LECTURE 24: Neutrinos

Overview:

1- 2-Family Oscillations
2- 3-Family Oscillations
3- Experimental Results

— Maiv TexT s ,Fo&ol

I used Burgess, and Akhmedov (mainly), C. Giunti as references

F MSW Effect



Nevicino  MixinG

IF NEUTRiNOS  HAVE  AMAS | WE CAN WAVE  WEAK
CIGENSTATES  THAT ARE  OIFFEREWNT THAN  AALS  EI6E~STATES ¢

WEAK EIGENSTATES e M T
Ve Va Vry
MASS  EiGE~STAIES e M x
R A
MXING  AATRIX
;ﬁ\\—zw y :
PINTECORVD, AAK] (Ve,Vu V¢l = [V Ve Ues v,
NAKACAWA | S AKATA UV U U Ve

Q\% { f\\"\w ca.\ 3 (w

WE'LL SIART Witk 2-FAALY  Mixiné  FipsT



©,

- m>\:.5 MixinG

ﬁ“nv mn&m m..zmv ﬁ?y Mo Ay will be
"

~Sin8  Cos G A resses  of Two n\—@.&
= an ?M_- L_.m,m...a_dl.a usses ﬂw\ v, »lo_ v, _.\._L\
A ffeesl  velociTies

ol

@ \-..k..lrv ﬁlu_ﬁ

Ve = cos %<_ + SN ®<N
Vi = —swBv, + Cu 0BV
For .mi.m oF \S&~ EVERGY y MOAENTUVA GVEMW 1Y
Vd 1 ) m.._ %.. :
@ (Tyx)
Vi (T,x) = v:(0.0) &
Ib. &—n“ m—-.—..\ ﬁ-«* _u v.N

}

with  Gulid ¢lale gives rw.. T=x=0 Velol=t Y [o)=0
v, (0] = Velo] ¢ B
Vo l0) =Veld) cnB



N - ﬂ)\:.rq

AiXing (conT.)

As a CEuwcliod of T avd x

Ve(T,x) = cos@v, (T,x] + ¢iwBv, (T, x)
P = |vemal .
. d - r .&.:.~ .
e e ~<nnﬁe.wlﬂ _meu e e < + ¢ 20 0.@.:,:1\~
= ] -5t 206 m..Lwﬁma,.. Q.
-2 - )
| =9 s (B-E|T ~(p-f)x
with T = x Amli we ol
ot e o
@ -@ = (E-E)- (P
-2 ! ﬁ. l&vp . <
Y H X \M%Mﬂ% X
= bt = At X




C-Fanily  MiXing (conT.) ®

Plve = <L T )= im0 giw? b\mkv
YEv
Plve AV = sim26 m...%m A x\
“Ey
S W —
Max mixie a1 =3 . f ~.IN4 A~ | | ‘v KA
_ 9 q .
— W—\ m< W mﬁ—\

_ avd L= _lle.m \ M i~ el
e
3-FaniLy  Mixing

Wi TH ) le&s»..a 1 and§ we will heve 3 MM

valoes Lol L are |n m@«?L@L\_.

[ A -
MMy = AF=AL | DAy = ALAE Pald = AR =AY

PANS will hae Y ..lmnﬂ- mn\gﬁ.\a~ |l ke CKM

CF ﬁ. < C0$ %.Lo ) m...w - m.o\l‘m....‘a . Q—N (] %Nw~ Q-w ) &

C = —



* Hence the two-flavour oscillation probability is:
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* The corresponding two-flavour survival probability is:
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13.4 Derive equation (13.30) in the following three steps:
a) By writing the oscillation probability P(v. — v,) as

P(ve = V) =2 ) Re|ULUUe; Uy, [647% = 1]},

i<j
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and writing A;; = (¢; — ¢;)/2, show that

P(ve = V) = |AM£2QM~.QEQ£QH\.Z=N Ajj+2 MQ&QMQEQQ.QHL sin 2Aj .

i<j i<j
b) Defining —J = Im{U?, U1 Ues Qmur use the unitarity of the PMNS matrix to show that
Im{U;, QEQ&QH& = |Q:1QMNQ:NQ&QH& =-3Im{U;, Uy Q&Qn& =-J.

c) Hence, using the identity

sinA + sin B — sin(A + B) = AmszvaEAWv&:A\» M wv ,

show that
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d) Hence show that
ﬁﬁz\o - <=v - ﬁAﬂo — ﬂ:v =16 Q:l M_ Q_: QmNanw sin D_N sin D_w sin >mw .

e) Finally, using the current knowledge of the PMNS matrix determine the maximum
possible value of P(ve — v,) = P(Ve = V).
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