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July 4, 2012

“l think we have it” — Rolf Heuer, CERN’s Director General



JULY 5, 2012

the universe gets a little less mysterious

BY JEFFREY KLUGER _

The elusive Higgs boson 1s at last found—and \
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The Nobel Prize 2013

October 8,

. Nobelpriset 2013
Ll

“+ The Nobel Prize in Physics 2013 5‘.%1"&%%

e

Peter W. Higgs

Frangois Englert
University of Edinburgh, UK

Université Libre de Bruxelles, Belgium
"For den teoretiska upptackten av en mekanism som bidrar till forstaelsen av massans ursprung
hos subatomara partiklar, och som nyligen, genom upptackten av den férutsagda fundamentala
partikeln, bekréftats av ATLAS- och CMS-experimenten vid CERN:s accelerator LHC.”

“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.”

@ Nobelprize.org



[ What is the Higgs boson? J



















Fundamental building blocks?

electron
<10"%cm

proton
(neutron)

nucleus

. ~10""2cm
atom~10"cm

... but all of them are combinations of THREE particles.
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Fundamental building blocks?
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Fundamental building blocks? |

_—

Charge

+2/
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( Fundamental building blocks?
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Fundamental building blocks?

Fermions Bosons

BEEEEE 4
Tk LY M
-.. . They describe almost all
known physical phenomena
In 1964, there was a problem: the model worked
only if all elementary particles had ZERO mass

Force
carriers
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[

“Zero mass”?

—“Mass” is the resistance to transform energy into motion
Beach ball vs bowling ball : the lower the mass, the larger the speed acquired

— Can there be anything with no mass?
Yes: photons and gluons

—What if all elementary particles traveled at light speed?
* There would be no atoms
* No clusters of matter (hence: no stars, no planets)
* No life as we know it

—1In 1964, Higgs, Englert+Brout, Guralnik+Hagen+Kibble found a solution,
postulating a new field,
... and a new elementary particle.

L.R.
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Idea: Prof. David J. Miller Images: CERN
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“For every complex problem there is an
answer that is clear, simple, ...



“For every complex problem there is an
answer that is clear, simple, and wrong.”

— H. L. Mencken
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[ How was this particle discovered? ]
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.. TWO proton beéﬁ'rs Close to‘_the“ speed of hght -
. Stored energy: 35@%MJ (;TGV at 155 km/h) /

S~




« ~1600 superconducting magnets AR
* “Bunches” of 1.15x10"! protons: 30 microns x several cm i - .
* 40 million bunch-crossings per second
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s Dlscovery ATLA{S CMS "



- ATLAS before mstalllng
most of its components

-+ ~ 3000 scientists,
5 180 institutions, 38 countries
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182 institutions

~ 3000 scientists,



ATLAS ~25mX45m
~ 7,000 tons

CMS ~15m X 21.5m
B 4 . ~12,500 tons

Five-story building

\

T~

« About 100 millions sensors each
* Much beyond a 60-megapixel camera: 40 million pictures/second
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400 collisions
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The discovery of the Higgs boson

~20 pp interactions

 Fast selection systems (“trigger systems”) keep only ~
» Each pp collision produces hundreds of particles

» 40 M crossings per second x 20 pp per crossing
* If stored in musing CD’s, ...

« Each bunch crossing:

L. R. Flores Castillo




[ Worldwide LHC Computing Grid |

At the time of discovery:

> 170 computing centers

~ 40 countries

~ 250,000 processing cores
~ 120 PB storage (120 million GB)

47°21'40.40"N  32°01'11.56"W  elev-3524m



L. R. Flores Castillo

The discovery of the Higgs boson

August 6, 2024

41



Events / GeV

Data - Fit

4500
4000
3500
3000
2500
2000
1500
1000

500

200
0

-200

_+_
g
5]

TTTTTTTTT I T T T I T I I T I I T I ITT T[T TITT]TT
RARRN AR EERRN LR LR AL L L

1
b

L L L I L L L L L L L

Vs =7 TeV J Ldt=0.021b "' Apr 18,2011

ATLAS Preliminary
H—yy channel

— Background-only

lllllIIII|IIII|IIII|IIII|IIII|IIIIIlllIIlllllll

I

100 110

120 130 140 150

160
M, [GeV]

L. R. Flores Castillo

The discovery of the Higgs boson

August 6, 2024

42



4500

4000

Events / GeV

3500
3000
2500
2000
1500
1000

500

IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIII|IIII|II

13
]

+
5
jb)

— Background-only

T T T T I T T T T I T T T T I T T T T I T T T T

Vs =7 TeV _[ Ldt=0.02fb " Apr 18,2011

ATLAS Preliminary
H—yy channel

IIII|IIII|II[I|IIII|IIII|IIIIIIIIIlIIII|IIII|I

200

Data - Fit

0

-200—

100

110

120 130 140 150 160
M., [GeV]

L. R. Flores Castillo The discovery of the Higgs boson August 6, 2024

43



H-ZZ® > 4¢

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

H to 4u candidate, with m,,=125.1 GeV
pr (muons)= 36.1, 47.5, 264, 71.7 GeV m4,=86.3 GeV, ms,= 31.6 GeV. 15 reconstructed vertices
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Probability <.0.00003% .
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“l think we have it” — Rolf Heuer, CERN’s Director General



What is next?




Simulated event in the HL-LHC. ATLAS Inner Tracker, 40 signal muons with pileup of 140



Compact Linear Collider (CLIC)
B 380 GeV - 11.4 km (CLIC380)
P 1.5 TeV - 29.0 km (CLIC1500)

3.0 TeV - 50.1 km (CLIC3000)

/

LTB: Linac to Booster
BTC: Booster to Collider Ring

= IP1 SN
Super Synchrotron, SS . fom o \ BIC
Medlum Stage Synchrotron MSS 6/ %° Lmac

ynchrotron, p-RSC Proton Linac

IP3

CEPC/ SppC




CEPC Conceptual Design Report

L 4 -FJH-»IN,;L\ )

|
> ,‘ “l.

Disefio de estructuras superficiales y subterraneas del CEPC.

Imagen: CEPC CDR, Vol 1.
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FCC Feasibility Study

= Quatemary
=Lake
1800m — Wildflysch

Molasse subalpine
=Molasse
Limestone
=Shaft
= Alignment

an 0um
Distance along ring clockwise from CERN (km)

\ FCC-ee
¥
2 Y : 3770
= H 15500
v Cad
e Cable trays:
Fibre optic

Y LV distributi
M sl 5 1 s Controlcables .
: connections with Collider ring E

highway network

DC cable trays
HV cable
£
b
@ srrepenevcie |- % o é : Main ring below of booster ring -  Collider Center Collider Center
8 ""::”'" o ; o | Main ring and booster ring 1.03 m apart
Alre derepos

Source: Michael Benedikt, Status of the FCC Feasibility Study. CERN. 13 February 2024
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1 B KRB Fccee, || 10 years ) FCC-h,
~ 15 years operation ~ 25 years operation

FCC-ee dismantiing, CE
& infrastructure
adaptations FCC-hh

Tunnel, site and technical

Geological investigations, infrastructure
infrastructure construction

detailed design and tendering preparation

FCC-ee accelerator and detector R&D and technical FCC-ee accelerator and detector
design construction, installation, commissioning

High-field magnet
b industrialization and

PRI series production

Superconducting magnets R&D

FCC-hh accelerator
and detector R&D FCC-hh accelerator and detector

and technical design construction, installation, commissioning

Q-

[ [ o o o
Feasibility Stud Project Ib HLLAC O ti f FCC O ti f FCC-hh
easibility Study roject approval by . peration o -ee peration of -hh
(geology, R&D on accelerator, CERN Council Construction starts ends (15 years physics exploitation) (~ 20 years of physics exploitation)

detector and computing
technologies, administrative
procedures with the Host States,

(conservative estimation)

(or alternative project selected)

Source: Michael Benedikt, Status of the FCC Feasibility Study, CERN, 13 de febrero de 2024
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https://www.youtube.com/watch?v=dEcWjMX9oCw
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