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Neutrinos, where BSM
physics begins (I)

Gabriela Barenboim
U.Valencia and IFIC

2012))«2maj0r discovery in particle physics

¢ A SM-like Higgs boson (ATLAS, CMS)
The key to EWSB and a possible window to the BSM world

* 0,5~ 10° (T2K, MINOS, Daya Bay, RENO)
about as large as it could have been !
The door to CP Violation in the leptonic sector
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Summer Schools (if existed) were VERY short

B decay was supposed to be a two body decay

n —»> p" + e

Studies of 3 decay revealed a continuous energy spectrum.

Another anomaly was the fact that the nuclear recoil was not in
the direction opposite to the momentum of the electron.

The emission of another particle was a probable explanation of

this behaviour, but searches found no evidence of either mass
or charge.




...despetate temed# to save the law of conservation of enetgy...

Fermi postulated a theory for § decay in terms of spinors

A Dirac field is described by a four component spinor

4 N
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Standard Model of Particle Physics

Gauge Theory based on the group:
SU(3) x SU(2) x U(1)

SU(3) = Quantum Chromodynamics

Strong Force (Quarks and Gluons)

SUL(2) x U(1) = ElectroWeak Interactions broken to Ugar(1)

by HIGGS

S(TL(Q) X (T}’(I) — (TEAu(I)

Force Carriers: W+, 7% and ~ masses: 80, 91 and 0 GeV

quark, SU(2) doublets: ( ?}' ) . ( ( ) . ( )
l I S I L

up-quark, SU(2) singlets: uwp,cp.tp

S

down-quark, SU(2) singlets: dp,sp.bp

lepton, SU(2) doublets: ( Ve ) ( Yu ) ( Vr )
€ Jr M) T )

neutrino, SU(2) singlets: — — —

charge lepton, SU(2) singlets: ep, 1tp, T
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Absence of vp
forbids such a mass term (dim 4)

for the Neutrino

0 e IMy e
[z —f+f)=K llcy IF+lcal]
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Sterile Neutrinos don't couple to Z°
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Standard Model

la Va

W z0

Ve _

couplings conserve the L.epton Number L.
defined by —
L(v)y=L(/)=-L(v)=-L (") =1.
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There exist three fundamental and
discrete transformations in nature:

e Parity P o —F
e Time reversal T t—> —i
e Charge conjugation c g — —q

P, T and C are conserved in the classical
theories of mechanics and electrodynamics!

Summary of v's in SM:

Three flavors of massless neutrinos
W= — 13 + v,
W+ — 1t +u,

=e, [, or T

Anti-neutrino, 7, has +ve helicity, Right Handed

Neutrino, v, has -ve helicity, Left Handed

vy and Ur are CPT conjugates

massless implies helicity = chirality
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Beyond the SM
What if Neutrino have a MASS?

speed is less than c therefore time can pass

and

Neutrinos can change character!!!

What are the stationary states?

How are they related to the interaction states?
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Detection:
lv1) = cos b|vy,) — sinB|vr)

|;/9"} = gin H|,.r/“:':- -+ cos H|.|’/T:':-

P(v, — v;) = |cosB(e™"P17)(—sinf) + sinf(e™"P2'7) cos 4|2

Same E, therefore p; = \/E? — m? ~ E — 3

IL_r\;

=
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P(v

I

. — ;) = | cosB(e"P1T)(—sinf) + sin B(e~P2T) cos f]?

2
m

Same E, therefore p; = y E?—mi=E -3}
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Appearance:
P(Vp — ) = sin? 26 sin? 5’;';‘5
Disappearance:
PU’,N — ) = 1 —sin?26 hi]l2%

’ - 200 o2 dmPL
PU’},U — V) = 1 — sin® 26 sin —TE
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- flavour fractions |v4 ) and |v, ) during
propagation remain unchanged

6/27/2024

13



Probability for Neutrino Oscillation
In Vacuum

P(va — vg) = [Amp(va — vg)|? =
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Probability for Neutrino Oscillation
iIn Vacuum

p; 3 V12
P(va — vg) = |Amp(ra — vg)|* =

1.27

L/E becomes crucial !!!
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Am, 2 = 2.4103eV?

sin? 20 =
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https://globalfit.astroparticles.es/
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Solar Engine:

—lp + 263_ _}4 H@ + 21/6’.‘3 —+ 267;\[(3‘//

E = mc?
1 v, for every 13.4 MeV (=2.1 x10712 J)
O, = 2_12'11(')3_ > =6 x 101 /em?/sec

This corresponds to an average of 2 v's per cm®

since they are going at speed c.
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_
A — u = 1.27 8x1075 eV? . 1.5x10M m

£ T 0.1—10 MeV

Vacuum v, Survival Probability:

(Pec) = f1cos? 0 + fasin® b

where fi and fs are the fraction of 11 and 15 at production.
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pp and "Be

(P.e) ~ 0.6

f1 ~ 69%

f2 ~ .;] {X

f3 = sinQ 913 < 4%

What about *B ?

= (0.35 — 0.31)/0.4 ~ 10
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These are 5 Neutrinos !l
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