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ABSTRACT

Results of the Ori A HII region mapping based on hydrogen (H), helium (He) and carbon (C) Radio Recombination lines (RRL) are
presented. Observations were made with the same angular resolution (2 ) using the 32 m VLBI dish of Medicina (Italy, 22.4 GHz)
and the Pushchino RT-22 dish (Russia, 36.5 GHz). The behaviour of the ionized helium abundance, y+ , with distance from the center
shows that the He+ zone size is smaller than that of H+ . Such a behaviour is diﬀerent for the core and for the envelope, as well as for
diﬀerent directions from the center. The helium abundance, N(He)/N(H) = 10.0(±0.8)%, is measured. Derived line radial velocities,
their widths and y+ data support the well-known “blister-type” structure of this HII region. LTE electron temperatures (7800−9600 K)
are also measured.
Key words. ISM: abundances – ISM: HII regions – radio lines: ISM – ISM: individual objects: Orion Nebula

1. Introduction
The relative helium abundance, y = N(He)/N(H), is one of
the main parameters of Cosmology and Astrophysics related to
primordial nucleosynthesis and galaxy evolution (Zel’dovich &
Novikov 1975; Walker et al. 1991) that can reliably be measured
by means of Radio Recombination Line (RRL) observations
in HII regions (Churchwell et al. 1974; Schmid-Burgk 1981;
Sorochenko & Tsivilev 1996). Such observations, however, as
for similar observations at optical and IR wavelengths, measure
the ratio of the ionized component, y+ = N(He+ )/N(H+ ). The
problem of deriving the correct value of y from the measured y+
therefore remains unresolved.
The measured y+ values greatly diﬀer from one another and,
in galactic HII regions, span from ∼3% to ∼12% (Shaver et al.
1983). Even though this scatter can be partially explained by
observational diﬃculties (Sorochenko & Tsivilev 1996; Gordon
& Sorochenko 2002), the lack of a deep knowledge of the
HII region ionization structures still represents the main problem. Most determinations of the y value from the measured
y+ are based on a standard (classical) scheme: HII regions are
assumed to have a spherical structure in which the He+ region, also spherical but smaller, is contained. Outside this He+
sphere, the He is neutral while the H is ionized, so that it is always y+ ≤ y (see e.g. Churchwell et al. 1974). Following this
scheme, going outwards from the HII region, y+ should decrease
or remain constant whether the ionizing star eﬀective temperatures (T e ) are lower than ∼4 × 104 K or not. The measured
y+ value depends on the angular resolution and on the frequency
of observations (Churchwell et al. 1974). However, two unusual

Appendices (Figs. 15, 16 and Sect. 4.1 “Carbon RRLs”) are only
available in electronic form at http://www.aanda.org

features have been discovered (Roelfsema et al. 1987;
Roelfsema et al. 1992; Adler et al. 1996) that fell outside this
classical scheme. First, y+ showed a minimum toward the direction of the continuum radiation maximum (center) and then it
increases toward the boundary of the HII region. For example,
in component n.3 of the source Sgr B2, y+ varied from 2.6% in
the center to about 9% at the boundary (Roelfsema et al. 1987)
Second, in the source W3A such increase yielded the unusually high value of y+ ∼ 20−40% (Roelfsema et al. 1992; Adler
et al. 1996). The peculiar behaviour observed has been explained
by Gulayev et al. (1997) as the result of an ionization structure
which accounts for the ionization field hardening, influence of
dust and He ionization from the metastable level (2S3 ). It was
also shown that in the presence of hot ionizing stars the He+
region can oversize the H+ one, forming the so-called “inverse
zone” (He+ − H+ ). These zones are thin (<1% of the HII region
size), however they can become thicker if a density gradient is
present (Ershov et al. 1998).
The aim of this paper is to investigate the problem of how to
determine y from y+ on the basis of a well studied HII region,
using new data and modeling. The Orion HII region has the required characteristics for such a task: it has been observed in a
wide range of wavelengths; its ionizing stars are well known;
its strong radio emission allows accurate RRL parameter determination. Furthermore, there are many model calculations (e.g.
Shaver 1980; Rubin 1984) which predict the presence of density
gradients in the Orion Nebula, that can be used as a basis for
the new modeling. Nevertheless, various spectral observations
of the Orion Nebula left the y+ problem open. H and He RRL
mapping at ∼5 GHz (109α transition, Jaﬀe & Pankonin 1978;
Pankonin et al. 1980) showed a y+ decreasing from the HII center outwards, according to the classical scheme. However,
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RRL observation at 22 GHz (66α, Tsivilev et al. 1986) showed
an inverse dependence: y+ increases from ∼9% in the center
to ∼11−12% at ∼3 from the center. Tsivilev et al. (1986) explained the inverse behaviour on the bases of a “blister type”
structure (i.e. not classical) with diﬀerent y+ behaviour for the
core and for the halo. The y+ decreasing with distance from the
center at the lower frequency (5GHz) was explained by strong
(but diﬀerent for H and He RRLs) non-LTE eﬀects, which are
negligible at the higher (22 GHz) frequency. According to their
model, at greater distance from the center (>3 ) y+ decreased
for both high and low frequencies. Gordon (1989) observed H,
He40α RRL (99.0 GHz) in the center of the nebula and in four
positions shifted by 1 from it, but individual y+ values were not
presented. Nevertheless, using their spectra, y+ = 10.5% was
evaluated for the center and the average y+ = 11% for the shifted
positions was obtained, in agreement with the 22 GHz observations. On the contrary, Peimbert et al. (1988) (41α and 53α RRL
observations at 92 and 43 GHz) found y+ decreasing from the
center outwards. In this case the telescope angular resolutions
(18.5 and 39.5, respectively) were much better than for the
above observations (2.6 and 1 , Tsivilev et al. 1986; and Gordon
et al. 1989, respectively) and consequently diﬀerent size scales
were characterised.
Similarly, at optical wavelengths, Peimbert & TorresPeimbert (1977) found y+ decreasing from the center while
Baldwin et al. (1991) obtained y+ = 8.8% nearly constant up
to ∼5 from the center.
Such a disagreement between and within optical and radio
measurements of y+ has stimulated a joint project (between an
Italian and a Russian group) to further investigate the ionization
structure in the Orion Nebula in order to improve our knowledge
of its physical parameters. The project was aimed at providing
maps of hydrogen, helium and carbon RRL of this HII region at
two frequencies with the same telescope beamwidth. This paper
reports results obtained from the analysis of data from the first
set of observations.

2. Observations and data reduction
The 66α (22 GHz frequency, Medicina 32 m VLBI dish) was
pointed towards 14 positions and the 56α (36 GHz frequency,
Pushchino RT-22) towards 10 positions in the Orion Nebula (see
Fig. 1) and H, He and C RRL were observed.
The angular resolution (2 ) was the same for both telescopes, beam eﬃciencies (ηB ) and system temperatures (T sys)
were ηB = 44%, T sys  150 K and ηB = 33%, T sys  250 K
for the Medicina and Pushchino radiotelescopes, respectively.
All spectra were fitted with a Gaussian profile, using the nonlinear least square method (Smirnov & Tsivilev 1982), and are
presented in the Appendix.
2.1. Medicina observations

Observations were carried out with the autocorrelator of
16−25 MHz bandwidth (Comoretto & Palagi 1993), and a velocity resolution of 0.654 km s−1 , using the standard position
switching technique with 4 min integration on source followed
by 4 min integration on a reference position. The reference position was set at 1◦ from the on source position to allow the beam
retrace the same path of atmosphere of the on source position.
Data were calibrated by observing DR21 (18.8 Jy, Dent 1972)
every 40 min. Spectra belonging to the same positions were calibrated and averaged. Integration times, for each position, span

Fig. 1. Observed positions superimposed to on optical map (Hα and
[NII] – image, Hua & Louise 1982) and on a 23 GHz contour map (the
circular spot represents the beam-size) of the Orion Nebula (Wilson &
Pauls 1984).

from 30 min to several hours depending on line strength: positions near the center (Ori A and positions from 1 to 4) required
integration times of half an hour each. Otherwise external positions required integration times of up to 20 h each one. The
whole project required more than 500 h of telescope time, carried out in several sessions from 1996 until 2001.
Table 1 contains the obtained line parameters, where
T L stands for brightness temperature.
2.2. RT-22 observations

Spectral and continuum simultaneous observations were carried out with a 128 channel, 64 MHz bandwidth filter bank
spectral analyser (4.11 km s−1 velocity resolution). A ON-ON
(Berulis et al. 1983) observing technique based on beam switching was adopted, with ∼5 min on source integration time. To
minimise the spectra quasi-sinusoidal base line shape due to
standing-waves produced by reflections in the antenna system,
the observations were made: a) by ±λ/8 focus shifting every 15−20 min and b) by several sessions per year in diﬀerent
seasons, from 1995 to 2001. The spectra obtained during one
day observations at each position have been averaged. These
intermediate spectra were averaged after the subtraction of the
continuum level; in this way for each position the final spectra were obtained for the whole observation period. Integration
times spanned from 7 to 10 h for Ori A and positions 1−4, while
for positions 5−9 they spanned from 21 to 25 h.
Table 2 presents the line parameter and continuum temperature, where T C and T L represent brightness temperatures.

3. Results and discussion
We call rings the set of observed positions having the same angular distance from the center: Ring 1 includes positions 1−4,
Ring 2 positions 5−8 and Ring 3 position 10−13, placed respectively at 2 , 4 and 6 from the center (i.e. star θ1 Ori C). All the
spectra belonging to Ring 3 are not considered in the He lines
analysis because of poor signal-to-noise ratio. The y+ weighted
average of 56α and 66α data are presented.
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Table 1. Results from 66α line observations.
Pos.

Ln

TL
FWHM
(mK)
(km s−1 )
Ori A H
4163(12)
25.66(0.09)
He
440(14)
18.82(0.74)
C
167(27)
(4.4)
Ori 1
H
1898(15)
28.06(0.23)
He
201(16)
23.22(2.91)
C
167(28)
4.48(1.17)
Ori 2
H
1864(15)
27.30(0.24)
He
222(17)
21.5(2.4)
C
60(26)
6.9(3.7)
Ori 3
H
2725(26)
25.60(0.25)
He
402(34)
15.8(1.8)
C
237(48)
5.7(1.5)
Ori 4
H
1988(19)
27.89(0.28)
He
224(21)
21.65(2.55)
C
75(38)
3.95(2.5)
Ori 5
H
447.4(7.4) 29.12(0.44)
He
59.5.(7.9)
18.0(3.8)
C
31.5(12.0)
6.0 fix(3.0)
Ori 6
H
456.1(6.7) 26.63(0.33)
He
64.1(6.5)
17.0(2.0)
C
74.1(9.3)
4.76(0.73)
Ori 7
H
531.1(9.8)
28.0(0.40)
He
51.7(5.8)
19.3(4.1)
C
40.2(17.2)
2.75(1.4)
Ori 8
H
395.2(4.9) 28.96(0.43)
He
34.3(6.3)
17.6(3.9)
Ori 9
H
240.7(7.2)
23.2(0.7)
He
24.7(6.9)
17.6(8.3)
C
43.6 (12.8)
4.1 (1.4)∗
Ori10 H
263.3(7.0)
27.8(0.75)
He
13.1(8.2)
19.7(15.3)
C
52.9 (20.5)
1.5 (0.7)
Ori11 H
211.5(3.8)
25.1(0.6)
He
6.2(4.1)
20.7(16.0)
C
47.0(7.7)
4.4(0.9)
Ori12 H
213.7(5.8)
28.9(1.0)
He
36.3(6.3)
18.8(4.5)
C
26.0(13.2)
3.6(2.2)∗
Ori13 H
145.1(6.5)
35.7(1.4)
He
15.3(4.8)
13.1(8.8)
C
17.5(11.0)
4.1(3.1)∗
* Fixed parameter under the fitting.

VLSR
(km s−1 )
–1.74 (0.4)
–3.6 (0.4)
+10.3 (0.5)
–1.06 (1.0)
+0.1 (1.1)
+11.45 (0.5)
–3.25 (0.40)
–2.39 (0.9)
+7.8 (1.5)
–4.43 (0.40)
–5.32 (0.8)
+8.65 (0.70)
–3.66 (0.41)
–6.26 (1.0)
+3.78 (1.1)
–2.50 (0.44)
–4.2 (1.4)
+9.3 (1.2)
–0.58 (0.43)
+1.40 (0.80)
+8.3 (0.5)
–6.6 (0.5)
–6.0 (1.6)
+8.8 (0.7)
–4.69 (0.44)
–4.80 (1.65)
+8.4 (0.6)
+6.2 (2.4)∗
+11.0 (0.8)
–2.37 (0.50)
–5.2 (4.8)
+ (9.5)
+3.9 (0.5)
+3.5 ∗
+8.1 (0.60)
–5.9 (0.60)
–3.6 (1.6)
+8.3 (1.0)
–3.2 (0.70)
–9.5 (3.1)
+8.1(1.2)

3.1. HII region structure and kinematics

We consider the velocity (VLSR ) and line width (∆V) values of
hydrogen lines as a function of the distance from the center, from
the South-East toward the North-West (Figs. 3 and 4) and from
North-East toward the South-West (Figs. 5 and 6).
In Fig. 7 we plot the VLSR as a function of the distance from
the center, averaging values at the same distance. On the other
hand, the hydrogen line width (Fig. 8) increases going out of the
nebula. This picture emphasizes the systematic motion of the
ionized gas.
Such a picture is the opposite of the one we would expect
for a spherical symmetry structure of the HII region, where the
maximum of ∆V and the most negative VLSR should be observed
in the center. This situation can be naturally explained assuming a “blister-type” model (Zuckerman 1973; Balick et al. 1974;
Pankonin et al. 1979; Tsivilev et al. 1986; Rubin 1991), where
the HII region formed near the boundary of a molecular cloud
facing the observer and has an asymmetric expansion structure,

y+
(%)

AR (h, m, s)
(1950)
5 32 49

Dec (◦ ,  ,  )
(1950)
–5 25 16

5 32 55.0

–5 26 28

5 32 53.5

–5 23 07

5 32 43.5

–5 23 58

5 32 44.0

–5 26 05

5 33 00.0

–5 28 00

5 32 56.7

–5 21 30

5 32 36.5

–5 22 58

5 32 37.5

–5 27 20

5 33 04.0

–5 17 55

5 33 05.0

–5 29 18

5 33 00.0

–5 19 37

5 32 31.0

–5 21 52

5 32 32.0

–5 28 30

7.7(0.6)
8.8 (1.4)
9.5(1.3)
9.1(1.4)
8.7(1.3)
8.2(2.1)
9.0(1.4)
6.4(1.7)
5.3(1.5)
7.8(3.2)
3.5(3.5)
∼2.4
11.0(3.3)∗
3.9(3.0)

expanding mainly toward the observer, either along the line of
sight or with a small inclination angle (Pankonin et al. 1979).
Towards this direction, into the molecular cloud (see Fig. 9), the
dense core is formed with a much smaller size than that of the
low-density halo, which is expanding in the opposite direction.
Thus, towards the central part the main contribution to the lines
profile is given by the dense core, which has some positive VLSR
due to its motion towards the molecular cloud, away from the
observer. In this way the core positive VLSR compensates the
negative VLSR of the halo: less negative velocities will be observed toward the center than in the outer positions. This eﬀect
will be amplified by the existing central “bubble” around the exciting stars (Pankonin et al. 1979). Also, both these eﬀects will
lead to line widths increasing with distance from the center, that
can be accompanied by a possible acceleration of the expansion
with radius favoured by the expansion of the ionized gas from
the molecular cloud into outer space (Bodenheimer et al. 1979).
This also explains the line width increasing far from the center
(up to ∼6 ).
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Table 2. Results from 56α line and continuum observations.
TL
FWHM
Vlsr
y+
(km s−1 )
(%)
(mK)
(km s−1 )
Ori A
H
1900(16)
25.51(0.24)
–1.6(0.3)
He
228.2(18.5)
19.3(2.1)
–1.6(0.8)
8.7a (0.7)
C
83(66)
2.9 ∗
+10.3(1.4)
Ori 1
2548(3)
H
936.1 (13.1)
27.2 (0.49)
–1.7 (0.4)
He
100.2 (14.1)
23.3 (4.4)
–5.9 (2.0))
9.1 (2.2)
C
101.8 (55.6)
3.4∗
+11.7(1.0) (0.4)
Ori 2
2181(3)
H
799.4(10.5)
26.59(0.42)
–1.8(0.4)
He
92.8(10.7)
24.3(4.1)
–0.9(1.7)
10.6(1.8)
C
30
2.85 ∗
+10.5 ∗
Ori 3
2116(3)
H
902.8(12.0)
25.58(0.35)
–3.4 (0.3)
He
130.9(11.6)
21.2(2.8)
–3.9 (1.2)
12.0(1.9)
C
62(49)
3.3 ∗
+10.0 (1.3)
Ori 4
2671(3)
H
1138.8(10.8) 27.37(0.30)
–3.0 (0.4)
He
160.0(13.2)
17.2(1.9)
–1.7 (0.8)
8.8(1.2)
C
157(46)
2.85 ∗
+10.4 (0.5)
Ori 5
820.3(3)
H
280.0(5.2)
27.8(0.65)
–2.7 (0.4)
He
20.3(6.2)
18.6(9.2)
+0.16 (3.6)
4.8(2.8)
C
46.2(40.0)
3.0 ∗
+9.1 (2.2)
Ori 6
664.0(2)
H
270.7(6.5)
27.74(0.80)
–0.6 (0.6)
He
19.4(6.5)
28.8(12.3)
–3.0 ∗
7.8(5.2)
C
51(15)
5.7 ∗
+10.1 (1.7)
Ori 7
455.1(1.0) H
172.3(4.3)
28.65(0.88)
–5.1 (0.6)
He
35.1(6.2)
15.7(4.7)
–6.2 (2.0)
11.2(3.4)
C1
98
4.9 ∗
+9.9
C2
77
1.0 ∗
–1.7
Ori 8
686.2(1.0) H
280.0(5.8)
30.8(0.7)
–5.0 (0.5)
He
25.8(7.1)
21.7(9.0)
–3.3 (3.9)
6.5(3.2)
C
40(22)
4.5 ∗
+9.1 (1.4)
Ori 9
240.5(1.0) H
150.2(5.5)
20.1(0.8)
+7.2 (0.6)
He
10.5(5.5)
18.3(11.6)
+6.9∗
6.3(5.3)
∗
C
52(19)
2.85
+7.3 (1.0)
a
The average value from this 500 kHz frequency resolution observation and from the 125 kHz frequency one;
parameter under the fitting.
Pos.

TC
(mK)
4758(3)

Line

T e (LTE)
K
8790(220)
8900(280)
9000(250)
8300(220)
8000(160)
9570(400)
8240(530)
8300(440)

7770(350)
7890(610)

both were with RT-22. * Fixed

Moreover, in this scheme (Fig. 9) the core should be
ionization-bounded while the halo could be either ionizationbounded or density-bounded. The latter case yields y+core < y+halo ,
that can explain our y+ (R) data. In summary, the combination of
the obtained (VLSR (R), ∆V(R) and y+ (R))data qualitatively supports the “blister-type” model.

in the center, then y+ increases with distance up to 2 from the
center, then it decreases again. From Figs. 10−13 one can see
that such y+ (R) behaviour is clearer for all directions.

3.2. Ionized helium distribution

On the other hand, Peimbert et al. (1988) found y+ decreasing from the center as y+ ≈ 9% at ∼0.5 and y+ ≈ 7% at ∼1 (the
angular resolutions were 18.5 and 39.5, respectively). The
calculated average value over all positions, which lies approximately in the frame of our one beam in the Ori A direction, gives
y+ = 8.2(±0.3)%, in agreement with our Ori A value. In principle, the decrease that they found can be due to an intermediate
minimum which might be seen with higher angular resolution in
a transition zone between the core and the halo (envelope) because i) the y+ (R) should decrease more steeply for the core than
for the halo and ii) if a core-halo boundary is sharp, an observer
will obtain an average of both y+core and y+halo values (weighted
by their emission measures). This can explain the y+ minimum:
the smaller the beam size, the deeper will be the minimum measured. Such scenario is compatible with a “blister-type” structure. Optical data (Baldwin et al. 1991) however did not show
any y+ minimum at similar angular distances (∼1 ), so the question of the core-halo boundary sharpness is still unsolved. To
attempt to answer this question, high angular resolution observations are required.

The distribution of y+ is shown in Fig. 10 to Fig. 13.
A y+ maximum can be seen towards the north of the center
(star Ori θ1 C), decreasing towards the outer part of the nebula, more evident in the southern direction. This picture is in
agreement with the results of Pankonin et al. (1980), who found
similar diﬀerent y+ behaviours along diﬀerent directions with a
strong decrease towards the southeast.
It is also in agreement with the optical data of Peimbert
& Torres-Peimbert (1977) and Baldwin et al. (1991) who observed in diﬀerent directions, obtaining diﬀerent y+ behaviours.
Furthermore, the y+ maximum does not coincide with the center.
The position is in agreement with the y+ increasing trend towards
north-east as derived by Lockman & Brown (1982) (76α lines),
who found an y+ increase from ≈8% in the center up to ≈11% at
a distance of ∼2.5 .
Figure 14 shows the y+ (R) behaviours (averaged over each
ring, Table 3), as a function of angular distance (R) from the center. There is atentative evidence of variations in y+ : a minimum

This scenario seems to confirm the asymmetric model
(Tsivilev et al. 1986) where the He+ zone size is smaller than
the H+ , but the ratio of their sizes is smaller in the core than in
the envelope, yielding (y+core < y+halo ).
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Fig. 2. A sample of the obtained spectra: left panels the H, He, C56 α (8 mm) RRL lines, on the right the H, He, C66 α (13.5 mm) RRL lines.
Upper panel presents the central position data (Orion A), middle panel – the Ring 1 data and lower panel – the Ring 2 data (see text). On the Y-axis
antenna temperatures (K) are plotted, while on the x-axis are plotted velocity terms, where: VLSR ≈ 0 km s−1 – is the hydrogen line position (H),
VLSR ≈ −122 km s−1 is the helium line position (He), VLSR ≈ −140 km s−1 is the carbon line position (C) and VLSR ≈ −180 km s−1 is the molecular
line position, OCS, for the 8 mm observations.

Fig. 3. VLSR from South-East to North West.

Fig. 4. ∆V from South-East to North West.
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Fig. 5. VLSR from South-West to North-East.

Fig. 8. Hydrogen line widths.

Fig. 6. ∆V from South-West to North-East.

Fig. 7. VLSR from H lines.

However, many systematic eﬀects could influence the measurement and the interpretation of optical data (Izotov & Thuan
2004; Pagel 2000). On the other hand, such eﬀects are reduced
if both singlet helium lines, which are more hydrogenic than
triplets lines, and hydrogen lines with transitions n > 2 are considered. Indeed, the ratio of lines He(λ6678)/H11−3 (see Table 6
and Fig. 12 of Baldwin et al. 1991) gives an y+ (R) behaviour
similar to ours.
Nevertheless, our y+ averaged values (solid line in Fig. 14
and Table 3) are in agreement, within the errors, with the y+ =
8.8(±0.6)% value reported by Baldwin et al. (1991).

Fig. 9. The blister type model.

Fig. 10. y+ from 66α lines from South-East toward the North-West.
Labels near plotted points indicate individual positions (Table 1).

3.3. Helium abundance

Since the He+ region size is smaller than the H+ one, it is necessary to correct the observed y+ values for the ionization structure to obtain a true helium abundance. However, according to a
“blister-type” model (Tsivilev 1991; Rubin 1991) either part of
the envelope or all of it can be density limited, that is most ionizing photons can escape freely. In this case the size of both He+

and H+ zones coincide and the measured helium abundance is
true in that place (direction A-A in Fig. 9). These conditions
would be matched in the region where a maximum of y+ has
been measured.
Under this hypothesis a “true” value of y = 10.0(±0.8)%
has been obtained with a weighted average of 56α and 66α data

S. Poppi et al.: Helium abundance and ionization structure in the Orion nebula

Fig. 11. y+ from 66α lines from South-West toward the North-East.
Labels near plotted points indicate individual positions (Table 1).
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Fig. 14. y+ (%) averaged over the rings. The data for the 56α are presented separately from the 66α transition and for their average (solid
line).
Table 3. y+ and hydrogen line parameters as a function of the distance
from the center.
0

Fig. 12. y+ from 56α lines from South-East toward the North-West.
Labels near plotted points indicate individual positions (Table 2).

Fig. 13. y+ from 56α lines from South-West toward the North-East.
Labels near plotted points indicate individual positions (Table 2).

of positions 2 and 3, where the y+ has the maximum (see
Figs. 10−13 ). This value is in good agreement with optical
values: y = 10.0(±0.5)% (Peimbert & Torres-Peimbert 1977)
and y = 9.8(±0.5)% (Esteban et al. 1998), where the correction
for ionization structure was made.
Further, one can evaluate the primordial helium abundance.
The abundance of heavier elements (Z = 0.011 ± 0.0022) for
Orion A was measured by Baldwin et al. (1991). Using the last
available value ∆Y/∆Z = 2.8(±0.5) for HII regions reported
by Izotov & Thuan (2004), the obtained helium abundance can
be corrected for the stellar nucleosythesis contribution. The determined primordial helium abundance (by mass) is therefore
Yp = 25.2(±1.8)%.
3.4. Electron temperature

Measured LTE electron temperatures (T e (LTE)) show an interesting tendency: West points (3, 4, 7, 8) have lower temperatures

2
y+ (%)
9.7 (0.8)
9.1(0.7)
9.4 (0.5)

4

6

8.9(2.0)
7.7 (0.8)
7.9 (0.7)

–
–
–

56α
66α
Average

8.7 (0.7)
7.7 (0.6)
8.2 (0.46)

56α
66α

–1.6 (0.3)
–1.74 (0.4)

H line VLSR (km s−1 )
–2.85 (0.24)
–3.4 (0.4)
–3.44 (0.40)
–3.46 (0.4)

–
–1.3 (0.5)

56α
66α

25.51 (0.24)
25.66 (0.09)

H line ∆V (km s−1 )
27.0 (0.2)
28.8 (0.4)
26.4 (0.2)
28.77 (0.26)

–
30.3(0.8)

than the East ones. On average, East points have T e (LTE) =
9000 K, while West ones have T e (LTE) = 8090 K. The
diﬀerence between these two values falls outside the experimental errors.
From T e (LTE) it is possible to obtain the real electronic temperature (T e  b0.87
n T e (LTE) where bn values are from Salem &
Brocklehurst 1979). If we assume the electron densities to be
Ne ∼ 104 cm−3 at the center, Ne ∼ 7.5 × 103 at the East points
and Ne ∼ 3 × 103 at the West ones, we obtain: T e ≈ 8000 K
at the center, T e ≈ 8100 K at the East points and T e ≈ 6800 K
at the West points respectively. Some authors supposed a similar, but radial, gradient (Wilson & Jaeger 1987; Subramanyan
et al. 1988), while others did not (Wilson et al. 1997). This observed tendency could be due to a corresponding density gradient (Wilson & Jaeger 1987). So far we have been unable to find
a satisfactory expanation for it.

4. Summary
Results of a common observing program between Italy (66α)
and Russia (56α) have been presented, and can be sumarized as
follow:
– The distribution of the ionized helium abundance (y+ =
N(He+ )/N(H+ )) over the Orion A nebula has been obtained.
Such a distribution explains the discrepancy present in previous observations. The present results confirm that the
He+ zone is smaller than the H+ zone, with a diﬀerent ratio of their core and envelope sizes and that it depends on the
direction from the HII center;
– The obtained helium abundance y = 10.0(±0.8)% is in
agreement with optical values when the correction for the
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ionization structure has been made. The estimate of the primordial helium abundance by mass is Yp = (25.2 ± 1.8)%;
– The behaviour of both radial velocities and widths of
RRLs supports the asymmetric “blister-type” structure of
the HII region, which expands asymmetrically along the
main axis relative to the molecular cloud, mainly toward the
observer;
– The LTE electron temperatures have been derived for the
first 9 positions, and are found in the range from ∼7800 K
to ∼9600 K. An interesting trend is observed: the West points
are at lower temperatures than the East ones.
This high sensitivity mapping require long integration times, not
possible in a short observing period. For a clearer picture, further
observations are needed, especially for the positions of Ring-3
and partly, for Ring-2.
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4.1. Carbon RRLs

To obtain a genuine detection, therefore, one needs to separate
the helium from the carbon profiles. That has been possible only
for the 66α spectrum. For the 56α line the frequency resolution
was not enough fine to distinguish the carbon lines, which made
the helium profile asymetric and shifted it to higher frequency.
On the other hand, in previous 125 kHz frequency resolution
observations, the RRL C56α was clearly detected in both Ori Bar
(Sorochenko & Tsivilev 2000) with RT22.
To separate the C56α profile from the helium profile, we reduce the number of free parameters for the carbon profiles, by
fixing the width and performing several fits, varying it whithin
the interval 2−6 km s−1 , and looking for minimization of the
χ2 value. This range has been chosen on the basis of other observations, including the 66α presented here. For example, in the
Ori Bar position (and similarly for the Ori A) we obtained ∆V =
3.4(±0.9) km s−1 for the C56α line (Sorochenko & Tsivilev
2000); for the C91α, line, ∆V was between 2 and 2.5 km s−1
(Wyrowski et al. 1997). However, ∼30% of the carbon intensity
has been lost in the data reduction since the real ∆V could range
from 2.5 to 3.3 km s−1 .
Thus, the radio recombination lines of carbon (C56α
and C66α) were seen in most of the sample. Their radial velocities (VLSR ) lay in the interval from +8 to +11 km s−1 , in
agreement with the previous carbon line investigation of Jaﬀe &
Pankonin (1978), while H and He RRLs have VLSR values ranging from +1 to −6 km s−1 . Since carbon velocities refer mainly to
molecular cloud motion while the hydrogen ones refer to the motion of ionized material, their diﬀerence shows again the HII region asymmetric expansion toward the observer, relative to the
associated molecular cloud.
On the other hand, carbon radial velocities have a more positive trend than the lines from the core of the molecular cloud
(e.g. VLSR ≈ 8 km s−1 of OCS line detected here, Fig. 2; see also
Balick et al. 1974) and this means that the background CII region, as a HI-HII interface, is moving slightly into the molecular
cloud (see e.g. Balick et al. 1974; and Jaﬀe & Pankonin 1978).
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Appendix: Spectra plots

Fig. 15. Obtained 66α spectra. Y-axis scale is in antenna temperatures (K), the x-axis scale is in velocity terms, where: VLSR ≈ 0 km s−1 – is the
hydrogen line position (H), VLSR ≈-122 km s−1 is the helium line position (He), VLSR ≈ −140 km s−1 is the carbon line position (C).
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Fig. 16. Obtained 56α spectra. Y-axis scale is in antenna temperatures (K), the x-axis scale is in velocity terms,where: VLSR ≈ 0 km s−1 – is
the hydrogen line position (H), VLSR ≈ −122 km s−1 is the helium line position (He), VLSR ≈ −140 km s−1 is the carbon line position (C) and
VLSR ≈ −180 km s−1 is the molecular line position, OCS.

