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Past few decades

“Discovery” of Standard Model

At the energy frontier through synergy of

hadron - hadron colliders (e.g. Tevatron)
lepton - hadron colliders (HERA)
lepton - lepton colliders (e.g. LEP, SLC)



Test of the SM at the Level of Quantum
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LEP: indirect determination of the top mass
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HERA: Impact on PDF

Fits to new combined HERA data: HERAPDF1.5

HERAPDF1.0 HERAPDF1.5
1 H1 and ZEUS HERA I Combined PDF Fit ; H1 and ZEUS HERA 1+I1 Combined PDF Fit
St — =
= : Q% =2 GeV? i Q=2 GeV* g
G- —— HERAPDF1.0 = i —— HERAPDFLS (prel) E
B exp. uncert. / L B exp. uncert. /
| |:| model uncert. o | |:| model uncert. -
o - parametrization uncert. 3 - parametrization uncert. L

0.4 0.4

0.2 0.z

HERA Structure Functions Working Group




At the energy frontier, the LHC brings us
into unexplored territory:

Excellent progress
Accelerator — Experiments — Grid Comp.



Key Questions of Particle Physics

60 - 1/a,

origin of mass/matter or LA I i
origin of electroweak symmetry breakin p L :

unification of forces

»

© 30

fundame ”%i;i:j;’; i Formostquestions: : 7,*77? Targymmetrie

LG new particles should appear

where iISamw_- - at TeV scale or below e gy
H territg 0 ne LE

unification of quantum physics and stars Daryon neutrinos

general relativity

[

number of space/timI

what Is dark matter

what is dark energy

dark energy dark matter

dimensions



Dark Matter

Astronomers & astrophysicists over the next two decades using
powerful ne_\#teT' opes williellus how dark matter has shaped
e stars/ane 2 see in the night sky.

o
-

Only particle nfﬂ' ' '_. er in the laboratory

T o " e .
more rich and" varied (as Nar 2 e
o,
LHC may be the perfect mac{me“to -de dark matter.



Particles 1

Supersymmetry /l \

e unifies matter with forces
for each particle a X
supersymmetric partner/v ‘__Supersymemc ‘
(sparticle) of opposite k "shadow " particles &

statistics is introduced

60 - e 1/a,

w/o supersymmetry

e allows to unify strong :

and electroweak force -
sin2@WSUSY= 0.2335(17) %
sin2@Wexp = 0.2315(2) o

e provides link to string theories il

10 with supersymmetry

1/a,
e provides Dark Matter candidate SRR W FEEE

(stable Lightest Supersymmetric Particle) LU
12/5/12

Energy (GeV)



Main ATLAS results on SUSY searches
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G=0mass

MSUGRA/CMSSM : 0-iep + j's + Ey e

MSUGRA/CMSSM : 1-lep +j's + Er e ?i: mass J.Ld'f =(0.03-4.7)fb"
MSUGRA/CMSSM : multijets + E; . Jmass (large my,) fs=7TeV
Pheno model : O-lep +j's + E7 e 3 : ¢/ Gmass (m(g) <2 TeV, hghtx )

Pheno model : O-lep +j's + Et e
Pheno model : O-lep +j's + E e
Pheno model : 0-lep + j's + E

gmass (m(q) <2 TeV, Ilghtx ) ATLAS
Grlass (m(@ <2Tev, m{x1] <200Gev)  Preliminary
g rn'ss (m('t'i} <2 TeV, m[x )< 200 GeV)

s {m{x ) < 200 GeV, am[f E ) Am{@. % } =>1/2)
mass {tanﬁ < 35)

g mass (tanf = 20)

{tanﬁ = 20)

1 Tev n{x ]}5(} GeV)
p mass (m(x } < 300 GeV
g mass (m 0

~

T miss
Gluino med. § + 3" (§— qGx) : 1-lep +j's + E e
GMSB : 2-lep OS_, + E s

GMSB :1-t+js+E

GMSB: 2t +j's+E

Inclusive searches

T miss

T miss

.............................................................

S Gluino med. b [g—-b ] O-lep + bj's + Et s
i Gluino med.t (‘”—-tt;:.g1 1-lep + b-j's + E ies
S Gluino med.T ("'—’ttx ):2- Iep (SS) +j's + E e
E} Gluino med. t("‘—-tl ) multi-f's + E7 e
E Dlrectbb[b—-bx] 2 b-jets + Eq e
Dlrect‘f“{emss) Z{—-II] + b-jet
.................................... S svies o
© MG
= VB:I

Srou GeV limit in [0.2,90] ns)

Swis ! |
3'1 . gimass

____________________ GM_SB :stable T
RPV : high-mass eu
Bilinear RPV : 1-lep +j's + E; .

MSUGRA/CMSSM - BC1 RPV : 4-lepton + E; .

¥, mass (4,,,=0.10, A,,,=0.05)
g1 gmass (ct gp <15 mm)
‘g mass

sgluon mass (excl: my, < 100 GeV Mgy= 140 = 3 GeV)
] L1 11111 [ 1 L1 11

10 1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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ﬁiﬁCb The search for B, ;> u

Branching fractions extracted from unbinned maximum likelihood fit to the
mass spectra in 8 (7 TeV) and 7 (8 TeV) bins in BDT

ﬁ(B"s—m*u‘.) = (3.2%1°-12)%10? SM:BR(B,> nu) =3.5+02 109
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SUSY requires a low mass Higgs Boson
with severe constraints on the max. mass value

5“14'} _I I I I 1 ;Nui-lh'q i i i I T T T T T T T T
@ C ne scale

Q Z mSUGRA

55135:_ VCMSSM cMsB

= B NMSSM AMSB

. UChYOO
seMYAMSB T GMSB | mSUGRA || no-scale | cNMSSM | VCMSSM | NUHM
M= | 121.0 | 121.5 128.0 123.0 123.5 1245 128.5
End

... potential for discovery of SUSY
Higgs mass of Sizeable at all LHC energies




LHC results should allow,
together with dedicated dark matter
sedtHed /3% of the Universe is in

FPB QI IMSEerieysn i eneugiwverte
IS 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.



S(BWeighte

= Sum of mass distributions for each event class, weighted by S/B
= Bisintegral of background model over a constant signal fraction interval
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Evolution of the excess with time
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{s=7TeV (2011), [Ldt=4.8fb"
E_a'reV(zmz) fLdt=591b"
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ATLAS Higgs searches, F. Gianotti, HEPAP meeting, 27/8/2012 1515



MRS Physics Letters B cover M

ATLAS and CMS "Higgs discovery”
papers published side by side in




.. Is it a scalar particle ?

.. is it the Higgs Boson?
or one of several?

.. its properties could give information
on Dark Matter

.. its properties could give first hints
on Dark Energy



Signal strength 4 = oBR/cBRSM  new HCP results

ATLAS CMS
WW?, 11. bb: 13fb-1 — 2012 ZZ* WW*, 11, bb: 12 fb-1 2012
vy and ZZ* as PLB 4th July yy as PLB 4th July
;MS F,’re;mil;lary m:H = 12,5.8:Ge;\.-’
7 —
-1t H - bb —_——
v I .
v I
(_> I vy P H-1t —
g_)Wf — H— vy —_—l
o0 e
. J H—WW ——
l? §| - | Ho 22 —Il—
O“H0.|5|H 4“H1.|5HH2|HH2.5
o Best fit o/0,,
ATLAS p=13+0.3 CMS p= 0.88+0.21

F.Cerutti - Higgs Factory



Mass Measurement

CMSPrellmmarY ls ?TeVL 51fb 'es sTeVL 1221b

10_' 1 T L T
of H—)”{"{+H—>ZZ —Comblned

— Hoyy
8:_ — H-= Z2Z !
® From yy and ZZ*(4l) mass spectrum 7F E
" ATLAS: MH = 126.0 + 0.4stat + 0.4sys GeV 6f E
" CMS: MH = 125.8 + O.4stat + 0.4sys GeV’} E

Only missing SM parameter

-2AInL

4 3
Error on the average (guess the value) 1
_ O 24~ 126 28
will be ...: my (GeV)
- New HCP Update
~04GeV (3 |
eV{3 permil] 77*0 4

- act of mass error on LHC yields
2 Cerutti - Higgs Factory

F.
lacee than A0A (\AI\AI/7 7 moct cancitit/ia)






The Couplings roadmap

Test Higgs boson couplings depending on available L:

Today
" Total signal yield p: tested at 20% (k tested at 10%) | 7/3 Tev

= Couplings to Fermions and Vector Bosons 20-30% |~ 10'115 fo-
® | oop couplings tested at 40%
® Custodial symmetry W/Z Couplings tested at 30%

" Test Down vs Up fermion couplings

® Test Lepton vs Quark fermion couplings LHC
Upgrade
[ | 1 .
Top Yukawa direct measurement ttH: Kt 14/33 TeV
" Test second generation fermion couplings: Ky v~ 3000 fb-1

ﬂnggs self-cau PJ{trﬂglgnggsurghngrs HHH: kH



The LHC Timeline

+ LHC startup, s=900 GeV

s=7~8 TeV, L=6x1033 cm-2 s-1, bunch spacing 50 ns
~20-25 fb-1

Go to design energy, nominal luminosity

s=13~14 TeV, L~1x1034 cm-2 s-1, bunch spacing 25

ns
~75-100 fb-1

Injector and LHC Phase-1 upgrade to ultimate design luminosity

s=14 TeV, L~2x1034 cm-2 s-1, bunch spacing 25 ns

HL-LHC Phase-2 upgrade, IR, crab cavities?

s=14 TeV, L=5x1034 cm-2 s-1, luminosity leveling




Shutdown to

fix
interconnects |,
and overcome
energy

® Luminosity

® Ultimate luminosity = esss|ntegrated - nominal

e |ntegrated - ultimate

limitation (LHC

mcidaoant nf
IMICIVUC]HIU Uil

Sept 2

o
o
Luminosity [cfi®s

0.0E+00

3.0E+34 -

2.5E+34 -

2.0E+34 -

1.5E+34 -

1.0E+34 -

5.0E+33 -

Q
—
o
o~

2011 |

2012 -
2013 |

Year ending

Shutdown to

; 000, Qovercome

beam intensity
l[imitation
(collimation,

1 1000, New Cryo P4,

=)

ted lumin

missing dipole

MBB1R? \ Q11
AR MB BIZRTY

F.Cerutti - Higgs Factory



i il 5 -..I‘-_'-
w i =
w fl e
J g S L RRC  y-

10000 | , e Around 2022 the
| ]16 Present Triplet
Inte magnets reach the
/ 1 end of their useful
o T - | 7 — / life (due to
. = / -~ / —» 12 radiation damage)
= V) (Vs s ..and will anyway
8 =/ Data — 102 need replacing.
‘E 100 : Doqbling / : E
= / | z = / '8 w In addition the
2 2| Luminosity of the
$ —— = -6 LHC will saturate
= 10 by then
(o} - N m S ™~ o0 o (B - 4
Time for an
Year ending - upgrade!
0.1 0

F.Cerutti - Higgs Factory



Machine(s):

Perform continuous Performance Improving
Consolidation and (during LS3) HL-upgrade

Detectors:
Need important upgrades to stand the harsher
running conditions after LS3

Need to keep detector performance for main physics
objects at the same level as we have togay



Extending the reach...

® \Weak boson scattering

® Higgs properties

B Supersymmetry searches and measurements
® Exotics

® { properties

Experiments are planning a Aachen-type
workshop in 2013 to assess their physics reach
d the iIlmpdttatiosagmythe detector upgrades



An example...

SM Higgs Boson Prospects
@ High Luminosity LHC

F.Cerutti - Higgs Factory



Signal Strength: p at 300 fb-1

CMS Projection

E>|<pected uncerta|inti.|95 ulzm o 10;b‘atlﬁ=;andlsTe\‘f o ;_|| 300 fb'1 at 14 TeV
Higgs boson signal strength p 22221: g:::gwmmeowum E Red: Scenario 1
Black: Scenario 3
H=yy Theory errors dominant for yy
H-ZZ
H— Ww | H——H | Most difficult channel bb
Ho1tzt
o bb Measurements at:
| u~10-20%
00 05 10 15 20 K ~5-10%
U =o/oSM

Similar results obtained by ATLAS

F.Cerutti - Higgs Factory



In conclusion....

}

v—'

Approved LHC 300 fb-1 at 14 TeV:
®  Higgs mass at 100 MeV

®  Disentangle Spin 0 vs Spin 2 and
main CP component in ZZ*

®  Coupling rel. precision/Exper.
" Z,W,b, 1 10-15%
" tu 3-2 o observation

" w andgg 5-11%

HL-LHC 3000 fb-1 at 14 TeV.:
Higgs mass at 50 MeV

More precise studies of Higgs CP
sector

Couplings rel. precision/Exper.
Z,W,b,T,t,p  2-10%
yy and gg 2-5%
HOHH >3 o observation (2 Exper.)

F.Cerutti - Higgs Factory

Assuming sizeable reduction of theory
errors




In Summary

B | HC experiments have entered the precision era
In the Higgs properties assessment, while
keeping pushing for discoveries.

® This Is just the beginning....

® Machine and experiments upgrades are
crucial to fully exploit the physics potential of
LHC

F.Cerutti - Higgs Factory



Key message

There is a program at the
energy frontier with the LHC for
at least 20 years:

/ and 8 TeV
14 TeV design luminosity






Next decades

Road beyond Standard Model

At the energy frontier through synerg
frontiet

ner9y
hadron - had {h-e way artne € B
ital \© guioe colliders (LHeC ??)

LG esW\'S _ o - lepton colliders (Lc(LcorcLIC)?)



High Energy Hadron — Hadron Collider
HE - LHC

Study of New Physics Phenomena

main challenge: High-Field Magnets

3434



HME-LHAC — LAC
modifications

HE-

LHC

Nur‘l:h Area S P S + |

T2\,

CNGS

TTE0 : Gran Sasso

[ |
1
fq[)
e .
2\ 1 CIN
mammm 2-GeV
. Bo r East Area
: ' ~ —
n-ToF ;\;._ff iy e :
— */ 4. 4 (] e
'/-'/ NeLutrons LElR [;_/" es
N e
July 23, 2011 S. My 3535

FCFA-FPS Grenoble



Very Long-Term Objectives:
2

NITMIO~" L0 QT CQLSIVDNE O MO Ir

High-Energy LHC

HE-LHC — main Issues and R%&D/*— —
LHC

ALICE

= s fpeHigh-gradient quadrupole magnets for arc and IR

NO!' NO!' N=_ON

# Fast cycling SC magnets for ~1.3 TeV injector
#@ Emittance control in regime of strong SR damping and IBS

# Cryogenic handling of SR heat load (first analysis; looks
manageable)

@ Dynamic vacuum S. Myers, L. 36

DA~~~


mailto:Ralph.Steinhagen@CERN.ch

c (nb)

Signal o and Yields: HL/HE

10° g

10°
10
10°
10°
10*
10°
10°

10’

10"

102

10° |

10* E

10°

10°

107 Lw

proton - (anti)proton cross sections

T LR | :' T ";"I : T 'A"'_ 109
d "m/ _ 10° Process
1 Tevaitron jLch |_H|-'|Ec " 10'
= 1" ggHOyy 350k 123k
3 110° 7,
_ o, 310t ‘}‘(EJ
110 g ggHO4l 19k 6.7k
E 0, (E" >s/20) - e
3 E Il
o 110 2 ttHOyy 42k 30k
‘o (. > 100 GeV) H10° qé
13 ttHO4H 0.2k/0.4k 0.16k/0.3k
- f 110° %
v 7 HOHHObb 270 160
B / . 0
2. | . 3 ‘°j LHC upgrades give access to rare decays

T Better signal Yields at HL-LHC

s (TeV) BUT Pile-up and S/B better at HE-LHC
F.Cerutti - Higgs Factory



Another option under investigation:
Very HE — LHC

civil engineering study for up to

80 km tunnel started

3838
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S # b '..:-.. o
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I,

Fit studies - ew 80 km tunnel in theGeneva ar "
42 TeV  with 8.3 T using present LHC dipoles

80 TeV with16 T based on Nb3Sn dipoles
100 TeV  with 20 T based on HTS dipoles

John Osborne |CERM), Carcline-Waaijer {CERM)

£ A L [y X 5 |
i i Pl R g =
¢ N ....l._.m'.-gll.r_.

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



Lepton — Hadron Collider
LHeC

QCD, Leptoquarks?

4040



LHC

S5P'S

neutrinos

ATLAS CNGS

Gran Sasso

LR LHe AD

recirculat N— BOOSTER

linac with ISOLDE
energy - East Area
recovery, ' ! '
or straight N\-Tof W @ X~  PS TN e
linac LINAC 2 (] e
neutrons O e

LINAC 3 2005 [78 m)

July 23, 2011 S. Myers 4141
Frank Zimmermann, UPHUK4 Bodrur-2016-EPS, Grenoble



Lepton — Lepton Colliders

4242



Both projects are global endeavours

and part of the LC effort g%,\\‘(\G

{0
N O

Wide range of Ph\g‘ d\sOOJplcs e.g.

NG

- Higgs -4 &%ys, in particular self coupling
5\\“9

XS
Y W Jion studies of Z, W, and Top

- new physics phenomena
4343



Linear Collider layouts
http://www.linearcollider.org/cms  hitp://clic-study.web.cern.ch/CLIC-Study/

W T b~
i
-

i
i
)

und b=

ILC 0.5 TeV — 30 km

$ ILC 1 TeV - 50 km
g
Drive beam - 95 A, 300 ns 797 klywtrans _ 797 Wystrons
from 2.4 GeV_10.240 NeV SIATR 6 cirpnn-et 8 0 LIS
drive beam accelerator f}n!‘;l*g:}m ; drive beam accelerator

POWER EXTRACTION — A CH2GRT m —— A e—
STRUCTURE I5m 25 1m
dlelay loop | = -1 delay loop
- " @ riar:suaramr M=ectors ot B m
%
L

275km 275 km PAED:
120m

Th =120 & main linae, 12GHz, 100 MV/m. 21.02 km a* man linae T.kmdu:.

AGCELERATING
STRUCTURES

48,3 km

CH: t:unl:mw rlnn
uuuuuu

CLIC 3 TeV: 48 km o
CLIC0O5TeV:13km ™ ...

S. Myers

booster linac, a.14 Gsy

45

FCFA-FPS Grenobhle



'IP Yearly Progress |n Cawty Gradient Yield

',b 2nd pass yield - established vendors, standard process 4% (:I:6%)
#>28 MV/m yield H >35 MV/m yield
2nd pass il 100 N w—l_ ?gf?i%ble
. l ¢ | mass
100 - j g T I T production
é 40 ! L
80 -
? KILC 2012
g 60 - 0 5 5 5 | 5
3 A A e P 1
> 40 - "99 test date #cavities 'és
. |  (#cavities oo v w 25 MV/m
o Yield in 08 ~ "09: ~ 500 @28 MVIm
~70% @ 25 MV/m |LC 2012 ° @ m
.. ~ 46% @ 35 MV/m
o o »
N S 3
S ¥ ¥
QO
Ny
test date (#cavities) v
BTG 12 GlibaDesighEffort 4545




CUIHILIUODIVIIL VUl CULiIC U\
chlrllpc

Ongoing test close to or on target

Main linac gradient
—  Uncertainty from beam loading

Drive beam scheme — Generation tested, used to accelerate test
beam, deceleration as expected

— Improvements on operation, reliability,
losses, more deceleration (more PETS) to
come

— Damping ring like an ambitious light
source, no show stopper
— Alignment system principle demonstrated

—  Stabilisation system developed,
benchmarked, better system in pipeline

—  Simulations seem on or close to the target

Luminosity

Operation —  Start-up sequence defined

. . —  Most critical failure studied

Machine Protection
—  First reliability studies

— Low energy operation developed

4646



Higgs-Strahlung dominates at
lower energies

max. cross section vs = 250
GeV

no assumption about Higgs
identify Higgs through Z
decay

very clean, model
independent signal using
the recoil method

5

Events / (0.2)

o 888888

gn&tautés GeVis idea e mact.... oo

because many decaygn

My [GeV]



Absolute ceerniration 2

of Higgs (Yukawa)- T |

couplings %{W‘;‘
3

Precision O(1-2%) in 0]
some cases :

- example corresponds to "ﬁ?“
250/fb at 250 GeV plus -
500/fb at 500 GeV

- 0O(10 years) running
time
. oo +20 %

Typical deviations from

SM couplings in a Two-

Higgs-Doublet model SM
—20 %

T I:”_ E m
/ o : 2 1.2_
:
e I
I
T N 1
i cT
B
o | u
] 08l
w1 |
10 10 101
Mass/GeV
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sinfer — B) —4-——— B 4
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High Priority Items for Linear Collider Projects

ILC and CLIC projects [ LC project

Construction Cost
Power Consumption

Value Engineering

5050



and beyond ?7??

5151



i, e - i .r

Muon Collider
Conceptual Layout

Major Challenges
1. Muon generation

2. Cooling of muons |ttt

Target

B2 ydmogen ions
Lear 'In.. SHF technology

3. Cost-efficient ity nasabe)| |
Muon Caplure and Cooling [

acceleration e T

cresate & 1ight besrn

Initial Accalaration

C D | | i {:! e r i.lt n g a n [:! In & dhiozen) Ums, Socserabea muon

b 20 e
|:] a C kg rD L_I n d 5 Recirculating Linear Accelerator
In a rumbsar of furns, accalaaie
= muans up to 2 Tel using SRF
from decays : N\
Collider Ring . b Fermilab Site
Bring positive &nd negative muons 2

nb codksion at two kpcations 100
MBS urndisrground

Higgs Boson properties




L \-"‘H '\

H--:l-.r:

. ngh grad|ent acceleratlnn requires high peak power and
structures that can sustain high fields
— Beams and lasers can be generated with high peak power
— Dielectrics and plasmas can withstand high fields

« Many paths towards high gradient acceleration
— RF source driven superconducting structure:- -(\J 40 MV/m
— RF source driven metallic structure- ma(\d 2 AV/m
— Beam-driven metallic stri*- \Og\es
— Laser-driven dlﬂé‘ \60‘(\“, ures } 1 GV/m
— Beam = gn W2 luic structures

_LadV
La RS, cn plasmas } 10 &Y/

— Beam-driven plasmas

5353
From: T.Raubenheimer, EPS
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* Rich variety of projects under study
at the energy frontier
and the intensity frontier

 Global — Regional — National Projects

[ Need to present and discuss all these projects in
an international context

[0 Need to present physics case(s) always taking into
account latest results at existing facilities

1 Need to present (additional) benefits to society

from the very beginning of the project
5454
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Roadmap (Japan) just publlshed

Roadmap discussion (US) next year

Update of the European Strategy for Particle Physics
iIn 2012/13 = Strategy of Europe in a global context

- Several Meetings with international participation
1 bottom-up process: lots of community input

- drafting document: 21-25 January

- Finalization: 23 May 2013
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ILC needs to be a global project

Two candidate sites:
Japan has expressed interest
to host the ILC Kitakami

top priority of Japanese
particle physicist

support in Japanese politics,

incl. significant financial ot
tribution e 3
con v ol
Possible staging scenario Tk

250 GeV Higgs-factory
>350 GeV at tt-threshold
500 GeV [1 ~1 TeV

This would define a physics programme for O(15 years)
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Japan has made important contributions at the energy

and intensity frontier in particle physics

Future contributions from Japan to particle physics are
vital for our field

This requires

- to continue the engagement in global projects
outside Japan, in particular LHC

- to establish all conditions necessary to host a truly
global project in Japan
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- CLIC conceptual design report by 2012

o

- Participation in all LC act|V|tlg“e(g‘J
AN

- LHeC conceptual r"a‘oﬂ. report early 2012
\2%°

- R&D for“oe@“‘ ‘eid magnets (towards HE-LHC)
oaWO

. Ge¥eric R&D (high-power SPL, Plasma Acc)

- Participation in Neutrino-Projects studied
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Membership for Non-European countries

New Associate Membership defined
Romania, Israel, Serbia in accession to membership
Cyprus agreement signed, awaiting ratification

Negotiations concerning membership ongoing with
Slovenia, and Turkey

Sev%g;c\ckgoy : tzﬁesste%)s(&rtelg?ss?ﬁjf interest in Associate

Membership raine, Brazil, Russia, . . )
CERN participation in global projects
independent of location

December 2008



.... make use of it
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