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LSST and SVOM 

LSST : Time Domain Astronomy 
Starts operations in 2021 

SVOM : hard X-ray transients 
Launched in 2021 

After 2020, French astronomers will be involved in two major projects  
for the study of the variable sky at different wavelengths.  

We must start thinking how to best use the synergy  
between these two projects  
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Outline 

•  Presentation of SVOM 

•  GRBs afterglows with LSST 
–  On-axis afterglows 
–  Orphan afterglows 

•  Perspectives 

Warning: this talk presents some very preliminary ideas, which will deserve 
additional work with the new start of SVOM  

Paris -- 2014, June11th Colloque LSST-France 3 



The SVOM mission  

•  SVOM is a GRB mission designed for GRB detection, alert & 
follow-up 

–  Hard X-ray survey:  
•  Sky activity and arcminute source positions over ~10% of the sky (ECLAIRs) 
•  Sky activity and degree source positions over ~30% of the sky (GRM) 

–  X-ray and visible follow-up from space (MXT & VT -- Rlim≈24) 
–  Visible and NIR follow-up from the ground (GWAC & GFTs -- Rlim≈22, 

Jlim≈20) 

–  Fast alert transmission 
–  <1 day ToO capability 
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Astrophysics with GRBs  

•  GRBs permit various studies: 
–  The physics of stellar explosions 
–  The physics of relativistic jets 
–  The death of massive stars and the birth of stellar mass black holes 

–  The composition and physical state of distant galaxies 
–  The evolution of the IGM and the epoch of reionization 
–  The cosmological parameters (standard candles) 

–  GRBs are potential sources of GWs, neutrinos and CRs... 

–  They can test some predictions of fundamental physics (Lorentz 
invariance…) 

•  Addressing these questions require complex observing strategies due 
to the diversity of GRBs and the dynamic range of timescales and 
luminosities 
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The detection of GRBs 

•  All GRBs known to date have been detected from space in X-rays or 
γ-rays (GRB energetics). 

•  All distances have been measured on the ground.  

==> GRBs require an excellent synergy between space and ground. 

•  The direct detection of GRB afterglows in visible from the ground is 
still awaited 
–  We tried with Megacam at the CFHT without success (Malacrino et al. 

2007)  
–  The LSST may detect a few dozen untriggered GRB afterglows per year  
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GRB  
hard X-ray 
light-curves 
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GRB 970228: 

the discovery of 
GRB afterglows 
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X-rays 

Visible  



1 minute 

Bloom et al. 2009 

GRB 080319: 
Optical light-
curve of a very 
bright GRB 
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Wide field (~2 sr) GRB trigger camera 
(4 - 150 keV) 
Surface ~ 1000 cm2 
Image and count rate trigger 
Role: GRB detection & localization 

Non imaging spectrometer (~2 sr) 
(50 keV -  5 MeV) 
Role: measure Epeak up to ~500 keV 
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-ray Telescope  
(0.2-10 keV) 
Role: 70*'(0")20"879"4$3')'$(:""
;8"*$,,$.-+4"
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Ground Wide (~2 sr) Angle Camera (V band) 
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The 5th instrument… 
 The VHF transmission 
system: an emitter on-
board broadcasts GRB 
positions. The signal is 
received by a network of 
small VHF antennas 
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The pointing strategy of SVOM  
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* Assuming an obs. start time at T0 + 5 min 
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SVOM status 

•  The mission is undergoing a new start, with a launch planned in 
2021 

•  France provides a significant hardware contribution: the γ-ray 
imager (ECLAIRs), the X-ray telescope (MXT) and the VHF alert 
network.  

•  China provides the launch and the satellite, with the γ-ray 
spectrometer (GRM) and the Visible Telescope (VT) 

•  The instruments are currently under development 

•  SVOM will detect ~80 GRB/yr, which are adequately located for fast 
follow-up from the ground 
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GRB studies with LSST 



Basic GRB statistics 

•  ~1000 GRB/yr all sky 

•  Beaming implies that GRBs are 102-103 time more frequent than the 
observed rate  prediction of the existence of orphan afterglows 

•  LSST will permit the detection of GRBs from their optical emission, 
with a reasonable rate for the first time  untriggered afterglows 

•  At present, there is a single untriggered afterglow candidate: 
PTF11agg (Cenko et al. 2013) 

•  We discuss the detection of on-axis GRB afterglows and off-axis 
GRB afterglows (“orphan afterglows”) 
–  “Untriggered afterglows are not all orphans” 
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GRB statistics – corrected for beaming 

•  For long GRBs, the beaming angle is estimated to be few degrees, we see 
one GRB out of several hundred. 

•  The jets of short GRBs could be more open (10°-30°), and we may see one 
short GRBs out of several ten. 

•  The energy budget is strongly reduced 
–  Long GRBs: Eγ≈ 1051-52 erg  
–  Short GRBs: Eγ≈ 1048-49 erg  

•  The space density of GRBs is increased 
–  Long GRBs: 100-1000/Gpc3/yr – few % of the rate of SN Ibc (~9000/Gpc3/yr)  
–  Short GRBs: 100-1000/Gpc3/yr – comparable to the rate of NS-NS mergers 

•  In the near future the detection of orphan afterglows may lead to more 
precise estimates 
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Detecting GRB afterglows with LSST 

•  LSST will arrive on the spot 1-4 
days after the GRB. The 
afterglow will typically be 
visible in 1 to 3 « visits » 

•  Don’t use LSST for the follow-
up of well localized GRBs! 

•  GRB afterglows will be difficult 
to recognize if we don’t know 
that there was a burst (with the 
prompt high energy emission) 

•  Orphan afterglows will be even 
more difficult to recognize 
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Detecting GRB afterglows with LSST 

•  Some difficulties: 
–  LSST will not detect dark GRBs 
–  The afterglows of short GRBs may also be too faint after 1-2 days (TBC) 
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Orphan afterglows… 
Y. C. Zou et al.: detectability of orphan afterglows 117
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Fig. 2. Sketch for observations of orphan R-band afterglows. The
three solid lines indicate the light curves with different observing an-
gles. The one with θobs = 0 is not an orphan afterglow, which is plotted
here as a reference. The horizontal dashed line represents a given lim-
iting magnitude. The earliest and latest times (tmin and tmax) at which
an orphan afterglow are observed are represented by vertical dotted
lines.

GRBs and Robs
GRB = 667 yr−1 is the observed GRB rate. Here

we assume all the GRBs can be observed if the observer is lo-
cated within the solid angles of the jets and the redshift range is
0 < z < 10.

If the exposure time is not too long (shorter than tobs), the
number of detectable orphan afterglows in a single snapshot over
the whole sky can be expressed as

Norph =

∫ 10

0

n(z)
(1 + z)

dV(z)
dz

dz
∫ θj,max

θj,min

P(θj)dθj

×
∫ θmax(z,mlim)

θj

tobs(z, θobs, θj,mlim)θobsdθobs, (7)

where θmax(z,mlim) is the maximum observing angle, which sat-
isfies tmax(θmax) = tmin(θmax), and P(θj) is the observational dis-
tribution function of half-opening angles of the jets with the up-
per and lower limits θj,max and θj,min, which satisfies (Lamb et al.
2005)

P(θj) =
θ−1

j

ln(θj,max/θj,min)
· (8)

3. Numerical results

If the model parameters are given, the detectability of orphan
afterglows can be estimated by Eq. (7). The main difference
in detectability comes from the limiting magnitudes of detec-
tors. Figure 3 shows the number of orphan afterglows that can
be detected by one exposure on the whole sky. The solid line
is the standard result, with parameters Ej = 1 × 1051 erg, n =
1 cm−3, p = 2.2,α2 = 1.8, εe = 0.1, εB = 0.01, ν = 4.55 ×
1014 Hz, θj,min = 0.01, and θj,max = 1, where Ej, n, p, εe, εB, and ν
are the same as in Nakar et al. (2002). As the pre-break temporal
index of the optical light curve is about −1 (Zhang & Mézsáros
2004), we choose α2 = α1 + 3/4 # 1.8. The θmin = 0.01 is
adopted from Lamb et al. (2005). We take θmax = 1, which does
not influence the estimation significantly when we consider the
distribution of half-opening angles of the jets. We also show the
results of Nakar et al. (2002) in this figure with their canoni-
cal (θj = 0.1) and optimistic (θj = 0.05) parameters. For com-
parison, we plot the dotted line for a fixed half-opening angle
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Fig. 3. The estimated number of orphan afterglows in a snapshot for the
whole sky, as a function of the limiting flux density of detectors. The
solid line represents our standard parameterized result, with Ej = 1 ×
1051 erg, n = 1 cm−3, p = 2.2, α2 = 1.8, εe = 0.1, εB = 0.01, ν =
4.55 × 1014 Hz, and a power-law distribution of half-opening angles of
the jets with θj,min = 0.01, θj,max = 1. The thick dashed line and the
thin dashed line are respectively the canonical line and optimistic line
in Nakar et al. (2002), who assumed a laterally spreading jet. The jets
have fixed initial half-opening angles θj = 0.1 and 0.05. The dotted line
denotes the same parameters as the canonical line in Nakar et al. (2002),
but the assumption of no sideways expansion is used. The dot-dashed
line is the same as the dotted one except for the SFR model in Porciani
& Madau (2001).

θj = 0.1 and the SFR model in Nakar et al. (2002). One differ-
ence between the dotted line and the thick dashed line is the tem-
poral index after the break time. We can see that the difference in
detectability is due to the sideways expansion. Approximately,
the flux density after the break time tj is Fν(t⊕) # Fν,j(t⊕/tj)−p

in the sideways expansion case and Fν(t⊕) # Fν,j(t⊕/tj)−α2 in
the non-sideways expansion case. Note that Fν,j and tj have the
same values in both cases, since the breaks both take place when
γ # 1/θj, and before the jet break time, both cases show isotropic
evolutional behavior (Rhoads 1999; Mézsáros & Rees 1999).
Neglecting tmin and θj in Eq. (7) and the potential influence of
different spectra, we obtain the ratio of the detectabilities in
the two cases (i.e., no sideways expansion vs. sideways expan-
sion): Norph,NSE/Norph,SE # (Fν,j/Fν,lim)11/(8α2)−3/(2p). In general,
if α2 < p, then 11/(8α2) > 3/(2p) and thus Norph,NSE > Norph,SE.
For a larger limiting magnitude (i.e. smaller Fν,lim), the ratio be-
comes higher. This is why in Fig. 3 the dotted line is higher than
the thick dashed line for greater mlim. To show the effect of dif-
ferent SFR models, the dot-dashed line uses the SFR model in
Nakar et al. (2002)1 with zpeak = 1, and the dotted line con-
siders the SFR model in Eq. (6). These two lines are close to
each other, which shows that the effect of the SFR models is
insignificant. We note that the distribution of half-opening an-
gles of the jets leads to further suppression of the detectability,
which results in the difference between the dot-dashed and the
solid lines. Combining the effects of the sideways expansion and
distribution of the jet’s half-opening angles, we obtain standard
results (solid line in Fig. 3).

1 The form of the SFR is

n(z) = B
{

100.75z z ≤ zpeak,
100.75zpeak z > zpeak,

where B is the normalization factor.
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The expected rate of orphan afterglows  Y. C. Zou et al.: detectability of orphan afterglows 117
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Fig. 2. Sketch for observations of orphan R-band afterglows. The
three solid lines indicate the light curves with different observing an-
gles. The one with θobs = 0 is not an orphan afterglow, which is plotted
here as a reference. The horizontal dashed line represents a given lim-
iting magnitude. The earliest and latest times (tmin and tmax) at which
an orphan afterglow are observed are represented by vertical dotted
lines.

GRBs and Robs
GRB = 667 yr−1 is the observed GRB rate. Here

we assume all the GRBs can be observed if the observer is lo-
cated within the solid angles of the jets and the redshift range is
0 < z < 10.

If the exposure time is not too long (shorter than tobs), the
number of detectable orphan afterglows in a single snapshot over
the whole sky can be expressed as

Norph =

∫ 10

0

n(z)
(1 + z)

dV(z)
dz

dz
∫ θj,max

θj,min

P(θj)dθj

×
∫ θmax(z,mlim)

θj

tobs(z, θobs, θj,mlim)θobsdθobs, (7)

where θmax(z,mlim) is the maximum observing angle, which sat-
isfies tmax(θmax) = tmin(θmax), and P(θj) is the observational dis-
tribution function of half-opening angles of the jets with the up-
per and lower limits θj,max and θj,min, which satisfies (Lamb et al.
2005)

P(θj) =
θ−1

j

ln(θj,max/θj,min)
· (8)

3. Numerical results

If the model parameters are given, the detectability of orphan
afterglows can be estimated by Eq. (7). The main difference
in detectability comes from the limiting magnitudes of detec-
tors. Figure 3 shows the number of orphan afterglows that can
be detected by one exposure on the whole sky. The solid line
is the standard result, with parameters Ej = 1 × 1051 erg, n =
1 cm−3, p = 2.2,α2 = 1.8, εe = 0.1, εB = 0.01, ν = 4.55 ×
1014 Hz, θj,min = 0.01, and θj,max = 1, where Ej, n, p, εe, εB, and ν
are the same as in Nakar et al. (2002). As the pre-break temporal
index of the optical light curve is about −1 (Zhang & Mézsáros
2004), we choose α2 = α1 + 3/4 # 1.8. The θmin = 0.01 is
adopted from Lamb et al. (2005). We take θmax = 1, which does
not influence the estimation significantly when we consider the
distribution of half-opening angles of the jets. We also show the
results of Nakar et al. (2002) in this figure with their canoni-
cal (θj = 0.1) and optimistic (θj = 0.05) parameters. For com-
parison, we plot the dotted line for a fixed half-opening angle
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Fig. 3. The estimated number of orphan afterglows in a snapshot for the
whole sky, as a function of the limiting flux density of detectors. The
solid line represents our standard parameterized result, with Ej = 1 ×
1051 erg, n = 1 cm−3, p = 2.2, α2 = 1.8, εe = 0.1, εB = 0.01, ν =
4.55 × 1014 Hz, and a power-law distribution of half-opening angles of
the jets with θj,min = 0.01, θj,max = 1. The thick dashed line and the
thin dashed line are respectively the canonical line and optimistic line
in Nakar et al. (2002), who assumed a laterally spreading jet. The jets
have fixed initial half-opening angles θj = 0.1 and 0.05. The dotted line
denotes the same parameters as the canonical line in Nakar et al. (2002),
but the assumption of no sideways expansion is used. The dot-dashed
line is the same as the dotted one except for the SFR model in Porciani
& Madau (2001).

θj = 0.1 and the SFR model in Nakar et al. (2002). One differ-
ence between the dotted line and the thick dashed line is the tem-
poral index after the break time. We can see that the difference in
detectability is due to the sideways expansion. Approximately,
the flux density after the break time tj is Fν(t⊕) # Fν,j(t⊕/tj)−p

in the sideways expansion case and Fν(t⊕) # Fν,j(t⊕/tj)−α2 in
the non-sideways expansion case. Note that Fν,j and tj have the
same values in both cases, since the breaks both take place when
γ # 1/θj, and before the jet break time, both cases show isotropic
evolutional behavior (Rhoads 1999; Mézsáros & Rees 1999).
Neglecting tmin and θj in Eq. (7) and the potential influence of
different spectra, we obtain the ratio of the detectabilities in
the two cases (i.e., no sideways expansion vs. sideways expan-
sion): Norph,NSE/Norph,SE # (Fν,j/Fν,lim)11/(8α2)−3/(2p). In general,
if α2 < p, then 11/(8α2) > 3/(2p) and thus Norph,NSE > Norph,SE.
For a larger limiting magnitude (i.e. smaller Fν,lim), the ratio be-
comes higher. This is why in Fig. 3 the dotted line is higher than
the thick dashed line for greater mlim. To show the effect of dif-
ferent SFR models, the dot-dashed line uses the SFR model in
Nakar et al. (2002)1 with zpeak = 1, and the dotted line con-
siders the SFR model in Eq. (6). These two lines are close to
each other, which shows that the effect of the SFR models is
insignificant. We note that the distribution of half-opening an-
gles of the jets leads to further suppression of the detectability,
which results in the difference between the dot-dashed and the
solid lines. Combining the effects of the sideways expansion and
distribution of the jet’s half-opening angles, we obtain standard
results (solid line in Fig. 3).

1 The form of the SFR is

n(z) = B
{

100.75z z ≤ zpeak,
100.75zpeak z > zpeak,

where B is the normalization factor.
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Some constraints 
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PTF11agg, The first “untriggered” GRB afterglow?  

•  Cenko et al. 2013: « Discovery of a Cosmological, Relativistic 
Outburst via its Rapidly Fading Optical Emission » 

27 

The Astrophysical Journal, 769:130 (16pp), 2013 June 1 Cenko et al.

Figure 2. Optical light curve of PTF11agg, compared with a representative sample of afterglows of long-duration GRBs discovered by the Swift satellite (Cenko
et al. 2009). The Swift GRBs are color-coded by redshift; small black points indicate GRBs with unknown distance. The observed power-law decline from PTF11agg
(α = 1.66) is consistent with GRB afterglow observations at ∆t ≈ 1 day after the burst. Though at the high end of the observed brightness distribution at ∆t ≈ 0.2 days,
a sizeable fraction (∼10%) of Swift events have a comparable R-band magnitude at ∆t ≈ 1 day. The inverted triangles mark 3σ upper limits.
(A color version of this figure is available in the online journal.)

Table 1
Optical/Near-infrared Observations of PTF11agg

Date Telescope/Instrument Filter Exposure Time Magnitude
(MJD) (s)

55590.30519 P48/CFHT12k R 540 >21.9
55591.22026 P48/CFHT12k R 60 18.26 ± 0.05
55591.22245 P48/CFHT12k R 60 18.25 ± 0.04
55591.23391 P48/CFHT12k R 60 18.36 ± 0.05
55591.25326 P48/CFHT12k R 60 18.51 ± 0.08
55591.26691 P48/CFHT12k R 60 18.51 ± 0.04
55591.26800 P48/CFHT12k R 60 18.61 ± 0.06
55591.33081 P48/CFHT12k R 60 18.53 ± 0.17
55591.36188 P48/CFHT12k R 60 18.96 ± 0.28
55591.40604 P48/CFHT12k R 60 19.36 ± 0.10
55591.42439 P48/CFHT12k R 60 19.46 ± 0.09
55591.43978 P48/CFHT12k R 60 19.51 ± 0.10
55593.40775 P48/CFHT12k R 420 22.15 ± 0.33
55594.23819 P48/CFHT12k R 300 >21.2
55621.19100 PAIRITEL H 2246 >20.4
55621.19100 PAIRITEL J 2246 >20.6
55621.19100 PAIRITEL Ks 2246 >19.7
55624.49–55678.28 Keck I/LRIS g′ 6680 26.63 ± 0.33
55624.49–55678.28 Keck I/LRIS R 5700 26.28 ± 0.28
55830.60259 Keck I/LRIS g′ 2100 26.34 ± 0.19
55830.59849 Keck I/LRIS R 2160 26.17 ± 0.22
55944.22461 Magellan/IMACS I 2400 >25.2
56014.27324 P200/WIRC Ks 1200 >22.6

(PAIRITEL; Bloom et al. 2006) on 2011 March 1 (∆t =
30 days). A total exposure time of 2246 s was obtained
simultaneously in the J, H, and Ks filters. Raw data files were
processed using standard NIR reduction methods via PAIRITEL
Pipeline III (C. Klein et al., in preparation), and resampled using
SWarp (Bertin et al. 2002) to create 1.′′0 pixel−1 images for final
photometry.

We also observed the location of PTF11agg with the Wide-
Field Infrared Camera (WIRC; Wilson et al. 2003) mounted
on the 5 m Hale telescope at Palomar Observatory. The images
were obtained in the Ks filter on 2012 March 28 (∆t = 423 days)
for a total exposure time of 1200 s. The individual frames were
reduced using a custom pipeline within the IRAF environment
(Tody 1986). Both the PAIRITEL and WIRC images were
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Perspectives for GRBs 

•  In the next decade LSST may detect a few tens of GRBs/yr, with 
selection effects quite different from GRB detectors in space: LSST 
will open a new window for GRB studies. 

•  GRBs detected with LSST and SVOM (or another GRB satellite) will 
be crucial to calibrate LSST-only GRBs. 

•  Many questions exist, that require detailed simulations: 
–  Which type of GRBs afterglows will be detected with LSST? 
–  What are the brightness and redshift distributions of GRB afterglows 

that will be detected with LSST? 
–  How can we recognize GRB afterglows in LSST?  
–  How can we recognize orphan GRB afterglows in LSST? 
–  How many GRBs/yr will be detected with SVOM and LSST 

simultaneously 
–  … 
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More perspectives 

•  SVOM-ECLAIRs will observe all types of hard X-ray transients, not 
only GRBs. Many of them will be of interest for LSST: AGN activity, 
X-ray binaries, SN shock breakout… 

•  We are witnessing some specialization of Astronomy: Survey 
Astronomy (e.g. LSST)  and Alert Astronomy (e.g. SVOM) have 
different constraints but they are fully complementary:  
–  Surveys require fast follow-up 
–  Alerts require accurate catalogs  

•  Need to have few French co-Is of SVOM involved in the LSST 
consortium? 
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The end 
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Two Ground-based Follow-up Telescopes 

•  The prime goal of the 2 GFTs is the early identification of GRB 
afterglows from the ECLAIRs positions 

–  GFT-1 is the chinese GFT at Xinglong observatory (TNT / EST)  
–  GFT-2 is the French-Mexican GFT at OAN-SPM 

•  Instrumentation of GFT-2 (2 channels) 
–  1 visible camera 4k x 4k 
–  1 NIR camera 2k x 2k H2RG 
–  1 medium resolution spectrograph (TBC) 

•  GRB objectives of GFT-2: 
–  Localization of SVOM GRBs, including dark GRBs 
–  Observation of the early afterglow in visible/NIR 
–  SED of the early afterglow 
–  Study of the prompt visible emission of long GRBs 
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