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Deuterium is the baryometer of choice

FIG. 1. Primordial abundances of the light nuclides as a function of cosmic baryon content, as

predicted by SBBN (“Schramm plot”). These results assume Nν = 3 and the current measurement

of the neutron lifetime τn = 880.3 ± 1.1 s. Curve widths show 1− σ errors.
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FIG. 1. Primordial abundances of the light nuclides as a function of cosmic baryon content, as

predicted by SBBN (“Schramm plot”). These results assume Nν = 3 and the current measurement

of the neutron lifetime τn = 880.3 ± 1.1 s. Curve widths show 1− σ errors.
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blue-shift of 82 km/s





Image credit: ESO

Quasar
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10m Keck telescope + HIRES

105 D/H = 2.3± 0.6



10m Keck telescope + HIRES

100⌦bh
2 = 2.4± 0.6







Column Density Distribution of Lya forest lines

Zafar+ 2013
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Metallicity Distribution

Rafelski et al. 2012



Metallicity Distribution

Rafelski et al. 2012

These are 
the DLAs 

we’re after
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J1111+1332

Cooke+ 2015

DLA at z = 2.270940

N(H I) = 2.5⇥ 1020 cm�2

Fe/H = 1/200 solar





Reticulum 2Dark Energy Survey



Reticulum 2



Reticulum 2



Image credit: ESO

Cosmological redshifts give us a view of the Universe  
at different cosmic epochs

Quasar



Very Metal Poor DLAs are the choice
astrophysical environments for measuring 
the primordial abundance of deuterium

Low metallicities imply negligible astration of D

Narrow absorption lines make it possible to resolve 
the -82 km/s isotope shift between D and H

High H I column densities give detectable D I lines
in many transitions of the Lyman series



J1358+6522, z= 3.0673, Fe/H = 1/750 solar

Cooke+ 2014

N(H I) = 3.1⇥ 1020 cm�2



J1358+6522, z= 3.0673, Fe/H = 1/750 solar

Cooke+ 2014



30,000 s
integration
with UVES
on VLT-2



Spectral analysis tailored specifically to 
the determination of D/H and its error

Pettini & Cooke 2012



Spectral analysis tailored specifically to 
the determination of D/H and its error



Percent Measure of (D/H) [Cooke et al. 2018]
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105 D/H = 2.527± 0.030





Cooke+ 2018

100⌦bh
2(BBN) = 2.235± 0.016± 0.033
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Planck Coll. 2015

100⌦bh
2(CMB) = 2.226± 0.023

�3.0 �2.5 �2.0 �1.5

[O/H]

�4.65

�4.60

�4.55

lo
g 1

0
(D

/H
)

0.020

0.021

0.022

0.023

0.024

0.025

⌦
B

,0
h

2





Cooke+ 2018

100⌦bh
2(BBN) = 2.235± 0.016± 0.033

�3.0 �2.5 �2.0 �1.5

[O/H]

�4.65

�4.60

�4.55

lo
g 1

0
(D

/H
)

0.020

0.021

0.022

0.023

0.024

0.025

⌦
B

,0
h

2







Experiment

Theory

Broggini+ 2018
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Cooke+ 2018

100⌦bh
2(BBN) = 2.166± 0.015± 0.011

2� ‘discrepancy0



Joint D/H and CMB Constraints on `dark radiation’

Cooke+ 2018
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Looking to the future...
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30m telescopes in mid-2020s



Summary
With modern astronomical instrumentation, we can now 
verify experimentally the framework of Big-Bang 
nucleosynthesis which has its origin in ideas first put
forward in the 1950s

AlpherGamowHerman
Hayashi
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BBN CMB

= New Physics?



+

BBN CMB

= New Physics? Not yet...



Glikman et al. 2011QSO Luminosity Function



Glikman et al. 2011QSO Luminosity Function



Glikman et al. 2011QSO Luminosity Function



(courtesy of G. Becker)
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(courtesy of G. Becker)
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Here’s an example:



Here’s an example:



Here’s an example:

Too faint for 8-10 m ! 



BBN theory confronts observations



The primordial 4He abundance

Standard model prediction: YP = 0.24709± 0.00017
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<latexit sha1_base64="T9NnGlzdsrZkh6A3Ui2Og7R6SL4=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEV2VSAupCKLpxWcFepAllMp20Q2eSMDMRSujCja/ixoUibn0Id76NkzYLbf1h4OM/53Dm/EHCmdIIfVsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML7O650HKhWLozs9Sagv8DBiISNYG6tvV+77mScFbE7hJUS1uuteeIlANYRc1LerOeSCy+AUUAWFmn37yxvEJBU00oRjpXoOSrSfYakZ4XRa9lJFE0zGeEh7BiMsqPKz2RFTeGKcAQxjaV6k4cz9PZFhodREBKZTYD1Si7Xc/K/WS3V47mcsSlJNIzJfFKYc6hjmicABk5RoPjGAiWTmr5CMsMREm9zKJgRn8eRlaNdrDqo5t261cVXEUQIVcAxOgQPOQAPcgCZoAQIewTN4BW/Wk/VivVsf89YVq5g5An9kff4ACnWVHQ==</latexit><latexit sha1_base64="T9NnGlzdsrZkh6A3Ui2Og7R6SL4=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEV2VSAupCKLpxWcFepAllMp20Q2eSMDMRSujCja/ixoUibn0Id76NkzYLbf1h4OM/53Dm/EHCmdIIfVsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML7O650HKhWLozs9Sagv8DBiISNYG6tvV+77mScFbE7hJUS1uuteeIlANYRc1LerOeSCy+AUUAWFmn37yxvEJBU00oRjpXoOSrSfYakZ4XRa9lJFE0zGeEh7BiMsqPKz2RFTeGKcAQxjaV6k4cz9PZFhodREBKZTYD1Si7Xc/K/WS3V47mcsSlJNIzJfFKYc6hjmicABk5RoPjGAiWTmr5CMsMREm9zKJgRn8eRlaNdrDqo5t261cVXEUQIVcAxOgQPOQAPcgCZoAQIewTN4BW/Wk/VivVsf89YVq5g5An9kff4ACnWVHQ==</latexit><latexit sha1_base64="T9NnGlzdsrZkh6A3Ui2Og7R6SL4=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEV2VSAupCKLpxWcFepAllMp20Q2eSMDMRSujCja/ixoUibn0Id76NkzYLbf1h4OM/53Dm/EHCmdIIfVsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML7O650HKhWLozs9Sagv8DBiISNYG6tvV+77mScFbE7hJUS1uuteeIlANYRc1LerOeSCy+AUUAWFmn37yxvEJBU00oRjpXoOSrSfYakZ4XRa9lJFE0zGeEh7BiMsqPKz2RFTeGKcAQxjaV6k4cz9PZFhodREBKZTYD1Si7Xc/K/WS3V47mcsSlJNIzJfFKYc6hjmicABk5RoPjGAiWTmr5CMsMREm9zKJgRn8eRlaNdrDqo5t261cVXEUQIVcAxOgQPOQAPcgCZoAQIewTN4BW/Wk/VivVsf89YVq5g5An9kff4ACnWVHQ==</latexit><latexit sha1_base64="T9NnGlzdsrZkh6A3Ui2Og7R6SL4=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEV2VSAupCKLpxWcFepAllMp20Q2eSMDMRSujCja/ixoUibn0Id76NkzYLbf1h4OM/53Dm/EHCmdIIfVsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML7O650HKhWLozs9Sagv8DBiISNYG6tvV+77mScFbE7hJUS1uuteeIlANYRc1LerOeSCy+AUUAWFmn37yxvEJBU00oRjpXoOSrSfYakZ4XRa9lJFE0zGeEh7BiMsqPKz2RFTeGKcAQxjaV6k4cz9PZFhodREBKZTYD1Si7Xc/K/WS3V47mcsSlJNIzJfFKYc6hjmicABk5RoPjGAiWTmr5CMsMREm9zKJgRn8eRlaNdrDqo5t261cVXEUQIVcAxOgQPOQAPcgCZoAQIewTN4BW/Wk/VivVsf89YVq5g5An9kff4ACnWVHQ==</latexit>

YP = 0.2446± 0.0029
<latexit sha1_base64="MHnPNRfysTCtuKmlzK+FriQ4KVI=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiuApJKV4WQtGNywr2Ik0Ik+mkHTqThJmJUEIXbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz5w8SRqWy7W+jtLK6tr5R3qxsbe/s7pn7Bx0ZpwKTNo5ZLHoBkoTRiLQVVYz0EkEQDxjpBuPrvN59IELSOLpTk4R4HA0jGlKMlLZ8s3rvZ67gsDWFl9C26o3GqZtw27Lt+oVv1nLIBZfBKaAGCrV888sdxDjlJFKYISn7jp0oL0NCUczItOKmkiQIj9GQ9DVGiBPpZbMjpvBYOwMYxkK/SMGZ+3siQ1zKCQ90J0dqJBdruflfrZ+q8NzLaJSkikR4vihMGVQxzBOBAyoIVmyiAWFB9V8hHiGBsNK5VXQIzuLJy9CpW45tObeNWvOqiKMMquAInAAHnIEmuAEt0AYYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+ABBolSE=</latexit><latexit sha1_base64="MHnPNRfysTCtuKmlzK+FriQ4KVI=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiuApJKV4WQtGNywr2Ik0Ik+mkHTqThJmJUEIXbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz5w8SRqWy7W+jtLK6tr5R3qxsbe/s7pn7Bx0ZpwKTNo5ZLHoBkoTRiLQVVYz0EkEQDxjpBuPrvN59IELSOLpTk4R4HA0jGlKMlLZ8s3rvZ67gsDWFl9C26o3GqZtw27Lt+oVv1nLIBZfBKaAGCrV888sdxDjlJFKYISn7jp0oL0NCUczItOKmkiQIj9GQ9DVGiBPpZbMjpvBYOwMYxkK/SMGZ+3siQ1zKCQ90J0dqJBdruflfrZ+q8NzLaJSkikR4vihMGVQxzBOBAyoIVmyiAWFB9V8hHiGBsNK5VXQIzuLJy9CpW45tObeNWvOqiKMMquAInAAHnIEmuAEt0AYYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+ABBolSE=</latexit><latexit sha1_base64="MHnPNRfysTCtuKmlzK+FriQ4KVI=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiuApJKV4WQtGNywr2Ik0Ik+mkHTqThJmJUEIXbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz5w8SRqWy7W+jtLK6tr5R3qxsbe/s7pn7Bx0ZpwKTNo5ZLHoBkoTRiLQVVYz0EkEQDxjpBuPrvN59IELSOLpTk4R4HA0jGlKMlLZ8s3rvZ67gsDWFl9C26o3GqZtw27Lt+oVv1nLIBZfBKaAGCrV888sdxDjlJFKYISn7jp0oL0NCUczItOKmkiQIj9GQ9DVGiBPpZbMjpvBYOwMYxkK/SMGZ+3siQ1zKCQ90J0dqJBdruflfrZ+q8NzLaJSkikR4vihMGVQxzBOBAyoIVmyiAWFB9V8hHiGBsNK5VXQIzuLJy9CpW45tObeNWvOqiKMMquAInAAHnIEmuAEt0AYYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+ABBolSE=</latexit><latexit sha1_base64="MHnPNRfysTCtuKmlzK+FriQ4KVI=">AAACBHicbZDLSsNAFIYn9VbrLeqym8EiuApJKV4WQtGNywr2Ik0Ik+mkHTqThJmJUEIXbnwVNy4UcetDuPNtnLRZaOsPAx//OYcz5w8SRqWy7W+jtLK6tr5R3qxsbe/s7pn7Bx0ZpwKTNo5ZLHoBkoTRiLQVVYz0EkEQDxjpBuPrvN59IELSOLpTk4R4HA0jGlKMlLZ8s3rvZ67gsDWFl9C26o3GqZtw27Lt+oVv1nLIBZfBKaAGCrV888sdxDjlJFKYISn7jp0oL0NCUczItOKmkiQIj9GQ9DVGiBPpZbMjpvBYOwMYxkK/SMGZ+3siQ1zKCQ90J0dqJBdruflfrZ+q8NzLaJSkikR4vihMGVQxzBOBAyoIVmyiAWFB9V8hHiGBsNK5VXQIzuLJy9CpW45tObeNWvOqiKMMquAInAAHnIEmuAEt0AYYPIJn8ArejCfjxXg3PuatJaOYOQR/ZHz+ABBolSE=</latexit>

Peimbert et al. (2016), RMxAA, 52, 419



Standard Model values

YP = 0.24709± 0.00017
<latexit sha1_base64="MkXqzOmay3Qc9QKtF9do5sRTlZE=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuBoypVBdCEU3LivYi3SGIZOmbWgyMyQZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+cw4n5w8TzpRG6NsqrKyurW8UN0tb2zu7e/b+QUvFqSS0SWIey06IFeUsok3NNKedRFIsQk7b4eh6Wm8/UKlYHN3pcUJ9gQcR6zOCtbEC+/g+yDwpYGMCLyFyKtUauvASgRyEkFsL7PKMjOAyuDmUQa5GYH95vZikgkaacKxU10WJ9jMsNSOcTkpeqmiCyQgPaNdghAVVfjY7YwJPjdOD/ViaF2k4c39PZFgoNRah6RRYD9VibWr+V+umun/uZyxKUk0jMl/UTznUMZxmAntMUqL52AAmkpm/QjLEEhNtkiuZENzFk5ehVXFc5Li31XL9Ko+jCI7ACTgDLqiBOrgBDdAEBDyCZ/AK3qwn68V6tz7mrQUrnzkEf2R9/gD/YpWY</latexit><latexit sha1_base64="MkXqzOmay3Qc9QKtF9do5sRTlZE=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuBoypVBdCEU3LivYi3SGIZOmbWgyMyQZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+cw4n5w8TzpRG6NsqrKyurW8UN0tb2zu7e/b+QUvFqSS0SWIey06IFeUsok3NNKedRFIsQk7b4eh6Wm8/UKlYHN3pcUJ9gQcR6zOCtbEC+/g+yDwpYGMCLyFyKtUauvASgRyEkFsL7PKMjOAyuDmUQa5GYH95vZikgkaacKxU10WJ9jMsNSOcTkpeqmiCyQgPaNdghAVVfjY7YwJPjdOD/ViaF2k4c39PZFgoNRah6RRYD9VibWr+V+umun/uZyxKUk0jMl/UTznUMZxmAntMUqL52AAmkpm/QjLEEhNtkiuZENzFk5ehVXFc5Li31XL9Ko+jCI7ACTgDLqiBOrgBDdAEBDyCZ/AK3qwn68V6tz7mrQUrnzkEf2R9/gD/YpWY</latexit><latexit sha1_base64="MkXqzOmay3Qc9QKtF9do5sRTlZE=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuBoypVBdCEU3LivYi3SGIZOmbWgyMyQZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+cw4n5w8TzpRG6NsqrKyurW8UN0tb2zu7e/b+QUvFqSS0SWIey06IFeUsok3NNKedRFIsQk7b4eh6Wm8/UKlYHN3pcUJ9gQcR6zOCtbEC+/g+yDwpYGMCLyFyKtUauvASgRyEkFsL7PKMjOAyuDmUQa5GYH95vZikgkaacKxU10WJ9jMsNSOcTkpeqmiCyQgPaNdghAVVfjY7YwJPjdOD/ViaF2k4c39PZFgoNRah6RRYD9VibWr+V+umun/uZyxKUk0jMl/UTznUMZxmAntMUqL52AAmkpm/QjLEEhNtkiuZENzFk5ehVXFc5Li31XL9Ko+jCI7ACTgDLqiBOrgBDdAEBDyCZ/AK3qwn68V6tz7mrQUrnzkEf2R9/gD/YpWY</latexit><latexit sha1_base64="MkXqzOmay3Qc9QKtF9do5sRTlZE=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuBoypVBdCEU3LivYi3SGIZOmbWgyMyQZoQxdufFV3LhQxK3P4M63MW1noa0/BD7+cw4n5w8TzpRG6NsqrKyurW8UN0tb2zu7e/b+QUvFqSS0SWIey06IFeUsok3NNKedRFIsQk7b4eh6Wm8/UKlYHN3pcUJ9gQcR6zOCtbEC+/g+yDwpYGMCLyFyKtUauvASgRyEkFsL7PKMjOAyuDmUQa5GYH95vZikgkaacKxU10WJ9jMsNSOcTkpeqmiCyQgPaNdghAVVfjY7YwJPjdOD/ViaF2k4c39PZFgoNRah6RRYD9VibWr+V+umun/uZyxKUk0jMl/UTznUMZxmAntMUqL52AAmkpm/QjLEEhNtkiuZENzFk5ehVXFc5Li31XL9Ko+jCI7ACTgDLqiBOrgBDdAEBDyCZ/AK3qwn68V6tz7mrQUrnzkEf2R9/gD/YpWY</latexit>

(D/H)P = (2.459± 0.036)⇥ 10�5
<latexit sha1_base64="Jk3K6foy4Ui91TMGi3ZtbdsdI6o="></latexit><latexit sha1_base64="Jk3K6foy4Ui91TMGi3ZtbdsdI6o="></latexit><latexit sha1_base64="Jk3K6foy4Ui91TMGi3ZtbdsdI6o="></latexit><latexit sha1_base64="Jk3K6foy4Ui91TMGi3ZtbdsdI6o="></latexit>

(3He/H)P = (1.074± 0.026)⇥ 10�5
<latexit sha1_base64="kFfFZV+pYdrP52pvoSY5YK3fdzU="></latexit><latexit sha1_base64="kFfFZV+pYdrP52pvoSY5YK3fdzU="></latexit><latexit sha1_base64="kFfFZV+pYdrP52pvoSY5YK3fdzU="></latexit><latexit sha1_base64="kFfFZV+pYdrP52pvoSY5YK3fdzU="></latexit>

(7Li/H)P = (5.624± 0.245)⇥ 10�10
<latexit sha1_base64="NlwMFBRWjf0jqy5Wf4aToTJifHo="></latexit><latexit sha1_base64="NlwMFBRWjf0jqy5Wf4aToTJifHo="></latexit><latexit sha1_base64="NlwMFBRWjf0jqy5Wf4aToTJifHo="></latexit><latexit sha1_base64="NlwMFBRWjf0jqy5Wf4aToTJifHo="></latexit>

Pitrou et al. (2018), arXiv:1801.08023 Cooke et al. (2017), ApJ, 830, 148

YP = 0.2471± 0.0005
<latexit sha1_base64="PT56oDnmylnI0yBF9ANG1a/W2mo=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuBoypVI3QtGNywr2Ip1hyKRpG5rMDElGKEMXbnwVNy4UcetDuPNtTNtZaOsPgY//nMPJ+cOEM6UR+rYKa+sbm1vF7dLO7t7+gX141FZxKgltkZjHshtiRTmLaEszzWk3kRSLkNNOOL6e1TsPVCoWR3d6klBf4GHEBoxgbazALt8HmScFbE7hJUROtVZ3vUQgByF0HtiVORjBVXBzqIBczcD+8voxSQWNNOFYqZ6LEu1nWGpGOJ2WvFTRBJMxHtKewQgLqvxsfsQUnhqnDwexNC/ScO7+nsiwUGoiQtMpsB6p5drM/K/WS/Xgws9YlKSaRmSxaJByqGM4SwT2maRE84kBTCQzf4VkhCUm2uRWMiG4yyevQrvquMhxb2uVxlUeRxGUwQk4Ay6ogwa4AU3QAgQ8gmfwCt6sJ+vFerc+Fq0FK585Bn9kff4ABDeVGQ==</latexit><latexit sha1_base64="PT56oDnmylnI0yBF9ANG1a/W2mo=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuBoypVI3QtGNywr2Ip1hyKRpG5rMDElGKEMXbnwVNy4UcetDuPNtTNtZaOsPgY//nMPJ+cOEM6UR+rYKa+sbm1vF7dLO7t7+gX141FZxKgltkZjHshtiRTmLaEszzWk3kRSLkNNOOL6e1TsPVCoWR3d6klBf4GHEBoxgbazALt8HmScFbE7hJUROtVZ3vUQgByF0HtiVORjBVXBzqIBczcD+8voxSQWNNOFYqZ6LEu1nWGpGOJ2WvFTRBJMxHtKewQgLqvxsfsQUnhqnDwexNC/ScO7+nsiwUGoiQtMpsB6p5drM/K/WS/Xgws9YlKSaRmSxaJByqGM4SwT2maRE84kBTCQzf4VkhCUm2uRWMiG4yyevQrvquMhxb2uVxlUeRxGUwQk4Ay6ogwa4AU3QAgQ8gmfwCt6sJ+vFerc+Fq0FK585Bn9kff4ABDeVGQ==</latexit><latexit sha1_base64="PT56oDnmylnI0yBF9ANG1a/W2mo=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuBoypVI3QtGNywr2Ip1hyKRpG5rMDElGKEMXbnwVNy4UcetDuPNtTNtZaOsPgY//nMPJ+cOEM6UR+rYKa+sbm1vF7dLO7t7+gX141FZxKgltkZjHshtiRTmLaEszzWk3kRSLkNNOOL6e1TsPVCoWR3d6klBf4GHEBoxgbazALt8HmScFbE7hJUROtVZ3vUQgByF0HtiVORjBVXBzqIBczcD+8voxSQWNNOFYqZ6LEu1nWGpGOJ2WvFTRBJMxHtKewQgLqvxsfsQUnhqnDwexNC/ScO7+nsiwUGoiQtMpsB6p5drM/K/WS/Xgws9YlKSaRmSxaJByqGM4SwT2maRE84kBTCQzf4VkhCUm2uRWMiG4yyevQrvquMhxb2uVxlUeRxGUwQk4Ay6ogwa4AU3QAgQ8gmfwCt6sJ+vFerc+Fq0FK585Bn9kff4ABDeVGQ==</latexit><latexit sha1_base64="PT56oDnmylnI0yBF9ANG1a/W2mo=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuBoypVI3QtGNywr2Ip1hyKRpG5rMDElGKEMXbnwVNy4UcetDuPNtTNtZaOsPgY//nMPJ+cOEM6UR+rYKa+sbm1vF7dLO7t7+gX141FZxKgltkZjHshtiRTmLaEszzWk3kRSLkNNOOL6e1TsPVCoWR3d6klBf4GHEBoxgbazALt8HmScFbE7hJUROtVZ3vUQgByF0HtiVORjBVXBzqIBczcD+8voxSQWNNOFYqZ6LEu1nWGpGOJ2WvFTRBJMxHtKewQgLqvxsfsQUnhqnDwexNC/ScO7+nsiwUGoiQtMpsB6p5drM/K/WS/Xgws9YlKSaRmSxaJByqGM4SwT2maRE84kBTCQzf4VkhCUm2uRWMiG4yyevQrvquMhxb2uVxlUeRxGUwQk4Ay6ogwa4AU3QAgQ8gmfwCt6sJ+vFerc+Fq0FK585Bn9kff4ABDeVGQ==</latexit>

(D/H)P = (2.414± 0.047)⇥ 10�5
<latexit sha1_base64="8ZfOX6VCkt9s292x6aVec5wA6fE="></latexit><latexit sha1_base64="8ZfOX6VCkt9s292x6aVec5wA6fE="></latexit><latexit sha1_base64="8ZfOX6VCkt9s292x6aVec5wA6fE="></latexit><latexit sha1_base64="8ZfOX6VCkt9s292x6aVec5wA6fE="></latexit>

(3He/H)P = (1.110± 0.022)⇥ 10�5
<latexit sha1_base64="AJh86FKrYinAgZaD/tEPregT8AM="></latexit><latexit sha1_base64="AJh86FKrYinAgZaD/tEPregT8AM="></latexit><latexit sha1_base64="AJh86FKrYinAgZaD/tEPregT8AM="></latexit><latexit sha1_base64="AJh86FKrYinAgZaD/tEPregT8AM="></latexit>

(7Li/H)P = (5.566± 0.269)⇥ 10�10
<latexit sha1_base64="0KPvCv+hFYJEzbg5T6gd5/dXrUs="></latexit><latexit sha1_base64="0KPvCv+hFYJEzbg5T6gd5/dXrUs="></latexit><latexit sha1_base64="0KPvCv+hFYJEzbg5T6gd5/dXrUs="></latexit><latexit sha1_base64="0KPvCv+hFYJEzbg5T6gd5/dXrUs="></latexit>

Grohs et al. (2016), PRD, 93, 083522

PRIMAT

PArthENoPE

Kawano (Wagoner)

Kawano (Wagoner)

Consiglio et al. (2018), arXiv:1712.04378

(7Li/H)P = 4.927⇥ 10�10
<latexit sha1_base64="OiGFaah+bOPrKbiUL4KLUZWFyjY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi8akFKoLoeimCxcV7AOaNEymkzp08mBmIpSQr3Djr7hxoYhbceffOH0stPXAwLnn3Mude7yYUSFN81vLrayurW/kNwtb2zu7e/r+QVtECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNH1xO88EC5oFN7JcUycAA1D6lOMpJJcvZzaPCj101p2Q88ap5k7qWEzg5ewalxUarakARGW2U/Llpm5etE0zCngMrHmpAjmaLr6lz2IcBKQUGKGhOhZZiydFHFJMSNZwU4EiREeoSHpKRoitcxJp2dl8EQpA+hHXL1Qwqn6eyJFgRDjwFOdAZL3YtGbiP95vUT6505KwziRJMSzRX7CoIzgJCM4oJxgycaKIMyp+ivE94gjLFWSBRWCtXjyMmlXDMs0rNtqsX41jyMPjsAxKAEL1EAdNEATtAAGj+AZvII37Ul70d61j1lrTpvPHII/0D5/AFcUnPA=</latexit><latexit sha1_base64="OiGFaah+bOPrKbiUL4KLUZWFyjY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi8akFKoLoeimCxcV7AOaNEymkzp08mBmIpSQr3Djr7hxoYhbceffOH0stPXAwLnn3Mude7yYUSFN81vLrayurW/kNwtb2zu7e/r+QVtECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNH1xO88EC5oFN7JcUycAA1D6lOMpJJcvZzaPCj101p2Q88ap5k7qWEzg5ewalxUarakARGW2U/Llpm5etE0zCngMrHmpAjmaLr6lz2IcBKQUGKGhOhZZiydFHFJMSNZwU4EiREeoSHpKRoitcxJp2dl8EQpA+hHXL1Qwqn6eyJFgRDjwFOdAZL3YtGbiP95vUT6505KwziRJMSzRX7CoIzgJCM4oJxgycaKIMyp+ivE94gjLFWSBRWCtXjyMmlXDMs0rNtqsX41jyMPjsAxKAEL1EAdNEATtAAGj+AZvII37Ul70d61j1lrTpvPHII/0D5/AFcUnPA=</latexit><latexit sha1_base64="OiGFaah+bOPrKbiUL4KLUZWFyjY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi8akFKoLoeimCxcV7AOaNEymkzp08mBmIpSQr3Djr7hxoYhbceffOH0stPXAwLnn3Mude7yYUSFN81vLrayurW/kNwtb2zu7e/r+QVtECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNH1xO88EC5oFN7JcUycAA1D6lOMpJJcvZzaPCj101p2Q88ap5k7qWEzg5ewalxUarakARGW2U/Llpm5etE0zCngMrHmpAjmaLr6lz2IcBKQUGKGhOhZZiydFHFJMSNZwU4EiREeoSHpKRoitcxJp2dl8EQpA+hHXL1Qwqn6eyJFgRDjwFOdAZL3YtGbiP95vUT6505KwziRJMSzRX7CoIzgJCM4oJxgycaKIMyp+ivE94gjLFWSBRWCtXjyMmlXDMs0rNtqsX41jyMPjsAxKAEL1EAdNEATtAAGj+AZvII37Ul70d61j1lrTpvPHII/0D5/AFcUnPA=</latexit><latexit sha1_base64="OiGFaah+bOPrKbiUL4KLUZWFyjY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi8akFKoLoeimCxcV7AOaNEymkzp08mBmIpSQr3Djr7hxoYhbceffOH0stPXAwLnn3Mude7yYUSFN81vLrayurW/kNwtb2zu7e/r+QVtECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vNH1xO88EC5oFN7JcUycAA1D6lOMpJJcvZzaPCj101p2Q88ap5k7qWEzg5ewalxUarakARGW2U/Llpm5etE0zCngMrHmpAjmaLr6lz2IcBKQUGKGhOhZZiydFHFJMSNZwU4EiREeoSHpKRoitcxJp2dl8EQpA+hHXL1Qwqn6eyJFgRDjwFOdAZL3YtGbiP95vUT6505KwziRJMSzRX7CoIzgJCM4oJxgycaKIMyp+ivE94gjLFWSBRWCtXjyMmlXDMs0rNtqsX41jyMPjsAxKAEL1EAdNEATtAAGj+AZvII37Ul70d61j1lrTpvPHII/0D5/AFcUnPA=</latexit>

(3He/H)P = 1.086⇥ 10�5
<latexit sha1_base64="Ra1uNPZ5NKPswZTjUvsVBtkzRZ4=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooDHx2Y1QdNNlBfuAJg2T6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBwbOPede7tzjRowKaRjfWm5hcWl5Jb9aWFvf2Nwqbu80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3o791gPhgobBvRxFxPZRP6AexUgqySkeJRb3y93kLK2Rk9ph6oxrWE/hNTR1o3JpSeoTYRrd5PgidYolQzcmgPPEzEgJZKg7xS+rF+LYJ4HEDAnRMY1I2gnikmJG0oIVCxIhPER90lE0QGqXnUyuSuGBUnrQC7l6gYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1YehU7oUEUSxLg6SIvZlCGcBwR7FFOsGQjRRDmVP0V4gHiCEsVZEGFYM6ePE+ap7pp6Obdeal6k8WRB3tgH5SBCa5AFdRAHTQABo/gGbyCN+1Je9HetY9pa07LZnbBH2ifP8IfnKc=</latexit><latexit sha1_base64="Ra1uNPZ5NKPswZTjUvsVBtkzRZ4=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooDHx2Y1QdNNlBfuAJg2T6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBwbOPede7tzjRowKaRjfWm5hcWl5Jb9aWFvf2Nwqbu80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3o791gPhgobBvRxFxPZRP6AexUgqySkeJRb3y93kLK2Rk9ph6oxrWE/hNTR1o3JpSeoTYRrd5PgidYolQzcmgPPEzEgJZKg7xS+rF+LYJ4HEDAnRMY1I2gnikmJG0oIVCxIhPER90lE0QGqXnUyuSuGBUnrQC7l6gYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1YehU7oUEUSxLg6SIvZlCGcBwR7FFOsGQjRRDmVP0V4gHiCEsVZEGFYM6ePE+ap7pp6Obdeal6k8WRB3tgH5SBCa5AFdRAHTQABo/gGbyCN+1Je9HetY9pa07LZnbBH2ifP8IfnKc=</latexit><latexit sha1_base64="Ra1uNPZ5NKPswZTjUvsVBtkzRZ4=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooDHx2Y1QdNNlBfuAJg2T6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBwbOPede7tzjRowKaRjfWm5hcWl5Jb9aWFvf2Nwqbu80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3o791gPhgobBvRxFxPZRP6AexUgqySkeJRb3y93kLK2Rk9ph6oxrWE/hNTR1o3JpSeoTYRrd5PgidYolQzcmgPPEzEgJZKg7xS+rF+LYJ4HEDAnRMY1I2gnikmJG0oIVCxIhPER90lE0QGqXnUyuSuGBUnrQC7l6gYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1YehU7oUEUSxLg6SIvZlCGcBwR7FFOsGQjRRDmVP0V4gHiCEsVZEGFYM6ePE+ap7pp6Obdeal6k8WRB3tgH5SBCa5AFdRAHTQABo/gGbyCN+1Je9HetY9pa07LZnbBH2ifP8IfnKc=</latexit><latexit sha1_base64="Ra1uNPZ5NKPswZTjUvsVBtkzRZ4=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WooDHx2Y1QdNNlBfuAJg2T6aQdOnkwMxFKyE+48VfcuFDEreDOv3HaZqGtBwbOPede7tzjRowKaRjfWm5hcWl5Jb9aWFvf2Nwqbu80RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsd3o791gPhgobBvRxFxPZRP6AexUgqySkeJRb3y93kLK2Rk9ph6oxrWE/hNTR1o3JpSeoTYRrd5PgidYolQzcmgPPEzEgJZKg7xS+rF+LYJ4HEDAnRMY1I2gnikmJG0oIVCxIhPER90lE0QGqXnUyuSuGBUnrQC7l6gYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1YehU7oUEUSxLg6SIvZlCGcBwR7FFOsGQjRRDmVP0V4gHiCEsVZEGFYM6ePE+ap7pp6Obdeal6k8WRB3tgH5SBCa5AFdRAHTQABo/gGbyCN+1Je9HetY9pa07LZnbBH2ifP8IfnKc=</latexit>

(D/H)P = 2.478⇥ 10�5
<latexit sha1_base64="lBcalOPqfJGQ/bDMWh2ePQ7f/+E=">AAACEHicbZDLSsNAFIYnXmu9RV26GSxiXRiTUmk3QlEXXVawF2hqmUwn7dDJhZmJUEIewY2v4saFIm5duvNtnLRZaOsPAx//OYcz53dCRoU0zW9taXlldW09t5Hf3Nre2dX39lsiiDgmTRywgHccJAijPmlKKhnphJwgz2Gk7Yyv03r7gXBBA/9OTkLS89DQpy7FSCqrr5/ENveKN+f106SfImwk8BKWjHKlakvqEWGZ9/HZRdLXC6ZhTgUXwcqgADI1+vqXPQhw5BFfYoaE6FpmKHsx4pJiRpK8HQkSIjxGQ9JV6CO1qxdPD0rgsXIG0A24er6EU/f3RIw8ISaeozo9JEdivpaa/9W6kXSrvZj6YSSJj2eL3IhBGcA0HTignGDJJgoQ5lT9FeIR4ghLlWFehWDNn7wIrZJhmYZ1Wy7UrrI4cuAQHIEisEAF1EAdNEATYPAInsEreNOetBftXfuYtS5p2cwB+CPt8wfOyJqJ</latexit><latexit sha1_base64="lBcalOPqfJGQ/bDMWh2ePQ7f/+E=">AAACEHicbZDLSsNAFIYnXmu9RV26GSxiXRiTUmk3QlEXXVawF2hqmUwn7dDJhZmJUEIewY2v4saFIm5duvNtnLRZaOsPAx//OYcz53dCRoU0zW9taXlldW09t5Hf3Nre2dX39lsiiDgmTRywgHccJAijPmlKKhnphJwgz2Gk7Yyv03r7gXBBA/9OTkLS89DQpy7FSCqrr5/ENveKN+f106SfImwk8BKWjHKlakvqEWGZ9/HZRdLXC6ZhTgUXwcqgADI1+vqXPQhw5BFfYoaE6FpmKHsx4pJiRpK8HQkSIjxGQ9JV6CO1qxdPD0rgsXIG0A24er6EU/f3RIw8ISaeozo9JEdivpaa/9W6kXSrvZj6YSSJj2eL3IhBGcA0HTignGDJJgoQ5lT9FeIR4ghLlWFehWDNn7wIrZJhmYZ1Wy7UrrI4cuAQHIEisEAF1EAdNEATYPAInsEreNOetBftXfuYtS5p2cwB+CPt8wfOyJqJ</latexit><latexit sha1_base64="lBcalOPqfJGQ/bDMWh2ePQ7f/+E=">AAACEHicbZDLSsNAFIYnXmu9RV26GSxiXRiTUmk3QlEXXVawF2hqmUwn7dDJhZmJUEIewY2v4saFIm5duvNtnLRZaOsPAx//OYcz53dCRoU0zW9taXlldW09t5Hf3Nre2dX39lsiiDgmTRywgHccJAijPmlKKhnphJwgz2Gk7Yyv03r7gXBBA/9OTkLS89DQpy7FSCqrr5/ENveKN+f106SfImwk8BKWjHKlakvqEWGZ9/HZRdLXC6ZhTgUXwcqgADI1+vqXPQhw5BFfYoaE6FpmKHsx4pJiRpK8HQkSIjxGQ9JV6CO1qxdPD0rgsXIG0A24er6EU/f3RIw8ISaeozo9JEdivpaa/9W6kXSrvZj6YSSJj2eL3IhBGcA0HTignGDJJgoQ5lT9FeIR4ghLlWFehWDNn7wIrZJhmYZ1Wy7UrrI4cuAQHIEisEAF1EAdNEATYPAInsEreNOetBftXfuYtS5p2cwB+CPt8wfOyJqJ</latexit><latexit sha1_base64="lBcalOPqfJGQ/bDMWh2ePQ7f/+E=">AAACEHicbZDLSsNAFIYnXmu9RV26GSxiXRiTUmk3QlEXXVawF2hqmUwn7dDJhZmJUEIewY2v4saFIm5duvNtnLRZaOsPAx//OYcz53dCRoU0zW9taXlldW09t5Hf3Nre2dX39lsiiDgmTRywgHccJAijPmlKKhnphJwgz2Gk7Yyv03r7gXBBA/9OTkLS89DQpy7FSCqrr5/ENveKN+f106SfImwk8BKWjHKlakvqEWGZ9/HZRdLXC6ZhTgUXwcqgADI1+vqXPQhw5BFfYoaE6FpmKHsx4pJiRpK8HQkSIjxGQ9JV6CO1qxdPD0rgsXIG0A24er6EU/f3RIw8ISaeozo9JEdivpaa/9W6kXSrvZj6YSSJj2eL3IhBGcA0HTignGDJJgoQ5lT9FeIR4ghLlWFehWDNn7wIrZJhmYZ1Wy7UrrI4cuAQHIEisEAF1EAdNEATYPAInsEreNOetBftXfuYtS5p2cwB+CPt8wfOyJqJ</latexit>

Lopez & Turner (1999), PRD, 59, 103502

YP = 0.2480
<latexit sha1_base64="l007IW3640WjcHWF9ZUOPur2GHc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKkxKwW6EohuXFexD2hAm00k7dCYJMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHCmdIIfVuljc2t7Z3ybmVv/+DwyD6udlWcSkI7JOax7AdYUc4i2tFMc9pPJMUi4LQXTG/mfu+RSsXi6F7PEuoJPI5YyAjWRvLt6oOfDaWA7RxeQeTUG03k2zXkoAXgOnELUgMF2r79NRzFJBU00oRjpQYuSrSXYakZ4TSvDFNFE0ymeEwHhkZYUOVli9tzeG6UEQxjaSrScKH+nsiwUGomAtMpsJ6oVW8u/ucNUh02vYxFSappRJaLwpRDHcN5EHDEJCWazwzBRDJzKyQTLDHRJq6KCcFdfXmddOuOixz3rlFrXRdxlMEpOAMXwAWXoAVuQRt0AAFP4Bm8gjcrt16sd+tj2VqyipkT8AfW5w/pb5Jj</latexit><latexit sha1_base64="l007IW3640WjcHWF9ZUOPur2GHc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKkxKwW6EohuXFexD2hAm00k7dCYJMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHCmdIIfVuljc2t7Z3ybmVv/+DwyD6udlWcSkI7JOax7AdYUc4i2tFMc9pPJMUi4LQXTG/mfu+RSsXi6F7PEuoJPI5YyAjWRvLt6oOfDaWA7RxeQeTUG03k2zXkoAXgOnELUgMF2r79NRzFJBU00oRjpQYuSrSXYakZ4TSvDFNFE0ymeEwHhkZYUOVli9tzeG6UEQxjaSrScKH+nsiwUGomAtMpsJ6oVW8u/ucNUh02vYxFSappRJaLwpRDHcN5EHDEJCWazwzBRDJzKyQTLDHRJq6KCcFdfXmddOuOixz3rlFrXRdxlMEpOAMXwAWXoAVuQRt0AAFP4Bm8gjcrt16sd+tj2VqyipkT8AfW5w/pb5Jj</latexit><latexit sha1_base64="l007IW3640WjcHWF9ZUOPur2GHc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKkxKwW6EohuXFexD2hAm00k7dCYJMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHCmdIIfVuljc2t7Z3ybmVv/+DwyD6udlWcSkI7JOax7AdYUc4i2tFMc9pPJMUi4LQXTG/mfu+RSsXi6F7PEuoJPI5YyAjWRvLt6oOfDaWA7RxeQeTUG03k2zXkoAXgOnELUgMF2r79NRzFJBU00oRjpQYuSrSXYakZ4TSvDFNFE0ymeEwHhkZYUOVli9tzeG6UEQxjaSrScKH+nsiwUGomAtMpsJ6oVW8u/ucNUh02vYxFSappRJaLwpRDHcN5EHDEJCWazwzBRDJzKyQTLDHRJq6KCcFdfXmddOuOixz3rlFrXRdxlMEpOAMXwAWXoAVuQRt0AAFP4Bm8gjcrt16sd+tj2VqyipkT8AfW5w/pb5Jj</latexit><latexit sha1_base64="l007IW3640WjcHWF9ZUOPur2GHc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKkxKwW6EohuXFexD2hAm00k7dCYJMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHCmdIIfVuljc2t7Z3ybmVv/+DwyD6udlWcSkI7JOax7AdYUc4i2tFMc9pPJMUi4LQXTG/mfu+RSsXi6F7PEuoJPI5YyAjWRvLt6oOfDaWA7RxeQeTUG03k2zXkoAXgOnELUgMF2r79NRzFJBU00oRjpQYuSrSXYakZ4TSvDFNFE0ymeEwHhkZYUOVli9tzeG6UEQxjaSrScKH+nsiwUGomAtMpsJ6oVW8u/ucNUh02vYxFSappRJaLwpRDHcN5EHDEJCWazwzBRDJzKyQTLDHRJq6KCcFdfXmddOuOixz3rlFrXRdxlMEpOAMXwAWXoAVuQRt0AAFP4Bm8gjcrt16sd+tj2VqyipkT8AfW5w/pb5Jj</latexit>

(7Li/H)P = 5.042⇥ 10�10
<latexit sha1_base64="jAuRITfRD0H5cAmTdMy4E412Kts=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoi9ZMqdSNUHTThYsK9gF9kUkzNTTzIMkIZZivcOOvuHGhiFtx59+YaWehrQcC555zLzf32AFnUiH0bWRWVtfWN7Kbua3tnd09c/+gJf1QENokPvdFx8aScubRpmKK004gKHZtTtv25Drx2w9USOZ7d2oa0L6Lxx5zGMFKS0OzGPWEWxhE1fiGndVP42FSw0YML+F5CVXKPcVcKi00iIoWiodmHpXQDHCZWCnJgxSNofnVG/kkdKmnCMdSdi0UqH6EhWKE0zjXCyUNMJngMe1q6mG9rB/NzorhiVZG0PGFfp6CM/X3RIRdKaeurTtdrO7lopeI/3ndUDkX/Yh5QaioR+aLnJBD5cMkIzhighLFp5pgIpj+KyT3WGCidJI5HYK1ePIyaZVLFipZt5V87SqNIwuOwDEoAAtUQQ3UQQM0AQGP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Ynz9Fwpzl</latexit><latexit sha1_base64="jAuRITfRD0H5cAmTdMy4E412Kts=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoi9ZMqdSNUHTThYsK9gF9kUkzNTTzIMkIZZivcOOvuHGhiFtx59+YaWehrQcC555zLzf32AFnUiH0bWRWVtfWN7Kbua3tnd09c/+gJf1QENokPvdFx8aScubRpmKK004gKHZtTtv25Drx2w9USOZ7d2oa0L6Lxx5zGMFKS0OzGPWEWxhE1fiGndVP42FSw0YML+F5CVXKPcVcKi00iIoWiodmHpXQDHCZWCnJgxSNofnVG/kkdKmnCMdSdi0UqH6EhWKE0zjXCyUNMJngMe1q6mG9rB/NzorhiVZG0PGFfp6CM/X3RIRdKaeurTtdrO7lopeI/3ndUDkX/Yh5QaioR+aLnJBD5cMkIzhighLFp5pgIpj+KyT3WGCidJI5HYK1ePIyaZVLFipZt5V87SqNIwuOwDEoAAtUQQ3UQQM0AQGP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Ynz9Fwpzl</latexit><latexit sha1_base64="jAuRITfRD0H5cAmTdMy4E412Kts=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoi9ZMqdSNUHTThYsK9gF9kUkzNTTzIMkIZZivcOOvuHGhiFtx59+YaWehrQcC555zLzf32AFnUiH0bWRWVtfWN7Kbua3tnd09c/+gJf1QENokPvdFx8aScubRpmKK004gKHZtTtv25Drx2w9USOZ7d2oa0L6Lxx5zGMFKS0OzGPWEWxhE1fiGndVP42FSw0YML+F5CVXKPcVcKi00iIoWiodmHpXQDHCZWCnJgxSNofnVG/kkdKmnCMdSdi0UqH6EhWKE0zjXCyUNMJngMe1q6mG9rB/NzorhiVZG0PGFfp6CM/X3RIRdKaeurTtdrO7lopeI/3ndUDkX/Yh5QaioR+aLnJBD5cMkIzhighLFp5pgIpj+KyT3WGCidJI5HYK1ePIyaZVLFipZt5V87SqNIwuOwDEoAAtUQQ3UQQM0AQGP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Ynz9Fwpzl</latexit><latexit sha1_base64="jAuRITfRD0H5cAmTdMy4E412Kts=">AAACFnicbVDLSgMxFM3UV62vUZdugkWoi9ZMqdSNUHTThYsK9gF9kUkzNTTzIMkIZZivcOOvuHGhiFtx59+YaWehrQcC555zLzf32AFnUiH0bWRWVtfWN7Kbua3tnd09c/+gJf1QENokPvdFx8aScubRpmKK004gKHZtTtv25Drx2w9USOZ7d2oa0L6Lxx5zGMFKS0OzGPWEWxhE1fiGndVP42FSw0YML+F5CVXKPcVcKi00iIoWiodmHpXQDHCZWCnJgxSNofnVG/kkdKmnCMdSdi0UqH6EhWKE0zjXCyUNMJngMe1q6mG9rB/NzorhiVZG0PGFfp6CM/X3RIRdKaeurTtdrO7lopeI/3ndUDkX/Yh5QaioR+aLnJBD5cMkIzhighLFp5pgIpj+KyT3WGCidJI5HYK1ePIyaZVLFipZt5V87SqNIwuOwDEoAAtUQQ3UQQM0AQGP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Ynz9Fwpzl</latexit>

(3He/H)P = 1.088⇥ 10�5
<latexit sha1_base64="B7CP8ZnW+5bDxb5qPHWHl7elK2s=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVNCY+sBuh6KbLCvYBTRom02k7dPJgZiKUkJ9w46+4caGIW8Gdf+OkzUJbDwyce8693LnHixgV0jS/tYXFpeWV1cJacX1jc2tb39ltijDmmDRwyELe9pAgjAakIalkpB1xgnyPkZY3us381gPhgobBvRxHxPHRIKB9ipFUkqsfJzb3y93kPK2R09pR6mY1rKfwGlqGWanYkvpEWGY3OblMXb1kGuYEcJ5YOSmBHHVX/7J7IY59EkjMkBAdy4ykkyAuKWYkLdqxIBHCIzQgHUUDpHY5yeSqFB4qpQf7IVcvkHCi/p5IkC/E2PdUp4/kUMx6mfif14llv+IkNIhiSQI8XdSPGZQhzCKCPcoJlmysCMKcqr9CPEQcYamCLKoQrNmT50nzzLBMw7q7KFVv8jgKYB8cgDKwwBWoghqogwbA4BE8g1fwpj1pL9q79jFtXdDymT3wB9rnD8VBnKk=</latexit><latexit sha1_base64="B7CP8ZnW+5bDxb5qPHWHl7elK2s=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVNCY+sBuh6KbLCvYBTRom02k7dPJgZiKUkJ9w46+4caGIW8Gdf+OkzUJbDwyce8693LnHixgV0jS/tYXFpeWV1cJacX1jc2tb39ltijDmmDRwyELe9pAgjAakIalkpB1xgnyPkZY3us381gPhgobBvRxHxPHRIKB9ipFUkqsfJzb3y93kPK2R09pR6mY1rKfwGlqGWanYkvpEWGY3OblMXb1kGuYEcJ5YOSmBHHVX/7J7IY59EkjMkBAdy4ykkyAuKWYkLdqxIBHCIzQgHUUDpHY5yeSqFB4qpQf7IVcvkHCi/p5IkC/E2PdUp4/kUMx6mfif14llv+IkNIhiSQI8XdSPGZQhzCKCPcoJlmysCMKcqr9CPEQcYamCLKoQrNmT50nzzLBMw7q7KFVv8jgKYB8cgDKwwBWoghqogwbA4BE8g1fwpj1pL9q79jFtXdDymT3wB9rnD8VBnKk=</latexit><latexit sha1_base64="B7CP8ZnW+5bDxb5qPHWHl7elK2s=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVNCY+sBuh6KbLCvYBTRom02k7dPJgZiKUkJ9w46+4caGIW8Gdf+OkzUJbDwyce8693LnHixgV0jS/tYXFpeWV1cJacX1jc2tb39ltijDmmDRwyELe9pAgjAakIalkpB1xgnyPkZY3us381gPhgobBvRxHxPHRIKB9ipFUkqsfJzb3y93kPK2R09pR6mY1rKfwGlqGWanYkvpEWGY3OblMXb1kGuYEcJ5YOSmBHHVX/7J7IY59EkjMkBAdy4ykkyAuKWYkLdqxIBHCIzQgHUUDpHY5yeSqFB4qpQf7IVcvkHCi/p5IkC/E2PdUp4/kUMx6mfif14llv+IkNIhiSQI8XdSPGZQhzCKCPcoJlmysCMKcqr9CPEQcYamCLKoQrNmT50nzzLBMw7q7KFVv8jgKYB8cgDKwwBWoghqogwbA4BE8g1fwpj1pL9q79jFtXdDymT3wB9rnD8VBnKk=</latexit><latexit sha1_base64="B7CP8ZnW+5bDxb5qPHWHl7elK2s=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVNCY+sBuh6KbLCvYBTRom02k7dPJgZiKUkJ9w46+4caGIW8Gdf+OkzUJbDwyce8693LnHixgV0jS/tYXFpeWV1cJacX1jc2tb39ltijDmmDRwyELe9pAgjAakIalkpB1xgnyPkZY3us381gPhgobBvRxHxPHRIKB9ipFUkqsfJzb3y93kPK2R09pR6mY1rKfwGlqGWanYkvpEWGY3OblMXb1kGuYEcJ5YOSmBHHVX/7J7IY59EkjMkBAdy4ykkyAuKWYkLdqxIBHCIzQgHUUDpHY5yeSqFB4qpQf7IVcvkHCi/p5IkC/E2PdUp4/kUMx6mfif14llv+IkNIhiSQI8XdSPGZQhzCKCPcoJlmysCMKcqr9CPEQcYamCLKoQrNmT50nzzLBMw7q7KFVv8jgKYB8cgDKwwBWoghqogwbA4BE8g1fwpj1pL9q79jFtXdDymT3wB9rnD8VBnKk=</latexit>

(D/H)P = 2.365⇥ 10�5
<latexit sha1_base64="Z0g0wJyUte7cAYQPer4iCdWS8BI=">AAACEHicbZC7TsMwFIadcivlVmBksagQZSAkhQILUgUMHYtEL1JbIsd1W6uOE9kOUhXlEVh4FRYGEGJlZONtcNoMQPklS5/+c46Oz+8GjEplWV9GZm5+YXEpu5xbWV1b38hvbjWkHwpM6thnvmi5SBJGOakrqhhpBYIgz2Wk6Y6uknrznghJfX6rxgHpemjAaZ9ipLTl5PejjvCK10fVg9hJENZieAFL5vFpuaOoR6Rt3UWH5djJFyzTmgjOgp1CAaSqOfnPTs/HoUe4wgxJ2batQHUjJBTFjMS5TihJgPAIDUhbI0d6VzeaHBTDPe30YN8X+nEFJ+7PiQh5Uo49V3d6SA3l31pi/ldrh6p/3o0oD0JFOJ4u6ocMKh8m6cAeFQQrNtaAsKD6rxAPkUBY6QxzOgT778mz0CiZtmXaNyeFymUaRxbsgF1QBDY4AxVQBTVQBxg8gCfwAl6NR+PZeDPep60ZI53ZBr9kfHwDxvCahA==</latexit><latexit sha1_base64="Z0g0wJyUte7cAYQPer4iCdWS8BI=">AAACEHicbZC7TsMwFIadcivlVmBksagQZSAkhQILUgUMHYtEL1JbIsd1W6uOE9kOUhXlEVh4FRYGEGJlZONtcNoMQPklS5/+c46Oz+8GjEplWV9GZm5+YXEpu5xbWV1b38hvbjWkHwpM6thnvmi5SBJGOakrqhhpBYIgz2Wk6Y6uknrznghJfX6rxgHpemjAaZ9ipLTl5PejjvCK10fVg9hJENZieAFL5vFpuaOoR6Rt3UWH5djJFyzTmgjOgp1CAaSqOfnPTs/HoUe4wgxJ2batQHUjJBTFjMS5TihJgPAIDUhbI0d6VzeaHBTDPe30YN8X+nEFJ+7PiQh5Uo49V3d6SA3l31pi/ldrh6p/3o0oD0JFOJ4u6ocMKh8m6cAeFQQrNtaAsKD6rxAPkUBY6QxzOgT778mz0CiZtmXaNyeFymUaRxbsgF1QBDY4AxVQBTVQBxg8gCfwAl6NR+PZeDPep60ZI53ZBr9kfHwDxvCahA==</latexit><latexit sha1_base64="Z0g0wJyUte7cAYQPer4iCdWS8BI=">AAACEHicbZC7TsMwFIadcivlVmBksagQZSAkhQILUgUMHYtEL1JbIsd1W6uOE9kOUhXlEVh4FRYGEGJlZONtcNoMQPklS5/+c46Oz+8GjEplWV9GZm5+YXEpu5xbWV1b38hvbjWkHwpM6thnvmi5SBJGOakrqhhpBYIgz2Wk6Y6uknrznghJfX6rxgHpemjAaZ9ipLTl5PejjvCK10fVg9hJENZieAFL5vFpuaOoR6Rt3UWH5djJFyzTmgjOgp1CAaSqOfnPTs/HoUe4wgxJ2batQHUjJBTFjMS5TihJgPAIDUhbI0d6VzeaHBTDPe30YN8X+nEFJ+7PiQh5Uo49V3d6SA3l31pi/ldrh6p/3o0oD0JFOJ4u6ocMKh8m6cAeFQQrNtaAsKD6rxAPkUBY6QxzOgT778mz0CiZtmXaNyeFymUaRxbsgF1QBDY4AxVQBTVQBxg8gCfwAl6NR+PZeDPep60ZI53ZBr9kfHwDxvCahA==</latexit><latexit sha1_base64="Z0g0wJyUte7cAYQPer4iCdWS8BI=">AAACEHicbZC7TsMwFIadcivlVmBksagQZSAkhQILUgUMHYtEL1JbIsd1W6uOE9kOUhXlEVh4FRYGEGJlZONtcNoMQPklS5/+c46Oz+8GjEplWV9GZm5+YXEpu5xbWV1b38hvbjWkHwpM6thnvmi5SBJGOakrqhhpBYIgz2Wk6Y6uknrznghJfX6rxgHpemjAaZ9ipLTl5PejjvCK10fVg9hJENZieAFL5vFpuaOoR6Rt3UWH5djJFyzTmgjOgp1CAaSqOfnPTs/HoUe4wgxJ2batQHUjJBTFjMS5TihJgPAIDUhbI0d6VzeaHBTDPe30YN8X+nEFJ+7PiQh5Uo49V3d6SA3l31pi/ldrh6p/3o0oD0JFOJ4u6ocMKh8m6cAeFQQrNtaAsKD6rxAPkUBY6QxzOgT778mz0CiZtmXaNyeFymUaRxbsgF1QBDY4AxVQBTVQBxg8gCfwAl6NR+PZeDPep60ZI53ZBr9kfHwDxvCahA==</latexit>


