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CMS collaboration 
 

•  3500 scientists, engineers, and students  
•  199 institutes 
•  46 countries 
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• CMS Status: Summer 2017 

•  New Pixel detector 
•  New HF calorimeter readout 
•  Improved L1 Trigger 

• Physics Highlights: 2016 data 
•  using full 40 fb-1 13 TeV data 
•  39 new results at Moriond 2017 
•  22 new results at LHCP 2017 
•  20 new results at EPS-HEP 2017 
•  Here: selected new results 
    

635 
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ETmiss performance in high pileup data

 Z+jets event in high PU data recorded in 2016, with 103 number of vertices, 
tracks of pT > 1.5 GeV are shown.

     Z→µµ in 2016 
 
 
 
 
 
 

        103 vertices 
track pT>1.5 GeV 

CMS Publications 

CMS-DP-2017-028 
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The Large Hadron Collider at CERN 



The CMS detector 
Christian Autermann 
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HF upgrade, Muon-endcap GEM prototype 

 
 

 
 
•  GEM GE1/1 slice 

demonstrator installed 
  ( 5 £ 10o ) 
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• HF readout upgraded 
   replaced PMTs in LS1 
   (2£QE, 2£Gain, dual readout,   
   1/6 thick window/Cherenkov) 
 

Phase1 upgrade of the CMS-HF Calorimeter Erhan Gülmez

1. Introduction

The CMS-HF calorimeter is designed to detect forward jets and particles scattered in the re-
gion, 3 < h < 5. The two units placed at each end of the CMS detector are in cylindrical shape
with an active radius of 1.4 m and 1.65 m long. Active elements in the calorimeters are plastic-clad
quartz fibers. Long (1.65 m) fibers are sensitive for both EM and hadronic showers while short
(1.43 m) fibers are hadronic showers only. Particles passing through the fibers produce Cherenkov
radiation inside the fiber. The light produced by the Cherenkov radiation is carried by the fibers to
the PMTs and transferred to them through an arrangement of an air-core light-guide.

2. Problems During Run I: Anomalous or Window events

Stray muons passing through the PMTs attached to the HF calorimeter produce Cherenkov
radiation right at the window glass of the PMTs, causing false triggers to mimic very high-energy
events. Compared to the regular signals produced by the Cherenkov light coming through the
fibers, these signals are larger and faster by a few nanoseconds. Initially, the correlation between
the electromagnetic and hadronic channel is utilized to remove these unwanted events. Real events
are expected to produce signals simultaneously in both electromagnetic and hadronic channels, but
not the anomalous events since they are produced right at the window of a specific PMT. However,
increasing luminosity will increase the occupancy rate of the channels and the number of muons
passing through the PMTs. Simple comparison of the two channels will not be enough to identify
the window events.

Figure 1: (left-top) Old PMTs: R7525; Bialkali photocathode; Max. 25% quantum efficiency (QE); Typical
gain: 5x105; Window: 1.2 mm thick at the center, 6 mm thick at the edges; plano-convex geometry
with face area ⇠490 mm2; Glass jacket. (left-bottom) 4-anode PMTs: R7600U-200-M4; Ultra Bialkali
photocathode; Max. 43% QE (350 nm); Typical gain: 1.3x106; Window: <1 mm thick; square geometry
with area ⇠324 mm2; Metal jacket. (right) A picture of the new HF Front-End Electronic Cards with the
new QIE10 chips.
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EYTS 2017: Pixel Detector Upgrade 

•  4 layers, 3 disks 
•  smaller radius inner layer (3cm)  

• New readout chip 
•  higher efficiency at high rate & high pile-up (up to 100 PU) 

• CO2 cooling and DC-DC powering 
•  less material 
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Pixel Phase I Detector 

 

•    4 layers / 3 disks 
 –   One more space point: smaller inner radius (3 cm) 
•    New readout chip 
 –   Recovers inefficiency at high rate and PU 
•    CO2 cooling, new cabling and powering scheme (DC–DC) 
 –  Less material 
•    Longevity 
 –   Tolerate 100 PU and survive to 500 fb-1, with exchange of innermost layer 

TDR: CMS-‐TDR-‐011 
13 

Old 

Upgrade 

Upgrade 

Old 



Active Channels 
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New Pixel detector 
•  Number of readout chips 

roughly doubled to 29696 

New Hadronic Forward 
Calorimeter 

CMS Performance 

95% 



New Pixel detector performance 

•  Time alignment of Layer 1 and 2, which share a 
common programmable time delay, was difficult 
due a faster Layer 1 ROC.                              
We succeeded in establishing an optimal 
common plateau of efficiency with values close 
to 99% for all pixel layers and disks at 
luminosities L=1.6E34cm-2 s-1. 
•  The timing is chosen to favour the Layer 1 

performance. 
•  Although not yet at the ultimate detector 

performance, more complex functions like 
vertexing, b-tagging, and HLT electron 
reconstruction are significantly better than with 
the old detector, which would not have been 
able to cope with the rates in the first place. 
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98% 

CMS Public 



Performance  L1 e/° trigger 
•  Full upgrade of L1 trigger system during LS1 
•  cope with high inst. luminosity of 1034 cm-2s-1 

and pileup 
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● Clustering of ECAL and HCAL trigger towers
● Energy of e/ γ from sum of energy of trigger towers after 

calibration to improve energy resolution
● Rejection of jets using energy in HCAL (H/E)
● Shape veto to exclude jet-like candidates, 99.5% efficiency on  

e/ γ
● Selection of isolated candidates to reject low pT jets

LEVEL-1 E/GAMMA ALGORITHM

LEVEL-1 ISOLATED E/GAMMA EFFICIENCY

5

L1 trigger efficiency curve for an e/γ object as a 
function of the offline reconstructed supercluster 
transverse energy ET with the 2017 algorithm (blue) 
and the 2016 algorithm (red) measured with 
Tag&Probe on data. A geometrical matching 
between the electron supercluster and the L1 
candidate is applied. The efficiency is drawn for a pT 
threshold of 38 GeV and isolation requirement. The 
two curves corresponds to the same trigger rate. 
The higher 2017 trigger efficiency is due to a 
different relaxation scheme of the isolation 
selection as a function of ET of the e/γ candidate.

LEVEL-1 E/GAMMA ENERGY RESOLUTION

7

Relative difference in transverse energy ET for L1 e/γ 
candidates with respect to the offline reconstructed 
transverse energy for 2016 (red) and 2017 (blue) 
data. The two datasets presents a mean pile up of 
24 vertices per bunch crossing. Recalibration of the 
Calorimeter Level-1 trigger object allowed to 
mitigate the detector related change in energy 
response with respect to running conditions in 
2016.

L1 e/° energy  
resolution 

L1 isolated e/°  
trigger efficiency 

CMS-DP-2017-024 



Performance L1 muon trigger 

•  Improved L1 muon track finding 
•  Improved L1 muon pT resolution 

•  L1 muon pT>25 GeV 
  efficiency vs. offline pT  
•  L1 muon trigger with 25 GeV 

threshold expected to stay 
unprescaled in 2017 data taking 
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● Efficiency as a function of reconstructed probe 
muon pT for a L1 muon with pT ≥ 25 GeV 
passing single muon trigger quality criteria

● L1 muon geometrically matched to 
reconstructed probe muon within dR < 0.5

● The highest pT bin contains all reconstructed 
muons with pT > 400 GeV

● The L1 single muon trigger with 25 GeV 
threshold is unprescaled in the run range 
considered and foreseen to stay unprescaled 
throughout the 2017 data taking

LEVEL-1 MUON EFFICIENCY

CMS-DP-2017-024 



Performance Alignment 
•  Barrel pixel median residuals local               

y-positions 
•  Barrel pixel position is very sensitive to 

changes in temperature and magnetic field  
•  End-of-year alignment better than the 

alignment used in data taking by a factor 4  
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CMS-DP-2017-021 
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Performance MET in high pileup 
•  Compare the well measured Z→ ll to 

the recoiling hadronic system uT  
•  Compare Particle Flow (PF) and 

PUPPI 10.1007/JHEP10(2014)059 
•  Resolution of parallel and 

perpendicular components of recoil: 

Christian Autermann 
LP2017 13 

2

ETmiss performance in high pileup data
In Z→ll events, we can probe the detector response of the hadronic system and measure the scale and 

resolution of ETmiss by comparing the transverse momentum of the well measured vector boson to that of 
the hadronic recoil system. Methods used are documented in the last public result: PAS-JME-16-004.

 The hadronic recoil is projected onto the axis of the well measured Z boson, and its parallel (Z pT + u||) and perpendicular 
(u⊥) components are used to study the performance of the ET

miss.  The distributions are fitted using a Voigtian function.   
Type1 corrected PF and Puppi ET

miss are used. 

This high pileup performance study is using a commissioning dataset recorded by CMS in 2016, corresponding to an 
integrated luminosity of 4.8 pb-1 with the following bunch setup: 3 isolated bunches, PU~70-100 and 2x48 bunch trains, 

PU~35-50. 

All Monte Carlo samples are reweighted to be consistent with the reconstructed primary vertex distribution as measured in 
the data using a more inclusive dilepton selection then the one used for the analysis. 

7

Comparison of resolution of parallel (left) and perpendicular (right) components of hadronic recoil measured using 
Type1 PF ETmiss (red markers) and Type1 Puppi ETmiss (blue markers) as a function of number of vertices. The 

backgrounds with real ETmiss are subtracted using simulation.
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Comparison of resolution of parallel (left) and perpendicular (right) components of hadronic recoil measured using 
Type1 PF ETmiss (red markers) and Type1 Puppi ETmiss (blue markers) as a function of number of vertices. The 

backgrounds with real ETmiss are subtracted using simulation.
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High energy event:  m( tt ) = 2.5 TeV  
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_ 

• m( t ) = 177 GeV 
•  pT = 613 GeV 
•  Three subjets 

• m( t ) = 176 GeV 
•  pT = 488 GeV 
•  Three subjets 

CMS-DP-2016-035 



Successful data-taking in 2016 
•  second year of data at center-of-mass energy of 13 TeV 
•  38 fb-1 recorded, exceeding goal of 25 fb-1  
•  92% of delivered luminosity was recorded 
•  dataset of presented physics results 
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Very successful LHC start 
reaching 1034 cm-2s-1 fast! 

Overall 83.8% data collection  
efficiency 

CMS Luminosity 
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High expectations for the 13 TeV Run 2 
• Cross section of processes increase with center-of-mass 

energy depending on the process mass scale 
• Already twice the luminosity  
   of the 8 TeV dataset 
• Good for searches 
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Theory prediction
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Electroweak top physics Higgs 

•  Extraordinary measurements 
•  Important background for searches  

CMS Public 
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 10.1007/JHEP03(2017)156 

Strong coupling strength ®s 



QCD: Differential jet production  
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CMS-PAS-SMP-16-010 
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CMS Preliminary  (13 TeV)-12.3 fb•  Dijet topology: unfolded as function 
of jet-mass and jet pT   

•  jet mass sensitive to QCD parton 
showering and used in searches for 
new physics (“boosted” objects) 

•  With & without jet grooming 
algorithm to remove low energy 
portions from jet arising from soft 
radiation that are difficult to model. 

•  MC predictions of jet mass spectrum 
are found to be improved for 
groomed jets 

•  Jet grooming algorithm: 
•  AK8 jet constituents reclustered by CA8 
•  Hierarchical sequence of clustering 

reversed 
•  soft drop (SD) algorithm removes low 

energetic constituents per declustering step 
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DP-2017-029 
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EWK: Measurement of the weak mixing angle 
•  using forward-backward asymmetry AFB of DY (e+e-, µ+µ-) using the full 8 TeV data 
•  sin2µ extraction by fitting mass and rapidity dependence of AFB, strong dependence 

on mass because of the axial – vector interference 
•  Most precise measurement of sin2µ at the LHC, similar to Tevatron experiments 
•  Allows also to constrain PDFs 
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CMS-PAS-SMP-16-007 
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9 Summary

We extract sin2 q
lept
eff from the measurements of the mass and rapidity dependence of AFB in

Drell-Yan ee and µµ events. With larger datasets and new analysis techniques, including pre-
cise lepton momentum calibration, angular event weighting, and additional PDF constraints,
the statistical and systematic uncertainties are significantly reduced compared to our previous
measurement. The combined result from the dielectron and dimuon channels is:

sin2 q
lept
eff = 0.23101 ± 0.00036(stat)± 0.00018(syst)± 0.00016(theory)± 0.00030(pdf) (15)

sin2 q
lept
eff = 0.23101 ± 0.00052. (16)
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Figure 9: Comparison of the measured sin2 q
lept
eff in the muon and electron channels and their

combination with the previous LEP, SLC, Tevatron and LHC measurements. The shaded band
corresponds to the combination of the LEP and SLC measurements.

Comparison of the extracted sin2 q
lept
eff with the previous results from the LEP, SLC, Tevatron

and LHC is shown in Figure 9. The results are consistent with the most precise LEP and SLD
measurements.
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γγ  0.12± 0.01 ±1.06 -15.0 fb
(NLO th.), γW  0.13± 0.03 ±1.16 -15.0 fb

(NLO th.), γZ  0.05± 0.01 ±0.98 -15.0 fb
(NLO th.), γZ  0.05± 0.01 ±0.98 -119.5 fb

WW+WZ  0.14± 0.13 ±1.01 -14.9 fb
WW  0.09± 0.04 ±1.07 -14.9 fb
WW  0.08± 0.02 ±1.00 -119.4 fb
WW  0.08± 0.05 ±0.96 -12.3 fb
WZ  0.06± 0.07 ±1.05 -14.9 fb
WZ  0.07± 0.04 ±1.02 -119.6 fb
WZ  0.07± 0.06 ±0.80 -12.3 fb
ZZ  0.07± 0.13 ±0.97 -14.9 fb
ZZ  0.08± 0.06 ±0.97 -119.6 fb
ZZ  0.05± 0.04 ±1.10 -135.9 fb

7 TeV CMS measurement (stat,stat+sys) 
8 TeV CMS measurement (stat,stat+sys) 
13 TeV CMS measurement (stat,stat+sys) 

CMS measurements
 theory(NLO)vs. NNLO 
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LHC is a top quark factory 
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tt production - 

[pb] 

CMS Public 

~50 top pairs every second at LHC! 
(at 1034 cm-2s-1 instantaneous luminosity ) 

•  Probing rare tt+X processes: 
•  ttW @ 5.5¾, ttZ @ 9.9¾ 

•  ttbb and ttbb/ttjj production   
•  tt° production  
•  tZq production @ 2.4¾ 

•  Measuring couplings 
•  Testing FCNC, BSM 

CMS-PAS-TOP-17-005 

1705.10141, to PLB 

1706.08128, subm. to JHEP 

10.1007/JHEP07(2017)003 



TOP: differential cross section 
•  semi-leptonic decay channel (e± or µ±) 
•  important verification of theoretical models, sensitive 

to rare SM processes like tt + (W, Z, or H),  
important SM background to searches 

•  ¾(tt) differentially in variables, that don’t need 
reconstruction of tt system 

•  unfolded to particle level, phase-space resembling 
fiducial volume of CMS 

Christian Autermann 
LP2017 27 

CMS-PAS-TOP-16-014 
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Latest of many similar results 
•  particle and parton level 

measurements; 
•  l+jets, dilepton, and all jets;  
•  boosted and resolved;  
•  based on global event variables 

and reconstructing the top 
system(s);  

•  double and simple differential 
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 [GeV]tm
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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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Top property measurements: Top mass 
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 2.91 GeV± 1.50 ±173.50 b hadron lifetime
TOP-12-030 (2013)

 GeV-2.10 +1.70 0.90 ±173.90 Kinematic endpoints
EPJC 73 (2013) 2494

 2.66 GeV± 1.17 ±172.29 b-jet energy peak
TOP-15-002 (2015)

 0.90 GeV± 3.00 ±173.50 ΨLepton+J/
JHEP 12 (2016) 123

 GeV-0.97 +1.58 0.20 ±173.68 Lepton+SecVtx
PRD 93 (2016) 092006

 GeV-3.09 +2.68 1.10 ±171.70 Dilepton kinematics
TOP-16-002 (2016)

 GeV-0.93 +0.97 0.77 ±172.60 Single top enriched
arXiv:1703.02530 (2017)

 GeV-3.49 +4.38 1.10 ±169.90 +j shape, 8 TeVtCMS t
TOP-13-006 (2016)

 GeV-1.80 +1.70173.80 ) 7+8 TeVt(tσ
JHEP 08 (2016) 029

 0.47 GeV± 0.13 ±172.44 CMS 7+8 TeV (2015)
PRD 93 072004 (2016)

 0.71 GeV± 0.27 ±173.34 World combination
ATLAS, CDF, CMS, D0
arXiv:1403.4427 (2014)

May 2017

 syst.)± stat. ±(value 

CMS Preliminary CMS Public Top 

CMS 2017, µ+jets  172.62 ± 0.38 ± 0.70 GeV 

(not included in combination) 

»0.3 %! 
precision 

CMS-PAS-TOP-16-022 
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Discovery channels of the Higgs 
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• Discovery channels despite small BF 
of ~0.23% (°°), ~0.013% (4l) 

•  clean signal, high precision, fully 
reconstructable 

•  consistent with SM 

CMS-PAS-HIG-16-040, 

1706.09936, subm. to JHEP 
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H→¿¿ and H→ W+W- channels 

•  Tau semi-hadronic & leptonic decay 
channels 
•  Excellent CMS tau tagging 
•  4 final states (eµ, e¿

h
, µ¿

h
, ¿

h
¿

h
) 

•  3 categories (0 jet, VBF, boosted) 
•  4.9¾ (4.7¾ expected) 

•  1.09+0.27
-0.26 £ ¾SM 
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1708.00373, subm PLB 

CMS-PAS-HIG-16-021 

•  H→WW→eºµº  
•  dilepton channel 
•  ggH, VH, VBF production channels 

•  4.3¾ (4.1¾ expected) 
•  1.05 ± 0.26 £ ¾SM 

Run 1,2 combined:  
5.9¾ (5.9¾ exp) 



Strong evidence for V+ Higgs → bb  

•  VH→ll’bb with V = (W, Z) & l = (e, µ, º) 
•  Tevatron’s most sensitive channel in reported 

evidence for Higgs 10.1103/PhysRevLett.109.071804  
•  0,1,2 charged lepton channels; 21 control 

regions 
•  7 BDT discriminator distributions 
•  Signal extraction by simultaneous binned 

likelihood fits of signal and backgrounds for all 
channels to the BDT distributions 

•  Method validated on VZ with Z→ bb, observed 
with 4.96¾ (1.02+0.22

-0.23 £ ¾SM ) 

•  Combination with CMS Run I (7 & 8TeV):
3.8¾ (3.8¾ expected) 

  1.06+0.31
-0.29 £ ¾SM    

•  more details in talk by Keti Kaadze this afternoon 
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Map of Martin Waldseemüller labeling ‘terra incognita’ as America (1507). 
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Exotica – dijet angular correlations 

•  qq CI, quantum BH, DM, extra dim.; 
constructive or destructive interference 

•  complementary to dijet narrow bump search 
•  QCD Rutherford scattering flat in Âdijet 

•  First time limits on universal quark coupling to  
   dark matter mediator 2.5 < MMed < 5 TeV set, 
   that is inaccessible through dijet resonances 
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CMS-EXO-16-046 

dijet
χ

2 4 6 8 10 12 14 16

di
je

t
χ

/d
di

je
t

σ
 d

di
je

t
σ

1/

0.05
0.1

0.15
0.2

0.25

0.3

 > 6.0 TeVjjM 

Data
NLO QCD+EW prediction

 (CI) = 13 TeV+
LLΛ

 (GRW) = 10 TeVTΛ

 = 6 ADD) = 8 TeV
ED

 (nQBHM
 = 1.0) = 4.5 TeVq (DM gMedM

Preliminary CMS  (13 TeV)-135.9 fb

dijet
χ

2 4 6 8 10 12 14 16

0.05
0.1  < 6.0 TeVjjM5.4 < 

dijet
χ

2 4 6 8 10 12 14 16

0.05
0.1  < 5.4 TeVjjM4.8 < 

dijet
χ

2 4 6 8 10 12 14 16

0.05
0.1  < 4.8 TeVjjM4.2 < 

dijet
χ

2 4 6 8 10 12 14 16

0.05
0.1  < 4.2 TeVjjM3.6 < 

dijet
χ

2 4 6 8 10 12 14 16

0.05
0.1  < 3.6 TeVjjM3.0 < 

dijet
χ

2 4 6 8 10 12 14 16
0.05

0.1  < 3.0 TeVjjM2.4 < 

µ*: jet angle to beam axis  
     in dijet rest frame 

 [GeV]MedM
0 1000 2000 3000 4000 5000 6000

' qg

0

0.2

0.4

0.6

0.8

1

1.2

1.4 M
ed

/M
Γ

0.1

0.2

0.3

0.4
0.5
0.6
0.7
0.8
0.9
1

=10%Med/MΓ'=0.4, qg

=50%Med/MΓ'=1.0, qg

 CMS 95% CL Upper Limits
Dijet Chi Observed
Dijet Chi Expected
Dijet Resonance Observed
Dijet Resonance Expected
Boosted Dijet Resonance Observed
Boosted Dijet Resonance Expected

 = 0DMΓ
Vector/Axial-Vector Mediator

Preliminary CMS  (13 TeV)-135.9 fb

dark matter mediator mass 



Supersymmetry – Gauge mediated breaking 
•  At least one photon in final state 
•  Generic search for strongly produced GMSB 

SUSY with Â→° G 
•  m(g) up to 2 TeV & 
   m(q) up to 1.65 TeV excluded dep.  on m(Â01) 
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1707.06193, subm. JHEP 
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•  No excess observed 
•  Complementary channels 

•  ° EWK, °°, °+lepton,          
multi-lepton 

•  Planning combination in model 
of General Gauge Mediation 

      10.1007/JHEP01(2017)135, 
      10.1007/JHEP03(2016)046 



Supersymmetry – Electroweak searches combination 
•  Electroweak chargino & neutralino production 
•  Statistical combination of multiple analyses 

•  multi-lepton, low pT dileptons, OS&SF dilepton,   
    WH, Razor H→°°, H+MET 
•  Optimized ¸3l search for m(Â0

2) – m(Â0
1) = m(Z) 

•  Model of Â±1 – Â0
2 production 

•  different Â0
2 decay scenarios 
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CMS-PAS-SUS-17-004 
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Supersymmetry: R-Parity violation 
•  No theoretical reason why R-parity must be 

conserved 
•  “Natural” RPV SUSY still largely 

unconstrained 
•  No MET requirement – also sensitivity to 

RPC SUSY with compressed mass spectra 
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CMS-PAS-SUS-16-040 
Gauge eigenstates Spin Mass eigenstates

bino, wino, higgsinos B̃, W̃0, H̃0
u , H̃0

d
1
2 �̃0

1, �̃
0
2, �̃

0
3, �̃

0
4 neutralinos

wino, higgsinos W̃+, H̃+u
1
2 �̃+1 , �̃

+
2 charginos

W̃�, H̃�d
1
2 �̃�1 , �̃

�
2

gluinos g̃ 1
2 no mixing

selectron, smuon, stau ẽL,R, µ̃L,R, ⌧̃L,R 0 ẽL,R, µ̃L,R, ⌧̃1, ⌧̃2 sleptons
sneutrinos ⌫̃e, ⌫̃µ, ⌫̃⌧ 0 ⌫̃e, ⌫̃µ, ⌫̃⌧ sleptons or sneutrinos

sup, scharm, stop ũL,R, c̃L,R, t̃L,R 0 ũL,R, c̃L,R, t̃1, t̃2 squarks
sdown, sstrange, sbottom d̃L,R, s̃L,R, b̃L,R 0 d̃L,R, s̃L,R, b̃1, b̃2

Table 1: Supersymmetric partner particles content in the minimal supersymmetric standard model

strained-MSSM (cMSSM) [18–21]. In a second type of mod-
els the supersymmetry is broken by gauge-mediated breaking
terms (GMSB) [22–28]. Anomaly-mediated supersymmetry
breaking [29, 30] is another breaking scenario, which will not
be considered in the following.

The mass scale of the SUSY particles is generally unde-
termined by the theory, but can be constrained by the following
considerations. The higher-order corrections ⇠ �m2 ln(⇤UV/m)
to the Higgs mass m2

H depend on the particle masses but only
logarithmically on the cuto↵ scale and thus matter only if the
di↵erences in mass of the members of a supermultiplet become
too large. This is in particular relevant for the third quark gener-
ation supermultiplet of the top with the large top-quark Yukawa
couplings at first-loop order, and for gluinos at second-loop or-
der. Heavy third generation squarks and gluinos have large
contributions to �m2

H . The non-observation of the Higgs bo-
son near the electroweak scale at LEP was referred to as little
hierarchy problem [31], as a large Higgs mass requires large ra-
diative corrections and thus large stop masses between 300 GeV
and 1 TeV [32] in the MSSM. The supersymmetry naturalness
requirement is illustrated [32] by the tree-level relation in the
MSSM

�
m2

Z

2
= |µ|2 + mH2

u
(2)

with the Z-boson mass mZ , where the µ-term is directly linked
to the higgsino masses, and mHu to the gluino and stop masses
as discussed above. A natural supersymmetry spectrum with-
out fine-tuning requires light stop, gluino, and higgsino masses.
A natural supersymmetry scenario should be accessible at the
LHC and motivates in particular searches for low-mass super-
partners of the top-quark.

1.3. Supersymmetry models and simplified scenarios
Another motivation for supersymmetry is, that it can deliver

a candidate particle for the dark matter, if the R-parity [33] is
conserved. The baryon number B and lepton number L that are
conserved in the SM become in supersymmetry the quantum
number R-parity, which is defined as R = (�1)3B+L+2S where S
is the spin quantum number. R equals +1 for standard model

and �1 for SUSY particles. R-parity violating (RPV) trilinear
and bilinear terms exists in the superpotential [34]:

WRp/ =
1
2
�i jkLiL jEc

k+�
0
i jkLiQ jDc

k+
1
2
�00i jkUc

i Dc
jD

c
k+µiHmLi (3)

where L and Q are the lepton and quark SU(2) doublet super-
fields, E, U, D the singlet superfields, and i, j, k are the fam-
ily indices. The gauge indices are not shown. The coupling
strengths are given by the Yukawa constants �, �0, and �00. The
bilinear term allows the mixing of the lepton and Higgs super-
fields. RPV implies lepton- or baryon number violation and
su�ciently large couplings allow the decay of the lightest su-
persymmetric particle, the LSP. If R-parity is conserved because
all RPV couplings vanish or at least are su�ciently small, then
supersymmetric particles are only produced in pairs, and the
LSP is stable. If the RPV-couplings are so small or zero, that
the LSP-lifetime is large compared to the age of the universe,
then the LSP is a particle candidate for dark matter. The dark
matter candidate has to be a massive, only weakly interacting
particle, like the lightest neutralino �̃0

1. In the following, RPV
couplings are assumed to be zero.

The minimal supergravity model or the cMSSM is a MSSM
scenario with gravity-mediated SUSY breaking determined by
five parameters m0, m1/2, A0, tan �, and the sign of µ. The uni-
versal scalar mass m0 determines the mass of the scalar sparti-
cles, i.e. the squarks and the sleptons masses at the GUT scale
MGUT ⇡ 1016 GeV. The common mass of the gauginos and hig-
gsinos at MGUT is m1/2. A0 is the universal trilinear coupling
defined at MGUT and tan � is the ratio of the vacuum expecta-
tion values of the two Higgs doublets. The absolute value of the
higgsino mass parameter |µ| is determined by the electroweak
symmetry breaking, leaving only the sign of µ as discrete free
cMSSM parameter. A0, tan �, and the sign of µ have gener-
ally only a small influence on the experimentally observables
and are choosen such, that the predicted Higgs mass is consis-
tent with the measurement of approximately mH = 125 GeV.
The m0 and m1/2 parameters determine the masses and branch-
ing ratios of the supersymmetric particles. The relation of the
supersymmetric particles masses are therefore constrained by
e↵ectively only two degrees of freedom. On one hand this
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•  Minimal Flavor violation: ¸’’tbs 

•   g → t t → t b s, at least one iso. lepton (e, µ) 
•  signal extraction through shape fit to Nb in bins 

of Njet and MJ  

~ ~ 



Conclusion 
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•  Outstanding performance of LHC and the CMS detector 

•  Now results using up to 40 fb-1 of 13 TeV data are published 
 
•  Excellent performance of detectors Standard Model measurements  
  make more complicated & specialized search analyses possible 
  and worthwhile!  

•  SM precision measurements profit from increasing luminosity  

•  Naturalness arguments promises New Physics at the TeV scale,  
   the TeV scale is now in reach!  
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All CMS public results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults 
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Performance Pixel: Vertex reconstruction 

• Resolution vs pileup 

• Better than 14 µm in x,y 
• Better than 19 µm in z 
(for primary vertices with sum of 
track pT > 100 GeV) 

 
• Degradation of resolution 

by 10% caused by higher 
inst. luminosity causing 
larger pixel hit inefficiency 

Christian Autermann 
LP2017 41 

Resolution vs number of vertices 

Comparison of the primary vertex resolution in x (left) and z (right) vs the 
number of reconstructed vertices for 2015 (blue triangles) and 2016 (red 
rectangles). The degradation of the resolutions by 10 % is caused mainly by 
larger pixel dynamic inefficiency due to higher instantaneous luminosity in 
2016, leading to larger fraction of tracks with hit missing from the innermost 
pixel barrel layer. 

CMS-DP-2016-041 



Performance tracking 

•  Lambda invariant mass reconstructed from oppositely-charged 
pion/proton candidates in data.  

•  Fit with double-Gaussian with a common mean for the signal 
plus a quadratic polynomial for the background.  

Christian Autermann 
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Lambda	invariant	mass	reconstructed	from	
oppositely-charged	pion/proton	candidates	in	
data.	The	fit	is	performed	using	a	double-
gaussian	with	a	common	mean	for	the	signal	
plus	a	quadra)c	polynomial	for	the	
background.	

Lambda	invariant	mass	as	a	func)on	of	η	for	
data	(blue)	and	simula)on	(red).	The	shape	is	
well	described	by	simula)on.	Note:	The	pion	
mass	is	used	in	the	trajectory	fit	to	
account	for	material	effects.	
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Performance: Jet substructure algorithms 
• BDT quark / gluon jet discriminator 

Christian Autermann 
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!9

ROC	curves	and	
correlations	(medium	pT)

Quark-jet tagging efficiency
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Left: Quark-jet tagging efficiency as a function of gluon-jet rejection, for each individual input variable 
in the medium pT range. The performance is evaluated using Pythia QCD di-jet Monte-Carlo simulation. 
Right: correlation coefficient among input variables for quark(top) and gluon(bottom) initiated jets.

Pythia QCD 
dijet simulation 
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