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Start-up of the Large Hadron Collider (LHC), one of the largest and truly 
global scientific projects ever, is the most exciting turning point in particle 

physics.

Exploration of a new energy frontier  
Proton-proton collisions at ECM up to 14 TeV

LHC ring: 
27 km circumference

CMS

ALICE

LHCb

ATLAS

CMS
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The discovery of the 
Higgs particle – the  most 
important result from LHC 

(currently) 
 

M. Konecki   "CMS: performance, physics, perspectives" Epiphany 2014 -8- 

4.07.2012 

Published: 
Physics Letters B 716,  
17 Sep 2012  



CMS 
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The	real	CMS	detector

Courtesy	of	A.	
Abdelalim
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2009	running:	
•Hard	to	see	anything	
apart	from	min	bias	in	the	
displays.	
•Serious	analysis	to	find	
muons		in	the	barrel.
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Plenty	of	barrel	muons	in	online	display! 100	Khz	barrel	muons	(all	pt)

What a run!



CMS in action: H->4 lepton 

2 Zs

7



CMS in action: H->2γ 
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γ1=	86	GeV

γ2=56	GeV
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Computing and Data handling
Reconstructed events

20 billion simulated events
12 billion data events

Data volume
More than 25PB moved to Tier-1s
70PB moved to Tier-2s
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•Improvements	in	the	
reconstruction	code	to	cope	with	
pile	up 
•Reconstruction	time	per	event	
reduced	by	maintaining	the	
physics	performance.	 

•Non-linear	with	PU	➔explodes

1E34

Quite	a	challenge: 
All	things	equal,	 
2015	computing	 
needs	increase	x10 
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2012	Data	at	8	TeV.	Event	with:	
Raw	ΣET~2	TeV	
14	jets	with	ET>40	GeV	
Estimated	pile	up~50
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This	starts	being	a	not	so	
easy	enviroment…
Conditions	in	RunII	could	be	
similar	to	these.



Publications
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PublicaJons$

4 

439 papers submitted: 
+23 CRAFT based 
+48 ready for CWR or later 
 
In review process (ready for pre-
app or later): 60 
 
36 Run 1 analyses in “Analysis WG” 
 
37 Run 2 analyses in “Analysis WG” 
 
1 paper on 13 TeV accepted 
1 submitted 
1 in Final Reading 

CERN-RRB-2015-079,  T. Camporesi 
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!  Significance: 
5.7σ obs. 
(5.2σ exp.) 

[arXiv:1407.0558, submitted to EPJC] 
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The new boson: looks like the expected one 
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Search Results

8

best-fit values is performed. The mass uncertainty obtained
in this way is purely statistical. The systematic uncertainties
account for an effect on the mass scale of the lepton
momentum scale and resolution, shape systematics in the
PðDkin

bkgjm4lÞ probability density functions used as signal
and background models, and normalization systematics
due to acceptance and efficiency uncertainty. The measured
mass is mH ¼ 125.6$ 0.4ðstatÞ $ 0.2ðsystÞ GeV.
Figure 20 (top) also shows likelihood scans separately

for the 4e, 2e2μ, and 4μ final states when using the 3D
model Lm;Γ

3D of Eq. (14). The measurements in the three

final states are statistically compatible. The best-fit values
for each subchannel are also shown in Table VII. The
dominant contribution to the systematic uncertainty is the
limited knowledge of the lepton momentum scale.
Two more mass measurements are performed with a

reduced level of information, by dropping the PðDkin
bkgjm4lÞ

term of the likelihood in Eq. (14), resulting in a 2D model,
Lm;Γ

2D ≡Lm;Γ
2D ðm4l;DmÞ, or by performing only a mass

line shape fit and assuming the average mass resolution is
applicable for each channel, resulting in a 1D model,
Lm;Γ

1D ≡Lm;Γ
1D ðm4lÞ. The measured central value is the same

in all three cases, with an increasing uncertainty, due to the
reduced information available to the fit in the case of 2D
or 1D models. Figure 20 (right) shows the likelihood scans
for the combination of all the final states separately for the
Lm;Γ

1D ,Lm;Γ
2D , and Lm;Γ

3D models.
The mass distribution for the Z → 4l decay exhibits a

pronounced resonant peak at m4l ¼ mZ close to the new
boson (80 < m4l < 100 GeV). Hence, the Z → 4l peak
can be used as validation of the measurement of the mass of
the new boson using the same techniques as for the Higgs
boson. The mass of the reconstructed Z boson in Z → 4l
decays, with the assumption of the Particle Data Group
(PDG) [149] value for the Z-boson natural width, is
consistent in each subchannel. The measured value for
the combination of all the Z → 4l final states is mZ ¼
91.1 GeV, compatible with the PDG value (91.1876$
0.0021 GeV) within the total estimated uncertainty of
0.4 GeV [149].
Figure 21 shows the scan of the 3D likelihood versus the

width of the SM-like Higgs boson with an arbitrary width.
In this scan, the mass and the signal strength μ are profiled,
as all other nuisance parameters. This shows that the data
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FIG. 19 (color online). Significance of the local excess with
respect to the SM background expectation as a function of the
Higgs boson mass for the 1D fit (Lμ

1D), the 2D fit (Lμ
2D), and the

reference 3D fit (Lμ
3D). Results are shown for the full data sample

in the low-mass region only.
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FIG. 18 (color online). (top) Observed and expected 95% C.L.
upper limit on the ratio of the production cross section to the SM
expectation. The expected 1σ and 2σ ranges of expectation for the
background-only model are also shown with green and yellow
bands, respectively. (bottom) Significance of the local excess
with respect to the SM background expectation as a function of
the Higgs boson mass in the full mass range 110–1000 GeV.
Results are shown for the 1D fit (Lμ

1D), the 2D fit (Lμ
2D), and the

reference 3D fit (Lμ
3D).

S. CHATRCHYAN et al. PHYSICAL REVIEW D 89, 092007 (2014)

092007-26

6.8σ signal observed for mH = 125.7 GeV

Phys. Rev. D 89, 092007 (2014)

1D : m(4!) only 
2D : m(4!), kinematic discriminant 
3D : m(4!), kinematic discriminant, dijet 
discriminant (or four-lepton pT)

Search Strategy (I)
• ZZ→4! events form the dominant and 

irreducible background 

• Some additional reducible background 
from sources such as Z+jets, ttbar, etc.  

• Higgs signal produces a sharp bump 
on a smooth background mass 
distribution 

• We can see the signal peak building 
up around m(4!) ~ 125 GeV

4

Z→4! Peak

Signal Peak
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!  Significance: 
5.7σ obs. 
(5.2σ exp.) 

[arXiv:1407.0558, submitted to EPJC] 
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Significance$ Exp$ Obs$

CMS$(ττ)$$ 3.4$σ 3.2$σ
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Coupling deviations summaries 
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!  Assuming no BSM 
particles. 

[CMS-PAS-HIG-14-009] [arxiv:1207.1693] [arxiv:1303.3570] 

Couplings(wrt(SM(

g~m2(nonGuniversality(
As(expected(by(SM(

$

CERN-RRB-2015-079,  T. Camporesi 
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CMS detector for Run2

7

DAQ and HLT:  
New computers 
Improved Trigger 

new Beam Pipe 

4th muon station

HCAL new photosensors

new Luminosity 
telescopes

Tracker / Pixel: 
Cold Operation

August 31    2015                                         Paolo SPAGNOLO - INFN Pisa                                                     LHCP 2015                                                                                                             

Improvements during 
Long Shut Down LS1 



TEXT
Run$II:$Detector$&SW$in$great$shape$
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Active'
channel'
fraction'
higher'than'
in'Run'I'

CERN-RRB-2015-079,  T. Camporesi 



TEXT Run$II:$data$taking$

13 

Overall data taking efficiency >92% 
Of note: we logged data@10 KHz during special CMS-TOTEM run 

CERN-RRB-2015-079,  T. Camporesi 
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First Physics collision @ 13 TeV
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First LHC publication

Lack	of	B	field	has	not	prevented	us	from		
exploiting	the	first	runs	taken	at	low	luminosity

http://arxiv.org/abs/1507.05915

Submitted	to	PLB

http://arxiv.org/abs/1507.05915
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Di-muon spectroscopy: 
standard candles resonances and first B mesons
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Run II performance:  
                             Di-muon spectroscopy, 13 TeV

Maintaining a CMS 
Hallmark: trigger 

flexibiltity



 …and electrons and taus

Di-electrons

Di-taus



t-tbar cross section, 13 TeV, CMS 



Single top (t-channel) at 13 TeV - cross-section

σ t-cha= 274 ± 98 (stat.) ± 52 (syst.) ± 33 (lumi.) pb 

|Vtb| = 1.12 ± 0.24 (exp.) ± 0.02 (theor.)

µ + jet channel



t-tbar cross section, 13 TeV, ATLAS



LHC: First W → eν and Z → e+e- events, April 2010

By end-2012 we had 
~150.000.000 W and 
~15.000.000 Z 
decaying leptonically!!

W and Z spectra in CMS, Nov. 2010



W,Z

W, Z production cross sections, testing QCD 
 from the CERN pp-bar collider to the Tevatron and the LHC

W, Z at 13 TeV, CMS, first look June 3rd

Use special low-pile-up runs with luminosity leveling



W cross sections at 13 TeV, ATLAS



First look at 13 TeV for JETS

NLOJet++                          Powheg+Py8 (CUETM1)



Inclusive di-jets at 13 TeV, 2015 data, CMS 
- already excluding heavy resonances with 42 pb

-1
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Limit Summary
z Mass limits from run 1 and this run 2 analysis:

z Our mass limit for a string resonance is beyond the run 1 limit
Î This demonstrates that we are more sensitive to new physics than in run 1 for 

masses beyond 5 TeV

Robert Harris, Fermilab 28

Mass Limits (TeV)

Model Run 1 (20 fb-1) Run 2 (42 pb-1)

Observed Expected Observed Expected

String Resonance (S) 5.0 4.9 5.1 5.2
Excited Quark (q*) 3.5 3.7 2.7 2.9
Axigluon (A) / Coloron (C) 3.7 3.9 2.7 2.9
Scalar Diquark (D) 4.7 4.7 2.7 3.3
Color Octet Scalar (S8) 2.7 2.6 2.3 2.0

• Observed limits at 95% CL on cross section               
of qq, qg, gg resonances

• Get worse when there are gluons in the final state  
because radiation increases and resolution 
degrades 

• Extend to 7 TeV in di-jet mass for the first time

• plateaus at high mass due to absence of events  

Confirms Run2 is already more 
sensitive  than Run1 for M> 5 TeV

CMS PAS EXO-15-001

DRAFT
CMS Physics Analysis Summary
The content of this note is intended for CMS internal use and distribution only

2015/08/26
Head Id: 301484
Archive Id: 301485P
Archive Date: 2015/08/26
Archive Tag: trunk

Search for narrow resonances using the dijet mass spectrum
with 42 pb�1 of pp collisions at

p
s = 13 TeV

The CMS Collaboration

Abstract

A search for narrow dijet resonances in proton-proton (pp) collisions at
p

s = 13 TeV
is presented. The dijet mass distribution of the two leading jets is measured with
the CMS detector. The data used correspond to an integrated luminosity of 42 pb�1

from Run 2 of the LHC. The pseudorapidity separation of the two jets is required to
satisfy |Dhjj| < 1.3 with each jet inside the region |h| < 2.5. The highest observed
dijet mass is 5.4 TeV. The spectrum is well described by a smooth parameterization
and no significant evidence for new particle production is observed. Upper limits at
the 95% confidence level are set on the resonance cross section. By comparing these
generic limits with theoretical predictions for the cross section of several models of
new particles, lower limits are set on the mass of string resonances, excited quarks,
axigluons, colorons, scalar diquarks and color octet scalars. For resonance masses
greater than 5 TeV this search is expected to be more sensitive than those in Run 1 of
the LHC at

p
s = 8 TeV. A lower mass limit of 5.1 TeV is set for string resonances

which extends previous exclusions from Run 1.

8 5 Limits

Resonance mass [GeV]
1000 2000 3000 4000 5000 6000 7000

 [p
b]

A × 
B × 

σ

-110

1

10

210

95% CL upper limits
gluon-gluon
quark-gluon
quark-quark

String
Excited quark
Axigluon/coloron
Scalar diquark
S8
W’ SSM
Z’ SSM
RS graviton (k/M=0.1)

 (13 TeV)-142 pb

CMS
Preliminary

Figure 4: The observed 95% CL upper limits on s⇥ B⇥ A for dijet resonances of the type gluon-
gluon, quark-gluon, and quark-quark, compared to theoretical predictions for string reso-
nances [12, 13], scalar diquarks [14], excited quarks [15, 16], axigluons [17, 41], colorons [19, 41],
color octet scalars S8 [20], new gauge bosons W0 and Z0 [21], and RS gravitons [22].

Di-jet resonance search 



Inclusive jets at 13 TeV, 2015 data, ATLAS



Dijets – effective mass



Dijet masses, ATLAS, 13 TeV,  
Black Holes exclusion
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Highest Mass di-jet event M =5.4 TeV CMS PAS EXO-15-001

DRAFT
CMS Physics Analysis Summary
The content of this note is intended for CMS internal use and distribution only

2015/08/26
Head Id: 301484
Archive Id: 301485P
Archive Date: 2015/08/26
Archive Tag: trunk

Search for narrow resonances using the dijet mass spectrum
with 42 pb�1 of pp collisions at

p
s = 13 TeV

The CMS Collaboration

Abstract

A search for narrow dijet resonances in proton-proton (pp) collisions at
p

s = 13 TeV
is presented. The dijet mass distribution of the two leading jets is measured with
the CMS detector. The data used correspond to an integrated luminosity of 42 pb�1

from Run 2 of the LHC. The pseudorapidity separation of the two jets is required to
satisfy |Dhjj| < 1.3 with each jet inside the region |h| < 2.5. The highest observed
dijet mass is 5.4 TeV. The spectrum is well described by a smooth parameterization
and no significant evidence for new particle production is observed. Upper limits at
the 95% confidence level are set on the resonance cross section. By comparing these
generic limits with theoretical predictions for the cross section of several models of
new particles, lower limits are set on the mass of string resonances, excited quarks,
axigluons, colorons, scalar diquarks and color octet scalars. For resonance masses
greater than 5 TeV this search is expected to be more sensitive than those in Run 1 of
the LHC at

p
s = 8 TeV. A lower mass limit of 5.1 TeV is set for string resonances

which extends previous exclusions from Run 1.

Di-jet resonance search 



Highest dijet mass event
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Event display of the highest mass di-photon 
candidate ( M = 730 GeV)
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Photon&selec+on&

pT>&100&GeV&and&&|η|&<2.5&with&at&least&one&candidate&in&the&ECAL&Barrel&with&|η|&<1.4442&

isolated&photons&with&shape&in&ECAL&compa+ble&with&prompt&photon&&

mγγ#=#730#GeV#
pTγγ#=#50#GeV#
ET

miss#=#20#GeV#
Nvtx#=#28#
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Muon + MET resonance Search
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Muon&selec+on&

GoodHquality&isolated&highHpT&muon&with&
pT>&55&GeV&and&&|η|&<2.4&

Event&selec+on&

! Single&highHpT&muon&accompanied&by&a&
large&missing&transverse&energy&(ETmiss).&

!Events&containing&addi+onal&muons&with&
pT>&25&GeV&are&vetoed&

! Kinema+c&selec+on:&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
0.4&<&pT(µ)/&ETmiss&&&<&1.5&&&&

&∆Φ(µ,&ETmiss)&>&2.5&

Transverse mass distributions for muon + ET
miss events 

using 42 pb-1 of pp collisions at �s=13 TeV  

CMS Collaboration 

last bin includes overflow

Early Alignment used in data 

transverse&mass&
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M = 920 GeV

Di-muon resonance search 
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Di-muon resonance search 
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2  isolated muons muons are required to satisfy:

 pT > 48 GeV and |η| <2.4

MC samples: aMC@NLO for Drell-Yan, POWHEG for ttbar and dibosons

     

             

Highest mass event = 920 GeV 

Early alignment of Muon system 
and Tracker used in data  

contribution from di-jets 
negligible and not shown 
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Di-electron resonance search 
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2 electrons in ECAL with ET > 35 GeV and at least one electron in the ECAL barrel 

(|η| < 1.4442 or 1.566 < |η| <2.5 with one electron within |η| < 1.4442 )

Highest mass event ~ 1 TeV

Run1 Limit for SSM Z’  < 2.9 TeV

Run1 sensitivity will be reached

after about 2 fb-1  

Dielectron Invariant Mass Spectrum

Figure: The observed dielectron invariant mass spectrum together with the SM 
expectation from Monte Carlo generated events. Final corrections have not 
been applied to either the data or the simulation.  The Monte Carlo 
expectation is normalised to the data in the region of 60 < m(ee) < 120 GeV. 
No events are observed above an invariant mass of 1 TeV.  The last bin includes 
the overflow.

Electron selection: 
• Good-quality isolated 

electrons with ET > 35 
GeV and |η| < 1.4442 
or 1.566 < |η| < 2.5.

• One electron must 
have |η| < 1.4442.

Event selection: a pair of 
electrons (no opposite-
sign requirement)

Dielectron Invariant Mass Spectrum: 
cumulative distribution

Figure: The cumulative distribution, where all events above the specified mass 
on the x axis are summed, of the invariant mass spectrum shown on the 
previous slide.

Electron selection: 
• Good-quality isolated 

electrons with ET > 35 
GeV and |η| < 1.4442 
or 1.566 < |η| < 2.5.

• One electron must 
have |η| < 1.4442.

Event selection: a pair of 
electrons (no opposite-
sign requirement)

Cumulative Plot

last bin includes overflow
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In the additional 25 pb-1 data @13 TeV and 50 ns processed last Wednesday:

An event with a di-electron mass of 2.9 TeV has been observed

The event consists in two perfectly balanced electrons and no other significant activity

M =  2.9 TeV !!!

Di-electron resonance search 
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M =  2.9 TeV !!!
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Di-electron resonance search 
M =  2.9 TeV !!!

 

7 



Drell-Yan pairs - Dilepton spectra

dielectron

25 ns, RunD

Dimuon 25 ns, RunD

No new events at 2.9 TeV



HL-LHC physics goals and running conditions
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• 3000 fb-1 is the target integrated luminosity
• 5x1034 —> 140 Pile-up is the nominal peak luminosity
• 7x1034 —> 200 Pile-up is the ultimate peak luminosity (>LS4)



TEXT
But$…$Cryogenics$problem$

•  Since$March$2015$the$“Cold$Box”$(CB)$that$produces$liquid$
He$for$the$operaJon$of$the$CMS$magnet$has$had$problems,$

following$a$compressor$oil$polluJon$of$the$CB$circuit.$

•  For$a$definiJve$recovery,$the$system$requires$an$overall$

cleanup$which$takes$several$months.$

•  Meanwhile,$the$CERN$cryogenics$group,$in$collaboraJon$

with$the$CMS$Technical$CoordinaJon$group,$has$been$

trying$to$find$a$way$to$operate$the$Cold$Box$with$a$

reasonable$Duty$Cycle$(>$70%)$that$would$allow$operaJon$

of$the$magnet$synchronized$with$physics$operaJon$of$the$

LHC$unJl$the$Year$End$Technical$Stop.$

•  During$TS2:$augmented$surface$filters$were$installed;$in$

addiJon,$a$special$“regeneraJon$cycle”$has$resulted$in$

allowing$a$conJnued$magnet$operaJon$since.$

16 CERN-RRB-2015-079,  T. Camporesi 


