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Abundances of D, 3He, “Li
BBN - Predicted Primordial Abundances

Are RATE Limited !
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* D is only DESTROYED in stars = Anywhere, Anytime: D/H < (D/H),

® For t<<t, (Z << Z;; z >>0) = Deuterium Plateau: (D/H), — (D/H),

® (D/H), is sensitive to the density = (D/H), x
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Use BBN (D/H), vs.nyg

(ASSUME N, = 3)
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WMAP

Probing Neutrinos with BBN and the CMB

IS
T
*

2003.1

10%(D/H)

° WMAP

0 TN |

WMAP => (D/H), = 2.6 + 0.2 x 105

4 SUN

]

IsSM

P B

-3 -2

x/H]

0.0224 = 0.0009

D/H + BBN +

l WMAP

YEAR

L " 1 n
2000 2002

2004

Gary Steigman, Ohio State Univ (KITP Neutrinos Conference 3/03/03)




Probing Neutrinos with BBN and the CMB

Adopt : Yo, = 0.238 = 0.005

[4He is Primordial!]

Y = 0.244 = 0.002

Yoss = 0.234 = 0.003
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(D/H), = 2.6 = 0.4x 10

&

= Qgh? = 0.021

Observed Lithium Too Low ?
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For E, = kT > 0
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OSW “Best Fit” ():

Ny = 5.7; Qgh? = 0.021

AN, = —0.69

v

| CONCLUSIONS - BBN ALONE |

(DHp = 2.6 £ 0.4 x 1075

Yp = 0.238 + 0.005

L4 56: =0
* Qph? = 0.021 £ 0.002 (119 = 5.7470:8)
* AN, = —0.7013-3%
% BUT: (LiH)p ~ 4.5 x 10710

e #0 (N, = 3)

* Qph? = 0.022 + 0.002 (0= 6.1570%8)
* &, = 0.044 + 0.022

% BUT: (LiHp ~ 4.2 x 10710
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BBN (OSW) + CMB (WMAP)

BBN (IT) + CMB (WMAP)
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BBN (OSW)
BBN (IT)
CMB (WMAP)

BBN (OSW) + WMAP Fit
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Joint BBN (IT) + WMAP Fit

SUMMARY AND CONCLUSIONS

BBN and CMB are consistent =

The Universe at 20 min. and 380 kyr AGREE!

Best: 1),, = 6.16 (6.30) ; Qgh? = 0.0225 (0.0230) ; N, =2.25 (2.75)

95% Ranges : 5.57 < 1), < 6.84; 0.0203 = Qgh? < 0.0250

(5.66 < T, < 6.84; 0.0207 = Qh? < 0.0250)
1.80 < N, < 2.94 (2.49 < N, < 2.99)

Be= §,= § = 0.044:x0.022
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