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  •  The	
  talk	
  is	
  a	
  25’	
  plenary	
  talk	
  containing	
  recent	
  CMS	
  

results.	
  	
  
•  The	
  :tle	
  is:	
  

Selected	
  Recent	
  results	
  from	
  CMS	
  
•  Please	
  send	
  me	
  correc:ons,	
  comments	
  and	
  
sugges:ons.	
  

•  A	
  certain	
  numbers	
  of	
  slides	
  are	
  just	
  pictures	
  or	
  :tles	
  
of	
  sec:ons	
  so	
  they	
  will	
  not	
  take	
  much	
  :me	
  during	
  
the	
  presenta:on	
  but	
  s:ll	
  I	
  think	
  I	
  will	
  have	
  to	
  move	
  a	
  
few	
  of	
  the	
  slides	
  into	
  the	
  spare	
  part.	
  

	
  Thank	
  you	
  
	
  -­‐-­‐-­‐cris:na	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  cris:na.biino@cern.ch	
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5200	
  members:	
  1900	
  physicists,	
  1800	
  students,	
  950	
  engineers/technicians	
  	
  from	
  193	
  ins3tu3ons,	
  43	
  countries	
  

LHC	
  	
  
Large	
  Hadron	
  Collider	
  	
  

CMS	
  Collabora3on	
  

The Large Hadron Collider  
(LHC), one of  the largest  
and truly global scientific  

projects ever 

• Diameter	
  8.5	
  km	
  
• Beam	
  energy:	
  7	
  TeV	
  
• Luminosity:	
  1034	
  	
  	
  
• Protons/bunch:	
  1.15x1011	
  	
  
• Bunches:	
  2808	
  
• Bunch	
  spacing:	
  25	
  ns	
  
• Machine	
  current:	
  0.5	
  A	
  
• Beam	
  Stored	
  energy:	
  362	
  MJ	
  	
  	
  
• Opera:ng	
  temperature:	
  1.9	
  K	
  	
  
• Number	
  of	
  magnets:	
  ~9300	
  	
  
• Magnet	
  Stored	
  Energy	
  8800	
  MJ	
  	
  
• Power	
  consump:on:	
  ~120	
  MW	
  
• Cost:	
  9.0x109	
  $	
  



	
  
DAQ	
  and	
  HLT:	
  	
  
New	
  computers	
  	
  
Improved	
  Trigger	
  	
  

New	
  beampipe	
  

New	
  detectors	
  
for	
  Luminosity	
  	
  

HCAL	
  -­‐	
  New	
  
photosensors	
  

4rth	
  Muon	
  Sta3on	
  
(CSC	
  &	
  RPC)	
  

Tracker/	
  Pixel/	
  ES	
  calo	
  	
  
Cold	
  opera3on	
  
Channel	
  recovery	
  

See	
  also,	
  at	
  this	
  Conference:	
  	
  
-­‐	
  Overview	
  talk	
  on	
  detector	
  
performances	
  in	
  run	
  II	
  	
  
by	
  Laura	
  Borrello	
  	
  
-­‐	
  Overview	
  talk	
  on	
  trigger	
  
performances	
  in	
  Run	
  2	
  	
  
by	
  Riccardo	
  Manzoni	
  
-­‐	
  Overview	
  talk	
  on	
  upgrades,	
  
future	
  plans	
  and	
  prospects	
  
by	
  Giacomo	
  Bruno	
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•  Major	
  Achievement:	
  Higgs	
  discovery	
  and	
  characteriza3on	
  	
  à	
  Mass,	
  spin,	
  coupling,	
  …	
  	
  
•  Top	
  Quark:	
  LHC	
  is	
  a	
  top	
  quark	
  factory	
  à	
  High	
  precision	
  measurements:	
  mass,	
  decays,	
  spin…	
  	
  
•  Searches	
  for	
  SUSY	
  and	
  other	
  exo3c	
  par3cles	
  BSM	
  	
  !	
  Many	
  limits	
  for	
  masses	
  and	
  couplings	
  	
  

7-­‐8	
  TeV	
  	
   13	
  TeV	
  	
  

Run	
  1	
   Run	
  2	
   Run	
  3	
  

Higgs	
  

~30	
  c-­‐1	
  	
  

~300	
  c-­‐1	
  	
  

~3000	
  c-­‐1	
  	
  

Phase	
  II	
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13	
  TeV	
  Opera:on	
  and	
  Luminosity 

	
  

	
  

In 2015 @ 13 TeV:     LHC delivered 4.2 fb-1 ; CMS recorded 3.8(2.8) fb-1 

Istantaneous luminosity >8 1033 cm2/s; reached 1.1 1034 cm2/s; PU ~25 

Recovery	
  of	
  dead	
  
regions.	
  All	
  detectors	
  
in	
  excellent	
  shape	
  for	
  
data	
  taking.	
  	
  

Major	
  work	
  accomplished	
  
during	
  end-­‐of-­‐the-­‐year	
  
shutdown	
  
Solenoid	
  cooling	
  system	
  
fixed	
  successfully,	
  magnet	
  
stable	
  at	
  3.8	
  T	
  

25	
  ns	
  bunch	
  spacing	
  
instead	
  of	
  50	
  ns	
  in	
  Run1	
  	
  

2016	
  -­‐	
  LHC	
  outstanding	
  
performance	
  	
  

Record	
  fills	
  with	
  up	
  to	
  0.7/c	
  	
  
Delivery	
  >10/c	
  by	
  ICHEP	
  
conference	
  !	
  ~25/c	
  by	
  
end	
  of	
  	
  2016	
  seems	
  possible	
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h@ps://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults	
  



	
  
•  In	
  total	
  over	
  500	
  
	
  	
  	
  	
  papers	
  submiged/	
  	
  
	
  	
  	
  	
  published	
  
•  Already	
  ~100	
  Run	
  2	
  
	
  	
  	
  	
  	
  public	
  results	
  
•  Recent	
  Run	
  1	
  legacy	
  
	
  	
  	
  	
  papers	
  on	
  precision	
  
	
  	
  	
  	
  	
  measurements:	
  

Higgs	
  	
  -­‐	
  	
  Top	
  
Electroweak	
  -­‐	
  QCD	
  
Heavy	
  Flavour	
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pp	
  →	
  H	
  →	
  ZZ*	
  	
  

pp	
  →	
  H	
  →	
  γγ
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•  48	
  years	
  	
  
–  Since	
  

idea	
  was	
  
hatched	
  

•  20	
  years	
  
–  To	
  

design	
  
and	
  
build	
  

•  3	
  years	
  	
  
–  To	
  acqu	
  

8	
  

17,00
0	
  	
  

news	
  ar:cles	
  
in	
  

108	
  
countries	
  in	
  

2	
  
days	
  

>	
  1	
  
billion	
  
people	
  saw	
  TV	
  

footage	
  

1,034	
  
TV	
  sta:ons	
  

5,016	
  
Broadcasts	
  

8	
  

Eur.	
  Phys.	
  J.	
  C	
  74	
  (2014)	
  3076	
  

Phys.	
  Rev.	
  D	
  89	
  (2014)	
  092007	
  



	
  
New	
  Ξb*	
  state	
  
	
  

New	
  states	
  in	
  BàJ/ψφ	
  
	
  

Y(1S)	
  Y(2S)	
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A gain in parton luminosity has a significant effect on the discovery reach for 
new particles, and the full exploitation of this new phase space is a primary 
goal of the actual run after LS1 

Reach	
  Increase	
  @	
  13	
  TeV	
  	
  

	
  
13	
  TeV	
  with	
  2.2	
  c-­‐1	
  
poten:ally	
  more	
  
sensi:ve	
  than	
  8	
  TeV	
  
(19.8	
  c-­‐1)	
  	
  	
  

Example	
  physics	
  	
  
poten3al	
  	
  with	
  L~10	
  l-­‐1	
  	
  

	
  

•  750	
  GeV	
  mass	
  resonance	
  
searches	
  (if	
  gg-­‐produced)	
  	
  

•  H(125)	
  full	
  programme	
  	
  

•  Beger	
  sensi:vity	
  for	
  Dark	
  
Mager	
  in	
  high-­‐mass	
  
mediator	
  region	
  	
  

•  Searches	
  for	
  X-­‐>VV	
  with	
  
MX	
  ~	
  TeV	
  	
  

•  New	
  vector-­‐like	
  quarks	
  	
  

•  SUSY	
  via	
  EWK	
  
interac:ons	
  	
  

•  Search	
  for	
  anomalous	
  
couplings	
  	
  

End	
  of	
  2015	
  dataset	
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Standard	
  Model	
  at	
  √s	
  =13	
  TeV	
  	
  

	
  

Inclusive	
  W,	
  Z	
  produc3ons	
  	
  
Including	
  √s	
  =13	
  TeV	
  result	
   Diboson	
  produc3ons	
  	
  

Including	
  at	
  √s	
  =	
  13	
  TeV	
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CMS-­‐PAS-­‐SMP-­‐16-­‐002	
  

CMS-­‐PAS-­‐SMP-­‐15-­‐004	
  



SM	
  -­‐	
  summary	
  @	
  13	
  TeV	
  	
  

	
  

Good agreement between data and theory 
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Summary	
  of	
  diboson	
  produc:on	
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Higgs	
  combina:on	
  (Run	
  1)	
  

	
  

•  Five	
  main	
  decay	
  channels	
  all	
  published	
  	
  
•  All	
  results	
  consistent	
  with	
  SM	
  Higgs	
  	
  

Channel	
  	
  Obs	
  (σ)	
  	
  Exp(σ)	
  	
  
H	
  →	
  ZZ	
   	
  	
  	
  6.5	
  	
  	
  	
   	
  6.3	
   	
  	
  
H	
  →	
  γγ	
   	
  	
  	
  5.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  5.3	
   	
  	
  
H	
  →	
  WW	
  	
  	
  	
  4.7	
  	
  	
   	
  5.4	
   	
  	
  
H	
  →	
  ττ	
   	
  	
  	
  3.8	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3.9	
   	
  	
  
H	
  →	
  bb	
   	
  	
  	
  2.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.6	
   	
  	
  
H	
  →	
  μμ	
  	
  	
  	
  	
  <0.1	
  	
  	
  	
  	
  	
  	
  	
  	
  0.4	
  

SM	
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arXiv:	
  1606.02266	
  



Higgs	
  coupling	
  combina:on	
  (Run	
  1)	
  

	
  

arXiv:	
  1606.02266	
  
Measurements	
  of	
  the	
  Higgs	
  boson	
  producJon	
  and	
  decay	
  rates	
  and	
  
constraints	
  on	
  its	
  couplings	
  from	
  a	
  combined	
  ATLAS	
  and	
  CMS	
  
analysis	
  of	
  the	
  LHC	
  pp	
  collision	
  data	
  at	
  √s	
  7	
  and	
  8	
  TeV	
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Higgs	
  re-­‐discovery	
  at	
  13	
  TeV	
  

	
  

Higgs “discovery” decays to bosonic channels 

Observ.	
  (expect.)	
  =	
  2.5	
  (3.4)	
  σ	
  
µ=0.82+0.57−0.43	
  

Observ.	
  (expect.)	
  =	
  1.7	
  (2.7)	
  σ	
  
µ=0.69+0.47−0.42	
  

H→ZZ→4l 
H →γγ 

Higgs: signal strength is consistent with SM 
 

! Studies of Higgs properties and searches of BSM Higgs boson 

CMS-­‐PAS-­‐HIG-­‐15-­‐005	
  CMS-­‐PAS-­‐HIG-­‐15-­‐004	
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Higgs	
  re-­‐discovery	
  

	
  

Energy dependence H → ZZ*→ 4l 

CMS-­‐PAS-­‐HIG-­‐15-­‐004	
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Top	
  quark	
  –	
  precision	
  physics	
  

	
  

Top	
  pair	
  to	
  	
  
di-­‐leptons	
  	
  

Top	
  pair	
  	
  
leptons+jets	
  	
  

High	
  precision	
  top	
  quark	
  measurements	
  with	
  
preliminary	
  Run	
  1	
  combina:ons	
  

•  Top	
  quark	
  mass	
  is	
  an	
  
important	
  parameter	
  
of	
  the	
  SM.	
  

•  Precise	
  measurements	
  
of	
  top	
  quark	
  mass	
  
provide	
  cri:cal	
  inputs	
  
to	
  the	
  fits	
  of	
  global	
  EW	
  
parameters.	
  

•  Internal	
  consistency	
  
check	
  with	
  the	
  SM.	
  

•  Affect	
  the	
  stability	
  of	
  
the	
  SM	
  Higgs	
  
poten:al.	
  

•  Check	
  the	
  validity	
  of	
  
perturba:ve	
  QCD.	
  

Top	
  pair	
  	
  
all	
  hadronic	
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Phys.	
  Rev.	
  D	
  93	
  (2016)	
  7,	
  072004	
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, 25 ns)-1 13 TeV (L = 2.2 fbµCMS e
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NNLO+NNLL (pp)

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
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Z

(Msα 0.001 [*±) = 0.118 
Z

(Msα = 172.5 GeV, topNNPDF3.0, m
 [TeV]s13

600

800

1000

NNPDF3.0 MMHT14

CT14 ABM12*

Effect of the beam energy
uncertainty: 12 pb
(not included in the Figure)

Top	
  quark	
  –	
  precision	
  physics	
  

	
  	
  

ubar	
  cross-­‐sec3on 

TOP-­‐16-­‐013	
  	
  

σ(g)	
  @	
  5.02	
  TeV	
  ,	
  26	
  pb-­‐1	
  =	
  82	
  ±20(stat)±	
  5(syst)	
  ±10(lumi)	
  pb	
  
σ(g)	
  @	
  13	
  TeV	
  ,	
  2.53	
  c-­‐1	
  =	
  834	
  ±	
  25(stat)+118-­‐104(syst)	
  ±23(lumi)	
  pb,	
  in	
  all	
  jets	
  
σ(g)	
  @	
  13	
  TeV	
  ,	
  2.2	
  c-­‐1	
  =	
  793	
  ±	
  8(stat)±	
  38(syst)	
  ±21(lumi)	
  pb,	
  	
  	
  in	
  e	
  µ 2jets	
  

TOP-­‐16-­‐015	
  	
  

TOP-­‐16-­‐005	
  	
  

σ(gZ)	
  @	
  13	
  TeV	
  ,	
  2.7	
  pb-­‐1	
  =	
  1065	
  +352-­‐313(stat)	
  +168-­‐142(syst)	
  c	
   TOP-­‐16-­‐009	
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Single	
  Top	
  at	
  √s	
  =	
  13	
  TeV	
  

	
  

NNLO	
  precision	
  for	
  single	
  top	
  t-­‐channel	
  
produc:on	
  rate	
  	
  
•  Theory:	
  ~	
  1%	
  	
  
•  Measurements:	
  	
  

~10%	
  at	
  8	
  TeV,	
  with	
  20/c	
  	
  
~15%	
  at	
  13	
  TeV	
  with	
  2.3/c	
  	
  

TOP-­‐16-­‐003	
  	
  

	
  	
  	
  	
  	
  σt-­‐ch.,t=	
  141.5	
  ±	
  6.7	
  (stat)	
  ±	
  9.4	
  (exp)	
  +19.3−19.6	
  (theo)	
  ±	
  3.8	
  (lumi)	
  pb	
  
	
  

	
  	
  	
  	
  σt-­‐ch.,t¯ˉ=	
  81.0	
  ±	
  6.2	
  (stat)	
  ±	
  8.1	
  (exp)	
  +10.9−10.9	
  (theo)	
  ±	
  2.2	
  (lumi)	
  pb	
  

t-­‐channel	
  	
   s-­‐channel	
  	
   Wt-­‐channel	
  	
  

22.2%±1.5	
  	
  
87.2%+3.4

-­‐2.4	
  

8	
  TeV	
  

5.55%±0.22	
  	
  

15.6%±1.2	
  	
  
65.9%+2.6

-­‐1.8	
  

10.1%+0.19
-­‐0.18	
  

7	
  TeV	
  

July 9, 2016 Selected Results from CMS C. Biino 

 [TeV]s
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Tevatron, arXiv:1503.05027 [hep-ex]
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CMS, TOP-16-003 (prel.)

NLO+NNLL, PRD 82, 054018 (2010)

CMS, PRL 110, 022003 (2013)

CMS, PRL 112, 231802 (2014)

NLO+NNLL, PRD 81, 054028 (2010)

Tevatron, PRL 112, 231803 (2014)

CMS, arXiv:1603.02555 [hep-ex]

Single top-quark production
Inclusive cross sections
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Search	
  for	
  New	
  Physics	
  in	
  Run1	
  	
  
Many	
  models	
  and	
  their	
  predic3ons	
  
inves3gated.	
  
Unfortunately	
  nothing	
  found.	
  	
  
CAVEAT:	
  several	
  assump3ons	
  behind	
  
these	
  limits.	
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Event	
  Display:	
  high	
  mass	
  dijet	
  

	
  

July 9, 2016 Searches for high mass resonances at 13 TeV C. Biino 

Mjj=6.14	
  TeV	
  



Search	
  for	
  high	
  mass	
  resonances	
  in	
  Dijets	
  

	
  

No	
  signal	
  around	
  2	
  TeV:	
  Run	
  1	
  excess	
  is	
  not	
  confirmed	
  

Dibosons 
2.4	
  c-­‐1	
  limits	
  from	
  13	
  TeV	
  already	
  
surpass	
  the	
  20	
  c-­‐1	
  limits	
  from	
  8	
  TeV	
  

Phys.	
  Rev.	
  Leu.	
  116	
  (2016)	
  071801	
  

Dijets 
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Highest	
  mass	
  dimuon	
  pair	
  observed:	
  2.4	
  TeV	
  

	
  	
  	
  
Event	
  Display:	
  high	
  mass	
  dilepton	
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Search	
  for	
  Z’:	
  dilepton	
  mass	
  spectra	
  

	
  

•  Search	
  for	
  localized	
  excess	
  in	
  the	
  mass	
  
spectra	
  of	
  muon	
  and	
  electron	
  pairs,	
  clean	
  
signature	
  with	
  very	
  low	
  background	
  at	
  
high	
  mass	
  

•  Highest	
  mass	
  events:	
  
Muon	
  –	
  2.4	
  TeV	
  ;	
  Electron	
  –	
  2.9	
  TeV	
  

•  P-­‐value	
  to	
  observe	
  at	
  least	
  one	
  event	
  in	
  
the	
  range	
  m(ee)	
  >	
  2.8	
  TeV	
  is	
  3.6%	
  

Data	
  are	
  consistent	
  with	
  SM	
  
July 9, 2016 Searches for high mass resonances at 13 TeV C. Biino 

EXO-­‐15-­‐005	
  



	
  

Diphoton	
  event	
  with	
  	
  
m(γγ)	
  =	
  745	
  GeV	
  

	
  	
  
Event	
  Display:	
  high	
  mass	
  diphoton	
  

July 9, 2016 Searches for high mass resonances at 13 TeV C. Biino 



Diphoton	
  results	
  

	
  

ATLAS	
  combined	
  (13+8	
  TeV)	
  analysis:	
  
3.9	
  σ	
  (local)	
  and	
  2.0	
  σ	
  (global)	
  for	
  spin-­‐0	
  
3.6	
  σ	
  (local)	
  and	
  1.8	
  σ	
  (global)	
  for	
  spin-­‐2	
  

CMS	
  combined	
  (13+8	
  TeV)	
  analysis	
  
of	
  spin-­‐0	
  and	
  spin-­‐2	
  states:	
  
Excess	
  around	
  ~750	
  GeV	
  with	
  3.4	
  σ	
  (local)	
  
and	
  1.6	
  σ	
  (global)	
  for	
  both	
  states	
  

preliminary 

A lot of theoretical works attempt 
to explain this hypothetical effect: 
> 300 papers since Dec. 2015 

Need	
  more	
  data!	
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Summary	
  

	
  

•  Run	
  1	
  data	
  demonstrated	
  the	
  triumph	
  of	
  the	
  SM,	
  the	
  Higgs	
  boson	
  
discovery	
  but	
  no	
  significant	
  signal	
  of	
  New	
  Physics.	
  	
  

•  CMS	
  improved	
  detectors,	
  trigger	
  and	
  reconstruc:on	
  algorithms	
  
during	
  the	
  LS1.	
  	
  

•  2015	
  has	
  been	
  the	
  commissioning	
  year	
  for	
  LHC	
  and	
  CMS	
  @13	
  TeV.	
  	
  
•  LHC	
  accelerator	
  and	
  CMS	
  experiment	
  are	
  performing	
  well:	
  we	
  are	
  

back	
  to	
  discovery	
  mode.	
  	
  
•  For	
  the	
  moment	
  Run	
  1	
  excesses	
  have	
  not	
  been	
  confirmed.	
  	
  
•  Unexpected	
  mild	
  excess	
  in	
  the	
  diphoton	
  invariant	
  mass	
  requires	
  

more	
  data.	
  	
  
•  2016-­‐2018	
  data	
  taking	
  will	
  deliver:	
  	
  

•  high	
  precision	
  measurements	
  at	
  new	
  energy	
  regime	
  
•  searches	
  for	
  New	
  Physics	
  	
  
"""              #exci:ng	
  :mes	
  ahead!	
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SPARES	
  	
  



CMS	
  –	
  magnet	
  cryogenic	
  system	
  

	
  

•  Cold	
  box	
  cleaning	
  to	
  
remove	
  traces	
  of	
  Breox	
  
contaminant	
  

	
  
•  Replacement	
  of	
  primary	
  

oil	
  removal	
  system	
  

Intense	
  program	
  
to	
  refurbish	
  the	
  
cryogenic	
  system	
  
for	
  B=3.8	
  T	
  
opera3on	
  in	
  2016	
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  Physic	
  Objects:	
  dimuon	
  resonances	
  @13	
  TeV	
  

	
  

CMS shows a good performance to detect different signals 



	
  	
  

	
  	
  
o	
  Top	
  quark	
  mass	
  is	
  an	
  important	
  
parameter	
  of	
  the	
  standard	
  model.	
  
	
  
o	
  Precise	
  measurements	
  of	
  top	
  
quark	
  mass	
  provide	
  cri:cal	
  inputs	
  
to	
  the	
  fits	
  of	
  global	
  
electroweak	
  parameters.	
  
	
  
o	
  Internal	
  consistency	
  check	
  with	
  
the	
  SM.	
  
	
  
o	
  Affect	
  the	
  stability	
  of	
  the	
  SM	
  
Higgs	
  poten:al.	
  
	
  
o	
  To	
  check	
  the	
  validity	
  of	
  
perturba:ve	
  QCD.	
  

Top	
  quark	
  mass	
  –	
  precision	
  physics	
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SM	
  -­‐	
  summary	
  @	
  13	
  TeV	
  	
  

	
  

Good agreement between data and theory 

W+jets Z+jets 

di-bosons 

tt+jets 

t+V 
Higgs 
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