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•  Many	  new	  results:	  	  	  >30	  talks	  in	  parallel	  session,	  
some	  reporHng	  5	  analyses…	  

•  Impossible	  to	  cover	  everything…See	  hLp://
cms.web.cern.ch/org/cms-‐papers-‐and-‐results	  and	  
hLps://twiki.cern.ch/twiki/bin/view/AtlasPublic	  	  for	  full	  list	  

•  Review	  of	  theory	  to	  follow:	  remain	  in	  your	  seats!	  
Therefore	  will	  not	  discuss	  model	  interpretaHons	  
of	  the	  data.	  

•  Will	  give	  personal	  overview	  of	  status	  of	  
experimental	  searches,	  focussing	  on	  what	  we	  
know,	  and	  what	  we	  don’t.	  
	  Is	  SUSY	  a	  figment	  of	  our	  imaginaHon?	  
	  Is	  SUSY	  hiding	  or	  in	  disguise?	  

	  	  	  	  Is	  SUSY	  dead?	  
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Thanks	  to	  the	  
ATLAS	  and	  CMS	  
SUSY	  convenors	  
for	  their	  help	  



SUSY	  has	  been	  expected	  for	  a	  
long	  Hme,	  but	  no	  trace	  has	  
been	  found	  so	  far…	  

Like	  the	  plot	  of	  the	  excellent	  
movie	  “The	  Lady	  
Vanishes”	  (Alfred	  Hitchcock	  
1938).	  

A	  lady	  is	  seen,	  then	  
disappears	  on	  a	  train:	  
	  -‐	  is	  she	  imaginary?	  
	  -‐	  has	  she	  been	  kidnapped	  
and	  hidden?	  
	  -‐	  is	  she	  in	  disguise?	  
	  -‐	  is	  she	  dead?	  
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Why	  believe	  in	  SUSY?	  

You	  are	  imagining	  things….	  
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Why	  believe	  in	  SUSY?	  
•  Two	  big	  reasons:	  
•  Dark	  maLer	  –	  strong	  evidence	  from	  astrophysics	  
–	  WIMP	  miracle	  fits	  with	  SUSY	  

•  Light	  Higgs	  –	  need	  new	  physics	  to	  stabilise	  mass	  
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SUSY	  

Need	  UV	  cut-‐off	  to	  get	  finite	  mass	  	  
SUSY	  provides	  correct	  coupling	  and	  
number	  of	  states	  for	  cancellaHons	  
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SUSY	  Mass	  spectrum	  and	  cross	  secHon	  
Sensi'vity	  depends	  on	  which	  
process	  is	  accessible.	  

Spectrum	  is	  model	  dependent	  

Limits	  are	  model	  dependent	  –	  assump'ons	  affect	  produc'on	  
and	  decay.	  Use	  simplified	  scenarios	  for	  interpreta'on.	  

Gluinos	  decoupled	  in	  stop	  
cross-‐secHon	  esHmate.	  
(Thanks	  to	  TJ	  Khoo	  for	  plot)	  

10	  events	  in	  2011	  
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Mh≤125 GeV	  



First	  search	  in	  the	  most	  obvious	  places	  

Check	  all	  the	  carriages…	  
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Search	  in	  the	  most	  obvious	  places	  

•  R-‐parity	  conservaHon:	  neutral	  light	  LSP,	  (DM	  
candidate),	  SUSY	  objects	  produced	  in	  pairs.	  

•  Search	  for	  producHon	  and	  decay	  of	  gluinos	  and	  
squarks	  –	  should	  have	  high	  rates.	  

•  Search	  for	  sleptons	  and	  gauginos	  produced	  
directly	  and	  also	  in	  cascade	  decays	  from	  strong	  
producHon:	  lower	  rate,	  but	  cleaner	  signature.	  

•  ETmiss	  is	  key	  part	  of	  signatures.	  

8	  



ATLAS	  0-‐lepton	  search	  
2-‐6	  jets	  +	  ETmiss	  
Meff	  defines	  signal	  regions	  

Look	  for	  squarks	  and	  gluinos	  
with	  direct	  decays	  to	  SM+LSP	  

Search	  for	  strong	  produc'on	  of	  squarks	  and	  gluinos.	  	  
Very	  strong	  limits	  from	  coun'ng	  experiment.	  	  
Dominant	  background	  from	  Z-> νν.	  
Limits	  do	  not	  apply	  to	  stop/sboPom	  produc'on. 	  	  	  	  	  	  	   9	  

ATLAS-‐CONF-‐2012-‐033	  



CMS	  all	  hadronic	  search:	  7	  TeV	  
≥3	  jets,	  0-‐lepton,	  
generic	  SUSY	  search,	  
minimal	  model	  
dependence.	  

Interpreta'on	  in	  
simplified	  models	  with	  
only	  gluino	  or	  squark	  

produc'on	  
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CMS	  αT	  analysis:	  2012,	  3.9	  o-‐1	  

Use	  αT	  to	  remove	  QCD,	  and	  bin	  
in	  HT	  and	  number	  of	  b	  jets,	  with	  
hadronic	  and	  leptonic	  channels.	  	  

One	  interpreta'on	  in	  simplified	  
model:	  
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Very	  interes'ng	  generic	  analysis:	  
covers	  0-‐3	  b-‐tagged	  jets	  
-‐ All	  hadronic	  
-‐ 1	  muon	  +	  jets	  
-‐ 2	  muons	  +	  jets	  
-‐ Photon	  +	  jets	  

Many	  

powerful	  

constraint
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CMS	  OS-‐dilepton	  search:	  	  	  	  ,	  

MC	   DATA	  

Count	  dileptons	  
in	  HT/	  ETMiss	  
plane.	  
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Exclude	  5-‐30	  
events	  from	  new	  
physics	  
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Search	  for	  edge	  in	  m(ll)	  
from	  cascade	  decays	  

Long	  decay	  chains	  
produce	  dilepton	  signal	  



ATLAS-‐	  direct	  slepton/chargino	  producHon	  
Select	  2	  or	  3	  leptons	  and	  ETmiss.	  Use	  
mT2	  	  for	  pairs	  of	  semi-‐invisible	  decays	  

Best	  limit	  on	  charginos	  

Charginos	  
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Sleptons	  

No	  constraints	  
for	  MLSP>100	  GeV	  

SensiHvity	  to	  weak	  producHon	  
processes	  limited	  by	  lower	  
cross-‐secHon.	  

ATLAS-‐CONF-‐2012-‐076	  
ATLAS-‐CONF-‐2012-‐077	  



Think	  carefully	  about	  predicHons	  

I	  quite	  believe	  that....	  

I	  just	  had	  the	  most	  idio'c	  idea	  
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Think	  carefully	  about	  predicHons	  

Dominant	  loop	  is	  from	  top:	  only	  
need	  third	  genera'on	  squarks	  to	  be	  
really	  light.	  	  
3rd	  genera'on	  cross	  sec'on	  is	  
reduced	  (no	  t/b	  content	  in	  proton):	  
exis'ng	  limits	  don’t	  apply!	  
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ATLAS:	  	  
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Figure 3: Exclusion limits in the (mg̃,mb̃1
) plane for the gluino-sbottom model (top left), in the

(mg̃,mt̃1) plane for the gluino-stop model (top right) and in the (mg̃,mχ̃01
) plane for the Gbb (bot-

tom left) and Gtt (bottom right) models. The dashed black and solid red lines show the 95%
CL expected and observed limits respectively, including all uncertainties except the theoreti-
cal signal cross section uncertainty (PDF and scales). The yellow band around the expected
limit shows the ±1σ result. The ±1σSUSYTheory lines around the observed limit represent the result
producedwhenmoving the signal cross section by±1σ (as defined by the PDF and scale uncer-
tainties). Also shown for reference the previous CDF [47,48], D0 [49] and ATLAS [19,45,50,51]
analyses. These limits include the theoretical uncertainties on the signal.
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4-‐6	  jets	  (≥3	  b-‐jets),	  no	  leptons.	  	  	  	  	  
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Allowed	  decays	  depend	  on	  masses	  
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CMS	  SS-‐dilepton	  and	  ≥2	  b	  jets	  
Coun'ng	  experiment	  in	  HT/	  ETMiss	  
plane:	  13	  events	  observed	  

Sensi've	  to	  3rd	  genera'on	  squarks:	  
gluino	  mediated,	  or	  direct	  produc'on	  
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CMS	  τ	  and	  ττ	


Light	  3rd	  genera'on	  SUSY	  could	  
mean	  light	  stau	  -‐>	  tau	  produc'on	  
with	  jets	  and	  missing	  energy:	  
impressive	  experimental	  work	  to	  
extract	  signal!	  
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2011	  data	  7	  TeV	  
9	  events	  observed	  
7.5	  ±0.7±0.9	  expected	  	  
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Direct	  Stop	  searches	  
Heavy	  stop	  >	  mt	  :	  look	  for	  
hadronic	  or	  leptonic	  top	  decays	  
with	  extra	  ETmiss	  

Light	  stop	  <mt	  :	  look	  for	  top-‐like	  decay	  
via	  chargino.	  Signal	  events	  contain	  
lower	  pT	  leptons,	  and	  subsystem	  mass	  
below	  2mt	  
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ATLAS	  Combined	  Stop	  Exclusion	  
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CMS	  limit	  on	  stop	  cross	  secHon	  
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improve	  
rapidly	  with	  
more	  data	  



Is	  SUSY	  hidden?	  
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Is	  SUSY	  in	  the	  exisHng	  searches?	  

•  If	  SUSY	  masses	  are	  close	  together,	  pT	  in	  final	  
state	  objects	  is	  reduced.	  	  

•  MulHple	  jets,	  liLle	  ETmiss	  

•  Signal	  looks	  much	  more	  like	  QCD	  	  

•  May	  get	  signal	  from	  hard	  ISR	  jets,	  but	  
theoreHcal	  errors	  are	  difficult	  to	  control	  

•  Compressed	  SUSY	  models,	  stealth	  SUSY	  
models….	  
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ATLAS	  1-‐lepton:	  

3-‐4	  jets+	  lepton	  +	  Etmiss	  	  

To	  reach	  small	  mass	  differences	  need	  low	  pT	  cuts.	  	  
Hard	  jets	  from	  ISR	  can	  help	  acceptance	  –	  but	  beware	  
systemaHcs 	   	  	  

those signal regions increases the mass reach by about 100 GeV in the m1/2 versus m0 plane. Along

the line of equal masses between squarks and gluinos in the MSUGRA/CMSSM model, masses below

approximately 1200 GeV are excluded at 95% CL.

For the simplified model, exclusion limits are set in the plane of the χ̃0
1
mass versus the gluino mass,

as shown in Figure 5 (left) for the 3- and 4-jet analyses combined and Figure 5 (right) for the soft-lepton

analysis. In Fig. 5 (right) the observed limit can be better or worse than the expected limit depending

on the signal grid point, the bins in which they appear in the Emiss
T
/meff distribution, and the amount of

signal contamination in the background control regions. For LSP masses below 200 GeV, gluinos in this

model are excluded for masses below approximately 900 GeV. The figures also show the cross section

for this model excluded at 95% CL. In the region near the diagonal where the gluino and χ̃0
1
masses are

almost degenerate, the cross section excluded by the soft-lepton analysis is 20-30 times smaller than the

combination of the 3- and 4-jet analyses.
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Figure 5: Excluded cross sections at 95% confidence level for a simplified model with gluino pair pro-

duction, followed by the decay g̃→ qq′χ̃±1 → qq′W±χ̃0
1
where theW decays according to SM branching

ratios. The chargino mass is taken to be halfway in between the gluino and χ̃0
1
masses. The plot on

the left is from the combination of the 3- and 4-jet channels, while the plot on the right is from the soft-

lepton analysis. The color code shows the excluded cross section in pb. A smaller excluded cross-section

implies a more stringent limit. The ±1 sigma variation on the median expected limit is also shown.

11 Conclusion

In this note an update is presented of the search with the ATLAS detector for SUSY in final states

containing jets, one isolated lepton (electron or muon) and Emiss
T

. Compared to the previous analysis in

this channel by ATLAS [16], the integrated luminosity is increased from approximately 1 fb−1 to about

4.7 fb−1. A new signal region with a soft lepton and soft jets has been introduced to be sensitive to

SUSY decay spectra involving small mass differrences. For the first time in ATLAS SUSY searches, a

simultaneous fit is performed to multiple signal regions and to the shapes of distributions within those

signal regions. This increases the mass reach for this analysis by about 100 GeV. The inclusion into the fit

of the shapes of multiple background distributions has been used to reduce the background uncertainties

arising from the ALPGEN parameter kT fac
by about a factor of two.

Observations are in good agreement with SM expectations and limits have been extended on the

visible cross section for new physics processes. Exclusion limits have also been extended for the

MSUGRA/CMSSM model and one-step simplified models. In the MSUGRA/CMSSM model, squark
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In this note an update is presented of the search with the ATLAS detector for SUSY in final states

containing jets, one isolated lepton (electron or muon) and Emiss
T

. Compared to the previous analysis in

this channel by ATLAS [16], the integrated luminosity is increased from approximately 1 fb−1 to about

4.7 fb−1. A new signal region with a soft lepton and soft jets has been introduced to be sensitive to

SUSY decay spectra involving small mass differrences. For the first time in ATLAS SUSY searches, a

simultaneous fit is performed to multiple signal regions and to the shapes of distributions within those

signal regions. This increases the mass reach for this analysis by about 100 GeV. The inclusion into the fit

of the shapes of multiple background distributions has been used to reduce the background uncertainties

arising from the ALPGEN parameter kT fac
by about a factor of two.

Observations are in good agreement with SM expectations and limits have been extended on the

visible cross section for new physics processes. Exclusion limits have also been extended for the

MSUGRA/CMSSM model and one-step simplified models. In the MSUGRA/CMSSM model, squark
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Exclude	  msq=mgl<1200	  
GeV	  in	  MSUGRA	  

ATLAS-‐CONF-‐2012-‐041	  

Search	  for	  strong	  producHon	  of	  squarks	  and	  
gluinos.	  Use	  cascade	  decays	  including	  3	  or	  4	  jets	  
and	  one	  lepton.	  	  

€ 

˜ g → ˜ q ̃  q * ˜ χ 1
± →W ± ˜ χ 1

0

Sow	  lepton	  
signal	  region	  	  

€ 

m ˜ g € 

m
˜ χ 1

0

€ 

m ˜ g 
Soe	  lepton	  selec'on	  (<25/20	  
GeV	  e/mu)	  

Hard	  to	  reach	  	  

€ 

m ˜ g ≈ m
˜ χ 1

0
Low	  pT	  selec'ons	  push	  
towards	  smaller	  Δm	  



CMS	  -‐	  Stealth	  SUSY	  
SUSY	  requires	  hidden	  sector	  to	  
break	  supersymmetry	  

Light	  hidden	  sector	  par'cles	  can	  
mediate	  decays	  to	  many	  low	  pT	  
objects	  

Search	  in	  events	  with	  	  γγ	  +	  ≤4	  jets	  
and	  large	  total	  energy	  ST	  
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Rich	  phenomenology:	  can	  
include	  many	  b-‐jets,	  
photons,	  γjj	  resonances,	  
long-‐lived	  par'cles	  etc	  

New	  search	  
@ICHEP	  CMS-‐PAS-‐SUS-‐12-‐014	  

arXiv:1105.5135	  



ATLAS	  –	  Long-‐lived	  parHcles	  
Small	  Δm:	  	  SUSY	  par'cle	  decays	  
in	  flight:	  look	  for	  disappearing	  
tracks	  

Requirement Observed events Signal efficiency (purity) [%]
LL01 LL02 LL03

Trigger selection and non-
collision rejection 7141026 87.3 89.1 90.1

Lepton veto 6644394 72.8 72.5 72.6
Emiss

T > 130 GeV 321412 66.5 68.2 69.6
Jet requirements 73433 64.9 67.4 69.0
High-pT isolated track selection 8458 24.8 (67.6) 26.2 (66.8) 27.2 (66.7)
Disappearing track selection 304 6.1 (94.6) 6.6 (94.5) 7.3 (94.7)

Table 2: Summary of selection cuts, the data reduction and the selection efficiencies for the
AMSB signals. The purities of chargino tracks, i.e. the fraction of selected tracks in signal
events originating from charginos, are also shown in parentheses.
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Figure 1: The Nouter
TRT distributions for data and signal events (LL01, τχ̃±1 = 1 ns) shown by

the hatched histogram with the high-pT isolated track selection. In the signal events, the
contribution of tracks matched to generated charginos that decay before reaching the TRT
outer module (r < 863 mm) is indicated by the filled histogram. For these tracks, Nouter

TRT is
expected to have a value near zero; conversely, charged particles traversing the TRT typically
have Nouter

TRT ! 15. The selection boundary is indicated by the arrow. The expectation from QCD
multijet background MC events, normalized to the number of observed events, is also shown.

4

Very	  long	  life'me:	  SUSY	  par'cle	  
leaves	  detector	  -‐	  look	  for	  slow	  tracks	  

AMSB	  models:	  	  
Signal:	  high	  pT	  isolated	  tracks	  ≤	  5	  hits	  in	  TRT	  	  

Exclude:	  m(chargino)	  <	  90	  GeV,	  	  	  0.2<	  τ	  <	  90	  ns	  
	   	  m(chargino)<	  118	  GeV	  	  	  1<	  τ	  <	  2	  ns	  

ATLAS-‐CONF-‐2012-‐034	   26	  
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Figure 3: Observed data, background estimate and expected signal in the two-candidate signal region in
the slepton search (top-left), full detector R-hadron search (top-right), muon-agnostic R-hadron search
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Exclude:	  
	  -‐	  stable	  sleptons	  <	  297	  GeV	  
	  -‐	  staus	  (GMSB)	  <310	  GeV	  

Signal:	  high	  mass	  from	  Hme-‐of-‐flight	  

€ 

˜ χ 1
± → ˜ χ 1

0 π ±

ATLAS-‐CONF-‐2012-‐075	  



Thomas Müller, Institut für Experimentelle Kernphysik, KIT                                ICHEP 2012, Melbourne

AFB = 0.162 ± 0.041(stat) ± 0.022 (syst)

Asymmetries at the Tevatron

CDF-Note 10807

Sample with no b-tagged jets Sample with one b-tagged jet

Is	  SUSY	  hidden	  by	  RPV	  or	  GMSB?	  
•  Missing	  energy-‐based	  searches	  rely	  on	  neutral	  
light	  LSP	  predicHon.	  If	  R-‐parity	  violated,	  we	  
can	  evade	  these	  limits.	  	  (see	  eg	  arxiv:1110.6670)	  

•  Expect	  prompt	  decays	  of	  LSP,	  or	  long-‐lived	  
heavy	  parHcle	  signatures.	  

2

FIG. 1: Leading order supersymmetric (SUSY) contribution
to AFB from the RPV coupling λ′′

313 and right-handed sbot-
tom exchange. p1, p2, q1 and q2 denote 4-momenta.

data [11, 12] for b̃R that are not too light3. The strongest
constraints from Rl = Γ(Z0 → hadrons)/Γ(Z0 → ll̄) [14]
are still too weak (for the right-handed sbottom masses
> 300 GeV that we shall be interested in) to be limiting.
Eq. 3 has exactly the right properties to evade current
stringent flavor constraints on di-quarks: it only couples
to right-handed quarks and induces no tree-level flavour
changing neutral currents [15].
The operator in Eq. 3 leads to an additional tree-level

process that contributes to AFB, the Feynman diagram
of which is shown in Fig. 1. The tree-level λ′′

313 "= 0 con-
tribution to the differential cross-section of tt̄ production
is

d∆σ

dc
=

|λ′′

313|
4βŝ

384π

[

(βc − 1)

ŝ(βc− 1) + 2m2
t − 2m2

b̃R

]2

+

αs|λ′′

313|
2β

72ŝ

4m2
t + ŝ(βc− 1)2

ŝ(βc− 1) + 2m2
t − 2m2

b̃R

, (4)

where β =
√

1− 4m2
t/ŝ, ŝ = (p1 + p2)2, αs is the strong

coupling constant and mt is the top quark mass. Eq. 4
agrees with the expression for d∆σ/dt̂ in Ref. [16] and
predicts a non-zero contribution to AFB since it is not
even in c. In order to calculate the non-SM contribution
to the asymmetry ∆AFB , we must convolute Eq. 4 with
the parton distribution functions (PDFs) for (anti-)down
quarks in (anti-)protons numerically.
We now discuss the various constraints that we shall

employ. Naively adding errors in quadrature, we find a
CDF and D0 weighted average of AFB = 0.187± 0.037.
When combined with the SM prediction, this implies
a measured non-SM contribution of ∆AFB = AFB −
ASM

FB = 0.121±0.042. On the other hand, Tevatron mea-
surements of the SM total tt̄ production cross-section is

3 If we were to have relatively light charginos and left-handed down
squarks, as well as a mixing between left and right-handed down
squarks, we would have severe constraints upon λ′′

313
coming from

a loop diagram inducing neutrino anti-neutron oscillations [13].
For instance, if all sparticles were to have a mass of 200 GeV
(and the left and right-handed squarks were to be mixed with
a trilinear scalar coupling of 200 GeV), then the upper bound
would be λ′′

313
< O(0.04).

0.037 < ∆AFB < 0.205 −0.079 < ∆Ay
C < 0.061

−0.65 < ∆σTEV
tt̄ /pb < 1.51 4 < ∆σTEV

tt̄ (bin)/fb< 156

−0.38 < ∆Al
FB < 0.23 0.062 < ∆Ah

FB < 0.33

−19.2 < ∆σLHC7

tt̄ /pb < 39.2

TABLE I: 95% CL constraints on new physics contributions
to observables that are brought to bear upon our model. The
limits have been derived by using naive summation in quadra-
ture of all errors.

roughly in line with SM predictions. A non-SM compo-
nent is restricted by [17] ∆σTEV

tt̄ = 0.43± 0.54. The dif-
ferential production cross-section dσTEV

tt̄ /dmtt̄ was mea-
sured by CDF in Ref. [18]. We shall employ (follow-
ing Ref. [10]) the measurement σTEV

tt̄ (700 GeV < mtt̄ <
800 GeV) = 80±37 fb, versus a SM prediction of [19, 20]
80±8 pb, so the non-SM contribution σTEV

tt̄ (bin) must
not be too large. This invariant mass bin is far away
from the bulk of the tt̄ differential cross-section, and so
ought to provide information that is roughly independent
of information from σTEV

tt̄ . At the 95% confidence level
(CL), this leaves little room for a non-SM contribution
of ∆σTEV

tt̄ . ATLAS and CMS have [21, 22] measured the
7 TeV pp → tt̄ cross-section to be σLHC7

tt̄ = 173.4± 10.6
pb, versus a SM prediction of 163 ± 10 pb. In Table I,
we summarise the constraints that we require predicted
observables to satisfy.
Throughout the present paper, we calculate experi-

mental observables using the matrix element event gen-
erator MadGraph1.4.5 [23] assuming mt = 173.1 GeV,
the CTEQ6L1 PDFs [24] and using the FeynRules [25]
implementation of the RPV MSSM [26, 27]. We define
an 11 by 11 grid in mb̃R

-λ′′

313 parameter space, simulating
100000 tt̄ production events and interpolating predicted
observables in between the grid points.
Ref. [28] included, among other possibilities, the op-

erator in Eq. 3 as an explanation for AFB . However,
the authors only considered λ′′

313 < 1.25 and found that
the new physics contributions to AFB were too small.
We agree with this conclusion, but shall consider larger
values of the coupling, which we show are necessary to
explain the data. Of eight scalar models considered in
Ref. [10] that might have explained the AFB measure-
ments, the exchange of a charge−1/3 colour triplet scalar
that has a large coupling to dRtR was considered and dis-
carded. As far as AFB goes, this is identical to our SUSY
model except for the other interactions of the MSSM
(which do not play a role in most of the present pa-
per). It was deduced that for this scalar, there is no
parameter space that simultaneously satisfies other con-
straints as well as ∆Ah

FB > 0.2, where h implies the
high invariant mass constraint mtt̄ > 450 GeV. How-
ever, CDF data on ∆Ah

FB has lowered considerably since
Ref. [10], with a new CDF measurement [29] implying
∆Ah

FB = 0.20± 0.07. We shall show that the model now
agrees with all current relevant measurements. The mea-
sured value Al

FB = −0.116±0.153, which is the asymme-

Arxiv:1205.5170	  

A	  clue?	   Maybe…	  

Tevatron	  top	  forward	  backward	  asymmetry	   27	  



CMS	  mulH-‐lepton	  search	  
Sensi've	  to	  RPC	  and	  RPV,	  and	  
gravi'no	  and	  neutralino	  LSP	  
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example	  
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Exclusion	  is	  model	  dependent:	  in	  
Wino-‐LSP	  scenario,	  chargino	  decays	  
without	  photons	  suppress	  signal	  	  
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Is	  SUSY	  Dead?	  

•  Under	  aLack	  from	  all	  sides,	  but	  not	  dead	  yet.	  
•  The	  searches	  leave	  liLle	  room	  for	  SUSY	  inside	  the	  
reach	  of	  the	  exisHng	  data.	  

•  But	  interpretaHons	  within	  SUSY	  models	  rely	  on	  
many	  simplifying	  assumpHons,	  and	  so	  care	  must	  
be	  taken	  when	  making	  use	  of	  the	  limit	  plots	  

•  Plausible	  “natural”	  scenarios	  sHll	  not	  ruled	  out:	  
stop	  and/or	  RPV	  scenarios	  have	  few	  constraints.	  

•  There	  is	  no	  reason	  to	  give	  up	  hope	  of	  finding	  
SUSY	  at	  the	  LHC.	  

31	  



Maybe	  a	  happy	  ending….?	  

32	  



Maybe	  a	  happy	  ending….?	  
0 Lepton + 2–6 Jets + Missing Transverse Energy

• Start 2012 analysis similar to 2011
! Apply some improvements in the analysis
! New optimization⇒ Compressed spectra

• First steps
! Look at data to spot problems
! Data/MC comparisons in control regions

" Start with Z→ ee, µµ and γ+jets:
nearly background free

" Requested high priority samples to
get these comparisons fast

• Already quite a few issues solved
• Others still under investigation

Marc Hohlfeld Physics Plenary Meeting 7.6.2012 23

•  2012	  data	  accumulaHng	  
now,	  more	  reach.	  

•  Many	  more	  results	  later	  
this	  year…	  
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The	  lady	  is	  found	  alive	  and	  well	  in	  the	  
final	  scene…	  
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Both	  experiments	  
provide	  nice	  search	  

summaries	  
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CMS	  CMSSSM	  summary	  
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ATLAS	  mulH-‐jet	  search	  

Look	  at	  high	  jet	  mul'plici'es,	  
soeer	  jets	  
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Figure 6: The distribution of jet multiplicity for jets with pT above 55 GeV (a) and those with pT >
80 GeV (b). Only events with Emiss

T /
p

HT > 4 GeV1/2 are shown.
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Exclude	  cross-‐sec'ons	  ~20m	  (10x	  
higher	  than	  0-‐lepton),	  but	  signal	  
would	  be	  invisible	  in	  standard	  search	  

For	  simple	  model	  with 	   	   	   	   	   	   	   	  	  	  	  	  	  exclude	  mgl<	  880	  GeV	  	  
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1 Introduction

Many extensions of the Standard Model of particle physics predict the presence of TeV-scale strongly
interacting particles that decay to lighter, weakly interacting descendants. Any such weakly interact-
ing particles that are massive and stable can contribute to the dark matter content of the universe. The
strongly interacting parents would be produced in the proton-proton interactions at the LHC, and would
be characterized by events containing significant missing transverse momentum Emiss

T from the unob-
served weakly interacting daughters, and jets from emissions of quarks and/or gluons.

In the context of R-parity conserving [1, 2, 3, 4, 5] supersymmetry [5, 6, 7, 8, 9, 10], the strongly
interacting parent particles are the squarks q̃ and gluinos g̃, they are produced in pairs, and the lightest
supersymmetric particles are the stable dark matter candidates [11, 12]. Jets are produced from a variety
of sources: from quark emission in supersymmetric cascade decays, production of heavy Standard Model
particles (W, Z or t) which then decay hadronically, and from QCD radiation. Examples of particular
phenomenological interest include models where squarks are significantly heavier than gluinos. In such
models the gluino pair production and decay process

g̃ + g̃!
✓
t + t̄ + �̃0

1

◆
+
✓
t + t̄ + �̃0

1

◆

can dominate, producing large jet multiplicities when the resulting top quarks decay hadronically. In the
context of MSUGRA/CMSSM models, a variety of di↵erent cascade decays, including the g̃g̃ initiated
process above, can lead to large jet multiplicities.

A previous ATLAS search in high jet multiplicity final states [13] examined data taken during the
first half of 2011, corresponding to an integrated luminosity of 1.34 fb�1. This paper extends the analysis
to the complete ATLAS 2011 pp data set, corresponding to 4.7 fb�1, and includes improvements in the
analysis and event selection that further increase sensitivity to models of interest.

Events are selected with large jet multiplicities ranging from � 6 to � 9, in association with significant
Emiss

T . Events containing high transverse momentum (pT) electrons or muons are vetoed in order to
reduce backgrounds from (semi-leptonically) decaying top quarks or W bosons. Other complementary
searches have been performed by the ATLAS collaboration in final states with Emiss

T and one or more
leptons [14, 15]. Further searches have been performed by ATLAS using events with at least two, three
or four jets [16], or with at least two b-tagged jets [17]. Searches have also been performed by the CMS
collaboration, including a recent search in fully hadronic final states [18].

2 The ATLAS detector and data samples

The ATLAS experiment [19] is a multi-purpose particle physics detector with a forward-backward sym-
metric cylindrical geometry and nearly 4⇡ coverage in solid angle.1 The layout of the detector is
dominated by four superconducting magnet systems, which comprise a thin solenoid surrounding in-
ner tracking detectors and a barrel and two end-cap toroids supporting a large muon spectrometer. The
calorimeters are of particular importance to this analysis. In the pseudorapidity region |⌘| < 3.2, high-
granularity liquid-argon (LAr) electromagnetic (EM) sampling calorimeters are used. An iron-scintillator
tile calorimeter provides hadronic coverage for |⌘| < 1.7. The end-cap and forward regions, spanning
1.5 < |⌘| < 4.9, are instrumented with LAr calorimetry for both EM and hadronic measurements.

The data sample used in this analysis was taken during April – October 2011 with the LHC op-
erating at a proton-proton centre-of-mass energy of

p
s = 7 TeV. Application of beam, detector and

1ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector
and the z-axis along the beam pipe. Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle
around the beam pipe. The pseudorapidity ⌘ is defined in terms of the polar angle ✓ by ⌘ = � ln tan(✓/2).

1

ATLAS-‐CONF-‐2012-‐037	  
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ATLAS-‐	  direct	  slepton/chargino	  producHon	  
Select	  2	  leptons	  and	  ETmiss.	  Use	  mT2	  
variable	  for	  pair	  produc'on	  with	  
semi-‐invisible	  decays	  

Best	  limit	  on	  charginos	  

Charginos	  

41	  

ATLAS-‐CONF-‐2012-‐076	  

Sleptons	  

No	  constraints	  
for	  MLSP>100	  GeV	  

SensiHvity	  to	  weak	  producHon	  
processes	  sHll	  limited,	  due	  to	  
lower	  cross-‐secHon.	  



ATLAS	  direct	  chargino/gaugino	  search	  

Select	  3	  leptons	  and	  ETmiss.	  	  
Signal	  expected	  from	  chargino	  
cascade	  decays	  in	  simplified	  model	  

•  Split	  into	  Z-‐enriched	  and	  Z-‐
depleted	  regions	  

•  High	  pT	  lepton	  selecHon	  to	  
enhance	  signals	  with	  large	  
mass	  spli}ngs	  

•  Simplified	  model:	  
degenerate	  wino-‐type	  
charginos/neutralinos	  
(apart	  from	  bino	  LSP)	  

•  Constraint	  >200	  GeV	  with	  
model	  assumpHons.	  
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CMS	  SS-‐dilepton	  and	  >=2	  b	  jets	  	  7	  TeV	  
Coun'ng	  experiment	  in	  HT/	  ETMiss	  
plane:	  10	  events	  observed	  

Sensi've	  to	  3rd	  genera'on	  squarks:	  
gluino	  mediated,	  or	  direct	  produ'on	  
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CMS	  SS-‐dilepton	  search:	  	  	  	  ,	  
Include	  e,	  µ,	  τ.	  	  

Coun'ng	  experiment	  in	  HT,	  
ETmiss	  plane	
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Is	  SUSY	  hidden	  by	  GGM?	  CMS	  γγ	  7	  TeV	  	  
General	  Gauge	  Media'on	  
scenario.	  Look	  for	  γγ+jet+ETmiss	  	  
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ATLAS	  –	  Disappearing	  track	  
AMSB	  models	  produce	  almost	  
degenerate	  chargino	  and	  LSP.	  
Chargino	  long-‐lived,	  decays	  to	  LSP+	  
soe	  pion	  

Requirement Observed events Signal efficiency (purity) [%]
LL01 LL02 LL03

Trigger selection and non-
collision rejection 7141026 87.3 89.1 90.1

Lepton veto 6644394 72.8 72.5 72.6
Emiss

T > 130 GeV 321412 66.5 68.2 69.6
Jet requirements 73433 64.9 67.4 69.0
High-pT isolated track selection 8458 24.8 (67.6) 26.2 (66.8) 27.2 (66.7)
Disappearing track selection 304 6.1 (94.6) 6.6 (94.5) 7.3 (94.7)

Table 2: Summary of selection cuts, the data reduction and the selection efficiencies for the
AMSB signals. The purities of chargino tracks, i.e. the fraction of selected tracks in signal
events originating from charginos, are also shown in parentheses.
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Figure 1: The Nouter
TRT distributions for data and signal events (LL01, τχ̃±1 = 1 ns) shown by

the hatched histogram with the high-pT isolated track selection. In the signal events, the
contribution of tracks matched to generated charginos that decay before reaching the TRT
outer module (r < 863 mm) is indicated by the filled histogram. For these tracks, Nouter

TRT is
expected to have a value near zero; conversely, charged particles traversing the TRT typically
have Nouter

TRT ! 15. The selection boundary is indicated by the arrow. The expectation from QCD
multijet background MC events, normalized to the number of observed events, is also shown.

4

Background	  from	  interac'ng	  
tracks	  and	  bad	  reconstruc'on.	  
Fit	  background	  +	  signal	  model.	  
Best	  fit	  has	  zero	  signal.	  
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Figure 4: The pT distribution of candidate tracks with the best-fit shape of the ’signal + back-
ground’ model. The signal point of LL01 and τχ̃±1 = 1 ns are used, but the best-fit signal
contribution is found to be zero.

µ > 0, as shown in Fig. 7. Using the given models, 95% CL upper limits of the signal strength
(µ95

s , defined as the ratio of signal cross section to the model expectation) for three masses of
90.2, 117.8 and 147.7 GeV are obtained at each value of lifetime. By linear interpolation with
these limits, the constraint on the mass is then set by the point where µ95

s becomes less than one.
Previous results from LEP2 [11–13] constrained mχ̃±1 > 92 GeV at 95% CL. This result improves
on these constraints such that mχ̃±1 > 118 GeV at 95% CL for τχ̃±1 close to 1 ns.

Moreover, model-independent upper limits are set on the cross section times the acceptance
for non-SM processes with final state satisfying the kinematic and track selection criteria. Fig. 8
shows upper limits on a cross section times acceptance from a counting of candidate tracks for
pT > p0

T as a function of p0
T; the background estimate is derived from the background-only fit in

the region 10 < pT ≤ 50 GeV. A limit of 0.94 × 10−3 pb (95% CL) is obtained for disappearing
tracks having pT larger than 100 GeV.

8 Conclusion

The results of a search for long-lived charginos in pp collisions with the ATLAS detector using
4.7 fb−1 of data have been presented in the context of AMSB scenarios. The analysis uses a
signature of high-pT isolated tracks with few associated hits in the outer part of the ATLAS
tracking system. The pT spectrum of observed candidate tracks is found to be consistent with
the expectation from SM background processes. Constraints on the AMSB chargino mass and
lifetime are set: a chargino having a mass below 90 (118) GeV and 0.2 (1) < τχ̃±1 < 90 (2) ns is
excluded at 95% CL. The result also gives a new constraint for a chargino having a mass up to
118 GeV.

8

Look	  for	  high	  pT	  isolated	  tracks	  which	  
disappear	  leaving	  <=5	  hits	  in	  TRT	  	   Constraints	  on	  chargino	  mass	  and	  lifeHme:	  

Exclude:	  m	  <	  90	  GeV,	  	  	  0.2<	  τ	  <	  90	  ns	  
	   	  m<	  118	  GeV	  	  	  1<	  τ	  <	  2	  ns	  ATLAS-‐CONF-‐2012-‐034	  
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ATLAS	  –	  long	  lived	  parHcles	  
Heavy	  stable	  par'cles	  reach	  calo/
muon	  system	  with	  a	  delay	  depending	  
on	  their	  mass.	  ATLAS	  has	  excellent	  
'me	  resolu'on:	  measure	  β	
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Figure 2: Distribution of � for the calorimeter (left) and combined measurements (right) obtained for
selected Z ! µµ decays in data and MC simulation. The typical resolutions are quoted in the figures.

3.4 Combining � measurements155

The � measurements from the di↵erent detector are only used if � > 0.2 (the limit of the sensitivity)156

and if they are consistent internally, i.e. the �2 probability of the average between hits is reasonable157

(calorimeter) or the RMS of the measurement is consistent with the expected errors (MS). Measurements158

that are accepted are combined in a weighted average. The weights are obtained from the calculated error159

of each measurements, corrected for di↵erences in the pulls of the � distributions for muons from Z decay.160

Since � is estimated from the measured time of flight, for a given resolution on the time measurement,161

a slower particle has a better � resolution. To simulate the time resolution correctly, the hit times in162

MC are smeared to reproduce the resolution measured in the data, prior to the � estimation. Figure 2163

(right) shows the � distribution for selected Z ! µµ decays in data and MC with smeared hit times. The164

smearing mechanism reproduces the measured muon � distribution. The same time-smearing mechanism165

is applied to the signal Monte Carlo samples.166

4 Event and candidate selection167

4.1 Trigger selection168

This analysis is based on events collected by two main trigger types: single muon and missing transverse169

momentum triggers.170

Single muon trigger171

The muon trigger and its performance in 2011 data are described in detail in [49]. This analysis uses172

un-prescaled muon triggers with a threshold of 18 GeV. O✏ine muons are selected with pT > 50 GeV,173

well above the trigger threshold.174

Level-1 muon triggers are accepted and passed to the high-level trigger only if assigned to the collision175

6

Trigger	  using	  muon	  system	  or	  
ETmiss.	  Look	  for	  2	  tracks	  with	  low	  β	  
using	  calo	  and	  muon	  system	  'ming.	  
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Figure 3: Observed data, background estimate and expected signal in the two-candidate signal region in
the slepton search (top-left), full detector R-hadron search (top-right), muon-agnostic R-hadron search
(bottom-left) and from the ID-only R-hadron search (bottom-right). The m�-distribution for the muon-
agnostic R-hadron search (bottom-left) is shown after all, but the mass selection cuts applied.
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Figure 1: Left: Distribution of dE/dx versus signed momentum for minimum bias collisions. In this
data sample, from 2010 collisions, tracks are reconstructed down to 100 MeV pT . The distribution of
the most probable value for the fitted probability density functions of pions (black), kaons (grey) and
protons (blue) are superimposed. Right: Simulated distribution of specific energy loss versus momentum
for singly charged hypothetical R-hadrons of various masses.

abnormal dE/dx in a range of � of the order of 0.3 � 0.8.99

3.2 Calorimeters100

Liquid argon is used as the active detector medium in the electromagnetic (EM) barrel and end-cap101

calorimeters, as well as in the hadronic end-cap (HEC) calorimeter. All are sampling calorimeters, using102

lead plates for the EM calorimeters and copper plates for the HEC calorimeter. The EM calorimeters103

consist of accordion-shaped absorber. The barrel EM calorimeter covers the region 0 < |⌘| < 1.475 and104

consists of three layers and a pre-sampler. The EM end-cap calorimeter consists of three layers in the105

region |⌘| < 2.5 (two for 2.5 < |⌘| < 3.2) and a pre-sampler for |⌘| < 1.8. The four layers of the HEC106

calorimeter cover the range 1.5 < |⌘| < 3.2.107

The ATLAS tile calorimeter is a cylindrical hadronic sampling calorimeter. It uses steel as the absorber108

material and plastic scintillators as the active layers. It covers radii from 2280 mm to 4230 mm while the109

⌘ coverage extends to |⌘| . 1.7. The calorimeter is subdivided into a central barrel covering |⌘| . 1.0 and110

an extended barrel covering 0.8 . |⌘| . 1.7. Both barrel parts are divided into 64 modules spaced evenly111

in azimuthal angle �. The cells in each module are placed in three layers, which in the following analysis112

are all used both for the central and extended barrel.113
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Figure 3: Observed data, background estimate and expected signal in the two-candidate signal region in
the slepton search (top-left), full detector R-hadron search (top-right), muon-agnostic R-hadron search
(bottom-left) and from the ID-only R-hadron search (bottom-right). The m�-distribution for the muon-
agnostic R-hadron search (bottom-left) is shown after all, but the mass selection cuts applied.
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Each	  mass	  produces	  a	  different	  band	  
for	  	  energy	  loss	  vs	  momentum.	  

Exclude:	  
	  generic	  R-‐hadrons	  <	  985	  GeV	  
Stop-‐R-‐hadrons	  <683	  GeV	  
SboLom-‐R-‐hadrons<612	  GeV	  
+	  model	  dependent	  limits	   48	  
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€ 

˜ t 1 → t ˜ χ 1
0 →bjj ˜ χ 1

0

J1>130	  GeV	  
J2-‐6>30	  GeV	  
Etmiss	  >	  150	  GeV	  
No	  leptons	  
MT(b,Etmiss)>Mt	  

SRA	  

SRB	  

Signal	  to	  noise	  much	  worse	  than	  inc.	  searches:	  opHmise	  cuts	  
to	  extract	  signal	  under	  large	  Lbar	  backgroun.	  
Require	  good	  match	  to	  top	  mass.	  Look	  for	  L	  pairs	  in	  hadronic	  
decays	  with	  	  Etmiss	  from	  LSP.	  Exclude	  region	  between	  
350<M(stop)<500	  GeV	  for	  low	  LSP	  masses.	  No	  constraint	  for	  
M(LSP)>100	  GeV	  	  
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0
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3.1 Signal Regions

Five signal regions (SR A - E) are defined in order to optimize the sensitivity for different stop and LSP
masses. For increasing stop mass and increasing mass difference between stop and LSP the requirements
are tightened on Emiss

T , on the ratio Emiss
T /

√
HT, where HT is the scalar sum of the momenta of the four

selected jets, and on the transverse mass mT,2 as shown in Table 1. The numbers of observed events in
each signal region after applying all selection criteria are given in Table 2.

Table 1: Selection requirements defining the SR A - E.
Requirement SR A SR B SR C SR D SR E
Emiss

T [GeV] > 150 150 150 225 275
Emiss

T /
√
HT [GeV1/2] > 7 9 11 11 11

mT [GeV] > 120 120 120 130 140

The product of the kinematic acceptance and detector efficiency (A · ε) varies between 5% and 1%
for SR A and between 3% and 0.1% for SR E as the stop-LSP mass difference varies between 600 and
300 GeV.

3.2 Background Modeling

The dominant background arises from dileptonic t  t events in which one of the leptons is not identified,
is outside the detector acceptance, or is a hadronically decaying τ lepton. In all these cases, the t  t decay
products include two or more high-pT neutrinos, resulting in large Emiss

T and mT. Three control regions
enriched in dileptonic t  t events (2-lep TR), single-leptonic t  t events (1-lep TR), and W+jets events (1-lep
WR) are designed to normalize the corresponding backgrounds using data. The 2-lep TR differs from the
signal regions by selecting events with exactly two leptons, applying no requirements on mT, Emiss

T /
√
HT

and mj j j, and by requiring Emiss
T > 125 GeV. The 1-lep TR and 1-lep WR have selection criteria identical

to SR A, except for the mT requirement which is changed to 60 GeV < mT < 90 GeV. The 1-lep WR
also has a b-jet veto instead of a b-jet requirement. Top production accounts for > 90% of events in the
top control regions and W+jets production for > 50% in the W control region. The maximum signal
contamination is < 10%.

A simultaneous fit to the numbers of observed events in the three control regions and one signal
region at a time is performed to normalize the t  t and W+jets background estimates as well as determine
or limit a potential signal contribution. The 1-lep and 2-lep TR have t  t normalizations that float indepen-
dently and that are found to be in good agreement. The multijet background which mainly originates from
jets misidentified as leptons is estimated using the matrix method [61]. Other background contributions
(VV , t  t + V , single top) are estimated using MC simulation normalized to the theory cross sections. The
Z+jets background is found to be negligible. Systematic uncertainties are treated as nuisance parameters
with Gaussian probability density functions.

Good agreement is observed between data and the SM prediction before the fit as shown in Figure 1
for the Emiss

T distributions in the 2-lep TR, and the mT distribution for the looser requirement Emiss
T >

40 GeV and no requirements on Emiss
T /

√
HT and mj j j, as well as for the Emiss

T distribution in SR A.

2mT is defined asm2
T = 2plep

T Emiss
T (1−cos(∆φ)), where ∆φ is the azimuthal angle between the lepton and missing momentum

direction.

3

Table 2: Numbers of observed events in the five signal regions and three background control regions,
as well as their estimated values and all (statistic and systematic) uncertainties from a fit to the control
regions only, for the combined electron and muon channels. The expected numbers of signal events for
mt̃1 = 400 GeV (500 GeV) and mχ̃0

1
= 1 GeV for benchmark points 1 (2) are listed for comparison.

The central values of the fitted sum of backgrounds in the control regions agree with the observations
by construction. Furthermore, p0-values and 95% CLs observed (expected) upper limits on beyond-SM
events, obtained from fits to each signal regions and the control regions, are given.
Regions SR A SR B SR C SR D SR E 2-lep TR 1-lep TR 1-lep WR

t  t 36 ± 5 27 ± 4 11 ± 2 4.9 ± 1.3 1.3 ± 0.6 109 ± 10 364 ± 23 59 ± 19
t  t + V , single top 2.9 ± 0.7 2.5 ± 0.6 1.6 ± 0.3 0.9 ± 0.3 0.4 ± 0.1 7.2 ± 1.3 18 ± 3 6.1 ± 1.6
V+jets, VV 2.5 ± 1.3 1.7 ± 0.8 0.4 ± 0.1 0.3 ± 0.1 0.1 ± 0.1 1.6 ± 0.8 38 ± 11 162 ± 23
Multijet 0.4+0.4

−0.4 0.3+0.3
−0.3 0.3+0.3

−0.3 0.3+0.3
−0.3 0.0+0.3

−0.0 0.0+0.6
−0.0 1.7 ± 1.7 0.8 ± 0.8

Total background 42 ± 6 31 ± 4 13 ± 2 6.4 ± 1.4 1.8 ± 0.7 118 ± 10 421 ± 20 228 ± 15
Signal benchmark 1 (2) 25.6 (8.8) 23.0 (8.1) 17.5 (6.9) 13.5 (6.2) 7.1 (4.5) 1.7 (0.6) 2.3 (0.6) 0.4 (0.1)
Observed events 38 25 15 8 5 118 421 228

p0-values 0.5 0.5 0.32 0.24 0.015 - - -

Obs. (exp.) Nbeyond−SM < 15.1 (17.2) 10.1 (13.8) 10.8 (9.2) 8.4 (7.0) 8.2 (4.6) - - -

4 Systematics

The dominant sources of systematic uncertainties in the fitted t  t background estimate arise from theoreti-
cal and MC modeling uncertainties. They are determined by using different generators (MC@NLO, PowHeg
and ALPGEN), different showering models (HERWIG and PYTHIA) and by varying ISR/FSR parameters,
and amount to 10%-30% on the extrapolation from the control to the various signal regions. Electroweak
single top production is associated with an 8% theory uncertainty [45–47] and t  t + V background with a
30% uncertainty [48]. The difference between ALPGEN and HERWIG is used to assess the uncertainty on
the diboson background, and the uncertainty on the multijet background is based on the matrix method.
Both are assigned an uncertainty of 100%.

Experimental uncertainties affect the signal and background yields estimated from MC events and
are dominated by the uncertainties in jet energy scale, jet energy resolution and b-tagging. Uncertainties
related to the trigger and lepton reconstruction and identification (momentum and energy scales, reso-
lutions and efficiencies) give smaller contributions. Other small uncertainties are due to modeling of
multiple pp interactions, the integrated luminosity (3.9% [65, 66]), and the limited MC and data statis-
tics. As the stop-LSP mass difference varies between 600 and 300 GeV the uncertainty on A · ε varies
between 7% and 20%.

5 Results

Table 2 shows the results of the background fit to the control regions, extrapolated to the signal regions.
The fitted W+jets and t  t backgrounds are compatible with MC predictions. To assess the agreement
between SM expectation and observation in the signal regions a simultaneous fit including signal and
control regions is performed. The p0-values obtained are given in Table 2. No significant excess of
events is found.

One-sided exclusion limits are derived using the CLs method [67], based on the same simultaneous
fit (including signal and control regions) but taking the predicted signal contamination in the control

5
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Table 3: Expected background composition and comparison of the predicted total SM event yield to the
observed number of events in the top quark control regions described in the text. The expected Z/�?+jets
rate in the DF channel is negligible. The quoted uncertainties include the systematic uncertainties de-
scribed in Section 7.

tt̄ CR tt̄ CR
Process DF SF
tt̄ 68 ± 11 39 ± 11
tt̄W + tt̄Z 0.37 ± 0.07 0.20 ± 0.05
Wt 2.7 ± 1.0 1.8 ± 0.6
Z/�?+jets - 3.5 ± 1.4
Fake leptons 0.4 ± 0.3 0.5 ± 1.6
Diboson 0.49 ± 0.14 0.10 ± 0.05
Total non-tt̄ 4.0 ± 1.5 6.1 ± 3.7
Total expected 72 ± 11 45 ± 12
Data 79 53

signal are then similar to those of tt̄ background event, and it increases with increasing �m. For equal
masses, the spin-1/2 top quark partner signals have a slightly lower e�ciency than scalar top signals,
because of polarization e↵ects in the decay.

6 Background estimation

The dominant SM background contributions to the SRs are top quark pair production and Z/�?+jets.
They are extracted by defining a control region (CR) populated mostly by the targeted background, and
using MC to extrapolate from the rate measured in the CR to the expected background yield in the SR:

N(SR) =
�

NData(CR) � Nothers(CR)
� NMC(SR)

NMC(CR)

where NData(CR) is the number of data events observed in the CR, NMC(CR) and NMC(SR) are the number
of events of the targeted background expected from MC in the CR and SR respectively, and the term
Nothers(CR) is the contribution from the other background sources in the CR which is estimated from MC
(except for the fake lepton background which is estimated using the data driven technique described
below). The ratio between number of MC events in the SR and number of MC events in the CR for a
given background source is referred to as transfer factor in the following.

The tt̄ CR is defined akin to the SR, except for mT2, which is required to be between 85 GeV and
100 GeV. The expected background composition of the tt̄ CR is reported in Table 3. The contamination
due to fake leptons is evaluated from data with the technique described below, while all the other pro-
cesses are obtained from the MC prediction. The tt̄ background is expected to account for 86% and 94%
of the SM rate in the SF and DF CRs, respectively. The number of observed events is in good agreement
with the expected event yields.

The systematic uncertainties on the modelling of the tt̄ background transfer factor due to the choice
of the MC generator are assessed by comparing the baseline sample simulated with mc@nlo with the
alternative samples described in Section 3.

The background from Z/�?+jets is only relevant for the SF selection in the case of the decay channels
Z ! ee or µµ. For Z ! ⌧⌧ decays, which would contribute both to the SF and the DF samples, the
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Search for light scalar top pair production in final states with leptons and b-jets
with the ATLAS detector in

√
s = 7 TeV proton-proton collisions

The ATLAS Collaboration

Abstract

The results of a search for pair production of light top squarks are presented, using 4.7 fb−1 of
√
s = 7 TeV proton-

proton collisions with the ATLAS detector at the Large Hadron Collider. This search targets top squarks with masses
similar to, or lighter than, the top quark mass. Final states containing exclusively one or two leptons (e, µ), large
missing transverse momentum, light flavour jets and b-jets, are used to reconstruct the scalar top pair system. Complex
mass scale variables are used to separate the signal from a large t  t background. No excess over the Standard Model
expectations is found. The results are interpreted in the framework of the minimal supersymmetric Standard Model,
assuming the scalar top decays exclusively to a chargino and a b-quark. Light top squarks with masses from 120 GeV
up to the top mass are excluded for neutralino masses around 55 GeV.

Keywords:

1. Introduction1

Supersymmetry (SUSY) [1–9] is an extension of the2

Standard Model (SM) which naturally resolves the hier-3

archy problem by introducing supersymmetric partners4

to the known fermions and bosons. In the framework of5

a generic R-parity conserving minimal supersymmetric6

extension of the SM (MSSM) [10–14], SUSY particles7

are produced in pairs and the lightest supersymmetric8

particle (LSP) is stable. In a large variety of models, the9

LSP is the lightest neutralino, χ̃0
1, which is only weakly10

interacting. The scalar partners of right-handed and11

left-handed quarks (squarks) can mix to form two mass12

eigenstates (q̃1, q̃2). Large mixing in the third genera-13

tion sector can yield scalar tops (stop, t̃1,2) with one of14

the mass eigenstates significantly lighter than the other15

squarks. In particular, the lightest stop, t̃1, could have16

a mass similar to, or lower than, the top quark mass, as17

favoured by Electroweak Baryogenesis MSSM scenar-18

ios [15, 16].19

In this letter, a search for direct stop pair production20

is presented targetting these scenarios. A SUSY particle21

mass hierarchy is assumed such that mt ! mt̃1 > mχ̃±122

and that the t̃1 decays exclusively via χ̃±1 + b. The23

chargino subsequently decays via a virtual or real W24

boson (χ̃±1 → W (∗)χ̃0
1). The masses of all other super-25

symmetric particles are assumed to be above the TeV26

scale, and large stop gauge mixing results in mt̃2 % mt̃1 .27

The search uses 4.7 ± 0.2 fb−1 of 7 TeV proton-proton28

collisions collected by the ATLAS experiment at the29

LHC. In the case where mt̃1 ∼ mt, direct stop pair pro-30

duction will lead to final states very similar to SM t  t31

events, which form the dominant background. In the32

first stage of the analysis the t  t system (including stop33

pairs) is reconstructed from final states which contain34

exclusively one or two leptons (" = e, µ), b-jets, light35

flavour jets, and large missing transverse momentum.36

The use of complex observables allows discrimination37

between stop pairs and the t  t background. The results38

are interpreted in three MSSM scenarios where stop39

and neutralino masses are varied and different assump-40

tions are made about the chargino-neutralino mass cor-41

relations: gaugino universality (mχ̃±1 ' 2 × mχ̃0
1
); fixed42

chargino mass at 106 GeV (above the present exclusion43

limit from LEP [17]); fixed stop mass of 180 GeV with44

variations of the chargino-neutralino mass correlation.45

Previous results on direct production of top squark pairs46

in the same MSSM scenarios have been presented by47

the CDF and ATLAS collaborations [18, 19].48

2. The ATLAS Detector49

The ATLAS detector is described in detail else-50

where [20]. It comprises an inner detector (ID) sur-51

rounded by a thin superconducting solenoid, and a52
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€ 

˜ t →b ˜ χ 1
± →bW (*) ˜ χ 1

0

€ 

m( ˜ χ 1
±) =106 GeV

ee eµ µµ all
tt̄ 44 ± 4 ± 5 139 ± 7 ± 22 111 ± 8 ± 10 293 ± 12 ± 34

Z/�⇤+jets 5 ± 1 ± 2 23 ± 2 ± 8 48 ± 16 ± 27 76 ± 16 ± 27
Single top 3 ± 0.5 ± 1 12 ± 1 ± 2 12 ± 1 ± 2 28 ± 2 ± 5

W+jets 3 ± 3 ± 3 5 ± 2 ± 1 6 ± 2 ± 1 13 ± 3 ± 3
Diboson 4 ± 0.4 ± 0.5 9 ± 0.7 ± 2 10 ± 0.7 ± 1 22 ± 1 ± 3
multijet 2.9 +3.2

�2.9 ± 2.2 2.0 ± 1.4 ± 0.3 3.0 ± 2.8 ± 0.3 8.0 ± 3.7 ± 2.3
Total 61 ± 6 ± 6 189 ± 8 ± 21 190 ± 19 ± 31 440 ± 21 ± 43
Data 48 188 195 431

�vis (exp. limit) [fb] 4.9 11.1 16.2 22.0
�vis (obs. limit) [fb] 3.3 10.9 16.9 21.0

m(t̃, �̃0
1) = (112, 55) GeV 44.1 ± 4.8 137 ± 8 140 ± 8 322 ± 13

m(t̃, �̃0
1) = (160, 55) GeV 8.8 ± 1.5 31.4 ± 2.7 36.5 ± 2.9 76.6 ± 4.3

Table 2: The expected and observed numbers of events in the signal region for each flavour channel.
In the combined flavour column (“all”), the statistical uncertainty (first uncertainty quoted, includes
limited MC statistics, and limited data statistics in the CR where appropriate) on the various background
estimates have each been added in quadrature whilst the systematic uncertainties (second uncertainty
quoted) have been combined taking into account the correlations between background sources. Observed
and expected upper limits at 95% confidence level on the visible cross section �vis = � ⇥ A ⇥ ✏ are also
shown. The expected signal yields and statistical uncertainties on the yields are quoted for the two mass
points illustrated in the figures.

and using the maximum deviation of the final yield to assign the uncertainty.
In the considered m(�̃0

1) � m(t̃) mass plane the theoretical uncertainty on each of the signal cross
sections is 16%. These arise from considering the cross section envelope defined using the 68% C.L.
ranges of the CTEQ6.6 and MSTW 2008 NLO PDF sets, and independent variations of the factorisation
and renormalisation scales (see Section 3). Further uncertainties on the numbers of predicted signal
events arise from the JES uncertainty (7-15%), the JER uncertainty (1-7%), the luminosity uncertainty
(3.9%), the uncertainties on calorimeter clusters used to calculate Emiss

T (2-6%), the statistical uncertainty
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ee eµ µµ all
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�vis (obs. limit) [fb] 3.3 10.9 16.9 21.0

m(t̃, �̃0
1) = (112, 55) GeV 44.1 ± 4.8 137 ± 8 140 ± 8 322 ± 13

m(t̃, �̃0
1) = (160, 55) GeV 8.8 ± 1.5 31.4 ± 2.7 36.5 ± 2.9 76.6 ± 4.3

Table 2: The expected and observed numbers of events in the signal region for each flavour channel.
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estimates have each been added in quadrature whilst the systematic uncertainties (second uncertainty
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Search for light scalar top pair production in final states with leptons and b-jets
with the ATLAS detector in

√
s = 7 TeV proton-proton collisions

The ATLAS Collaboration

Abstract

The results of a search for pair production of light top squarks are presented, using 4.7 fb−1 of
√
s = 7 TeV proton-

proton collisions with the ATLAS detector at the Large Hadron Collider. This search targets top squarks with masses
similar to, or lighter than, the top quark mass. Final states containing exclusively one or two leptons (e, µ), large
missing transverse momentum, light flavour jets and b-jets, are used to reconstruct the scalar top pair system. Complex
mass scale variables are used to separate the signal from a large t  t background. No excess over the Standard Model
expectations is found. The results are interpreted in the framework of the minimal supersymmetric Standard Model,
assuming the scalar top decays exclusively to a chargino and a b-quark. Light top squarks with masses from 120 GeV
up to the top mass are excluded for neutralino masses around 55 GeV.

Keywords:

1. Introduction1

Supersymmetry (SUSY) [1–9] is an extension of the2

Standard Model (SM) which naturally resolves the hier-3

archy problem by introducing supersymmetric partners4

to the known fermions and bosons. In the framework of5

a generic R-parity conserving minimal supersymmetric6

extension of the SM (MSSM) [10–14], SUSY particles7

are produced in pairs and the lightest supersymmetric8

particle (LSP) is stable. In a large variety of models, the9

LSP is the lightest neutralino, χ̃0
1, which is only weakly10

interacting. The scalar partners of right-handed and11

left-handed quarks (squarks) can mix to form two mass12

eigenstates (q̃1, q̃2). Large mixing in the third genera-13

tion sector can yield scalar tops (stop, t̃1,2) with one of14

the mass eigenstates significantly lighter than the other15

squarks. In particular, the lightest stop, t̃1, could have16

a mass similar to, or lower than, the top quark mass, as17

favoured by Electroweak Baryogenesis MSSM scenar-18

ios [15, 16].19

In this letter, a search for direct stop pair production20

is presented targetting these scenarios. A SUSY particle21

mass hierarchy is assumed such that mt ! mt̃1 > mχ̃±122

and that the t̃1 decays exclusively via χ̃±1 + b. The23

chargino subsequently decays via a virtual or real W24

boson (χ̃±1 → W (∗)χ̃0
1). The masses of all other super-25

symmetric particles are assumed to be above the TeV26

scale, and large stop gauge mixing results in mt̃2 % mt̃1 .27

The search uses 4.7 ± 0.2 fb−1 of 7 TeV proton-proton28

collisions collected by the ATLAS experiment at the29

LHC. In the case where mt̃1 ∼ mt, direct stop pair pro-30

duction will lead to final states very similar to SM t  t31

events, which form the dominant background. In the32

first stage of the analysis the t  t system (including stop33

pairs) is reconstructed from final states which contain34

exclusively one or two leptons (" = e, µ), b-jets, light35

flavour jets, and large missing transverse momentum.36

The use of complex observables allows discrimination37

between stop pairs and the t  t background. The results38

are interpreted in three MSSM scenarios where stop39

and neutralino masses are varied and different assump-40

tions are made about the chargino-neutralino mass cor-41

relations: gaugino universality (mχ̃±1 ' 2 × mχ̃0
1
); fixed42

chargino mass at 106 GeV (above the present exclusion43

limit from LEP [17]); fixed stop mass of 180 GeV with44

variations of the chargino-neutralino mass correlation.45

Previous results on direct production of top squark pairs46

in the same MSSM scenarios have been presented by47

the CDF and ATLAS collaborations [18, 19].48

2. The ATLAS Detector49

The ATLAS detector is described in detail else-50

where [20]. It comprises an inner detector (ID) sur-51

rounded by a thin superconducting solenoid, and a52
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Signal:	  1	  or	  2	  leptons	  and	  b	  jet	  tag	  +	  
jets	  as	  expected	  from	  L.	  
Construct	  subsystem	  mass	  –	  peaks	  at	  
2m(t),	  lower	  for	  stop.	  
	  Limits	  depend	  on	  assumpHons	  on	  
chargino	  mass.	  	  	   54	  

Number of events
Process 1LSR 2LSR1 2LSR2
Top 24±3±5 89±6±10 36±2±5
W+jets 6±1±2 n/a n/a
Z+jets 0.5±0.3±0.3 11±4±3 3±1±1
Fake leptons 7±1±2 12±5±11 6±4±4
Others 0.3±0.1±0.1 2.7±0.9±0.7 0.9±0.2±0.5
Total SM 38±3±7 115±8±15 46±4±7
Data 50 123 47
mt̃1 = 170 GeV,mχ̃0

1
= 70 GeV 26±2±6 57±3±6 36±2±4

mt̃1 = 180 GeV,mχ̃0
1
= 20 GeV 20±2±4 41±3±5 27±2±3

95% CL upper limits
σvis (expected) [fb] 4.2 9.3 4.6
σvis (observed) [fb] 6.1 11 5.2

Table 1: Predicted and observed number of events in all signal regions together with their
statistical and systematic uncertainties. No values are shown for theW+jets contribution in the
2-lepton channel as these are included in the fake contribution. The expected number of events
for two signal scenarios, both with a chargino mass of 140 GeV, are also shown. The observed
and expected upper limits at 95% confidence level on σvis = σ ·A · ε are also given.

Theoretical uncertainties on the t  t background due to the choice of generator are evalu-
ated by comparing event yields from MC@NLO to those from POWHEG with the same parton
shower model (HERWIG). The parton shower uncertainties are then calculated by comparing
samples generated with the HERWIG and PYTHIA parton shower models, with the same gener-
ator (POWHEG). The uncertainty due to ISR/FSR is assessed using AcerMC samples with vari-
ations of PYTHIA parameters related to the ISR branching phase-space and the FSR low-pT
cutoff. These variations are chosen to produce jet activity in t  t events that is consistent with the
data [54, 55]. The total uncertainty on the t  t estimate due to these effects amounts to 10–15%.
Uncertainties due to the PDF choice and errors are found to be negligible.

In the 1-lepton channel, the theoretical uncertainty in the W estimate due to variations of
the factorisation, renormalisation and matching scales is found to be 15%. Similar uncertainties
on the Z/γ∗ contribution in the 2-lepton channel are 9% (2%) in 2LSR1 (2LSR2).

Uncertainties on the data-driven background from fake leptons arise from the lepton fake
rate determination and from the definition of the fake-enriched control regions. The effect is
between 45–84% of the fake contribution.

Theoretical uncertainties on stop pair production are calculated as described in Section 3.
Signal uncertainties related to the JES, JER and b-tagging are treated as fully correlated with
the respective background uncertainties. Finally, the luminosity uncertainty is 3.9%.

8 Results and Interpretation

Table 1 reports the observed number of events in data and the SM predictions for the signal
regions of the 1- and 2-lepton channels. In all SRs, the data are in good agreement with the

SM expectations. Fig. 1 shows the observed mhad
t and

√
s(sub)min (m!! and

√
s(sub)min ) distributions

for the 1-lepton (2-lepton) channels compared to the SM predictions. MC estimates for these
predictions are used, where the total prediction and systematic uncertainty are scaled to match

9

€ 

m( ˜ χ 1
±) =106 GeV

ATLAS-‐CONF-‐2012-‐070	  



What	  is	  αT?	  

55	  


