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At T! 10 MeV

l N In the CMB & BBN

Standard Model

u 4] 144 113
S BN AR T — S
' ' ! . *+)$,-'(. 1&"™0" 1)$%
C Wk #ht % N\ wy o T
< : : %
%™ %,
%"
- #'$
6pVe apl’# #
dT’y 4Hp’)’ +3H (pe + pe)
-, — #"'l
dt 9py + 9Ope.
or, oT,
6p dpy "SI
dT, —12Hp, + %= 4205
dt o _L " e e N i i
3 oTy & # 1" 11 1"1#1 1"1#
g "
IHSYeHE (( *+ +/0112,34/56,72.1,89/::/<.2=:6 )



l N In the CMB & BBN

g8 11 Y3 4" 1,
Ne ! ? Z | - = 3.045 (SM: Standard Model
b

# I"#l1 I"14] "I#

#'$%&() (. I
# 44 (I " / I I ) TSI /a0 1)$% s eeses

I ‘ ‘

# T !"#!i”. - I"I#1 Il

I"H#$Y6HE(( *+ +/0112,3/56,72.1,89/:;/<.2=:6 )



l N In the CMB & BBN

g8 11 Y3 4" 1,
Net ! = —— =3.045(SM, Standard Model
b

# " 41] 1" 11 I"l1#

#'$%8.() (, I
# 44 (I " / I I ) TSI /a0 1)$% s eeses

Current: i S /

I R
No [P0 =2, 05 oo L/

# T !"#!i”. - I"I#1 Il

.0%),*+/11 2#34#5'67783"83;8573<=">?'@58A>$ (



l N In the CMB & BBN

g8 11 Y3 4" 1,
Net ! = —— =3.045(SM, Standard Model
b

# I"#l1 I"14] "I#

#'$%8.() (, I
# 44 (I " / I I ) TSI /a0 1)$% s eeses

A | - — .
Current: S B B / e — :

— #"$_, , , - 7 7 7 7 ‘ 7 7 7 7 777777

PCP18 _— 0.43) co/oris « » : : : :

Ner [+, —2.9 "HY6&)+ - ) * ‘ / | |
#FE b / R o o S

—uture: — \ |

T e N R
0123$4'564789#:38)%) +<<= |+ (.05
So@R< (eieesn fE 0.06 a e TR ] i
>2@ICD" e+ 0.014 BRI

B*),*+/== CH#1E#8'F44TH$197841:;'3I'587J3% (



Gauged U (1)5 | L

L= L geXyib, (T G i

—1 La €RrR, VR

"#$%HE&'(( )*+,*-./001+23 45+61-0+78.9:.;-1<95



Gauged U (1)3 | L

L :(Du(bX)TD“(bX
—1 La €RrR, VR

L = | gxxujg‘! . :(B—L)f:{+1/3 Qr, ur, dr 2 )
+H —)\(@cﬁbx#—%)

D, =0, —1t9xqxX,

Expand around the vev

¢x = (hx -|—’UX)/\/§

Generates mx & mp,

We work in the limit
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hx doesn’t participate
in the dynamics
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Neutrino Masse:
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Cosmological Implications

Majorana Case
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Majorana Case
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Majorana Case
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Dirac Case:

Cosmological Implications
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Dirac Case:
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Additional Material
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