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The Saga of







3SHe is one of the four

BBN i1sotopes

It has become the Rodney Dangerfield isotope
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, , ~ standard stellar models
3-Helium 1s also made iirstass.

It reaches the surface on the lower RGB

RGB & AGB winds and PNe should be enriched in *He

many 10’s primordial or

protosolar value
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‘He: Stellar Evolution

3He profile
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SHe Factinos — °"He/*He

Solar wind 3.75x 104
Jupiter 1.66 x 104

Terrestrial 108

A clue
on the Earth Ar 1s 99.6% the stable 1sotope 40Ar,

on the Sun Aris 84% 36Ar and 14% 38Ar
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“The 3He Problem”
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SHe Factinos

In production of terrestrial *He, atmospheric spallation has
regained the lead from nuclear weapons

Interplanetary *He can be sampled from gas trapped in
infalling Buckyballs.

SHe is the 11™ most abundant isotope




He: 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 = 2.270I(stat) + 0.2(sys) x 10~* (Gloeckler & Geiss 1996)
Mir— *He/*He = 1.71703) x 10~* (Salerno et al. 2003)

Galactic:

SHe Recombination Lines?
‘He* Hyperfine Line?




Radio Astronomy Holy Grails

3.+
8665 MHz

Hyperfine “Spin Flip” Transitions




3 +
He Hyperfine Transition

2 .
Sl/z F=o0 =1

F=0 Singlet
F=1 Triplet

“01 —8665 .65 MHZ 3.46cm
A01:1950x 10 "2 s—1 16300 years




Observe *He using the hyperfine (spin-flip) line of *He"

Analog of the 21 cm line of H

v = 8665.65 MHz A=3.36cm

N(*He") (5% 103 T, Av[N(*He")/N(H™) + 1]0,p.
— =15 x 1077 =
PJ{ H ' ) (I{T:')U . {_Hub!ﬁ T = H.1 i ]] . ERH




NRAO 140 ft MPI{R 100 m

H IT Regions Planetary Nebulae (PNe)




Observes giant clouds of 1onized gas (H 11 regions) like the Orion
Nebula




- Even better are

- distant versions
- of the Rosette
Nebula




Or observe the
ejecta of solar-
type stars,
planetary
nebulae.

Less 1onized gas,
but perhaps

much higher
SHe/H.




Planetary Nebulae




NRAO 140 Foot: HII Regions

Galactic Hll Regions
(1982 — 1999)
(~50)

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

S209

G0.60+0.32

HPBW = 3.5 arcmin




The 1401t was designed to be
rigid but to still operate at
wavelengths of 1 cm.

It still sagged which sometimes
gave 1t double vision.

ebastian von Hoerner designed
a deformable secondary mirror

which basically functioned as
eye glasses.

It also had a polar mount---one
axis parallel to the Earth’s axis
so 1t could have a “clock drive”
like 19t century optical
telescopes.
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Conventional
Blocked
Aperture

Is a very

Bad

Design




VIRGOA
TP with defocusing

Standing Waves and Multipath
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The famous HII regions are not the
best *He targets
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HII Region "Hé' Spectra
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Sharpless HII Regions

p""e
=
®
S
ke
D
o
5
[]
=
c
D
=
=

il o
T o [V

1
B0

Channels




Radio Recombination Lines
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3-Helium at the Green Bank 140 Foot (1982 - 1999)
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3-Helium Experiment Radiometer Equation: 1982 - 1999
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SHe Abundance Determination

THE EQUIVALENT WIDTH
THE ABUNDANCE

For a uniform, isothermal, ionized nebula composed solely of hydrogen and helium the
(*Het/Ht) column density ratio is

NCBe) g oo g3 TECHEH ) A(He)In(5.717 x 10T 2 g,
L A (nTADY2 T (62, - g2)3/4

(1)

where

- (o)

(1+"(He+)+4"(He++) [1-111( o )])}-1. ' (2)

n(H*) S a(HY) 5.717 x 10-37°/2



H II Region Continuum
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H II Region Continuum




H IT Region Models
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“Simple” H 11 Regions



standard _ _ Tosi (2000) models

90% depleted _

100% depleted -‘. .

typical error |

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

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

Bania, Rood, & Balser
2002

Ny =542,
Q,=0.04

Spergel et al. 2003, WMAP

Nio = 6-5+O'4-0.3
Qp =0.047 = 0.006




SHe Abundance in H II Regions --

GHe/H), =1.1x 107

Typical error |

Bania, Rood & Balser (2002)



BBNS CONSTRAINTS

Number relative to H

— Ryan et al. (2003)
/ : Boesgaard et al. (2006)




Life is complicated

Despite the fact that Hir regions suggest
that stars produce little *He, we “found”
’He in the planetary nebula NGC3242.




MPI{R 100 m: PNe

Galactic Planetary Nebulae
(1991 — 1995)

NGC 3242 (Eye)

NGC 6543 (Cat’s Eye)
NGC 6720 (Ring)

NGC 7009 (Saturn)

NGC 7662 (Blue Snowball)

HPBW = 80 arcsec
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Main Beam Brightness Temperature {mK)

1580

15740
1560

1550

8675

Rest Frequency (MHz)
8670

NGC 3242

HE1714 |

H171

HE3

H213) |

1
Arm

Channel Number

MPIfR observations of 3He
in the PN NGC3242.

Results from 6 observing
sessions combined




Composite
without NGC 3242
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Composite: NGC 6543 + NGC 6720 + NGC 7009 + NGC 7662 + IC 289




NGC 3242 Confirmation
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Abundance versus [O/H]
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Abundance versus [O/H]

W
J 320

NGC 3242
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Abundance versus Rgal

} PN NGC 3242
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One 1s not enough!

Except in cosmology




The PN sample:

PNe progenitor stars with no extra mixing:

YHe /H < 0.125
IN/O]<-03

3¢ /12¢ a5 1ow as possible

Oldest possible stellar population has
highest 3-He:

Peimbert Class IIb, III, and IV

Helium is singly ionized




PNe Sample

PNe progenitor stars with no extra mixing:

“*He/H <0.125
[IN/O I -0.3

3C/'%C as low as possible

Peimbert Class: llb, Ill, IV (old population}

Helium is singly ionized




Balser, Goss, Bania, Rood (2005)




Jonckheere 320 — PN G190.3-17.7
1320

-

Planetary Neb J 320
R:G:B =[N Il] 400s:[0 Ill] 60s:He |l 300s
KPND 2.1m, Ref: Balick 1987 AJ 94 671




VLA Planetary Nebula J320

A

SHe / H abundance = 1.9 x 10 -3 by number
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J320 Halo: 30 arcsec
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Rings in the Haloes of Planetary Nebulae

NGC 7009
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NAIC Arecibo Observatory 305 m
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NGC7009 H171eta 3-He 62.1hnrs

817 NGC7009
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GREEN BANK TELESCOPE




To-avoid this-and other problems-the replacement for the
collapsed 3001t RT was designed as an off-axis system.

Imagine building a 220m paraboloid.




Take a giant cookie cutter and cut a 100m chunk out of one side.




Note that the
focus 1s still

above the old
center.

/

It 1s not

above the
dish.

Don’t build the rest.




GBT: Clear Aperture Optics




subrelector

receiver room

Like the German
100m the GBT 1s a

deformable RT.
, Hence the complex
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GBT S209 HII Region
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CHANNELS

Indeed, a 50MHz band containing the *He* line is devoid of
standing waves.




GBT PNe Composite Spectrum
NGC 3242 + NGC 6543 + NGC 6826 + NGC 7009

125.7 hour integration
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H 11 Region S209
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Indeed, a S0MHz band containing the 3He" line is devoid of
standing waves.




H 11 Region S209

(o
+

N
~J

‘bl
N
(o)

H114p

*
A
o

~~
X

Nt
)
-
-
D
O
—
O

a
£
{
|—-
O
-
-
L
whd
C
<

CHANNELS

There are many radio recombination lines (RRL) 1n our spectra.
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The He3b path does give a better result for S209. The *He* line is
separable from the 213& feature/line and consistent with our
1401t result.
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SHe™ line in PN should be much wider and will blend with 213&
feature. This 1s a more appropriate baseline fit.
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Can increase S/N by making a composite spectrum. This is the
best composite: NGC3242+NGC70009.




GBT Results

* Really unlucky to have an instrumental
feature right next to the 3He+ line. We find
only these 2 features in the 350 MHz we
sample. The features are weak and thus
hard to study.

GBT PN NGC3242 result 1s inconsistent
with MPIfR. We find 3-He in GBT 2 PN
composite but they are weaker than MPIfR
and are at limit of detectability.




GBT Results

* GBT results for S209, important for both
cosmology and chemical evolution, are
consistent with our earlier results.

e GBT results for PNe are inconsistent with
hose from 100m.

He™ lines may still be present in 2 PNe but
hey are much weaker, and the lines are at
he limit of detectability.




Helium-3 PNe Conclusions

* We have found helium-3 in another PN, J320, using the VLA

* GBT results suggest our earlier detection in NGC3242 1s wrong.
This 1s a very preliminary result and requires careful assessment
of possible errors

* Roughly 25% of PNe meet our selection criteria. To avoid
conflict with Monica and Gary we should detect 3He 1n only 1/5

* The scheduling mode and proposal pressure on the GBT may
not allow us to solidify these results in the near future.

 The EVLA (10 x more sensitive than the VLA) has great
potential




3-Helium in Planetary Nebulae

VLA 3-He 4-sigma detection for PN J320
Arecibo J320 observations underway

Arecibo composite PN spectrum consistent
with MPIfR composite result

GBT NGC3242 intensity inconsistent with
MPIfR result

GBT composite PN spectrum marginally
consistent with MPIfR composite result




* 25% of all planetary nebulae meet our
selection criteria. To be consistent with
Galactic Chemical Evolution model3s, only
1/5 of these should show detectible “"He.

 The EVLA has great potential: 10 times
more sensitive than the VLA.




3-Helium in H II Regions

“"THE 3-HELIUM PLATEAU” result,
important for primordial nucleosynthesis
and Galactic chemical evolution stands.

GBT S209 results consistent with ALL
previous measurements.




Deep Mixing of >He:
Reconciling Big Bang and Stellar Nucleosynthesis




Systematic Error

Like other BBN isotopes *He abundance
errors are dominated by systematics

Systematic error bars are an oxXymoron

The real problem with systematic error
estimates arises from those errors that we
don’t know that we don’t know
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standard _ _ Tosi (2000) models

90% depleted _

100% depleted -‘. .

typical error |

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

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

Bania, Rood, & Balser
2002

Ny =542,
Q,=0.04

Spergel et al. 2003, WMAP

Nio = 6-5+O'4-0.3
Qp =0.047 = 0.006




» Standing waves are not a problem

* There is still baseline structure (BS) probably resulting
from the broadband feed, the polarizer, and or mismatches in

the IF system.

= BS varies with frequency sometimes almost invisible
other times very problematic

= BS amplitude is proportional to source continuum and
moves with sky frequency

* At the mK level there are pseudo-lines

* In some AC bands there are short duration spikes in the
ACF at seemingly random times, lags, and amplitudes




* We have found helium-3 in another PN, J320, using the
VLA

* We probably have found helium-3 in NGC7009 using the
GBT and may have a second detection in NGC6543

* Roughly 25% of PNe meet our selection criteria. To avoid
conflict with Monica we should detect 3He in only 1/5

* The scheduling mode and proposal pressure on the GBT
may not allow us to solidify these results in the near future.

* The EVLA (10 x more sensitive than the VLA) has great
potential




+ VLA “He detection for PN J 320. It has a
substantial halo, just as NGC 3242 does.

 Composite GBT PNe spectrum consistent
with MPIfR 100 m survey result.

+ Probable GBT “He detection for NGC 7009
A second detection in NGC 6543 is likely.

* Composite Arecibo PNe spectrum
consistent with MPIfR 100 m survey resulit.




Planetary Meb NGC 7009 = “Saturn Neb ™ Planetary Neb NGC 7384
R:G:B=[NI]300s:[0111] 205 He 11 S00s R:G:B=[N 11] 400s:[0 I11] 4005 He 1l 400s
KPNO 2.1m, Ref: Balick 1987 AJ 94 671 KPNO 2.1m, Ref: Balick 1987 AJ 94 671
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GBT Results

1/7/10




The feedlegs and other
structures 1n the optical path of
conventional radio telescopes
cause some problems.

Among these are standing
waves 1n spectral baselines.

This was a problem with the
NRAO 1401t radio telescope
and was especially bad with
the MPIfR 100m, where
techniques to minimize the
standing waves did not work.




The off-axis design of
the NRAO 100m
Green Bank Telescope
has a clean beam and
standing waves are no
longer a problem.
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The GBT spectrometer does have instrumental “features,” some
like this suck out, obvious.

If we were studying 1440 we would be in deep doodoo, but the
SHe" band seems clean.




* Given the presence of obvious instrumental features we must be
alert to the possible existence of less obvious features.

 Fortunately the GBT spectrometer allows for many quality
checks using RRL.

* We observe 1n 8 separate 50 MHz frequency bands, each in two
polarizations.

* We have set these to observe lines of order 1 (o) to order 16 ()
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There 1s additional information in the H RRL’s, which should
decrease 1n intensity smoothly as order increases.

Conclude:

For NGC3242: 1 mK lines are robust

usually detect 0.5 mK lines, but occasionally miss

For S209, which we’re still observing
2—3 mK lines robust

trouble starts < ImK
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S209: We detect *He". Trouble is the H213E and 203w lines are
much too strong.




* For a low density HII region like S209 H213& should be about
7o H171n or 0.8 mK

 This 1s what we got with the 1401t
» < 1 mK would be consistent our detections of
179,180,18186,
187,188,
197,199A,
213v

 Conclude that H213E is part instrumental, part real
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Since instrumental features usually scale up with source
brightness, check the bright HII region W3 which we observe as
a calibrator.
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H213§ and H203u should be very weak in a dense HII region like
W3.
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We send the *He" signal through two independent paths to and
inside the spectrometer. The 213§ feature 1s weaker and the 203

feature may be gone.
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NGC3242 He3b path. He* line maybe there; probably some
remnant 213& as well.
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Main Beam Brightness Temperature {mK)

1580
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1560

1550

8675

Rest Frequency (MHz)
8670 SE6E5
T

NGC 3242 ~ i MPI{R observations of 3He
Il in the PN NGC3242.

Results from 6 observing

sessions combined

Lines are more than 4 times

stronger than our GBT

results.

Channel Number



