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Overview
LHC and detector performance in 2016

ICHEP highlights from CMS

Charged @ Lund

Pixel upgrade

Outlook
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CMS performance in 2016

Higgs

Jet physics

Tracker alignment

Radiation hard detectors
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LHC luminosity
LHC went beyond design in 2016

design luminosity 1e34, pileup 25
actual max 1.4e34, peak pileup >40

Remarkable availability on July 1—24 in 
period leading up to ICHEP (Aug 3–10)

we really, really wanted to find new physics
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design
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LHC availability
Whopping 58% of time in stable beams during June 1st — Sep 8th

LHC delivered ~50% more data in 2016 than expected (target 25 fb-1, actual 41.4 fb-1)
36.5 fb-1 golden for CMS (92.4% recorded, 95.3% certified as of highest quality)
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2016 data set
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Detector performance
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aligned tracker  = -1.63e-05, rms = 0.000631µ

2015 alignment  = -0.000229, rms = 0.000649µ

MC (no misalignment)  = -1.92e-06, rms = 0.000675µ

Alignment: cosmic rays

preliminary CMS 0T cosmic ray data 2016

Jet Energy Correction data/MC SF 
 

o  Data/MC	comparison	for	the	jet	response	
dependency	on	the	jet	pT		

o  CombinaXon	of	three	samples,	γ+jet,	Z(àμμ)
+jet,	Z(àee)+jet	

o  Nuisance	parameters	(reference	objects	
scale)	at	post-fit	values	

o  Kink	observed	around	150	GeV	due	to	
changes	in	local	reconstrucXon	between	
Run1	and	Run2	

o  Fifed	with	fixed	erf-log	with	mean	225	GeV	
and	width	0.4		
Ø  		
Ø  Scale	~0.98	at	low	pT	(consistent	with	Run1	

results)		
Ø  ~1.00	at	higher	pT	

a+ b · (1 + erf((log(pT )� log(225))/0.4))
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No issues with magnet this year :)
Early challenges with tracker dynamic inefficiency, now fixed
Tracker alignment maintained with automatic updates per run 
Jet performance returning to Run I level or better
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CMS: paper factory
Publication count >550

Higgs citations 6516
average 46.5 per paper
about ~150 since last PP days

Jet calibration paper from 
2011 as #4 with 844 citations

direct Finnish contribution;  
new paper submitted to JINST 
(arxiv.org:1607.03663)

Jet quenching in PbPb from 
2011 as #9 with 533 citations

of interest to Finns

Next up to renowned cat. is 
Higgs mass and couplings from 
2015 as #11 with 466 citations

direct Finnish contribution;      J. 
Heikkila (as MSc student!)
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https://arxiv.org/abs/1607.03663
http://cms.web.cern.ch/org/physics-papers-timeline
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CMS: paper shredder
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CMS produced ~150 papers in past year, but killed >400 on just X->γγ (750) alone
we’ve been very efficient on shredding EXO and SUSY paper as well…

X 
ICHEP happens
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ICHEP highlights
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Showdown of the year, with high expectations [link]
…and some severe disappointments

Brief overview: Higgs re-discovery, ttH, digamma deficit, 
SUSY, EXO, dijet and inclusive jets, heavy ions

http://cms.web.cern.ch/news/latest-results-cms-presented-ichep-2016
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Higgs re-discovery
Higgs is still there at 13 TeV

Mass and couplings compatible with Run I

Evidence for ttH mode starts to accumulate; 
critical for Higgs-top coupling

μttH still above 1 as in Run I (1.4σ for γγ, ZZ)

9
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ttZ, ttW (ttH)
Channels related to ttH, the ttZ and 
ttW coming in to view at 13 TeV

ttZ has same production dynamics as 
ttH, similar kinematic scales (mZ~mH)

ttZ most sensitive direct 
measurement of top-Z coupling

10



X 
ICHEP happens
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Di-gamma deficit
No hint of a di-gamma 
resonance (as first indicated in 
Dec 2015 seminar by ATLAS)

750 GeV excess ruled out at a 
level of quite a few sigma with 
x3—4 times the data of 2015

just to rub it in, there’s a nice big 
deficit there at 750 GeV

11

750	GeV?	What	we	would	have	seen

17…not	really	!	Searched	also	in	Zg

Recall	that	global	significance	of	CMS	13	TeV(2015)+8	TeV	was	1.6	s
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SUSY
SUSY is hiding, as ever

Limits increased by few 
hundred GeV at high mass

In particular gluino and 
stop searches benefit 
from higher sqrt(s)

New generation of SUSY 
analyses targeting 
complicated scenarios

12
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EXO dilepton

13

Dilepton resonance peaks have in the past caused some excitement within CMS
2.9 TeV e+e- event in 2015 (DP-2015/039) was memorably almost 3σ by itself
1 TeV “orange alert” in ee+μμ in early 2011
sadly, nothing to see here this year
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Dijet at 7.7 TeV

14
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EXO dijet
Dijets extend to very highest masses

Interesting bump at 2.8 TeV in Run I; 
also extended down to 500 GeV 
with trigger-level analysis

Nothing here, but at least we did 
have a super-exciting spring

15
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Top physics
LHC is a top factory, and ttbar cross section at 13 TeV now well established

measurements from CMS and ATLAS agree nicely

16
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Standard model: jets
First 13 TeV Standard Model 
Physics paper from CMS is 
inclusive jet cross section

rather quick (8 TeV paper of 
2012 not yet published)

Good agreement with NLO 
pQCD and Powheg 
(NLO+parton shower) for 
wide cones R=0.7

For narrow cones R=0.4 
NLO pQCD is left wanting, 
but Powheg still works well

17
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Heavy ions 5 TeV
Running in 2015 finished with 
heavy ions at 5.02 TeV

This year 1 month pPb run 
until end of next week

ICHEP crop included nuclear 
modification factor RAA for 
charge particles and D0 mesons
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Elliptic	flow

30

Elliptic flow:
Yield modulation in-out reaction plane

reaction

plane

ϕ

b

Elliptic	flow	larger	at	5.02	than	2.76	TeV

ALICE,	arXiv:1602.01119

Consistent	with	predictions	from	hydrodynamics
(~	ideal	liquid	behaviour of	QGP)
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Collectivity in pp

Collective phenomena in pp confirmed in 
high multiplicity events at 13 TeV

aka “The Ridge”

Enduring puzzle with striking similarities 
to collective phenomena in pPb and PbPb

v2 is a measure of elliptic flow 
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Jet	splitting	function in	pp	and	PbPb

32

Significant	modification	of	subjetmomenta	sharing	
observed	PbPb (More	imbalanced	subjets)!

The	first	jet	general	fragmentation	measurement	in	pp and	PbPb! CMS-PAS-HIN-16-011
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Jet splitting function
First general fragmentation measurement in pp and PbPb

More imbalanced subjet pairs in PbPb
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Charged Higgs search

21

World best H+ limits at mH+<400 GeV

Long-time flagship analysis in Helsinki

Collaboration with MIT in Run II

13 TeV analysis sensitivity approaching Run I

exploring further improvements with 
neutral networks and machine learning
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Charged @Lund, @ MIT
CMS ahead 
at low mass

22

Charged16

• Prospects for Charged Higgs Discovery at
Colliders in Uppsala, 3-6 October 2016

• Helsinki well represented
• Joona and Santeri for HIP CMS project
• Katri Huitu, Venus Keus, Oleg Lebedev,

Harri Waltari from theory side

• Santeri gave a talk for CMS, slides here

3

Next steps

• CMS Charged Higgs Workshop at MIT, 3-4 November

• Next steps in our analysis to be discussed
• Moriond17 with full 2016 data?
• Addition of intermediate mass region (around m

top

)
• Data-driven genuine-tau BG measurement (tau embedding)
• Scrutinizing fake tau BG measurement
• Sensitivity boost from neural networks?

4

New H+ ! ⌧h⌫ results now public

Our first Run 2 result! Comparison to ATLAS:
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…but race 
is tight at 
high mass

HIP+MIT 
could turn 
out winner
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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

23
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Pixel upgrade
Pixel phase I upgrade will start ~now

add extra layer closer to beam point (3->4)

more radiation hard

less material per layer
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Pixel&Phase&I

•  BPIX%

•  L2,3,4%(P)%&%L2,%L3%(+)%ready%and%tested!%
•  Will%finish%L1%(+)%and%(P)%this%week%&%L4%(+)%next%

week%
•  Start%merging%(P)%shells%this%week%
•  1st%Supply%Tube%quadrant%ready%and%fully%tested%

•  Will%be%tested%cold%this%week%(CO2LEAN%system%
ready)%

•  The%other%three%are%being%assembly%
•  ST%1%to%delivered%to%PSI%next%week%

•  FPIX%
•  FPIX%is%fully%at%CERN%

•  BmI%at%P5%wai6ng%to%be%rePtested%
•  BpO%under%test%at%TIF%to%be%exchanged%with%BmO%

TODAY%
•  BpI%to%be%assembled%(disks%to%be%placed%into%halfP

cylinder)%
•  We%see%cracks%in%a%small%number%of%Al%cables%

and%might%have%to%replace%some%
•  DAQ/uTCA%

•  Pilot%blade%operated%successfully%during%the%last%
high%rate%pp%run%with%the%new%uTCA%FED!%

•  Services%
•  CO2%system%(LUCASZ%)%for%clean%room%arrived%at%

P5%
•  USC%and%USX%services%ON%TRACK%

•  Slightly%revised%day2day%schedule%ready%aner%
TC%EYETS%workshop%
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Pixel upgrade
Very nice improvements from additional 
pixel layer and less material

vertex resolution will help to distinguish 
signal from 50 PU within 5 cm beam spot

Also very important improvements on 
reconstruction side to benefit from this

CMS Achievement Award 2016:

Matti Kortelainen (CERN; postdoc): 
“For his vital contributions to the performance 
of the CMS track reconstruction” 
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Phase 1 Upgrade Pixel  
Reconstruction

Joel Butler,  Nov.  2016               CMS Week at Mumbai 

Time%spent%in%tracking%for%T%event%with%
pileup%35%is%3.7%s/event%vs.%3.4%s/event%
now,%but%finds%15%%more%tracks.%
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CMS outlook
Focus is shifting towards physics 
reach with 100 fb-1 by end of 2018

Much extended new physics 
coverage, lots of potential for 
precision analyses

Workshop in Helsinki for jets and 
missing-ET related plans in May

December for Higgs planning (more 
in O. Lebedev’s talk)

26



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

Summary
“Jos et lottoa, et voi voittaa” (if you don’t play the lottery, you can’t win)

No jackpot this year, but we’ll keep trying;  eyes on 100 fb-1 !

Lots of new results already out by ICHEP, lots more coming for Moriond 2017 and beyond
pPb run still on-going for those interested in heavy ions
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Particle Physics Day 2016
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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

30
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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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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
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Stop SUSY: CMS vs ATLAS

33


