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< Isﬂe)ﬁfﬂi of God Particle
“Traveling Back In Time
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The Birth of God Particle: Meet the Creaf{)rs

e Englert, Brout, Phys. Rev. Lett. 13, 321, 31 Al st13
Broken Symmetry and the Mass of Gau ueg tc(rﬁMesons
/
( /(‘ \

r Higgs, Phys. Rev. Lett. 13, 508, &0 e‘yi
Broken Symmegr an‘ﬂ)the Ntassgs of Gauge Bosons

<) / \ \ ’
r Guralnik, Hagen,ﬁ \)Iﬁs(RéV)Létt 13, 585, 16 November 1964
Global ﬂ\onse |<irrlj\ma>nd Massless Particles

. ()\} N
Co rlbut%rs/over yﬁars Anderson, Brout, Englert, Guralnik,
@ Hagen, Higgs, Kibble, and 't Hooft

Peter Higgs: It's not Higgs boson but ABEGHHK'tH boson



The Birth of God Particle: The Man Behind thg»
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“ the effort to reduce all the operations of nature
to a small number of laws governing a small
4
number of primordial objects ’
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"Asgard fér-God Particle ?

AN
Asgard of God PartiEIg\\ /,; \Q) )
The_§tqn‘\ d\fodel (SM) of Particle Physics

<) S
(Fgrdians <
J Elementary Particles

Basic Interactions and mediators
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Theory: Glashow, 1961, Weinberg, 1967, Salam, 1968

Sheldon Steven Abdus
Glashow Weinberg Salam

Theory: Greenberg, 1964, Han, Nambu, 1964,
Bardeen, Fritzsch, Gell-Mann, 1973

o0} 4
David H. D. F
Gross  Politze Y

)

?)

o C.R. Tom Gerald
~ N\ Hagen Kibble Guralnik

(%7 "

Peter Francois
Higgs Englert

PRe: “

Theory: Nambu,
Jona-Lasinio 1961

Gerard Martinus
't Hooft ). G. Veltman

Yoichiro Nambu Theory: Brout, Englert, Higgs, Guralnik, Hagen, Kibble, 1964

Brout
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Asgardians for God Particle \
Basic Interactions and mbéléta'rrs

:::7:41:%;;}/@ it
,Q “r/ Y ’ X

»(frawty is not included in the SM

e

Strong force
binds the nucleus

Gravitational force
binds the solar system
Electromagnet#

force binds atorns (‘

strong -C )9 ¢ e 10-15 Gluons (g)
<) SEr
e s o

electro&? ne g /137 infinite Photon ()
c)j g

weak £  10° 1018 W+, W-, Z
S
Q

gravity £ 6x103° infinite Graviton (?)

March 12, 2019

Mediated by

7/ 30



Universe Asgardians for God_.RPa Krtlc/e

Galaxies ;
10°'m C

Solar System

Molecules
10*m

Nuclei
10™m

Quarks

" ————— Elementary: fundamental til/ date
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Asgardians for God Particle

mass - =2.3 MeV/c? =1.275 GeV/c?
charge - 2/3 u 213 C
spin = 1/2 7 1/2 4
up charm
=4.8 MeV/c* =95 MeV/c?
-1/3 d -113 S
112 12
down strange
-

Elementary Partlclc-}go < <\/

=173.07 GeVic*

t

top

2/3

12

In SM neutrinos are massless

0511 MeVic? 105.7 M9V$ i : po 91.2 GeV/c? 1 eV/c2=1.,783x10"3¢ kg
- ) o 0 C =1 in natural unit system
172 e [ § . («. }72 7 1 b
<)~
- / -5 2
electron muon >, tau Z boson
(A 7

Mat f_s)) Massless Massless 80.4 GeVic?

= 0

0
-I)e 12

Du

muon
neutrino

12

- electron
neutrino

@

112 1 W

tau W boson

neutrino



Electron Muon S. Neddermeyer S The Particle

(1897) (1936)
b - /
; A

Theory: Pauli, 1930
e- Neutrimf\

. D. Anderson

K . Frederick
J. ). Thomson "'N,E;E;!nf“(g'gsz) Reines
Theory: 1970
1:-Neutr|n
2 Simon van
°||/ der Meer
4 \ )H’* W Z UA1, UA2 (1983) CERN
Leon M. Melvin Jack Loty & Theory: Glashow, Weinberg, Salam, 1968
Lederman Schwartz  SteipMerger /( (‘ ) ) “v Gluons
) DORIS (1978)

PETRA (1979)
DESY

Theory: Gell-Mann, 1962

Light quarks <~
(up,down,strange

SLAC (1968)

T. Maskawa M. Kobayashi
L Bottom quark Top quark
Burton Samuel FermiLAB CDF & DO

Richter ~ Ting (1977) (1995)
d (s Charm quark Higgs boson oot :
Murray George SLAC,BNL (1974) ATLAS, CMS (2012)H|e e; Frangois
Gell-Mann  Zweig Theory: Glashow, LHC-CERN 99 Englert
Theory: 1964 lliopoulos,Maiani, 1970 Theory: Brout, Englert, Higgs, Guralnik, Hagen, Kibble, 1964
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Inside Asgard of Particle Physics
S The Stapgard Model
e

?

Leptons

() 1efers <
), Letters \y\Electromagnetic

Weak
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Asgard of Particle Physics =
is ruled by symme

e

Those laws forbid mag tedh
. < &/ !

»* rx / :
Most of the elemﬁt—\/éﬁ@'lé'
p a\. 2 J 7 f

)

’ . { i - &
A@J’ o/fParticIe IAl&y seeks Protection. £\
& from symmetry:De

Sy
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When Sym_metry Forbids

YOU SHALL NOT PASS

2. Honzon{?syﬁm‘ei
j &urvives

Consider the followif ;/
English alph@t M.N,O,P

\ ( /\//

(0 /.(:\ \\//

7k ical mirror

- Reflection symmetry
NP .

M, O survive



Observation: Ry

Asgard of Particle Physics is ruled by Gauge sym ;/
Mass t ‘)el‘grbldden

(\ (/ \
g ! our ¥ *9/ Crisis:
Mest gf t

ele%nbnfary particles and

Sav O u r )Q // = ‘ ‘) force mediators are massive

>
2
g <y

Solutions:) VQ 4

S@neﬁus symmetry breaking and ABEGHHK'tH mechanism

Thanks to God Particle
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Spontaneous symmetry_l<eaking
Not the place of minimum Energy (s ( 7

i Place of minimum Energy: Grou C
rkdg\'\ & \\

/
Will remain same ungr rot. 2‘2

All directions on this Grey cir Ie?a)e the san‘)e\ﬁfo’m Pencil’s viewpoint

{@‘}Eh‘bt unique

\\ )/ B

The gmtqsztat/rgﬁéi\af a SPECIFIC direction -
©) -

The Rotational symmetry is Broken Spontaneously

without any external influence
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Spontaneous symmetry breaking in the SM .

-

.

“GOD Particle’s” Potential
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When Massless becomes Massive: ABEGHHK'tH m(icl\anism
r‘)g P2
* AP
Gauge Sector: All Massless with 2 DOF G\ 5(4 ié‘ DOF
Wn bw:qn jguge symmetries
AR

s H. - ,H‘,) Would be God

OO S

Higgs sector: Each with 1 DOF

1=

Translational Movement
in Three Perpendicular Axes

m‘ Sulge
J Degrees Of Freedom: Independent Translation / Rotation / Vibration

Su rge: Moving forward/backward
ave: Moving up/down
Sway Moving leftiright
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When Massless becomes Massive: ABEGHHK'tH mechanism

Massless th vﬁ:{ DOF

‘('{4

(\/
Three Massive with 3 DOF eaclg, (\
. < /5 R\ Massive God Particle
Spontaneously \@/ ) @ with 1 DOF
gauge sym me
P ) o

3Xx3 +2'$£=12 DéP match 5/

((T

N

Lep?gw & Quarks masses through Yukawa interactions
Gluons remain massless



The Nobel Prize What took it SO "Qﬂg?
in Physics 1906 ~ <,

_) 7
Joseph John Thomson ( )

S ¥ Electron (1897) ’\\) \

= ¢ \
The Nobel Prize in Physics 1906 was awarded to J.J. Thomson “in ) ( / o N 4 \//
recognition of the great merits of his theoretical and experimental - / e \/

-
investigations on the conduction of electricity by gases". . \/

J. ). Thomson N

The
Nobel
Prizein
Physics

2013
Frangois Englert Peter W. Higgs
The Nobel Prize in Physics 2013 was awarded jointly to Francois
Englert and Peter W. Higgs “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”

Higgs boson (2012)

Brout, Englert. Higgs.
Guralnik, Hagen, Kibble
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From LEP to LHC: The quest for God Kartlcle

LEm
1hm

Large Electron Positron gojder a.k.a LEP

wees  Energy ~200f€2§’h pk%ix e

Insufﬁmenw@\d ect God Particle

OPAL-
et e collider

1989 - 2000

N J . proténs

Energ\\>,20 Gf okd 1987 - 2011 - CDF -
e ’ ; Tevatlon

Length‘ﬁjb;}gfgffet

Not a ect}robe for &od Particle antrprotons 1 KM 5
Q EJ) S p p collider &

cted Exclusion limits

With 1 GeV we can probe a distance of 10"°* m
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From LEP to LHC The quest for God I@rtlcle
e Large Hadron Cdﬁdeﬁa‘ﬁ a LHC

Energy 00
i ed\ \}0 20 m
Dlsc@‘ﬁaqmn

(\panpotyg;zfor precision study

\\ \ /
/
45F
; AN
4* July 2012: G '&\ATng announced
<} (\/ -9(\/ g God Particle Discovery
- / - ‘/
7

7
@ The Saga of the SM Ends here ?

How large is 14 TeV ~ Kinetic Energy of a Ping-Pong ball (~3 gm) moving with a speed of ~4 cm/sec
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The standard model gives 1is an
accuracy of ten decimal digits, this is
an amazing success that has never

been achieved before in science.

| D &
— [rathan Yei érw;!.- —

Em’inence of the SM

24

— =
JEAPN
-<) IO
(Goous agnetic
Al @ous Magnetic Moment of muon

.
[P — a5 = (28.7+£8.0) 1071 99

[L




God Particle is here... It's All Over or NOT,?

i & : l!f‘
=) Asgard of Parflcle ”hYs J

" complete’now butis i* SAFE 7.
Y E% 4 -

2 4 ¥z

No ic’s NOT' !




v [c 0d Particle itself is the most SERIOUS é\reat !

C ) g
Suppose SM is the only theory for Particle Physics \
It should work till 10" GeV, a.k.gPla cg,s{ l§ re%infof GRAVITY

t ctions Should k e& than what it i
Quantum cor{fns ould make evg}s myéﬁ) vier than what it is
6) HbMer it's ~125 GeV |

\
9 ﬁ\ff”

=)’
2t«uig\rl:uw FINE TUNING for Higgs Mass
e

It's like a snowball surviving in hell
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ther troublesome Asgardian: Neut\mo

Neutrinos are Massless w.ﬁmrtﬁe SM

Neutrinos oscillate in nature: Observed 9

Theory: Pontecorvo, 1957, 1967, \_
Mﬁgg:;l d T;';?ii:' Maki, Nakagawa, Sakata, 1962 &(\ 5

- e
ES THE HIGGS
GIVE MASS D
TO NEUTRINOS %

Not within the SM
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PEN Y Matter: Enemy ‘beyond’ Asgard - &\
| s

. rnlalmnal vnlncltv

[km/s) )
/\_ —_~ measured
~

50000 100000
distance from centet [light vears]

‘ Ganaxlps must have some massive
-< non Iumwous matter, i.e., DARK Matter

7
"/
@ Beyond the LHC if anything matters, it is the Dark Matter
7 which does matter... (anonymous)

Many more drawbacks of the SM are there...



THE QUANTUM UNIVERSE




7%
‘iﬁ Life at the LHC after God Partlclq \
/

God Particle discovered but NOTHING K@l &e 2012

LHC will be back with 14 Teg) ’
P High- Lumm&\tf HT.)\EHC4) fom 2026

}o nie r)atlonal Linear Collider (ILC)
~ \J 500-1000 GeV, Precision studies

@E@p&sed Compact Linear Collider (CLIC)
) , Upto 3000 GeV, Precision studies

ﬁroposed Triple LEP Collider (TLEP)
80-100 km tunnel, 90-350 GeV, Precision studies

33 TeV, 100 TeV colliders

Discovery machines
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God Particle discovery: . <<\ N
Could be the beginning of a neeu )ney

N Q( / -ﬂ'(\\/
So far it seems like THIS IS THE ONE and NOTHING EL E/bg;-(tgh khows...
¢

iy
g
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