	  long-‐lived	  massive	  par4cles	  with	  the	  ATLAS	  detector	  MARINO,	  

Christopher	  
•  Top	  quark	  pair	  produc4on	  cross-‐sec4on	  with	  ATLAS	  Mr.	  URBANIEC,	  DusDn	  Henry	  
•  Physics	  with	  Tau	  Lepton	  Final	  States	  in	  ATLAS	  MORGENSTERN,	  Marcus	  MaGhias	  
•  Top	  Quark	  Pair	  Proper4es	  with	  ATLAS	  Dr.	  KAUSHIK,	  Venkat	  
•  Searches	  for	  direct	  supersymmetric	  gaugino	  produc4on	  and	  R-‐parity	  viola4on	  in	  

final	  states	  with	  leptons	  with	  the	  ATLAS	  detector	  OKAWA,	  Hideki	  
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Mass scale [TeV]
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llqmVector-like quark : NC, 
qνlmVector-like quark : CC, 
jjmColor octet scalar : dijet resonance, 
µµ

m)=1) : SS dimuon, µµ→
L
±± (DY prod., BR(HL

±±H
 (LRSM, no mixing) : 2-lep + jetsRW

Major. neutr. (LRSM, no mixing) : 2-lep + jets
,WZT

mlll), νTechni-hadrons : WZ resonance (
µµee/mTechni-hadrons : dilepton, 
γµ

m resonance, γ-µExcited muon : 
γem resonance, γExcited electron : e-
jjmExcited quarks : dijet resonance, 

jetγ
m-jet resonance, γExcited quarks : ,missTE : 1-lep + jets + 0A0 + At t→ exo. 4th gen.TT

Zbm Zb+X, →New quark b' : b'b'
 WtWt→4d

4
 generation : dth4

 WbWb→4u
4

 generation : uth4
 WqWq→4Q

4
 generation : Qth4

jjνµjj, µµ=1) : kin. vars. in βScalar LQ pairs (
jjν=1) : kin. vars. in eejj, eβScalar LQ pairs (
µT,e/mSSM  W' : 
µµee/mSSM Z' : 

,missTEuutt CI : SS dilepton + jets + 
ll

m combined, µµqqll CI : ee, 
)

jj
m(χqqqq contact interaction : 

)jjm(
χ

Quantum black hole : dijet, F T
pΣ=3) : leptons + jets, DM /THMADD BH (

ch. part.N=3) : SS dimuon, DM /THMADD BH (
jetsN, 

T
pΣ=3) : multijet, DM /THMADD BH ( tt

m l+jets, → t=-0.20 : tsg/
qqgKK

gRS with 
llll / lljjm = 0.1 : ZZ resonance, PlM/kRS with 

llm = 0.1 : dilepton, PlM/kRS with 
γγm = 0.1 : diphoton, PlM/kRS with 

,missT
E + γγUED : 

Large ED (ADD) : diphoton
Large ED (ADD) : monojet

)Q/mν = qQκQ mass (coupling 760 GeV  (2011) [1112.5755]-1=1.0 fbL

)Q/mν = qQκQ mass (coupling 900 GeV  (2011) [1112.5755]-1=1.0 fbL

Scalar resonance mass1.94 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

 massL
±±H355 GeV  (2011) [1201.1091]-1=1.6 fbL

(N) < 1.4 GeV)m mass (RW2.4 TeV  (2011) [Preliminary]-1=2.1 fbL

) = 2 TeV)R(WmN mass (1.5 TeV  (2011) [Preliminary]-1=2.1 fbL

))
T
ρ(m) = 1.1 T(am, Wm) + Tπ(m) = 

T
ρ(m mass (

T
ρ483 GeV  (2011) [Preliminary]-1=1.0 fbL

) = 100 GeV)Tπ(m) - Tω/T
ρ(m mass (Tω/T

ρ470 GeV  (2011) [ATLAS-CONF-2011-125]-1=1.1-1.2 fbL

*))µ = m(Λ* mass (µ1.9 TeV  (2011) [ATLAS-CONF-2012-023]-1=4.8 fbL

 = m(e*))Λe* mass (2.0 TeV  (2011) [ATLAS-CONF-2012-023]-1=4.9 fbL

q* mass3.35 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

q* mass2.46 TeV  (2011) [1112.3580]-1=2.1 fbL

) < 140 GeV)0(AmT mass (420 GeV  (2011) [1109.4725]-1=1.0 fbL

b' mass400 GeV  (2011) [Preliminary]-1=2.0 fbL

 mass4d480 GeV  (2011) [Preliminary]-1=1.0 fbL

 mass4u404 GeV  (2011) [1202.3076]-1=1.0 fbL

 mass4Q350 GeV  (2011) [1202.3389]-1=1.0 fbL

 gen. LQ massnd2685 GeV  (2011) [Preliminary]-1=1.0 fbL

 gen. LQ massst1660 GeV  (2011) [1112.4828]-1=1.0 fbL

W' mass2.15 TeV  (2011) [1108.1316]-1=1.0 fbL

Z' mass2.21 TeV  (2011) [ATLAS-CONF-2012-007]-1=4.9-5.0 fbL

Λ1.7 TeV  (2011) [1202.5520]-1=1.0 fbL

 (constructive int.)Λ10.2 TeV  (2011) [1112.4462]-1=1.1-1.2 fbL

Λ7.8 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.8 fbL

=6)δ (DM4.11 TeV  (2011) [ATLAS-CONF-2012-038]-1=4.7 fbL

=6)δ (DM1.5 TeV  (2011) [ATLAS-CONF-2011-147]-1=1.0 fbL

=6)δ (DM1.25 TeV  (2011) [1111.0080]-1=1.3 fbL

=6)δ (DM1.37 TeV  (2010) [ATLAS-CONF-2011-068]-1=35 pbL

KK gluon mass1.03 TeV  (2011) [ATLAS-CONF-2012-029]-1=2.1 fbL

Graviton mass845 GeV  (2011) [1203.0718]-1=1.0 fbL

Graviton mass2.16 TeV  (2011) [ATLAS-CONF-2012-007]-1=4.9-5.0 fbL

Graviton mass1.85 TeV  (2011) [1112.2194]-1=2.1 fbL

Compact. scale 1/R (SPS8)1.23 TeV  (2011) [1111.4116]-1=1.1 fbL

 (GRW cut-off)SM3.0 TeV  (2011) [1112.2194]-1=2.1 fbL

=2)δ (DM3.2 TeV  (2011) [ATLAS-CONF-2011-096]-1=1.0 fbL

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

-1 = (0.04 - 5.0) fbLdt∫
 = 7 TeVs

ATLAS
Preliminary

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: Moriond QCD 2012)
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Mass scale [TeV]
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klm ≈ ijmHypercolour scalar gluons : 4 jets, 
,missTEMSUGRA/CMSSM - BC1 RPV : 4-lepton + 
,missTEBilinear RPV : 1-lep + j's + 
µRPV : high-mass e
τ∼GMSB : stable 

SMP : R-hadrons (Pixel det. only)
SMP : R-hadrons
SMP : R-hadrons

Stable massive particles (SMP) : R-hadrons

±

1
χ∼AMSB : long-lived 

,missTE) : 3-lep + 0
1
χ∼ 3l → 0

2
χ∼±

1
χ∼Direct gaugino (

,missTE) : 2-lep SS + 0
1
χ∼ 3l → 0

2
χ∼±

1
χ∼Direct gaugino (

,missT
Ell) + b-jet + → (GMSB) : Z(t~t~Direct 

,missTE) : 2 b-jets + 0
1
χ∼ b→1b~ (b~b~Direct 

,missTE) : multi-j's + 0
1
χ∼tt→g~ (t~Gluino med. 

,missTE) : 2-lep (SS) + j's + 0
1
χ∼tt→g~ (t~Gluino med. 

,missTE) : 1-lep + b-j's + 0
1
χ∼tt→g~ (t~Gluino med. 

,missTE) : 0-lep + b-j's + 0
1
χ∼bb→g~ (b~Gluino med. 

,missT
E + γγGGM : 

,missT
E + j's + τGMSB : 2-

,missT
E + j's + τGMSB : 1-

,missTE + SFGMSB : 2-lep OS
,missTE) : 1-lep + j's + ±χ∼q q→g~ (±χ∼Gluino med. 
,missTEPheno model : 0-lep + j's + 
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