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Abstract We report the optical observations of GRB 121011A by the 0T facility at Xinglong
observatory, China. The light curve of the optical aftengkhows a smooth and featureless bump during
the epoch 0130 s and~5000 s with a rising index of.57 £+ 0.28 before the break time 39+ 44 s, and

a decaying index of about29 + 0.07 up to the end of our observations. Moreover, the X-ray lighte
decays in a single power-law with a slope of abbétl + 0.03 observed by XRT onboar@ift from 100 s

to about 10000 s after the burst trigger. The featurelessalpight curve could be understood as an onset
process under the external-shock model. The typical frecpieas been below or near the optical one before
the deceleration time, and the cooling frequency is loch&tdieen the optical and X-ray wavelengths. The
external medium density has a transition from a mixed stdd&M and wind-type medium before the
peak time to the ISM at the later phase. The joint-analysi-ody and optical light curves shows that the
emissions from both frequencies are consistent with théigtien of the standard afterglow model without
any energy injections, indicating that the central engemestopped its activity and does not restart anymore
after the prompt phase.
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1 INTRODUCTION process is named onset of the afterglow which usually has
a peak time of about 500 s post burst (Liang et al. 2013).

Gamma-ray bursts (GRBs; see e.g., Piran 2005, for a re- The onset process was reported in some bursts (e.g.,
view) are the brightest flashes in the universe. Based ollolinari et al. 2007; Huang et al. 2012), thanks to the
the duration of prompt emission in high energy, GRBs ardast slew capability of th&wift satellite and quick multi-
classified into two groups: long- and short-GRBs. Long-Wavelength follow-up observations by ground-based tele-
duration GRBs are thought to be related to the deatl§copes. In those reports, other radiations from reverse
of massive stars (e.g., Xin et al. 2011). The circumbursghock, internal shock or others were detected in optical or
medium density near the location of a long-duration burs¥-ray light curves. For example, the variation in the op-
might be wind-type (e.g., Dai & Lu 1998; Chevalier & tical light curve of GRB 060607 (Molinari et al. 2007) at
Li 2000; Panaitescu & Kumar 2002; Starling et al. 2008).the later phase was detected. During X-ray observations,
Multi-wavelength afterglows could be detected for almostflares (e.g., Burrows et al. 2005) or emissions in the steep
half of GRBs when a relativistic jet sweeps into the en-decay phase which is related with the internal-shock pro-
vironment medium. Comparisons of optical and X-raycess were detected (e.g., Zhang 2007; Huang et al. 2012).
light curves show that their evolutions are usually diffare  Recently, Li etal. (2015) found that in 87 well sampled and
(Panaitescu et al. 2006; Huang et al. 2007a; Xin et al. 201Zimultaneously observed GRBs, only nine GRBs match the
De Pasquale et al. 2015). For some bursts like the nakedirediction of the standard fireball model, and have a sin-
eye burst GRB 080319B, they are likely to be generatedle power law decay in both energy bands during their en-
by different outflows (Racusin et al. 2008). Optical light tire observations. Some relationships are also investigat
curves show a diverse behavior at the early phase (Kanimong different physical parameters like the isotropic en-
et al. 2011), which could be produced by several type€rdy, peak time, etc. (e.g., Liang et al. 2010; Panaitescu &
of radiations. If there is only forward shock emission, theVestrand 2011; Panaitescu et al. 2013).

brightness in low frequencies (e.qg., optical, infraredjoa In this work, we report a new ideal case of the on-
is predicted to increase over time at the first phase and theset process in optical afterglows of GRB 121011A which
decrease at the later epoch after enough medium is swepts observed by the 0.8m Tsinghua University - National
by the forward shock (Sari & Piran 1999). This kind of Astronomical Observatory of China Telescope (TNT), lo-
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cated at Xinglong observatory, China. Both optical and X-Table 1 Optical Afterglow Photometry Log of GRB 121011A
ray light curves during our observation epoch have no polby TNT. The reference timéj is the Swift BAT burst trigger
lution from other radiations. Thus it is an example of thetime. “I" — To" is the middle time in seconds. “Exposure” is the

“purest” case that demonstrates the onset process. exposure time in seconds. “Merr” means the uncertainty @-ma
. . nitude. All data are calibrated by the USNO B1.0 referenaesst
The multi-wavelength observations and data reduci, R mag. None of the data are corrected for Galactic extinct

tion are reported in Section 2. The light curve and specqwhich is E5_v = 0.03, Schlegel et al. 1998).
tral energy distribution of the afterglow are presented in

Sect@on 3. _Section 4 gives the analysis and discussions: f4; To Engsure ';:lter 18%3% Ovle;;
Section 5 gives the summary. 215 60 W 17.908 0.056
274 40 w 17.582 0.093

330 60 w 17.490 0.043

390 40 w 17.122 0.042

2 HIGH-ENERGY OBSERVATION AND DATA 416 20 w 17.057 0.093
REDUCTION 462 20 w 16.975 0.043
485 20 w 17.040 0.042

At 11:15:30 UT, theSwift Burst Alert Telescope (BAT) 508 20 w 16.951 0.037
triggered and located GRB 121011A. The light curve of 551 40 w 17.014 0.029
L . ; 587 60 R 16.988 0.038

prompt emission shows a single peak-startlng at-9s and g4 60 R 17.019 0.034
ending at about 150 s after the burst trigger. The burst du- 746 60 R 17.127 0.035
rationTy (15—350 keV) is75.6 +12.7 s (Stamatikos et al. 824 60 R 17.222 0.040
2012). TheSwift X-ray Telescope (XRT) and Ultraviolet 903 60 R 17.214 0.039
and Optical Telescope (UVOT) began observing the burst 982 60 R 17.315 0.042
at 97.5s and 150s after the burst, respectively. Follow- ig% 28 g i;jﬁ; 8'822
up observations were made by several ground-based tele- 159, 60 R 17,612 0051
scopes, like the MITSUME 50 cm telescope (Kuroda etal. 1376 60 R 17.565 0.062
2012, GCN 13846) and MASTER (Yurkov et al. 2012, 1455 60 R 17.806 0.062
GCN 13848). 1533 60 R 17.913 0.087
The XRT light curve and spectral data were obtained ig;i 28 g i;:ggg 8:8;2
from the XRT light curve and spectral repository (Evans 1770 60 R 17.970 0.082
et al. 2007, 2009). The XRT spectrum has been regrouped 1848 60 R 17.803 0.075
to ensure at least 3 counts per bin using the grppha task 1927 60 R 18.238 0.124
from XSPEC12. 2006 60 R 18.052 0.084
2085 60 R 18.331 0.116

2165 300 R 18.416 0.061

2.1 TNT Observations 2483 300 R 18.506 0.068
3119 300 R 18.976 0.102

A follow-up observation campaign of GRB 121011A was g;‘g; 388 g ig'ggg 833
carried out using the 0.8m TNT facility at Xinglong obser- 4973 300 R 19 227 0145
vatory. TNT is equipped with a RI300 x 1340 CCD and 4391 300 R 19.242 0.133
filters in the standard Johnson Bessel system. The observa- 4709 300 R 19.581 0.213
tion of the optical transient of GRB 121011A was carried 5027 300 R 19.397 0.225
out with TNT beginning at 114 seconds post 8neéft/BAT 5345 300 R 19.367 0.314

trigger andiV and R-band images were obtained.

Data reduction was carried out following the standar
routine in the IRAE package, including bias and flat-field AFTERGLOWSAND SPECTRAL ENERGY

corrections. Dark correction was not performed since the DISTRIBUTION

temperature of the CCD that was used was cooled down tgiq e 1 shows the optical and X-ray light curves for GRB
—110°C. Point spread function photometry was applied; 10114 The reports from GCN Circular (Fynbo et al.
via the DAOPHOT task in the IRAF package to obtaing13 GCN 13856; Malesani et al. 2012, GCN 13853) after
the instrumental magnitudes. During the reduction, Som@,e TNT observation epoch are collected in order to get
frames were combined in order to increase the signalyger coverage of light curves. All these magnitudes that
to-noise ratio. Absolu_te calibration was performed usingyere reported were re-calibrated by the same stars with
several nearby stars in the USNO B1.0 R2mag. The datggno B1.0 R2 mag. The well samplédiband light curve

of GRB 121011A obtained in this work are reported in;, this work during the epoch of 100 s and 5400 s post

Table 1. burst was well fitted by a broken power-law

03 TEMPORAL PROPERTIES OF MULTI-BAND

way wagq—1/w
1 IRAF is distributed by NOAO, which is operated by AURA, Inc., F=F, [( t > n ( t > } (1)

under cooperative agreement with NSF. g E
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The temporal decaying indices are changed fronmoves to a lower frequency. The optical light curve of the
ap1 = —1.574+0.28 t0 ape = 1.29 £ 0.07 with a break  forward-shock emission is expected to show an initial rise
time ¢, of 539 + 44 s and a smoothness parameteof  with an index of —0.5 to the peak, and is then followed by
1.13 £ 0.34. Thex? is 50.4 with 36 degrees of freedom. a normal decay«{ ~ 1). For the case of GRB 121011A,
The smoothness parameteris similar to the results of the indexin the rising phase is larger than 0.5 (Zhang et al.
GRB 060604 and GRB 060607A (Molinari et al. 2007).2003; Wang et al. 2008), and no rebrightening exists in
We also note that these values are smaller than those tfe following decay phase. All these properties indicate
most bursts (Liang et al. 2010, 2013). that the typical frequency has moved to the optical band

During a similar observation epoch as the optical one(v, < v,) before the peak time observed in the light curve
an X-ray light curve could be fit well with a single power (Type lll case in Jin & Fan 2007) of about 539 s.

law f ~ t~* with a temporal decay index of,; = 1.51+ .
’ . : For the case of GRB 121011A, the decay index of the
2 L
0.03. They” is 26.8 with 20 degrees of freedom. optical afterglow after 539 s post burst 129 + 0.07,

Figure 2 shows the spectral energy distribution fro”\/vhile that of the X-rav i : :
. . . -ray light curve ig.51 + 0.03 during
optical to X-ray afterglows of GRB 121011A in the time he same epoch. The difference in decay indices between

interval [3000s, 4000s] post burst. The spectral index o ptical and X-ray afterglow is about 0.22, which is consis-

?j(-;ay Vﬁs obta:jneld ?sz - —|1.1 + O'6|5 after fitt;ng lthe tent with the case af, < v. < vx in the ISM under slow
ata with a modet ot a singie power a\.[ﬁ”(N V) plus cooling and without any injection in the frame of the stan-
absorption due to the interstellar medium (ISM) |nclud—dard forward shock model (Zhang et al. 2006; Gao et al.

'tf"g Imloleculgrsh_an_d %rams. TTE u(;lctert_aw;:]yﬂ?tf rela- . 2013), wherev, is the cooling frequency of synchrotron
Ively large. This IS because the data in the Titing région , it This scenario is also consistent with the result

are sparse. However, regardless of the uncertainty, the?’—?gure 2 that optical flux is smaller than the prediction of
optical data are located below the extrapolation of the X'X-ray emission, regardless of the uncertainty in the spec-

ray spectral emission. tral slopeg,. If this were the case, the electrical energy

indexp would be estimated to be about 2.68 with the rela-
4 ANALYSISAND DISCUSSION tionshipp = (4 x a, +2)/3.

4.1 Estimatethe Redshift

o ) 4.3 Congtraining the Circumbur st M edium beforethe
Redshift is one of the essential parameters for constrain-  pDeceleration Phase

ing the properties of a burst. However, there is no specific
report about the redshift of GRB 121011A in the litera-
ture. For the following analysis, we try to restrict the red-
shift based on multi-wavelength observations in the litera
ture, especially in the blue band. According to the report
by Holland & Racusin (2012), during a similar epoch ob-
served by UVOT onboar8wift, a successful detection of
about19.67+0.07 mag was obtained in blue bandwhile

upper limits of 20.9, 22.6 and 21.0 mag were only given b
more bluer filters ofuvw1, uvm?2 anduvw?2 respectively.

Long-duration GRBs are thought to be related to the deaths
of massive stars, which indicates that the environment
around the bursts would not be ISM but rather a wind-type-
fike medium. Within the standard forward shock model,
the slopes in the rising and decaying phases of an after-
glow onset depend on the circumburst medium density pro-
file parametek in the profile ofn = no(R/R;)~* (Liang

Yet al. 2013), wherey = 1 cm—3, R, is the transition ra-

A ing that the fail f afteralow detection farwl dius at which the medium changes into a constant density
ssuming that the faiiure ot altérgiow detection rarw ISM from a wind-type medium. In the spectral regime of

band is caused_by t_he byforest, but.theu filtgr is not,_ vm < Vo < V. andp > 2, the rising slopev is predicted to
the Lya absorption line would be gs'umated in the regioN,q 4 constant value of 3 for the ISM case (e.g., Sari & Piran
of 2600 <.1216(.1 +2) < 3465, which conversely makes 1999; Huang et al. 2007b), and it will be a varying value
the redshift be in the region of L1.13, 1.84], cons@ermgwith the relation ofa — (p — 1),2 for the wind model.
the central wavelengths of(3486A) anduvw1 (26004) — \ujith the estimation of ~ 2.68, thea would be deduced
(Roming et al. 2005). For simplicity, the redshift of 1.5 is to be (2.68 — 1)/2 — 0.84. The predicted values in both

ad?p;fed tm ourhd|?ct;ﬁ33|or! in the :1e>§t se(;tl?rr]\_s, Wh'lfh doel%M and wind cases are not consistent with the rising value
not affect much of the main conclusions in this work. for the case of GRB 121011A.

4.2 Test with the Standard Forward Shock Model Considering the circumburst medium density profile
parametek in the thin-shell forward-shock model (Liang

An interesting signature for the afterglow of GRB et al. 2013), it gives a rising index = —3 + k(p + 5)/4.
121011A is that the chromatic behavior during the earlyFor GRB 121011A, the parameteis deduced to be about
phase in which the optical emission is rising while X-ray 1.3 with the values ofvx = —1.51 andp = 2.68 which
emission has been in the deceleration phase. According &re estimated above by analysis of the decaying part. This
the forward shock synchrotron model, electrons accelerresult shows that at the early epoch before the deceleration
ated in the shock emit synchrotron radiation. As the firebaltime, the medium density is a mixture of ISM and wind-
slows down, the synchrotron peak frequency progressiveliype medium.
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Fig.1 The optical and X-ray afterglow light curves of GRB 12101 Red data show th&-band light curve observed by the TNT
facility, and are calibrated by USNO B1.0 R2 mag. Blue datasthe X-ray light curve. All X-ray data are transformed byphjing
—12-2.5< log,, f for clarity of comparison.
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Fig.2 Optical to X-ray spectral energy distribution of GRB 12181ifh the time interval [3000 s, 4000 s] post burst. The optara is
corrected for Galactic extinction. The black dashed linenshthe best fit for the X-ray emission, and the black dottee §hows the
extrapolation for the spectral indef(~ ) of X-ray emission.

4.4 No Signaturesof Reverse Shock and Long Lasting  terglow phase (e.g., Kobayashi & Sari 2000). The non-
Central Engine Activity detection of a reverse-shock in the optical band of GRB
121101A could be classified as the type-Ill case (Jin & Fan

. L 2007). The lack of an optical flash is naturally explained in
According to the standard relativistic fireball model, re-y o standard model if the typical frequency of the forward

verse shocks are expected to radiate emissions in the lo%%ock emission is lower than the optical band < v

wavelength bands in optical, infrared and radio with shortat the onset of afterglow, as discussed in Section 4".3. At
bright optical flashes (e.g., Akerlof et al. 1999) and/or in'the peak time, the forwérd and reverse shocked regions

tense radio afterglows (e.g., Kul_karm et _al. 1999) by ex1ave the same Lorentz factor and internal energy density.
ecuting a synchrotron process in a particularly early af-
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The cooling frequency of the reverse shock is equal to thatameterk ~ 1.3. If considering the case aR ~ Rgec,

of the forward shock. The matter density in the reversehe external medium density is ~ ny ~ 1. Under these
shocked region is much higher than in the forward shoclconditions, the estimation above for the initial Lorentz-fa
region, making the electron temperature lower. The typitor could be adopted, an, is less dependent on, n

cal frequency of the reverse shock is therefore much loweand £, s, 52. As a result, a relationship between the ini-
than that of the forward shock (e.g., Kobayashi & Zhangtial Lorentz factor and the peak time in the rest-frame
2003; Mundell et al. 2007; Melandri et al. 2010). Anotherwas deduced by Liang et al. (2010), which wagI'y =
possibility for the lack of optical flash is that all the emis- (3.59 + 0.11) — (0.59 £ 0.05)logt, .. For the case of
sion is produced in a magnetically dominated outflow (JinGRB 121011A, based on the relationship and a redshift
& Fan 2007; Zhang et al. 2003). of roughly 1.5, the peak time would lig ., ~ 230. If this

In the Swift era, the behavior of X-ray emission at the Were the casdy can be inferred to be 157.
early phase is very complex. High latitude prompt emis-
sion (the first steep decay phase) and flares in the earfy SUMMARY
epoch are observed in most bursts (e.g., Chincarini et
2010), which are thought to be related to the central engiﬁg

activity. The shallow-decay phase (or plateau phase) in th[|sing index ofl.57+0.28 before the break time 6B89-+44

canonical light curve (e.g., Zhang et al. 2006) is also con S
sidered to be caused by energy injection (Dai & Lu 1998> and a decaying index of abdu29+0.07 up to the end of

2000; Fan & Xu 2006: Yu & Huang 2013) from long- our observations. Moreover, the X-ray light curve decays

lasting central engine activity or other sources (for a reln @ single power-law with a slope of abolb1 + 0.03

view, see Zhang 2007). Unlike most bursts reported beforéfom 1.00 S to about 10 OQO s_after the burst. The joint-
GRB 121101A shows a single decay during all of its X- a}naIyS|s of X-ray and .opt-|cal light curves after -the_peak
Jime shows that the emission from both frequencies is con-

decay phase is observed as early as the beginning of (sistent with the prediction of the standard afterglow model

observation at ~ 100 s, indicating that the central en- under the condition Qf ISM, and the coaling frequency is
gine stops its activity at- 100 s post its initial burst. The Ipcated between optical and X-ray. At the early phase, the

emission related to the prompt emission must decay ver sing index in the optical light curve is different from the
rapidly from a very early time. Furthermore, the central redictions of the standard model under the cases of ISM

engine does not restart anymore at the later phase. and wind—typg, bqt is cons_istent with the condition that.the
external medium is at a mixed stage of the ISM and wind-
o o type. In addition, the typical frequeney, has moved to
4.5 The Onset Processand Constraining the I nitial optical before the deceleration time, since there is ncesign
L orentz Factor ture indicating the transition by, from optical frequency
_ ) ) (Jin & Fan 2007). No radiation from other mechanisms like
The smooth and featureless light curve in the optical afterreyerse shock or those related to the internal shock are de-
glow of GRB 121011Ais clearly consistent with the pre-ected in either optical or X-ray light curves during all the

the medium in the environment around the burst (e.9., Sathe onset of afterglows.

& Piran 1999; Kobayashi & Zhang 2007). Since the break
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