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Primordial Nucleosynthesis
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EBS B335-852

Flux (107 1% erg em 2s7 147 1)

Metal poor blue compact galaxies

[0 1] 4363

He I 4471
He II 4686

He I + [Ar IV] 4711
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4He: Results N2X0

Yp [mass] Reference

0.2421 (0.0021) Izotov & Thuan (2004)
0.249 (0.009) Olive & Skillman (2004)
0.2371 (0.0015) Peimbert & Peimbert (2002)
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7L1: Observations (resonance line)

Metal poor
Halo stars

Relative Flux

A(li} = 2.45 b G 239-26 AfLi) = 2.28
T = 5868 K [Fe/H] = —2.20
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T = 6783 K [Fc/H] = —1.98 T = 8018 K [Fe/H] = —2.60
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7L1: Results (The Spite Plateau)

Log(7Li/H) + 12 Reference

2.09 (+0.19,-0.13) Ryan et al. (2000)
2.37 (0.1) Melendez & Ramirez (2004)
2.44 (0.18) Boesgaard et al. (2005)
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Deuterium: Observations (Lyman series)

Q1243+3047

Keck HIEES
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Deuterium: Results N0

D/H =2.78 %% x10°
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3He: Stellar Evolution

®
® = predge-up

convective
envelope
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Pr oduction
T>6x10° K

'H+'H— *H+e' +v

’H+ 'H— °He+y

Destruction
T>7x10°K

*He + *He — “He+2p

*He+ ‘He — "Be+y

. the present interstellar
3He is more of stellar than
primordial origin”

Rood, Steigman, & Tinsley (1976)



3He: Galactic Evolution

model 1 with infall
model 1 without infall

model 25 with infall
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3He: Observations

Solar System:

Meteorites (protosolar)— *He/H = 1.5+ 0.3 x 107 (Bochsler & Geiss 1974)
Jupiter (Galileo Probe)— *He/*He = 1.66 £ 0.05 x 10~ (Mahaffy et al. 1998)

Local Interstellar Medium (LISM):

Ulysses Probe— *He/*He = 2.27(){(stat) + 0.2(sys) x 10~* (Gloeckler & Geiss 1996)
Mir— *He/*He = 1.7173) x 10~ (Salerno et al. 2003)

(GGalactic:

‘He Recombination Lines?
*He* Hyperfine Line?
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3He+ Hyperfine Line

A

S, F=0-1

F=0 Singlet
F=1 Triplet

vor=8665.65 MHz (3.46 cm)

An=1.950x10" s (16,300 years)
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NRAO 140 Foot Telescope (HIl Regions) N3O
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Galactic HIl Regions
(1982 — 1999)
(~30)

Orion nebula (M42)
Eagle nebula (M16)
Rosette nebula
W49

S209

G0.60+0.32

HPBW = 3.5 arcmin



M16 (Eagle Nebula)

NRAO Very Large Array

Hubble Space Telescope
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HIl Region 3He+ Spectra
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HIl Region 3He+ Spectra
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HIl Region Radio Recombination Line Spectra

W43 Recombination Lines
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HIl Region Continuum

MPIfR 100m Telescope
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HIl Region Continuum

NRAO Very Large Array
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HIl Region Models
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MPIfR 100 meter Telescope (PNe) %

Galactic Planetary Nebulae
(1991 — 1995)

NGC 3242 (Ghost of Jupiter)
NGC 6543 (Cat’s Eye)

NGC 6720 (Ring)

NGC 7009 (Saturn)

NGC 7662 (Blue Snowball)

HPBW = 80 arcsec
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NGC 3242 (Ghost of Jupiter)

Hubble Space Telescope

Balick et al.

3He Experiment



NGC 6543 (Cat’s Eye)

Hubble Space Telescope

Corradi & Tsvetanov
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PNe 3He+ Spectra &

Modeling of NGC 3242
Indicates a halo.

Composite
without NGG 3242
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Results: Abundance versus [O/H]

«3*He/H=15x10"

typical error |

T O/H=6.3x10"
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The 3He Problem

10
Time (Gyr)

Metecrites: Geiss (1893)

HII regions: Bania, Rood & Balser (2002)
Local ISM: Gloecker & Geiss {1888)
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<standard

mixing -2
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ENCANII

LE B v IR T SR Y

“...meridional circulation driven
by internal rotation might lead to
the mixing of CNO-processed
material ...of a red giant star.”

Sweigart & Mengel (1979)

96% of low-mass stars

Charbonnel &
do Nascimento (1998)



No Mixing in NGC3242

3He+ line at 8665 MHz :
C 1ll] multiplet near 1908 A
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12C/13C in Planetary Nebulae

« This Paper
a PBSTG

o PBSTG

» CIII] Data
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Results: Abundance versus Rgal

} PN NGC 3242

standard. Tosi (2000) models
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Cosmic Microwave Background (WMAP)

Q,h* =0.0223"; 55

n =6.0965+0.2055 x 107
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Results: Primordial Abundances
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Ryan et al. (2003)
Boesgaard et al. (2006)



New Search for 3He in Planetary Nebulae

NRAO Very Large Array
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PNe Sample

A

PNe progenitor stars with no extra mixing:

“He/H <0.125
[N/O]<-0.3

B C/*C as low as possible

Peimbert Class: lIb, Ill, IV (old population)

Helium is singly ionized

3He Experiment



NRAO Very Large Array (PNe)

NGC 6572
J320
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PNe Continuum Image

NGCE572
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PNe Spectra: J320
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PNe: J320

J

Cumule
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Halo detected
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GBT Clear Aperture Optics
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HIl Region S206: 140 Foot versus GBT )

140 Foot March 1995 GBT June 2004
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GBT S209 HIl Region
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NGC 7009: H91alpha (61.8 hr)
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NGC 7009: Hl114beta (62.1 hr)
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NGC 7009: H130gamma (62.1 hr)

817 NGC /009 vsre=  —46.60 L+r  HE3aq RAY_MADS

21 04 10,8 —11 21 57 Fsky= BBEBV.2115 Frest= BE65.3000 Bw=
LST= +17 21 32.6 Teal= 3.3 TS_‘;,-’SZ 3.5 Tlﬂtg:
Hi= —3.71 ZA= 71.3 A= 1221 EL= 18.7

P C O.},Poﬁe‘ﬂﬂ'p‘ G 2R O 50 CHY TR Ti

"0.657' sva.678 140815 0 " T T T/HC

5,820 997.812 109.850

T
7
=
ey
Q1
-
3
|
[
s
L
O
=
i
'_
]
[
=
Ui
4
C
<T

[

AW AR
VAV T Y

i
éS
?

LI IIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII

FTTTFEITTT IIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII—

Vi

500 1000 12006 14006

CHAMMNELS
Roocd—Bania—Balser 2004 -06—24T04:530:14.00

3He Experiment



NGC 7009: H144delta (61.7 hr)
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NGC 7009: 3He+ (62.1 hr)
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NGC 7009 + NGC 6543 + NGC 6826 (180.3 hr)
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Arecibo 305 m Telescope (PNe)
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A

Conclusions N2X0

Detection of 3He in J320 with the VLA.
Possible detection of 3He in NGC 7009 and NGC 6543 with the GBT.
First epoch observations with Arecibo complete.

Roughly 25% of PNe meet our selection criteria. To be consistent with
chemical evolution models only 1/5 of these should show detectable 3He.

It may be difficult to acquire enough telescope time to solidify these results.
Observe a few select Hll region to determine 3He gradient?
The EVLA (10 times more sensitive than the VLA) has great potential.

Magellanic Clouds using the Parkes 64m telescope is feasible.
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Spectral Baseline Structure (GBT)
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