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CMS: la papier machine
More than 400 publications 
out in Run I

Higgs discovery just surpassed 
5000 citation limit

Run I paper tail still continues, 
particularly on precision 
measurements (SMP,  TOP, HIG)

First Run II publications 
submitted, starting with 
establishing underlying event

Bulk will pick up in Moriond’16
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A new boson, 
PLB B716 (2012) 30-61 

5014  citations

First Run II paper, 
FSQ-15-001 (dNch/dη), 

submitted to PLB

P.S. Le title: bad Engrish, bad Flench, 
but good physics ;)
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Run I: Standard Model
Standard Model physics with jets (αS running), photons (γ), W and Z bosons ☑︎
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(NNLO th.), γγ  0.12± 0.01 ±1.06 -15.0 fb
γW  0.13± 0.03 ±1.16 -15.0 fb
γZ  0.05± 0.01 ±0.98 -15.0 fb
γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.15± 0.13 ±1.05 -14.9 fb
WW  0.10± 0.04 ±1.11 -14.9 fb

(NNLO th.)WW,  0.08± 0.02 ±1.01 -119.4 fb
WZ  0.07± 0.07 ±1.17 -14.9 fb
WZ  0.07± 0.03 ±1.12 -119.6 fb
ZZ  0.07± 0.14 ±0.99 -14.9 fb
ZZ  0.08± 0.06 ±1.00 -119.6 fb

7 TeV CMS measurement (stat,stat+sys) 

8 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NNLO)vs. NLO 
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Run I: Top quark
Top quark pair and single top cross sections 
measured in detail in multiple channels ☑︎
Unprecedented precision in top quark mass, 
Δmt < 500 MeV! More precise now than 
2014 World Combination

mt = 172.44 ± 0.49 GeV 

already 3 years ahead of 2013 projections
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 [GeV]tm
165 170 175 180

0

5

10  4.60 GeV± 4.60 ±175.50 
 syst)± stat ±(value 

CMS 2010, dilepton
-1JHEP 07 (2011) 049, 36 pb

 1.43 GeV± 0.43 ±172.50 
 syst)± stat ±(value 

CMS 2011, dilepton
-1EPJC 72 (2012) 2202, 5.0 fb

 1.21 GeV± 0.69 ±173.49 
 syst)± stat ±(value 

CMS 2011, all-jets
-1EPJC 74 (2014) 2758, 3.5 fb

 0.98 GeV± 0.43 ±173.49 
 syst)± stat ±(value 

CMS 2011, lepton+jets
-1JHEP 12 (2012) 105, 5.0 fb

 1.22 GeV± 0.19 ±172.82 
 syst)± stat ±(value 

CMS 2012, dilepton
-1This analysis, 19.7 fb

 0.59 GeV± 0.25 ±172.32 
 syst)± stat ±(value 

CMS 2012, all-jets
-1This analysis, 18.2 fb

 0.48 GeV± 0.16 ±172.35 
 syst)± stat ±(value 

CMS 2012, lepton+jets
-1This analysis, 19.7 fb

 0.47 GeV± 0.13 ±172.44 
 syst)± stat ±(value 

CMS combination

 0.52 GeV± 0.37 ±174.34 
 syst)± stat ±(value 

Tevatron combination (2014)
arXiv:1407.2682

 0.71 GeV± 0.27 ±173.34 
 syst)± stat ±(value 

World combination 2014
ATLAS, CDF, CMS, D0
arXiv:1403.4427
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Approx. NNLO Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP12(2012) 035
CMS, JHEP06(2014) 090
Approx. NNLO Kidonakis, PRD 82, 054018 (2010)
CMS, Phys.Rev.Lett 110, 022003 (2013)
CMS, Phys.Rev.Lett.112, 231802 (2014)
Approx. NNLO Kidonakis, PRD 81, 054028 (2010)
CMS, PAS-TOP-13-009 (FC interval)

CMS Preliminary
Single top-quark production

t-channel

tW

s-channel

: JES, CMS+ATLAS combinations 
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Run I: Higgs boson
‘a’ Higgs boson, last missing 
piece of Standard Model

Couplings to SM particles 
agree with expectations

Mass measurement from 
combination with ATLAS:    
mH = 126.09 ± 0.24 GeV 

For Higgs properties with 
combined CMS+ATLAS data, 
see talk by Jaana Heikkilä
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Vacuum metastability
The enduring puzzle from LHC Run I is the apparent metastability of SM vacuum

But, calculations only hold if no new particles between here and Planck scale

Tension between LHC (CMS) and Tevatron (D0) lepton+jets also needs to be resolved
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arXiv:1307.3536v4
+ arXiv:1407.2682v2

CMS

+ arXiv:1509.04044v1 arXiv:1307.3536v4

http://arxiv.org/abs/1307.3536
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http://arxiv.org/abs/1509.04044v1
http://arxiv.org/abs/1307.3536
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SUSY searches
No hints of SUSY so far, for mass 
scales of up to 1.3 TeV for gluinos, 
1 TeV for squarks, 700 GeV for 
stops and sbottoms

Non-minimal extensions of SUSY 
are still quite plausible, e.g. 
pMSSM10 explored by 
MasterCode (arXiv:1504.03260v1) 
has χ2 probability of 30.8%

HIP group leading hunt for 
charged Higgs bosons H±
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ñt

t̃2

c̃0
1

c̃0
2 c̃±1

c̃0
3

c̃0
4 c̃±2☑︎

https://mastercode.web.cern.ch/mastercode/news.php
http://arxiv.org/abs/1504.03260


Particle Physics Day, Kumpula, 30.10.2015 Mikko Voutilainen, University of Helsinki and HIP

Exotica searches

Almost hundred exotica 
papers from Run I, no signals

Of particular interest to check 
in Run II are the two bumps at 
1.8 and 3.6 TeV
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B physics
Precision measurements of SM and tests of fundamental symmetries (CP violation)

One of main Run I results: CP violation in Bs→J/ψφ — Helsinki main contributor      
deviations from precise SM predictions could indicate new particles contributing to loop diagrams
on-going: high-precision lifetime measurements of BS with Run I data 

10

Clean B0s→J/ψφ signal ΔΓs vs. φs

arXiv:1507.07527, 
submitted to PLB

http://arxiv.org/abs/1507.07527
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Run I: Heavy Ions
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Big discovery: dijet quenching
Quark Gluon Plasma (is liquid)

Nuclear modification factors in 
PbPb collisions (RAA) in 2012

hot nuclear matter effects

Reference pPb in 2013 (RpA)
cold nuclear matter effects
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   Run II

12

Forget the Higgs. CERN's celebrity particle 
smasher is searching for the root of reality  
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Upgrades for Run II
Energy increased from 8 to 13 TeV 

Parton luminosities up from x10 at 1.5 TeV 
to >x100 above 3.5 TeV

(much) more gain at higher masses MX 

Collision spacing from 50 ns to 25 ns
doubles collision rate
reco updated to fit overlapping pulses

Pileup from 21 (2012) to 34 (2015 target)
challenge, but not a problem up to 40-50
16% more particles per collisions at 13 TeV

13
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Run II schedule: 2015
The 2015 pp run at 13 TeV about to finish (last scheduled day on week 45, Nov 2-8)

first full 2015 data set results out for Aspen (Jan 10-16) and Moriond EW (March 12-19)

Week 47: pp reference run at 5.02 TeV for heavy ion physics
Weeks 48-50: heavy ion (PbPb) collisions

Proton running to resume in April 2016
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Run II: 2015–2018
LHC Run II will continue until end of 2018, with longer stop in early 2017 (EYETS)

Target integrated luminosity 100 fb-1, four times that collected in Run I (5+20 fb-1)

Long Shutdown 2 (LS2) 2.5 years to upgrade machine for higher luminosity

15

4 fb-1        34 fb-1           36 fb-1            42 fb-1  
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Integrated luminosity @13 TeV

16

8 TeV, max: 280 pb-1/day

EPS

8 TeV: 21790.00 pb-1
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Detector performance
CMS detector is working nicely:

Tracker is great!

ECAL is great!

MUON is great!

LUMI is better!

HCAL is great (twice a day)!

Magnet is on (unless it’s off)!

Physics is great! :)
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First Run II results

e+e- event 

Dijet mass 

Underlying event 

Top cross sections 

Long range correlations
18

Fig: two high pT jets 
with mass of 5 TeV
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Underlying event
First Run II measurement determined pseudorapidity distribution of charged hadrons

essentially a measurement of the underlying event in (minimum bias) pp collisions
many of these on top of each other equals the pileup background to CMS physics
important test of the Pythia8 tunes (CUETP8S1,M1) to be used by most CMS analyses

Data and Pythia8 consistent within experimental and tune-parametric uncertainties
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Long range correlations
The long range angular correlations already seen in Run I are still there at 13 TeV

Effect similar to that seen in PbPb and pPb, associated to creation of hot and dense quark matter
Correlation maximum in the range 1.0 < pT < 2.0 GeV

Good agreement with associated yields observed at 7 TeV, versus track multiplicity
13 TeV extends the 7 TeV measurement to much higher multiplicities
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Top pair cross sections
Top pair cross sections now measured with two channels at 13 TeV, agreeing with NNLO

Up to a promising start for top quark physics at 13 TeV
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Dijet mass
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Run I sensitivity reached at above 
5 TeV with 42/pb

Now going after Run I bumps at 
1.8 and 3.6 TeV

Already factor x50 more good 
data on tape, first publication soon
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Dilepton Mee=2.91 TeV
Electron-positron pair with 2.91 
TeV mass in the first 65 pb-1 is 
far in the tail compared to Run I

SM backgrounds:
Mee>1 TeV:    0.21
Mee>2 TeV:    0.007
Mee>2.5 TeV: 0.002
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Certainly a fluctuation 
(above Run 1 exclusion), but 
keep an eye on this channel

https://cds.cern.ch/record/2048626?ln=en
http://arxiv.org/abs/1412.6302
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7

we were 
there

we are
here

from Pedro Silva (CERN)
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Conclusions

Thank you! 
(and hope to see you in Spåtind 2016, Jan 2-7)

26

http://hip.fi/spatind2016
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Backup slides
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Stairway to heaven
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SMP: data/theory

29

theoσ / expσProduction Cross Section Ratio:   
0.5 1 1.5 2

CMS PreliminaryMar. 2015

All results at:
http://cern.ch/go/pNj7

(NNLO th.), γγ  0.12± 0.01 ±1.06 -15.0 fb
γW  0.13± 0.03 ±1.16 -15.0 fb
γZ  0.05± 0.01 ±0.98 -15.0 fb
γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.15± 0.13 ±1.05 -14.9 fb
WW  0.10± 0.04 ±1.11 -14.9 fb

(NNLO th.)WW,  0.08± 0.02 ±1.01 -119.4 fb
WZ  0.07± 0.07 ±1.17 -14.9 fb
WZ  0.07± 0.03 ±1.12 -119.6 fb
ZZ  0.07± 0.14 ±0.99 -14.9 fb
ZZ  0.08± 0.06 ±1.00 -119.6 fb

7 TeV CMS measurement (stat,stat+sys) 

8 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NNLO)vs. NLO 
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SM: αS running
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SUSY mass limits

31
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SUSY mass limits
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Exotica limits
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CMS Exotica Physics Group Summary – Moriond, 2015!
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