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Abstract Rapid spectroscopy of GRB afterglows is an important and hard task. Based on the archival XS-
GRB spectral database, we here perform a pilot study on the afterglow’s spectroscopy in the forthcoming
SVOM era in two aspects. First, our simulation indicates that thecolor acquired from theSVOM/VT blue
and red channels is effective in discriminating between low-z (z . 3) and distant GRB candidates until
z ∼ 6. Second, by doubling the sample size, we find that the previously proposed global photoionization
response of the circumburst gas to the prompt emission (i.e., the CIV/CII-Liso/E

2
peak relationship) is rough-

ly confirmed, although the confirmation is dissatisfactory at the largeLiso/E
2
peak end. We believe that this

issue can be further addressed in theSVOM era by a larger spectroscopy sample, thanks to its capability of
rapid identification of optical candidates of afterglow andits anti-solar pointing strategy.
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1 INTRODUCTION

Long gamma-ray bursts (LGRBs), which are believed to
originate from the core-collapse of young massive stars
(≥ 25M⊙; e.g.,Woosley & Bloom 2006; Hjorth & Bloom
2012 and references therein), are the most powerful ex-
plosions occurring in the universe. Because of their ex-
treme high luminosities, GRBs can be detected and studied
from local up to high redshifts (e.g.,Salvaterra et al. 2009;
Tanvir et al. 2009). So far, GRB 090429B with a photomet-
ric redshift ofz = 9.4 (Cucchiara et al. 2011) is the most
distant one reported in the literature. Up to date, there are
only nineSwift GRBs atz ≥ 6. Other high-z (≥ 6) GRBs
include GRB 050904, GRB 080913, GRB 090423 and
GRB 140515A (e.g.,Tagliaferri et al. 2005; Greiner et al.
2009; Tanvir et al. 2009; Melandri et al. 2015).

SVOM is a China-France satellite mission dedicated to
the detection and study of GRBs (Wei et al. 2016), which
is scheduled to be launched by the beginning of 2022. The
on-board payloads ofSVOM are able to detect GRBs in
soft/hardγ-rays in near-real time, and to rapidly identify

soft X-ray/optical counterparts or candidates in minutes.A
on-ground VHF network evenly distributed on Earth under
the satellite track is used to receive (refined) GRB’s posi-
tion and main characteristics in near-real time. This capa-
bility combined with its anti-solar pointing strategy allows
the GRBs, especially high-z ones, detected bySVOM to
be follow-up observed in spectroscopy rapidly by ground-
based large telescopes.

Rapid follow-up in spectroscopy of GRBs is in fact
quite important in (1) discovery of high-z GRBs through
a redshift measurement; (2) exploring structure and evolu-
tion of early universe through a study of reionization and
cosmic star formation history; and (3) examining the prop-
erties of the progenitors from the response of the circum-
burst gas to the central engine. In this paper, we perform
a pilot study on the spectroscopic follow-up in theSVOM
era by focusing on the following two aspects: (1) the capa-
bility of rapid identification of optical candidates of high-z
GRB; and (2) an updated global photoionization response
of circumburst gas to GRB prompt emission (Wang et al.
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2018) that is believed to be intensively addressed by the
SVOM mission.

The paper is organized as follows. Section2 describes
the conception and payloads of theSVOM mission in brief,
by focusing on the detection of high-z GRBs. The capa-
bility of identifying optical candidates of high-z GRBs is
predicted in Section3. Section4 presents an updated glob-
al photoionization response of GRB’s local environment to
the prompt emission. A summary and perspective is shown
in the last section.

2 PROFILE AND INSTRUMENTS OF SVOM

We here briefly describe the profile and instruments of
SVOM, and refer the readers to the White Paper given
in Wei et al. (2016) for the details of theSVOM mis-
sion. The two wide-field on-board instruments: the soft
γ-ray imager ECLAIRs and the Gamma-Ray Monitor
(GRM) are designed to observe GRB prompt emission in
4–150keV and 15–5000keV energy bands, respectively.
With a field-of-view (FoV) of 2sr and a sensitivity of7.2×
10−10erg s−1 cm−1 (5σ detection level in 1000 s), a total
of 60–70GRBs per year can be triggered by ECLAIRs, and
4%–5% of these GRBs are expected to have a redshift& 5

(Godet et al. 2014; Cordier et al. 2015).
The two on-board narrow-field instruments: the

Micro-channel X-ray Telescope (MXT,Götz et al. 2014)
and Visible Telescope (VT) are responsible for follow-up
observations of the afterglows in X-ray and optics, respec-
tively. VT is a Ritchey-Chretien telescope with a 44 cm
diameter and af -ratio of 9. Its limiting magnitude is down
to mV = 22.5 for a 300 s exposure. The FoV of VT is
about26× 26 arcmin2, covering the ECLAIR’s error box
in most cases. With a dichroic beam splitter, a GRB after-
glow can be observed by VT in the two channels, one in
blue and the other in red, simultaneously. The blue chan-
nel has a wavelength range from 0.4 to 0.65µm, and the
red one from 0.65 to 1.0µm. Figure1 shows the normal-
ized total throughput curves of the two channels, along
with the corresponding transmittance of the filters and the
quantum efficiency (QE) of the two2k× 4k E2V frame-
transfer CCDs. A back-illuminated thick CCD is used for
the red channel to enhance the QE. More detailed descrip-
tion on the calibration and determination of the throughput
curves can be found in Qiu et al. (in preparation).

3 CAPABILITY OF IDENTIFYING OF HIGH- Z
GRB CANDIDATES: COLOR VS. REDSHIFT

In addition to high-z quasars and galaxies (e.g.,Fan et al.
2006; Bouwens et al. 2011a,b), the detection and follow-
up spectroscopy of high-z GRBs is a powerful tool in

Fig. 1 The normalized total throughput curves (the sol-
id line), transmittance of the filters (the short-dashed line)
and QE of the CCDs (the long-dashed line) of VT as a
function of wavelength. The blue and red channels are de-
noted by blue and red colors, respectively.

understanding the structure and evolution of high-z u-
niverse. On one hand, the short life-time of the mas-
sive progenitors makes LGRBs a natural tracer of cos-
mic star formation history (e.g.,Vangioni et al. 2015;
Wang et al. 2015; Petitjean et al. 2016), although some s-
tudies based on GRBs lead to an over-estimation of star
formation rate in the high-z universe (e.g.,Wang & Dai
2009; Robertson & Ellis 2012; Wang 2013a). On the oth-
er hand, the spectroscopy of LGRBs withz ≥ 6 enables
us to explore the reionization by ascertaining not only the
faint end slope of the galaxy luminosity function in the era
of reionization but also the escape fraction of the ionizing
radiation. For instance, based on fourz ≥ 5.5 LGRBs,
Chornock et al.(2014) reported some hints of a low value
of escape fraction in early universe.

The color provided by the simultaneous observations
in the two channels in principle enables VT to provide a
rapid identification of candidates of high-z GRBs with a
sub-arcsecond position accuracy, which is quite essential
for subsequent rapid spectroscopy taken by ground large
facilities. We here provide a quantified prediction on how
to select high-z GRB candidates based on the color.

3.1 The VLT/X-shooter Spectroscopic Sample of GRB
Afterglows

We start our simulations with the X-shooter GRB after-
glow legacy sample (XS-GRB,Selsing et al. 2019). The
sample in total contains spectra of 103 individualSwift
GRB afterglows that have been promptly observed with
the ESO Very Large Telescope (VLT)/X-shooter cross-
dispersed echelle spectrograph (Vernet et al. 2011) within
48 hours after the onset of the GRBs until 2017–03–31.
For a majority of the GRBs, the spectroscopy has been ob-
tained by the X-shooter spectrograph by the UVB, VIS,
and NIR-arms, which provides a spectral wavelength re-
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gion from 3000Å to 2.48µm. The spectral resolutions are
4350, 7450 and 5300 for the UVB, VIS and NIR-arm, re-
spectively.

Because VT works in the wavelength range from 0.4
to 1.0µm, we select a sub-sample of GRBs from the XS-
GRB sample by requiring the signal-to-noise ratio (S/N) of
single pixel in the VIS arm is larger than 1.0. This selection
results in a sub-sample of 66 individual GRBs. The redshift
of the sub-sample ranges from 0.156 to 5.91. A spectral
dataset with a wavelength range from 3500Å to 1.1µm
in the observer frame are obtained for the 66 individual
GRBs by a combination of the UVB, VIS, and NIR-arms.
The combined spectra are then smoothed by a boxcar of 10
pixels to enhance the S/N ratio. The telluric A-band (7600–
7630Å) and B-band (around 6860̊A) features due toO2

molecules are removed from the combined spectra by a
linear interpolation.

3.2 Color vs. Redshift

With the pre-determined throughput curves of the two
channels of VT, the corresponding two broad-band AB
magnitudes (Bs and Rs for the blue and red channel-
s, respectively) of the afterglow of each of the select-
ed 66 GRBs are calculated according to the definition
(Fukugita et al. 1996)

mAB = −2.5 log

∫
fνSνd ln ν∫
Sνd ln ν

− 48.6 (1)

wherefν is the specific flux density of the object in the
unit of erg s−1 cm−2 Hz−1, andSν the total throughput at
frequencyν.

The simulated colorsBs − Rs are plotted against the
spectroscopic redshifts in Figure2 for the 66 GRBs. One
can learn from the figure that (1) theBs − Rs color is in-
sensitive to redshift for the burst withz < 3. This is quite
reasonable because the Lyman break atz . 3 is out of
the wavelength coverage of the two channels of VT, and
theBs − Rs color is mainly determined by the powerlaw
slope of the afterglow; (2) due to the gradually redshift-
ed Lyman break, theBs − Rs color increase from∼ 1 to
∼ 5 steeply withz whenz increases from∼ 3 up to∼ 6.
TheBs − Rs vs. z relationship can be parameterized by
a three-order polynomialy = a0 + a1z + a2z

2 + a3z
3,

wherey = Bs − Rs. The best-fit curve is overplotted
in Figure2 by a long-dashed line, and the corresponding
values ofai (i = 0 − 3) are listed in Table1; (3) there
are a few of low-z outliers with largeBs − Rs values
(Bs − Rs ∼ 1 − 2). By examining their spectra one-by-
one by eyes, we find that the outliers are all resulted from
their red spectra that is most likely due to the heavy local

0 2 4 6

Fig. 2 A simulation based on the spectra of the 66 indi-
vidual GRBs extracted from the XS-GRB legacy spectral
database. TheBs − Rs color determined by the two VT
channels is plotted against the spectroscopic redshift. The
best-fit three-order polynomial is overplotted by the long-
dashed line. The horizontal dotted and short-dashed lines
mark the proposed demarcation lines forz & 3 andz & 4
GRBs, respectively.

Table 1 The Best-fit Values ofai (i = 0− 3)

a0 a1 a2 a3
(1) (2) (3) (4)

0.392± 0.107 −0.030± 0.163 −0.042± 0.068 0.026± 0.008

extinction (e.g.,Krühler et al. 2011; and references there-
in). Even though it is widely accepted that the dust up to
∼ 30pc away from the central engine within the beaming
angle (e.g.,Deng et al. 2010) can be completely destroyed
by the high energy photons coming from the reverse shock
(e.g.,Waxman & Draine 2000; Dai et al. 2001; Perna et al.
2003), the observed extinction in the optical afterglow is
possibly resulted from the dust outside of the initial beam-
ing angle when the jet expands significantly (Liang et al.
2003).

Given our simulations based on the archival spec-
tral database, we can draw a conclusion that a color of
Bs − Rs > 2 can be adopted as an effective way for s-
electing high-z GRBs candidates withz ∼ 4 − 6, while a
contamination due to local dusty bursts must be taken in-
to account when a bluer demarcation ofBs − Rs = 1 is
adopted for selecting GRB candidates withz & 3.

4 AN UPDATED GLOBAL PHOTOIONIZATION
RESPONSE TO GRB PROMPT EMISSION

As aforementioned in the first section, ground-based spec-
troscopic follow-up observations of GRB afterglow can
greatly benefit fromSVOM because of both its capability of
rapid identification of optical candidates and its anti-solar
pointing strategy. In addition to determine the redshifts,the
afterglow spectra of GRBs enable us to study the proper-
ties of both medium at GRB local environment and inter-



124–4 J. Wang, Y. L. Qiu & J. Y. Wei: Catching High-z GRBs bySVOM

vening absorption clouds located between the host galaxy
and the observer (e.g.,Butler et al. 2007; Savaglio et al.
2003; Prochaska et al. 2006, 2007; Kawai et al. 2006;
Totani et al. 2006; Thöne et al. 2007; Tejos et al. 2007,
2009; Vreeswijk et al. 2007; D’Elia et al. 2009, 2010;
Vergani et al. 2009; Wang 2013b; Krühler et al. 2015). The
study of the circumburst environment can also in fact af-
ford us some hint of GRB’s progenitors.

Stemmed from some previous theoretical and obser-
vational studies and based on only 14 GRBs,Wang et al.
(2018 and references therein) proposed a global pho-
toionization response of the circumburst gas to GRB
prompt emission, i.e., a relationship between the line
ratio CIVλ1549/CIIλ1335 and eitherLiso/Epeak or
Liso/E

2
peak. The CIV/CII line ratio traces the ionization ra-

tio of the interstellar medium (ISM) illuminated by a GRB,
andLiso/Epeak (Liso/E

2
peak) the (specific) photon lumi-

nosity of the prompt emission.

In this section, we re-examine the CIV/CII-
Liso/E

2
peak relation by doubling the size of the previously

used sample by supplementing the bursts extracted from
the XS-GRB spectroscopy database. After acquiring
reported values of bothLiso andEpeak from the literature,
there are in total 14 bursts listed in the XS-GRB sample
for subsequent spectral analysis. We start our line profile
modeling with a spectral smoothing with a boxcar of
10 pixels to enhance S/N ratio, since only equivalent
widths (EWs) of the absorption features are needed in our
study. We then model each of the CII/CII∗λ1335 features
by a single Gaussian absorption profile by the SPECFIT
(Kriss 1994) in the IRAF package1. Each CIVλλ1548,
1550 doublet is reproduced by two Gaussian functions, ex-
cept for the two cases GRB 120119A and GRB 1501301B,
where only a total EW of the CIVλλ1548, 1550 doublet
can be obtained. Columns (1) and (2) in Table2 list the
identification and the reported redshift for the 14 GRBs,
respectively. The measured EWs of both CII/CII∗λ1335
feature and CIVλλ1548, 1550 doublet in the rest-frame
are tabulated in Columns (3), (4) and (5) in the table.
Columns (6) and (7) are the rest-frame isotropic prompt
luminosity (Liso) and peak energy (Epeak) adopted from
the literature (Col. (8)). All the errors reported in the table
correspond to the 1σ significance level after taking into
account the proper error propagation. For the measured
EWs, the uncertainties reported in Table2 only include
the statistical errors resulting from the spectral fitting.

1 IRAF is distributed by the National Optical Astronomical
Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with the
National Science Foundation.

Figure3 shows updated dependence of CIV/CII line
ratio on bothLiso/E

2
peak (right panel) andLiso/Epeak

(middle panel) by combining the current XS-GRB sample
and the sample previously used inWang et al.(2018). The
line ratio is also plotted againstLiso in the left panel in the
same figure. After excluding the five bursts with an upper
limit of EW(CIIλ1335), there are in total 28 bursts used
in the current study. One can see clearly from the figure
there is no dependence of the line ratio onLiso. Although
there seems to be a clear deviation at the largeLiso/E

2
peak

(Liso/Epeak) end, the dependence is confirmed and rein-
forced by the current study with enlarged sample for the
bursts withlog(Liso/E

2
peak) < 47.5 (log(Liso/Epeak) <

50.4), whereLiso andEpeak are in units oferg s−1 and
keV, respectively. We here argue that the deviation could be
resulted from a wide distribution of the gamma-ray photon-
s of the prompt emission, althoughEpeak is a useful indi-
cation of the typical photon energy (e,g,Geng et al. 2018).

In the CIV/CII versusLiso/E
2
peak plot, after exclud-

ing the two outliers with extremely large CIV/CII line
ratios, a non-parametric statistical test yields a Kendall’s
τ = 0.7179 and a Z-value of 2.627 at a significance level
with a probability of null correlation ofP = 0.0086. We
model the linear relationship asy = β0+β1x+ǫ according
to the D’Agostini fitting method (D’Agostini 2005, see al-
so in, e.g.,Guidorzi et al. 2006; Amati et al. 2008), where
ǫ is the extra Gaussian scatter. The updated optimal values
obtained by the maximum likelihood method results in a
relationship

log
CIV

CII
= (−8.01±1.41)+(0.17±0.03) log

Liso/erg s−1

(Epeak/keV)2
(2)

with an extra scatter ofǫ = 0.20. The best-fitted relation-
ship is overplotted in Figure3. Compared to our previous
study in Wang et al.(2018), the current enlarged sample
results in a much shallow dependence because of the de-
viation at the largeLiso/E

2
peak end, although the intrinsic

scatterǫ is almost not changed.
A poor correlation can be obtained for the dependence

of the line ratio onLiso/Epeak. The same statistics yields
τ = 0.4615 and a Z-value of 1.689 at a significance level
with a probability of null correlation ofP = 0.0913.

5 SUMMARY

In this paper, a pilot study on the spectroscopic follow-up
of GRB afterglows for the forthcomingSVOM era is per-
formed in two aspects. On one hand, based on the archival
XS-GRB spectral database, our simulation indicates that
theBs − Rs color obtained from the SVOM/VT blue and
red channels is effective for discriminating betweenz < 3
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Table 2 A Sub-sample of XS-GRBs with Measured Absorption Lines and Prompt Emission

GRB z EW(CII/CII∗λ1355) EW(CIVλ1548) EW(CIVλ1550) log(Liso) log(Epeak) References
(Å) (Å) (Å) (erg s−1) (keV)

(1) (2) (3) (4) (5) (6) (7) (8)

090926A 2.106 0.76± 0.02 0.51 ± 0.01 0.41± 0.01 53.87± 0.01 2.96± 0.01 (1)
111107A 2.893 1.99± 0.05 1.21 ± 0.10 0.98± 0.08 52.24± 0.08 2.62± 0.13 (1)
120119Aa 1.729 4.31± 0.07 5.55 ± 0.09 . . . . . . . . . . . . . . . 52.90± 0.06 2.62± 0.06 (2)
120716A 2.486 2.18± 0.03 1.23 ± 0.04 1.02± 0.03 52.67± 0.14 2.79± 0.22 (2)
120815A 2.359 1.69± 0.05 1.20 ± 0.06 0.89± 0.05 51.95± 0.04 2.19± 0.09 (1)
130408A 3.758 1.50± 0.04 0.70 ± 0.03 0.54± 0.03 53.76± 0.05 3.00± 0.06 (1)
130612A 2.006 1.07± 0.12 0.61 ± 0.24 1.08± 0.25 51.94± 0.05 2.27± 0.08 (1)
141028A 2.332 0.91± 0.01 1.47 ± 0.02 0.97± 0.02 53.27± 0.04 2.92± 0.02 (1)
141109A 2.993 3.30± 0.04 2.90 ± 0.10 2.26± 0.10 52.62± 0.05 2.88± 0.14 (1)
150301Ba 1.517 2.43± 0.14 2.40 ± 0.06 . . . . . . . . . . . . . . . 52.00± 0.12 2.66± 0.20 (1)
150403A 2.057 2.73± 0.02 1.80 ± 0.03 1.46± 0.03 53.60± 0.05 3.06± 0.08 (2)
151021A 2.333 1.60± 0.04 1.24 ± 0.06 0.82± 0.06 53.32± 0.04 2.75± 0.05 (1)
160625B 1.406 1.68± 0.05 1.07 ± 0.04 0.75± 0.04 54.07± 0.04 3.14± 0.02 (2)
161023A 2.710 1.75± 0.03 0.87 ± 0.03 0.73± 0.03 53.50± 0.15 2.78± 0.17 (2)

References in the last column: (1)Ghirlanda et al.(2018); (2) Xue et al.(2019).
a Only a total EW of CIVλλ1548, 1550 doublets can be obtained.

Fig. 3 An updated CIV/CII-Liso/E
2
peak (right panel) and CIV/CII-Liso/Epeak (middle panel) sequences . The sample

previously used inWang et al.(2018) is denoted by the red points and lines, and the added bursts measured in this work
by the blue ones. In the right panel, the best fit and 1σ deviations obtained from the D’Agostini fitting method (i.e., Eq. (2))
are plotted by the green long-dashed and dotted lines, respectively. CIV/CII line ratio is plotted as a function ofLiso in
the left panel, although there is no dependence between the two variables.

GRBs and distant GRB candidates untilz ∼ 6, although
the latter are inevitably contaminated by the local dusty
GRBs. The contamination can be greatly reduced if we fo-
cus only onz & 4 GRBs.

On the other hand, by doubling the sample size
through the XS-GRB spectral database, the previously pro-
posed global photoionization response of the circumburst
gas to the prompt emission (i.e., the CIV/CII-Liso/E

2
peak

relationship) is roughly confirmed, and the confirmation is
dissatisfactory at the largeLiso/E

2
peak end. We state that

thanks toSVOM’s capability of rapid identification of opti-
cal candidates of afterglow and its anti-solar pointing strat-
egy, a large spectroscopy sample is expected in theSVOM
era to address this issue.
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