2015 highlights from
the CMS experiment

CMS Experiment at LHC, CERN
Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022
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CMS detector in Run2

ECAL: L1 new optical links temperature
el Tracker:

~1 m2 Pixels (66M channels)
~200 m?2 Si microstrips (9.6M channels)

lron Yoke

Muon: extended
coverage

DAQ and HLT:
new architecture, N\
hardware ,software

tations of
on detectors

3.8 T Solenoid

New beam pipe /

ECAL: Electromagnetic
calorimeter - 76K PbWO4 crystals

. HCAL: hermetic Brass/ :
New luminosity Saliadiinde oo e e HO: new photodetectors

telescope precdt ... HF: new back end

All sub-detector operating with active detector fraction higher than Runl
Excellent availability of the CMS detector during Run2 (>97%)

1700 physicists, 700 students, 950 engineers/technicians, 180 institutions from 43
countries to make all pieces of this complex scientific instrument work all together
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Events / ( 0.02 GeV/c?)

2015: The busiest of times

CMS Integrated Luminosity, pp, 2015, /s = 13 TeV

Running with proton

and heavy ion beams,
analyzing Run Il data,
publishing Run | data,

and upgrading...

pp [262163_262277], PbPb [262548-262837], Express
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Record the interesting collision

New challenge with 25ns:
Use of calorimeter timing to achieve better out-of-time PU

rejection
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Detector calibration

CMS preliminary
Alignment: cosmic rays + OT collisions

Run Il vs. Run | geometry, shift x 5 c CMS Preliminary 3.8T collision data 2015
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Excellent alignment precision at the module level
~1-2 M cosmics and initial 20 M tracks from collisions:

changes from runl expected due to magnetic field cycles,
operation of the detector, new tracker temperature
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Visible Physics Objects
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Missing energy

Made out of all the rest of the particles that do not add up momentum wise
in the transverse plane

sensitive to all the changes in machine/detector/reconstruction.
- Excellent response from CMS overall

- Key variable for the searches relying for undetectable particles

for the luminosity

analyzed M ETIZ 4
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LHC: W/Z/TOP standard candles

First objective:
rediscover the known particles ...

CMS-SMP-15-004 CMS-TOP-15-003 CMS-TOP-15-004
Submitted to Phys. Rev. Lett.

T T T T LN B N T ] — L L L L L L L ey E . T T T ] [ I | [ 3
o | Q o F - 3
©  CuS Preliminary, 43 pb” (13 TeV) W A Q ¥ Tevatron combined” 1.96 TeV (L< 8.8 fb") CMS Preliminary 5 F Smgle top quark productlon ]
- @ cus18pn'@ETen w* c 10°F 4 ovsew7Tev=5M) = L Inclusive cross sections l 1
O oS3 pb' (T Tew W o E A CMSlkiets7TeV (L=231) ]
| g I T m CMSep 8TeV (L=1971h") ] 102 & tW (pp or pp)—|
FE~ ®  CcoFRun 4 09 L O CMS I+ets 8 TeV (L =28 fo") 4 E 3
- O DORunl = 8 - LHC combined ey* 8 TeV (I; =53-2031") — F 7
= . L o CMSey13TeV (L=42pb") 4 r ]
- A 7 ] % O CMS l+jets" 13TeV (L =42 pb') r s-channel (pp) -
B Y ua i e [ Preliminary 10 =
op 3 1000 b E s-channel (pp) 3
= 21 C 7
= - 5 10E S ;
o 3 % C 800~ b - —
B pp 1 2 = = = NLO#NNLL, PRD 82, 054018 (2010) 3
- i E r 600- ] E NLO+NNLL, PRD 83, 091503 (2011) 4 CMS, PRL 110, 022003 (2013) E
L = NNLOWNNLL (3p) L ol v Tevalron, arkiv1S06.05027 fhep-ex]  ®  CMS, PRL112,231802(2014) |
= = —— NNLO+NNLL (g9) 13 Vs[Tev] E 4 CMS, JHEP 12, 035 (2012) = NLONNLL, PRD 81, 054028 (2010) 3
= Theory: NNLO, FEWZ and NNPDF 3.0 PDFs . 10 Caakon, Fiedler, Mitov, PRL 110 (2013) 252004 - F u CMS, JHEP 06, 090 (2014) v Tevation, PRL 112, 231803 (2014) ]
- | | - C Myp = 172.5 GeV, PDF® ag uncertainties according to PDFALHC L o OMS, TOP-15-004 (prel) B CMS, PAS-TOP-13:009 (prel) i
EPe— - . . L ' . » ol b b b by ") | | | ' | | | | | |Y | | |
0.5 1 2 5 710 20 2 4 6 8 10 12 14 " "5 3 4 5 6 7 8 9 10 11 12 13 14
Center-of-mass energy [TeV] s [TeV] Vs [Tev]

Predicted increase of cross sections with centre-of-mass energy confirmed by measurements
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Measured particles
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Towards new particles

CMS and LHCb (LHC run I)
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Towards new particles
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do / dmﬁj [pb / TeV]

high mass resonances

Nature has been kind to us regarding the Higgs
boson, continue our detective work searching for
a resonance over a smooth falling spectrum.

Thanks to the increase of the LHC collision energy,
now possible to probe higher Vs

CMS Experitent at the LHG, CERN il
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MET

Searches MET+X

/Search for DarkMatter in the tails\

\ Backgrounds predicted from data /
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Summary

Excellent availability of the LHC to
maximize delivered luminosity to the
experiments! Thanks, LHC !

2015: a successful year for CMS on different fronts:

running with proton and heavy ion beams, analyzing Run Il data, publishing
Run | Data, and upgrading

* Excellent performance of the CMS detector
 Measured the SM production at higher energies

e Searches for new Physics covered new phase space:
Resonances, Dark Matter, SUSYlike Exotics or models,

Looking forward to 2016 !
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