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Scientific highlights (1978 — 2016)

O Cornell (1980-1983): Beauty physics & novel detectors technologies:
Crystals and photo sensors - L3, CMS, FACT and PET application

O CERN (since March 1983 at high-energy colliders):

;.f.& v 1983 discovery of the W/Z particle (UA1 experiment)
- - NP in 1984 to spokesperson (Carlo Rubbia)

1st Z discovered

CMS W 2
N/ '>,4‘ ‘;
O CERN: Nov 2009: recording first pp collisions with CMS at LHC i. r{rﬂ ::3\(1 ”/:dw; "i
July 2012: discovery of the Higgs Boson | ,J.:»:;«f’;‘:f‘j; ,\3“’,7” .
> NP to theorists in 2013 (Englert, Higgs) ,‘J\(-‘_,. N DY, )
FACT | 1}_,;;* A ;| oSS
A

gfi W O La Palma (Canary Islands, since 2004):
"9&

Oct 2011: first light” with novel camera for Cherenkov telescopes



4 July 2012: CERN press conference

@) “CERN experiments observe particle consistent with long-sought Higgs boson”
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“The highlight of a remarkable year 2012”

N A historic milestone — but only the beginning of a full
I exploitation of LHC physics potential



2013 Nobel Prize in Physics
to Francois Englert & Peter Higgs

“For the theoretical discovery of a mechanism that contributes to our understanding of the
origin of mass of subatomic patrticles, 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”
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Experlments challenges
very. high-tech, complex detecte
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agnets of 8.¢ ¥ - CMS  Compact Muon Solenoid :
J,)erfdJ At POKN(=271PC) : . ~ LHCb  Large Hadron Collider beauty
: ALICE A Large lon Collider Experiment
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The LHC Project: how it all started ....

1984 Lausanne workshop official starting point for work at the LHC: E,..= 18TeV 2, L = 1033 cm2 s ?

1987 La Thuile workshop: comparison of LHC, CLIC (e*e~), e-p option
LHC: E,,, = 16TeV, L = 1033 cm? s' — 103* cm=? s, e-p: 1.3 - 1.8TeV, CLIC: 2TeV

End 1980°s the first collaborations started RS

h 1992

1990 Aachen workshop: LHC physics and instrumentation Sk
Eon ~ 16 TeV, L= 10% cm? s

1992 Evian workshop presentation of Eol (in March) Sl

proto-collaborations
Lol presentation at CERN (in October)

GENERAL MEETING on LHC R
-

Phy Objeclives
[} (;v’n‘ons of Iuterest

Detectar R&ED
¥ x -

oo W)

1995 LHC conceptual design: 14 TeV, L = 1034 cm?2 s

1993 SSC cancelled (87 km, 40 TeV)



(A

C ) Physics motivation / goals — as in the late 1980’s
: hefore the start of LEP in 1989

(i ﬁ Dark Matter?
Quarks and Leptons Haclloll'gns Nuclei A'I.uﬂ“’

Particle masses?

10-9%s 10%s 3 min

Time after Matter-AntlmatterAW
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| Very intense period of R&Don-

novel detector technologies, = =

readout electronics, computing, g
= experiments started to take shape '

Approval of the LHC experimental
programme by CERN Council
middle of the 1990’s:

a

a clear scientific vision and an excellent
discovery potential

tying together human and financial resources
from around the globe for a common
scientific goal

realization of long-term project requires
strong and steady support from all CERN
Member States and the participating
institutions in the experiments

Funding commitment for the next ~30 years!!
However: be realistic about the time
schedule!



Construction of CMS



Surface building
in 2006



P Lowering .of central

(11 T and heaviest
P e (Y M. " element (~ 2000 t)

e ryes A . it __ - on 28/02/2007

~10 cm clearance
between detector and
balcony barrier

weight of ~5 Jumbo jets,
or 3.5 Airbus380-
planes....




Lowering of the last heavy element on

22 January 2008
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July 2008:

A
\\“

™\

Pixel detector installation
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ETH Instltut(jf()r
Universitat
Ziirich™
Weight: 12’500 t
Diameter: 15 m
21.6 m
Magnetic field: 4 T

Length:
~ 100M individual

detecting elements
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Other success factors .......

O Technical Coordination, Trigger/DAQ, ....

Sergio Clttolm '
Trigger/DAQ

O Evaluation procedures based on peer review (LHC-Committee)
LHCC: follows experiments (milestones, ....) till end of project

any major technical change needs to be evaluated by the LHCC
("CERN model”)



CMS: a truly global scientific project

CMS authors for Higgs discovery paper 500
450

Austria _Beighm - Sulgvia
] / pColmisy  Coxch 400

Croatls _~
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CMS: ~3000 scientists, ~40 countries,
~200 institutes

Impact of large international collaborations:

O a place where people learn how to work together

O cooperation and competition are the path to success

O open access and sharing results allows everyone to participate
and contribute to new developments




.... you learn how to collaborate / to manage ...

Marketing
Manager
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/ / LyTr) E\>ans\
‘Father of the g/gb
atom- smas)ver”

“Meet Evans the Atom, who will end

the world on Wednesday”
7/09/2008

Sept 2008 - first protons circulating - 9 days later: incident in sector 3/4

Le ca ard “A cause d'une soudure mal faite,

encha“‘e la fin du Monde est reportée a I'an prochain”

M‘blw-lh-wd




Timeline of the experiments

vl

-5 oHl@ (my = 150GeV)

7TeV |,

‘ ' 2015 —=2018: 13 TeV (=>14TeV)

)010: 7 TeV > 2012: 8 TeV > Higgs discovery

s circulating (E.,,=2.16 TeV)

Events/sec for L = 1033 cm2s-1

circulating - 9 days later: incident in sector 3/4

riments - 2008 ready to take data

yproved (many years of R&D)




@ 4 July 2012: CERN press conference
V) “CERN experiments observe particle consistent with long-sought Higgs boson”

5 Experiert at the L

(h\\ . 3 2012-May ‘:! :‘(: ;:‘!45:“'4 omT
wee gt did we look for?
what did we observe?

~ 200 Higgs events in ~ 4 Billion events recorded



@ 4 July 2012: CERN press conference
V “CERN experiments observe particle consistent with long-sought Higgs boson”
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More data by end of 2012 .....

CMS Preliminary

w
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|£|Data126(3 y Ns=7TeV:L=0.0fb"
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Shown in Stockholm when
the physics NP was
announced in Oct 2013
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The 13 TeV data (2015/2016)......

August 2016: ICHEP 2016

ATLAS-CONF-2016-079 CMS Preliminary 12,9 fb" (13 TeV)

35" ATLAS Preliminary -*., 2
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m(Higgs) = 125.09 = 0.24 GeV (0.2% precision)




@ 4 July 2012: CERN press conference
., “CERN experiments observe particle consistent with long-sought Higgs boson”

Why was this discovery important?

i,

o
)

N

Newton: weight proportional to mass

No explanation of
origin of mass

4

Einstein: Energy related to mass

4 A Y,
A‘ﬁ?é{" Y "

Where does mass come from?
Is it related to the Higgs Boson?



The Standard Model of Particle Physics

very successfully describes the interactions between the fundamental building blocks of matter,
built on the powerful principle of gauge theories.

. ' ' The Brout-Ethert-Higgs mechanism

=
=

»_Hié_;'g'é'Llfa;bgon. _ <



Luminosity delivered by LHC . C. Anastasiou, K. Melnikov
Higgs boson production at hadron colliders in NNLO QCD
_ .+ (Nucl.Phys. B646 (2002) 220-256); I

- a_nmﬁ. Prem
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LHC integrated luminosity by year
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2016: CMS data taking efficiency: 93%

CMS recorded so far ~ 6x10'! events,
requiring a storage capacity of 20 PB




The Standard Model (SM) of Particle Physics
... iIndeed a highly successful theory , but ......

Beyond the SM

Why is the Higgs boson so light?

What about Dark Matter?
a new form of matter must exist > what is it?

Is there a unification of forces?

— N <

Supersymmetr Extra Dimensions

y

N[\ symrr;etry groups,
new interactions, substructure




Since the start of LHC we have searched for new physics

Show all Total Ex Standard Mod Supersymmetry Higgs Top Physics

Meavy lon

553 coliider data papers submitted as of 2016-11-01
Ey Pl
cXOolca
o

CMS publications

signals beyond
the SM (yet)

Similar Plot for ATLAS



Statistical fluctuations — the 750 GeV Story

2015 data: some excess observed by both experiments around 750 GeV ..M.

CMS Preliminary 12.9 b (13 TeV)

¢ Data
—— Fit model
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10" &~ ATLAS Preliminary

* Data
— Background-only fit
Spin-0 Selection ]
(s =13TeV, 2016, 122 10"
] 2016 data:
not confirmed

(ICHEP2016)
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M . . .
) Timeline of the experiments

Intense R&D programme necessary for
upgrade of LHC and detectors

HL-LHC | 2026 — 2035: 14 TeV: 3000fb""
RUN 3 [ 2021 — 2023: 14 TeV (2xL,...): 300fb1

"?

RUN2 . 2015 —-2018: 13TeV(914TeV

RUN_4g/@ "March 2010: 7 TeV > 2012: 8 TeV > Higgs discovery

Oct 2009: Recall o
So far we have accumulated ~1% of luminosity we

Sept 2008 > first | €xpect by the end of the HL-LHC! 4

~ 1999 start construction M. Mangano: “Claiming now that the LHC is
useless, is like stopping a soccer game after 54
1992: Eol & Lol > 1994 TP > seconds, just because there was no goal yet.....

7






A new landscape of physics?

; z, e - - 'Q’-:,f’ .'
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The high-energy frontier: a possible landscape?

CLIC?
M Physics 2035+7?

FCC-pp?
(FCC-ee)?

g_— Physics 2035+7? R~ SppC (China)?
PE_C (3032)?9 ”» Physics 2038+?
ysics +7 o l

w -8
CepC (China)?
Physics 20287

|LC (Japan)?
") Physics 20287

LHC / HL LH

for the next ~20 years




The high-energy frontier: a possible landscape?

Clic

SCHWEIZ

General considerations:

i

which machine (E,,, and Luminosity) must be driven by W &z
physics w’;f o

O ambitious in scope, very long preparation time (LHC QZ=es - &
~ 20 years) - P ot i 5 4

O intense, cutting-edge R&D is vital (as it was the case
in the past)
must be a global project




The Frontiers of Particle Physics

Eneray rontiey

@riginfeiimass

ASYmm -arr/

f Dark
Matter/Antimatie’

High precision
Matter:

physics at low

energy at the PSI
(nEDM, p—>e'*e*e, ..)

Neutrino
physics

Intensity Frontier
Je!lUOJj o!uJSOO



The Cosmlc Frontler

MAGIC and F.
Rogue de los Muc

’d

La Palma (2225 m)




FACT

Oct 2011: “first Ilght” e
W|th novel camera"
for CherenkOv

Based on the success of FACT:
> 50% of future CTA telescopes will have a
G-APD/SiPM based camera

Cherenkov. Telescope Array (CTA) p&o@
E,~20GeV-100TeV _

© P.Vogler
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Thank Xou very much !!!
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