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uniting people

Research

m Push back 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? {l): \ %

m Develop new technologies for
accelerators and detectors

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

m Train scientists and engineers of
tomorrow

m Unite people from different countries and
cultures
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~ 1300 other paid personi
~ 11500 scientific users
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| ey i
v Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland,

Portugal, Slovak Republic, Spain, Sweden, Switzerland and
United Kingdom

States in accession to Membership: Romania, Serbia
Associate Member States: Pakistan, Turkey

Applications for Membership or Associate Membership:
Brazil, Croatia, Cyprus, Russia, Slovenia, Ukraine

@) Observers to Council: India, Japan, Russia, United States of America;
o European Union, JINR and UNESCO



Breaking the Walls between
Cultures and Nations since 1954

Distribution of All CERN Users by Location of Institute on 13 January 2015
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age distribution
scientific users

MEMBER STATES

Austria 87
Belgium 171
Bulgaria 53
Czech Republic 247
Denmark 62
Finland 93
France 891
Germany 1243
Greece 142
Hungary 61
Israel 64
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Italy 1474
Netherlands 172
Norway 97
Poland 229
Portugal 105
Slovakia 70
Spain 322
Sweden 98
Switzerland 449
United Kingdom 875

Scnence |s! umversal Ian a

700 5 ASSOCIATE MEMBERS 88 (y1rpppg China 150 Iceland 3 Montenegro 1 Thailand 13
Pakistan 26 Colombia 15 Indonesia 8 Morocco 8 TFYROM 2
Turkey 127 1 53 8 Argentina 22 Costa Rica 1 Iran 29 Nepal 1 Ukraine 29
OBSERVERS Armenia 17 Croatia 22 Ireland 7 New Zealand 7 Venezuela 1
India 182 Australia 37 Cuba 3 Jordan 2 Peru 3
Japan 261 |1 STATES IN ACCESSION 8 Azerbaijan 3 Cyprus 12 Korea 130 Saudi Arabia 1
Russia 917 TO MEMBERSHIP Belarus 26 Egypt 22 Lithuania 12 Singapore 1
TN USA 1731 —— 97 Brazil 138 Estonia 17 Madagascar 3 Sloveniaf 2;
CERN : Canada 165 Georgia 14 Malaysia 8 outh Africa 4
\ Sﬁgl i e ]132 Chile 11 Hong Kong 11 Mexico 56 Taiwan 71 1050




uniting people

Research

Q Interfacing between fundamental science and key
technological developments
| ""}l | §
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Accelerating particle Detecting particles Large-scale
beams computing (Grid)



CERN Technologies and Innovation

Example: Medical applications
Combining Physics, ICT, Biology and Medicine to fight cancer

Research

_—Tumour Leadership in lon
Target Beam Therapy now
_%- in Europe and
: N Protons ) - NETETY
light ions \_/ b
Acceleratlng partlcle beams X-ray protons
~30°000 accelerators worldwide >70’000 patients treated worldwide (30 facilities)
~17°000 used for medicine >21’000 patients treated in Europe (9 facilities)

Disease: PET Scan

I m a.g i n g P ET Scan ner Brain Metabolism in Alzheimer’s

Clinical trial in Portugal
for new breast imaging
system (ClearPEM)




The CERN Initiatives

Radio-dsotopes (imaging and possibly treatment)

Detectors for beam control and medical imagina "\ tics

and Dosimetry for control of radiation e‘o\) ‘60\'

Biomedical Facility YN S

— creation of a facility at CERN that provide aQa \0(\6 aerent types and
energies to external users for radiox" « Q 6¢ _velopment

— lIterative experimental verifiC?*; ‘3(\' 6\6(\ S

Large Scale Comr’ \:\\‘e \3 29 a\d.mulations, treatment

planning teler"\d\’{,\’b 3(\\

Compuf’eag‘(\ \((\QOJI Medical Applications

New Up <O \S _.cal Accelerator Design

— coordina. 3\ «iernational collaboration to design a new compact, cost-effective

acceleratc: facility, using the most advanced technologies

Wil be carried out in a global collaboration




Education and Capacity Building at CERN

» Teachers Programs
- international and ‘national’ programs

at CERN and remotely
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Education and Capacity Building

R —————— =2 - : e Total number of participants in CERN’s Teacher Programmes

l'l"‘"'"'l. W CEL?QL“L'ZGFSSSL’?TON o 1998 - 2014
| Teachers from
81 countries

900 834839

698
600
§ co0
0 : 24 29 44 48 l

1998 1999 2000 2001 2002 200 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Teachers Programme: courses of one week duration in the
mother language of the teachers
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Education and Capacity Building at CERN

» Teachers Programs
- international and ‘national’ programs
at CERN and remotely
» School Students Programs
- “slip into the skin of a researcher”
- special competitions
» High School Students Programs
- S’Cool Lab
- Beamline for Schools
- Masterclasses
» Summer Students Program

CE/RW
{

~7_/
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The Particle Physics Landscape at CERN

High Energy Frontier

LHC
Hadronic Matter Low Energy Non-accelerator
deconfinement heavy flavours / rare decavs dark matter
non-perturbative QCD astroparticles
hadron structure anti-matter

Multidisciplinary
climate, medicine

Non-LHC Particle Physics = 0(1000) physicists / 0(20) experiments

Scientific Diversity at unique facilities

CERN maintains and upgrades these facilities

Complemented and supported by Theory



CERN Accelerator Complex
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CNGS - OPERA Data taking terminated,

First v, Candidate analysis still ongoing.

— \
Muonless event 9234119599, taken on 22 August 2009, 19:27 (UTC)
(as seen by the electronic detectors)




The Particle Physics Landscape at CERN

High Energy Frontier

LHC
Hadronic Matter Low Energy Non-accelerator
deconfinement heavy flavours / rare decays dark matter
non-perturbative QCD neutrino oscillations astroparticles

hadron structure

Multidisciplinary
climate, medicine

Non-LHC Particle Physics = 0(1000) physicists / 0(20) experiments

Scientific Diversity at unique facilities

CERN maintains and upgrades these facilities

Complemented and supported by Theory



CERN Accelerator Complex
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AD (current situation)
Antiproton decelerator

[ M @ Injection at 3.5 GeV/c
@ Antiproton | | P L L ~§ ]
production A\ J
(101 p @ 26 GeV/c2) a @ Extraction

(=2x107in200ns) /

@ Deceleration and
cooling
(35-0.1 GeV/c)




increasing & continuous demand for antiprotons,
current methods for trapping them are very inefficient

> ELENA (will start 2017)
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1 “future (anti)atomic — l | & &

phyS|cs experiments ol

. dramatlcally slows down the antiprotons from the AD
* increases the trapping efficiency x 100
« allows 4 experiments to run in parallel



The Particle Physics Landscape at CERN

High Energy Frontier
LHC

Hadronic Matter Low Energy Non-accelerator
deconfinement heavy flavours / rare decays dark matter
non-perturbative QCD neutrino oscillations astroparticles

hadron structure anti-matter

Multidisciplinary
climate, medicine

Non-LHC Particle Physics = 0(1000) physicists / 0(20) experiments

Scientific Diversity at unique facilities

CERN maintains and upgrades these facilities

Complemented and supported by Theory



The Particle Physics Landscape at CERN

High Energy Frontier
LHC

Hadronic Matter Low Energy Non-accelerator
deconfinement heavy flavours / rare decays dark matter
non-perturbative QCD neutrino oscillations astroparticles

hadron structure anti-matter

Multidisciplinary
climate, medicine

Non-LHC Particle Physics = 0(1000) physicists / 0(20) experiments

Scientific Diversity at unique facilities

CERN maintains and upgrades these facilities

Complemented and supported by Theory
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Research with radioactive nuclides i%%4¢?

™ More than 700 nuclides of over 70
chemical elements delivered

[
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7 lon traps
Dley : Laser
spectro- : 128 spectro- |7
scopy decay /| scopy
: pattern s § .
Transition
probability/  SPin, H\E—\SO
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Techniques: all available at ISOLDE
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n_TOF physics 2919

100 members, 32 institutions

N/

Medical applications  Basic Nucl. Phys.

MNuclear technologies Nuclear Astrophysics
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Experimental Area 2 (
» New vertical line for neutrons and target at

shorter distance than in EAR1

» Neutron fluence 20x larger than in EAR1 but
lower resolution due to shorter TOF







@@@ The study of LHC data will allow us to answer @‘

\\h\/J’ /

some of the key guestions ... w2

Will we understand the primordial state of matter after .. SRR
the Big Bang before protons and neutrons formed? "541',‘:' -

Have we found the Higgs particle that is
‘responsible for giving mass’ to all particles?

Will we find the reason why antimatter and
matter did not completely destroy each other?

Will we find the particle(s) that make - - "o
up the mysterious ‘dark matter’ in our  ~ -» ;=S T
Universe? And what's ‘dark energy’? - "



2010: a New Era in |
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Specialised detector to
study b-quarks - CPV

General purpose
detectors

Specialised detector to
study heavy ion collisiens



@)) LHC Experiments - complementary

Overlap
N
physics
reach

Key feature: reconstruct
secondary vertex

LHCb Preliminary
by /e BLECA PRy e EN-Y S ' 2 EVT: 49700980
) =i ; / E=al SO RUN: 70684



Key feature: reconstruct

in
physics > 20’000 charged tracks
reach INn one event

Overlap
In
physics
reach



http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
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Four main results from LHC Run-1

1) We have consolidated the Standard Model
(wealth of measurements at 7-8 TeV, including the rare B, = pp decay, very
sensitive to New Physics)

- it works BEAUTIFULLY ...

2) We have completed the Standard Model: Discovery of the messenger

of the BEH-field, the Higgs boson discovery
(over 50 years of theoretical and experimental efforts !)

3) We found interesting properties of the hot dense matter

4) We have no evidence of new physics (YET)

CERN @
33

RS /AMS CERN



Seminar July 4, 2012
S(B Weighted Mass Distribut

l""l.ﬂﬂi"""l I TAIQDD IMID
|

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval

<2000
QD
(51800

CMS Preliminary ——&— S/B Weighted Data
Is=7TeV,L=5.1fb" S+B Fit
\s=8TeV,L=53fb"
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July 4% 2012 The Status of the Higgs Search




Evolution of the excess with time

IIIIIIIIIlIIIIIIIIlIIIIIIIIIIIIIIII

Vs =7 TeV (2011), fLdt= 4.8 fb"
Ys =8 TeV (2012), [Ldt=5.9 fb"

07/11 EPS Prel
— Observed
---- Expected
12/11 CERN Prel.

— QObserved
Expected

Spring 2012 PRD

Observed
Expected

~ 04/12 CERN Prel.

110 115 120 125 130 135 140 145 150
my [GeV]

ATLAS Higgs searches, F. Gianotti, HEPAP meeting, 27/8/2012



Is the new particle a Higgs boson ?
ATLAS and CMS have verified the two “fingerprints”

1) To accomplish its job (providing mass)
it interacts with other particles (in particular W, Z)
with strength proportional to their masses

19767 (8 TeV) + 5.1 15 (7 TeV)
m_'_ﬁ_rm_'_'_ﬁ_rrrrl_'_'_'_r”—rrl_'_r [TT] T T T TTITTT T T T T T T T T T 7]

ATLAS . . CMS
s=7TeV, 4547 5"
s=8TeV, 20.3 fb'

— Observed
--- SM Expected

L1 |\|\||‘|‘~

== 658% CL
—95% CL
---SM Higgs

=

It completes the Standard Model (M, £) fit
s =68% CL

—95% CL

[ T T TTTTT
+

] - thus describing ~5% of the Universe

10" 10 10° . 1 . 10 100
Particle mass [GeV] Particle mass (GeV)

2) It has spin 0, it is representing a scalar field




@ATLAS

Higgs couplings combined results EXPERIMENT

lL l L Ll L I l ! Ll Ll Ll Ll I L\l T L\l I
*  |ATLAS+CMS
| Internal
1.5r] |cms
(| |ATLAS

o | — I S T
1 —68% CL ---95% CL -l- Best fit 0 SM Expected

0.6 0. 8 1 1 .2 1 .4
Ky

Results of the analyses by individual experiments (coloured) and both experiments together (black), showing the
improvement in precision resulting from the combination of results.
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Observation of Pentaquark States

(LHCb 2015, with data from Runl)

S
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The mass of J/y—proton (J/y p) combinations from Ab — J/ypK-decays. The data are shown as red diamonds. The
predicted contributions from the Pc(4380)+ and Pc(4450)+ states are indicated in the purple and black distributions,
respectively. Inset: the mass of J/y p combinations for a restricted range of the K-p mass, where the contribution of
the wider Pc(4380)+ state is more pronounced. (The other contributions from conventional hadrons, which are
responsible for the remaining features in the data distributions, are not displayed.)



Comparison g/m for nuclei/antinuclei (p, d, *He) BASE

ALICE
LHC

AD

ALICE
Pb-Ph. |5, = 2.78 TeV
2011 data taking

p/z (GeVic)

355 of the tracks (dE/dx) in the TPC versus rigidity for negative and positive particles.

ation of the Bethe-Bloch formula for vari article species (the red lines

ed from the rial

BASE: CPT confirmed to 69 x 10 -12



Four main results from LHC Run-1

1) We have consolidated the Standard Model
(wealth of measurements at 7-8 TeV, including the rare B, = pp decay, very
sensitive to New Physics)

- it works BEAUTIFULLY ...

2) We have completed the Standard Model: Discovery of the messenger

of the BEH-field, the Higgs boson discovery
(over 50 years of theoretical and experimental efforts !)

3) We found interesting properties of the hot dense matter

4) We have no evidence of new physics (YET)

What's next ?

CERN @
40
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post- H(126)-discovery

= Good reasons to expect more

= We have really just begun the
searches

= Much space has yet to be accessed
= And there are important new physics
models yet-to-be invented
» Precision and rare physics
: Beyond our direct productlon reach

s, (toP
m |nve;n a-c‘-:r;eLHC is the o;‘a‘z\:‘t\fgogr any
= Powe|gactory pathe b o s,

* A sustained period of important results
= And practical applications
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o Py ‘ N
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(B&%NA T{ Fabiola: RLIUP summary 07 Nov 2013 AB
\E -

@5 | LHC --> HL-LHC: THE Higgs factory sl

=

today : ATLAS+CMS have 1400 Higgs events
HL-LHC: (3000fb-1) > 3M/170M useful for precise measurement

O Measure as many Higgs couplings to fermions and bosons as precisely as possible
L Measure Higgs self-couplings (give access to A)
O Verify that the Higgs boson fixes the SM problems with W and Z scattering at high E

COUD“”QS Self-coupling Vector boson fusion

|muIatio“r;:lr:eli:n}iLn:::y;OOO o 3 - ATLAS Prolminay

R ttH ‘ ;

e g d 0 _ ‘% f

~ I ; o i m g .....p /,H v 14 f

: iz ! | - - -"\\ gHHH~ 7\4V 4 v f

H — — g “TTTTO “H \'\‘\{f

sz % :Z Ldt=300016" Eg’g’ H __> Mu 7 i

0 o1 o2 o — Check if Higgs does the
{2 | | Difficult measurement (whole) jobgo%
X 1.5to 2 for recision 30%(?) for 3000fb-1 . .
Accesstorare | P ) cancelling divergences

300 --> 3000fb™*  processes



European Strategy for Particle Physics: Large-scale scientific activities

Europe’s top priority should be the exploitation of the full potential of the
LHC, including the high-luminosity upgrade of the machine and detectors
with a view to collecting ten times more data than in the initial design, by
around 2030. This upgrade programme will also provide further exciting
opportunities for the study of flavour physics and the quark-gluon
plasma.

US Strategy for Particle Physics (P5 report):

Complete the LHC phase-1 upgrades and continue the strong collaboration in
the LHC with the phase-2 (HL-LHC) upgrades of the accelerator and both
general-purpose experiments (ATLAS and CMS).

The LHC upgrades constitute our highest-priority near-term large project.

CE?W European Organization for Nuclear Research

\ B . ..
<7 Organisation européenne pour la recherche nucléaire



One of the largest HEP accelerator in construction

con iel
of the S€ oroind) Wil
AR s

Complete change and

. InIP2: new DS new lay-out
collimation with11 T . TAN
2. InIP7 new DS . D2
collimation with 11 T . CC
. Q4

Cryogenics, Protection, . All correctors .
Interface, Vacuum, . Q5 (Q6 @1.9 K?)
. New MQin P6

. New collimators

Complete change and
new lay-out

1. TAS

. Q1-Q2-Q3

. D1

2

3

4. All correctors

5. Heavy shielding (W)

Diagnostics, Inj/Extr...
extension of infrastr.

> 1.2 km of LHC
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LHC roadmap B Physics
LS2 starting in 2019 => 24 months + 3 months BC Bl Shutdown
. 8 o
LS3 LHC: starting in 2024 => 30 months + 3 months BC sam commiBsioning
. . - Technical stop
Injectors: in 2025 => 13 months + 3 months BC
2015 2016 2017 2018 2019 2020 2021
Q1 Q2{Q3|Q4|Q1|Q2|03/04|01/Q2/03[04|Q1Q2!Q3@4|Ql [@2{Q3|Q4|Q1{Q2 03|04 |a1|Q2'03 Q4
LHC
Injectors Run 2 L5 2 LIU installation
o PHASE 1
2022 2023 2024 2025 ‘ 2026 2027 2028
Q1iQ2{Q3{Q4|Q1/Q2{Q3iq4|Q1{Q2{Q3 Q4|07 1~ ‘t‘or\ ‘Q2i@3Q4|Q1i02,G3104|Q1|Q21Q3|Q4
, \
LHC \_“__\_\_\C installd
Injectors
® > HL-LHC installation e—— PHASE 2 >

2029 2030 2031 2032 2033 2034 2035
Ql QZ;CB Q41Q1:Q2:Q3:Q4|1Q1:Q2:Q3:Q4|Q1:Q2:Q3iQ4|Q1iQ-{22i0Q4|Q1:Q2:Q3iQ4|Q1:Q2iQ3:Q4

HHc LS 4 I Run 5
Injectors




Key message
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NW2" 4 TeV design luminosity
14 TeV high luminosity (HL-LHC)







“CERN should undertake design studies for accelerator projects in a global
context, with emphasis on proton-proton and electron- positron high-
energy frontier machines.”

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

B34 Construct.  Physics | Upgr

Hg[6WM Design, R&D = Proto Construct. Physics

HL-LHC Project

Design, R&D ' Proto Construct.  Physics

FCC Study: p-p towards 100 TeV

Kick-off meeting: February 2014 Geneva
First Coll. Meeting: March 2015 Washington

FCC: Future Circular Colliders

Cﬁw The High Luminosity LHC
\ Frédérick Bordry

e ECFA High Luminosity LHC Experiments Workshop — 15t October 2013



Future Circular Collider Study

CDR and cost review for the next ESU (2018)

International collaboration
to study:

* pp-collider (FCC-hh)
—> defining infrastructure

requirements

~16 T = 100 TeV pp in 100 km
~20 T = 100 TeV pp in 80 km

Schematic of an

: 0-100 k
. e*e collider (FCC-ee) as A oha tunnel

potential intermediate step
« p-e (FCC-he) option

« 80-100 km infrastructure
In Geneva area

CERN Future Circular Collider Study
\ Michael Benedikt

S FCC Kick-Off 2014



CLC near CERN

f“ 20 A )'!A e
" Legend

- =mmm CERN existing LHC
Potential underground siting :

' wsese CLIC 500 Gev
" sese CLIC1.5TeV
esse CLIC 3 TeV

2

Conceptual De3|gn Report publls'hed

=@ R&D continues (accelerator and detector)
24 in the framework of the LC effort and the

@l CLIC collaboration

(e g hlgh gradient acceleratlng structures)

R AN e T B e ¥ Central MDI & Interaction Region
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European Strategy for Particle Physics
High-priority large-scale scientific activities
After careful analysis of many possible I~ ' (\\) ities requiring
v “\\ 0(\5 itment, the
\\\ b priority.

\,uanron collider,

¢) Ther- otk ©
comple P\\- N D‘\(GG\(? al1e propertles of the Higgs boson

and othe + 0 \,‘(\ LCG .wed precision and whose energy can be
upgradec _esign Report of the International Linear Collider
(ILC) has \’\ ,d.ulpleted with large European participation. The initiative
from the Japanese particle physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate. Europe looks

forward to a proposal from Japan to discuss a possible participation.

CERN &
51

AMNS CERN






European Strategy for Particle Physics: Large-scale scientific activities

CERN should develop a neutrino programme to pave the way for a
substantial European role in future long-baseline experiments. Europe
should explore the possibility of major participation in leading long-
baseline neutrino projects in the US and Japan.

US Strategy for Particle Physics (P5 report):

Form a new international collaboration to design and execute a highly capable
Long-Baseline Neutrino Facility (LBNF) hosted by the U.S. To proceed, a
project plan and identified resources must exist to meet the minimum
requirements in the text. LBNF is the highest-priority large project in its

timeframe.

(:E/RW European Organization for Nuclear Research

\ B . ..
<7 Organisation européenne pour la recherche nucléaire



Scientific Strategy — Neutrinos

* Neutrino programme established at CERN through the “Neutrino
Platform”

* Neutrino platform is well underway & active. It enables European groups
to develop their detector parts for participation at neutrino facilities. In
addition, proposals from non-European groups received.

 Collaboration with Fermilab established for long-term neutrino
programme, in particular through support from CERN to the Dune
infrastructure

* This collaboration is also vital for the US contribution to the LHC and its
upgrades

* Very limited resources available at CERN. Need to define best use for the
community. The CERN plan submitted to Council contains one full
cryostat as in-kind contribution to Dune. Coordination in Europe
concerning further contributions to this infrastructure required and
under way.

&)
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European Strategy for Particle Physics

A variety of research lines at the boundary between particle and
nuclear physics require dedicated experiments.

The CERN Laboratory should maintain its capability

to perform unigue experiments.

CERN should continue to work with NuPECC

on topics of mutual interest.

- Exciting physics at unique facilities
« Nab6l, Na62
« N _Tof area 2
« HIE-ISOLDE construction
«  ELENA construction including consolidation of the AD facility
« Maintain experimental areas for fixed-target experiments

CERN @
56

EARS /aMS CERN



Conclusion

With the European Strategy, approved by Council May 2013,
with the P5 recommendations, approved by HEPAP in the US,
with the Japanese roadmap

we have (for the first time) a global vision for our field
going beyond regional boundaries

CERN Is playing a major role

In this global endeavour



