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Overview	  

•  2011	  CMS	  results	  
–  B	  physics	  
–  Standard	  Model	  measurements	  
–  SUSY	  searches	  
–  Non-‐SUSY	  Exo=c	  searches	  
–  Heavy	  Ions	  

•  First	  2012	  CMS	  results	  

Higgs	  results	  covered	  	  
by	  Jake	  Anderson	  

All	  results	  available	  at	  
hRps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults	  	  



The	  beauty	  of	  physics…	  



Observa=on	  of	  Ξb*0	  
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4	  Ξb*0→Ξb
-π+→Ξ-J/ψ π+→Λπ-µ+µ-π+→p+π-π-µ+µ-π+	  

arXiv:1204.5955	  	  
(Phys.Rev.Le7.)	  

Candidate	  Ξb*0 event	  	  
with	  3	  secondary	  and	  	  
~10	  primary	  ver=ces	  	  
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Ξb
*0	   Ξb

-‐	  

Ξb*0→Ξb
-π+→Ξ-J/ψ π+→Λπ-µ+µ-π+→p+π-π-µ+µ-π+	  

	  M(Ξb
*0)	  =	  (5945.0	  ±	  0.7(stat)	  ±	  0.3(syst)	  ±	  2.7(Ξb

-‐))	  MeV/c2	  
	  
Theory:	  5.94	  GeV/c2	  
Sta=s=cial	  significance:	  6.9	  σ	  

Observa=on	  of	  Ξb*0	  

J.	  G.	  Korner	  et	  al,	  Prog.	  Part.	  Nucl.	  Phys.	  33,	  787	  (1994)	  



Rare	  Decays:	  Bd,s	  →	  µ+µ-	


6	  

•  Decays	  highly	  suppressed	  in	  SM	  
–  Effec=ve	  FCNC	  decay	  

	  
	  

•  Large	  increases	  in	  B(Bd,s	  →	  µ+µ-)	  for	  new	  physics	  
scenarios	  

Buras,	  Isidori	  &	  Paradisi	  	  
Phys.LeR.	  B694	  402	  
(2010)	  	  

Expectations and observation
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1.0	  ±	  0.4	  	   Bs	  exp.	  
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arXiv:1203.3976	  	  
(JHEP)	  



Rare	  Decays:	  Bd,s	  →	  µ+µ-	
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Expectations and observation
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Conclusions
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→ µ

+
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) 7.7 × 10−9 8.4 × 10−9

B(B
0 → µ

+
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−
) 1.8 × 10−9 1.6 × 10−9

• Significant improvement

� EPS 2011: B(B0
s
→ µ

+
µ
−) < 1.9 × 10−8

� more/changed variables,

e.g., better B vertex isolation

� improved sensitivity

� higher signal:background ratio

• Upper limit now approaching

factor 2 of SM expectation

• Looking forward to 2012 dataset.

Well prepared for

high instantaneous lumi (trigger)

high pileup (tracking and vertexing)

Urs Langenegger Search for B0
s → µ

+
µ
− and B

0 → µ
+
µ
− in CMS (2012/02/28) 37

MVA	  in	  the	  works:	  	  
20-‐30%	  improvement	  

arXiv:1203.3976	  	  
to	  appear	  in	  JHEP	  



Standard	  Model	  	  
Measurements	  
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Inclusive	  jet	  and	  dijets.	  2-‐4%	  JES.	  	  
Constrains	  gluon	  PDF	  up	  to	  x=0.6	  

W	  electron	  charge	  asymmetry	  
measured	  to	  0.5-‐1%	  per	  bin	  of	  
0.1	  in	  Δη.  Constrains	  u/d	  PDF	  
ra\o	  	  

Differen\al	  Drell-‐Yan	  
cross	  sec\on:	  2.5M	  µµ	  
pairs	  tests	  NNLO	  cross	  
sec\ons	  and	  PDFs	  	  

CMS-‐PAS-‐SMP-‐12-‐001	  

CMS-‐PAS-‐EWK-‐11-‐007	  

9	  
CMS-‐PAS-‐QCD-‐11-‐004	  



‘Rare’	  processes	  	  

First	  4-‐fermion	  Z→llll	  	  decays	  
observed	  at	  a	  hadron	  collider!	  
Sta\s\cal	  significance:	  8.9	  σ	

(BR	  =	  4.4·∙10-‐6),	  σ ≈	  125±26	  j	  

CMS-‐PAS-‐SMP-‐12-‐009	  

  Z→	  µ+µ-µ+µ- 	  



Dibosons	  

800	  WW→	  lvlv	  events	  observed	  in	  2011,	  
±10%	  xsec	  precision.	  Constrains	  Higgs	  
backgrounds	  and	  anomalous	  trilinear	  
electroweak	  couplings	  

CMS-‐PAS-‐SMP-‐12-‐005	  

σ(WW):	  52.4	  ±	  2.0	  (stat.)	  ±	  4.5	  (syst.)	  ±	  1.2	  (lumi.)	  pb	  
Theory:	  47	  ±	  2.0	  	  pb	  	   Campbell	  et	  al,	  JHEP	  1107	  (2011)	  018	  	  



Top	  Factory	  

•  Top	  pair	  cross	  sec=on	  
–  lepton(e,μ,	  tau)+jets,	  di-‐lepton	  and	  fully	  hadronic	  final	  states	  

hadronic	  tau	  +	  jets	  final	  state	  not	  yet	  included	  in	  the	  combina=on	  

TOP-‐11-‐024	  



Top	  mass	  
CMS	  average:	  172.6	  ±	  0.4	  ±	  1.2	  GeV	  

Dilepton:	  	  
TOP-‐11-‐016	  

Lepton+jets:	  
TOP-‐11-‐015	  

Lepton+jets	  channel:	  W-‐mass	  constraint	  is	  used	  to	  
simultaneously	  determine	  the	  Jet	  Energy	  Scale	  (JES)	  	  

~1.3	  (syst)	  GeV	  including	  color	  reconnec=on;	  	  
Underlying	  event	  expected	  to	  be	  small	  
Cross-‐check:	  arer	  applying	  the	  calibra=on	  obtain	  using	  
44660	  events	  mt	  =	  172.6	  ±	  0.2	  ±	  1.8	  GeV	  which	  confirms	  
the	  main	  result	  

Lepton+jets:	  
TOP-‐11-‐015	  
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Excellent	  agreement	  between	  
SM	  predic=ons	  and	  data	  
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SUSY	  	  
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SUSY	  @	  CMS	  

Strong	  Produc\on	  
	  	  (jets,	  MET,	  HT)	  
	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  EWK	  Produc\on	  
(low	  MET,	  mul\ple	  son	  leptons)	  

	  	  	  	  3rd	  Genera\on	  Produc\on	  
	  	  	  	  	  (b	  jets,	  same-‐sign	  leptons)	  
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•  Razor	  variables	  MR	  
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SUS-‐12-‐002	  

Hadronic	  SUSY	  searches	  

SUS-‐12-‐005	  

SUS-‐12-‐011	  



Leptonic	  SUSY	  searches	  
3rd	  genera=on	  searches	  
Same-‐sign	  dileptons	  +	  bjets	  

P1

P2

b̃1

b̃∗1

t

t̄

χ̃−
1

χ̃+
1

W−

W+

χ̃0
1

χ̃0
1

EWK	  produc=on	  
≥	  3	  leptons	  search	  (e,μ,τ)	  
	  

arXiv:1205.3933	  
(JHEP)	  	  

SUS-‐11-‐016	  



•  Simple	  SUSY	  models	  
are	  under	  pressure	  
–  Limits	  >	  1000	  GeV	  

squarks	  and	  
gluinos	  

•  SUSY	  is	  not	  dead	  yet	  
–  115-‐130	  GeV	  Higgs	  

tailor	  made	  for	  
SUSY	  

–  More	  complicated	  
(and	  interes=ng)	  
“natural”	  SUSY	  
models	  s=ll	  
plen=ful	  	  

19	  
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Provide	  a	  broader	  view	  of	  results:	  
e.g.	  Limits	  for	  a	  massless	  Neutralino	  
(dark	  blue)	  are	  significantly	  reduced	  
(light	  blue)	  when	  requiring	  it	  to	  be	  200	  
GeV	  less	  than	  the	  heavy	  gluino	  mass.	  	  

SUS-‐11-‐016	  

SUS-‐12-‐002	   SUS-‐11-‐020	  



Exo=ca	  



Search	  for	  Dark	  MaRer	  
•  Pair-‐produced	  DM	  par=cles	  via	  monojets	  &	  

monophotons	  (ISR)	  
–  Look	  for	  “nothing”	  plus	  a	  single	  radiated	  photon	  or	  jet	  
–  Probing	  the	  same	  effec=ve	  operators	  as	  in	  direct	  

detec=on	  
–  High	  sensi=vity	  to	  spin-‐dependent	  couplings	  
–  Extends	  direct	  detec=on	  below	  5	  GeV	  

•  Interpret	  also	  in	  ADD	  LED,	  set	  limits	  on	  Planck	  
Scale	  vs.	  EDs	  

Dark Matter Signature (1/2)

7

! Dark matter has historically been inferred by many astronomical observations, its 
composition has been the source of  speculation.
" What sets its abundance? Is it a WIMP?
" Does it interact with matter apart from gravity?
" How weak  are these interactions?

Direct Detection at Colliders:

! To get a particular WIMP-nucleon cross section we  assume that a DM-hadron 
interaction exists that couple to quarks.  Hence a similar interaction can lead to its 
production at LHC e.g.,

! A similar dark matter pair production could lead to  !+MET final state at the 
LHC where  ! is radiated from initial state 

Tuesday, February 14, 2012

EXO-‐11-‐059	  

arXiv:1204.0821	  
(PRL)	  	  



Z’(R)	  
•  New	  gauge	  interac=on	  

–  Large	  couplings	  to	  3rd	  genera=on	  
•  Search	  for	  boosted	  top	  pairs	  

–  Sensi=ve	  to	  large	  Z’	  masses	  
–  Based	  on	  jet	  sub-‐structure	  

•  Limits	  on	  σ	  x	  BR	  for	  varying	  Z’	  widths	  

Strong	  limits	  on	  RS-‐KK	  gluons,	  
other	  resonances	  decaying	  to	  tt 	  

arXiv:1204.2488	  
(JHEP)	  	  



W’	  Bosons	  
•  Right-‐handed	  WRʹ′	  with	  SM-‐like	  couplings	  as	  a	  

benchmark	  model	  
•  W’R	  

–  consider	  decays	  to	  a	  muon	  and	  a	  heavy	  
muon	  neutrino	  	  

•  W’(tb)	  
–  Also	  considered	  arbitrary	  combina=on	  of	  

ler	  and	  right-‐handed	  couplings	  to	  fermions	  
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W’	  Bosons	  
•  Extensive	  set	  of	  decay	  channels	  

–  W’	  (lν),	  W’(WZ),	  W’(VZ)	  
•  Interpret	  results	  for	  different	  models	  and	  

under	  varying	  assump=ons	  
–  Kaluza-‐Klein	  W’(KK),	  SSM,	  Technicolor…	  
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Exo=ca	  Summary	  



Heavy	  Ions	  



Heavy-‐Ion	  Physics:	  W	  Produc=on	  

•  Consistent	  with	  the	  pp	  	  
–  Taking	  into	  account	  nucleon	  

content	  of	  colliding	  Ions	  

W-‐candidate:	  
pµ	  =	  43	  GeV	  
Centrality	  	  =	  0-‐10%	  

HIN-‐11-‐008	  



8	  TeV	  Results	  



W→	  eν,	  μν	  	  @	  √s=8	  TeV	  
•  Data	  are	  special	  low-‐PU	  (<N>~5)	  runs	  only	  

•  Muon	  pT	  >	  20	  GeV,	  |η|	  <	  2.1,	  Electron	  ET	  >	  25	  GeV	  ,	  |η|	  
<	  2.5	  

•  Lepton	  selec=on	  iden=cal	  to	  2010	  cross	  sec=on	  analysis	  
•  W	  signal	  recoil	  model	  tuned	  to	  Z	  data	  
•  QCD	  shape	  tuned	  to	  non-‐isolated	  lepton	  data	  

•  Normaliza=on	  of	  W,	  EWK,	  QCD	  histograms	  fit	  to	  the	  data	  	  
•  i.e.	  only	  the	  shapes	  are	  being	  tested	  against	  our	  
modeling	  



Z→e+e-‐	  ,	  µ+µ-‐	  @	  √s=8	  TeV	  	  
•  Data	  are	  special	  low-‐PU	  (<N>~5)	  runs	  only	  

•  Muon	  pT	  >	  20	  GeV,	  |η|	  <	  2.1,	  Electron	  ET	  >	  25	  GeV	  ,	  |η|	  <	  2.5	  
•  Lepton	  selec=on	  iden=cal	  to	  2010	  cross	  sec=on	  analysis	  

•  No	  lepton	  ET	  or	  pT	  correc=ons	  
•  Z	  →	  e+e-‐	  ,µ+µ-‐	  	  histogram	  is	  special	  low-‐PU	  DY	  MC	  normalized	  to	  the	  data	  
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Summary	  

•  The	  excellent	  LHC	  performance	  and	  smooth	  opera=on	  of	  the	  
CMS	  detector	  allowed	  for	  a	  rich	  physics	  program	  in	  2011	  
–  Extensive	  set	  of	  2011	  full	  dataset	  results	  and	  publica=ons	  

•  No	  discovery	  yet	  but	  vast	  and	  new	  territory	  explored	  

•  First	  major	  results	  at	  √s	  =	  8	  TeV	  in	  2012	  are	  coming	  soon	  
– We	  are	  expanding	  our	  searches	  for	  new	  physics	  into	  more	  
difficult	  areas	  

•  Stay	  tuned…	  



Addi=onal	  Material	  



Razor	  Variables	  


