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Congratulations and §
many thanks |
to the LHC Team
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Global:

One Goal:
Unveil what our
universe is made of!

NEEd T ,
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CMS after Long Shutdown 1
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ECAL: Electromagnetic
calorimeter - 76K PbWO4 crystals

HCAL: hermetic Brass/
14,000 tons M - .
21 m long Scintillator sampling hadronic
15 m diameter calorimeter

HCAL
New Photosensors
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DAQ & Computing & Offline

New DAQ2 concept realized for the online part

Replaced all SO0 DAQ Computers, and 1/2 of the High Level Trigger
(HLT) CPUs - increase budget to 0.3s/event from 0.2s/event

HLT Farm now also used for production and other offline tasks

Multi-threading now standard
Max RSS

Move to multi-threading with oo
multi-core queues at CERN and e o
Tier-1 centers

g

g

New, more flexible and efficient
workflow and data management
systems
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Improvements in Distributed Analysis
Faster event reconstruction

New miniAOD data format for many physics object improvements:

e compact high level data objects (30-50 kb/event) - gain factor ~10
e covering needs of mainstream analyses - avoid duplications
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Reconstruction Algorithms

» Significant effort on algorithm improvements with
emphasis on pile-up mitigation

 Improvement on track reconstruction

* Out of time PU mitigation in the calorimeters

* Pulse fit in ECAL/HCAL to extract the in-time energy per cell
* Revisiting of Particle Flow event reconstruction

- Improvements evaluated on 8 TeV data
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Detector Commissioning

* All sub-detectors ready for data-taking

* Active channel fraction higher than Run 1
Active Detector Fraction Run 1to Run 2

Pixel

a0 91 92 a3 54 95 96 a7 a8 899 100

Fraction (%)
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https://cds.cern.ch/record/2014643/files/ecfa-291_ECFA-HEP-evaluation.pdf

First Physics Collisions @ 13 TeV !
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The restart of the CMS magnet after LS1 was
more complicated than anticipated due to
problems with the cryogenic system in providing ‘ ~
liquid Helium. ‘S“‘e'd? S
Inefficiencies of the oil separation system of | - | H]}

the compressors for the warm Helium required w
several interventions and delayed the start of ‘ 12 ‘
routine operation of the cryogenic system. S

.
Currently the magnet can be operated, but the continuous up-
time is still limited by the performance of the cryogenic system
requiring more frequent maintenance than usual.

A comprehensive program to re-establish its nominal performance
is underway. These recovery activities for the cryogenic system will
be synchronized with the accelerator schedule in order to run for
adequately long periods.

A consolidation and repair program is being organized for the next
short technical stops and the long TS at the end of the year.

[
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First LHC Physics Paper @ 13 TeV !

The first CMS paper based on 13 TeV LHC data

Pseudorapidity distribution of charged hadrons in
proton-proton collisions at Vs = 13 TeV

has been submitted to PLB.
The post on arXiv is http:/ /arxiv.org/abs/1507.05915

It is the first paper from LHC
exploring the novel territory !
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http://arxiv.org/abs/1507.05915

First Goal: Tune MC Models

Rick Field

Multiple Parton Interactions

Outgoing Parton

Outgoing Parton PT(hard)

Underlving Event

Outgoing Parton OutgingParton

In addition to the single hard interaction with large pq:

* (soft) interactions with low p, = Underlying Event
remnant-remnant interactions and parton showers ...
- additional energy offset

« more hard interactions = Multi — Parton Interactions
(evidence from CDF 1997: need >50% double parton interaction for v + 3 jet)

- important for jet analyses (add1t10na1 UE energy ) or p11e up modelling or
pp>W+H+X with W->1+v and H->bb (MI: pp 2> W+Xy + bb+Xb without any Higgs!)

Good tune of the MC Genertors is important to model
Underlying Event, Pile-Up and Multi — Parton Interactions

-> crucial for all Erecision measurements !
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Charged Hadron Multiplicity @ 13 TeV

n.,/dn| In| <0.5
5 49+0.01 (stat)+0.17 (syst)
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First measurement of inelastic dN_,/dn at 13 TeV pp collisons.
Mid-rapidity: and consistent

with data.
Rapidity dependence better described by
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First Scan with Magnet On

CMS back in business

Analyzed up to ~40 pb-1 with magnet and
all detectors on.

Re-Discovery of Standard Model Physics
Resonances
Z - ee, U, 11
Top

Commencing Searches
highest di-lepton and (lepton+MET) mass events
boosted top signatures
first di-jet spectrum

All released Run 2 results can be found here:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PublicPlotsEPS2015
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Proton and Kaon bands clearly visible.

Particles shown depending on their

charge - observe an expected

asymmetry in the production of

Invariant mass of the pion pairs
fitted with a double gaussian and a
first order polynomial for the

particles/antiparticles for pp collisions. background.
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Scan for Resonances

20 pb' (13 TeV)
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Resonances

38 pb(13 TeV)
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Detector & Algorithm Performance
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Run 251244 Event 204117665

Vs =13 TeV "
pr=63.3 GeV
n=1.2

Hi k.
pr= 58.7 GeV
n=1.8
pp — ZZ — 2e2p
m,,= 91.1 GeV
m,, = 88.2 GeV
m,, = 208.9 GeV

Ho
pr=36.1 GeV

n=0.98
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Top pair to
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Number of hadronic jets for events
containing one isolated muon and one
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mass greater than 50 GeV.
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Reconstructed hadronic top quark
candidate mass for events containing 1
isolated muon (p>30 GeV, |n|<2.4,
passing medium identification), four jets
(pr>30 GeV, |n|<2.5), out of which 2 pass
the tight b-tagging threshold.
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Towards Single Top (t-channel)

] SMS Expecrimc]je'}t atJL F:?A%EF;;‘ 112015 CEST CMS Experiment at LHC, GERN
C R I m& | |pata recorded: Tue Jul 14 11:47:11 2015 CEST
2 A i Run/Event: 251721/ 22303466
¢ Lumi section: 21 *|Lumi section: 21
< :
s )
o\ | il
untagged Jet,l\
|

untagged jet -~ Y

b-tagged jet 7
q 9 o One isolated muon ¢ Two hadronic jets:
» e MET: 27 GeV b-tagged jet from top decay
" ¢ un-tagged jet
g - o Mass: 177 GeV
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Searches Commenced

LHC at 13TeV is a resonance factory at a new energy
scale, for example:

Di-jets and multi-jet mass spectra

Di-lepton (ee, pp, Tt) mass spectra

Di-photon mass spectrum

Lepton + MET final state

Boosted Topologies

First look at the Run 2 data with preliminary initial
results:

Events with highest mass in di-lepton and lepton+MET
final state

Event with boosted top signature
Di-jet invariant mass spectrum
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CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 10:33:05 2015 CEST Eisian
Run/Event: 251562 / 528500442 pt = 376.!77
Lumi section: 605 | eta = 0.232
phi = 2.659

Kinematic Quantities:
e Electron 1:

i pr =377 GeV,
SEEL T TR e n = 0.232,
ms | ® = 2.66 rad

Compact Muon Solenoid

S e Electron 2:
Electron 1,
e J Pr = 371 GeV,

phi = -0.493 n = —1.37,
@ =-0.493 rad
e MET : 9.2 GeV

e Mass (ee) : 999 GeV

e
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Single muon + missing Er.@ my = 1.1 TeV

CMS Experiment at LHC, CERN ° ° ° °
Dat ded: Wed Jul 8 23:50:40 2015 CEST C
sl - Kinematic Quantities:

Lumi section: 64

< e Muon:
o pr=0.53 TeV
e n=0.69

( o ¢ =-2.3
7;%\/ PO TV e MET: 0.62 TeV

o Ad (-MET) = 3.0
el:;taino.fjﬁaﬁ-grev ® mT = 1. 1 Tev

phi = -2.313

1 event expected with m, > 700 GeV
for the luminosity analyzed
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Boosted Top Candidate

e Search for Heavy Masses:

e For example: vector-like quarks, Z’, ....

e boosted decay products
e merged jets >
= challenging hadronic final states

Accessing for example with substructures
(or clean signatures with photons)

e Non-boosted top: e Boosted top:
->b and W decays in different jets - b and W decays in same jet
ql

W q2

b
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2 Boosted Top Candidate
Setr48 Gev
t =
C ‘g Subjet 1, eeta =1.64 Subjet 3,
et = 275 GeV phi = 1.64 et =203 GeV
| eta = 2.08 eta = 2.37
phi=1.94 phi = 1.48

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 12 07:25:11 2015 CEST

Top jet candidate 1
Run/Event: 251562 / 111132974 e':;:‘zsgzeev
Lumi section: 122 phi = 174
Orbit/Crossing: 31722792 / 2253 mass =-176 GeV

Top jet candidate 2,
pt =613 GeV
Subjet 4, \ eta = -0.70
et =133 GeV phi =-1.46
eta =-0.47 N\ mass = 177 GeV
phi = -1.56 ™
Subjet 6,
Subjet 5, et=73 GeV
et =402 GeV eta=-0.18
eta = -0.86 phi =-1.30
phi = -1.44

o Top - jet 1:
em =177 GeV, p; =613 GeV
o Di-top jet Mass: 2491 GeV

e Top - jet 2:
em =176 GeV , pr = 488 GeV
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: CM
CM X
| I
T
Jet 0,
pt=2.41TeV Jet 0,
eta = 0.357 pt=2.41TeV
phi = 0.346 eta = 0.357
phi=0.346
Jet 1,
pt=2.36 TeV
eta =-0.160
phi =-2.885
Jet 1,
pt=2.36 TeV
eta =-0.160
phi=-2.885
CMS Experiment at LHC, CERN
Data recorded: Sun Jul 12 09:52:51 2015 EEST I_, CMS Experiment at LHC, CERN
Run/Event: 251562 { 310157776 Data recorded: Sun Jul 12 09:52:51 2015 EEST
Lumi section: 347 Run/Event: 251562 / 310157776
Dijet Mass: 5.0 TeV Lumi section: 347

Dijet Mass: 5.0 TeV
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Di-Jet Event with Mjj ~ S TeV

CMS Experiment at the LHC, CERN
Data recorded: 2015-Jul-12 06:52:51.677888 GMT
Run / Event / LS: 251562 / 310157776 / 347
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37 pb” (13 TeV)
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g F o —
_ = ""-&" """"" fit to data 3
= " :
% 102 L LS q* (4.5 TeV) -
o " E
@) L ]
- <25, |An<1.3 B
Al J.
10" M>1.1Tev +
- Wide Jets __:,..';-'-.._‘__‘ B
10° e AR
108 zenrs 7 £
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g PIMTNEL WU UTAEATS NN TN TSN SRS U Ri——-
LF ‘;__ .....................................................................
E _1 ............
o o B
a T
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Dijet Mass (GeV)

Di-Jet Mass Spectrum

e Luminosity 37 pb-1

e The dijet mass distribution
is fitted using 4-parameter
function:

gy Nmy
do _ po(1 13000)
dmj] ( 1356'0 )p2+p3 ln( T L)

e Superimposed for illustration
q* — qg signal with
resonance mass M=4.5 TeV
(blue dashed).

e With 37 pb-1 expect to
exceed the sensitivity of
8 TeV analyses only for
narrow resonances with
masses >= 5 TeV
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Di-Jet Mass Spectra 13 TeV «— 8 TeV

19,

37pb ' (13 TeV)
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E_' o[ '15‘ n = S 3
2 o e q* (4.5 TeV) - o) Fow =
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Dijet Mass (GeV) Dijet mass (GeV)
13 TeV: 37 pb-1, Mjj = 5 TeV, 8 TeV:19.7 fb-1, Mjj = 5.15 TeV
Close to Run 1 limit = interesting times ahead of us ©
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A Glance at Run 2 Expectations

A different way to look at the Stirling plot:
How much luminosity @ 13TeV is needed to equal the 8
TeV discovery potential (a really rough guestimate)

4 : Cross section ratios: 14 (13) TeV / 8 TeV
Minimum bias . : :
7 4 4 1
LI |
WH 1
H (ggF) }
H (VBF) }
tt 3.9 1
LI |
ttH 4.7 1 1
stop pair (0.7 TeV) ~—I 11: (for 13 TeV / 8 TeV: 8.4)
stop pair (0.9 TeV) - K6 (for 13TeV / 8TeV: 12)
|
gluino pair (1.5 TeV) : 1 J 72 (for 13 TeV / 8 TeV: 46)
1 | ]
gluino pair (2.5 TeV) l ' : J 5700 (13 / 8: 2700)
Z' SSM (3 TeV) ' P18 ‘
Q (4Tev) i - )87
QBH (6 TeV) d — ' J 12000
1 1d ¥ 100 1000 10000 100000
: ¥ 1fb-1 equivalent reach to Runl
\ 2 fb-1 equivalent reach to Runl
10 fb-1 equivalent reach to Runl
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CMS mastered successfully all novel installations,
consolidations and developments in Long Shutdown 1

Data taking at world-record energy has commenced,
several obstacles overcome

First LHC physics paper at novel collision energy
accomplished: charged hadron multiplicity
- tuned MCs describe data well

Full suite of performance checks done
Standard Model re-discovered, spectacular ZZ - 41 seen

Searches commenced: interesting events seen,
di-jet events @ \s = 13 TeV even with very low luminosity
already at a similar level as the Vs = 8 TeV results

CMS returned to precision and discovery mode

Thanks to my colleagues for making it happen for this conference ©
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Our Future has just started

CMS Experiment at the
' Data recorded: 2015
,‘,;c/‘_‘- Run / Event/ LS:

Let‘s

see,
what
Nature
has in
stock
for us !
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Any questions?
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BACKUP

e
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Luminosities

Total delivered: 106/pb

Total recorded: 83.5/pb

Total recorded @ 3.8T: 61.8/pb

Results @ EPS presented up to 43/pb
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Several methods employed
o tracking, tracklets, pixel counting

Trigger:

dN/dn of charged hadrons at 13 TeV

o zero bias, PU = 0.05, ~170k collisions in a special run

Definition of a ‘collision’:
o Inelastic (leads to a few % MC depen

Datasets:

o data taken June 7, 2015

o number of collisions per bunch crossi
o CMS tracker and pixel detectors ON
o CMS magnet off, B=0 (straight tracks

First LHC publication at 13 TeV

dence)

ng: ~0.05

A

0



dN/dn: tracklets

e Using pairs of pixel barrel layers
(3 combinations)

¢ Insensitive to alignment,
very robust

e Has its own vertexing

(extremely efficient)
e straight tracklets, sharp /

correlations in An and Ag
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dN/dn: tracks

e Multiplicity distribution e Comparison of corrected
of reconstructed tracks dN/dn results: tracks and
tracklets
CMS ; CMS
R A AR AV T oh Ve L 1B TeV inelastio:
0.05 F wiy g . 65 - .
0.04 —.i.!-n ; sf :
s o I '
g 003 F “H - PYTHIAB CUETP8M1 T 55 [° .
E :: A ‘4 oo EPOS LHC § % ;
0.02 K : 5 F ]
i [ -~ tracklets
| [ -2 tracks
0.01 45 I - - - PYTHIAB CUETPEM1 -
i - e EPOS LHC
Ui' P L L I ISV RIS I B I R S A N A
0 10 20 30 40 50 -3 -2 -1 0 1 2 3

number of reconstructed tracks

e In both cases, agreement Is better with EPOS LHC

hitp://arxiv.org/abs/1507.05915
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dN/dn of charged hadrons at 13 TeV

dN/dn

e Averaged main dN/dn e Collision energy
result for inelastic dependence
events e Central value:
5.49+0.01 (Stat)i{].'l 7(syst)
CMS CMS
L th;'1b'Téif'iHéla{s%ié§ ol + 'cr'n.n:s' o pp inelastic ]
: LT s :
o ey gEE® ] e UA5 3
- N——-_ BT L : o °F T &n B
- = S5 fF -~ PYTHIAB CUETP8S1 73
3 1 =, a :
5 T F E
g T Faf :
o - .
3 = data E 2 E 3
C --- PYTHAB CUETP8S1 1 - .
E e EPOS LHC E 1 E E
T T T Y T - —— parabolic fit in In(s)
3 2 - 0 1 2 3 ot
) 10! 102 10° 10*

http://arxiv_ora/abs/1507.05915 Vs [GeV]
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Tracker Performance

dE/dx vs P at Run 2

<

CMS Preliminary - 2.74pb' - 1{s=13

Te
g B T s e EZTURSE S L I P B Bl I = B B S R I 2 |i
3 14—
o L
= L 1
5 12 o —10° From right to left we can
5 T 1 clearly see the Deuteron,
10 1 Proton and Kaon bands.
SL, = 10°
6:— : The dE/dx estimator relies on gain
- calibration. The first calibration of
D run 2 data (tracker cooled to -15°C)
4 10 allows already to clearly distinguish
B particles in this plot.
2°
B s R i 1
% 1 2 3 4 5

momentum (GeV/c)

Kerstin Borras \% RWTH | First Run 2 Results from CMS | EPS 2015 Vienna | 27 July 2015 | Page 40



Tracker Performance

dE/dx vs Q.P at Run 2

274pb" - {s=13TeV

CMS Preliminary

T I I I I I T T 14 I

£ :
S 14— .
8]
e I 1
x — —
2 °F 1910
10— = In this plot the particles are shown
: . separatly depending on their charge.
8:_ - : 10°  We observe an expected asymmetry
- in the production of particles/
6 antiparticles for pp collisions.

4 10
;

E | '
0 0 1

charge x momentum (GeV/c)

Kerstin Borras \% RWTH | First Run 2 Results from CMS | EPS 2015 Vienna | 27 July 2015 | Page 41



Reconstruction of K% and A°in 13 TeV data

“10° 26.9pb™ (13 Tev) “10° 26.9pb™ (13 TeV)
1 w T T — H ‘ \ \ \ ‘ =
%_) 120— CMSl o‘ | i % 40; cMS .
S - Preliminary Yield: 144400841259 | = 35f e Yield: 2019774501 ]
— 100~ Mean: 497.68 MeV — — - Mean: 1116.01 MeV
7 Avg s:69MeV | & 30 Avg s: 2.8 MeV
3 g
g S 250
2 2 0
201
S S 1
151
10
i 5;
0" o I | ]
450 500 550 2080 1100 1120 1140 1160
p*p invariant mass [MeV] pp invariant mass [MeV]
. Invariant mass of the pion pairs fitted - Invariant mass of the proton-pion pairs
with a double gaussian and a first fitted with a double gaussian and a first

order polynomial for the background order polynomial for the background

Tracks selected with p;>350 MeV. Selection requires displaced vertex wrt the primary vertex
by 100 and c0s6>0.9998



Dimuon invariant mass spectrum

Dimuon mass distribution collected with various dimuon triggers

The light gray continuous distribution represents events collected with inclusive dimuon
triggers with high p; thresholds

The dark gray band is collected by a trigger with low-mass non-resonant dimuon plus a track

The other colored spectra are acquired using specialized triggers which require a pair of
muons with opposite charge, a vertex-fit probability greater than 0.5%, and specific dimuon
invariant mass and p- regions:

Magenta: dimuon mass within (0.85, 1.2) GeV, dimuon p; > 0 GeV, dimuon |y| < 1.25

Red: dimuon mass within (2.95, 3.3) GeV, dimuon p; > 16 GeV,; or dimuon mass within
(2.95, 3.3) GeV, dimuon p; > 10 GeV, dimuon |y| < 1.25

Blue: dimuon mass within (3.4, 4) GeV, dimuon p; > 13 GeV; or dimuon mass within (3.4, 4)
GeV, dimuon p; > 8 GeV, dimuon |y| < 1.25

Cyan: dimuon mass within (4.5, 6) GeV, the leading muon p; > 4 GeV and the sub-leading
muon p; > 3 GeV

Green: dimuon mass within (8.5, 11) GeV, dimuon p; > 13 GeV, or dimuon mass within (8.5,
11) GeV, dimuon p; > 8 GeV, dimuon |y| < 1.25



Dimuon invariant mass spectrum

20 pb” (13 TeV)

1 08 Trigger paths
_F CMS .
10" = Preliminary —

JAp .
10° ¢ 2

s
Y
B low mass double muon + track
double muon inclusive

10° Y

I IIIIIII| I IIIIIII| I IIIII[I] [ TTITI

10* 7

10°
102
10

1 IIIIII| ] |

1 10 . .. . 10° .
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Electron Commissioning

CMS !

e SingleElectron PD:

- ~42/pb, with run selection based on [1], see backup
e Runll 50ns DY-M50 Monte Carlo
e Tag selection

- Pass POG tight ID , pr > 30 and |n| < 2.1

- Matched to HLT Ele27 eta2pl WPLoose Gsf indata
e Probe is reco electron with pr> 10 and |n| < 2.5

- Z window: 80 < m; < 100

- POG medium ID required for kinematic plots

- Relative isolation cut (0.1) for track and cluster plots

- POG Veto ID track and cluster cuts for isolation plots
o Pile-up re-weighting applied

[1] https://twiki.cern.ch/twiki/bin/view/CMS/CollisionsJuly2015
45



https://twiki.cern.ch/twiki/bin/view/CMS/CollisionsJuly2015

CMS

Di-Electron Spectrum

Events

Dielectron mass spectrum for electrons in the DoubleEG dataset
with pt > 10 and |n|<2.5 which pass the cut-based Electron ID
Veto working point.

10° £ — — N -
- CMS Preliminary, 15 = 13 TeV z -

107 fL-:jt:ELE.pn" .
- Y(18,25,38) 7

10° = vy —
I -

I —

| Hid -

. e

10 10° 107
dielectron mass (GeV/c?)
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Basic selection cuts

Data set with charmonium triggers analyzed

J/ = pTp~ reconstruction:

MipTp™) — M{J/w)| < 150MeV
1/ mass constraint

pr+ = 4 GeV
In#| <24

pr{J/l) = 8 GeV

Muon identification: soft muon ID

L}

| a8 @ @

Tracker track matchad with at least one muon segment
Mumber of hits in the tracker > 10
Mumber of pixel layers > 1
¥2/ndf of the tracker-muon track fit < 1.8
Transverse and longitudinal impact parameter cuts:
o Oy <3cm&d: <30 cmw.r.t. primary vertex

26



Inclusive J/U trigger with pr > 16 GeV

38 pb {13 TeV)
:? _II LI} II LI} II LI II LI II LI II LI II rrri III LI II LI II LI} II_
o TOOF ocMs B*=> /Y K
E - Preliminary -
600 - = =
Ey E E :1?53:*.-' 4 2D (mass, proper time)
- T =
£ 500¢ — Total fit . fitting method: mass projection
E A00 :_ Combinatorial bkg _:
'-” - - Jhp KX ]
300 E Signal 4 Quality cuts:
200 o E pr{K®) = 2.0 GeV
= ] Vertex probability = 15%
100E" E or(J/0) > 16 GeV
[ i -Il: -I.' ||||||||||||||||||||||||||||||:
GE 51 52 53 54 55 56 57 EE- 59 6
J."y:- K= [GE.U]
PDF shape:
«  Signal: double Gaussian
»  Combinatorial background: exponential Mass: 5.277 + 0.001(stat.) GeV

= J/b K+X: Gaussian



28 pb(13 TeV)

E S L L L e L
i cMs ]
& 10° b Preiiminary  _|
a F B* = Jly K= 3 B 1/ K
= u p,>18GeV 3
L% 10° — Total it = 2D (mass, proper time)
= Combinatorial bkg 3 .
- i ) — Jhy K+X 4  fitting method.
10 B : Jj{ | & Signal ] proper time projection
g =

0 0.05 0.1 013 0.2 0.25
ct [cm]

PDF shape for ct distribution:
= Decaying exponential terms: e=** convolved with a Gaussian resolution

function using per-event uncertainties
= Signal, J/psi K+X background: decaying exponential function
= combinatoric background: prompt Gaussian + decaying exponential function
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Displaced J/W + track trigger

3B pb (13 TeV)

::_ _II 1 II rrri II LI II LI II LI II LI II LI II LI II LI II T II_
Emmz CMS B*=> J/Y K
B Pralimina .
&1000 B*—+J!u=$ =] 1D fitting method
ot " p =10GeV ]
& EI'I:H}: ol fi ] Quality cuts:
I gook Combinatorial big ] cos o > 0.99
- . Jhy K+X ] g/ {1y} > 3.0
400 ma Signal - Vertex probability > 10%
- 1 pri/)>8Gev
200 ~ pr(K) = 1.6 GeV
Cl m T il Ol e i = |I"| ':H:I | <2.4
51 52 53 54 55 56 57 5 8 59 E
My, ke [GEV]
PDF shape:
- Signal: double Gaussian Mass: 5.278 + 0.001(stat.) GeV

- Combinatorial background: exponential
- J/b K+X: Gaussian

PDG is 5366.7 + 0.4 MeV



Reconstruction of Z—ee in 2015 data

CMS Preliminary (§=13TeV, L = 21.3 pb"

%2500 _I T TT | T TTT | T TTT | TTTT | T T T | T TTT | T TTT | T TT I__
@ | |@ Data ECAL BARREL -
T i ]
mIl | Z(ee)+jets |

2000 -

- Uncalibrated _

- electrons i

1500 -
1000 .

I o ]

500 .

II|IIJ_I|IIII

%0 60 70 80 90 100 110 120 130
uncalibrated m_... [GeV]

CMS Preliminary fs=13TeV,L=21.3pb"
LT TTT | T T T | TTTT | T T T | T TTT | T TTT | T TTT | I'TTT1]
350} Data ECAL ENDCAP -
300 | |:| Z(ee)+jets [ 7
- + Uncalibrated E
250 - + electrons B
2005 * -
150F =
100F =
501 =
- ® ]
a9 ]

30 60 70 80 90 100 110 120 130
uncalibrated m_... [GeV]

. Invariant mass of di-electron pairs for both electrons in the barrel (left) and in the
endcap (right). The calibrations applied in the data are the Run | ones
extrapolated using the laser measurements. Simulation not tuned and
assumes a calibration that will be achieved by the end of 50ns run. Data
and simulation normalized to the same area



Muons in 13 TeV Collisions
Data and MC

. Data

Collision data at 13 TeV and 50 ns bunch spacing

Prompt reconstruction, certified only on the basis of DCS detector status
DoubleMuon dataset

Integrated luminosity ~ 43 pb~!

« Monte Carlo

Samples of Drell-Yan, W + jets, top-top, single-top, dibosons generated
with MadGraph_aMC@NLO

Detector alignment and calibration conditions as expected after about
1 fb~! of integrated luminosity

Overall normalization of simulated distributions scaled to the data yield

No event re-weighting is applied to match the pileup distribution in data



Muons in 13 TeV Collisions

Selection
Trigger

- double-muon trigger with p; thresholds of 17 and 8 GeV on higher- and
lower-p; muon, loose tracker-based isolation on each muon

Offline selection

- at least two opposite-sign muons passing the Loose ID
- p;>20and 10 GeV, |n|<2.4

- both muons passing a loose isolation requirement:
2 p,(tracks) + max(0, 2 E(ECAL) + 2 E(ECAL) —k - p) <0.2 - p(muon)
(where p is the average energy density in the event)

— di-muon invariant mass between 60 and 120 GeV

- if more than one muon pair satisfies the requirements above, the pair with
invariant mass closest to the nominal Z boson mass is selected



Muons in 13 TeV Collisions
Invariant Mass

CMS Preliminary {s=13TeV,L =43 pb™
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Reconstruction of Z — 11in 13 TeV data

Events

30
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o

CMS

Preliminary + Dat
ata

Zo1t

B EwK
QCD

tt
M Z-u

—

5.6pb'at13 TeV
\II|\II|III|\II_
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n | -
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Events
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LI T | T T T
CMS

Preliminary

5.6 pb'at 13 TeV
T ‘ T T T T | T T T |G|

K3
A
=2
I

Visible mass distribution (left) and fully reconstructed mass using the SVFit
algorithm (right) for lepton (e,n) and hadronically decaying taus in 13 TeV
data.The simulation is normalized to the total integrated luminosity for all
contributions except from the QCD background that is estimated by same sign
data
Selection
Muons: p.>18 GeV, n<2.1
Electrons: p.>20 GeV n<2.1

Taus: p;>20, n<2.3

Event: lepton,tau have opposite sign , M_(u,1)<40 GeV




41 pb (13 TeV) 41 pb" (13 TeV)

L 60 2 400
> 140 = Preliminary > = Preliminary
1N $ DVV- w 300;_ DVV_
= B tWiW I tWW
Il tibg Il tthg
oY MDY
I t Bt
MC syst+stat MC syst+stat
& Jil | Ll Iél L | I Ll
1.5 | 155
ie) = Ko} =
%n O 4 } % O o :
Q-0|5-|:-_IIJIIIlIJIIILIIIIIJII|l|l|"|\l|llll||llll IIIIIII‘ Q-0153_ILJI|lIIIIIIII{JII[]II[I'IIIIII[JI Ll 11
0o 1 2 3 4 5 6 7 8 9 05 0 05 1 15 2 25 3 35
N b jet multiplicity

Distribution of the number of hadronic jets with p;>30 GeV, |n|<2.4 (left) and jets passing the tight threshold on
the b-tagging discriminant (right) for events containing one isolated muon (p> 20 GeV, |n|<2.4, passing tight
identification criteria) and one isolated electron (p> 20 GeV, |n|<2.4, excluding barrel-endcap gap, passing
medium identification criteria) with opposite charge, forming an invariant mass greater than 50 GeV.
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41pb* (13 TeV)

0w C 5
£ 80— -
G>J - Preliminary 7
qutJ 70— L + jets, =2 b-tags —
C ¢ data m
60:_ Wiisignal -
C Wittother -
50— W single top—]
C EWdets I
40 -
30— -
20- -
10 —f
g 2
15— -
i ORI A PR I
©
Bos! + i

Qoo 150 200 250 00 350 400 450 500
Reconstructed hadronic top quark candidate mass for events containi%[g?ycllated muon (p>30 GeV, [n|<2.4,
passing medium identification), four jets (p;>30 GeV, |n|<2.5), out of which 2 pass the tight b-tagging threshold.
Leptonically decaying W boson is reconstructed using the lepton momentum and missing energy. The
longitudinal component of the neutrino momentum is determined using the W boson mass constraint, with a 2-
fold ambiguity. Then, the jet pair giving the best W boson mass is selected among the jets failing the b-tagging
selection and assigned to the hadronic top quark. Finally, the b-tagged jet assignment and the neutrino solution
that give the closest leptonic top mass to the world average are retained.
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3. Towards single top
(t-channel production)
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_[CMS Experiment at LHC, CERN
i{Data recorded: Tue Jul 14 11:47:11 2015 CEST
¢ [Run/Event: 251721/ 22303466

;| CMS Experiment at LHC, CERN
Data recorded: Tue Jul 14 11:47:11 2015 CEST C
i| Run/Event: 251721/ 22303466 A\

(3| Lumi section: 21 1 \,\; imi section: 21
\\ \f‘t \
untagged jetJI{ MET
"5 \(7( ]
7’\7* ‘! untagged jet =
f‘" AP muon =
- 4
' &
b-tagged jet y

Event display of a single top quark t-channel candidate in x-y (left) and r-z (right) views. This event has
one isolated muon, transverse missing energy of 27 GeV, and two hadronic jets. One of the jets
passes the tight threshold on the Combined Secondary Vertex b-tagging discriminant and is
interpreted as originating from the b quarks from top quark decay. The other jet has a pseudorapidity
of -4.3 and in the signal ansatz it is interpreted as originating from a light quark recoiling against the
top quark. The mass of the reconstructed top quark is 177 GeV.
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.| CMS Experiment at LHC, CERN .[CMS Experiment at LHC, CERN
Data recorded: Tue Jul 14 11:47: 15 CE C i |Data recorded: Tue Jul 14 11:47:11 2015 CEST
\ {| Run/Event: 251721/ 22303466 \ ;Run(Event, 251721 22303466
(i Lumi section: 21 \:Lum|section:21
\ MET >N
\.\ ) N\ \
untagged jet awy
1
\* MET
, / ( TV EPY YRR LK JWERY ,
Iy > ¥
Ny untagged jet e’
I e i — . -1 x/,: = -
S \" 2
‘ a- IR\\Y ]
gz : \ |
- ! N T
A \
Pt Vs g m g L
b-tagged jet
~. muon

b-tagged jet

Event display of a single top quark t-channel candidate in x-y (left) and r-z (right) views. This event has
one isolated muon, transverse missing energy of 27 GeV, and two hadronic jets. One of the jets
passes the tight threshold on the Combined Secondary Vertex b-tagging discriminant and is
interpreted as originating from the b quarks from top quark decay. The other jet has a pseudorapidity
of -4.3 and in the signal ansatz it is interpreted as originating from a light quark recoiling against the
top quark. The mass of the reconstructed top quark is 177 GeV. (Zoom-in of the previous figures.)
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Detalls

- DCS-only lumi selection

- Selected with: 2xCMSTopTagged jets, pT>300GeV,

m(ttbar)>2TeV, deltaPhi(topjets)>2.1

- Plotted: (apart from the usual) CMSTopJet subjets in yellow

- Coordinates: 251562:122:111132974

. Kinematics:

m(topjetl)=177 GeV, pt(topjetl)=613 GeV,
m(topjet2)=176 GeV, pT(topjet2)=488 GeV,
ditopjet mass = 2491 GeV,

1 btagged subjet (CSVIVFv2 medium OP)






CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 07:25:11 2015 CEST
Run/Event: 251562 / 111132974

Lumi section: 122

Orbit/Crossing: 31722792 / 2253
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Compact Muon Solenoid

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 07:25:11 2015 CEST
Run/Event: 251562 / 111132974

Lumi section: 122

Orbit/Crossing: 31722792 / 2253




Event Display information

Run: 251251, LumiSection:64, Event Number: 39089589

Event: Single high pr muon (red line) detected in the barrel
muon chambers with a large imbalance in the transverse
momentum (Missing ET) (arrow).

Kinematic quantities:
Muon: p;=0.53 TeV
n =0.69
o =-2.3

MET : 0.62 TeV

A (u-MET) = 3.0

# m;=1.1 TeV




Single muon + missing E-@ m;=1.1 TeV

CMS Experiment at LHC, CERN
Data recorded: Wed Jul 8 23:50:40 2015 CEST

Run/Event: 251251 / 39089589
Lumi section: 64

1 event expected
with m;> 700 GeV
for the luminosity

analyzed /

Met 0,
pt=0.61TeV
phi =0.704

Mueon 0,
pt=0.53 TeV
eta = 0.689
phi =-2.313

W prime
candidate



Details

DCS-only lumi selection

selected with two events passing the high energy
electron ID tuned for 50ns data taking (HEEP ID V6.0)

event details:
— run: 251562

— luminosity section: 605
— event number: 528500442

kinematics:

— elel:pt=377GeV,n=0.232, d = 2.66 rad Z prime
candidate

— ele2 : pt=371GeV,n=-1.37, $ =-0.493 rad

— mass(ee) : 999 GeV

— missing transverse energy : 9.2 GeV



CMS Experiment at LHC, CERN
Data recorded: Sun Jul 12 10:33:05 2015 CEST e
Run/Event: 251562 / 528500442 s -

_ . pt = 376.77
Lumi section: 605 eta = 0.232

phi = 2.659

Compact Muon Solenoid

Electron 1,

pt =370.85
eta =-1.367
phi = -0.493




CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 10:33:05 2015 CEST
Run/Event: 251562 / 528500442

Lumi section: 605

Electron 1
Electron 0, )
pt = 376.77 pt = 370.85
eta = 0.232 eta =-1.367
phi = 2.659 phi = -0.493

Compact Muon Sclencid




Dijet resonance search

« Many extensions of the standard model predict the existence of new massive particles
(X) that couple to quarks or antiquarks (q) and gluons (g). These new particles could
produce resonant bumps in the dijet invariant mass distribution associated with strong

interaction processes.

g, 9 >_X<q,9

g, 9 g, 9

A search for narrow resonances in
dijet final states have been
performed at CMS using 20 fb! of
pp collisions at /5= 8 TeV [1].

10°

19.7 fo! (8 TeV)

In this document, the first results on the dijet resonance search using 37 pb of pp

collisions at /s= 13 TeV are presented.
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Event reconstruction and selection

. The Particle Flow (PF) candidates (charged/neutral hadrons, muons,
electrons, photons) [2] are clustered into jets using the anti-kT algorithm
with distance parameter of 0.4

> jet momenta are corrected using calibration constants derived
from simulations;

> jets are required to have p, > 30 GeV and | | < 2.5; leading jet is
required to have p; > 60 GeV

Dijet event_selection
using “wide jets”

> jetidentification criteria are applied to the two jets in the event
with the highest p; (leading jets), in order to remove spurious
events associated with calorimeter noise. The event is rejected if Jetl: p; > 60 GeV, |

- Pr n
either of these two jets fails these criteria. Jetz: Pr > 30 GeV,

| < 25
n< 2.5

<

. Geometrically close jets are combined into “wide jets”, which are used to 1
measure the dijet mass spectrum (m;) IAr’|J'J'|< 3

> the two jets with largest p; are used as seeds. The Lorentz

vectors jets are then added to the closest leading jet, if m;; > 1.1TeV
ARV An? + A¢? < 1.1

. The background from t-channel multijet events is suppressed by requiring the pseudorapidity separation of
the two wide jets (JAl ;) to be less than 1.3. This requirement maximizes the search sensitivity for isotropic
decays of dijet resonances in the presence of multijet background .

« The high level trigger used for this search requires that the scalar sum of the PF jet p;s in the event be
larger than 800 GeV.

> Biases from the trigger requirements are avoided by requiring that the fully reconstructed events

have m; >1.1 TeV. In this region the trigger selection is found to be fully efficient. 79



Data quality checks

. Basic jet and reconstructed event quantities are

CMS Preliminary s =13 TeV L=37 pb'1
T T T | T T T | T T T | T T T | T T T ‘ T T T | T

vy
studied: £ Ini<2.5 « Data I
. . . u‘ﬁ - |An|<1.3 —mMc o
> jet kinematics (p, n, ¢) M, > 1.1TeV

> particle flow composition of the jets
> quantities sensitive to detector noise (such as
missing transverse energy in the event)
> rate of selected events above the m. threshold
> kinematics of dijet system (my, |Al ;|, A) ) 107
. Various cross-checks are performed I
> data vs simulation comparison o

\Il\l\l\lll\ll‘l\lll
0 02 04 06 038 1 .12

> stability as a function of time Dijet A n

> stability as a function of number of pileup o  (CMSPreliminary [s=13Tev L =37pb”

interactions é , ii<2.5 ¢Data

. . . wl0’E |jan<1s —mc 3

. The studies show we are selecting good dijet " M >11Tev E

events I 1
107

> No signs of spurious events from detector
noise in the data sample -
> good stability of all reconstructed quantities vs 104
pileup and time i

=

il L
.
—
I\I\H‘

5. 6
Dijet A ¢

73
Simulation is normalized to the same area of the data
Standard selection applied (no A¢ cut)



Dijet mass spectrum

The dijet mass distribution is fitted using the following 4-parameter function. This function is the
same used in previous versions of this analysis at 7 and 8 TeV

do Bl — gl e STENT(13TeY)
= — o & 3

dm;  (masyprtesin(iis) 8 1pes
The variable size binning corresponds to the 310'1; .‘*'q_ T daa ;
estimated dijet mass resolution - F Cee, T fit to data .
Black points are data %10'2%— ."‘"*‘i%% """"" q'(45TeV) 5
Red dashed line is the fit to data -810_3; “H% 1 _i
For illustration, we superimpose a g* -> qg - + E
signal with resonance mass M=4.5 TeV 10 ;_ m'iﬁm",‘ '3 H+ %_
(blue dashed). " Wide Jets Tl |
We perform a maximum likelihood fit 10° =] et -
To give a rough estimate of the goodness of 10.53; ,,,,,, i

fit we calculate the y? R - B A ARA BARA AR . o
> 2/ndof=26.6/31 ' —

The fit to the data using a background 1500 2000 2500 3000 3500 4000 4500 5000
parameterization is good and there is no Dijet Mass (GeV)

evidence faqr a dijet resonance, _ _
Above 3.5 TeV we expect ~4.6 background events (from fit to data) and ~0.8 events of signal from the

considered g* model, and we observe 4 events in data.
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(Data-Fit)

With the current integrated luminosity of the 13 TeV data sample, using an estimate based on 13TeV /4,
8TeV parton luminosity ratios, we expect to exceed the sensitivity of the 8 TeV analyses only for
narrow resonances with masses greater than about 5 TeV.



Event Display of the highest dijet mass
event In data

Rho-phi and x-z view of the highest dijet mass event (m;=5 TeV)
The labels show the the kinematic variables of the two wide jets
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Event Display of the highest dijet mass
event In data

3-D and “lego” view of the highest dijet mass event (m;=5 TeV)
The labels show the the kinematic variables of the two wide jets
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CMS Experiment at LHC, CERN
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Lumi section: 347
Dijet Mass: 5.0 Te\/

76



References

[1] CMS Collaboration, “Search for resonances and quantum black holes using dijet mass spectra
in proton-proton collisions at =8 +/5,

[2] CMS Collaboration, “Particle-Flow Event Reconstruction in CMS and Performance for

Jets, Taus, and E T miss ”,

77


http://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.052009
http://arxiv.org/abs/1501.04198
https://cms-physics.web.cern.ch/cms-physics/public/PFT-09-001-pas.pdf

Di-jet mass spectrum @ 8

PRD 91, 052009, arXiv:]

» Search for hint of new physics in the di-jet mass spectra / narrow and wide reson

* Provide a model independent upper limits
on sigmaxBR
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A glance at Run 2 expectations

: 4 f Cross section ratios: 14 (13) TeV / 8 TeV
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