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(Francois Englert, Université
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"3a meopemuune GIOKpUMMA MEXAHIIMY HAOYMMA MaAcU
CyoamomMHuUMuU YACMUHKAMU, AKUI 0Y68 RIOMEEPOIHCCHUU
BIOKpUMMAM NepeodaueHoi eaemeHmapHoi 4acCmuHKuU 6
excnepumenmax ATLAS ma CMS na eéenuxomy aopornnomy
xonanoepi ¢ I[EPHi *

Ceminap TepHominbchkoro ocepenky Y®OT, 13.11.2013 p.



""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 "
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University of Edinburgh, Edinburgh

Date and Place of Birth —
29 May 1929 at Newcastle upon Tyne /
Northumbria, United Kingdom -
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Degrees
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« PhD 1954

Professional Career
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— King’s College London 1953-1954

— University of Edinburgh 1954-1955 { &
 Senior Research Fellow, University of Edinburgh 1955- 1956 3
* ICI Research Fellow, University of London IS
— University College 1956-1957 . | '
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* (On leave University of North Carolina, Chapel Hill) (1965-1966)

» Reader in Mathematical Physics, University of Edinburgh 1970-1980
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 Professor of Theoretical Physics, University of Edinburgh 1980-1996
 Professor Emeritus, University of Edinburgh 1996 -
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2013
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* DSc Heriot-Watt University 2012

* DSc University of Durham 2013
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Francois Englert

Belgian citizen.
Born 1932 in Etterbeek,
Belgium.

Ph.D. 1959 from Université Libre de Bruxelles, Brussels, Belgium.
Professor Emeritus at Université Libre de Bruxelles..

Office: 2.N.7.106
Phone: +32 2 650 5580
Email: fenglert AT ulb.ac.be
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Diplome universitaires :
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Licencie en Sciences Physiques, Universite Libre de Bruxelles, 1958
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Theory of a Heisenberg Ferromagnet in the Random Phase Approximation
F. Endglert

Fhys. Rev. Lett. ©, 102 — Fublished T August 1960
Cited 38 times - Show Abstract - View POF

Linked Cluster Expansions in the Statistical Theory of Ferromagnetism -
F. Englert

Fhys. Rev. 129, 567 — Fublished 15 January 1963
Cited 105 times - Show Abstract - View POF

Thermodynamic Behavior of the Heisenberg Ferromagnet
F.B. Stinchcombe, G Homwitz, F. Englert, and E. Erout

Fhys. Kev. 130, 152 — Fublished 1 Apnl 1963
Cited 81 times - Show Abstract - Wiew POF



Prizes and awards:

1977: Lauréat du Prix de Sciences Mathématiques et Physiques A.
Wetrems de I'Académie Royale de Belgique

1978: First Award for Essays on Gravitation, '""The Causal Universe"
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2004: Wolf Foundation Prize in Physics
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PoOepTt bpayr,
Robert Brout
(1928-2011)
Born June 14, 1928
New York City, USA

Died May 3, 2011 (aged 82)
Brussels, Belgium

Nationality ~ American and Belgian

Education:
New York University(BS)
Columbia University(PhD)

Career:

Cornell University

University of Rochester

Universite Libre de Bruxelles
emeritus i 1993
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be3 nonsa Xieeca ...

EnekTpoHn Ta KBapku He Mmarnun 6 macwu
ATOMMU He yTBOpUNUcA 6

be3 atomiB He Oyno 6 XiMIYHUX CMOMYK ...
... He byno O XutT4
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Monekyna  ATtom Aapo MpPOTOHM Ta HEUTPOHM KBapk

KBapkoBa CcTpyKTypa npoToHa

/@) € - neutrino e electron

*f.) strange Ll - neutrino | ﬂ_ muon

:@ bottom T - neutrino




CtaHpapTHa mopernb

EnemeHTapHI YaCTUHKMK dyHaameHTanbHI B3aemogail
KBaHTU
S EeJIeKTPOHHe MIKOOHHe Tay .
T o < < erfleKTpoMarHiTHa c¢oToH
cl__) HeNnTpuHo HEeNnTpPpUHO HEeNTpPUHO
C
g €JIeKTPOH MKOOH Tay-Me30H

Xirrc cnabka W, Z -6030HM

BEpPXHin YyapiBHUU ICTUHHUI

KBapku

HWXHIN AUBHUN KpacuBuun CUNBbHA FIOOHU

Anti-kaon Kaon
down Strange




The Nobel Prize in Physics 1979
Sheldon Glashow, Abdus Salam, Steven Weinberg

The Nobel Prize 1n
Physics 1979

Sheldon Lee Glashow Abdus Salam Steven Weinberg
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MexaH13M HaOyTTs MacH YaCTHHKaMU

Higgs  Kibble Guralnik Hagen Englert Brout®
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Broken Symmetries and the Masses of Gauge Bosons
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BROKEN SYMMETRIES AND THE MASSES OF GAUGE BO30ONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

In a recent note! it was shown that the Gold-

&
stone theorem,” t  ip_ w_ Higgs, to be published.

theories in which  j, Goldstone, Nuovo Cimento 19, 154 (1961);
symmetry under J. Goldstone, A. Salam, and S, Weinberg, Phys. Rev,
contain zero-mas 127, 965 (1962).

the conserved cu i, w, Anderson, Phys. Rev. 130, 439 (1963).
ternal group are coupled to gauge fields. The

purpose of the present note is to report that,

as a consequence of this coupling, the spin-one

quanta of some of the gauge fields acquire mass;
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Broken Symmetry and the Mass of Gauge Vector
Mesons
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F. Englert and B. Brout
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s 3 degenerate with respect to a compact
Lie group.



% RBroken symmetry” has been extensively discussed

by various authors in the Proceedings of the Seminar
on Unified Theories of Elementary Particles, Univer-
sity of Rochester, Rochester, New York, 1963 {unpub-
lished).

'J. Goldstone, A. Salam, and S, Weinberg, Phys.
BRovw, Er 260 {1563}.

*S. A. Bludman and A. Klein, Phys. Rev. 131, 2364
(1963).

"A. Klein, reference 6.

""R. Utiyama, Phys. Rev. 101, 1597 (1956).

g, A. Johnson, reference 6.

K. A. Johnson, reference 6.



The Nobel Prize in Physics 2008
Yoichiro Mambu, Makoto Kobayashi, Toshihide Maskawa

The Nobel Prize 1n
Physics 2008
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Yoichiro Nambu Makoto Kobayashi Toshihide Maskawa



Bo3oH Xirrca nopyLuye enekTpocnadky B3aemogito,
Hapatoun macy WE ta Z° 6o3oHam.
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DynoamenmanvHi 63aEMOOLI MidC eeMeHMAPHUMU YACMUHKAMU.
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Richard Feynman A Feynman Diagram for two electrons repelling each other



Secret of the weak interactions:
The Higgs field is nonzero even in empty space.

location in space mmm

w= [ mmmmm{f / a-,,,«_—,[“ﬂ_'in
k<A

_i F2,F°" +ig*y* Do + (ﬁiﬁlﬁ - lu:.) — |D @2 - F{i}] }

http://vmsstreamerl.fnal.gov/Lectures/LectureSeries/130612Carroll/



A quasi-political Explanation of the Higgs Boson;
for Mr Waldegrave, UK Science Minister 1993.

http://www.exploratorium.edu/origins/cern/ideas/higgs.html
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Organisation Européenne pour la Recherche Nucléaire

Conseil Européen pour la Recherche Nucléaire

3acHoBaHuK y 1954 polli.
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1973: BigkpnTtTa “HenTpanbHMUX CTPYMOBUX 30yaKEeHb”

1983: Biakpnutra W Ta Z 6030HIB — KBaHTiB cnabkoil B3aemoaii
1989: Bn3Ha4eHHSA KinbKoOCTi BUAIiB HENTPUHO

1995: YTBOpPEHHA NepLUOro WTY4YHOro atToMmy aHTUTiAPOreHy
1999: BigkpnTTa nopyweHHA KomMmbGiHoBaHoOiI CP-cumeTpii
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B cBiTi HanivyeTbca 26,000 aitoumx npuckoproBadis

~ 1% pocnigHuubKi ycTtaHoBKM ans eHepriv > 1 ['eB,
~ 44% BMKOPUCTOBYIOTbLCA B pagioTepanil,

~ 41% anga IoHHOI IMNNaHTaull,

~ 9% B NPOMNCNOBOCTI,

~ 4% ana 6iomeandyHmnx oocniaxeHs..

Tevatron Fermilab, 1987—present
Relativistic Heavy Ion Collider BNL, 2000—present
Large Hadron Collider CERN, 2009—present
Super Large Hadron Collider Proposed, CERN, 2019—
Very Large Hadron Collider Theoretical




Large Hadron Collider- CER

proton proton colllsr@nSFat 4




e e S
CERNMN

|

. e o E oo ow



iy




Heike Kamerlingh Onnes







NalZ

ey

_
|
|

N




ki
Wi

K







Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Trac |(| ng Tracker

Pixel/SCT detector

Neutrino|

The dashed tracks
are invisible to
the detector













Compact Muon Solenoid
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CMS event




31TKHEHHSI MPOTOHIB y KOJIaWAEp1

(|

IPOTOH

\’T"I_ A ’aﬁa-..
HJJ,;_;H,__',’&;)}’

=3

Pyxarouunce 31 mBUIAKICTIO 99.999999% mBHAKOCTI CBITINA,
MaroTh 7000 I'eB eHeprii KOXeH.

EHepris 103BoJIsi€ IPOTOHAM I1O40JaTH B3a€EMHE BIAIITOBXYBAHHS Ta
HAOJIM3UTHCS TOCTAaTHBO, 1100 1X KBAPKHU Ta INIFOOHU B3a€EMO/IISIIN.



31TKHEHHSI MPOTOHIB y KOJIaWAEp1

KBapku pi3HUX MPOTOHIB B3a€EMO/I1F0Th, OCKUIBKH 1X
TJTIOOHU JIOCSTal0Th 1HIIUX KBapKiB



31TKHEHHSI MPOTOHIB y KOJIaWAEp1

DopMy€eThCSI HOBUH TJIIOOH, IO 3B’ S3Y€ MPOTOHH.
Buninserscs KIHETUYHA €HEPT1sl MPOTOHIB.



YTBOPEHHA HOBUX YaCTUHOK

t-KBapKU € BaXKKUMH, OTKE
CUWJILHO B3a€MOIIOTH 3
IIoJIeM Xirrca.

Bonu MO.)KYTI) YTBOPUTHU X/e
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Tmioon IIEPETBOPIOCTHCS HA
BIpTYaJIbHY TIapy KBapK-

AHTUKBApK

IIpoToHu po3namarOThCI HA
ITOTOKH YaCTHUHOK, SIKI
dbopMyroTh (DOH, ajie HE MICTATh
HOBHUX YaCTHHOK.




bo3oH Xirrca po3najgaeTbcs HA MIOOHU

MIOOHHM Ta aHTUMIOOHH MO>KHA
0€3MoCcepeIHbO CIOCTEPIraTH B
NETEKTOpaX.
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CMS Expeniment at the LHC, CERN
Jata recorded: 200 2-May-13 20:08:14 521450 GM |
‘ Run/Event. 194104 /7 564229000

.
-

CMS Experiment, CERN
4 July 2012

Summary

In a joint seminar today at CERN and the “ICHEP 2012” conference[l] in Melbourne,
researchers of the Compact Muon Solenoid (CMS) experiment at the Large Hadron Collider
(LHC) presented their preliminary results on the search for the standard model (SM) Higgs
boson in their data recorded up to June 2012.

CMS observes an excess of events at a mass of approximately 125 GeV[2] with a statistical
significance of five standard deviations (5§ sigma)[3] above background expectations. The
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vy channel: the yy mass distribution is shown in Figure 3. There is an excess of events above
background with a significance of 4.1 sigma. at a mass near 125 GeV. The observation of the
two-photon final state implies that the new particle is a boson. not a fermion. and that it cannot

be a “spin 17 particle.

ZZ channel: Figure 4 shows the mass distribution for the four leptons (two pairs of electrons.
or two pairs of muons, or the pair of electrons and the pair of muons). Accounting also for the

decay angle characteristics. it yields an excess of 3.2 sigma above background at a mass near

125 GeV.

WW channel: a broad excess in the mass distribution of 1.5 sigma is observed.
bb and Tt channels: no excess is observed.
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Z2-sigma: 95.5 percent

i

J-sigma: 99.73 percent

4-sigma: 99.993 percent
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a-sigma: 99.99994 percent
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The next level of discoveries

10,000,000
The next level of: Power Scale Efficiency Intel CPU Trends
(sources: Intel, Wikipedia, K. Olukotun)
g . K fransisfors
12,000
L0000
B 100
=
A 10
I.I 1 1+ F + Pt B ———_—
v - soe? AP ()
aPer il A9
0

- - 1970 1975 1560 1985 199 1595 2000 Z00% 2010

Figpare 1. bmel CPU 10adct one (faph upiued Augot! D08 MThdl & el o gasd frare Ducers baw ite ()




Fermilab accelerator 1mpr0vements

T Recycler RF to meet g-2 and mu2e

_ N\ requirements

N e Delivery ring for custom muon
Recycler Ring e beams

New tunnel to muon campus

Peter Winter (ANL), Muon g-2 at Fermilab, 46
60
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Peter Winter (ANL), Muon g-2 at Fermilab, 46th Fermilab Users Meeting, June 2013




Long-term goal for
worldwide particle physics:

International Linear Collider.

Construction start in 2016, collecting data by 2026?
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