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pp	  √s=7TeV	  
recorded	  
L	  ≅	  43	  pb-‐1	  

pp	  √s=900GeV	  
recorded	  
L	  ≅	  	  0.3nb-‐1	  

pp	  √s=2.36TeV	  
recorded	  
L	  ≅	  	  0.4μb-‐1	  

PbPb	  √s=574TeV	  
recorded	  (√sNN=2.7	  TeV)	  
L	  	  ≈	  8μb-‐1	  

Results	  shown	  today	  with	  up	  to	  10pb-‐1	  of	  pp	  √s=7TeV	  	  



Di-‐Jets	  
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Di-‐jet	  resonances 	  	  
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single	  jet	  trigger	  ET>50GeV	  
ε>99.5%	  for	  mjj>220GeV/c2	  

Primary	  Vertex	  with	  	  	  |z|<24cm	  	  
offline	  anE-‐kT	  calorimeter	  jets	  (R=0.7)	  	  
Two	  leading	  jets	  	  |η|<2.5	  	  |Δη|<1.3	  
jet	  energy	  correcEons	  	  +(40-‐15%)	  



Di-‐jet	  resonance	  simulaEon 	  	  
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Searching	  for	  resonances	  with	  a	  narrow	  
natural	  width	  (<<	  CMS	  di-‐jet	  mass	  resoluEon)	  

ResoluEon	  5-‐16%	  for	  mjj=0.5-‐2.5	  TeV	  

Low	  mass	  tail	  and	  degraded	  resoluEon	  due	  
to	  QCD	  radiaEon	  (larger	  with	  gluon	  final	  
states)	  

1.2	  TeV	  



Di-‐jet	  mass	  cross	  secEon	  (2.9pb-‐1) 	  	  
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Di-‐jet	  resonances	  limits 	  	  
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95% CL Upper Limit

Mass	  lower	  limits	  in	  specific	  models	  (@95%CL)	  
m(S)>2.5	  TeV	  	  (qq,qg,gg)	  
m(q*)>1.58	  TeV	  (qg)	  
m(A,C)>1.17	  TeV	  (qq)	  

	  no	  limits	  for	  W’,	  Z’	  and	  RS	  gravitons	  

Bayesian	  upper	  limits	  (uniform	  prior)	  

SystemaEc	  uncertainEes	  from	  
• Jet	  Energy	  Scale	  (10%)	  
• Jet	  Energy	  ResoluEon	  (10%)	  
• Data	  Luminosity	  (11%)	  
• Background	  ParameterizaEon	  	  
included	  smearing	  PDF	  

arXiv:	  	  1010.0203	  	  	  	  PRL	  105,	  211801	  
TeVatron	  	  :	  m(S)>1.4	  TeV	  	  	  	  	  m(q*)>0.87	  TeV	  	  	  	  m(A/C)>1.25	  TeV	  	  	  



Di-‐jet	  centrality	   	  	  
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Centrality	  RaEo	  among	  events	  with	  
-‐ 	  both	  leading	  jets	  with	  |η|<0.7	  
-‐ 	  both	  leading	  jets	  with	  0.7<|η|<2.3	  

€ 

R =
N η < 0.7( )

N 0.7 < η <1.3( )
Compared	  to	  the	  complete	  angular	  
analysis,	  R	  requires	  less	  staEsEcs	  to	  be	  
sensiEve	  to	  finer	  mass	  binning	  .	  
SystemaEc	  effects	  cancel	  in	  the	  raEo.	  
More	  sensiEve	  to	  contact	  interac*ons	  
rather	  then	  to	  di-‐jet	  resonances.	  

Dijet Mass (GeV)
1000 2000 3000

Ev
en

ts

1

10

210

310

410

510
(a)CMS

 = 7 TeVs
-12.9 pb

 <0.7! " !
 <1.3! " !0.7< 

bin	  width	  ~	  dijet	  mass	  resoluEon	  



Di-‐jet	  centrality	   	  	  
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with	  PYTHIA	  and	  HERWIG	  

NLO	  uncertainEes	  from	  normalizaEon	  and	  
factorizaEon	  scales	  choices	  (3-‐4%	  effect)	  

The	  average	  raEo	  is	  ~7%	  lower	  than	  the	  
corrected	  NLO	  



Di-‐jet	  centrality	   	  	  
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Di-‐jet	  centrality	  limits	   	  	  
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RLL = logLQCD+Λ − logLQCD

to	  test	  the	  contact	  interacEon	  scale	  Λ	  

Pseudo-‐experiments	  (frequenEst)	  approach	  
to	  derive	  95%CL	  exclusion:	  

	   	  Λ>4.0	  TeV	   	  (expected	  2.9	  TeV)	  

SystemaEc	  effects	  included	  with	  
Cousins	  –Highland	  method	  

arXiv:	  	  1010.4439	  	  	  	  
	  accepted	  by	  	  PRL	  

Tevatron	  	  Λ>2.8	  TeV	  



Stable	  Massive	  ParEcles	  
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HSCP	  searches	   	  	  
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(Quasi)	  Stable	  Massive	  ParEcles	  	  
interact	  strong/e.m.	  and	  do	  not	  decay	  in	  the	  detector	  

colored	  SMP	  form	  R-‐hadrons	  

Many	  new	  physics	  scenarios	  predict	  heavy	  long-‐lived	  parEcles	  	  
‣	  Stau	  NLSP	  in	  GMSB,	  decaying	  via	  gravitaEonal	  coupling	  only	  	  
‣	  Light	  stop	  models	  with	  kinemaEcally	  limited	  decays	  
‣	  Split-‐SUSY,	  where	  gluino	  decay	  is	  suppressed	  by	  heavy	  squark	  masses	  	  
‣	  Hidden	  valley	  models,	  GUTs	  

see	  Phys.Rep.438	  (2007)	  1	  	   	   	   	   	  parEcular	  interest	  in	  cosmology	  



HSCP	  searches	  in	  CMS 	  	  
Generic	  search	  based	  on	  first	  200nb-‐1	  of	  data	  .	  	  	  Triggers	  with	  :	  
-‐ single-‐muon	  (pT>3	  GeV)/	  di-‐muons	  
-‐ missing	  ET>45	  GeV	  
-‐ 	  single	  jets	  pT>30	  GeV/c	  

HSCP	  candidate:	   	  1)	  tracker-‐only,	   	  or	  	  	  2)	  tracker+muon	  
Search	  for	  dE/dx	  (derive	  mass),	  eventually	  require	  muon-‐id	  
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MC	  Signals	  from	  (quasi)-‐stable	  	  
-‐stops	  :	  100-‐800	  GeV	  	  
-‐gluinos:	  200-‐900	  GeV	  	  	  
-‐	  sleptons	  (GMSB	  staus	  benchmark)	  

MC	  Backgrounds	  QCD	  inclusive	  (pT>30)	  

ε(R-‐hadron)≥50%	  
ε(stau)≥95%	  



HSCP	  SelecEon	  
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select	  tracks	  with:	  	  
• 	  Tracker	  Hits	  N≥12	  
• 	  pT>7.5	  GeV/c 	  	  ΔpT/pT<0.15	  
• 	  |Δd0|<0.25cm	  	  
• 	  |Δz|<2cm	  

Clusters	  are	  cleaned	  from	  anomalous	  
ionizaEon	  contribuEons	  :	  	  
• 	  overlapping	  MIPs	  
• 	  nuclear	  interacEons	  
• 	  hard	  δ-‐rays	  
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dE
dx
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ci	  charge	  measures	  
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dE/dx	  esEmator	  of	  MIP	  hypothesis	  	  
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Ias	  esEmator	  increases	  S/B	  separaEon	  by	  a	  factor	  3	  with	  respect	  to	  Ih	  
Further	  division	  in	  subsamples	  according	  to	  the	  number	  of	  hits	  (N)	  improves	  S/B	  by	  a	  factor	  8	  	  

Ias	  high	  dE/dx	  
compaEbility	  
esEmator,	  based	  on	  
Smirnov	  -‐	  Cramer	  –	  
von	  Mises	  	  esEmator	  

Tracker-‐only	  

€ 

˜ g 200GeV( )

Tracker+muon	  
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˜ τ 1 100GeV( )



HSCP	  Mass	  esEmator	  
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InverEng	  the	  Ih=K	  m2/p2	  +	  C	  fit	  

Minimum	  Bias	  DATA	  
p<2GeV/c	  	  	  -‐dE/dx>5	  MeV/cm	  
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MC	  signal	  (stable	  stop)	  

ADC	  cut-‐off	  effects	  

deuterons	  !	  
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HSCP	  Search	  
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Observed	  discrepancies	  in	  control	  samples	  (with	  m<75	  GeV/c2)	  are	  used	  to	  correct	  the	  expected	  
backgrounds	  +(5-‐10%)	  and	  the	  spreads	  are	  used	  to	  assign	  systemaEc	  uncertainEes	  	  ~(14-‐17%)	  

CounEng	  experiment	  in	  the	  75<m<1200	  GeV/c2	  range	  
	  Cuts	  on	  pT	  and	  Ias	  with	  constant	  background	  efficiencies	  	  
ε(pT)=0.01-‐10%	  	  ε(Ias)=0.03-‐3%	  required	  	  for	  each	  subsample	  	  

Ci	   Di	  

Ai	   Bi	  

Data	  driven	  background	  esEmaEon	  in	  the	  signal	  region	  Di=BiCi/Ai	  	  	  where	  the	  four	  regions	  
are	  determined	  by	  the	  (uncorrelated)	  cuts	  on	  pT	  and	  dE/dx(Ias).	  	  

pT	  	  

Ias	  



HSCP	  
Search	  
Results	  
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bayesian	  95%	  CL	  
upper	  limits	  on	  	  
HSCP	  producEon	  
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HSCP	  95%	  CL	  limits 	  	  
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Bayesian	  limits	  with	  lognormal	  prior,	  no	  background	  subtracEon	  
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m ˜ g ( ) > 271 GeV/c2  ( f ˜ g g = 0.1)
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Tracker + Muon
Exclusion Stau
Exclusion Stop
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€ 

m ˜ g ( ) > 284 GeV/c2  ( f ˜ g g = 0.1)

Tevatron:	  m(stop)>249	  GeV/c2,	  m(gluino)>322-‐397	  GeV/c2	  



Stopped	  gluinos 	  	  
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Address	  case	  of	  lower	  β	  (<0.3)	  gluinos	  that	  may	  lose	  more	  energy,	  are	  stopped	  
while	  traversing	  the	  detector	  and	  decay	  during	  no-‐beam	  periods	  

Dedicated	  triggers	  for	  signal	  decays	  during	  beam	  gaps	  (using	  beam	  posiEon	  &	  Eming	  
monitors	  BPTX@z=±174m)	  	  

1	  L1	  jet	  with	  ET	  (L1)	  >	  10	  GeV	  	  &&	  1	  HLT	  jet	  with	  E	  >	  20	  GeV,	  |η|	  <	  3.0	  

Background:	  Low	  luminosity	  minimum	  bias	  sample	  

model	  independent	  search	  with	  split-‐SUSY	  gluino	  benchmark	  



Stopped	  gluinos	  simulaEon 	  	  
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control	  sample	  rates	  

signal	  
ε=17%	  

• Search	  dataset:	  15.5	  pb−1	  delivered	  by	  LHC	  
(optimized	  for	  best	  S/B)	  

• Sensitive	  luminosity	  	  for	  out-‐of-‐time	  
decays	  depends	  on	  lifetime:	  a	  maximum	  of	  
10.2	  pb−1,	  for	  90μs	  (τLHC)<τ<Tfill	  

• Counting	  optimized	  time	  window:	  1.25τ	  
following	  each	  collision	  	  
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…	  Nothing	  New	  Yet	  from	  CMS	  on	  :	  
-‐	  Di-‐Jet	  masses	  &	  centrality	  

-‐	  Stable	  Massive	  Par*cle	  searches	  

• 	  many	  TeVatron	  Limits	  Extended	  (up	  to	  x2)	  
m(S)>2.5	  TeV	  	  	  m(q*)>1.58	  TeV	  	  m(A,C)>1.17	  TeV	  

stable	  gluino:	  m>274	  GeV	  &	  m>370	  GeV	  with	  10μs<τ<103s	  (Δm>100GeV)	  

• 	  Looking	  Forward	  to	  Higher	  Luminosity	  
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Backup	  
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CMS	  Luminosity	  

1027Hz/cm2	  
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Di-‐jet	  resonances:	  Specific	  models	  
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Di-‐jets:	  energy	  correcEons	  
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Di-‐jet	  resonances	  
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Di-‐jet	  centrality:	  systemaEcs	  
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Di-‐jet	  centrality:	  systemaEcs	  

Detector	  uncertainEes	   Model	  uncertainEes	  
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MIP	  hypothesis	  dE/dx	  esEmator	  	  based	  on	  Smirnov	  -‐	  Cramer	  –	  von	  Mises	  	  	  
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Pi:	  probability	  a	  MIP	  produces	  a	  equal	  or	  smaller	  ionizaEon	  charge	  in	  layer-‐i	  taking	  
into	  account	  the	  actual	  MIP	  energy	  loss	  distribuEon	  (with	  ADC	  the	  cutoff),	  ordered	  
in	  increasing	  Pi.	  For	  an	  ideal	  HSCP	  all	  Pi=1	  and	  Ias=1.	  

HSCP	  dE/dx	  MIP	  esEmator	  
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HSCP	  Cluster	  cleaning	  
Clusters	  capaciEve	  coupling	  of	  neighboring	  strips	  ~10%.	  (10-‐n	  at	  n-‐strips	  distance)	  

Clusters	  with	  mulEple	  charge	  maxima	  are	  discarded.	  
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HSCP	  95%CL	  limits	  (tracker	  only)	  
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HSCP	  95%CL	  limits	  (tracker+muon)	  
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HSCP	  searches	  systemaEc	  errors	  
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HSCP	  searches:	  pT	  	  spectrum	  
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HSCP	  searches:	  projected	  reach	  
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Stopped	  gluinos	  


