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The Mission of CERN X

T uniting people

Research



uniting people

Research

1 Push forward the frontiers of knowledge ,:«

E.g. the secrets of the Big Bang ...what was the matter like within
the first moments of the Universe’s existence?
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Information technology - the Web and the GRID
Medicine - diagnosis and therapy
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uniting people

Research

1 Push forward the frontiers of knowledge ,:«

E.g. the secrets of the Big Bang ...what was the matter like within
the first moments of the Universe’s existence?

a4 Develop new technologies for
accelerators and detectors

Information technology - the Web and the GRID
Medicine - diagnosis and therapy

d  Train scientists and engineers of
tomorrow

02 Unite people from different countries and
cultures

Brain Metabolism in Alzheimer's
Disease: PET Scan



Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Israel, Italy, the Netherlands, Norway, Poland,
Portugal, Slovakia, Spain, Sweden, Switzerland and

the United Kingdom

Candidate for Accession: Romania

Associate' Member in Pre-Stage to Membertship: Serbia

Applicant States for Membershipior Associate Membership:
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Observers to Council: India, Japan, Russia, Turkey, United States of America;

Europ‘eakn (Ii:drﬁnllisisii)n ‘an}i UNESCO

k&
B LT

-



25000 st
o 1600'c JJuJ),u personne l
~ ~ 10500 scientific users:
| Budget (2014) ~1000 MCHF

/.

ﬁ
Member States: Austrla Belglum Bulgaria, the Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Israel, Italy, the Netherlands, Norway, Poland,

Portugal, Slovakia, Spain, Sweden, Switzerland and
the United Kingdom

Candidate for’Accession: Romania
Associate' Member in Pre-Stage to Membertship: Serbia

Applicant States for Membershipior Associate Membership:
Brazil, Croatia, Cyprus, Pakistan, Russia, Slovenia, Turkey, Ukraine

Observers to Council: India, Ja an Russia, Turkey, United States of Amenca

Europeakn Comm \ 1851%)n‘anﬁ ijN SCO

. | .
NIRRT A

-



CERN - building bridges across continents S

MEMBER STATES: 635

AUStra 99 Cermany

Albania Bulgaria

Alperia
Arpentina
Armenia
Australia
Azerbaijan
Bangladesh
yelarus

PR T

Distribution of All CERN Users by Nationality on 14 January 2014




Age Distribution of Scientists

- and where they go afterwards

Survey in March 2009

Today:
~3000 PhD students
in LHC experiments
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Survey in March 2009

Today:
~3000 PhD students
in LHC experiments
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They do not all stay: where do they go?




Age Distribution of Scientists

- and where they go afterwards

Status of 1995 (120 PhD's total)

Survey in March 2009 o

Today:
~3000 PhD students Other
in LHC experiments  taiversin

Research Centre

Whereabouts of PhD's

sl of 1995 (65 PRy total)
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They do not all stay: where do they go? o

<lectronics
Chemistry

Whereabouts of PhD's in Industry




Knowledge and
Technology Transfer



Research

d  Interfacing between fundamental science and key
technological developments
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Research

d  Interfacing between fundamental science and key
technological developments
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beams computing (Grid)



CERN Technologies and Innovation (&)
Example — Medical Applications

Research

Combining Physics, ICT, Biology and Medicine to fight cancer

| =) Hadron Therapy

Tumour : Leadership in Ion
Target i :* Beam Therapy now in
Europe and Japan
’ ‘ Protons '
. .. light ions
Accelerating particle beams = X-ray brofons
~30°000 accelerators worldwide >70’000 patients treated worldwide (30 facilities)

~17°000 used for medicine >217000 patients treated in Europe (9 facilities)



CERN Technologies and Innovation (&)
Example — Medical Applications

Research

Combining Physics, ICT, Biology and Medicine to fight cancer

‘ ﬁ Hadron Therapy

__Tumour : Leadership in Ion
Target ' :* Beam Therapy now in
3 Europe and Japan
Protons
light ions

Acceleratmg partlcle beams 2

protons

~30°000 accelerators worldwide >70’000 patients treated worldwide (30 facilities)
~17°000 used for medicine

>217000 patients treated in Europe (9 facilities)

” Ima glng PET Scanner Brain Metabolism in Alzheimer's

Disease: PET Scan

Clinical trial in Portugal for

new breast imaging system
(ClearPEM)
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The LHC Data Challenge

Experiments were anticipated to produce
about 25 Million Gigabytes of data each year
(~30 million CDs!).

LHC data analysis requires a computing power
equivalent to ~100,000 of today's fastest PC
processors.

=> Requires many cooperating computer
centres, as CERN can only provide ~20% of the
capacity.

' Balloon
- 30Km

GRID Computing

30



The Worldwide LHC Computing Grid .

© 2012 Google



The Worldwide LHC Computing Grid

WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists




The Worldwide LHC Computing Grid

Tier-2 centres
(about 130)

noge 11er-1 centres
Nordic countries GridKa
’1 - i Germany
BNL s
US .‘ - ! / RAL
\ / 1 UK
- ’ o

I’ J
COIN2P3 # s

e
SARA-NIKHEF
Netherlands TRIUMF

France

WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists

S



The Worldwide LHC Computing Grid @

Tier-2 centres
(about 130)

Tier-0 noge 1ier-1 centres

Nordic countries GridKa nearly 160 sites,
(CERN and Hungary): g - _Gormany 35 countries
data recording,

BNL gl -
us #'~ . , RAL
reconstruction and \ '

UK

bartdaada 9 ~250"000 cores

distribution :

Tier-1: permanent 173 PB of storage

storage, re-

processing, conzP3 Bs

1 France

analysis v > 2 million jobs/day
SARA-NIKHEF
Netherlands TRIUMF

Tier-2: Simulation, )

10 Gb links

end-user analysis

WLCG:
An International collaboration to distribute and analyse LHC data

Integrates computer centres worldwide that provide computing and storage
resource into a single infrastructure accessible by all LHC physicists



CERN Education Activities S

Scientists at CERN

Academic Training Programme

Young Researchers

CERN School of High Energy Physics
CERN School of Computing

s B CERN Accelerator School
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Physics Students
Summer Students CERN Teacher Schopls
Programme International and National
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MEMBER STATES

Austria 111
Belgium 110
Bulgania 279
Czech Republic 146
Denmark 83
Finland 472
France 237
Germany 642
Greece 518
Hungary 348
Israel 7
ltaly 270
Netherlands 99
Norway 105
Poland 544
Portugal 328
Slovakia 221
Spain 309
Sweden 147
'S'\x itzerland 157

United Kingdom 1048

6181

CANDIDATE FOR
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Romania
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Serbia 14 l

OBSERVER

STATES
India
Japan
Russia

Turkey
USA
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OTHERS
Angola
Australia
Azerbaijan
Brazil
Burundi
Cameroon
Canada

Cape Verde

Chile
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China
Croatia
Cyprus

Dominican Rep.

Ecuador
Estonia
Georgia
Ghana

Guinea Bissau
Iran

Ireland
Kazakhstan
Kenya
Latvia
Lebanon
Madagascar
Malta
Mexico
Mongolia
Montenegro

Morocco
Mozambique
Qatar
Rwanda

Sao Tome
Saudi Arabia
Singapore
Slovenia
South Africa
South Korea

Swaziland

Thailand
TEY.R.OM.

Timor-Leste

Uganda
Ukraine
UAE
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Austria g
Belgium
Bulgaria

Czech Republic
Denmark
Finland

France
Germany
Greece
Hungary

Isracl

ltaly
Netherlands
Norway

Poland
Portugal
Slovakia
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Sweden
Switzerland
United Kingdom 17
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India 10
Japan 5
Russia 10
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CANDIDATE FOR
ACCESSION

Romania

ASSOCIATE MEMBER
IN THE PRE-STAGE

TO MEMBERSHIP

Serbia

OTHERS
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Belarus
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Brazil
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Canada
China
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Discovery Science



Scientific Challenge:
to understand the very first moments of our Uaiverse after

NASA
WMAP
Telescope

4
. ) . " . R

13.8 Billion Years (Planck Telescope)

10% o > Today







Radius of Earth

Super-Microscope




Electron Radius of Galaxies

Universe

) |l
Atom

Super—Mlcroscope




Proton

Neutron

@
Electron

Super-Microscope




Proton

Neutron

@
Electron

Super-Microscope

Study physics laws of first moments after Big Bang
increasing Symbiosis between Particle Physics,

Astrophysics and Cosmology



The
Large Hadron Collider



$ryae . ~~

W

~

AT IRS

'y
s

& o ’ -‘&p. ..

- -

"”}\.r - -




,
.

Y E Y

- . . sl ¥ o

N e
~v ~~ e 4

. A

_ o

\.l .
)

LHC — Large Hadron Collider




[ TeV + 7 TeV

)<

Luminosity =
103%4cm—~2sec

The LHC results will determine
the future course of High
Energy Physics




The large Hadron Collider

Collision of proton beams... ...observed in giant detectors

to Gran Sasso

Present LHC Injectors
East Area
1 -Linac2 (p, 50 MeV, 1978)
AU -PSB (1.4 GeV, 1972)
oot «L\;j ——__ -PS (28 GeV, 1959)
BOOSTER SOOE jona —> Y= o _SPS (450 GeV, 1976)
(; )
b p (proton) pP (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
) ion -+ proton/antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

P neutron p neutrino SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso
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Published:
Sl Physics Letters B 716,
mewvier| 17 Sep 2012

The discovery of the
Higgs particle — the most
important result from LHC
(currently)

4.07.2012
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CMS




Totalweight 14000t C M S
Overall diameter 1gm  gcay 76k scintiliating

PbWO, crystals 7 1AL
Overall length 28.7m MUON ENDCAPS

HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid| roONYOKE
Preshower

" Si Strips ~16 m2

V 4 / | ~137K ch

o ,./ -

y /'.
/ o /.-’ Sy g i
oy Foward Cal
. Steel + quariz
_ Fibers 2~k ch

D

1
-

Pixel
Tracker Pixels & Tracker

- Pixels (100x150 um?)
ECAL ~1 m2 ~66M ch
HCAL -Si Strip;z(80-180 um)

~200 m2 ~9.6M ch
Muons MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and
AN Racictive Diate C"hambare 1RDCY A



Totalweight 14000t CMS
Overall diameter 1gm  gcay 76k scintillating 8V 8 S

PbWO, crystals
Overall length 28.7m MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

P e . .
3.8T Solenoid
The design goals of CMS:
. A very good and redundant
Si Sirips ~16 m?
muon system 137k ch
The best possible ECAL consistent
with 1)
A high quality central tracking to
. Steel + quartz
achieve 1) and 2) ol s

A financially affordable detector

-3.8T solenoid 13m long, 6m diameter
- high eta HCAL coverage

-Silicon based inner tracking system
supplementing all types of reconstr.

Powerful reconstruction of:
u, e/y, T-jets, jets, MET

(+tracks, vertices)

AUON BARREL

50 Drift Tubes (DT) and
80N RDacictive Diate C"-hambare 1RDCY A




Totalweight 14000t

Overall diameter asm  gcaL ™ =, @ 9 &
P - ¢ q
Overall length 28.7m CompactM "o ’
" \P 'PC)
\‘ﬁ"f’f a8 4 77 3
%/0/‘/7 A

The design goals of CMS:
. A very good and redundant

muon system

The best possible ECAL consistent
with 1)

A high quality central tracking to
achieve 1) and 2)

A financially affordable detector

-3.8T solenoid 13m long, 6m diameter
- high eta HCAL coverage

-Silicon based inner tracking system
supplementing all types of reconstr.

Powerful reconstruction of:
u, e/y, T-jets, jets, MET
(+tracks, vertices)

.
A

A

> (J 1
T !
S R LS
14 N *i J:'_'(.“:,' \
Fi

Sitsvangnm
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AUON BARREL
50 Drift Tubes (DT) and
20N Roacictive Diate Chambare (1RDCY A




ECAL”> : =
Overall length 28.7m Compact Ml;]; . (f

H‘ - ‘1 ; - .-/"', t ;C)
, iz IPC)

[otalweight 14000t C M S
yverall diameter 1gm - U @ 5 0 =P

/ The design goals of CMS: \

A very good and redundant

muon Ssystem

The best possible ECAL consistent
with 1)

A high quality central tracking to
achieve 1) and 2)

A financially affordable detector

/

-3.8T solenoid 13m long, 6m diameter
- high eta HCAL coverage

-Silicon based inner tracking system
supplementing all types of reconstr.
Powerful reconstruction of:

u, e/y, T-jets, jets, MET

(+tracks, vertices)

A '“ °°°‘; S5 - ”‘1‘ L* “'I" > 000 CMS Prali minar, —o— S/B Vieigited Data

D ] F Ge7ToV.Leb.i b S
&l 01800 7TeV,L=511b wsasis Ehg FA Component

~ L 2.8TaV,L-53Mm"
ZeX E 1o
2012 O ' ©1600 e
Oz z 7 A

. Ill\‘-125 GaV

Events / 3 GeV




Courtesyof A.
Abdelalim"

Lead Tungstate N\ 4./, PAN Hermetlc (n|<5. 2)

E/M Calonmeter (ECAL) (e : .- 4| Hadron Calorimeter (HCAL)
T ) i T = R R [scmtll|ators&brass]
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Redundant Muon System |
(RPCs, Drift Tubes,

Cathode Strip Chambers)
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L= :

2009 running:
eHard to see anything
apart from min bias in the
displays.

eSerious analysis to find
muons in the barrel.

Total Integrated Luminosity (I ')

e 2010, 7 TV, 44.2 0\

first =20 local excess

at low ms, 1.1-1.7 ifb

w— 2011, 7TeV, 6,10 ' = 2012,8TeV,Q33 0"

lcms%
Plenty of barrel muons in online display! . 100 Khz barrel muons (all pt) J
: : ; \ 2

20

15

10

i :
u“ *\oo 3 3o s‘”‘
\'\ 0:‘ Q Y‘ Date (UTC)
W first ZZ xsec, 1.1 b |
first MinBias / UE Pp 6~40% |
studies, particle multiplicities 5~ 40% \ \
¥ going more Qifferenti'el,
first incl. b x-section, 8/nb single top xsec, eq. ZW+jbc
5~15% t-chan., 36/pb \ \ \
0 ~36% - .
i : : \ first significant limit on
firstincl. jet x-section, PF jets Bs—pp. BR<1.9x10
60/nb & ~20-30% first meop, 36/pb
A~6.5GeV
first incl. W/Z x-sections, 200/nb b pimg:‘g§govaw
5~ 4-6%, +11% lumi first WW xsec, 36/pb i
6~ 40%
first limit on HWW

first incl. J/V x-section, 100/nb
0 ~20%

0 .. relative uncert A .. absolute uncert.

G. Dissertori

0
o 9 ot
\§ \‘\ o® .\‘0

repeating the program
at8 TeV
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mb

ub

nb

pb

fb

Reconstruction: Standalone detector based

reconstruction but also Particle Flow (attempts to

reconstruct individually each particle in the event, prior to the jet 10
clustering, based on information from relevant sub-detectors.
— better reconstruction of the jets, E, MET, tau)

31
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LHC  vs=14TeV L=10"cm?%s” rate
" o inelastic Event rate *GH’-
LHC rate W
K bb
MHz
\ Level 1 Trigger Bp>
jets
'.“’z\ kHz
i 8wl Rate to tape WP
o 220 \
o it
SUSY GG+Ga+3g Hz
tanfi=2, |_l=mi=m&,f2
-~ tanfi=2, p=m-=mg
qq—qqHgy,
Hop—
__=dy Z,n 21 |mHz
Hsu-ﬁzzuqﬁﬁ Riscoyery” rate
Hz
® Zoy—3y scalarlA Z —2l H
50 100 200 500 1000 2000 5000
jet E; or particle mass (GeV)

Level-1: dedicated hardware,
data available with reduced
granularity, no tracker data

HLT: computer farm, ~13kCPU,

all data, algorithm paths seeded by L1,
with reconstruction similar to offline

(uwp to 450 paths: physics obj. and complex alg.)
CMS trigger reduce # of p-p
interactions from: 2-107 Hz (input)
through < 100 kHz down to:

threshold (GeV)
Single u 16
(Inl<2.D 12
Single ¢/y 20
Single Isolated e/y 18
Single jet 128
Double u 10, 0
Double ¢/y 13,7
Double jet 56
Double 7, 44
e/ydu 12,3.5
7,12
Ht 150
Erllpiss 40
E 300

~300-500 Hz *“core data” — main Physics program
(+ ~300-600 Hz “parked” for later analysis + 1kHz “scouting”)

More than 12 billion of data events in 2010-2012

2011 Run L=1.11b"
CMS \,fs =7 TeV

=i
=]
-]

Events per 10 Me'
=

-
(=]
2]

low mass displaced ™y’
I low p_ double muon

high P, double muon
Z

”




A Computing and Data handling -L,l/fL

Reconstructed events *Improvements in the
20 billion simulated events reconstruction code to cope with
12 billion data events pile up
Data volume eReconstruction time per event
More than 25PB moved to Tier-1s reduced by maintaining the
/70PB moved to Tier-2s physics performance.

eNon-linear with PU =>explodes

W
o
A
s B
5 |
&

Quite a challenge:
All things equal,
2015 computing
needs increase x10

reco time per event (s)
3
B
F

N
=3

Instantaneous Luminosity (10* cm?2 s°1) 1 E34
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CMS Experim LHC, CERN ¢
Data recorded W ay 23 21 09 )12 CES
Run/Event3394789 / 164079659 ‘ | i\ &




CMS in action: H->4 lepton _LI/(L

CMS preliminary
%) I 1 1 I I || 1 1 || || 1 1 ]
O 30+ * Data Vs=7TeV:L= 51fb' -
v ] m,=126 GeV Ve=RTa\/ | =1QRA fh'
< | [ Zy*, 2z ‘ ’
12 ! B z+X
C S
g’ ) < Z 5 4
- 20 -— . ;- 74
” 1 q ¢
10 ¢ 275 -
L " . I
1 ll R4 lw l l l
R R L
0

400 800
33 "M1“3e\q
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CMS in action: H->2y




34

CMS in action: H->2y

[

CMS Collaboration,
Phys. Lett. B716 (2012) 30-61

CMS Vs=7TeV.L=51f"Vs=8TeV.L=53 %"
> [T rJrrrrprri u
iy i - [T
© i & Unweighted
lf). R 31500
:1500 S
g : 51000-
- g
- 1000 B
© : m,, (GeV)
s A
S \
L Data i
< 500_'-is+sﬂt - T
— [ -—- B At Component -
? | CJz1o
w .l 220
g Olllllllllllllllllllllllll
w 110 120 130 140 150

my, (GeV)



: 7)1 - =%
The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and Peter W. Higgs
"for the theoretical discovery of a mechanism that contributes to our
understanding of the origin of mass of subatomic particles, and which recently
was confirmed through the discovery of the predicted fundamental particle, by the

ATLAS and CMS experiments at CERN's Large Hadron Collider




Showall Total QCD Exotica Searches Supersymmetry B Physics Electroweak
Top Physics Heavylon Higgs Forward Physics Standard Model Beyond the SM: B2G I-/I/(L

275 papers published (1 Jan 201 4)

651 O O

s &
v v

) 5 53 s
*https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

& s x
"] ‘:\1 "]
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hCM% Excellent performance of CMS detector during Run | .L[/(L

Tracking, vertexing

Lepton identification

Jet and MET reconstruction
Triggering capabilities

And final physics performance!

2013-2014 : Detector open for maintenance and upgrade




M CMS Experiment at the LG CERN
'/// Data recorded: 2015,4ul=12°06:52:51£677888 GMT
2~ | Run/Event/LS: 281562/ 310157176 / 347

,/‘,

CMS: First look at 13 1eV data

Paolo SPAGNOLQO on behalf of the CMS Collaboration

Altoust 31 2013 LHCP 2015~ St Petersburg

1




CMS detector for Run2

~1 m? Pixels (66M channels)
~200 m?2 Si microstrips (9.6M channels)
: Iron Yoke

tations of
on detectors

3.8 T Solenoid-

ECAL: Electromagnetic
calorimeter - 76K PbWO4 crystals

HCAL: hermetic Brass/
Scintillator sampling hadronic
calorimeter

12,500 tons
21 m long
15 m diameter

August 31 2015 Paolo SPAGNOLO - INFEN Pisa LHCP 2015 7



First Physics collision @ 13 TeV

: 2015-May21 07:55Eaes
// 
— Run/ Event / LS: 245494 / 315¢&

August 31 2015 Paolo SPAGNOLOQO - INFN Pisa LHCP 2015 11



First CMS publication @ 13 TeV

First paper from LHC @13 TeV

L —

First paper, submitted to PLB few weeks after the first collision http://arxiv.org/abs/1507.05915

Pseudorapidity distribution of charged hadrons in proton-proton collisions at Vs =13 TeV
dNch/dNn||n|<0.5 = 5.49 £ 0.01 (stat) £ 0.17 (syst)

CMS CMS

8 11— - 8 —— ——r —r —
- ' ' pb\/§= 1§Tev in'elastic; F e CMSI ' pp ine'lastic;
7E . 7F - ALICE E
: X PHOBOS ]
6 6 F v UA5 3
- o + ISR y ]
5E S 5 | --- PYTHIA8 CUETP8S1 -
= [ YNTE e EPOS LHC :
° X R .
5 4r E 5 4 E
© C = .
3 F . =z 3 F .
X © X - .
2 F = data - 2 E
1 E - - - PYTHIA8 CUETP8S1 1 E E
= EPOS LHC : : — parabolic fit in In(s) -
0 AT T TN T AN T TN ST T AN TN TN ST TN N TN SN T SN N TN SO ST SN T N N A 0 [ ! PR | L PR | ! PR |
3 2 - 0 1 2 3 10" 10° 10° 10*
n s [GeV]

e measured in CMS in a special early run @13 TeV taken on June 7th (~1h30") withB=0T
e dN/dn vs Vs gives an handle on the relative weight of soft and hard scattering contribution

e both EPOS (better) and PYTHIAS8 compatible with data
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Di-muon spectroscopy:

20 pb™' (13 TeV) 20 pb”' (13 TeV) > o F e A LAY
210002 CMS Easooi— CMS 2 “0oF ! CMS
™ — Preliminary 0 - Preliminary o 350F ( ) Preliminary
=T 9(1020) s ) % Y (NS
'E 800 E r ﬂ 300__
o - f0%+f,03 = 15 MeV © 25001~ f0%+f,0% = 34 MeV c C o =65 MeV
T Iyl <1.25 W F P!> 16 GeV Q 250F " > 8 GeV
600 2000 o - T
. g 200E- m'<0.9
- 1500 =
400~ s 150F-
- 1000 =
200F- - 100(-
- 500F -
. - 50
0 v P P v e b by é) ! ! vl b by Nl
0.9 0.95 1 105 1.1 1.15 95 3 305 31 315 32 325 33 R R At
u*u” invariant mass [GeV] u*w invariant mass [GeV] 0 9 95 10 105 11
u*u” invariant mass [GeV]
CMS Preliminary {s=13TeV,L =43 pb’
‘2’ 10 F | | | —IO—Data] 38 pb(13 TeV 38 pb'(13 TeV)
o VE > e e e S 200 FT T T T T T T T T T
TR 0 = 2 700 [‘ CMS 2 1g0f Prolimpary
B - — reliminar —
u i Z By E - ‘ Bt Preliminary E 805 Bs Boe U/ Y ]
i Ew ~ 600 - B* — Jhp K* - N 160:— é s~ o =
@ 500 p,>18GeV > 140F g p,>10GeV -
10°¢ c 2F — Total fit € o0k g — Total fit E
C = 400 = - Combinatorial bkg - g - & - Combinatorial bkg
u L [ - L 100 — & XXX H —
i - Jp K+X = 8 Signal .
[ 300 - Signal - 80F g =
" 60 2 E
e 200 FT T e : : = E
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Di-muon spectroscopy: standard candles

20 pb (13 TeV)

= 108 = Trigger paths
8 F CMS I
= 10" & Preliminary By
(]>) 5 - I low mass double muon + track
l 10 = double muon inclusive

10° Z

10° ;—

10°

10

1 : | | | I | | | | | | | I | | | | | I I | | m.:.l—
1 10 10°

utu invariant mass [GeV]
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Top pair cross-section measurement

Integrated lumi= 42 pb-!
e all validated data from 50 ns run

Selection

 Atleast 2 good (OS) leptons (le and 1)
o pt(lept)>20 GeV and Inl<24

o If more than 2 good leptons, the two wit

highest pt are retained

e Di-lepton invariant mass > 20 GeV

o Atleast 2 jets (anti-kT R = 0.4)

* pt(jets)> 30 GeV and Inl<2.4

From Runl data NEW RESULTS
(CMS TOP 13-004)

tt cross section [pb]

ive

Inclus

—
o
w

—
o
N

10

Otbar = 174.5 + 2.1 (stat)**5.4, (syst) = 3.8 (lumi) pb at Vs = 7 TeV

Otbar = 245.6 + 1.3 (stat)*6655 (syst) = 6.5 (lumi) pb at Vs = 8 TeV

Allow to extract the pole mass from
NNPDE30 PDFE to be  mypole = 173.6%17.1.8 GeV

August 31 2015

inclusive O¢¢(13TeV)= 772 + 60 (sta) = 62 (sys) £ 93 (lum) pb

CMS PAS TOP-15-003

| * Preliminary

| | | | | | | | |
% Tevatron combined* 1.96 TeV (L=8.8 fb")
A CMSeu*7TeV (L=5fb")

T | T
CMS Preliminary

A CMS l+jets 7 TeV (L=2.3 f5")
B CMSeu* 8TeV (L=19.7 fb')
O CMS l+jets* 8 TeV (L=2.8 fo')
% LHC combined eu* 8 TeV (L=5.3-20.3 fb'1)
® CMSeu* 13 TeV (L=42 pb’)

EZ=— NNLO+NNLL (pp)
£ NNLO+NNLL (pp)

Paolo SPAGNOLO - INFN Pisa

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 _:
| | Myp = 172.5 GeV, PDF® o uncertaintiels according to PlDF4LHC -
| | | | | | | | | | | | | | |
2 4 6 8 10 12 14
Vs [TeV]
2 50 cms e*w + = 2jets —e Data
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wu 401 B Non W/Z
> L W
S - W
g 30 M Zh* = e’
z C
20f
10F
0
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Di-jet resonance search

42 pb' (13 TeV) CMS PAS EXO-15-001

.Q. ||C||MISI|IIIIIIII|||||||||||||||||
O 102 : — .. .
;10 = Proliminary e g quark = e Observed limits at 95% CL on cross section
B L - Axigluon/coloron i f
X , Scalar diquark . O qq, q8, g8 resonances
m R 1 . .
x 1oL PG, | Get worse when there are gluons in the final state
= RS graviton (k/M=0.1) C : .
© araviton (GN=0-D) 2 because radiation increases and resolution
- 95% CL upper limits
B "\ —e— gluon-gluon . degrades
“ —e— quark-gluon . . . . .
U3 , ——auarkquark 3 e Extend to 7 TeV in di-jet mass for the first time
- 5 1 eplateaus at high mass due to absence of events
107E SR N s
0 | I | | | I‘\’J ‘P | | I‘:k | F”’! I | | | I']\'I | | I | | | |:
1000 2000 3000 4000 5000 6000 7000 Mass Limits (TeV)
Resonance mass [GeV] Model Run 1 (20 fb”) Run 2 (42 pb™)
Observed | Expected | Observed | Expected
Confirms Run2 is ah‘eady more String Resonance (S) 5.0 4.9 5.1 5.2
sensitive than Runl for M> 5 TeV 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

August 31 2015 Paolo SPAGNOLO - INFEN Pisa LHCP 2015 73



Di-jet resonance search

Highest Mass di-jet event M =5.4 TeV CMS PAS EXO-15-001

C Jet 0,
pt =2.62 TeV
\ eta = 0.357
— phi = 0.346
S Jet 0, Jet 1, + 1
- pt =2.62 TeV pt =2.55 TeV
AW eta = 0.357 eta =-0.160
phi = 0.346 phi = -2.885
o
UG ,

1000

500

Jet 1,

pt =2.55 TeV
eta =-0.160
phi = -2.885
. CMS Experiment at LHC, CERN

O et L Data recorded: Sun Jul 12 01:52:51 2015 CDT &

Data recorded: Sun Jul 12 01:52:51 2015 CDT .

Run/Event: 251562 / 310157776 Run/Event: 251562 / 310157776

Ll:Jr:\i sveecrt]ién‘ 347 Lumi section: 347 i-\/

Dijet Mass : 5.4 TeV Dijet Mass : 5.4 TeV
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Event display of the highest mass di-photon

candidate ( M = 730 GeV)

mY¥ = 730 GeV
3
C 2 p," = 50 GeV
: miss —
! Photon 1, E,™* =20 GeV
N pt = 331.87 —
/ eta = 0.074 Nvtx =28
\ : phi =1.192
Ve
p
N
Photon 0,
pt = 385.29
eta = 0.540
L phi =-2.322
-~
-~
CMS Experiment at LHC, CERN
Data recorded: Thu Jul 16 04:37:00 2015 CEST
Run/Event: 251883 / 108749975

Lumi section: 171
Orbit/Crossing: 44591162 / 323

Photon selection
pr> 100 GeV and |n| <2.5 with at least one candidate in the ECAL Barrel with |n| <1.4442

isolated photons with shape in ECAL compatible with prompt photon
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Muon + MET resonance Search

9 / Early Alignment used in data
W’ 42 pb™ (13 TeV)
L5
5° - CMS $ Data
5 , - ot Preliminary W - v
= miss Z/y*
luon selection . ME
vV . T B«
Good-quality isolated high-p; muon with i
2
p>55GeVand |n| <2.4 10
Event selection 10
= Single high-pr muon accompanied by a 1
large missing transverse energy (E;™'ss). 10
=Events containing additional muons with 02
p> 25 GeV are vetoed
- Kinematic SGlECﬁOﬂ: 107 200 400 600 800 1000 1200 1400

M. (GeV)

0.4 < py(p)/ Eymiss < 1.5

transverse mass

AD(p, E;miss) > 2.5

last bin includes overflow
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Di-muon resonance search

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 12 10:18:52 2015 FET
Run/Event: 251562 / 367325039

Lumi section: 414

Compact Muon Solanaid

Muon 1, Muon 0,

pt =431 GeV pt = 414 GeV
eta = 0.58 eta=1.46

phi =0.08 phi =-3.03

Muon 1,
pt =431 GeV
eta = 0.58

phi =0.08

|
|

SRS ST a e s

et il
I 1
P .
IS
s .

Muon 0,

pt =414 GeV
eta=1.46 i
phi =-3.03 N

M =920 GeV ’\I" —T
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Di-muon resonance search

48 pb' (13 TeV) 48 pb™' (13 TeV)
> J__ T T | T T T T T T T T | g T I T T T I T T T +| [I)até T [ T T T [ T T IE
S 102 ¢ D*ata L CMS E 10°R Cumulative Plot [z — ww Prelin?ill\vnasry =
o F VIZ=WW prefiminary 1 o @ w -
2 10 mww, wz, zz - - E

1 -
1 E
1 .
10 o =
107 107 %00 400 600 800 1000
m(uu-) [GeV]
107°
104 Highest mass event = 920 GeV
70 100 200 300 400 1000 .
m(utu-) [GeV] Early alignment of Muon system

. and Tracker used in data
last bin includes overflow

contribution from di-jets

2 isolated muons muons are required to satisfy: negligible and not shown

pr>48 GeVand Inl <24
MC samples: aMC@NLO for Drell-Yan, POWHEG for ttbar and dibosons

August 31 2015 Paolo SPAGNOLOQO - INFN Pisa LHCP 2015 57



Di-electron resonance search

42 pb" (13 TeV) _ o a2pp(8TeY)
} = 1 T T T T T T T T T | = § ! ! ' ! ! CMS l_E
8 16° ;_ CMS _; E Cumulative Plot Prefiminary s
> = Preliminary 3 £ 4 Data E
2 e +_Dat = =
gl,) = w’Z—}e*e' = [ ff, tw, WwW, WZ, 2Z, 1t §
T — : ] 10 [ ] Jets (MC) _
10 & [, tw, WW, WZ,2Z, 1t = .
1B Jets (MC) N 1 §— |||||-~-~~-n||||||||||||||||||||||||| _?
= 4 SR <
10_1 = 10_2: Lol b ]
= 200 400 600 800 1000 1200
5 — m(ee) [GeV]
10°F =
108 C 1 Highest mass event ~ 1 TeV
10*‘5 o | - Runl Limit for SSM Z' <2.9 TeV
80 100 200 300 400 m ee; ([]82\/] Runl1 sensitivity will be reached
after about 2 fb-1

last bin includes overflow

2 electrons in ECAL with E;> 35 GeV and at least one electron in the ECAL barrel

(Inl <1.4442 or 1.566 < In| <2.5 with one electron within In| <1.4442)
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In the additional 25 pb! 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

CMS Experiment at LHC, CERN

Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022

Lumi section: 846

Electron 0,
. 2 9 TeV ' ' ' pt = 13526530 % Electron 1,
— eta = -0. | pt=1278.63
I V I o oo phi = -2.741 eta=-1.312
. phi = 0.420

Compact Muon Solencid
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August 31

CMS Experiment at LHC, CERN
Data recorded: Sat Aug 22 04:13:48 2015 CEST

Run/Event: 254833 / 1268846022
Lumi section: 846
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CMS Experiment at LHC, CERN

Data recorded: Sat Aug 22 04:13:48 2015 CEST
Run/Event: 254833 / 1268846022

Lumi section: 846
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% Conclusions (.

» Successful operation in 2010 - 2012 runs at Vs- 7 and 8 TeV

* A major discovery : Higgs boson

 Large number of analysis and publications from many CMS physics groups

» The 13 TeV campaign is expected to be highly fruitful.
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» The 13 TeV campaign is expected to be highly fruitful.

55

do/ dm, [pb / GeV]

(Data-Fit)/o

Conclusions

background fit to data =
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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
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Conclusion (2)

CMS is (~continuously) improving and upgrading to take
advantage of the increasing LHC energy and luminosity

— The LS1 projects are nearly complete

— Upgrades to tracking and trigger will happen during
Run 2

—  Further upgrades during LS2 to improve calorimeter
granularity, trigger

— R&D is underway for upgrades for HL-LHC

The CMS upgrade program aims to fully exploit the LHC
physics potential




