Problem

Group 1




When there are only 3 flavors, there is only one
Independent CP-violating term.

CPT invariance implies that

P(va=2vg) = P(Vg 2 Vq).
The CP violating difference between corresponding neutrino
& antl neutrino oscillation

Agp = P(va=2Vg) - P(Vq 2 Vp).

CPT invariance implies A, = 0,1.e., there can not be a CP
violating difference between the probabilities that a neutrino
and Its anti neutrino survive with their original flavors.
So, CP violation is possible only in Ayg with af ,1.€. , In the
appearance of a new flavor of neutrino vg in a beam of
neutrinos born as vy,.



Task: To show that the six possible non zero Agg (0£B) are all

equal apart from a sign:
Aeu: Am: Are= _Aue: _Aru: —Aer=A

* e (0) >=2521° [ Ugjlv; >]
e (8) > =21 [ Ugjlv; (£) >]
= J;_1°[Ugjlv; >e~™i"L/2F | (propagating in time)
* Projection on flavor eigen state |vg > Is
<Vplvg () > = 5;213[Up; Ugj e~ imi"L/2E]
* The probability of appearance of vg from initial v, Is,
Pag = < vglvg (£) > |
= 21’ [1Ug) Ug; |71

+[|Up1" Ugy Up, U, e~imi"-m2?IL/2E 4 complex conjugate]

+ ...



* Pgyp can be simplified to :
.)SinZ(Aji) -

Paﬁz 60‘8 = 4Zl>] Re (DO(Bi]
2 Zi>j Im(DaBij) S|n(2A]l)

Where, 0o, = Ugi UpiUq; Ugi™ (plaquette)
A= [m;*— m;?|L/AE

* So, AO‘B = Paﬁ - Paﬁ
= Pgp - Ppq (Assuming CPT invariance)

= 4% [Re(ng,; ;) — Re (Bq,)]sin(4y) +

- =0
2 Zi>j[lm(nﬁaij

The CP violating term!

) — Im(DaBij)] sin(24;;)



The Upyy s Matrix:

Ve exi 0 0 N o 0 0 1
Uy — 0 e'xz 0 Uppns: 0 gz /0
Uy 0 0 exs 0 0 1 3

* |f we rotate the phases of flavor eigen states to zero,
* |f we rotate the phases of mass eigen states to zero.
* Then the Upyng matrix is,

Upmins = Ros(623) Usa(613, ) Riz(612) =

1 0 0 Ci3 0 5139_M Cio s O
0 Coqg Sog 0 N 1 0 —S42  Cyo 0
0 —So3 Co3 —5136“} 0 C13 0 0 1

C12C13 - 512C13 - s;ze”
= ( —S12023 — ‘1712-'323513l‘?‘fé C12C23 — 5125235139“}_ S23C13 )
S12523 — C12C23513€"°  —C12523 — S12C23513€"°  C23Ci3
Cc; = cost;, s; = sinb;



Calculation of Ayg: A,
_ 2 2 2 ~i8
D12 = €12 S12€13 [-C12 S12€23° €127 €23 Sp3S513€™ O+
i8 2 2
+ C12 $125237513
X0)

2
S12~ €23 S23513€

_ 2
0,137 €12 S13€13 S23[-512€23€7°-C12 S13523]

i

— 2
De|u23 = S12 S13€13°523[C12€23€7°-C12 S13523]

_ 2 2 2 —id
DuelQ = 812013012[—012623812 + 819C23823513€ '

2 5 2 2
— €75C23523513€" + €12555573512)]

2 _i§
[Je13 = s23c12¢73513(—S12¢23¢*° — €12523513)

2 —10
c13512523513(C12C23e ™" — 512523513)

Dp,eQ 3



* We get,
Aoy =-Ape
= -2515 S13C13%523C12 C23SiNd [SiN(2A54) — sin(2A3,)
+sIn(2455)] =A
Proceeding similarly,
Aur = 'Aru =A
& A, =-A . =A.



