
Neutrino Physics

Lecture

xvi-L-M.ie
Summer 2021



Neutrino Physics Course

lecture XVI

11 16 120 21



LR tyneneby

• 6cm = SUKKXSUIDRXUHIB.lv
I (c)

• (gl )

I:)
,

I:D.

(E)Teela

• Higgs ( Sis
'

B)

. I



6-
in
- Gsm → Vatan

4 Mwr = MR Mic = Mw
,

d lÉB•+É|⇐/ÉeETÉ)
P *
SUCH ✗ SUHR ✗ Uil) B-L

→
TY '

• at Me = Mw=-_ Mwc

Higgs = 01 ( SM
doublet)

H



E- =/§ d.)

£y = I 4*05 fr + h.ci+¥Éf"
Q . what thqqs → Mr ?

A ?! Must be a doublet of soak?

c⇐sahiy)

Smi
.

$ : do = (E)
It



(Tara + %) do = 0
-

Qein

NOT true
-

Any Higgs that
leaves

¥ is equally good !

*

any Higgs an SM that leaves

Qeeu is equally good



/GlaIm19#-
S
' Uld , ✗ V41

)

I
-%

⇒ 7 A ← coupled to Qun

Hu

7. 2- uiAttecurveut-

]µt=f(Ts - Q hiiow ) f-
em

¥1



Higgs 01 :
.

?⃝ unbroken)

Qeiu = Is +%

|Aµ=fim0wAµ3+as0-wB#Zµ = + cos ow A)- sinAww By

•Dq-igTaAÑg '

¥13,14

It

Dµ do = - - -C- ig Is Apis - ig
'

¥ Bako

Ajs x 1g A, , B, ✗ 1g . An



An = massless photon

⇒ Da do *-i (Ts Ig/Aµ -1¥¥1 An)%
t - - -

* - i (Is + E) Aµ do =D

%

It

/MA=0=
Ajs= Eg , A3µ = §,

i. ¥ +
"

Ign = I



⇒ c = &÷¥gn
• ueutudcunveutn

, %
=- -

f- 8M Cgt, Ajs + g
' ¥ Bµ ) f-

= f-8M (Is Iggy + ¥ Ant

= f-8M (T> + ¥ If Aµ ✗④

= f-8" Qau An ✗⑨ ⇒_
It



e = 8q{¥ = g tie Aw
= g

'

ar Qw

tou Aw = 9
'

1g

Aµ
>
= fin Aw Aµ t - -

-

Ba = Grow Aµ + - -

I

|Aµ=HnAwAµ3+asQwA#
I



but 2- d A ⇒ €?
|Zµ=cnowAµ3_ñmAwB#

ie=÷IhgÉ>÷=1g'_tq
H

f
stair ✗ uas☐-c→ui

any Higgs Ayn'll
do
,



Ñdo=oin)

(9ougebosmspech-uuiu~LRt-heuy.SI
Q em do = 0 ⇒

(¥;) = (
hwan Coon

crow - anew)(¥)µ
tenon, = 91g



LR : 41k¥! =o ⇒

4¥)=("" "" 14;-)Cnor - him AR

D%fa-igftsi.TN#-AsrTR)ei::::..:-;-;-t-onor = 97g

I



% = IT + ¥ (analogy
with ✓m)

g. =

.fi#-.tauo-w--9g'---;¥g
( tan or = Jlg ))

⇒

¥-
B.
µ
= h'm Er AMY + cos or Bj

Zed = Cnor Am? - tinAr BT



B.
µ
= tou An Ap?+ FtFou Bj ④

§Zµ'=rÉIAµ%-tauAwBµf
bum

Z%Z①

µ , ,. .. µ, , ,.gg,

I



• 2-→ 2-1 in IR

}
•
A → 2- in

S-MT.it→ zit
Mla f- Utz

II

zit -1-7
"

↳±mlY;÷I



• example of
"

funny
" world :

SUK)↳pY 411 ) : Iqo?⃝
⇒ Adjoint Higgs →

|Mz=0,Mw=→
=

(Hwtoprohettehiqp?#
-

Smi any hiqop .

'
.

Qeu$o=0

but ; MZ/µw← depends on Higgs



e.f. Mtcosow = Mw

f 4 = saeolmblet

p=M¥cn%w_ = I
MWZ

SIfenmou.cbmeidonhktffbat-BS.tt
Gey LR){isiueprofauo
=



coqeetelrspecw-uuttu-siuc.twAnts + as an 1-on an A,?

+ cnow
FEW BJ

He ¢020m = Copan- sirloin,

µµ=fimAw(Aµj+AµR)*FwBµ
|É¥
"

An ' AM
"

= simian (it 1) + coiou
-timber

=
Shirou + cos row = I



2-
µ
= as our Ariz - sin D-w tou Aw Aµ%

- tin An Fmw BJ

µ=ca•wKAÑ-taEAµ%)⇒- Iain Ow Four BJ

(bi-dmbld-TTIE.FIMzt/Mw '



F.
A
__= f-On Qauf (e Anta)

Hit= f- 8M (Is,- Qeintiriow)f
(Ion 421)

fi'=IH(?%±QÉ? ? ? ftobecompletedf
-

g'= MZ'/µw , = MtYµwr
depends on choice of Ar

but f
'

= ? (exp)



I;:-T
+

Tar An ⇒ o

-

|TatDr=0=w
(⇐ Mink Mwr )

Texperiment

fMwmz5TeILH@foouhataeAnAr.T
• ( Aa ) = 0, 6Ar ) -1-0 ?



+
A spout .

Gir -0k Gem
.

→ Uhlan

( Br ) Lot >

(Ar ) > > <E)

{ sM=wwhsgreY(G) < UR
,
DR

""÷



Ar : LDR ) -1-0

gives mass
tr all

iIe
⇐ keep only sm states light :

WL±
,
Z
, charged fermions,

VL
,

h

⇐hearystatesaÉ
Wr±
,
Zr GD,µp☒
new Higgs



H

Mwr ✗ g < Ar)

-

M
-tr ✗ ? (Ap)

Mvp ✗ YEAR >

II
Ar couples to VR ( if☐)

⇐ couples to er
= (Ir)

Q
.
khat is tte SUN

content at A ?



(A=dmblet,Iipbtquartet - - ?

Y"-Mtv = Me

→Ér

|caneotlRiwhy Chow) lava me ?


