Research in Astron. Astrophys2013 Vol. 13 No. 1, 57 - 70

R hi
http: //mww.raa-journal.org  http://mwww.iop.org/journals/raa esearch in

Astronomy and
Astrophysics

Delayed onset and fast rise of prompt optical-UV emission from
gamma-ray burstsin molecular clouds *

Xiao-Hong Cut, Zhuo L3 and Li-Ping Xin'

I National Astronomical Observatories, Chinese Academycidr®es, Beijing 100012, China;
xhcui @bao.ac.cn

2 Department of Astronomy, Peking University, Beijing 1008Thina

3 Kavli Institute for Astronomy and Astrophysics, Peking Ueiisity, Beijing 100871, China

Received 2012 August 15; accepted 2012 September 2

Abstract Observations imply that long-ray bursts (GRBSs) originate from the explo-
sions of massive stars, therefore they may occur in the naf@leclouds where their
progenitors were born. We show that the prompt optical-UNssion from GRBs may
be delayed due to dust extinction, which can explain thervlseoptical delayed on-
set and fast rise in GRB 080319B well. The density and the aizbe molecular
cloud around GRB 080319B are roughly constrained te-b)? cm—2 and~ 8 pc,
respectively. We also investigate other GRBs with prompicapUV data, and find
similar values of the densities and sizes of the local mdéeatiouds. Future obser-
vations of prompt optical-UV emission from GRBs on a timésad subseconds, e.qg.
by UFFO-Pathfinder and SVOM-GWAC, will provide more eviderand probes of
the local environments of GRBs.

Key words: radiation mechanisms: non-thermal — gamma-rays: burstaist: éx-
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1 INTRODUCTION

The properties of g-ray burst (GRB) circumburst and the associated host-gaaxironment are
important for the studies of GRB progenitors and the fundaaieconditions required within a
galaxy to form a GRB. The multi-wavelength observationsidltee emission from GRBs and that
from their host galaxies would provide a unique tool to ustherd the nature of GRBs and the
properties of the interstellar medium (ISM) around the taurs

Observations imply that long GRBs originate from explosiof massive stars. First, they are
observed to lie in star-forming galaxies, or even within #dogive star-forming regions of the host
galaxies (e.g. Paczynski 1998; Bloom et al. 2002). MoreipeedST images of afterglows reveal
that they occur within a few kiloparsecs of the flux-weightedtroid of their host galaxies (Fruchter
et al. 2006). Second, X-ray observations show evidencdadbrdolumn densities of gas around long
GRBs, implying there are giant molecular clouds around tfeegn Galama & Wijers 2001). Finally,
at least some long GRBs are associated with core-collapszrsovae (SNe). The discovery of four
clear associations between long, soft GRBs and Type Ib/c &\evell as the appearance of many
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SN-like bumps in the late optical afterglow light curvesgse.g., the review by Woosley & Bloom
2006) directly indicates that their progenitors are masstars.

Because the progenitors of long GRBs are massive starspthgwccur in the birthplace of the
progenitors since massive stars are short-lived, i.e. ®RBs may lie in the molecular clouds where
the massive stars are born. The optical-UV and X-ray emisBimm GRBs can be significantly
affected by the extinction of dust and absorption of gas @éltital environment. Howevet-ray
emission is almost unaffected. Therefore, one may nayueadpect that the behavior of prompt
optical-UV emission is different in light curves from thdtgrompt~-ray emission. The difference
may hint at the properties of the dust environments arousd@RBs. The interaction of a GRB
with the environment can yield powerful clues about the prips of the medium in which the
burst occurs. The behaviors of the X-ray and optical opexith the vicinity of a GRB have been
studied (Perna et al. 2000; Perna & Raymond 2000). A timexdeégnt photoionization code has
been developed to study the modifications in the dust digtdh, and the graphite in the medium
around the GRB was found to be more resistent than silicitemé & Lazzati 2002; Lazzati &
Perna 2002).

The varieties of observed GRB prompt optical behaviors ate The prompt optical emis-
sion was first observed in GRB 990123 and was found to be uslated with the ongoing-ray
emission (Akerlof et al. 1999; but see Liang et al. 1999).1Ttiee prompt optical emission from
GRB 050820A (Vestrand et al. 2006) was reported and a strorrglation betweery-energy and
optical emission in the prompt phase was discovered. Sirndlaes of some degree of correlation
were observed in GRB 041219A (Vestrand et al. 2005; Blake 2085), GRB 060526 (Thone et al.
2010) and “naked eye” burst GRB 080319B (Racusin et al. 2B88kin et al. 2010). GRB 0803198,
with the most data from prompt optical observations, hasetttd much attention regarding its na-
ture. The detailed observation of this burst presented u8la et al. (2008) showed not only a
correlation betweery-ray and optical emission in the prompt phase but also anooisvilelayed
onset of~ 15 s between them.

In this work, we show that if a GRB is located in a molecularuclpits prompt optical-Uv
emission may be absorbed by the dust in the molecular clowdi,oaly emerges after the dust
along the line of sight is completely destroyed. This canarphe observed delayed onset of the
prompt optical-UV emission in GRB 080319B well, and the digrsnd size of the molecular cloud
around this burst can be roughly constrained. For othertbuvih prompt optical observations,
the properties of the local environment can also be com&daiWe find similar properties of the
clouds, with density and size being; ~ 103 — 10* cm~3 andAR ~ 6 pc respectively. The paper
is arranged as follows: a simple model of the radiation-dhustraction and the resulting prompt
optical-UV light curve are presented in Section 2; in Sat8pwe apply the model to GRB 080319B
and other GRBs with prompt optical-UV observations; in 8ectl discussion and conclusions are
presented.

2 RADIATION-DUST INTERACTION AND EMERGENT OPTICAL-UV EMISSION

Consider a GRB that is located in a molecular cloud. The ptampgical-UV emission from this
GRB may be absorbed by the dust in the cloud, but at the saneghiendust may also be destroyed
by the emission. If the optical-UV emission is strong andildsng enough, it may emerge from the
cloud after the dust along the line of sight path is compjetelstroyed. The dust destruction by the
optical-UV radiation has been discussed by Waxman & Dra2@¥0). Here we will follow their
model in the radiation-dust interaction, and focus on thekledfect of the dust on the optical-UV
emission, i.e. how the dust in a cloud of finite size affectsdpparent light curve of the prompt
optical-UV emission. On the other hand, from the obsengut lcurve profile of the prompt optical-
UV emission, we can also give some constraints on the priegest the molecular cloud. We will
only consider dust destruction due to thermal sublimatiwsh meglect the effect of grain charging,
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Fig.1 The sketch of an observed GRB located inside a moleculadctobs” denotes the direction
to the Earth (observer). The cloud is assumed to have uniftensity and a clear boundary. The
distance of the GRB to the edge of the cloud\&, as marked.

since, as argued by Waxman & Draine (2000) and Draine & Ha642@he thermal sublimation is
likely to be more effective (see, however, Fruchter et al1)0

Considering a simple picture as shown in Figure 1, the médeatloud is assumed to be
uniform in density, and the distance of the GRB from the edjthe cloud on the side to the
observer isAR. The cloud contains dust grains of characteristic radiand dust number den-
sity nq. Assuming a standard dust-to-gas mass ratip,is related to the cloud densityy as
na = 0.0lngmy/(47/3)ap, wherep is the mass density of the grain material. A characteristic
value ofp = 3.5 g cm—3 (Guhathakurta & Draine 1989) will be taken in the followingiculations.
Because the source emits radiatiorni of 7.5 eV with luminosityL; - 5, a grain at a distancecan
be heated, leading to thermal sublimation and thermal éonis$he temperatur@' of the grain at
distancer from the source is governed by

Li_75 2da
42 dt

wherem is the mean atomic masB,is the chemical binding energy per ato@yv is the absorption
efficiency factor averaged over the- 7.5 eV spectrum of the source emission d4¥ r is the usual
Planck-averaged absorption efficiency. We will ass@pag ~ 1 for a = 10~° cm and approximate

(Q)r by

Quvra® = (Q)pdra®eT — 4ma %B, (1)

0.1a_5(T/2300 K)

~ 2
(@~ 17 0.1a_5(T/2003 K) @
with a_5 = a/10~5cm. The thermal sublimation rate can be approximated by (Ghakairta &
Draine 1989)
da m\ '’ —~B/kT
E = — ; pe . (3)

We adopt the frequenay, = 1 x 10*°s~ 1, B/k = 7 x 10*K andp/m = 10?3 cm~? as represen-
tative values (Guhathakurta & Draine 1989; Waxman & Draif8@). If we assumé& is approxi-
mately constant during the illumination, then the grainvatal time at7T' is ¢, (7)) = a/|da/dt|.
The grain will be completely destroyed by thermal sublimiaiff it is illuminated over a time longer
thant g, (7).

As the dust is destroyed by the radiation, the radiationgs ektinguished by the dust. We can
now consider the effects of dust extinction on the obserigdd turves from the flash. Following
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Waxman & Draine (2000), let us approximate the7.5 eV emission from the GRB as a rectangular
pulse of duratiomt and luminosityL; 7 5. The problem can be simplified by assuming that the
effects of extinction can be approximated as a narrowing@biptical pulse, retaining a rectangular
profile. The leading edge of the radiation is just at the destrdiction front. We assume that there
is a sharp disruption front within which the dust grains dréestroyed, whereas the grains further
away are not affected. We defirfér) as the fraction of the flash energy that is absorbed by the dust
interior to radiug-. If ¢ts,v < (1 — f)At, the grains are destroyed affi¢i-) satisfies

df _ Qtsurv
i Quvnara A (4)

The relation between the radius of dust destruction ffonaind observer timé,,,s can be given by

with z being the redshift of the GRB source. A (maximum) dust desiwn radiusR, is determined
by the conditiorts,,+[T(Rq4)] = [1 — f(Ra)]At. Atr > R4, the dust grain survives the illumination
and the destruction front does not move any more, therefeream simply assumg; = R4 and
f=1attons > f(Ra)AL(1 + 2).

The above discussion on propagationff omits the existence of the edge of the cloud\d.
If Ry < AR, the optical depth due to dust extinction is

T = QUVndﬂ'QQ(AR — Rf), (6)
and the attenuated luminosity observed outside is
Lobs(tobs) = L177.5 exp{_T[Rf(tobS)]}' (7)

If R4 > AR then the destruction front can reach the edffg (= AR) at timetops =
F(AR)At(1 + z), which means all the dust in the beam of the radiation is etband the radi-
ation is not attenuated, so= 0. However, if Ry < AR then the dust is not completely destroyed,
and the disruption front stays & for t,bs > f(Ra)At(1 + z) while the dust optical depth is fixed
atrT = QUvTLdﬂ'QQ (AR — Rd)

Note, in the former case where; > AR, thel — 7.5 eV emission is first totally attenuated,
sinceR; < AR andrt > 1; when the destruction front propagates close to the eddeeatlbud,
whereR; < AR andr ~ 1, some fraction of it starts to emerge; after the destrudtiont reaches
the edge, wherd?; = AR, the emission emerges completely without any extinctidmus the
increase in duration for the light curve depends on the edgéoad AR, while the slope of the
increasing light curve depends on the propagation spedtealéstruction front which is sensitive
to the cloud density,y.

3 APPLICATIONS

As discussed above, in the caseldf > AR, the radiation-dust interaction leads to the case where
only the later part of the prompt optical-UV photons emerdes they-ray photons from the GRB
have no attenuation. Thus, if the promptay and optical-UV radiation is emitted together from the
GRB source, there should be a time delay between the ondet apparent prompt optical-UV and
~-ray emission. So far there are quite a few GRBs that have thetcted with prompt optical-UV
emission. We will apply the simple radiation-dust inter@acimodel to all these detected GRBs, with
the goal of explaining the time delays of the prompt optid&l-emission relative to/-ray emission,
and roughly give some implications to the properties, égdensities and the sizes of the molecular
clouds around them.
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The observed luminosity is usually given in a single bandaf@ingle filter, e.gU, B, V, R
bands, etc. A spectrum with the forfp « »~! is assumed for the prompt optical-UV flash in 1—
7.5 eV, which is consistent with the fast-cooling electrerpected in the standard internal shock
model. Thus, a cosmologicat-correction factor can be defined to account for the transiition of
the single passband of the filter to the band of 1-7.5 eV in tbpgr GRB frame,

7.5V /h(142)
_ flcV/h(1+z) deV

8
b o o

whereb, andb; are the frequency boundaries of the passband for the olusgitee; ~ is the GRB
redshift.

3.1 GRB 0803198

So far, the so-called “naked-eye” GRB 080319B has been theoaise that happened to occur in
the field of view of an optical telescope, without being teged by a high-energy detector, thus
it was by luck being monitored in the optical band before tkegibning of the GRB. The broad-
band observations of it were presented by Racusin et al8)j20@d Beskin et al. (2010). Theray
emission was found to begin at about 4 s before the BAT triggérlast~ 57 s. The bright optical
transient begins at 10 s after the BAT trigger, peaks atl8 s and then fades below the threshold to
magnitude~12 after 5min. That is to say, there is a time delay.df4 s between the onsets-pfay
and optical emission. It should be noticed that the optisal is too fast to be accounted for by the
afterglow model, including either forward shock emissiGau| et al. 1998) or reverse shock emis-
sion (Kobayashi 2000). The optical light curve during that@au phase shows fluctuation, similar to
the~-ray one. Moreover, the optical andray emission is found to be correlated. All these features
suggest that the prompt optical emission from this bursbigonoduced by an afterglow shock. Thus
the delayed rising optical emission needs another exptand/e show below that the delay can be
explained well by the radiation-dust interaction.

We, again, approximate the intrinsic optical-UV emissigraaectangular pulse of duratiaxt
(in the rest frame of the GRB). Since the optical emissiorbseoved to decay at 50 s (similar to
the~-ray duration), the duration i&t ~ 50/(1 + z) ~ 25 s, where the GRB redshift is= 0.937
(Vreeswijk et al. 2008). Apparently in observations, théagl flux rises from zero to a plateau phase
at atimet;, ~ 15 s after the trigger, and the plateau phase ends%Q s. The mean luminosity after
t, (i.e. in the range of 15-505s) and in the 1-7.5 eV energy bandeaiven by

Li_75= 47TDL(Z)2Fpr ~ 2.6 x 10 ergs™!.

Here Dy,(z) is the calculated luminosity distance (adopting a Universelel with Qy; = 0.3,
Qp = 0.7andHy = 71 kms~! Mpc™ '), and f,, = 9.39 x 10~ erg cnm2? s™! is the mean flux
observed during the time range of 15-50 s in thévand observed by TORTORA (Pagani et al.
2008; Racusin et al. 2008). The correction faetee 6.17 for this burst is calculated by assuming a
power law spectrunf, ~ v~ 1.

If the duration of the optical-UV emission is taken toAé = 25 s and assuming the radius of
adustgrainto be = 1 x 10~° cm, we can calculate the absorbed energy fraction of the flash
up to the destruction radiug, for a range of cloud densities ef; = 102 — 10° cm~3. The result
is shown in Figure 2. We can see that the denser the cloudasterfthe flash energy is absorbed.
However, after the destruction front reaches the destmetdiusr = R4, the absorbed fraction
rapidly reaches unityf(Rq) = 1.

As is apparent in observations, the optical emission risésst mean flux level at about 15 s, and
then maintains this level until 50 s. This implies that the absorbed fraction of the flashggnermen
the dust destruction front reaches the edge of the clofdRs = AR) ~ 15/50 = 0.3. Thus, given



62

X.H. Cui, Z. Li & L. P. Xin

3_, 5
nH/cm =10

0.4r

03f=mmmmmmm e

0.2r

0.1f

0 0.5 1 15
r (cm) x 10

Fig.2 The fractionf(r) of flash energy absorbed by the dust interior to radiug to dust destruc-
tion radiusr = R4 in the case of GRB 080319B. The duration and luminosity ofrpbemission
in1-7.5eVare\t = 25sandL; 75 = 2.6 x 10°° erg s *, respectively, and the dust grain size is
assumed to be = 10~° cm. Different lines correspond to different values of clalahsityn, as
marked in the plot. The dashed line shofi{s = AR) = 0.3. The dotted line presents the case of
f(’/' = Rd) =0.3, i.e.Rd = AR.
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Fig.3 The light curves of GRB 080319B iray and optical bands. The black triangles are optical
data from TORTORA. For comparison, theray light curve (18-1160 keV) that has the Konus-
Wind background subtracted, with respect to the triggeetby Swift-BAT, is shown as a dotted
line. The solid lines are the calculated optical light csrie the simple radiation-dust interaction
model.Left panel: The cases with the cloud densityy = 102,10 and10* cm™ (corresponding

to three light curves from left to right respectively) ane fiixed end time of the rising patt, =

16 s. Right panel: The cases witht, = 12,16 and 20 s (from left to right respectively) and fixed
nu = 10° cm~3. The other parameters are the same as in Figure 2. The cdsga,wit 16 s and

nu = 10® cm? gives the best fit to the rising part of the optical flash of GREBB19B.
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the cloud density:y, the cloud’s size, roughly indicated ByR, can be determined for this burst, i.e.
ny andAR are related for a fixed value ¢{r = AR). For example, ifig = (10%,10%,10%) cm~3,

we haveAR = (2.4,1.7,1.1) x 101 cm, respectively, with fixed (r = AR) = 0.3. Then the value
of AR can be found to decrease with a larger value@fHowever, for too smalhy, the destruction
front reaches the maximum destruction raditisbefore arriving at the edge of the cloud, i.e. the
absorbed fractiorf (r = Rq) < 0.3, as in the case ofy = 10?2 cm~3 in Figure 2.

In order to decoupleyn andA R, we need to further consider the temporal profile of the oleser
optical-UV emission. For different values af; andt;,, we have calculated the optical-UV light
curve using Equation (7). The resulting light curves arexshim Figure 3; also plotted are theray
and optical-UV data that are adopted from Racusin et al.§200ote, as Beskin et al. (2010) found
that the optical emission is delayed 2 s relative tothmy emission in the plateau phase, we also
assume a time delay of 2 s for the intrinsic onset of opticdldthission compared to theray one.
The plotted light curves in Figure 3 take this into account. &e that compared with the observed
optical data of GRB 080319B, the case with = 103 cm~3 andt, = 16 s fits the light curve
profile better. Therefore, it can be concluded that the cibadl hosts GRB 080319B has a density
of ng =~ 102 cm~3 and a size ok ~ AR = 8 pc.

It should be noted that in the above calculations we haventake 3.5 g cm~2 (Guhathakurta
& Draine 1989)a = 1 x 10~° cm and a standard dust-to-gas mass ratio of 0.01. The reguétlues
of ng, AR and R4 are not sensitive to these values, i.e. the resultingA R and R4 values vary
within a factor of a few ifp, a, x and the gas-to-dust ratio change by one order of magnitudsi§
good enough for order of magnitude estimates using the simpldel given here.

3.2 Other GRBswith Prompt Optical Detections

Besides GRB 080319B, there are quite a few other GRBs witmptaptical detections during the
~-ray bursting phase. They have all been detected by a ragidsgloptical telescopes to the location

of the GRB after being triggered by-ray detectors. So usually there is a gap between the trigger
time and the start time of optical observation. Neverthgla® can still try to make some constraints
on the local GRB environments based on the simple radiatimstinteraction model.

All the GRBs detected after December of 2004 which have apdietections during the prompt
~-ray emission are collected and analyzed with the simpliatiad-dust interaction model described
here. We separate these GRBs into two sampleSarmple |, the GRBs satisfy the following three
criteria: (1) there are optical detections before the entti®fGRB, specifically, the optical detection
is within the duration offyg; (2) the optical light curve withiffyy, shows a rise in the flux, i.e. if
the optical light curve shows a decay or flat plateau then tR8 & not included; (3) the number
of optical data points, excluding upper limits, in the rggipart is not less than three. All the other
GRBs only satisfy criterion (1) and are grouped iSsmplell.

We find that besides GRB 080319B, there are seven other GRBsdtisfy the three criteria:
GRB 041219A (Vestrand et al. 2005; Blake et al. 2005); GRB322® (Vestrand et al. 2006);
GRB 060218 (Mirabal et al. 2006; Ferrero et al. 2006; Solketrat al. 2006; Kocevski et al. 2007);
GRB 060418 (Molinaril et al. 2007; Dupree et al. 2006; VragsfyJaunsen 2006); GRB 060607A
(Molinari et al. 2007; Ledoux et al. 2006); GRB 080810 (Pap&l.€2009; Burenin et al. 2008) and
GRB 100906A (Gorbovskoy et al. 2012; Barthelmy et al. 201@rkdvardt et al. 2010; Tanvir et al.
2010). However, we exclude GRB 041219A and GRB 060218 fromda | for the following
reasons: GRB 041219A shows a correlation betweeay and optical emission, thus the observed
initial rise in the optical band is likely intrinsic (Vestid et al. 2005) instead of due to radiation-dust
interaction. This GRB is included in Sample Il instead. As &RB 060218, its early optical-UV
emission is likely to be associated with breakout of the supe shock (Campana et al. 2006;
Waxman et al. 2007), and thus also not due to radiation-dtestaction.
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Tablel The Observational Results of GRBs in Sample | and the Canttraf their Local Molecular

Clouds
GRB z Too  top K* Li_75 Ry AR ny Atons Ty Reference
® © (0 ergs) (po) (po) 0Fem?) (5)  (5)

050820A 2.6 750* 84 3.10(R) 0.6 3.35 3.23 9 646 305 [1,2,3]
060418 1.49 103.1 40 4.07 (H) 2.4 6.91 6.87 4 140 107 [4,5,6]
060607A 3.082 102 73 4.07 (H) 2.3 5.90 5.87 5 200 150 4,7
080319B 0.937 57 89 6.17 V) 260 7.78 7.67 1 50 16 [8,9, 10]
080810 3.35 106 38 3.10 (W) 7.1 11.7 11.4 3 150 67 [11,12]
100906A 1.727 114.4 48.5 3.10 (W) 1.2 4.60 4.48 15 190 83 [431%, 16]

* In the bracket is the passband of the filter. Letters “V,” “bfid “W” denote the V, H and white bands, respectively.
** From the work of Vestrand et al. (2006), rather than Swital

T The time corresponds to the first optical data by TORTORAa#t, fthe optical observations start before the trigger
of this GRB.

References: [1] Prochaska et al. (2005); [2] Ledoux et 80%2; [3] Vestrand et al. (2006); [4] Molinari et al. (2007);
[5] Dupree et al. (2006); [6] Vreeswijk & Jaunsen (2006); [Bdoux et al. (2006); [8] Vreeswijk et al. (2008); [9]
Racusin et al. (2008); [10] Beskin et al. (2010); [11] Pagale2009); [12] Burenin et al. (2008); [13] Gorbovskoy
et al. (2012); [14] Barthelmy et al. (2010); [15] Markwardtad. (2010); [16] Tanvir et al. (2010).

Table 2 The Observational Results of GRBs in Sample Il and the Caims$ of their Local
Molecular Clouds

GRB z Too top Li_75 Reference
(s) (s) (107ergs™t)
041219A 0.31 520 460 3%710~5 [1, 2]
050319 3.24 160.5 30.4 3.9 [3, 4]
050904 6.29 174.2 150.3 1.1 [5]
060526 3.21 298.2 16.1 3.4 [6]
060904B 0.703 1715 21 <6.8x1072 [71
061126 1.16 70.8 42 1:010—2 [8, 9]
071003 1.1 150 44.5 3.0 [10]
071031 2.69 180 59.6 2.3 [11, 12]
080603A 1.69 150 105 58103 [13]
080607 3.036 79 245 2.7 [14]
100901A 1.408 439 113.4 26102 [15, 16, 17]
100902A 4.5 428.8 104 <14 [17]
110205A 1.98 257 166 0.2 [18]

References: [1] Vestrand et al. (2005); [2] Blake et al. @0(B] Quimby et al. (2006); [4] Wozniak et al.
(2005); [5] Boér et al. (2006); [6] Thone et al. (2010); Kiptz et al. (2008); [8] Gomboc et al. (2008);
[9] Perley et al. (2008a); [10] Perley et al. (2008b); [L1]khler et al. (2007); [12] Antonelli et al. (2007);
[13] Guidorzi et al. (2011); [14] Perley et al. (2011); [15h@nock et al. (2010); [16] Immler et al. (2010);
[17] Gorbovskoy et al. (2012); [18] Cucchiara et al. (2011).

Sample | GRBs are listed in Table 1. All the other GRBs that azdtisfy criterion (1) are
grouped intoSample I1. For example, GRB 110205A (Klotz et al. 2011a,b; Cucchiaral.e2011)
started to be detected in the optical band 166 s after beiggetred, but is within the duration of
Too = 257 s. The observed optical light curve already appears to bataal, without a rising part,
which may occur before the start of optical detections. Welusle this burst from Sample | but
include it in Sample Il. As shown in Table 2, there are 13 GRBSample II.
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3.21 Samplel

For GRBs in Sample I, we can follow the same approach we us€eR& 080319B, and the optical
rise can be accounted for by the simple radiation-dustaetern model; at the same time the local
environments of these bursts are constrained by fittingltiserwed prompt optical-UV light curves.

We assume that there is intrinsic optical-UV emission assed with they-ray emission, with
an approximately rectangular light curve profile. The cgdtidV durationAt,s = At(1+ z) is ob-
tained from observations (which is usually comparable aresghat larger than the-ray duration).
The luminosityL, 75 is calculated from observed optical emission, by correctidgth « factor
assuming arf,, o« v~! spectrum (for the white band the saméactor as theR band is assumed).
There are usually fluctuations of optical flux in the platehage, thus we use the average of optical
flux during the plateau phase (i.e. after the rising part agfdre the decay phase) to calculate the
Ly 7.5 values: We average the optical data of GRB 050820A duringéhied oft,,s = 230—722s;
GRB 060418 ofl07 — 137 s; GRB 060607A ofl59 — 205 s; GRB 080810 067 — 261 s; and for
GRB 100906A we use the peak flux at 115 s.

Given Li_75 and At, the maximum dust destruction radilig can be determined to be a
function of densityny. Furthermore, the time, that the optical flux rises to the top value can be
estimated from the observed optical light curve. Once gitlen= AR) = ¢,/ Atons and combined
with the condition ofRq = AR, one obtains a minimumy value,nyg > ng,o, Otherwise, the
destruction front cannot reach the edge of the cloud and toatJV emission escapes from the
cloud. Finally, we apply Equation (7) to fit the rising parttbé optical light curve by takingy (in
the range ol > ng o) andt;, as free parameters. The best fit gives us the resulting vafues
andAR.

The resulting values afy andAR are also listed in Table 1. Illustrations of our fitting resul
for the four bursts included in Sample | are shown in Figurerém the fitting results, we find that
the density of the surrounding molecular clouds are in thgeaf10? — 10* cm~3, while the size,
as indicated byA R, is on the order of~ 10 pc. However, due to a small number of GRBs with an
optical rising part detected in prompt emission, it is ingibke to give the statistical discussion of
the properties of local molecular clouds. Furthermore gibgerved data points in the optical rising
part are usually sparse for an individual GRB, which may aeliarge errors in light curve fitting.
In the future, precise observations are needed to test tlielnand constrain the properties of the
local environment more precisely.

3.2.2 Samplell

For GRBs in Sample Il, because there is no optical rise dadete to the delay of optical observa-
tions, we cannot well constrain the properties of the surding environments. However we still try
to make some constraints, although they are rough. In thes¢shthe time,, when the optical-UV
flux reaches the plateau, i.e. when the dust destructionrieaches the edge of the cloutl; = AR,
can be considered to be smaller than the start time of thealmibservationg,,,. Thus we have
t, < top. Moreover, we take the flux of the first optical data point ttcakate the mean luminosity
in the optical-UV band. In these bursts, the maximum dustrdeson radius must be within the
boundary of the cloudi?q < AR, otherwise the optical emission from these GRBs cannotgener
Thus we constrain the properties of the molecular cloudsanfipde-Il GRBs as follows.
Considering an optical-UV flash with luminosify; _7 5 and duratiolAt = ¢,,/(1 + z), we can
calculate the maximal dust destruction radius as a funatidhe surrounding density. This puts an
upper limit on the value oA R of the relevant GRB. The results for all GRBs in Sample |1 @
in Figure 5. We see that although there are no good constramtiensityny, the value ofAR is
quite well constrained sinc& R does not vary much withy. All cases except GRB 041219A have
upper limits ofAR < 0.1 —2 pc, somewhat less than those of sample-l GRBs. This migtegdson-
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Fig.4 The light curves of prompt optical emission from five otherBRn Sample | besides GRB
080319B. The name and the parametegs &ndt;) for the fittings are as follows. (a) GRB 050820A:
ty = 3058, ng = 3 x 10%,9 x 10%, 5 x 10" cm~%; (b) GRB 060418, = 107s,ng = 3 x 10,
4 % 10%,5 x 10* ecm™3; (c) GRB 060607A%;, = 1508, ny = 3 x 103, 5 x 103, 3 x 10* cm™3;
(d) GRB 080810t = 67s,n11 = 2 x 103, 3 x 103, 3 x 10* cm™3; (e) GRB 100906At;, = 83 s,
nu = 6 x 10, 1.5 x 10*, 3 x 10° cm~2. The black triangles are the optical data. The solid lines
are the predictions from radiation-dust interaction model
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Fig.5 The constraints on the sizes and densities of moleculadslanound GRBs in Sample Il
The region of allowed parameters for each GRB is below thedirresponding to it.

able since the luminosities of sample-Il GRBs are genesatigller than those of sample-l GRBs.
GRB 041219A has an exceptionally small luminosity; its eatfi A R is smaller thanv 0.01 pc.

4 DISCUSSION AND CONCLUSIONS

Long GRBs are believed to be the explosions of massive stemefore the GRBs may occur in the
molecular clouds where their progenitors were born. Inwusk, we show that the prompt optical-

UV emission from GRBs, if originally emitted simultaneoyslith v-ray emission, may appear with

a relative time delay in observations, due to dust extimctithis can explain the optical delayed
onset observed in GRB 080319B well, and the number densitytensize of the molecular cloud

are roughly constrained to bg; ~ 10° cm~2 andAR ~ 8 pc, respectively. We also investigate the
other GRBs with good optical-UV data, and find the densities sizes of the molecular clouds to

be in the range ofiy ~ 102 — 10* cm—2 andAR ~ 10 pc respectively.

We use a simple picture that the effect of extinction is agjpnated as a narrowing of the optical
pulse, retaining a rectangular profile. This neglects th@ndhat there may be fluctuation of the
original flux with time, and that the dust destruction froled not have zero-thickness. Thus the
constraints on the molecular clouds only make sense by ofdeagnitude.

The resultingng and AR constraints suggest high column densities of gas aroundsRB
~ 1022 — 1023 cm™2. Itis interesting to note that Galama & Wijers (2001) obiaisimilar range of
column densities by observations of X-ray afterglow sgeditoreover, our constraints are also con-
sistent with those giant molecular clouds found in the MilMgty, which are observed to have sizes of
10 — 30 pc and average gas densities 6f — 103 cm~3 (Winnewisser et al. 1979; Goldsmith 1987).
Although the molecular clouds that host GRBs seem, from oostaints, to be slightly denser, the
low number of GRBs with prompt optical detection and the spafata points for individual GRBs
prevent us from giving clear conclusions.

One may expect that the initial fast rise of the prompt optitex can be produced by the
afterglow forward shock due to sweep-up of the circumbuesiionm before deceleration. However,
the multi-band observations of two sample-| GRBs 060418@6@b507A show spectral indices in



68 X.H. Cui, Z. Li & L. P. Xin

the optical band of, < v~ %2 andF, « v~°%, respectively. This implies the injection frequency
is below the optical band;,, < v, and requires extremely unusual afterglow model paramseter
e.g. postshock electron energy far smaller than the typaak,e. < 1072, Moreover, most GRBs
in Sample | show increases even faster thanx t3 (e.g. GRBs 060418, 060607A, 080319B and
100906A), which is faster than the model prediction for thee geceleration forward shock emission
atv > v,. One may also expect that the rising part can be accounteoyftine reverse shock
emission due to the process of shock sweeping outflow mhteuigthe predicted temporal slope is
not faster thanF,  t? (Kobayashi 2000). Thus the prompt optical emission is miteyl to be
generated within the outflow.

The density of the surroundings from our constraints is @igh general than the medium den-
sity indicated by afterglow modeling. The X-ray absorberstrie within1 — 5 pc from the GRB,
thus probing the innermost region in the close vicinity of tBRB explosion. Comparing the Hl
column densities from Ly absorption to the metal column densities from X-ray absongh GRB
afterglows, Watson et al. (2007) found that there is no ¢atimn between the column density val-
ues, and the X-ray absorptions often far exceed the HI coldemsities. Based on a detailed study
of the absorption pattern, Campana et al. (2011) found a-mgtallicity absorbing medium for
GRB 090618 in Ne and Si, with best-fitting column densitie$ of 10'7 cm~2. However there is
no contradiction here because the size of the observedlafeis usually on a sub-pc scale, but the
region under scrutiny here covers a much larger seal&) pc, which results from the constraints.
Thus, it may be that in places very close to the GRB'’s locatiom medium density is low while the
regions further-out have much denser gas. This is reasebabhuse the vicinity of the GRB source
may be affected by the progenitor before the GRB explosion.

In our simple model, for given luminosity and duration of frempt optical-UV emission, the
maximum dust destruction radius can be determined. Onsewtthin the boundary of the cloud,
R4 < AR, there will neither be prompt optical emission nor optidéylow emission observed.
The GRB will appear optically dark in this case. It is inte¢ieg to note that only 60% of GRBs
observed by BAT/Swift are detected by UVOT/Swift in the optiafterglows. The “dark bursts”
(van der Horst et al. 2009) are still a mystery. If dust extortis the reason, then by our simple
model, this suggests that the maximum dust destructionaadithe sizes of the molecular cloud are
statistically comparable, i.d2q ~ AR, thus the bright and dark bursts are comparable in numbers.
Indeed, as shown in Table 1, for those bright GRBs in Samplghl metter observations and hence
better constraints?q andAR values are similar.

There are quite a few small robotic telescopes that have be#nand installed around the
world in order to detect the optical counterparts in theyepHase ofy-ray bursts, such as Super-
LOTIS (Park & Band 1997), TAROT (Klotz et al. 2009), PROMPTe{Bhart et al. 2005), ROTSE-
Il (Rykoff et al. 2009), SkyNet, WIDGET (Urata et al. 2011), MASTER Pi of the sky (Burd
et al. 2005), and TORTORA etc. With their large field of view (FOV) and fast slewingilities,
these telescopes are able to detect the prompt opticaliemiss a timescale of minutes after the
trigger of GRBs byy-ray detectors. In the case of the “naked-eye GRB” 080314&:(Rin et al.
2008), the prompt optical emission was caught by the TORT@R&Pi of the sky even with zero
time delay. Besides, the UFFO-Pathfinder (Chen 2011), wdiicts at prompt optical detection on
a timescale of subseconds, will be launched soon; the Grbasdd Wide-Angle Camera array
(GWAC), with a larger FOV £ 8000 square degrees), as part of the ground system in the€ghin
French SVOM mission (Paul et al. 2011), aims to search foofiteeal emission with zero delay,
and will be constructed in the near future. All these robtgiescopes and planned projects will
compile a larger and better sample of prompt optical emisBimm GRBs in the future, leading to
more precise constraints on the GRB local environments.

1 hitp://skynet.unc.edu/
2 http://observ.pereplet.ru/
3 http://mmw.eso.org/public/images/eso0808a/
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