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Overview
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! LHC and detector performance
! Physics highlights
! Outlook



Run 2 in a nutshell
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! Run 2 about to conclude
! pp data taking ended in 

October
! Heavy Ion run ongoing 

for another week

LHC
q Long Shutdown 2 (LS2): 12/2018 – 03/2021 to prepare

for Run 3 & analyze+publish Run 2
q Run 3: 2021-23 at ! = 14 TeV
q LS3: 2024-26 ending with installation of phase2 upgrades

we are here !
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P. Sphicas 
LHC physics: overview/perspectives 

LHC: a very productive energy frontier 

Sep 17-21 
LHC Days 2018, Split 42 

A spectacular 
“Run II” 

Parameter	(typical)	 2018	 Design	

Energy	[TeV]	 6.5	 7.0	

No.	of	bunches	 2556	 2808	

Emax	per	beam	(MJ)	 312	 362	

β*	[cm]		 30→25	 55	

p/bunch	[1011]	 1.1	 1.15	

Norm	emittance	
[μm]	 ~1.8	 3.75	

Lpeak	[10	nb-1s-1]	 2.1	 1.0	

ATLAS/CMS 

LHCb 

ALICE 

Recent Fill (Sep 5, 2018) Accumulating 0.5fb–1/fill 
On a good day, 1fb–1 

By now, L(2018)≈L(2017) 

Total lumi > 150 fb–1 

Could get 150 fb–1 in 2018 alone 

R.	Bruce/	LHCC	12/9/2018	

Machine 
availability 
∼ 50 % 

Phys 
Ops 

Fault 
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Run 2 pp in a nutshell
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! Loads of data harvested: ~160 fb-1
! No smoking gun new physics at 13 TeV
! Casting nets even wider to search for new physics
! Diverse SM measurement programme, 2018 “year of the Yukawa couplings”

CMS programme brain storming

1

Excellent 
performance of LHC 
& CMS: ~ 160 fb-1

at s = 13 TeV in   
Run 2 (2015-18). 

[goal was 100 fb-1]

Run 2 was a success !!

TOTEM: several important special runs (standalone & with CMS)

Hinrich [(CC BY-SA 2.0 de ]



Parking lots of B events

Plan: store an unbiased B hadron sample by 
tagging on the «opposite side» B
� It has to be a very large sample, as the 

branching ratios for interesting events are 
small, ∼10-7

� CMS is parking (→ no prompt 
reconstruction) a large amount, aiming to 
store several billions of unbiased B events, 
to be reconstructed in LS2

Challenge: improve the electron 
reconstruction for better efficiency at low pT

� Data subset are reconstructed regularly to 
ensure quality and develop improved 
algorithms

RC Budapest Week01/10/2018 15

tagged B

unbiased 
other side B

2018 specialty: CMS as a B factory
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! Collect[ed] dataset of >1010 B hadron decays in 2018
! Parked data: Written at rates of up to 5 kHz to tape, 

reconstructed next year (with optimised low pT electron 
reconstruction)

! Goal: generic dataset + establish competitive measurements for 
all the major B anomalies



Continued PPS integration into CMS physics
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! “Physics object group” formed for protons, just like for muons, jets, taus, etc.
! Analysis activities pursued in the relevant “physics analysis groups”
! Seizing the opportunity of intensifying collaboration between Finnish TOTEM 

and CMS activities

PPS Data Collection

� Starting from 2018 PPS 
(Precision Proton 
Spectrometer) is integral 
part of CMS
� Very forward proton 

tracking and timing
� CMS is committed to 

support the proton tagged 
physics analyses in all 
physics areas 

RC Budapest Week

Very good performance of PPS in 
2018
• PPS data available in ∼95% of the 

CMS data
• Outstanding performance 

for a Roman Pots detector
01/10/2018 10

!

!

! Proton precision spectrometer (PPS): Very forward 
proton tracking and timing 

! Very good performance of PPS in 2018 
! PPS data available in ∼95% of the CMS data 



Almost new pixel detector (2017/2018)
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New for the 2017 Run New for the 2017 Run 

New for the 2017 Run

Further:
HF readout upgrade,
GEM demonstrator
slice added..

!

Dark Ma
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Tracker performance
• High hit efficiency even at 2x1034 cm-2 s-1 and in 

innermost layers: strips > ~98.5%, pixels > ~97.5% 
pixels
2018

• Strips S/N vs. integrated luminosity indicates S/N 
will not be an issue at end of life (around 500/fb).

• detailed analysis in progress.
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Dark Ma
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22V

10ms

• Following power interlock on June 30, two 
endcap sectors are not functional.
• 40° in one endcap, 2% of HCAL coverage.

• Five-week campaign led to full understanding:

• PS sent 22V/10ms pulse to detector
• exceeded its own 14V max rating
• damaged on-detector components with 

12V rating.

HCAL endcap sectors 15/16

• On power up after interlock, 10V power supply 
(PS) unable to read internal calibration.

Post mortem of detector issues (Pixel+HCAL)
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! In late 2017, CMS observed 
failures of DC/DC convertors in 
pixel detector, NOT recoverable 

! Bottom line: damage occurs only 
for disabled device after high 
cumulative radiation damage. 

! No disable/re-enable cycles in 
2018: no further damage

! LS2: Replace layer 1 + all DC/
DC converters + upgrade power 
supplies

Dark Ma
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Pixel detector DC/DC convertors

• Significant progress by CERN electronics group to understand issue with FEAST2 
ASIC (with help of CMS team).

• Bottom line : damage occurs only for disabled device after high cumulative 
radiation damage.

• CMS has ceased disable/re-enable cycles in 2018 :
• no FEAST damage in 2018
• SEU-affected pixel electronics recovered at 

end of each fill with supply power cycle.

• Impact on other CMS FEAST users : 
• HCAL and GEM use FEAST2 but do not 

reach problematic dose
• FEAST design is being modified for others.

Reminder
• 1184 DC-DC buck converters are installed in the Phase-1 pixel detector

• 800 for BPIX
• 384 for FPIX

• One pair of converters is delivering the analogue voltage and digital voltage
to between 1 and 4 pixel modules

• The DC-DC converters can be enabled and disabled from the CCU chip (PIA ports)
• 1 pair for BPIX 
• 2 pairs for FPIX

• Several DC-DC converters are connected to a (digital or analog) power supply channel
• 6-7 DC-DC converters for BPIX
• 4 DC-DC converters for FPIX

• A = 2.8 x 1.7cm2

• m = 3.0g
• FEAST2 ASIC
• Enable feature
• Status bit “Power good“
• Protection features

• In late 2017, CMS observed failures of DC/DC convertors in pixel detector.
• At last LHCC meeting, reported that cause was still not understood.

Dark Ma

12

22V

10ms

• Following power interlock on June 30, two 
endcap sectors are not functional.
• 40° in one endcap, 2% of HCAL coverage.

• Five-week campaign led to full understanding:

• PS sent 22V/10ms pulse to detector
• exceeded its own 14V max rating
• damaged on-detector components with 

12V rating.

HCAL endcap sectors 15/16

• On power up after interlock, 10V power supply 
(PS) unable to read internal calibration.

! A fake fire alarm ended up in the loss of 
two adjacent sectors in hadronic 
calorimeter endcap (HE): 40° in one 
endcap, 2% of HCAL coverage.

! On power up, 10V power supply (PS) 
unable to read internal calibration. 
! PS sent 22V/10ms pulse to detector, 

exceeded its own 14V max rating, 
damaged on-detector components with 
12V rating. 

! Mitigation in re-reconstruction!



Reconstruction with DNNs
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! Deep neural networks becoming 
widely used “everywhere"

! First successful application: b-tagging 
using ~same inputs as previous 
standard
! Now evolving towards integrated 

“flavor+W/Z/H” classification
! Also under study for track quality 

estimate !  and energy regression !
Jan Kieseler

DeepCSV with the new Detector Design
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• Clear benefit from the new pixel detector for all taggers 

DeepCSV 
•Almost 80%* b vs. light flavour discrimination efficiency for 1% misid. prob. 
•Re-training of the DNN increased performance even (slightly) more 
‣ Re-trained on 40M jets from QCD and top-quark pair events 

• First successful step towards DNN-based taggers
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Pixel and b-tagging 
performance
• Despite DC/DC issues, b-tagging 

performance has been stable and excellent.
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Figure	4:	Data-to-simulaCon	scale	factors	for	b	jets	as	a	funcCon	of	jet	pT	measured	in	
muon-	enriched	mulCjet	and	cbar	events	for	the	Cght	working	point	of	the	DeepCSV	
tagger.	The	green	area	shows	the	combined	scale	factors	with	their	overall	
uncertainty,	including	an	addiConal	1%	uncertainty	to	cover	any	residual	sample	
dependence,	ficed	to	the	superimposed	solid	curve.	For	visibility	purposes,	the	scale	
factors	are	slightly	displaced	with	respect	to	the	bin	centre	for	which	the	
measurement	was	performed.	The	last	bin	includes	the	overflow	entries.		 12	
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Figure	11:	The	DeepCSV	discriminator	distribuCon	in	jets	in	an	inclusive	mulCjet	
sample.	The	black	dots	correspond	to	data	recorded	in	2018,	compared	to	the	
distribuCon	from	2017	data.	The	bocom	part	shows	the	raCo	of	2017	over	2018	
data.	Underflow	is	included	in	the	first	bin	respecCvely.			
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Figure	1:	Performance	of	the	DeepCSV	and	DeepFlavour	b	jet	idenCficaCon	algorithms	
demonstraCng	the	probability	for	non-b	jets	to	be	misidenCfied	as	b	jet,	as	a	funcCon	of	the	
efficiency	to	correctly	idenCfy	b	jets.	The	curves	are	obtained	on	simulated	cbar	events	
using	jets	within	|η|<2.5	and	with	pT>30	GeV,	b	jets	from	gluon	splibng	to	a	pair	of	b	quarks	
are	considered	as	b	jets.	For	comparison,	the	performance	of	DeepCSV	with	the	2016	
detector	(Phase	0)		are	also	shown.	The	absolute	performance	in	this	figure	serves	as	an	
illustraCon	since	the	b	jet	idenCficaCon	efficiency	depends	on	the	event	topology	and	on	the	
amount	of	b	jets	from	gluon	splibng	in	the	sample.		
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Jets are ! territory at CMS and it grows
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!Almost everything can 
become a jet: g/q/t/W/Z/H

!Particle flow reconstruction key to very 
successful CMS physics programme



Highlight: Jets@ICHEP 
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Publications
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‣ Staggering 
publication rate: 
104 per year since 
Jan 2010
‣No sign of 

slowing, 144 
papers in past 
year

2018→



Recent physics highlights

 [p
b]

σ
Pr

od
uc

tio
n 

C
ro

ss
 S

ec
tio

n,
  

4−10

3−10

2−10

1−10

1

10

210

310

410

510

CMS PreliminarySeptember 2017

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

W

n jet(s)≥

Z

n jet(s)≥

γW γZ WW WZ ZZ
µll, l=e,→, Zνl→EW: W

qqW
EW qqZ

EW
WW
→γγ

γqqW
EW

ssWW
 EW

γqqZ
EW

qqZZ
EW γWV γγZ γγW tt

=n jet(s)

t-cht tW s-cht γtt tZq ttW ttZ tttt
σ∆ in exp. Hσ∆Th. 

ggH qqH
VBF VH ttH HH

CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 35.9 fb≤13 TeV CMS measurement (L 

Theory prediction

• improved VH(bb) analysis with 2017 data 
• combination VH(bb): 4.8! obs; all production modes: 5.6! obs 

• released early Aug. and highlighted in a common seminar with ATLAS 
• completes our cycle of observations of Yukawa interactions 

with 3rd generation fermions 

Next stop: H→"" 

Observation of H→bb

!7Physics coordination report - CMS week, Budapest, Oct. 2018
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W 1j≥ 2j≥ 3j≥ 4j≥ 5j≥ 6j≥ 7j≥ 1c 2b

 and kinematic selectionγγ→ll, H→, Zνl→s with WσFiducial  W, Z and H 
Z 1j≥ 2j≥ 3j≥ 4j≥ 5j≥ 6j≥ 7j≥ 1c 1b≥ 2b≥ =0j

WZ =1j =2j 3j≥ =0j
ZZ =1j =2j 3j≥ tt 1j 2j 3j 4j 2b =0j

H =1j =2j =3j >=4j

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 35.9 fb≤13 TeV CMS measurement (L 

Theory prediction

YUKAWA INTERACTION
• Observation of direct coupling of Higgs to top by CMS in April


– Observation of H→ττ by CMS in 2017

– Evidence for H→bb  also in 2017


• Establishes direct tree-level coupling to up-type quarks

– Additional data to be used for coupling to b quarks
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Figure 3: Distribution of events as a function of the decimal logarithm of S/B, where S and B
are the expected post-fit signal (with µttH = 1) and background yields, respectively, in each bin
of the distributions considered in this combination. The shaded histogram shows the expected
background distribution. The two hatched histograms, each stacked on top of the background
histogram, show the signal expectation for the SM (µttH = 1) and the observed (µttH = 1.26)
signal strengths. The lower panel shows the ratios of the expected signal and observed results
relative to the expected background.

The principal sources of experimental systematic uncertainty in the overall result for µttH stem
from the uncertainty in the lepton and b jet identification efficiencies and in the th and jet energy
scales. The background theory systematic uncertainty is dominated by modeling uncertainties
in tt production in association with a W boson, a Z boson, or a pair of b or c quark jets. The
dominant contribution to the signal theory systematic uncertainty arises from the finite accu-
racy in the SM prediction for the ttH cross section because of missing higher order terms and
uncertainties in the proton parton density functions [35].

To highlight the excess of data over the expectation from the background-only hypothesis,
we classify each event that enters the combined fit by the ratio S/B, where S and B are the
expected post-fit signal (with µttH = 1) and background yields, respectively, in each bin of the
distributions considered in the combination. The distribution of log10(S/B) is shown in Fig. 3.
The main sensitivity at high values of S/B is given by events selected in the H ! gg analysis
with a diphoton mass around 125 GeV and by events selected in the H ! t+t�, H ! WW⇤,
and H ! bb analyses with high values of the multivariate discriminating variables used for the
signal extraction. A broad excess of events in the rightmost bins of this distribution is observed,
consistent with the expectation for ttH production with a SM-like cross section.

The value of the test statistic q as a function of µttH is shown in Fig. 4, with µttH based on
the combination of decay modes described above for the combined fit. The results are shown
for the combination of all decay modes at 7+8 TeV and at 13 TeV, separately, and for all decay
modes at all CM energies. To quantify the significance of the measured ttH yield, we com-
pute the probability of the background-only hypothesis (p-value) as the tail integral of the test
statistic using the overall combination evaluated at µttH = 0 under the asymptotic approxima-
tion [45]. This corresponds to a significance of 5.2 standard deviations for a one-tailed Gaussian
distribution. The expected significance for a SM Higgs boson with a mass of 125.09 GeV, eval-
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Figure 1: Example tree-level Feynman diagrams for the pp ! ttH production process, with g a
gluon, q a quark, t a top quark, and H a Higgs boson. For the present study, we consider Higgs
boson decays to a pair of W bosons, Z bosons, photons, t leptons, or bottom quark jets.

the pseudorapidity coverage provided by the barrel and endcap detectors. Muons are detected
in gas-ionization chambers embedded in the steel flux-return yoke outside the solenoid. A
detailed description of the CMS detector can be found in Ref. [5].

Events of interest are selected using a two-tiered trigger system [25] based on custom hardware
processors and a farm of commercial processors running a version of the full reconstruction
software optimized for speed. Offline, a particle-flow algorithm [26] is used to reconstruct and
identify each particle in an event based on a combination of information from the various CMS
subdetectors. Additional identification criteria are employed to improve purities and define
the final samples of candidate electrons, muons, hadronically decaying t leptons (th) [27, 28],
and photons. Jets are reconstructed from particle-flow candidates using the anti-kT clustering
algorithm [29] implemented in the FASTJET package [30]. Multivariate algorithms [31, 32] are
used to identify (tag) jets arising from the hadronization of bottom quarks (b jets) and discrim-
inate against gluon and light flavor quark jets. The algorithms utilize observables related to
the long lifetimes of hadrons containing b quarks and the relatively larger particle multiplicity
and mass of b jets compared to light flavor quark jets. The th identification is based on the
reconstruction of the hadronic t decay modes t� ! h�nt, h�p0nt, h�p0p0nt, and h�h+h�nt

(plus the charge conjugate reactions), where h± denotes either a charged pion or kaon. More
details about the reconstruction procedures are given in Refs. [10–15].

The 13 TeV data employed for the current study were collected in 2016 and correspond to
an integrated luminosity of up to 35.9 fb�1 [33]. The 7 and 8 TeV data, collected in 2011 and
2012, correspond to integrated luminosities of up to 5.1 and 19.7 fb�1 [34], respectively. The
13 TeV analyses are improved relative to the 7 and 8 TeV studies in that they employ triggers
with higher efficiencies, contain improvements in the reconstruction and background-rejection
methods, and use more precise theory calculations to describe the signal and the background
processes. For the 7, 8 and 13 TeV data, the theoretical calculations of Ref. [35] for Higgs boson
production cross sections and branching fractions are used to normalize the expected signal
yields.

The event samples are divided into exclusive categories depending on the multiplicity and
kinematic properties of reconstructed electrons, muons, th candidates, photons, jets, and tagged
b jets in an event. Samples of simulated events based on Monte Carlo event generators, with
simulation of the detector response based on the GEANT4 [36] suite of programs, are used to
evaluate the detector acceptance and optimize the event selection for each category. In the anal-
ysis of data, the background is, in general, evaluated from data control regions. When this is
not feasible, either because the background process has a very small cross section or a control
region depleted of signal events cannot be identified, the background is evaluated from sim-
ulation with a systematic uncertainty assigned to account for the known model dependence.
Multivariate algorithms [37–41] based on deep neural networks, boosted decision trees, and
matrix element calculations are used to reduce backgrounds.

Phys. Rev. Lett. 120, 231801 (2018)

Significance 5.2σ (4.2σ expected) 

Phys. Lett. B 779 (2017) 283

Phys. Lett. B 780 (2017) 501

Top results 
covered by 
Minsuk



Standard model works
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CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 35.9 fb≤13 TeV CMS measurement (L 

Theory prediction

! 13 TeV results for most SM processes, many recent results



An example: Differential Z+jet cross sections

�15

! leptons: pT>30 GeV; |η|<2.4
! m(ll)=91±20 GeV
! pT(jet)>30 GeV; |η|<2.4; ΔR(jet,l)>0.4

! pp collisions 2015: 2.19/fb
! Backgrounds estimated from simulation
! ttbar dominant background at high jet 

multiplicities

! Unfolding to generator level for many 
observables: NJets; pT(jet1/2/3); y(jet1/2/3); 
HT; pT balance; jet-Z balance (JZB)

Z+Jets
arXiv:1804.05252 
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Figure 4: Measured cross section for Z + jets as a function of the jet exclusive (left) and inclu-
sive (right) multiplicity. The error bars represent the statistical uncertainty and the grey hatched
bands represent the total uncertainty, including the systematic and statistical components. The
measurement is compared with different predictions, which are described in the text. The ra-
tio of each prediction to the measurement is shown together with the measurement statistical
(black bars) and total (black hatched bands) uncertainties and the prediction (coloured bands)
uncertainties. Different uncertainties were considered for the predictions: statistical (stat), ME
calculation (theo), and PDF together with the strong coupling constant (aS). The complete set
was computed for one of the predictions. These uncertainties were added together in quadra-
ture (represented by the � sign in the legend).

! Recent updates on W+jet/γ+jet as well



Era of precision Higgs physics
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Higgs boson production at the LHC
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[LHC Higgs X-sec WG] Production modes

~4M

~300k

~200k

~40k• Significant increase in production 
rate due to higher center-of-mass  
energy from LHC Run-1 to Run-2!  
  

2.3x

3.8x

Higgs bosons  
produced in Run 2 
(2015-2017)

 6 Giacinto Piacquadio - ICHEP 2018

! Significant increase in 
production rate due to higher 
center-of-mass energy from 
Run-1 to Run-2



ttH observation

�17

! Yukawa coupling proportional  
to fermion mass 
! Largest coupling to top 

quarks 
! Very sensitive to new 

physics! 
CMS-PAS-HIG-17-040 

• Yukawa coupling proportional  
to fermion mass
• Largest coupling to top quarks 
• Very sensitive to new physics!

Coupling to top-quark
ttH production

 23 Giacinto Piacquadio - ICHEP 2018

• Yukawa coupling proportional  
to fermion mass
• Largest coupling to top quarks 
• Very sensitive to new physics!

Coupling to top-quark
ttH production

 23 Giacinto Piacquadio - ICHEP 2018

Measuring ttH production

Higher σ x BR

Higher purity

H ! bb̄
H ! �� H ! ⌧⌧

(multi-leptons)

H ! ZZ⇤ ! 4` H ! WW ⇤ ! `⌫`⌫
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ttH observation
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Combination of ttH measurements

ATLAS (up to 80 fb-1)  
Run-2: 5.8σ (4.9σ exp.)  
Run-1+Run-2: 6.3σ (5.1σ exp.)

CMS 
Run-1+Run-2: 5.2σ (4.2σ exp.)  
 

Observation of ttH production!

[arXiv:1806.00425]

C. Pardos Y. Horii

 26 Giacinto Piacquadio - ICHEP 2018
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• Yukawa coupling proportional  
to fermion mass
• Largest coupling to top quarks 
• Very sensitive to new physics!

Coupling to top-quark
ttH production

 23 Giacinto Piacquadio - ICHEP 2018
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• improved VH(bb) analysis with 2017 data 
• combination VH(bb): 4.8! obs; all production modes: 5.6! obs 

• released early Aug. and highlighted in a common seminar with ATLAS 
• completes our cycle of observations of Yukawa interactions 

with 3rd generation fermions 

Next stop: H→"" 

Observation of H→bb

!7Physics coordination report - CMS week, Budapest, Oct. 2018
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H → bb̄ Couplings: results

• Higgs boson couplings follow closely SM predictions over full explored mass range 

• Ratios of couplings measured to precisions of 7-10% (vector bosons) for to 17-20% (b-quarks)

• Already better than Run 1 ATLAS+CMS combination!

Hypothesis: no BSM

*does not include H → bb observation
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H → μμ̄ Couplings: results

• Higgs boson couplings follow closely SM predictions over full explored mass range 

• Ratios of couplings measured to precisions of 7-10% (vector bosons) for to 17-20% (b-quarks)

• Already better than Run 1 ATLAS+CMS combination!

Hypothesis: no BSM

*does not include H → bb observation
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! Not quite there, yet.

H → μμ
• Events with two isolated opposite-sign muons selected, triggered by leading muon (pT>~25 GeV)

• Categorization based on muon centrality (η), [pTμμ], and BDT that enhances VBF contribution

VBF Higgs

• Fit to mμμ  
distribution  
in each category

• Background  
determined  
from  
sidebands 
using analytic  
function

Drell-Yan Z  
background

ATLAS (80fb-1)CMS (36fb-1)

• Both experiments getting close to SM sensitivity!

µµµ

µµµ < 2.6 (2.1 exp) µµµ < 2.1 (2.0 exp)95% CL

NEW

[ATLAS-CONF-2018-026]

[CMS-PAS-HIG-17-019]

H. Li

R. Gerosa
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BSM: Charged Higgs H+→τ+ν
! Long time flagship 

analysis in Helsinki 
! September 

2018: Full 2016 
data result 
released

! Hadronic and 
leptonic final 
state

! Search 
extended to 3 
TeV 

! mH±~mt covered 
for the first time 
in CMS

!
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Dijet resonance search
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! Improved analysis methods: complement 
parametric background estimation with 

! prediction from high sideband 
! reduces systematics 
! used at higher resonance masses 

! Extends limits obtained with 2016 data 
! Highest mass event with 2 wide jets of ~the 

same mass, each, discussed in, e.g., https://
arxiv.org/abs/1810.09429 

Di-jet resonances with 2016+2017 
• Improved analysis methods: complement 

parametric background estimation with 
prediction from high !" sideband 

- reduces systematics 
- used at higher resonance masses 

• Interpretations in a variety  
of models 

• Extends limits obtained  
with 2016 data

High-mass resonances

!8Physics coordination report - CMS week, Budapest, Oct. 2018

PAS-EXO-17-026 Dijet mass spectrum 
with both background 
predictions
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Conclusions
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! No discovery, yet
! However, many observations + exciting avenues to pursue
! Many of the “standard searches” (e.g. SUSY) not reloaded with 2017 data, 

instead focus on improving techniques and aiming to release early 2019

! Focus is now on physics reach with >160 fb-1 collected
! Both: precision measurements and searches
! Helsinki involved in many interesting analyses and playing a crucial role 

for jets in all of CMS
! PPS part of CMS, actively exploring common projects within Helsinki 

group[s]

Particle Physics Day, Jyväskylä, 25.11.2016 Mikko Voutilainen, University of Helsinki and HIP

LHC outlook
Goal for 2017 and 2018 is 40—45 fb-1

next ion run only end of 2018

Could reach twice the design luminosity

EYETS = Extended Year End Technical Stop

replace Pixel Detector

replace Endcap Hadron Calorimeter (HE) sensors

implement Hadron Forward (HF) split anode
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Backup



28 GeV bump [at 8 TeV]
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! http://cms-results.web.cern.ch/cms-
results/public-results/publications/
HIG-16-017/index.html 

! “An excess of events above the 
background near a dimuon mass of 
28 GeV is observed in the 8 TeV 
data, corresponding to local 
significances of 4.2 and 2.9 
standard deviations for the first and 
second event categories, 
respectively. A similar analysis 
conducted with the 13 TeV data 
results in a mild excess over the 
background in the first event 
category corresponding to a local 
significance of 2.0 standard 
deviations, while the second 
category results in a 1.4 standard 
deviation deficit.”
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