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<latexit sha1_base64="wphplzgdiGyINdftiihIRK+XtfU=">AAAB/3icbVC7SgNBFJ31GdfXqmBjMxgEq7ArijaiaGOjRDBRSJYwO7nRwdnZZeauGNYU/ooWForY+gX2NuLfOHkUvg5cOJxz78y9J0qlMOj7n87Q8Mjo2Hhhwp2cmp6Z9ebmqybJNIcKT2SizyJmQAoFFRQo4SzVwOJIwml0ud/1T69AG5GoE2ynEMbsXImW4Ayt1PAW6wjXmB9BhlqohB4yY8B0Gl7RL/k90L8kGJDizpu7nd5/uOWG915vJjyLQSGX9o1a4KcY5kyj4BI6bj0zkDJ+yc6hZqliMZgw7+3foStWadJWom0ppD31+0TOYmPacWQ7Y4YX5rfXFf/zahm2tsJcqDRDULz/USuTFBPaDYM2hQaOsm0J41rYXSm/YJpxtJG5NoTg98l/SXWtFKyXNo794u4e6aNAlsgyWSUB2SS75ICUSYVwckPuyCN5cm6dB+fZeem3DjmDmQXyA87rFwyDmcU=</latexit>

!"#$%#&'(( !)*+,*-./001+2+.3 45+61-0+78.9:.;-1<95



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="9j22EQgjN+2k6BeUgaiopzDdUp8="></latexit>

L = ! gX X µ j µ
B ! L + ( Dµ ! X )  D µ ! X ! "

!
!  

X ! X +
v2

X

2

" 2

qf = ( B ! L )f =
#

+1 / 3 QL , uR , dR

! 1 L, eR , #R

Dµ = $µ ! igX qX X µ

yij
D

øL i H   #R,j + h.c.

yij
M

2
#c

R,i #c
R,j ! (   )

X + h.c.

! X = ( hX + vX )/
"

2

mX = gX qX vX

mhX =
"

2" vX

gX qX #
"

2"

<latexit sha1_base64="ImUufFzTPGS6ccj/2Qgbgq8510E="></latexit>

Neutrino Masses

<latexit sha1_base64="wphplzgdiGyINdftiihIRK+XtfU=">AAAB/3icbVC7SgNBFJ31GdfXqmBjMxgEq7ArijaiaGOjRDBRSJYwO7nRwdnZZeauGNYU/ooWForY+gX2NuLfOHkUvg5cOJxz78y9J0qlMOj7n87Q8Mjo2Hhhwp2cmp6Z9ebmqybJNIcKT2SizyJmQAoFFRQo4SzVwOJIwml0ud/1T69AG5GoE2ynEMbsXImW4Ayt1PAW6wjXmB9BhlqohB4yY8B0Gl7RL/k90L8kGJDizpu7nd5/uOWG915vJjyLQSGX9o1a4KcY5kyj4BI6bj0zkDJ+yc6hZqliMZgw7+3foStWadJWom0ppD31+0TOYmPacWQ7Y4YX5rfXFf/zahm2tsJcqDRDULz/USuTFBPaDYM2hQaOsm0J41rYXSm/YJpxtJG5NoTg98l/SXWtFKyXNo794u4e6aNAlsgyWSUB2SS75ICUSYVwckPuyCN5cm6dB+fZeem3DjmDmQXyA87rFwyDmcU=</latexit>

!"#$%#&'(( !)*+,*-./001+2+.3 45+61-0+78.9:.;-1<95



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="9j22EQgjN+2k6BeUgaiopzDdUp8="></latexit>

!"#$%#&'((

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!

" #$%

&'
(

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

&)
(!

" #$% &'
(

")*+,*-./001+2+.3 45+61-0+78.9:.;-1<95



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( )*+,-+./0112,3,/4 56,72.1,89/:;/<.2=:6



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( )*+,-+./0112,3,/4 56,72.1,89/:;/<.2=:6



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( )*+,-+./0112,3,/4 56,72.1,89/:;/<.2=:6
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

!"#$%#&% '(%)*

! " ! +, " +- �� . )// ! ,0,1

! " ! +, " ++ �� . )// ! ,022

! " ! +, " +, �� . )// ! ,03-

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( ()*+,*-./001+2+.3 45+61-0+78.9:.;-1<95
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

!"#$%#&% '(%)*

! " ! +, " +- �� . )// ! ,0,1

! " ! +, " ++ �� . )// ! ,022

! " ! +, " +, �� . )// ! ,03-

mX = 10 keV

<latexit sha1_base64="NkWFThbsNbLWOpm4XFeS6Ks8QLo=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMKAoihHjxmIBZIAmhp1NJmvQsdNeIcQj+ihcPinr1B/wCb178FjvLQRMfFDzeq6KqnhtKodG2v6zE3PzC4lJyObWyura+kd7cKusgUhxKPJCBqrpMgxQ+lFCghGqogHmuhIrbuxz6lRtQWgT+NfZDaHis44u24AyN1EzveM3qhWPT+nkd4RbjHpQHqWY6Y2ftEegscSYkk9stfovX/Eehmf6stwIeeeAjl0zrmmOH2IiZQsElDFL1SEPIeI91oGaozzzQjXh0/YAeGKVF24Ey5SMdqb8nYuZp3fdc0+kx7Oppbyj+59UibJ81YuGHEYLPx4vakaQY0GEUtCUUcJR9QxhXwtxKeZcpxtEENgzBmX55lpSPss5x9qRo0siTMZJkj+yTQ+KQU5IjV6RASoSTO/JAnsizdW89Wi/W27g1YU1mtskfWO8/xJqX2g==</latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( ()*+,*-./001+2+.3 45+61-0+78.9:.;-1<95
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

!"#$%#&% '(%)*

! " ! +, " +- �� . )// ! ,0,1

! " ! +, " ++ �� . )// ! ,022

! " ! +, " +, �� . )// ! ,03-

mX = 10 keV

<latexit sha1_base64="NkWFThbsNbLWOpm4XFeS6Ks8QLo=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMKAoihHjxmIBZIAmhp1NJmvQsdNeIcQj+ihcPinr1B/wCb178FjvLQRMfFDzeq6KqnhtKodG2v6zE3PzC4lJyObWyura+kd7cKusgUhxKPJCBqrpMgxQ+lFCghGqogHmuhIrbuxz6lRtQWgT+NfZDaHis44u24AyN1EzveM3qhWPT+nkd4RbjHpQHqWY6Y2ftEegscSYkk9stfovX/Eehmf6stwIeeeAjl0zrmmOH2IiZQsElDFL1SEPIeI91oGaozzzQjXh0/YAeGKVF24Ey5SMdqb8nYuZp3fdc0+kx7Oppbyj+59UibJ81YuGHEYLPx4vakaQY0GEUtCUUcJR9QxhXwtxKeZcpxtEENgzBmX55lpSPss5x9qRo0siTMZJkj+yTQ+KQU5IjV6RASoSTO/JAnsizdW89Wi/W27g1YU1mtskfWO8/xJqX2g==</latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>

mX = 10 keV

<latexit sha1_base64="NkWFThbsNbLWOpm4XFeS6Ks8QLo=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMKAoihHjxmIBZIAmhp1NJmvQsdNeIcQj+ihcPinr1B/wCb178FjvLQRMfFDzeq6KqnhtKodG2v6zE3PzC4lJyObWyura+kd7cKusgUhxKPJCBqrpMgxQ+lFCghGqogHmuhIrbuxz6lRtQWgT+NfZDaHis44u24AyN1EzveM3qhWPT+nkd4RbjHpQHqWY6Y2ftEegscSYkk9stfovX/Eehmf6stwIeeeAjl0zrmmOH2IiZQsElDFL1SEPIeI91oGaozzzQjXh0/YAeGKVF24Ey5SMdqb8nYuZp3fdc0+kx7Oppbyj+59UibJ81YuGHEYLPx4vakaQY0GEUtCUUcJR9QxhXwtxKeZcpxtEENgzBmX55lpSPss5x9qRo0siTMZJkj+yTQ+KQU5IjV6RASoSTO/JAnsizdW89Wi/W27g1YU1mtskfWO8/xJqX2g==</latexit>

Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>

!"#$%#&'(( ()*+,*-./001+2+.3 45+61-0+78.9:.;-1<95
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="uzq1Orst6R2tK6Y3UrfH/vUrSBY="></latexit>

!"#$%#&'(( )*+,-+./0112,3,/4 56,72.1,89/:;/<.2=:6



Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="HRJ0kmuqwheqUH+J+Mvy84NxsNc="></latexit>
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Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>
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! " ! +, " +- �� . )// ! ,0,1

! " ! +, " ++ �� . )// ! ,0+2

! " ! +, " +, �� . )// ! ,034

mX = 10 keV
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Dirac Case:
Majorana Case:

<latexit sha1_base64="kLWC4yFyyqB2CejIv6t48h2K+h0=">AAACB3icbVDLSgMxFM34rOOr6lKQYBFclZmiKK6KdeFGqGAf0A7lTpppYzPJkGSEUrpz46+4caGIW3/BnX9j+lho64ELh3PuTe49YcKZNp737SwsLi2vrGbW3PWNza3t7M5uVctUEVohkktVD0FTzgStGGY4rSeKQhxyWgt7pZFfe6BKMynuTD+hQQwdwSJGwFiplT24YgoILtknLppN9wbupQIBE8F1W9mcl/fGwPPEn5IcmqLcyn4125KkMRWGcNC64XuJCQagDCOcDt1mqmkCpAcd2rBUQEx1MBjfMcRHVmnjSCpbwuCx+ntiALHW/Ti0nTGYrp71RuJ/XiM10XkwYCJJDRVk8lGUcmwkHoWC20xRYnjfEiCK2V0x6YINxtjoRiH4syfPk2oh75/kT28LueLlNI4M2keH6Bj56AwV0TUqowoi6BE9o1f05jw5L8678zFpXXCmM3voD5zPH+vkl2s=</latexit>
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! " ! +, " +- �� . )// ! ,0,1

! " ! +, " ++ �� . )// ! ,0+2

! " ! +, " +, �� . )// ! ,034

mX = 10 keV

<latexit sha1_base64="NkWFThbsNbLWOpm4XFeS6Ks8QLo=">AAAB/XicbVDJSgNBEO2JW4xbXPDipTEInsKMKAoihHjxmIBZIAmhp1NJmvQsdNeIcQj+ihcPinr1B/wCb178FjvLQRMfFDzeq6KqnhtKodG2v6zE3PzC4lJyObWyura+kd7cKusgUhxKPJCBqrpMgxQ+lFCghGqogHmuhIrbuxz6lRtQWgT+NfZDaHis44u24AyN1EzveM3qhWPT+nkd4RbjHpQHqWY6Y2ftEegscSYkk9stfovX/Eehmf6stwIeeeAjl0zrmmOH2IiZQsElDFL1SEPIeI91oGaozzzQjXh0/YAeGKVF24Ey5SMdqb8nYuZp3fdc0+kx7Oppbyj+59UibJ81YuGHEYLPx4vakaQY0GEUtCUUcJR9QxhXwtxKeZcpxtEENgzBmX55lpSPss5x9qRo0siTMZJkj+yTQ+KQU5IjV6RASoSTO/JAnsizdW89Wi/W27g1YU1mtskfWO8/xJqX2g==</latexit>

Dirac Case:
Majorana Case:
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!"#$%#&'(( $)*+,*-./001+2+.3 45+61-0+78.9:.;-1<95



!" ! # !" ! $ !" ! % !" ! & !" ! ' "(! ! !" !" ' !" &!" ! !)

!" ! !#

!" ! !$

!" ! !%

!" ! !&

!" ! !'

!" ! !!

!" ! !"

!" ! *

!" ! +

!" ! )

!" ! #

!" ! $

!" ! %

!" ! &

! " ",-. #

# "

!"!#

!"$

!"%

�� &'(( ! !"#

)*'++,- .//+012

3',4 5647

)&$89:;

./++0<'-

�� )=,**'-0
12

>5

?@A

50-,=

Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="uzq1Orst6R2tK6Y3UrfH/vUrSBY="></latexit>
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="uzq1Orst6R2tK6Y3UrfH/vUrSBY="></latexit>
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="uzq1Orst6R2tK6Y3UrfH/vUrSBY="></latexit>
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Additional Material

<latexit sha1_base64="C+7mzX+qtKHlt7sNLCmm9szHhnA=">AAACA3icbZA7SwNBFIVnfbu+onbaDAbBKuyKoo34amwEBROFJIS7szc6OPtg5q4YloCNv0SwsVDE1treRvw3Th6FrwMDH+fcy3BPkCppyPM+nYHBoeGR0bFxd2JyanqmMDtXMUmmBZZFohJ9FoBBJWMskySFZ6lGiAKFp8Hlfic/vUJtZBKfUCvFegTnsWxKAWStRmGhRnhN+W4Yyo4Bih8CoZag2o1C0St5XfG/4PehuP3mbqV3H+5Ro/BeCxORRRiTUGBM1fdSquegSQqFbbeWGUxBXMI5Vi3GEKGp590b2nzZOiFvJtq+mHjX/b6RQ2RMKwrsZAR0YX5nHfO/rJpRc7OeyzjNCGPR+6iZKU4J7xTCQ6lRkGpZAKFtC4KLC9AgbA3GtSX4v0/+C5XVkr9WWj/2ijt7rKcxtsiW2Arz2QbbYQfsiJWZYDfsnj2yJ+fWeXCenZfe6IDT35lnP+S8fgHmhZtV</latexit>
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Cosmological Implications of GaugedU(1)B ! L on ! Ne! in the CMB & BBN

<latexit sha1_base64="uzq1Orst6R2tK6Y3UrfH/vUrSBY="></latexit>
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