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ABSTRACT

We present the first observational constraint on the Brγ recombination line emission
associated with the supermassive black hole at the center of our Galaxy, known as
Sgr A*. By combining 13 years of data with the Adaptive Optics fed integral field
spectrograph OSIRIS at the W. M. Keck Observatory obtained as part of the Galactic
Center Orbits Initiative, we extract the near-infrared spectrum within ∼0.”2 of the black
hole and we derive an upper limit on the Brγ flux. The aperture was set to match the size
of the disk-like structure that was recently reported based on millimeter-wave ALMA
observations of the hydrogen recombination line, H30α. Our stringent upper limit is at
least a factor of 80 (and up to a factor of 245) below what would be expected from the
ALMA measurements and strongly constrains possible interpretation of emission from
this highly under-luminous supermassive black hole.

Keywords: Galactic Center — Near infrared astronomy — interstellar atomic gas —
Supermassive black holes – Accretion

1. INTRODUCTION

The center of our Galaxy hosts a supermas-
sive black hole (SMBH) whose position coin-
cides with the radio and infrared source, Sgr A*
(Ghez et al. 2000; Schödel et al. 2002). Thanks
to its proximity, this environment presents a
unique opportunity to study in detail the ac-
cretion mechanism onto a SMBH. The SMBH
is not very active (10−7LEdd, Baganoff et al.
2003) even though it was likely much more ac-
tive at various times in the past few hundred
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years (Clavel et al. 2013; Terrier et al. 2018)
and a recent unusual peak in its activity has
been reported in the infrared (Do et al. 2019a).
The accretion rate of hot gas through the Bondi
radius (∼1”) of the central SMBH can be esti-
mated from X-ray observations (Baganoff et al.
2003), but the amount of cooler gas very near
the black hole is not strongly constrained.

The low activity of Sgr A* (e.g. Witzel et al.
2012) places it in the regime of radiatively inef-
ficient accretion flows (RIAF). Most models of
the accretion flow predict or allow for the for-
mation of a disk (see Yuan & Narayan 2014 for a
review). Recent modeling of the accretion flow
by Calderón et al. (2020), assuming that the ac-

ar
X

iv
:2

10
2.

13
09

6v
1 

 [a
st

ro
-p

h.
G

A
]  

25
 F

eb
 2

02
1

http://orcid.org/0000-0001-5800-3093
http://orcid.org/0000-0002-6753-2066
http://orcid.org/0000-0002-3289-5203
http://orcid.org/0000-0003-3230-5055
http://orcid.org/0000-0001-9554-6062
http://orcid.org/0000-0003-3765-8001
mailto: ciurlo@astro.ucla.edu


2 Ciurlo et al.

creted material comes from the winds of nearby
young, windy stars, predicts a disk phase in the
accretion flow. However, the theoretical forma-
tion of a disk is not universally agreed upon.
Ressler et al. (2020) also modeled the accre-
tion flow supplied by stellar winds from nearby
Wolf-Rayet stars but they find that a disk would
not form around Sgr A*. In their modeling,
they argue that the magnetic field drives a polar
outflow that removes angular momentum, and
that the fast inflow and outflow of the gas, to-
gether with inefficient cooling, prevent the ma-
terial from circularizing.

Emission from the accretion flow onto Sgr A*
has recently been detected with ALMA obser-
vations by Murchikova et al. (2019), who re-
ports a very broad (>2000 km s−1) emission
feature in the H30α radio recombination line
arising within ∼0.2–0.3” of Sgr A*. The pres-
ence of a velocity gradient across the marginally
resolved source led them to conclude that they
had observed a disk that is approximately edge-
on. Given the reported observation of H30α (n
= 31→30 transition), one would expect signif-
icant emission in the lower-lying Brγ recombi-
nation line (7→4 transition) at 2.1661 µm.

In this paper, we search for the expected Brγ
emission based on data gathered by Galactic
Center Orbits Initiative. In Section 2, we briefly
describe the data used. Section 3, describes the
analysis procedure to extract the Sgr A* NIR
spectrum. In Section 4 we report our flux limit.
A preliminary version of our limit on Brγ was
used by Murchikova et al. (2019) to argue that
the H30α emission must be augmented by weak
maser action. In Section 5, we discuss our limit
in comparison to the reported H30α flux and
to accretion flow theories. Our conclusions are
reported in Section 6.

2. DATASET

The data for this study were taken as part of
the Galactic Center Orbits Initiative (GCOI; PI
Ghez, W. M. Keck Observatory 1995 - present).

We used a subset of the deep observations taken
between 2006 and 2018 with OSIRIS, the inte-
gral field spectrograph fed by a laser guide star
adaptive optics system at W. M. Keck Obser-
vatory (Larkin et al. 2006; Wizinowich et al.
2006). All included epochs consist of 900-second
exposures in Kn3 band (2.121–2.229 µm) with
a 35 mas platescale. In this setup, the average
spectral resolution is R=3800, and at the wave-
length of Brγ this corresponds to 6 10−4 µm, or
2.5 channels.

The initial stages of data analysis (including
sky subtraction and flux calibration) have been
described in previous publications (Ghez et al.
2008; Do et al. 2009, 2019b; Ciurlo et al. 2020).
We begin with the flux- and astrometrically-
calibrated, mosaiced data-cubes. In this work,
we only examined a sub-set of GCOI raw data
that had already been analyzed with a proce-
dure optimized for gas detection reported in
Ciurlo et al. (2020), which differs from that used
for the measurements of stellar radial veloci-
ties1. Furthermore, we exclude epochs showing
strong OH line subtraction residuals (visible as
extremely strong absorption lines), which leaves
a total of 19 epochs that are summarized in Ta-
ble 1. These measurements have an average spa-
tial resolution of 73 mas, based on a Gaussian
fit to S0-2 in the mosaicked data-cubes. This
subset of data is optimized for extracting the
spectrum of the region around Sgr A*.

3. ANALYSIS

Our goal is to extract a high signal-to-noise
spectrum of the immediate surroundings of

1 While GCOI work on stellar spectra have been ex-
tracted from individual dark-subtracted exposures, the
spectra in this study are extracted from sky-subtracted
mosaics (individual exposures are sky-subtracted before
building the mosaic). Using the mosaics allows us the
sky coverage necessary to measure the positions of ref-
erence stars that we then use to put all observed fields
in the same reference frame (for more details see Ap-
pendix C and Ciurlo et al. 2020).
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Figure 1. Brγ emission map in grayscale from the 2017 OSIRIS continuum-subtracted cube, obtained
by collapsing the cube between -1100 km/s and 1100 km/s (displayed in arbitrary units). Contours of the
reported H30α red and blue-shifted emissions (Murchikova et al. 2019) are overlaid (the full spectrum is
shown in Figure 2). The blue contours are 1.2, 1.6, 2.0 and 2.4 mJy. The red contours are 0.9, 1.1, 1.3 and
1.5 mJy. The white dashed circle represents the half-power beam for the H30α observations. The white
solid circle represents the average FWHM of the NIR observations. The position of Sgr A* is marked by the
black cross. The aperture used for this analysis is shown in orange.

Sgr A*. In particular, we seek to establish
whether there is a counterpart to the disk-like
emission of the reported H30α recombination
line. We therefore extract a spectrum within
a circular aperture centered on the position of
Sgr A* and of radius 0.23” (the same aperture
used by Murchikova et al. 2019), correspond-
ing to a diameter of about 30 typical spatial
resolution elements. Figure 1 shows the chosen
aperture along with contours of the H30α emis-
sion lines over a map of the Brγ emission in the
region. The gas has complex, multi-component
emission extended in space and velocity. We
can identify one component to the West, asso-
ciated with radio source Epsilon (Yusef-Zadeh
et al. 1990), two in the northeast and southeast
corners associated with bright Wolf-Rayet stars
(IRS16 C and IRS16 SW) and one featuring an
almost linear feature immediately adjacent to
the position of Sgr A* along the line of sight
(Schödel et al. 2011; Peißker et al. 2020). More

details on this extended gas emission are re-
ported in Appendix E.

Our spectral extraction procedure is designed
to reduce the effect of bright stars and extended
gas emission at the Galactic center. First, to
minimize the contribution from bright stars, we
create and apply an adaptive mask that tracks
the brightest stars and that transmits ∼60% of
the aperture area (see Appendix A). The ex-
tracted spectra are reported in Appendix B.
Second, we apply a continuum subtraction rou-
tine to each data cube (see Appendix C) prior
to combining the data from all epochs. The
individual epochal spectra are rescaled by di-
viding by their corresponding unmasked area
within the aperture. The resulting spectra have
a typical noise per spectral resolution element
of 0.050 mJy (see Table 1). We then combine
the individual spectra using a weighted aver-
age where the weight corresponds to the inverse
square of the noise. The noise of the combined
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Datea Frames FWHM Aperture Noise

number [mas] fraction [mJy]

2006-06-18a 9 81 97% 0.049

2006-06-30a 9 77 82% 0.061

2008-07-25b 11 81 72% 0.041

2009-05-05b 12 70 56% 0.046

2009-05-06b 12 81 71% 0.047

2010-05-05b 6 70 60% 0.060

2010-05-08b 11 79 55% 0.093

2011-07-10b 6 71 47% 0.059

2012-07-22b 9 92 71% 0.064

2017-05-17c 11 73 67% 0.062

2017-05-19c 6 86 62% 0.059

2017-07-19c 12 77 69% 0.067

2017-07-27c 13 89 76% 0.043

2017-08-14c 8 75 67% 0.048

2018-04-24c 7 73 57% 0.068

2018-05-23c 14 91 55% 0.050

2018-07-22c 11 77 68% 0.034

2018-07-31c 11 73 66% 0.038

2018-08-11c 9 79 64% 0.034

aThis is a subset the GCOI dataset (e.g. Do et al.
2019b) as described in Section 2.

Table 1. Table of observations obtained with
OSIRIS in Kn3 band, 35 mas plate-scale. All in-
tegration times are equal to 900 s. The reported
aperture is the fraction of the total 0.23” radius
aperture that is not masked by our noise cut. The
reported noise is per resolution element and it is
calculated on the spectrum extracted after apply-
ing the mask but rescaled to the effective area of
our aperture (i. e. dividing by the fraction of un-
masked pixels). References: a) Ghez et al. (2008),
b) Boehle et al. (2016), c) Do et al. (2019b).

spectrum (0.015 mJy) is lower by a factor of
∼2.3 than in the best individual epoch.

4. RESULTS

Figure 2 (top) shows our resulting combined
spectrum along with the individual spectra.
Subsequent analysis only uses the combined
spectrum. Figure 2 (bottom) shows the compar-

ison between the observed Brγ spectrum (not
corrected for extinction) and the H30α spec-
trum reported by Murchikova et al. (2019). The
only Brγ emission that rises above the noise is
associated with the superimposed lower-velocity
gas that is also observed at larger radii (see
Figure 1 and Appendix E). There is no qual-
itative evidence for the presence of a broad
Brγ emission line. We want to underline that
there is no sign of any broad (>800 km/s) line
in the whole wavelength range covered by the
OSIRIS observations (∼12000 km/s). Conse-
quently, this means that there is no counterpart
to the even broader radio recombination line
recently reported by Yusef-Zadeh et al. (2020)
(∼4000 km/s).

The most straightforward way to extract an
upper limit on the flux of the Brγ line, without
making any assumptions about the shape or ex-
tent of the line profile, is to set the limit at 5
times the root-mean-square noise per resolution
element. The noise per resolution element is cal-
culated over ranges devoid of spectral features
(see Appendix C). In this way, we find an upper
limit on the flux density of 0.074 mJy in a 0.23”
radius aperture When corrected for the extinc-
tion reported by Schödel et al. (2010), this limit
corresponds to 0.71 mJy. This limit can be used
with any hypothetical line profile to derive the
total line flux expected for the accretion flow.

To quantify the non-detection of any broad-
band emission (∼2000 km/s), we create a spec-
tral filter that is sensitive to the wings of the
reported H30α line and cuts out the low veloci-
ties at which the superimposed gas is emitting.
Our notch filter extends from a Brγ velocity of
-1100 to +1100 km/s excluding the low veloci-
ties between -400 and +510 km/s (see Figure 2);
this filter contains 15 resolution elements.

Using the H30α line profile reported by
Murchikova et al. (2019), we proceed next to
derive a limit on the Brγ line flux by determin-
ing our sensitivity to the detection of a line hav-
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Figure 2. Top : Continuum-subtracted spectra extracted over a 0.23” radius aperture centered on Sgr A*.
The colored lines show the single-epoch spectra normalized over the fraction of aperture used (dates reported
in YYMMDD format). The thick black line represents the combined spectrum. There is no broad (several
1000 km/s) line detected. Bottom : Observed Brγ spectrum (black), compared to the observed H30α
spectrum from Murchikova et al. (2019) (gray). The flux scale applies to both the radio and NIR emissions.
At our level of sensitivity, there is no Brγ counterpart to the broad, double-peaked H30α emission. The
dash-dotted vertical lines represent the velocity range over which the H30α line has been reported. The
dashed vertical lines shows the much narrower range over which superimposed gas emission is present. The
shaded area represents our notch filter.

ing that profile in our spectrum. We do this by
modelling the published H30α line profile as a
double-peaked Gaussian, and then planting the
result of that fit on top of our NIR spectrum.
We only consider the portion of the resulting
spectrum in our notch filter. A limit to the Brγ
flux is then determined by identifying the total
added flux for which the signal-to-noise ratio of
the planted spectrum within the notched filter
is greater than 5. The planted-Gaussian spec-

trum corresponding to our 5-σ limit is shown
in Figure 3. More details can be found in Ap-
pendix D.

Since we are assuming that the Brγ profile
has the same shape as that of the H30α line, we
determine that the notch filter would contain
46% of the flux. Hence we find that the up-
per limit to the total Brγ flux (calculated over
the whole H30α range, -1100 to +1100 km/s)
corresponding to a signal-to-noise ratio of 5 is
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Figure 3. Vertically expanded version of the NIR spectrum of Figure 2 (black) together with the spectrum
that would correspond to a 5-σ detection of a line with the same shape as H30α (only shown in our notch
filter, magenta). The shaded area represents the notch filter.

2.461±0.003 10−19 W/m2. The de-reddened
value corresponds to 23.7±0.03 10−19 W/m2.

We note that, if we don’t mask the brightest
stars in our spectral extraction, the resulting
5σ flux limit is ∼15% higher because of higher
photon noise.

5. DISCUSSION

In order to compare our flux limit to models
of the accretion flow and to the reported H30α
line, it is necessary to calculate the correspond-
ing emissivities. The total flux integrated over
the H30α line (from -1100 km/s to +1100 km/s)
is estimated to be 0.3 10−19 W/m2 (corrected
for extinction). Our flux limit over the same
velocity range2 for Brγ is 23.7±0.1 10−19 W/m2

(corrected for extinction). The corresponding
emissivity ε can be calculated as:

ε =
Fλ · 4πd2

V
, (1)

2 Note the large factor in the ratios of fluxes versus
flux densities for a given velocity range, because of the
large difference in the number of Hz per km/s between
Brγ and H30α.

where Fλ is the total flux of a given emission
line, d is the distance to the Galactic Cen-
ter (7.97 kpc, Do et al. 2019b) and V is the
emitting volume. We consider two geometries
for the emitting region: 1) a disk of radius
0.23” (same as the disk reported by Murchikova
et al. 2019) and height 0.03” (13% of the ra-
dius), 2) a sphere of radius 0.23”. The disk
volume occupies roughly a tenth of the sphere
volume. Using the disk geometries we obtain
emissivities for Brγ and H30α of ≤770.9 10−19

and 9.8 10−19 erg/s/cm2 respectively. For a
sphere geometry we obtain ≤75.2 10−19 and 0.9
10−19 erg/s/cm2 respectively.

To investigate what ranges of temperature and
density can give rise to these emissivities, we use
the tabulations of Hummer & Storey (1987).
Figure 4 shows the Hummer & Storey (1987)
emissivities as a function of density, where the
different colored curves correspond to different
temperatures. We plot two sets of curves: one
for each of Brγ and H30α. The emissivities we
derive from the total flux of each line are com-
patible with a range of densities when consider-
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ing the temperatures used by Hummer & Storey
(1987).

Given the the H30α emissivity derived from
observations, we can project the compatible
densities onto the Brγ set of temperature
curves, hence determining the expected emis-
sivity in Brγ given the observed H30α flux.
The same process can be applied to the Brγ
upper limit, which implies an upper limit on
the expected H30α emission.

We can compare, on the same plot, models
of the accretion flow. For instance, Calderón
et al. (2020) recently reported simulations of
the interactions of stellar winds from stars in the
young nuclear cluster that produce a disk on the
same scale as the one reported by Murchikova
et al. (2019). According to this model, the tem-
perature and density in the disk are respectively
∼104 K and ∼105 cm−3.

Therefore, we find that: 1) in the case of
an emitting disk, our upper limit on the Brγ
flux is compatible with the model reported by
Calderón et al. (2020), 2) regardless of the
modeled emission geometry, the reported H30α
emissivity measurement is much higher than
that predicted by Calderón et al. (2020) and by
our Brγ limit. The width and flux reported by
Yusef-Zadeh et al. (2020) would lead to similar
conclusions.

Our measured Brγ flux limits, together with
the expected values from reported H30α line
and the Calderón et al. 2020 model, are summa-
rized in Table 2. The Brγ flux expected from
the H30α observations is several orders of mag-
nitude greater than our reported limit. This
discrepancy between the reported H30α and the
upper limit on Brγ led Murchikova et al. (2019)
to propose a maser effect to amplify the H30α
emission. However, such a population inversion
is not expected from the calculations of Hum-
mer & Storey (1987), as reported by Scoville
& Murchikova (2013) and shown in Figure 4.
Although Hummer & Storey (1987) probe only

a limited range of temperatures and densities
that might not represent the physical conditions
appropriate to the Sgr A* accretion flow, we
note that, if the gas stays very hot, we should
not expect to observe any recombination line,
since emissivity declines with temperature (the
recombination rate is low at high temperatures
because protons are moving too fast).

If the level populations of the H30α line
are inverted, maser amplification can occur.
Murchikova et al. (2019) have invoked this
mechanism in order to reproduce the flux den-
sities that they report, given our upper limit
to the Br-γ line. However, the nearby pres-
ence of the very bright (several Jansky) point
source, Sgr A*, at the center of the putative
disk is problematical for the maser hypothesis
because the preferred gain path for the maser
would always be radial, directed away from Sgr
A*. In the competition for stimulating new
photon emission from the upper state of the
H30α transition, the strong emission from Sgr
A* would be strongly favored over the relatively
weak (few milli-Jansky), isotropically emitted,
spontaneous emission in the H30α line from
throughout the accretion disk. Consequently,
if that transition were indeed inverted, the re-
sulting maser-enhanced line radiation would al-
ways be directed along a radial ray from Sgr A*.
Then, rather than observing emission extended
along the projected disk and showing a strong
velocity difference on opposite sides of the pro-
jected disk, as was reported by Murchikova
et al. (2019), we should expect to see an un-
resolved point source of line emission having a
velocity width reflecting the line-of-sight veloc-
ity gradient in the accretion flow. Furthermore,
the reported 2000 km s−1 width of the line is
far larger than could be expected for the ra-
dial component of gas moving in quasi-circular
orbits in an accretion disk. We conclude from
these arguments that the maser interpretation
of the reported H30α line emission is unlikely.
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Fi g u r e 4. C o m p ari s o n b et w e e n t h e Br γ li mit, t h e H 3 0α m e a s ur e m e nt a n d t h e di s k c h ar a ct eri sti c s e m er gi n g
fr o m t h e m o d el of C al d er ó n et al. 2 0 2 0 a s s u mi n g a di s k g e o m etr y. T hi s pl ot s h o w e mi s si vit y a s a f u n cti o n
of el e ctr o n d e n sit y f or a r a n g e of t e m p er at ur e s ( di s pl a y e d a s gr o u p s of li n e s of di ff er e nt c ol or s) f or b ot h B r γ
( s oli d li n e s, u p p er l eft gr o u p) a n d H 3 0 α ( d a s h e d li n e s, l o w e r ri g ht gr o u p) fr o m H u m m e r & St or e y (1 9 8 7 ).
S m all cr o s s e s o n t h e li n e s r e pr e s e nt t h e p oi nt s w h er e t h e e mi s si vit y w a s a ct u all y c al c ul at e d b y H u m m er &
St or e y (1 9 8 7 ). Brγ a n d H 3 0 α e mi s si viti e s c o m p ut e d fr o m t h e C al d er ó n et al. (2 0 2 0 ) di s k m o d el d e n sit y
ar e di s pl a y e d a s p ur pl e d ot s. T h e H 3 0 α m e a s ur e m e nt b y M ur c hi k o v a et al. (2 0 1 9 ) l e a d s t o a n e sti m at e d
e mi s si vit y c o m p ati bl e wit h a r a n g e of d e n siti e s a n d i s s h o w n a s t h e a gr e e n li n e. T h e c orr e s p o n di n g, pr e di ct e d
Br γ e mi s si vit y i s r e p ort e d a s a gr e e n li n e a s w ell. T h e s a m e c a n b e d o n e wit h t h e Br γ fl u x li mit s r e p ort e d
a s a li n e s ( wit h arr o w s t o u n d erli n e t h at it i s p ur el y a n u p p e r li mit).

M e a s ur e d Br γ fl u x li mit b a s e d o n 5 × R M S n oi s e [ 1 0 − 1 9 W / m 2 ] ≤ 7 2. 6

M e a s ur e d Br γ fl u x li mit b a s e d o n H 3 0 α pr o fil e [ 1 0 − 1 9 W / m 2 ] ≤ 2 3. 7 1 ± 0. 0 3

E x p e ct e d Br γ fl u x fr o m H 3 0 α [ 1 0− 1 9 W / m 2 ] 5 9 0 0

E x p e ct e d Br γ fl u x fr o m C al d er o n et al. m o d el [ 1 0 − 1 9 W / m 2 ] 1 0

T a bl e 2. S u m m ar y t a bl e of Br γ fl u x li mit s m e a s ur e d i n t hi s w or k a n d e x p e ct e d fl u x e s b a s e d o n t h e
r e p ort e d H 3 0 α li n e (M ur c hi k o v a et al. 2 0 1 9 ) a n d C al d er ó n et al. 2 0 2 0 m o d el. O ur m e a s ur e d fl u x li mit fr o m
n oi s e c orr e s p o n d s t o 5 ti m e s t h e r o ot- m e a n- s q u ar e of t h e n oi s e ( m ulti pli e d b y t h e e x p e ct e d wi dt h of t h e
li n e, 2 2 0 0 k m / s) w h er e a s t h e s e c o n d li mit i s t h e o n e o bt ai n e d b y pl a nti n g t h e H 3 0α pr o fil e i n o ur s p e ctr u m.
B ot h e x p e ct e d fl u x e s ar e c al c ul at e d u si n g a di s k g e o m etr y a s pr e vi o u sl y d e s cri b e d. All v al u e s ar e c orr e ct e d
f or e xti n cti o n.

6. C O N C L U SI O N S

A n al y zi n g 1 3 y e ars of d at a g at h er e d wit h
t h e i nt e gr al fi el d s p e ctr o gr a p h O SI RI S at t h e
W. M. K e c k O bs er v at or y, w e e xtr a ct e d t h e n e ar-

i nfr ar e d s p e ctr u m of t h e i m m e di at e vi ci nit y of

S gr A *. Wit hi n a r a di us of 0. 2 3 ” w e pl a c e a 5-
si g m a u p p er li mit Br a c k ett- γ e missi o n li n e (s e e

T a bl e 2 f or a s u m m ar y). Pr e di cti o ns dr a w n

fr o m f ut ur e m o d eli n g of t h e a c cr eti o n fl o w will

n e e d t o b e c o nstr ai n e d b y t his r es ult.
O ur li mit o n Br γ e missi o n is u n e x p e ct e d gi v e n

t h e r e p ort e d milli m et er- w a v el e n gt h d et e cti o n of

t h e hi g h er-l e v el tr a nsiti o n H 3 0 α (M ur c hi k o v a
et al. 2 0 1 9 ) wit hi n t h e s a m e r e gi o n. Gi v e n o ur

li mit o n Brγ , t h e r e p ort e d e x cit ati o n of H 3 0α
w o ul d n e e d t o d e vi at e dr a m ati c all y fr o m c urr e nt
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theoretical expectations based on the depar-
ture coefficients computed by Hummer & Storey
(1987). However, it remains possible that the
range of physical conditions applicable to the
Sgr A* accretion flow is outside of those they
considered. Nevertheless, if strong maser ampli-
fication can in principle allow for much stronger
H30α emission, we would expect to observe it as
an unresolved point source rather than a disk.
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Figure 5. Spectra extracted over a 0.23” radius aperture centered on Sgr A* for each epoch (before
continuum-subtraction). Each spectrum has been shifted by an arbitrary constant in order to separate and
order them from most recent (top) to oldest (bottom) epoch (dates reported in YYMMDD format). The
spectra with the original continuum levels are displayed in Figure 6. The central emission line is associated
with gas superimposed along the line of sight.

APPENDIX

A. STAR MASK

For each epoch we mask a region around the brightest stars by applying a continuum cut. Specif-
ically, if the total flux in the wavelength range between 2.1343 and 2.1447 µm, a region outside our
notch filter and devoid of emission features, is higher than a threshold (1.5 mJy) the pixel is masked.
This continuum cut roughly corresponds to masking the brightest stars (K-magnitude<16). The
masking serves two purposes: 1) it reduces the noise added by the extended point spread functions
of the bright stars and 2) it reduces the confusion potentially caused by Brγ absorption in the stellar
photospheres of luminous young stars.

B. SPECTRAL EXTRACTION

Figure 5 shows the spectra extracted over the masked aperture for each epoch. The spectral
characteristics vary from epoch to epoch, showing different slopes. This is due to the fact that we are
considering a very small aperture near Sgr A* through which many stars orbit on short timescales;
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from year to year different stars enter or exit the aperture. This happens even though we have
masked the brightest stars in each epoch; the many fainter stars in the region still contribute weakly
to the extracted spectrum. The stars in the region are mostly A and B stars, primarily the so-called
S-stars orbiting Sgr A* (Eckart & Genzel 1997; Ghez et al. 1998). The late B and A stars have Brγ
absorption which could potentially influence our measurements, although most of the S-stars have
radial velocities within ±500 km/s, and therefore are not in the range we are considering for our
limit on the accretion flow. Furthermore, for such stars, which have magnitudes above 16, the flux
density in the Brγ line is expected to be well below the noise of our spectra.

C. CONTINUUM SUBTRACTION AND NOISE ESTIMATION

In order to isolate the Brγ line emission, we removed the stellar continuum from each epoch. We do
that by selecting several wavelength ranges devoid of emission features: from 2.1343 to 2.1447 µm,
from 2.1469 to 2.1503 µm, from 2.1544 to 2.1568 µm, from 2.1752 to 2.1783 µm and from 2.1808 to
2.1948 µm (displayed in Figure 6). We then estimate the continuum slope with a linear fit in those
ranges, using the same procedure as in Ciurlo et al. 2020). In the data reduction each individual
exposure is sky-subtracted with a procedure (Davies 2007) that scales OH lines to be consistent with
the science exposures. After that we build the mosaics. There could still be small OH lines residuals
after this procedure. Because this imperfect sky subtraction could lead to poor continuum estimation,
we therefore avoided spectral channels containing bright telluric OH lines within the selected ranges.
The ranges used for the continuum estimation and the continuum fit are shown in Figure 6. The
continuum estimation is less reliable near the edges of the Kn3 filter, but that does not affect our
analysis, as the broad line we are seeking is close to the center of the spectral band.

To calculate the noise level σ we calculate the root-mean-square flux density over ranges devoid
of spectral features (the same used for the continuum estimation, see Figure 6). According to the
OSIRIS manual, the average resolution with the 35 mas platescale for the Kn3 band corresponds to
∼ 2.5 channels. Therefore, we smooth the spectrum over the width of a resolution element before
calculating the root-mean-square noise. Since the single spectra are extracted over a number of pixels
that varies from epoch to epoch (because of the star’s mask) we rescale each individual spectrum to
the same effective area. In this way the measured noise reflects the intrinsic noise of each spectrum.

D. PLANTING H30α PROFILE INTO THE NIR SPECTRUM

We model the H30α profile with a double-peaked Gaussian (Figure 7). To account for the error
in fitting the H30α profile with Gaussians, we draw randomly the width and central wavelength
within the uncertainties of the fitted values 1000 times. We vary the flux between 1/100 and 10
times the flux limit estimated from the channel-to-channel noise. We calculate the signal-to-noise as
the total flux in our notch filter, divided by the square-root of the number of independent resolution
elements times the noise per resolution element. We identify the total fluxes that fall in the interval
of (5±0.01)σ and take the median as our final total flux. This way we obtain a limit on the Brγ flux
of 1.13 10−19 W/m2 in our notch filter. We estimate the uncertainty as the root-mean square of the
values one obtains by running the procedure 19 times, dropping at each time one of the 19 epochs of
data.

E. THE EXTENDED GAS EMISSION

The OSIRIS data show that there are multiple extended foreground and background gas components
to the Brγ emission in this region (evident in Figure 5, near the Brγ rest frequency). The gas

https://www2.keck.hawaii.edu/inst/osiris/idx-preobs.html
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Figure 6. Individual spectra and continuum fits. For each epoch (dates reported in YYMMDD format)
the spectrum is extracted over a 0.23 ” aperture around Sgr A*. The colors of the individual spectra are the
same as in previous figures. We consider the median (blue dots) for each of several ranges devoid of spectral
features (red) to estimate a linear continuum (blue line). We avoid spectral channels containing strong OH
lines (lavender). The dash-dotted vertical lines show the width of the reported H30α line. The shaded area
represents our notch filter.

observed toward SgrA * has complex, multi-component emission extended in space and velocity. We
can identify at least three components (see Figure 8 top and middle): one associated with nearby
radio source Epsilon (Yusef-Zadeh et al. 1990), one associated with the bright Wolf-Rayet stars in
the field (IRS16 C and IRS16 SW) and one featuring an almost linear feature immediately adjacent
to the position of Sgr A* along the line of sight (Schödel et al. 2011; Peißker et al. 2020). Some
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Figure 7. Observed H30α spectrum from Murchikova et al. (2019) modeled with a double-peaked Gaussian
(red).

of these components move enough from year to year to require a specific fit for each epoch if they
are to be subtracted from the spectrum. However, given that our goal is to measure or limit very
broad Brγ emission (∼2000 km/s) and given that the foreground and background emission occurs at
much lower velocities (<400–500 km/s), we simply exclude the low-velocity range (between -400 and
+510 km/s) from our analysis of the Brγ emission. We note that by changing the bright star mask
from epoch to epoch we sample different portions of the confusing background in different epochs.
However, the wavelength extent of the gas does not exceed the boundary of the exclusion zone we
set and therefore it does not influence our analysis. Figure 8 (bottom) shows how, at larger radii,
this superimposed gas emission becomes more and more challenging to deal with. Therefore, for this
work we only focus on a 0.23” aperture that allows us compare our limits directly to the Murchikova
et al. (2019) observations.
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Figure 8. Top: Average spectrum extracted from the 2017 continuum-subtracted cube within a 1” aperture
radius. The different gas components are highlighted in blue, red and green. Middle: gas distribution
associated with the different gas components (2017 cube collapsed over the spectral ranges corresponding
to each gas component). Bottom left: combined continuum-subtracted spectra extracted over several radii.
The shaded velocity ranges represent our notch filter. Each combined spectrum shows the total flux enclosed
in the aperture, normalized by the enclosed area in the aperture. Bottom right: 2017 cube collapsed over
our notch filter.


