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The CMS Detector
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LHC experiments are back in business at

a new record energy 13 TeV
3 June 2015 Run-2 starts

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data lncluded from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
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CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV

Data included from 2017-05-23 14:32 to 2017-08-30 04:02 UTC
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CMS Collaboration June 27, 2012
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The CMS Collaboration: 3500 scientists and engineers, incl.|

~1000 students from 199 Instltutlons in 46 countries .
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New for the 2017 R
EYTS 2017: Pixel Detector Upgrade

Upgrade
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- 4 layers, 3 disks
- smaller radius inner layer (3cm)
- New readout chip
- higher efficiency at high rate & high pile-up (up to 100 PU)

Further:
+ CO2 cooling and DC-DC powering HF readout upgrade,
- less material GEM demonstrator
slice added..



CMS Performance @

Some examples from the Run-2 data
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CMS Publicati

Total Exotica Standard Model Supersymmetry Higgs Top Physics > 6 50 p U b I | Catl O n S O n
Heavy lon B Physics Forward Physics Beyond 2 Generations p p (an d p P b/ P b P b
639 collider data papers submitted as of 2017-08-11 p hys | CS Sl nce 1 / 20 10

About 80 papers on
Higgs studies!!

Paper 16 was the
discovery paper!
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Running of the LHC in 2017 .

LHC Pagel Fill: 6052 E: 6499 GeV t(SE): 02:34:18 06-08-17 11:35:04

PROTON PHYSICS: STABLE BEAMS

6499 GeV 2.59e+14 I(B2): 2. 74e+14

Inst. Lumi [(ub.s)A=1] IP1: 13314.07 IP2: 2.49 IPS: 12939.28 IP&: 431.68

FECT Intensity and Beam Energy Ipdated: 11:35:05 Instantaneous Luminosity Updated: 11:35:03
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- Total collected so far in Run-2: ~60 fb -1
| - Running possible with >2000 bunches (but now Grufallo/16L2 limit!) 4



Standard Model
Measurements




Standard Model Measur

A Standard Model measurements form an integer part of the
physics program of the LHC

A Precision measurements allow test for a wide range of SM
predictions, and extract fundamental parameters (eg U,)

i Requires matching precision at theory prediction side

A Important to understand backgrounds for searches for new
physics

Many processes studied: Examples
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Inclusive Jet Production (13 T
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Agreement with NLO calculations over the full range, up to and beyond
2TeVp:j et@@D predictions work well




New Determination of U

-Inclusive multi jet production CMSPASSMR16-008
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W and Z Boson Pro

Contains a new measurements at 13 TeV!
with about 5% precision (~ lumi uncert.)
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Many detailed EWK studies possiblel and done-- with the large Z,W samples
B



Multi-Boson

March 2017
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CMS measurements
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Top Production

- The heaviest known elementary particle: ~173 GeV
- Coupling to the Higgs ~1 - Special role in EWK symmetry breaking?

LHC is a top factory with ~5.10° produced tt-pairs (run-1)
~3.107 produced tt-pairs (2016)



Inclusive tt cross section [pb]
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* Preliminary

Tevatron combined 1.96 TeV (L < 8.8 fb™
CMS dilepton,|+jets* 5. 02 TeV (L=27.4pb™)
CMSen7TeV(L=5f")

CMS l+jets 7 TeV (L=2.3fb™)

CMS all-jets 7 TeV (L=3. 54 fb™)
CMSeu8TeV (L=19.7fb")

CMS l+jets 8 TeV (L=19.6 b’ )

CMS all-jets 8 TeV (L = 18. 4 fo)
CMSen13TeV (L=43 pb 50 ns)
CMSeu13TeV(L=22fb )

CMS l+jets* 13 TeV (L =42 pb 50 ns)
CMS l+jets 13 TeV (L=2.2fb™)
CMS all-jets* 13 TeV (L =2.53 fb™)
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op = 172.5 GeV, ay(M,) = 0.118 = 0.001 [ (M,)=0.1 13] -
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Good agreement with the SM predictions up to the new 13 TeV
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Top Mass Determin

CMS Preliminary May 2017

Steady improvements over the

b hadron lifetime ——see@———— 173.50 + 1.50 = 2.91 GeV .
last years in run-1

TOP-12-030 (2013)
Kinematic endpoints 173.90 = 0.90 +1.70 GeV
EPJC 73 (2013) 2494 e -2.10

Precision now is~0.3% , similar

b-jet energy peak — @ 17229+ 1.17 + 2,66 GeV ] .
to the theoretical uncertainty

TOP-15-002 (2015)

Lepton+J/¥
* 173. += 9. = U, V
JHEP 12 (2016) 123 850 =3.00 = 0.90 Ge

Hadronization model uncertainties
one of the main limitations

—@— .68 £ 0. eV
PRD 93 (2016) 092006 -0.97

Dilepton kinematics 171.70 = 1.10 t2.68 GeV
TOP-16-002 (2016) —® -3.09

Many alternative methods have

been and are being explored

CMStsjshape BTV g . 16090 1.10 7% 5 oGV using Jipsi, secondary
This is not the last word yet

Single top enriched 172.60 = 0.77 *0-97 GeV
arXiv:1703.02530 (2017) A 60=0. -0.93 Ge

Jcr(ité)P-f)ga(z-lc-)?; 029 o 17380 71701 go GoV
CMS 748 TeV (2015) S (72,44 +0.13 = 047 GeV Experiment combination under way

PRD 93 072004 (2016)

World combination

ATLAS. CDF. CMS. D0 @ 173.34 = 0.27 = 0.71 GeV

ATLAS, CDF, OMS, DO Note: the average value LHC
T IR S B I | somewhat lower than Tevatron

160 170 180 190 — . :
m, [GeV] one: 174.34 ° 0.64 GeV




Summary: Cross Sections at

August 2017 CMS Preliminary
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All results at: http://cern.ch/go/pNj7 ST e e - A0y 1N €Xp- A0

Measurements in good agreement with the Standard Model predictions




Higgs

CERN & @CERN
Happy 5th anniversary, #HiggsBoson! It's been 5 years since we announced your
discovery: cern.ch/go/gm97 #HiggsStories

The party 5 years ago What happened since?



2012: A Milestone In Par

Observation of a Higgs Particle at the LHC, after about 40 years
of experimental searches to find it

proton

The Higgs particle was the last missing particle in the Standard Model

and possibly our portal to physics Beyond the Standard Model
B 2 2020 D



