R.-D. Heuer CERN High Energy PhyS|cs School, Paradfurdo Hungary 14 June 2013

-

- |~ BE & eSS i VTR N AR ATE L W T L U T






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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Budget (2013) ~1000 MCHE

e I|

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

the United Kingdom

Candidate for Accession: Romania
Associate Members in Pre-Stage to Membership: Israel, Serbia

Applicant States for Membership or Associate Membership:
Brazil, Cyprus (awaiting ratification), Pakistan, Russia, Slovenia, Turkey, Ukraine

Observers to Council: India, Japan, Russia, Turkey, United States of America;
European Commission and UNESCO
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Science Is getting more and more global

Distribution of All CERN Users by Location of Institute on 14 January 2013

O

MEMBER STATES
Austria 128
Belgium 152
Bulgaria 52
Czech Republic 197
Denmark 71
Finland 103
France 918
Germany 1316
Greece 111
Hungary 62
Italy 1422
Netherlands 177
Norway

Poland

Portugal

Slovakia

Spain

Sweden

Switzerland

United Kingdom 803

Tunisia
Ukraine
Venezuela

959

CA‘N‘QI‘I?ATE FOR OTHERS Chile 7 Georgia Morocco

ACCESSION China 114 Iceland New Zealand
OBSERVERS Romania gg | Argentina China (Taipei) 69 Iran - Faktan
ndia 46 Armenia S Colombia 10 Ireland Peru

Japan 2: B B} AUSTFHU? Croatia 24 Korea Saudi Arabia
Riiesia ASS‘()L‘IAI l<: IY!I:,MB‘ER Azerbaijan Cuba 3 Lithuania Slovenia
Turkey IN THE PRE-STAGE Belarus Cyprus i Malta South Africa
USA TO MEMBERSHIP Brazil Egypt 11 Mexico Thailand

i Israel 63 Canada Estonia 17 Montenegro TFYR.OM.
3 Serbia 31
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Age Distribution of Scientists

- and where they go afterwards

Survey in March 2009

Status of 1998 (120 PhD's total)
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Today:
~2500 PhD students
In LHC experiments

|/ Other

[University

Research Centre

Whereabouts of PhD's

htus of 1998 (68 PhD's total)
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They do not all stay: where do they go?
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Research

Q Interfacing between fundamental science and key
pments

O CERN Technologies and Innovation
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beams computing (Grid)



CERN Technologies and Innovation

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

Leadership in lon
Beam Therapy now
in Europe and
Japan

light ions \J

Acceleratlng partlcle beams 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

y /f/
y/ S “ I m ag I n g PET Scan ner Brain Metabolism in Alzheimer’s

Clinical trial in Portugal
for new breast imaging
system (ClearPEM)
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) protons D antiprotons  AD Antiproton Decelerator  LHC Large Hadron Collider
) ions D electrons  PS Proton Synchrotron n-ToF Neutron Time of Flight
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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

In the past few years

Several breakthroughs !
Steady progress of other programs
New mid-term and long-term projects started or in discussion

C. Vallee SPC-274 Non-LHC Particle Physics at 11
CERN



Fixed Target Physics

Antiproton Physics Neutrino Physics

Cold antiprotons

(“manufacturing anti-matter”)

1. PS p — pp 10%/collision

2. AD deceleration + cooling Anti-H annihilations detected
stochastic + electron

3. Extraction @ ~ 0.1c

4. Produce thousands of anti-H  gnti-H (pe*) + matter — mm + yy

ATHENA (— ALPHA)

T 511 keV Y

Silicon micro

strips
7T
OPERA
Csl /v
crystals ——
& 511 keV Y Charge
Neutral Current Current
C;LLHN 12



Breakthroughs... ALPHA

i@ First successful trapping of Anti-Hydrogen atoms
'O‘b’@ Trapping times of more than 15mn regularly achieved

Breakthroughs... ASACUSA

I Antiproton mass measurement

._

van Dyck 86 / CODATA 86 -

——@&— Farnham 95

e Beier 02 L p 1836.15267245(75)

<
0{}@& o vesuos ‘CODATA 2010

factor 4 only
@1 CODATA 02 average

— 1836.1526736(23)
Nature 475, 484 (2011).

67 68 69 70

——&— This work




CNGS - OPERA

First v, Candidate

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




Aerosol nucleation under
Breakthroughs... CLOUD controlled conditions
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Past few decades

“Discovery” of Standard Model

through synergy of

nadron - hadron colliders (e.g. Tevatron)

epton - hadron colliders (HERA)

epton - lepton colliders (e.g. LEP)



Test of the SM at the Level of Quantum Fluctuations
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Key Questions of Particle Physics

60 - e 1/a,
origin of mass/matter or N
origin of electroweak symmetry breaking J:
unification of forces >0k
fundamental symmetry of forces and 20 -
matter B mit Supersymmetrie
5 1/a,
where is antimatter O e A g
0 10 10 10

Wechselwirkungsenergie in GeV

unification of quantum physics and

general relativity

stars Daryon neutrinos

number of space/time dimensions

what is dark matter -,

what is dark energy

dark energy dark matter

CERN
\
<L



Solutions?
Technicolor
@E@m@j@ Dﬂ@j M@@@i New (strong) interactions produce EWSB

Extensions of the SM gauge group :

Little Higgs / GUTs / ...

Wilczek _Gross 52 Glashow Weinberg

Vel_an 't Hooft

Politzer = o .,
- \\\\ % [ \‘ "7.‘ - .l )
- e = F =y Lo
» v A

For all proposed solutions:
, new particles should appear
(N at TeV scale or below

4 - territory of the LHC

Hofstadter Steinbrger

Schwinger . vy
g A0

r' ¢ r‘.}‘ ) :
: i 4 1 3 ¢ ,‘f
: Richter Gell-Mann"ppa:
‘ Feynman o Alvarez Taylor Selected NP
since 1957

Except P. Higgs

Supersymmetry - Extra Dimensions
New particles at = TeV scale, light Higgs New dimensions introduced

Unification of forces ;
M-+, & M., < Hierarchy problem
Higgs mass stabilized S solved 4k

o TR IEESILENS New particles at = TeV scale
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2010: a New Erain.




Specialised detector to
study b-quarks - CPV

General purpose
detectors

Specialised detector to
study heavy 1on collisiens
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@U)) LHC Experiments - complementary

Overlap
N
physics
reach

Key feature: reconstruct
secondary vertex

LHCb Preliminary

EVT: 49700980
RUN: 70684




Key feature: reconstruct
> 20°000 charged tracks
In one event

IN
physics
reach


http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
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Basic processes at LHC

f, (X3, Q2)
173

&

CERN
\
<L
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Di-jet event recorded by ATLAS on 9 April 2012 at /s=8 TeV

Leading jet py

CATLAS
" EXPERIMENT

Run Number: 201006, Event Number: 55422459
Date: 2012-04-09 14:07:47 UTC
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Basic processes at LHC

29



Cross sections at the LHC

ev/year

LHC
10 V7

16

15

14 “Well known”

processes. Don’t
. need to keep all of
10 them ...

10 ®

10 8

10 7

10 ®

i s New Physics!!
We want to keep!!

103

10 2
10

1

1000 2000 5000
particle mass (GeV)

30



Evolution of Integrated Luminosity 2012

Delivered integrated luminosity (fb™!)

25 I

LHC 2012 RUN (4 TeV/beam)

PRELIMINARY

—o— ATLAS 23.269 fb~'
—A— CMS 23,269 fb™!
20 H—o— LHCb 2,192 fb~!
—o— ALICE 9.678 pb™
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The Worldwide LHC Computing Grid

Tier-2 centres
(about 130)

: Tier-1 centres .
. : NDGF
Tier-0 (CERN): data Nordie cotres B nearly 160 sites,
recording, J-, g Somany 35 countries
- BNL "3

reconstruction and Us #l- ‘ ’ RAL

o : ‘ UK ,
distribution i ~250°000 cores

INFN-CNAF

) . Italy
Tier-1: permanent PC o - 173 PB of storage
storage, re- Spain = ¥ R .
proceS.SIng, coINzP3 #' 7 :
analysis France 3.

: ; > 2 million jobs/day
SARA-NIKHEF
Netherlands TRIUMF

Canada

Tier-2: Simulation,

end-user analysis 1y el il
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



ICS Obl'ec '
ADIEC

Di-top @
W/Z + N jets
W/Z Measurements

Di-top Observation

1 pb?
Integrate



[ ATLAS-CONF-2013-008 |
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ATLAS =
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O Experiments have
about completed their
journey through the
Standard Model

and have started to
take us Into new
territories ...




Will we understand the primordial state of matter after| -:e . SRt
the Big Bang before protons and neutrons formed? *&g;& -

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 - -~a "o -

up the mysterious ‘dark matter’ in our . [:f@Es T 0

Universe? And what’s ‘dark energy’? e
et b q :



Low p_T direct photons — a direct thermometer
for the temperature of the fireball

1{'3 I I I I | I | | | I | I | I | I | I | I I I ] I I |

)
g 10 0-40% Pb-Pb, {Syy = 2.76 TeV
5 10 ALICE
b5 1 —$— Direct photons PRELRIRERY
; == Direct photon NLO foru = 0.5t0 2.0p,_ (scaled pp)
= 101 - . . ) - tat+syst
& —— Exponential fit: Ax exp(-pJT), T = 304+ 5T MeV
10 "
’
10°
10*
10°
10°
1UI 1 1 1 | 1 1 1 I 1 1 1 | [ 1 1 | 1 1 1 | 1 1 1 I 1 1 1
0 2 4 6 8 10 12 14
P, (GeVic)

Integrated over fireball history: T = 304 MeV

initial temperature = 450 MeV
P around

highest temperature ever measured in the laboratory
~ 2
3.5x10*% K




Correlations

2< Pruig < 4 GeVic p-Pb \ s, = 5.02 TeV 2< Pisig < 4 GeV/c p-Pb |5, = 5.02 TeV
1< P ssoc < 2 GeV/c 60-100% 1< P assoc < 2GeV/c 0-20%
Low multip ntclass  High m t class

Phys.Lett. B719 (2013) 29-41

0.15

Qualitatively similar

to CMS ridge 0.10

e Correlations for pairs of trigger
and associated particles,
p.,trig>p;,assoc, as f(Ad,An),
defined as associated yield per

0.05

1/Nyig ANyss0c/dAg per An - const (rad

ALICE

Excess on both near-side (NS)
and away-side (AS) going from
p-p/low multiplicity ->

high multiplicity events

p-Pb\s, =5.02 TeV

. ® 0-20% 2< P g < 4 GeVl/c
e = 20-40% 1< P aesoc < 2 GeV/c
‘s A 40-60% stat. uncertainties only
v 60-100%
----pp 2.76 TeV

Ao (rad)

trigger particle Projection on A — pPb and pp data 5



Subtracting the low-mult from the high-mult

e A double-ridge structure appears, with remarkable properties:

— Shape of the distributions decomposed into a Fourier series, in terms \6 3
coefficients v, of the corresponding single particle azimuthal dis+ I‘\G
-V, is the dominant component
- Vv, and v; increase with p; and v, also with multiplcity A\

suggest common underlying process

N\

— Same yield near and away side for all classes of p- (\60 \\‘) S\é

— Width independent of yield
— possible explanations? CGC?? Flow?". (\g

2< P, - 4 GeV/c
1<p, <2GeV/c

SSSSSS

SSOC (rad-1)

p-Pb\s,

---._(0 -20% ) (G

Double-ridge structure

QW
et w“‘g
e© QAN
NN \0 X« 30(\ ALICE
o0% W\°, «® «
o(\‘ deb (\6 \ Near side Away side P-Pb | sy = 5.02 TeV
6 6‘0 Y 0 05<p.“ <1.0;05<p, <1.0 GeV/c
\ﬂ de‘ m [ 10<py. <2.0,0.5<p ssssss <1.0 GeV/c
Q A A 10<p, ,g<2.0;1.0<p1_ ssssss <2.0 GeVic
\) v \V/ 20<p <4.0;0.5<pT sssss < 1.0 GeV/c
; L * # 20<p.ng<40 10<p, _ <20GeVic
_g) i Y O 20<p vig <4.0,2.0<p ssssss < 4.0 GeV/c
© 9,05 ﬁ] #
Y, % .,
0.00 © ¢ o Y%,

0-20% 20-40% 40-60%
Event class

Also observed by ATLAS 38



» Smooth pA/Ap LHCb run (data on both
directions, and with magnet UP &

DOWN)

» 2/nb collected (x10 what expected)

* Analyses started: particle multiplicities,
resonances (D , J/y , Y) as probes of
DY process in a low (x, Q?) area

PA/Ap LHCb 2013 run

specific of LHCb only

Jy=>up
& £ LHCb

g [ Preliminary
5'""F  pADown 2013
3 L =0.47 nb"

g 10

10°

lllllll IIIIIIII T T TTIT T xivlt:

coverage
 pp:20<n<50
* PA:1.5<n<45
« Ap:-55<7n<-25

|

from B decays

108? T TTTIm T TTTITm T TTTTTm T TTTIT T TTTI LLBLLLLLL T lll!ﬂg
107 p+Pb @ LHC (7 TeV+2.75 TeV) -
6 Present nuclear DIS % '
107 and Drell-Yan in p+A 3
ol d+Au @ RHIC :
~ 10°F 0<y<3.2
¢ 10 p, -
o 103 % /,6 ,A';’/f —:
E QZ *\ﬁ/
102 3 at Pb(x) LHCb E
- R § /-”'A .
10= W & Present _
s / DIS+DY -
1%_1 TRRTTIT 111111i~—_1£‘~11111111 il ol
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XA

pA MagDown (~17.4 pb~1)

Ap MagDown (~10.4 pb~?)

- L T T L T T
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2 LHCb . ° D1so0of- LHCb “ J
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Will we understand the primordial state of matter after P g S
the Big Bang before protons and neutrons formed? "&ﬁ:‘ -

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

Leps .

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

Will we find the particle(s) that make
up the mysterious ‘dark matter’ in our
Universe? And what's ‘dark energy’?




Dark Matter

Astronomers & astroph . Icists over the next two decades using

powerful nci\'zv'te eSeopes will tell u: how dark matter has shaped
t -.q NG e 2e in the night sky.
Y .. '
.

Only parti 2l ‘ dar f\tter In the
labC W anckU! what it is.
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more rich and varied (asfhe'visible wol 4)?
— — —

LHC may be the perfect machine to study dark matter.



Particles

Supersymmetry /l \

@® unifies matter with forces

for each particle a
supersymmetric partner

‘1

"\

b Supersynunetnc

(sparticle) of opposite e "shadow" particles

statistics iIs introduced

60 -

@ allows to unify stron 50 -
and electroweak forc:g\él0
sin20,,SYSY= 0.2335(17)
sin%0,, > = 0.2315(2)

@ provides link to string theories 10 -

@® provides Dark Matter candidate
(stable Lightest Supersymmetric Particle)

1/a,
N

1/a,

w/o supersymmetry

with supersymmetry

10°

10" 10"
Energy (GeV)



M 3isolated leptons

+ 2 b-jets
+ 4 jets

+ E?'IISS

RovinanA +he Llinne RAaean

Standard particles SUSY particles

Higgsino

\ SUSY particle production at the LHC
N \

... but potential for discovery of SUSY

particles sizeable in the coming years




CMS

CMS

Z'SSM I

yadl

Z', ttbar, hadronic, width=3%
Z’', ttbar, lep+jet, width=3%
GKK jet+MET k/M = 0.2
GKK jet+MET k/M = 0.3
GKK Il k/M = 0.1

GKK yy k/M = 0.1

GKK Il k/M = 0.05

GKK vy k/M = 0.05

W’ Iv, constructive inter.
W’ Iv, destructive inter.
WKK p =0.05 TeV

W dijet

WR, MNR < 1.0 TeV

W'—= Wz

pTC, nTC > 700 GeV

Ms, yy, HLZ, nED =2

Ms, I, HLZ, nED = 2
Ms, yy, HLZ, nED =6

Ms, I, HLZ, nED = 6
MD, monojet, nED =3
MD, monojet, nED = 6
MD, mono-y, nED = 3
MD, mono-y, nED = 6

LQ1, B=0.5 (2010)
LQ1, B=1.0 (2010)
LQ2, B=0.5
LQ2, B=1.0
LQ3, B=1.0

EX

| . W 4

otica: Summary for Morio

MBH, rotating, MD=3TeV, nED = 2. BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MEBH, Quantum BH. MD=3TeV, nED = 2,
String Ball M, MD=2.1, Ms=1.7. gs=0.4
String Resonances

E6 diquarks

Axigluon/Coloron

q* . dijet

q*, dijet pair

q°, boosted Z

e, A =2 TeV (2010)

e, A =2TeV (2010)

C.I. A, X analysis, A+ LL/RR

C.L A X analysis, A- LL/RR

Mb’, b" = tW, |+jets

Mt’, t' = tZ (100%)

Mt', t' = bW (100%), |+jets
Mt’, t' = bW (100%), |+I

gluino, HSCP, gluonball=0.5
gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino

stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV

N
O
R
N




Murayama, ICFA Seminar, 2011 CERN

5™

3
=%



LHC results should allow,
together with dedicated dark matter searches,

frdlohachyaYe oL e AN SRR Some

mysterious “dark energy”. Itis evenly
spread.

Challenge:
get first hints about the world of

dark energy in the laboratory



The Higgs is Different!

All the matter particles are spin-1/2 fermions.
All the force carriers are spin-1 bosons.

Higgs particles are spin-0 bosons (scalars).
The Higgs is neither matter nor force.
The Higgs is just different.
This would be the first fundamental scalar ever discovered.

The Higgs field is thought to fill the entire universe.
Could it give some handle of dark energy (scalar field)?

Many modern theories predict other scalar particles like the Higgs.
Why, after all, should the Higgs be the only one of its kind?

LHC can search for and study new scalars with precision.



Search for the Higgs-Boson at the LHC

Production rate
of the Higgs-Bosons
depends on its mass

as well as its decay possibilities

o x BR (pb)
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107

/\S =7TeV

WW — Fvag

WW — I'vIv

ZZ—1'lqq

Z7Z - I'Tww

ZZ — I

l=e,un

K V=VVV,

ZH — I'Tbb g = udscb

-4 1 | 1
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Higgs boson mass (GeV/c?)
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4 July 2012: CERN scientific seminar
“CERN experiments observe particle consistent with
long-sought Higgs boson”

@S CMS Experiment at the LHC, CERN
‘ Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000 ’
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Seminar July 4, 2012
S(B Weighted Mass Distribut

l""l.ﬂﬂi"""l I TAIQODD IMID
|

= Sum of mass distributions for each event class, weighted by S/B
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July 4% 2012 The Status of the Higgs Search




Evolution of the excess with time
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ATLAS Higgs searches, F. Gianotti, HEPAP meeting, 27/8/2012
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CMS

UCSB/CERN

J. Incandela

281s' SPC Meeting, CERN

March 19, 2013 CMS Highlights

March 2013 ' 7
We have a Higgs boson!
R AR /™ § '™ A /™ ™ | N | LT aW alte VY.l B L
T I I I | T I T T ‘ T T I T I T T I ! T I I I | T I
But what kind of Higgs is it? CMS preliminary | m=1250Gev
* 5 main channels shown at right Y Hsbb cus s
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. . . —YY CMS HIG-13-001 :
mass valve will result in different BoTTL-s1 .
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s H—=ZZ—4l: 6.70 (7.2 exp.) : :
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New mass values E, 0.06
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.. but that’s only the beginning !
What’s next ?

.. Is It the Higgs Boson (of the Standard Model) ?
or one of several ?

.. its properties could give information
on Dark Matter

.. its properties could give first hints
on Dark Energy




The Couplings roadmap

Test Higgs boson couplings depending on available I

m Total signal yield tested at 10-200/ 53050“ y
. . a

m Couplings to Fermions H\a \ 2V

i g Of TN© d‘(\e\'\g~30fb1
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AW 2t e PV
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a \O ore \S o <uark fermion couplings
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= Test second generation fermion couplings: «, Upgrade
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Update of the European Strategy for Particle Physics
High-priority large-scale scientific activities

After careful analysis of many possible large-scale scientific activities requiring
significant resources, sizeable collaborations and sustained commitment, the
following four activities have been identified as carrying the highest priority.

c) The discovery of the Higgs boson is the start of a major programme of work
to measure this particle’s properties with the highest possible precision for
testing the validity of the Standard Model and to search for further new physics
at the energy frontier. The LHC is in a unigue position to pursue this
programme.

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
guark-gluon plasma.

CE{W European Organization for Nuclear Research
\\

<7 Organisation européenne pour la recherche nucléaire
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The LHC roadmap to fully exploit the physics potential

2009 < LHC startup, Vs = 900 GeV
2010
2011 Vs=7~8 TeV, L=6x10** cm?s!, bunch spacing 50 ns
2012 ~20-25 fb!
2013 | g4 Go to design energy, nominal luminosity
2014
2015
2016 Vs=13~14 TeV, L~1x103* cm2s!, bunch spacing 25 ns
2017 ~75-100 fb-!
2018 Ls2 . Injector and LHC Phase-1 upgrade to ultimate design luminosity
b
2019
2020 I Vs=14 TeV, L~2x103 cm2 s-1, bunch spacing 25 ns
2021 . ~350 fb-!
2023

20307 Vs=14 TeV, L=5x103¢ cm? 571, luminosity levelling ELblen

Cﬁw TE Department Plenary meeting
6t December 2012
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LHC and Injectors 2013/14

LS1 ongoing as planned

Restart of accelerator chain in 2014

- mid June PSB, Isolde

- mid July east area

- mid October SPS

Restart LHC 2015 (commissioning, then physics)




Key message







Next decades

Road heyond Standard Model

At the energy frontier through synergy

adron colliders (LHec 7?)

lepton - lepton  colliders (Lc (LcorcLIC) ?)



Deliberation document on the European Strategy for Particle Physics
High-priority large-scale scientific activities

After careful analysis of many possible large-scale scientific activities requiring
significant resources, sizeable collaborations and sustained commitment, the
following four activities have been identified as carrying the highest priority.

d) To stay at the forefront of particle physics, Europe needs to be in a position
to propose an ambitious post-LHC accelerator project at CERN by the time of
the next Strategy update, when physics results from the LHC running at 14
TeV will be available. CERN should undertake design studies for
accelerator projects in a global context, with emphasis on proton-proton
and electron-positron high energy frontier machines. These design
studies should be coupled to a vigorous accelerator R&D programme,
including high-field magnets and high-gradient accelerating structures,
In collaboration with national institutes, laboratories and universities
worldwide.

CE/RW European Organ
\

~7 Organisation eufs



High Energy Hadron — Hadron Colliders

HE — LHC and VHE-LHC

Study of New Physics Phenomena

main challenge: High-Field Magnets
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HE-LHC — LHC modifications

. HE-LHC
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HE-LHC

 HE-LHC dipole design will piggy back on the high
gradient quadrupole R&D needed for HL-LHC

— Would allow an increase in energy by factor of 2-2.5



- Flrst studles on anew80km tunnel In the Geneva area
42 TeV  with 8.3 T using present LHC dipoles
80 TeV  with 16 T based on Nb;Sn dipoles
100 TeV  with 20 T based on HTS dipoles

John Osborne (CERN), Carcline Waaijer {CERN)

.
s Jura Mounlaing
.
.

Figure 9. Two possible location, upon geological study, of the 80 km ring for a Super HE-LHC (option at
left is strongly preferred)



VHE-LHC

Lake Geneva

Such a large tunnel would also
allow e+e- and e-p collisions
in addition to pp collisions

LEGEND

s LHC tunnel

HE_LHC 80km option
notentizi shaft location




HE-LHC and VHE-LHC

 VHE-LHC needs a (at least) 80km tunnel
In conjunction with the high field magnets would
allow a factor of (2-2.5)x(80/27) =
6-7.5 times LHC (42- 52 TeV/beam)

HE-LHC - VHE-LHC
(“80 km” study together with TLEP)
Logic (“roadmap”): exploit synergy effects
between HL-LHC, HE-LHC, VHE-LHC (and TLEP),
In particular high field magnet development



Lepton — Lepton Colliders
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Both projects are global endeavours

and at CERN part of the LC effort 005"

oV
Wide range of thc’&;e ! SiCS, e. g.

- Higgs r \.\(\gaﬁgb In particular self coupling

\e‘e
qu sion studies of Z, W, and Top

- new physics phenomena
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Deliberation document on the European Strategy for Particle Physics
High-priority large-scale scientific activities

After careful analysis of many possible large-scale scient*  stivities requiring
significant resources, sizeable collaborations an- - a0 \)G mnmitment, the
following four activities have been identif:- \\ OO(\ (\5 est priority.

e) There is a strong scier* G eﬁOﬁ‘S ne \,C ~.un collider,
complementarv = \\\ \\, O‘ \\ wioperties of the Higgs boson
and othe~ X OE ,, precision and whose energy can be
upgraded (o) “aﬁ‘ Loyl Report of the International Linear Collider

(ILC) has \ ‘(\G wicled, with large European participation. The initiative
from the Ja .,uuese 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.

CE{W European Organization for Nuclear Research

4 B . ..
~7 Organisation européenne pour la recherche nucléaire



Deliberation document on the European Strategy for Particle Physics

F.S.tudy p'érf.ormed fér a 'ded.i'(.:ated r.lnéutrino area at the SPS:

A
s - To enable large scale detector development and tests for

fC  neutrino detectors
and/or

- To install a short baseline experiment

Ir

n Decision to be taken in the framework of the next 5-years plan
neutrino sector.

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.

CE?W European Organization for Nuclear Research

~7 Organisation européenne pour la recherche nucléaire



Fixed Target Program exampes

HIE-Isolde as approved and ongoing

AD and ELENA as approved; extension for
GBAR and addition of a storage ring under
consideration

n-TOF (with EAR2) as approved

CNGS terminated

high gradient accelerator R&D ("AWAKE")




CERN

Key message

Program at the energy frontier with the
LHC for at least 20 years

R&D, Studies for the next projects ongoing

Global collaboration vital



