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“Hogwarts” of the Particle P.hxsics
The Standard Modely” ¢
Y4

The Inmates and Laws

Elementary Particles

Basic Interactions
and mediators

' (XS
1& - AN

Strong force * < / Eleétru)aguéé

binds the hucleus force b'fpds atoms
(r(;\ 7

Weak force in
radioactive decay

Not included in
the Standard Model

Gravitational force
binds the solar system

Image acknowledgement: Harry Potter Wiki,

Wikipedia
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Hogwarts of the Particle Physics: The inmates

o

Elementary Particles anp‘kl\/le@m'tors

mass - 2.3 MeVic* ~1.275 GeVic* ~173.07 GeVic* ~12 GeV/c
charge - 213 u ‘ ) C 23 ( \DOD 4 July 2012
spin > 172 v 4 112 - 4 12

u charm top 'gg

=4.8 MeV/c? =05 MeV/c? =4.18 GeVic? 3 % [ ,e/‘ G & > \(' )
113 d 113 S \ g\/ The missing piece
) 1964-2012
112 - 4 112 - 4 112 o -
down strange b to )ehoton
7=

0.511 MeV/c? 105.7 MeV/ 7Ge\f{f‘ \/ 91.2 GeV/c? 1 ev/cz = 1.783)( 10—36 kg
-1 e - ) }\ '-t) 0 C = 1 in natural unit system
12 { 4 ( P 1 (7))
g ( / -4
electron <2 Ahuon ) e au Z boson (@]
P 0
2 M*SIC ) Massless Massless 80.4 GeV/c? g ot
0 0 0 +1 w -
o 1‘\e D- w Neutrinos are
E ti2 4 . ])}1 e g h g Mass-less in the
electron muon tau Standard Model
4 neutrino neufrino neutrino Wipasan g

Image acknowledgement: Wikipedia
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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

C.R. Tom Gerald
Hagen Kibble Guralnik

r et

Francois

Theory: Nambug < Peter Englert

Jona-Lasinio 1961

OR A e 1D
Gerard Martinus
't Hooft ). G. Veltman Theory: Brout, Englert, Higgs, Guralnik, Hagen, Kibble, 1964

Yoichiro Nambu Image acknowledgement: Wikipedia




Muon S. Neddermeyer

Electron

(1897) (1936) ﬁ
: “l ) @
F\

Theory: Pauli, 1930 + &
e-Neutring”

D. Anderson

Neut _Lewis Perl d K
i t-Neutrino Frederic
M-l*::g:ngég.QGZ) (2000) Reines
DONUT Coll.
Theory: 1970
Simon van
der Meer

4/ iy *\W-,Z UA1, UA2 (1983) CERN
Leon M. Melvin Jac] ” \ eory: Glashow, Weinberg, Salam, 1968
Lederman Schwartz  Steinferge

Gluons
DORIS (1978)
PETRA (1979)

DESY

Theory: Gell-Mann, 1962

Light quarks
(up,down,strange)

SLAC (1968) ’< |

T. Maskawa M. Kobayashi
Bottom quark Top quark

FermiLAB CDF & DO
Burton Samuel
Richter Ting (1977) (1995)
Murray Gem:ge Charm quark Higgs boson Pet -
Gell-Mann  Zweig SLAC,BNL (1974) ATLAS, CMS (2012)H'e er Frangois
Theory: 1964 Theory: Glashow, LHC-CERN 1995 Englert

Image acknowledgement: Wikipedia |lioPoulos,Maiani, 1970 Theory: Brout, Englert, Higgs, Guralnlk Hag)e(n, Kbbb-{e 1964
’)r(, 1 0, &
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scovery

&

Life after Higgs di
' L

Unanswered questions:

1. Massive Neutrinos?
2. Why Higgs mass is only 125 GeV?
3. What is dark matter?
4. Why so much matter?
5.
married the Prince. 6.....
And they lived happily ever after. We NEED to move beyond the

Standard Model

Image acknowledgement: Wikipedia
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Massive Neutrinos !!!!! \

.<
. e €
Neutrinos are Massless Wlth.D the SM

Neutrinos oscillate in nature: Observq‘elﬁ

: Theory: Pont , 1957, 1967, A7
Arthur Takaaki Mael?i':yNaﬁggicvf/Jar\,I%akata, 1962 -5
McDonald Kajita B <)</
N
- ( .1 \ 7
7z T

i ﬁi/imf)ossible

\\w [E;li/ utrino mass
'<<)\/(.<‘,; 7
R

DOES TH. E./HIGGS
GIVE MASS D
TO NEUTRINOS

Not within the SM ‘o= romrs

Image acknowledgement: Wikipedia
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-

— AP ‘ o&
T * Neutrinos are Massless witfiln ghé SM

\)@{ ZGJ @ V " '

D) C .-’ vz Y~ 2 expected
) > &\ ap 4He e B v ‘ " Y
al > 4 ‘

7 0
X, Y are nuclei. Detectedi V4 (; ) )
LR :

Neutrinos oscillate in nature: Obsgved

i<

only 1/3 of the expecte iy \J \;\\
Solar neutrino pro s [ -») e 0
3 ()\/ A
* ?) s/ < //
e

Not observed:
Atmospheric neutrino problem

Why we are losing certain types?

Image acknowledgement: Wikipedia, Johan Jarnestad
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The “Bogg rt”: Neutrinos RON
. $7

AB g9 tisa ShapeShI&er (Harry Pott\@ )
/ -5

%
For P@ Prﬁsics:

Bogg:-rt (shape): Neutrinos (Flavours)
Poor Wizards: The Physicists

Image acknowledgement: Harry Potter Wiki



They are everywhere!

ﬂ E N ‘( M
Reactor (
Acceerator-

o1 Cosmic

Atmospheric

@ Terrestrial

Big Bang

Trillions (10*?) of neutrinos
pass through Your
body / second !

Only 1 inter
average
It is indée

@/

Image acknowledgement: Wikipedia, Andre de Gouvea
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Why we are losing certain types?
S h 4 TN
% N4

Are they changing their types in mo'\@ Ht{w"
7 Q(/
Basic idea with a silly example: Cons@erQe@d/ws«mKZ imension

F:%@\ {K\)

Linear Superposition to constru§ “?'and “\B/vectors-»
r

—)
At = 60°, @3 wif D

-<
A@ 15;7

Image acknowledgement: Wikipedia, Johan Jarnestad
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Why we are losing certain types?
| A~ ) ‘ 'Kﬁ
% et

Another trivial but rather reallstlc‘eXa\)IQ:
-t
Consider a two-level quantum mechanlc{ﬁfgm‘ \/(
Solutions of Schrédinger equation: N %
Energy Eigenvalues FE dgi‘g ﬂnd-%é@}l ave functions v and 1o

Time evolutions of-%e Wav,e.funéb()ns vi(t)=e —iEity,

Natural Unit System - j t( (“') K
4 )“ O

Linear S<ID$Wn tdgs{ruct type “a” and “b” wave functions -

Vg = cos vy + sin Oy

@; vy = — sin Ovy + cos Oy

After a time span of “t”, we can write —»
vo(t) = cosfe 1ty + sin e F2ty,

Image acknowledgement: Wikipedia, Johan Jarnestad
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19



If we start with “a”, can we e\\

\—r g H g
* b” after some time? P g,

Yes: The correspondlng quantity |§ M@P
(B = 22520 | 1—{5/6;(}&0'

N \\
/ )Vanlshes for

massless neutrinos

v

. < /
We have used Euler’ \} g EJ‘E% ;:os 6’ +isinf
We have used Or‘bono |I( &}ﬂ‘gons - vjv;=0fori#j

'<~ vivi=1fori=j
&,
(\(;)jmeﬁber the vector dot products: ii =1 but 25 =0

Image acknowledgement: Wikipedia, Johan Jarnestad
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How non-zero |vjv,(t)]? is connecbé{with

\—( 3 ) ‘ H o&
T * neutrino mass? A </

Neutrinos have tiny masses: C

> m,, ~0.1eV —0. 2@ Kggqa\,l’robe
-, \

They are “almost” massless a? ‘tl&ﬁ,}ra<eﬁ)l'h)great speed ~ ¢
Neglecting mass contrlb_l.<8?)to)he eré;g’y
‘< (;-’) ) E —
\J
.C) |1/ o () [ [ cos } #0
<\/’< & \f\\ \F_J

(;Ljssoﬁl Non-zer6 masses are needed for neutrino oscillations

sson 2: Neutrino oscillations can probe squared mass differences,

Which gives -

Image acknowledgement: Wikipedia, Johan Jarnestad
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The reality: Three flavours oscilla%ns

v \
For three flavours: v, =3 U uj Ry \C

e, T ( -7
viva(t)? = <UK3(\ )k‘ex)pf

<2 \ 7/ squared mass differences
e lad

The “real” pictuf \
Ao

9\ ) _5 /
Electron Neutrino « no1( ‘ge 1ino, Neutrino3
/ Entries of the“U” matrix
) varies a lot !!!!!
§ = @ + +

Tau Neutrino

.< \\
?fn mk)t:|

Flavour states Massive states

Image acknowledgement: Wikipedia, Johan Jarnestad
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ww

We can probe squared mass d|ffe<e
What about orderings?

*

I

Questlons to a'ng\(.e\}bod\feqhﬁught)

. Why the m|x gs(e so |n- fhogeneous?

Can eutrino act as its anti-particle?

A WNR

The “U” matrix: in-homogeneous

7/

ixing
| Q o, 2 |

m=1 *«( \\/ﬁvmed
(’” o

¢ mmphc.)

/

2
- my

Solar~7 x 107 eV?

————— | ]
-\ ~2% 07 eV?
\ / Atmospheric
‘ ~2% 1070 V2

Solar~7 x 107 eV?

- ot

. Ho xten‘Wthe Standard Model to generate neutrino masses?
H to apsure tiny neutrino masses?
Ca eat neutrinos as dark matter?

Image acknowledgement: Wlklpedlaﬁjohangarnestad
Cl
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T

M, = —(HEY M, ¥ M‘ﬁ} i, ¢ M, = (HRY MY
d and n{ajye any mf’nc)re,

e scmugemé\m@n Aadiative Dirac model

one is the “chosen one”?
Time will answer

Image acknowledgement: Wikipedia



What we Indians are doing.... MAKE 'k |i/1|}
1al\ ‘ 4/;

INDIA BASED NEUTRINO OBSERVATORY . %
HOFES INO site is, teﬂ 1 gb 'he temple city
1°Bodi Madurai if the Thei dl§ ict.g# Tamil Nadu close to
PR the border he twe Nadu & Kerala.

)

/ \\ WOICAL Detector

I ki led: t: Wikipedia, Prof. Naba. K. Mondal
mage acknowledgemen ikipes fhrohmabe: Ky 18/19



Today is gone, S
' - - 7
what's done is dor}\@“/
L .<‘\'\
Embrace your .2z
dreams ¢ ¢
. <
through 9 s
- b s e D7
the Q5gh€(|;;§>&
To®morrow comes with
a whole new light! §

ey’




