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ABSTRACT

We remark on the utility of an observational relation between the absorption column density in excess of the Ga-
lactic absorption column density,�NH ¼ NH;Bt � NH;gal, and redshift, z, determined from all 55 Swift-observed long
bursts with spectroscopic redshifts as of 2006 December. The absorption column densities, NH;Bt, are determined from
power-law fits to the X-ray spectra with the absorption column density left as a free parameter. We find that higher ex-
cess absorption column densities with�NH > 2 ; 1021 cm�2 are only present in bursts with redshifts z < 2. Low ab-
sorption column densities with�NH < 1 ; 1021 cm�2 appear preferentially in high-redshift bursts. Our interpretation
is that this relation between redshift and excess column density is an observational effect resulting from the shift of the
source rest-frame energy range below 1 keV out of the X-Ray Telescope observable energy range for high-redshift
bursts. We find a clear anticorrelation between�NH and z that can be used to estimate the range of the maximum red-
shift of an afterglow. A critical application of our finding is that rapid X-ray observations can be used to optimize the in-
strumentation used for ground-based optical/near-IR follow-up observations. Ground-based spectroscopic redshift
measurements of as many bursts as possible are crucial for gamma-ray burst science.
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1. INTRODUCTION

The Swiftmission (Gehrels et al. 2004) has revolutionized the
study of gamma-ray burst (GRB) afterglows. The mission, which
relies on training sensitive X-ray and optical telescopes on new
GRBs as rapidly as possible, has resulted in the accurate position-
ing of GRB afterglows on a timescale of minutes. Especially for
long GRBs, this rapid localization has proven highly effective at
identifying afterglows for study at other wavelengths. Already, in
about 2 yr of operation, Swift has localized more than twice as
many GRB afterglows than had been localized in the 8 yr preced-
ing Swift (Burrows & Racusin 2007).

However, Swift alone cannot address all the important issues
in GRB research. One of the most important GRB parameters is
the redshift of a burst. Knowledge of the redshift is not only cru-
cial for determining the luminosity and other physical parameters
of the burst, but also permits optimization of ground-based ob-
servations. For example, a determination of the redshift for high-
redshift GRBs requires large telescopes with IR sensitivity,
because the Lyman absorption edge gets shifted beyond the long-
wavelength end of the Swift-UVOTsensitivity for redshifts above
5 (Roming et al. 2006).GRBs fade rapidly, and only spectroscopy
can provide reliable redshifts. Therefore, to search for redshifts as
high as that of GRB 050904 (z ¼ 6:29; Kawai et al. 2006), or
even to the unexplored z � 7Y10 range, requires telescopes in the
8Y10m class making observations within the first night or two of
the Swift discovery. As listed in this paper, about 6% of all Swift-
observed GRBswith spectroscopic redshifts have redshifts z > 5.

Observing time on such large, world-class telescopes is an
extremely precious commodity. Currently, the limited number of
target-of-opportunity programs must triggered based on very lim-

ited information in order to spectroscopically observe the many
discovered Swift GRB afterglows. While nearly all promptly ob-
served Swift long GRBs can be localized by the X-Ray Telescope
(XRT; Burrows et al. 2005), only about 34% are detected by the
UV/Optical Telescope (UVOT; Roming et al. 2005, 2006). Thus,
observers looking for high-redshift bursts can filter the approxi-
mately 100GRBs found by Swift each year by using the following
criterion: an afterglow is detected by the XRT but not detected by
the UVOT. Unfortunately, this criterion alone only reduces the rate
of high-z candidates by about one-third, leaving about 67 GRBs to
be observed per year. Moreover, many other factors, e.g., redden-
ing, can result in suppression of afterglow emission in the UVOT
sensitivity range (see Roming et al. 2006 for a discussion).
Of course, large-telescope observers can wait to see whether

any of the smaller robotic telescopes can select candidates based
on the broadband photometric studies conducted by these tele-
scopes. Often the cost of doing this is to lose several hours waiting
for the results of these small-telescope studies to be reduced and
transmitted, as well as to be subject to the vagaries of weather and
other observing constraints on the ground. Also, GRB afterglows
decay rapidly. Every hour of waiting reduces the chances of ob-
taining an optical and/or near-IR (NIR) spectrum of the afterglow
and therefore significantly decreases the chances of measuring
the redshift of the burst from a spectrum.
To see whether SwiftXRT data alone can help to provide very

early information, we conducted a study of all 55 Swift long-GRB
afterglows with known redshifts by 2006 November. On a time-
scale of 1 or 2 hr after the initial XRT detection of a newGRB, the
XRT telemeters information to the ground fromwhichmanyprop-
erties of the burst can be determined, including accurate positions,
X-ray flux, and X-ray spectral information.
The Swift team has been routinely analyzing these data and

reporting them to the world via the GRB Coordinates Network
(GCN; Barthelmy et al. 1995). It has been found that the typical
afterglow can be fit with a simple power-lawmodel spectrum plus
the effects of a variable amount of absorbing material (e.g., Stratta
et al. 2004; Campana et al. 2006a). This absorbingmaterial can be
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located either in our Galaxy, in the host galaxy of the GRB, or
in intervening gas clouds. As shown on a theoretical basis by
Ramirez-Ruiz et al. (2002), extinction in GRBs is expected.
Recently, Prochaska et al. (2007) presented the results of high-
resolution optical spectroscopy of the interstellar medium of GRB
host galaxies of SwiftGRB afterglows. For low-redshift bursts, in
the observer’s rest frame, the effects of local and intervening ab-
sorption appear at roughly similar energies; thus, the effects are in-
termixed. For high-redshift bursts, the absorbing material in the
host galaxy incurs a substantial redshift. The result is that the en-
ergy band of the Swift XRT is shifted to higher energies in the
GRB rest frame, making it difficult to detect X-ray absorption.
Without prior knowledge of the redshift, X-ray observations
result in measurements of NH that are systematically low com-
pared to the actual absorbing column in the host galaxy.

Thus, if we take the apparent absorption column densityNH;Bt,
using the photoelectric cross section as given by Morrison &
McCammon (1983), in the observer’s rest frame and subtract
off the known absorption column density in our Galaxy (NH;gal

as given by Dickey & Lockman 1990), the residual �NH ¼
NH;intr � NH;gal will reflect the redshifted column density either
in the source or in the intervening line of sight. If this residual
column density appears high, then it is very likely that the GRB
is close, because distant GRB absorption effects are overwhelmed
by the redshift effect. Of course, if the column density is low, we
cannot tellwhether theGRB is near (with low intrinsic absorption)
or far (with either low intrinsic absorption or redshifted high ab-
sorption). A similarmethod has also been proposed to estimate the
redshifts of high-redshift quasars (Wang et al. 2004).

We present the values for absorption measured in the first orbit
of data for all 55 SwiftGRBs with known spectroscopic redshifts
(x 2). The X-ray data are typically available 1Y2 hr after the de-
tection of the burst, except for those few bursts for which ob-
serving constraints prevent Swift from slewing immediately. The
relation we are proposing is not a functional prediction (i.e., we
do not suggest that GRB redshift is derivable from XRT absorp-
tion), but instead we argue that we can predict the maximum red-
shift of an afterglow on the basis of the excess absorption�NH. In
x 3 we present the results. Finally, in x 4 we present our conclusion.

Throughout the paper spectral index �X is defined as F�(�) /
���X . All errors are 1 � unless stated otherwise.

2. OBSERVATIONS AND DATA REDUCTION

Table 1 lists all 55 long GRBs with reported spectroscopic
redshifts (up to 2006 December) that were observed by Swift.
We did not include short bursts, since they most likely have dif-
ferent physical processes than long bursts. Furthermore, short
bursts have typically been detected at relatively low redshifts (e.g.,
Berger et al. 2006c), even though Levan et al. (2006) suggested
that the short GRB 060121 is possibly at z > 4:5. We limit our
sample to those bursts with spectroscopic redshifts only, because
these are the most reliable redshift measurements. Other methods,
such as photometric redshifts, are less certain because a dropout in
bluer filters can also be caused by strong dust reddening.

The XRT data were reduced by the xrtpipeline software, ver-
sion 0.10.4, which is part of the HEASOFT package, version 6.1.1.
For XRT photon-counting (PC) mode data (Hill et al. 2004),
source photons were selected by XSELECT, version 2.4, in a
circular region with a radius of r ¼ 4700, and the background
photons were collected in a circular region close by with a ra-
dius of r ¼ 13700. For bright afterglows with PCmode count rates
>1 count s�1 the source photons were selected in an annulus that
excludes the inner pixels in order to avoid the effects of pileup. For
windowed-timing (WT)mode (Hill et al. 2004) data we extracted

source and background photons in boxes with a length of 40 pix-
els each, except fromvery bright bursts such as, e.g., GRB060729
(Grupe et al. 2007), for which we applied the method as described
in Romano et al. (2006). For spectral fitting of the PC and WT
mode data, only events with grades 0Y12 and 0Y2, respectively,
were included. The X-ray spectra were rebinned by grppha, ver-
sion 3.0.0, having 20 photons per bin and analyzed by XSPEC,
version 12.3.0 (Arnaud 1996). The auxiliary response files (arfs)
were created by xrtmkarf using arfs, version 008. We used the
standard response matrix swxpc0to12_20010101v008.rmf for
the PC mode data and swxwt0to2_20010101v008.rmf for the
WT data. Note that these are standard reduction techniques as used
in the first XRT refined-analysis GCN circular from Swift bursts.

3. RESULTS

Table 1 lists the redshift, Galactic absorption column density
NH;gal,�NH ¼ NH;Bt � NH;gal, the intrinsic column densityNH;intr

at the redshift of the burst, the X-ray energy spectral slope �X, the
�2/� of the power-law fit with the absorption column density as a
free parameter (NH;free) and fixed to the Galactic value as given by
Dickey&Lockman (1990), the detection flag for the SwiftUVOT,
and the reference for the spectroscopic redshift measurement. In
cases inwhich the free-fit absorption column densityNH;Bt is within
the errors consistent with the Galactic value, we set �NH ¼ 0.

Figure 1 (left) compares redshift versus�NH. The dotted lines
at z ¼ 2:30 and �NH ¼ 5:95 ; 1020 cm�2 are the medians in z
and �NH. These lines are used as cutoff lines to separate low-
and high-redshift and low and high excess absorption groups in a
2 ; 2 contingency table.4 The results of grouping these data by
these cutoff lines are given in Table 2.We can immediately see that
bursts with high excess absorption column densities �NH will
most likely be at low redshifts, while afterglows with small�NH

are most likely at high redshifts. From the 2 ; 2 contingency table
a probability of only P ¼ 0:0011 (using a two-tailed Fisher exact
probability test) that this result is random can be calculated.

Another statistical test to check whether the relation is purely
random is the Spearman rank order test. A Spearman rank order
test results in a correlation coefficient rs ¼ �0:51 with a Stu-
dent’s t-test Ts ¼ �4:3 and a probability P < 10�4 of a random
distribution.

Figure 1 (right) displays the above results as log (1þ z) versus
log (1þ�NH). We use this diagram to conservatively draw a
line along the envelope of the log (1þ z) versus log (1þ�NH)
distribution of the bursts, including the errors, in order to de-
termine the maximum redshift of a burst with respect to its ex-
cess absorption�NH. This line is displayed in the right panel of
Figure 1 (dashed line) and can be described as

log (1þ z) < 1:3� 0:5 log (1þ�NH)½ �; ð1Þ

4 We evaluate the statistical significance of our results by using 2 ; 2 contin-
gency tables. A 2 ; 2 contingency table is a statistical tool that compares a prop-
erty of two groups, such as in the present example: low- and high-redshift bursts
with or without significant additional absorption above the Galactic column den-
sity. The way this method works is as follows: Assume a number of low-redshift
bursts n ¼ l þ k, where l has low and k has high column densities in excess of the
Galactic value. The ratio of low to high absorption column objects is then l/k. For
the high-redshift bursts the numbers are z ¼ xþ y, where x is the number of
bursts with low excess absorption column densities and y is the number with high
excess absorption column densities. If the ratio of low to high absorption bursts in
high-redshift bursts is the same as among low-redshift bursts, the number of high-
redshift bursts with high absorption column densities is y ¼ k x/lð Þ. The 2 ; 2 con-
tingency table compares the number of objects in each cell to the expected number
under this assumption, and it can be used to calculate the probability that the devi-
ation from the expected number of objects is just random.
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TABLE 1

List of All Long-GRB Afterglows with Swift Observations and Reported Redshifts

GRB za NH;gal
b �NH

c NH;intr
d �X

e �2/� NH;free
f �2/� NH (Fixed)g UVOTh Redshift Reference

050126............... 1.29 5.28 — . . . 1.01 � 0.18 . . . 16/15 N Berger et al. (2005a)

050315............... 1.94 4.34 8:55þ3:80
�3:48 0:66þ0:30

�0:27 1:42þ0:18
�0:16 43/45 61/46 N Berger et al. (2005a)

050318............... 1.44 2.79 4:23þ2:24
�2:00 0:16þ0:10

�0:09 1:03þ0:11
�0:10 73/74 86/75 Y Berger et al. (2005a)

050319............... 3.24 1.13 — . . . 1:10þ0:17
�0:15 27/36 31/37 Y Jakobsson et al. (2006b)i

050401............... 2.90 4.84 11:96þ1:39
�1:33 1:95þ0:22

�0:24 1:09þ0:06
�0:05 296/258 614/259 N Watson et al. (2006) j

050408............... 1.2357 1.74 28:36þ6:60
�5:97 1:40þ0:39

�0:33 1:31þ0:20
�0:19 39/36 120/37 Y Berger et al. (2005a)

050416A............ 0.6535 2.07 26:28þ3:37
�3:64 0:61þ0:10

�0:09 1:20þ0:12
�0:11 65/84 320/85 Y Jakobsson et al. (2006a)k

050505............... 4.27 2.04 7:23þ2:45
�2:25 2:40þ0:80

�0:73 1:18þ0:12
�0:11 51/77 85/78 N Jakobsson et al. (2006a)l

050525............... 0.606 9.10 9:81þ6:53
�5:96 0:21þ0:13

�0:15 1:08þ0:23
�0:21 23/27 31/28 Y Jakobsson et al. (2006a)m

050603............... 2.821 1.19 — . . . 0.75 � 0.10 30/34 31/35 Y Jakobsson et al. (2006a)n

050730............... 3.967 3.06 3:97þ0:91
�0:87 1:24þ0:25

�0:27 0.71 � 0.04 177/174 243/175 Y Jakobsson et al. (2006a)o

050802............... 1.71 1.78 5:31þ2:66
�2:35 0:31þ0:17

�0:15 1:00þ0:12
�0:11 61/67 77/68 Y Jakobsson et al. (2006a)p

050803............... 0.422 5.63 17:19þ5:65
�5:02 2:65þ1:01

�0:83 1:05þ0:19
�0:17 57/59 99/60 N Bloom et al. (2005)

050820............... 2.612 4.71 — . . . 0.00 � 0.04 87/100 87/101 Y Jakobsson et al. (2006a)q

050824............... 0.83 3.62 — . . . 0:83þ0:24
�0:22 23/20 22/21 Y Jakobsson et al. (2006a)r

050826............... 0.297 21.70 30:54þ15:6
�13:3 0:53þ0:30

�0:24 0:93þ0:26
�0:23 29/25 45/26 N Halpern & Mirabal (2006)

050904............... 6.29 4.93 4:05þ1:16
�1:12 3:93þ1:10

�1:03 0.47 � 0.04 126/87 104/92 N Kawai et al. (2006)

050908............... 3.344 2.14 — . . . 2:01þ0:41
�0:31 15/17 15/18 Y Jakobsson et al. (2006a)s

050922C............ 2.198 3.43 — . . . 0:99þ0:11
�0:10 22/25 22/26 Y Piranomonte et al. (2005)t

051016B............ 0.9364 3.64 23:67þ6:77
�5:65 0:78þ0:26

�0:21 1:13þ0:21
�0:19 30/32 93/33 Y Nardini et al. (2006)u

051022............... 0.80 4.06 107:3þ18:8
�16:7 4:58þ0:76

�0:69 1:38þ0:22
�0:20 35/47 206/48 N Gal-Yam et al. (2005)

051109A............ 2.346 17.5 — . . . 1.03 � 0.11 43/34 43/35 Y Nardini et al. (2006)v

051109B............ 0.080 13.1 12:26þ11:6
�10:0 0:14þ0:14

�0:12 1:16þ0:33
�0:29 11/15 15/16 N Perley et al. (2005)

051111............... 1.55 5.02 25:77þ11:36
�10:01 1:85þ0:72

�0:85 1:77þ0:47
�0:41 16/12 36/13 Y Nardini et al. (2006)w

060115............... 3.53 12.60 5:00þ3:00
�3:25 1:29þ0:84

�0:74 0:92þ0:12
�0:11 78/85 86/86 N D’Elia et al. (2006a)

060123............... 1.099 1.48 — . . . 0:77þ0:26
�0:30 11/15 14/16 N Berger et al. (2006b)

060124............... 2.30 9.16 6.51 � 0.50 0.77 � 0.06 0.36 � 0.01 654/453 1215/454 Y Mirabal & Halpern (2006a)

060206............... 4.05 0.94 . . . . . . 1:25þ0:34
�0:29 9/11 13/12 Y Fynbo et al. (2006b)

060210............... 3.91 8.52 6:23þ1:03
�1:00 1:95þ0:29

�0:30 1.05 � 0.04 195/107 315/108 N Cucchiara et al. (2006a)

060218x ............. 0.033 11.00 39:01þ11:38
�8:73 0:40þ0:12

�0:10 3:13þ0:53
�0:38 17/26 90/27 Y Mirabal & Halpern (2006b)

060223A............ 4.41 5.93 — . . . 0:84þ0:15
�0:13 15/14 16/15 N Berger et al. (2006a)

060418............... 1.49 9.27 14:27þ1:00
�0:99 0.82 � 0.06 1.22 � 0.04 218/174 1073/149 Y Ellison et al. (2006)y

060502A............ 1.51 2.97 9:90þ4:56
�3:79 0:57þ0:21

�0:19 2:36þ0:46
�0:38 64/35 89/36 Y Cucchiara et al. (2006b)

060510B............ 4.90 3.78 9:61þ0:92
�0:89 4:55þ0:51

�0:48 0.38 � 0.03 194/183 238/183 N Price (2006)

060512............... 0.4428 1.43 4.40 � 3.24 0.25 � 0.17 3.07 � 0.38 22/10 23/11 Y Bloom et al. (2006a)

060522............... 5.11 4.83 — . . . 0:70þ0:19
�0:18 17/17 17/18 Y Cenko et al. (2006)

060526............... 3.21 5.46 5:95þ0:81
�0:78 1:14þ0:16

�0:15 0.79 � 0.03 217/158 408/159 Y Berger & Gladders (2006)t

060604............... 2.68 4.55 15:96þ1:72
�1:79 2:22þ0:25

�0:26 1.39 � 0.07 83/51 392/52 Y Castro-Tirado et al. (2006)

060605............... 3.711z 5.11 — . . . 1.03 � 0.09 31/35 31/36 Y Still et al. (2006)aa

060607............... 2.937 2.67 2:87þ0:82
�0:79 0.50 � 0.13 0.79 � 0.04 200/188 240/189 Y Ledoux et al. (2006)

060614............... 0.125 3.07 2.07 � 0.37 0.03 � 0.01 0.45 � 0.15 446/256 541/257 Y Mangano et al. (2007)bb

060707............... 3.43 1.76 — . . . 0.94 � 0.12 13/18 13/9 Y Jakobsson et al. (2006b)

060714............... 2.71 6.72 12:36þ1:59
�1:52 1:83þ0:05

�0:04 0:98þ0:06
�0:05 261/252 501/253 Y Jakobsson et al. (2006b)

060729............... 0.54 4.82 14:29þ0:09
�0:08 0.26 � 0.01 1.76 � 0.04 505/297 1817/298 Y Grupe et al. (2007)cc

060904B............ 0.703 12.10 28:80þ1:45
�1:40 0.78 � 0.05 1.16 � 0.04 540/425 2570/426 Y Fugazza et al. (2006)

060906............... 3.685 9.66 — . . . 1:51þ0:62
�0:51 12/10 16/11 N Jakobsson et al. (2006b)

060908............... 2.43 2.73 — . . . 1:30þ0:28
�0:25 29/25 31/26 Y Rol et al. (2006)

060912............... 0.937 4.23 14:67þ7:25
�6:47 0:48þ0:26

�0:21 1:17þ0:25
�0:23 11/20 27/21 Y Jakobsson et al. (2006b)

060926............... 3.208 7.30 — . . . 0:97þ0:33
�0:30 11/15 16/16 Y Piranomonte et al. (2006)dd

060927............... 5.6 5.20 — . . . 0:82þ0:30
�0:27 11/15 11/16 N Fynbo et al. (2006c)



with �NH in units of 1020 cm�2. From this equation we can
limit the maximum expected redshift based on the excess ab-
sorption. Note that this equation does not estimate the redshift
of a burst. The equation only predicts the maximum redshift of a
burst. As examples, the redshift of a burst with an excess absorp-

tion �NH ¼ 4 ; 1021 cm�2 is expected not to exceed z ¼ 2:1,
�NH ¼ 2 ; 1021 cm�2 has z < 3:4, and �NH ¼ 1 ; 1021 has
z < 5. Also note that the number of bursts with redshifts z > 2:3
(the median redshift) and no excess absorption detected, so the
free-fit absorption column density NH;Bt is consistent with the

TABLE 1—Continued

GRB za NH;gal
b �NH

c NH;intr
d �X

e �2/� NH;free
f �2/� NH (Fixed) g UVOTh Redshift Reference

061007................... 1.261 2.22 11.87 � 0.04 0.52 � 0.02 1.01 � 0.01 1072/587 4784/588 Y Schady et al. (2006)ee

061110A................ 0.757 4.87 16:15þ1:20
�1:56 0:97þ0:19

�0:18 2:05þ0:11
�0:10 242/197 579/198 N Fynbo et al. (2006a)

061110B ................ 3.44 4.83 — . . . 1:04þ0:41
�0:37 4/3 4/4 N Thoene et al. (2006a)

061121................... 1.314 5.09 15:93þ2:50
�3:20 0:81þ0:22

�0:17 0.25 � 0.07 290/286 339/287 Y Page et al. (2007)ff

061222B................ 3.355 27.70 12:70þ5:86
�5:35 4:18þ1:81

�1:53 1:60þ0:20
�0:18 78/47 95/47 N Berger (2006)

a Spectroscopic redshift.
b Absorption column densities are given in units of 10 20 cm�2; Galactic NH values are taken from Dickey & Lockman (1990).
c �NH ¼ NH;Bt � NH;gal in units of 1020 cm�2. A dash indicates that NH is consistent with the Galactic value.
d Column densities of the intrinsic absorber at the redshift of the burst given in units of 1022 cm�2.
e X-ray spectral slopes determined from an absorbed power-law fit with the absorption parameter left free, except for those sources in which the free absorption was

below the Galactic value. In those cases we fixed the absorption parameter to the Galactic value.
f �2/� of a power-law fit with the absorption column density as a free parameter.
g �2/� of a power-law fit with the absorption column density fixed to the Galactic value.
h UVOT detection in any of the seven filters, including white light, with ‘‘Y’’ indicating detection and ‘‘N’’ indicating no detection.
i Redshift originally reported by Fynbo et al. (2005a).
j Redshift originally reported by Fynbo et al. (2005b).
k Redshift originally reported by Cenko et al. (2005).
l Redshift originally reported by Berger et al. (2005a).
m Redshift originally reported by Foley et al. (2005).
n Redshift originally reported by Berger et al. (2005b); see also Grupe et al. (2006).
o Redshift originally reported by Chen et al. (2005).
p Redshift originally reported by Fynbo et al. (2005c).
q Redshift originally reported by Prochaska et al. (2005).
r Redshift originally reported by Fynbo et al. (2005b).
s Redshift originally reported by Fugazza et al. (2005).
t See also Jakobsson et al. (2006b).
u Redshift originally reported by Soderberg et al. (2005).
v Redshift originally reported by Quimby et al. (2005).
w Redshift originally reported by Hill et al. (2005).
x GRB 060218/SN 2006aj has a very unusual initial spectrum that cannot be fitted by a single power law. It requires a strong thermal component (Campana et al.

2006b). Therefore, we only used the PC mode data for this unusual burst.
y Redshift originally reported by Dupree et al. (2006).
z This redshift was revised by Savaglio et al. (2007) to z = 3.78.
aa See also Ferrero et al. (2006).
bb Redshift originally reported by Price et al. (2006).
cc Redshift originally reported by Thoene et al. (2006b).
dd Improved redshift given by D’Elia et al. (2006b).
ee Redshift originally reported by Osip et al. (2006); but see also Jakobsson et al. (2006c).
ff Redshift originally reported by Bloom et al. (2006b).

Fig. 1.—Redshift z vs.�NH relation among the Swift-observed bursts with spectroscopic redshifts. The left panel displays the direct values, while the right panel shows
the values with log (1þ z) and log (1þ�NH). The dotted lines indicate the median values for�NH ¼ 5:95 ; 1020 cm�2 and z ¼ 2:30 used for the 2 ; 2 contingency test
(see text). The dashed line in the right panel shows the line of the maximum expected value for the redshift as given by eq. (1).
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Galactic value, is 3 times as high as the number of bursts with no
excess absorption and a redshift z < 2:3. In case we do not detect
excess absorption in a burst, most likely this will be a burst with a
redshift z > 2:3.

Our findings of an observational relation between the excess
absorption column density �NH and redshift are due purely to
an observational artifact: we only detect any excess absorption in
high-redshift bursts that have a very large intrinsic column den-
sity, as shown in Figure 2. The dashed line at the lower boundary
of the NH;intr-z distribution displays the maximum redshift at
which an intrinsic column density can be detected in the XRT
energy window.

4. DISCUSSION

Our main result is that there is a clear anticorrelation between
absorption column density in excess of theGalactic value�NH ¼
NH;Bt � NH;gal and redshift. This relation can be used to limit the
range of possible redshifts. GRBs for which early X-ray spectra
are consistent with the Galactic absorption column density are
most likely at higher redshifts (z > 2), although a few examples
of low-redshift GRBs also fall into this category. However,
GRBs with a significant excess column density of �NH > 2 ;
1021 cm�2 are exclusively at redshifts z < 2:0.

The strong correlation we find between redshift and intrinsic
NH is an observational artifact. We can only detect an intrinsic
absorber if the absorption column density is large enough to af-
fect the observable energy range. For a z ¼ 4 burst the low-energy
cutoff of the detector at 0.3 keV is at 1.5 keV in the rest frame of
the burst. In order to detect any significant additional absorption
in the observed energy window above the Galactic value, the
intrinsic (redshifted) absorption has to be on the order of at least
1022 cm�2, as shown in Figure 2.

There are a few points one should be cautious about: (1) Our
study is biased toward afterglows that have spectroscopic red-
shifts and are therefore detectable at optical and/or NIR wave-
lengths. (2) As a result, we may miss afterglows in galaxies seen
edge-on. These afterglows would suffer from significant absorp-
tion columns on the order of several times 1023 cm�2, as is com-
monly observed in, e.g., Seyfert 2 galaxies. (3) Some of the early
XRT WT mode data are not well fitted by a single absorbed
power-lawmodel, e.g., GRBs 060614 and 060729 (Mangano et al.
2007 and Grupe et al. 2007, respectively). These GRBs display
dramatic changes in their X-ray spectra within minutes, and the
spectrum cannot be modeled by one single power law. In some
cases the spectra require multicomponent spectral models, such
as for GRB 060729 (Grupe et al. 2007).

The immediate application of our column densityYredshift
relation is to optimize ground-based optical and NIR follow-up
observations.We plan to include the redshift limit information in
future XRT refined analysis GCNs. Photometric redshifts can
also be calculated on the basis of UVOT data (D. E. vanden Berk

et al. 2007, in preparation). We tested our X-ray method with
bursts that have UVOT photometric redshifts but no spectro-
scopic redshifts and found that the results agree with each other.
The advantage, however, of using the Swift-XRT data instead of
the UVOT data to estimate a maximum redshift is that Swift-
XRT data are typically processed faster at the NASA Swift Data
Center than the UVOT data. This is due to the larger data volume
of the UVOT compared to the XRT data. Therefore, a redshift
prediction can be given faster on the basis of the XRT data than
on the basis of the UVOT data. This will give ground-based ob-
servers at large telescopes a tool to decide which spectrograph to
use—an optical spectrograph for the low-redshift bursts and a
NIR spectrograph for the high-redshift bursts—and will optimize
the use of large ground-based telescopes. Note, however, that the
purpose of this paper is not to discourage observers from obtain-
ing spectra of bursts with predicted low redshifts. Each spectro-
scopic redshift, low or high, is important, because it enables us to
determine physical parameters of the burst such as the isotropic
energy or the break times in the light curve. Therefore, we encour-
age ground-based observers to continue to obtain spectra of after-
glows whenever possible. The larger the number of bursts with
spectroscopic redshifts, the better our understanding of the phys-
ics of GRBs will be.
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afterglows. We would also like to thank Sergio Campana for dis-
cussion related to the XRT calibration, Cheryl Hurkett for send-
ing us a draft of her paper on GRB 050505, and Abe Falcone for
various discussions on the determination of the absorption col-
umn densities. In particular, we want to thank Eric Feigelson for
various discussions on statistics, and our referee, Johan Fynbo,
for a fast and detailed referee’s report that significantly improved
the paper. This research has made use of data obtained through
the High Energy Astrophysics Science Archive Research Center
Online Service, provided by the NASA/Goddard Space Flight
Center. At Penn State we acknowledge support from the NASA
Swift program through contract NAS5-00136.

TABLE 2

The 2 ; 2 Contingency Table Results

Cutoff Line

(cm�2) z � 2:30 z > 2:30

�NH � 5:95 ; 1020 ......................................... 20 7

�NH < 5:95 ; 1020 ......................................... 8 20

Note.—For the cuts at redshift z ¼ 2:30 and �NH ¼ 5:95 ; 1020 cm�2.

Fig. 2.—Redshift z vs. the intrinsic column density NH;intr. The dashed line
marks the redshift limit at which an intrinsic column density can be detected in
the XRT.
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