
Tom Bania
Institute for Astrophysical Research

Department of Astronomy
Boston University

The Cosmic Abundance of 3He:
Green Bank Telescope Observations



Bob Rood 
University of Virginia

1942 – 2011 

Tom Wilson
MPIfR

Miller Goss
NRAO

Tom Wilson
MPIfR

Dana Balser
NRAO

Green Bank 140 Foot Telescope
1982



H I 

1420 MHz

D I
327 MHz

He
8665 MHz

3    +

Hyperfine “Spin Flip” Transitions

Radio Astronomy Holy Grails
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3He+ Hyperfine Transition
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Rood, Steigman & Tinsley 1976, ApJ, 207, L57



Stellar Nucleosynthesis
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“The present interstellar 3He is more 
of stellar than primordial origin.”

Rood, Steigman & Tinsley (1976)

Daniele Galli



HII Region 3He+ Spectra
Bania et al. (1997)

3He+


NRAO 140 Foot



HII Region 3He+ Spectra 



3-Helium Experiment
200 day integration 27 μK rms



3He Abundance Determination

MEASURE the Equivalent Width of the spectral line
DERIVE the abundance



HII Region Models
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HII Region Radio Continuum

DSB et al. (1995)

MPIfR 100m Telescope NRAO Very Large Array



HII Region Models Balser et al. 1999

W43 S209





Galli et al. (1995)

WMAP

“The  He Problem”3





Bania, Rood & Balser 2002

3He Abundance in H II Regions   
“The 3He Plateau”

WMAP
(3He/H)p = 1.1 x 10-5



Bania, Rood, & Balser 
2002 Nature, 415, 54
ΩB = 0.04
η10 = 5.4+2.2

-1.2

Spergel et al. 2003, WMAP
η10 = 6.5+0.4

-0.3
ΩB = 0.047 ± 0.006

For D highest observed value is a 
lower limit for cosmological D

For 3He lowest observed 3He/H is an 
upper limit for cosmological 3He



Izotov & Thuan (2004)
Peimbert & Peimbert (2002)
Olive & Skillman (2004)

Kirkman et al. (2003)

Bania, Rood, & Balser (2002)

Ryan et al. (2003)
Boesgaard et al. (2006)

Burles et al. (2001)
Spergel et al. 

(2006)

Alan Rogers D/H = 2.1 +/- 0.7 x 10-5

BBNS Constraints

WMAP 
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Green Bank Telescope



Conventional

Blocked
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Is a very
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Design



Standing Waves and Multipath

140 Foot



H 171 η 3He+

140 Foot



Baseline Model Subtracted



GBT:  Clear Aperture Optics



S 209  HII  Region
140 ft  March 1995                   GBT June 2004

33.1 hr                                      3.2 hr         



Higher Order Radio Recombination Lines
GBT ACS Spectrometer
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1. 4He/H abundances
2. Model physical properties
3. Reliability level of ~0.5 mK



HII Region

S206
NGC 1491



S206 Model

NEBULA

6 density components
LTE

No Pressure Broadening

4He+/H+ = 0.085

3He+/H+ = 1.89 x 10-5



91 hour integration

GBT 3He+



H 91 α  Δn = 1 



H 114 β Δn = 2



H 131 γ Δn = 3 



H 144 δ Δn =4 



H 152 ε  Δn = 5  



GBT should have been a contender

Alas.
There is ~ 2 km between the GBT X-band 
receiver and the control room where the 

Spectrometer is located. 
We find that the IF system produces 

instrumental baseline frequency 
structure at the ~ 0.5 mK level.

We are working on characterizing this 
and trying to mitigate its effects.
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