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Magnetic fields play an important role in the evolution of interstellar medium and star for-
mation 2, As the only direct tracer of interstellar field strength, credible Zeeman measure-
ments remain sparse due to rather limited number of spectral lines with discernible Zeeman
effect, particularly for cold, molecular gas®. Here we report the detection of a magnetic field
of 3.8 + 0.3 4G through a new tracer, the Hinarrow self-absorption (HINSA)*>, toward the
prestellar core 1.1544 of the Taurus molecular cloud using the Five-hundred-meter Aper-
ture Spherical radio Telescope (FAST). A combined analysis of the Zeeman measurements
of quasar Hiabsorption, Hi emission, OH emission, and HINSA reveals a coherent magnetic
field from the atomic cold neutral medium (CNM) to the molecular envelope of the 1.1544.
We find that the molecular envelope traced by HINSA is already magnetically supercritical,
with a field strength comparable to that in the surrounding diffuse, magnetically subcriti-

cal CNM despite a large increase in density. The reduction of the magnetic flux relative to
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the mass, necessary for star formation, thus seems to happen during the transition from the
diffuse CNM to the molecular gas traced by HINSA , earlier than envisioned in the classical
picture where magnetically supercritical cores capable of collapsing into stars form out of
magnetically subcritical envelopes®”. The HINSA Zeeman effect opens up a new window on
the interstellar magnetic field that is poised for rapid growth in the era of Square Kilometer

Array and its precursors.

L1544 is a well-studied prototypical low-mass prestellar core ® in the Taurus molecular cloud
complex at a distance of about 140 pc ®. The core has a mass of 3.2 solar mass (M) and a size
of ~ 0.1 pc Y, embedded in a 30 M,, envelope with a flatten shape of 1 pc along the long axis

12

W The core is characterized by a high central number density of ~ 2 x 10% cm™ 2, a low

central temperature of ~ 6 K12, and strong depletion of carbon-bearing molecules '#. Together
with a slow infall velocity of ~ 0.1 km s~! and a narrow turbulent line width of 0.2 km s~! LHI#IS,
comprehensive chemical and dynamical modeling suggest that L1544 could be a quiescent core in

an early transition between starless and protostellar phases 121917,

We developed the so-called HINSA technique to reveal the atomic gas well mixed with
molecular gas 2 and thus provide a rare probe of the transition from Hito H,. The HINSA feature
in L1544 has a strong absorption dip and a nearly thermalized narrow line width at a temperature
lower than 15 K*. The non-thermal line width and centroid velocity of the HINSA are very close

to those of the emission lines of OH, 3CO, and C'30O molecules, and their column densities are

*“In this paper, we refer to a core as an entity of dense molecular gas within a size of 0.1 pc, and an envelope as the

molecular gas surrounding a core in a range of 0.1-1 pc.
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essentially correlated . The correlation of the line widths and column densities suggests that a
significant fraction of the atomic hydrogen is located in the cold, well-shielded portions of L1544
and mixed with the molecular gas, distinguished from the broader absorption features seen in other

surveys of Hithroughout the Galaxy.

The previous Zeeman observations of OH emission line toward the L1544 center detect a
magnetic field strength of 10.8 + 1.7 uG with the Arecibo Telescope '*. However, the OH Zeeman
observations of the Green Bank Telescope (GBT) toward four locations of the envelope at a radius
of 6.0’ (0.24 pc) from the core center yield large uncertainties in the magnetic field strengths at
the four locations, and a simultaneous fit for a single strength of all four locations yields a low-
confident value of 2 + 3 uG, leading to debates on whether the data can be used to constrain the

structure of magnetic fields in the envelope because of limited quality 12722

. Since the previous
Zeeman observations cannot definitively determine the magnetic field strength in the envelope,
sensitive observations of Zeeman effects of a new tracer are urgently needed. Unfortunately, Zee-
man measurements in interstellar medium of non-masing sources are extremely sparse, and only
the tracers of Hi, OH, and CN have successfully produced systematic Zeeman measurements for
reasons of abundance, Zeeman splitting Landé g-factor, and excitation conditions of the tracers .
Although the Zeeman effect of Hiself-absorption feature have been found towards the directions
of molecular clouds 2*22, the broad line widths of the absorption components are mostly asso-
ciated with diffuse atomic gas rather than dense molecular gas. Considering that Hrhas a larger

Landé g-factor than most molecules and is less affected by depletion at high densities than heav-

ier molecules and that HINSA typically has a higher brightness temperature than most molecular



s lines, it is natural to use HINSA to measure magnetic field strength in molecular gas.
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Figure 1: L1544 core and illustration of the structure of interstellar medium from CNM to
core. a, a composite of DSS2 images of L1544 with i-band in red, r-band in green, and b-band
in blue overlaid with HINSA and H, column density maps. White dashed contours are 30%, 50%,
70%, and 90% of the peak HINSA column density, and orange contours are 2, 4, 6, 8, 10 X 10*
cm~ for the H, column density. The red, green, and cyan circles mark the locations and beam sizes
of the FAST, Arecibo, and GBT Zeeman observations, respectively. b, a composite of three 0.5 km
s™! velocity slices of Arecibo GALFA-Hiimages at 6.2, 6.7, and 7.3 km s~! LSR velocities in blue,
green, and red. The dashed rectangle shows the region of a. The two absorption dots represent
the locations of quasars 3C132 and 3C133. ¢, schematic view of CNMs, molecular envelope, and

L1544 core.

o1 We detected Zeeman splittings toward the HINSA column density peak at a distance of 3.6’
2 (0.15 pc) away from the L1544 center (Fig. [T)) at an angular resolution of 2.9” (0.12 pc) with
s FAST2S. The spectra of the Stokes /(v) and V(v) parameters (where v denotes velocity) at 21-cm
s« wavelength are shown in Fig. [2] The I(v) spectrum contains Hremission of CNM and warm neu-
s tral medium (WNM) clouds in the direction toward the Taurus complex and a HINSA feature at

4



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

the centroid velocity of L1544. Least-squares fits of multiple gaussians with radiative transfer de-
compose the /(v) into a foreground HINSA component, a background WNM component, and three
CNM components between the HINSA and WNM. The fitted /(v) profiles of the HINSA , CNM,
and WNM components are shown in Fig. 2. Our fitted parameters of the HINSA component are
in good agreement with the previous HINSA observations %2, and our parameters of the CNM and

WNM components are similar to the Arecibo results toward quasars around L1544 47,

The V(v) spectrum shows features of classic ‘S curve’ patterns proportional to the first deriva-
tives of 1(v) for the HINSA , CNM, and WNM components, as expected for Zeeman splittings. The
Zeeman splitting profile of HINSA has a maximum at high velocity and a minimum at low veloc-
ity, opposite to the Zeeman splitting profile of CNM1, the closest CNM component at a velocity
similar to L1544, that shows positive V at low velocity and negative V at high velocity. From our
least-squares fits to V(v), we obtain the magnetic field strengths of the HINSA , CNM, and WNM
components, listed in Table 2 of Methods. The fitted V(v) profile of the HINSA and the total V(v)
profile of the five components are show in Fig. 2b, and the individual V(v) profiles of the compo-
nents are shown in Fig.[3| The HINSA Zeeman effect gives B,; = 3.8 + 0.3 uG, and the Hi Zeeman
effect of CNMI1 gives B,; = 4.0 = 1.1 uG, where B, is the magnetic field component projected
along the line of sight with positive sign representing field pointing away from the observer. The
magnetic field strengths of HINSA and CNM1 are consistent with the results of Bj,; = 5.8 = 1.1 uG
and 4.2 + 1.0 uG obtained from the Zeeman observations toward quasars 3C133 and 3C132, prob-
ing the magnetic fields of CNMI at velocities of 8.0 + 0.0 km s~! and 8.1 + 0.0 km s™! at distances

of 17.7° (0.72 pc) and 174.5’ (7.1 pc) from L1544, respectively %%, In addition, the weak strengths
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Figure 2: The Stokes /(v) and V(v) spectra at 21-cm wavelength toward the HINSA column
density peak. a, The black profile represents the /(v) spectrum. The red profile represents the
absorption from the foreground HINSA component. The blue dashed and dotted profiles represent
the emission of the CNM and WNM components, respectively. The CNM and WNM profiles
include the absorption from the CNM components that lie in front but not include the absorption
from HINSA . The black dashed profile represents the sum of the absorption and emission profiles.
b, The black profile represents the V(v) spectrum. The black dashed profile represents the sum
of the Zeeman splitting profiles of the five components. The red profile represents the Zeeman

splitting profile with B,,; = 3.8 uG of the HINSA component.
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inferred from Zeeman measurements are broadly consistent with the large dispersion of H-band
polarization angles in the envelope of L1544 2, given that near-infrared polarimetry traces the
magnetic field component projected on the plane of sky and field strength is inversely proportional
to the dispersion of polarization angles. For the second and third CNM components (CNM2 and
CNM3) along the line of sight, our results of Bj,scype = =7.6 £ 1.0 uG and Bjyscymz = 2.9 £ 0.4
G are also consistent with the results of Bj,scype = —=9.6 £ 6.3 uG and Bjyscnms = =03+ 1.7 uG

toward quasar 3C133%,

Comparing the Zeeman observations of HINSA , OH, and Hitracing the CNM1 and the
molecular envelope of L1544, it is clear that the magnetic fields at distances of 0.15, 0.24, 0.72,
and 7.1 pc from the center all have the same direction of Bj,; and consistent strengths roughly
within the 1o uncertainty in each measurement. Owning to the different excitation conditions and
abundances of the three tracers, the Hiabsorptions toward 3C133 and 3C132 trace CNM with a
kinematic temperature of about 100 K *® and a number density of about 50 cm™ “*, whereas the
HINSA and OH observations trace the envelope of L1544 with a kinematic temperature of about
10-15 K* and a number density at the order of 10° cm= 223, Despite the 1-2 orders of magnitude
change in both temperature and density in the phase transition from the atomic CNM to the molec-
ular envelope, the Zeeman observations reveal a magnetic field that is coherent in both direction
and strength across multi-scales and multi-phases of the interstellar medium. Note that the mag-
netic field is also coherent in the line of sight, since the FAST results of HINSA and Hrindicate
consistent By, at different depths of clouds along the line of sight. To constrain the uniformity

of the coherent magnetic field, we performed a likelihood analysis with the assumption that the
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Figure 3: The individual V(v) profiles for the HINSA , CNM, and WMN components. In each
panel, the red profile represents the fitted Zeeman profile of the component, and the black profile
represents the observed V(v) subtracted by the fitted Zeeman profiles of the other four components.
The CNM and WNM Zeeman profiles include the absorption from the CNM components that lie
in front but not include the absorption from HINSA . The sum of the red profiles of the five

components is the black dashed profile in Fig. 2b.

18 By,s of the coherent field follows a gaussian distribution with mean By and intrinsic spread o.

19 Using the HINSA , OH, and HiZeeman measurements, the maximum likelihood parameters are
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By =4.1+1.6uG and oy = 1.2:1)% 1G, providing a better constraint of the field uniformity than

the previous estimation of By = 4*{° uG by using only the OH results “".

The Zeeman observations show that the magnetic fields from CNM to envelope are coherent
and significantly weaker than the field in the core from the Arecibo OH Zeeman measurements.
This finding is in agreement with the conclusion of comprehensive Hi, OH, and CN Zeeman
surveys, which suggest that the magnetic fields in Hiclouds have a mediam value of 6 uG in total
strength and do not scale vary significantly with density, whereas the magnetic fields in molecular
clouds tend to increase with density above a critical number density of about 300 cm™ %, The
HINSA column densities of L1544 are correlated with those of '3CO, which typically traces a
number density of a few thousand cm™. Since the HINSA has a relatively weak magnetic field
that has yet to increase beyond the values observed in the more diffuse gas, its density must be
less than the critical density above which the field strength starts to increase with density. In
other words, the HINSA observations suggest a critical density of at least a few thousand cm™
in the L1544 system, which provides an important connection between the magnetic fields from

Hi clouds to molecular clouds that was not available before.

It is well known that the progenitor of molecular gas, the atomic CNM, is strongly mag-
netized, as measured by the dimensionless mass-to-magnetic flux ratio A in units of the critical
value of 27G'? (4 = 7.6 x 1072'[N/cm~2|[B/uG]~' %), which is well below unity (i.e., magneti-
cally subcritical) Y. On the other hand, the immediate progenitors of stars, the prestellar cores of

molecular clouds such as the L1554 core, are observed to be magnetically supercritical (1 > 1),
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which is required for the self-gravity to overwhelm the magnetic support and form stars through
gravitational collapse. When and how the transition from the magnetically subcritical CNM that
is incapable of forming stars through direct gravitational collapse to the supercritical star-forming

cores is a central unresolved question in star formation.

Our HINSA Zeeman observations can be used to address this question. Using the physical
parameters of the clouds (Table 1) and the statistically most probable value of the total field strength
B = 2By, the A of CNMI is about 0.19-0.37, consistent with previous results Y. The A of
the envelope and core of L1544 core is 2.5-3.5, which is well above unity, indicating that the
transition to magnetic supercriticality has already occurred. Because the magnetic fields from
CNM to envelope are coherent, the angles between the line of sight and B in the clouds should
be similar. The relative values of A between CNM1 and L1544 thus is considered to avoid the
uncertainty in the geometrical correction from Bj,, to B ™2, Therefore, the molecular envelope
of the L1544 core traced by HINSA is at least 6 times less magnetized relative to its mass (as
measured by 1) compared to its ambient CNM. This is different from the classic theory of low-
mass star formation, which envisions the transition from magnetic subcriticaliity to supercriticality
occuring as the supercritical core forms out of the magnetically supported (subcritical) envelope
7 QOur results suggest that the transition to supercriticality occurs earlier, during the formation
of the molecular envelope. In other words, by the time that the molecular envelope is formed, the
problem of excessive magnetic flux as a fundamental obstacle to gravitational collapse and star
formation is already resolved. The already magnetically supercritical envelope can in principle

go on to form dense cores without having to reduce its magnetic flux relative to mass further, as

10
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indicated by the comparable values of A (~ 3) for both the molecular envelope and core of L1544

(see Table 1).

Table 1: Physical Parameters of the Clouds

Tracer/Cloud Bis [uG] N [10%° cm™2] A

Hizc13,/CNM1 42+1.0 405+1.077 0.37+0.13
Hizc133/CNM1 58+1.1 289 +1.03F 0.19 + 0.08
HiNSA/envelope 3.8 +0.3 349 +0.1*% 35+03

OH/core 10.8 £ 1.7 70.5£0.2% 25+04

T Ref. 26.

I Obtained from the H, column density map in Fig. 1a.

In summary, the HINSA Zeeman observations reveal a coherent magnetic field from CNM
to the envelope of a prestellar core, providing an important connection between the magnetic
fields from Hiclouds to molecular clouds. HINSA has features of strong absorption and narrow
linewidth, making the Zeeman effect of HINSA prominent and relatively easy to identify. In ad-
dition, the detection rate of HINSA in dense cores and their molecular envelopes is high, and the
foreground/background confusion in HINSA is minimized since the foreground gas usually has
a small optical depth %, Therefore, HINSA has a great potential to become the fourth tracer to
perform systematic Zeeman observations. Future HINSA Zeeman observations toward multiple

locations of prestellar cores will reveal more details of magnetic field structures, offering guidance

11



1« on deciphering the role of magnetic fields in star formation.
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Methods

Data reduction The FAST Zeeman observations toward the HINSA column density peak in L1544
were carried out in 5 days in August, September, and November 2019 with a total integration time
of 7.6 hours. The HINSA spectra were obtained with the central beam of the L-band 19-beam
receiver I, The central beam has an average system temperature of 24 K, a main beam efficiency
of 0.63, and a main beam diameter at the half-power point of 2.9’ with a pointing accuracy of
7.9”. The 19-beam receiver had orthogonal linear polarization feeds followed by a temperature
stabilized noise injection system and low noise amplifiers to produce the X and Y signals of the
two polarization paths. The XX, YY, XY, and YX correlations of the signals then were simultane-
ously recorded using the ROACH backend with 65536 spectral channels in each polarization. The
spectral bandwidth was 32.75 MHz centered at the frequency of the Hi21-cm line for a channel
spacing of 500 Hz, and the V(v) spectrum presented in this work was Hanning-smoothed, which

produced a spectral resolution of 0.21 km s™!.

The data reduction including gain and phase calibrations of the two polarization paths, band-
pass calibrations of the four correlated spectra, and polarization calibrations to generate Stokes /,
0, U, and V spectra was made with the IDL RHSTK package written by C. Heiles and T. Robishaw
that 1s widely used for Arecibo and GBT polarization data. The 19-beam receiver is rotatable from
-80° to +80° with respect to the line of equatorial latitude. The polarization calibrations used drift-
ing scans of the continuum source 3C286 at rotation angles of -60°, -30°, 0°, 30°, and 60° over
1.5 hours surrounding its transit. The details of the polarization calibration procedure were pro-

vided in ®2, We performed polarization calibrations once a month during the observations. The
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calibrated polarization of 3C286 of the three epochs were 8.9% + 0.1%, 8.7% + 0.2%, and 9.0%
+ 0.1% for polarization degrees and 30.4° + 0.3°, 33.8° + 0.5°, and 29.4° + 0.3° for polarization
angles. Considering that the ionosphere can generate a faraday rotation of 1°-3° in polarization
angle at L-band *%, our results were consistent with the intrinsic polarization degree of 9.5% and
polarization angle of 33° of 3C286 at 1450 MHz %, In addition to the polarization observations of
L1544 and 3C286, we observed the circularly polarized OH maser source IRAS02524+2046 2% in
order to verify that our procedures produced consistent By, including the sign or direction of the

magnetic field, as had been obtained previously.

The convolutions of the sidelobes of the Stokes V beam with the spatial gradient of the Stokes
I emission may generate a false ‘S curve’ in the V spectrum “®. In order to check the credibility
of our Zeeman detections, we measured the Stokes V beam of FAST and convolved the beam with
the GALFA Stokes I cube “® of L1544. The convolved V spectrum showed a profile with a shape
similar to the I spectrum and a strength less than 0.03% of the [ spectrum, different from the ‘S
curve’ patterns in the observed V spectrum. Meanwhile, the 19-beam receiver was rotated to -45°,
0°, and 45° in the three epochs of the 1.1544 observations, and all of the three epochs showed ‘S

curve’ patterns in the V spectra, indicating that our Zeeman results were true detections.

Multiple gaussians and radiative transfer fitting to /(u) and V(u) Our fitting of /(v) adopts the
equations of gaussian components and radiative transfer . The expected profile of I(v) consists

of multiple CNM components providing opacity and also brightness temperature and a WNM
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component providing only brightness temperature:

1) = Ienu (V) + Iyny (v). (D

The Icnp(v) 1s an assembly of N CNM components

N
M
Tenm(v) = Z Lyeatn(1 = €)™ & 0470, )

n=1
where the subscript m with its associated optical depth profile 7,,(v) represents each of the M CNM

clouds that lie in front of cloud n. The optical depth of the ith component is
7,(v) = Tie_[(v_v(),i)/(rv,i]z 3)

in which 7 represents the HINSA providing only opacity and no brightness temperature. For the

WNM in the background,

(= 2 _yN .,
Tyyu(v) = Ipeak,WNMe [(v=vo,wnm)/ oy wNm] e Z,-=0Tz(l)_ 4)

The fitting of /(v) thus yields values for /.4, T, vo, and o, of the components.

We consider the radiative transfer of V(v) in terms of right circular polarization (RCP) and
left circular polarization (LCP). The Zeeman effect states that with the existence of By, the fre-
quency of RCP shifts from its original frequency vy to vy + v, and the frequency of LCP shifts
to vo — v, with v, = (Z/2) x B,,, where Z is the Zeeman splitting factor (2.8 Hz uG~' for Hi21-
cm line). Since the RCP and LCP are orthogonal components of radiation, the radiative transfer

processes of RCP and LCP are independent to each other. For RCP, Equation (1) becomes

Trep = TRCP,CNM(V’ TRCP,i) + TRCP,WNM(V, T RCP,i), (5)
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where for the ith component, Trepi = Ipeari/2, Trepi 1S optical depth in the RCP radiation to
substitute the 7; in Equation (3) with tgcp; = 1;(vo + v;;) for By,,; of the component, and the

parameters of vy and o, keep the same. Similarly, for LCP,

Trcr = Trerenm (Vs Tiepi) + Trepwnm(V, Treps) (6)

with TLCP,i = peak,i/2 and Ticri = T,'(V() - Vz,i)- The ﬁttil’lg of V(V) = TRCP - TLCP + CI(V), which
includes a ¢ term accounting for leakage of /(v) into V(v), thus yields values for Bj,, of the com-
ponents. In Table 2, we list the parameters of the components obtained from least-squares fits to

I(v) and V(v). The leakage of our HINSA Zeeman observations is ¢ = 0.034%.

Table 2: Gaussian Fit Parameters

Component Lpear [K]® Tt visg [kms™]¢ o, [kms'1? B, [uG] Order*®
HINSA - 0.32 +0.01 6.97 + 0.01 0.40 + 0.01 3.8+0.3 0
CNM1 90.34 + 5.49 0.83 +0.12 8.12 +0.11 1.86 = 0.05 40+ 1.1 1
CNM2 116.33 £ 1.78 0.84 + 0.08 -0.39 =+ 0.33 241 +0.13 7.6 = 1.0 2
CNM3 135.31 £2.04 10.45+0.95 4.38 + 0.09 2.04 = 0.06 29+04 3
WNM 46.70 = 2.47 - 2.63 +0.04 6.44 + 0.09 3.0+1.7 4

@ Ipear 1s the intrinsic peak Stokes I emission. We do not fit /.. for HINSA because it is an absorption component.

b 1 is the central opacity. We do not fit 7 for WNM because it is a background component.
¢ vrsg is the central LSR velocity.
4 o, is the gaussian dispersion.

¢ The order of the component along the line of sight. Order begins with 0, and increasing numbers mean increasing
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distance along the line of sight.

HINSA and H, column density maps We show the HINSA and H, column density maps of
L1544 in Fig. 1a, and we use the H, column density map to calculate the N at the beams of
FAST and Arecibo observations in Table 1. The HINSA column density map is a revision of the
Fig. 8 in ref. 14. To derive the H, column density map, we retrieved the level 2.5 processed,
archival Herschel images that were taken at 250/350/500 um using the SPIRE instrument %7, (ob-
sID: 1342204842). We smoothed the Herschel images to a common angular resolution of the 36”
beam at 500 um and regridded the images to the same pixel size of 6”. We performed least-squares
fits of the 250/350/500 um spectral energy distributions weighted by the squares of the measured
noise levels to derive the pixel-to-pixel distributions of dust temperature 7,; and dust optical depth
7, using S, = Q,B,(Ty)(1 —e™™), where S, is the flux density at frequency v, Q,, is the is the
solid angle of the pixel, B,(T) is the Planck function at T4, and 7, = 7230(vV[GHZ]/ 230)? with dust
opacity index S of 1.8. Next, we obtained the H, column density with N = g71230/(ka30ttmMpu),
where g = 100 is the gas-to-dust mass ratio, k»3p = 0.09 cm? g=2 ¥ is the dust opacity at 230
GHz, u,, = 2.8 is the the mean molecular weight, and my is the atomic mass of hydrogen. To
estimate the uncertainties in the H, column density, we used a Monte-Carlo technique. For each
pixel, we created artificial 250/350/500 um flux densities by adding the original flux densities with
normal-distributed errors taking account the uncertainty in the measured flux and a 10% correlation
for the calibration uncertainty in SPIRE “®. We then estimated the uncertainty in each pixel with
1000 fittings of the H, column density. The N and its uncertainty in Table 1 were obtained from

the convolutions of the H, column density map and uncertainty map with the FAST and Arecibo
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Maximum likelihood We adopt the analysis of maximum likelihood “* to study the uniformity
of magnetic fields in the envelope of L1544. Assuming that the true Bj,, follows a gaussian dis-
tribution with mean By and intrinsic spread o, the likelihood /; for a single observation to mea-
sure B; with gaussian error o; is proportional to the convolution of the probability exp[—(B —
By)?/ 2(73] / V2ror for the magnetic field to have a true value of B with the probability exp[—(B —
B j)2 / 20'3] / \2no ; of observing a value B; of the field. Therefore, /; is the integral over all possible

true values of the magnetic field

oo —(B = B)?/202 (B — 2 2
l':f dBeXp[ ( )7/120%5] exp[—(B — By) /200]. -

Varo, Varo
While the overall likelihood £ for a set of observations is the product of individual like-
lihoods of the observations (L = H]JV:l [;), the By and o can be estimated by maximizing the

likelihood L. After performing the integration in Equation (7)) and some algebraic manipulations,

N N 2
1 1 (B B)

Fig. { shows the distribution of £ as functions of B, and o and the probability distributions
of By and o by integrating £ along the B, axis and the o axis, respectively. The probability
distribution of B is similar to a normal distribution with a mean value of 4.1 uG and a standard
deviation of 1.6 uG. The probability distribution of o7 is highly asymmetric since the values of o7
cannot be negative. The first, second, and third quartiles of the o distribution are 0.6, 1.2, and 2.4
uG. We therefore suspect that the Zeeman measurements in the L1544 envelope can be explain by
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Figure 4: Likelihood L for the coherent magnetic field to have mean (By) and spread (o) values.
a, contours of L as functions of By and o plotted at 10%, 30%, 50%, 70%, and 90% of the
peak value. b, the probability distribution of By while allowing all possible values of o. ¢, the

probability distribution of oy while allowing all possible values of By.

Data availability FAST raw data are available from the http://fast.bao.ac.cn site one year after
data-taking, per data policy of FAST. Due to the large data volume of this work and the speciality
of polarization calibration, interested users are encouraged to contact the corresponding author to
arrange data transfer. The reduced /(v) and V(v) spectra are available at

https://github.com/taochung/HINS Azeeman.

Code availability The codes analyzing the I(v) and V(v) spectra reported here are available at
https://github.com/taochung/HINSAzeeman. The IDL RHSTK package is available at

http://w.astro.berkeley.edu/ heiles/.
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Figure 2

The Stokes I(v) and V(v) spectra at 21-cm wavelength toward the HINSA column density peak. (see
Manuscript file for full figure legend)
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Figure 3

The individual V(v) profiles for the HINSA , CNM, and WMN components. (see Manuscript file for full
figure legend)
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Likelihood L for the coherent magnetic field to have mean (B0) and spread (00) values. (see Manuscript
file for full figure legend)



