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Abstract

GRB 220627A, detected by Fermi Gamma-ray Burst Monitor (GBM), shows two episodes of gamma-ray
emission, which are separated by a ~700 s long quiescent phase. Due to similar temporal shapes and spectra in the
two episodes, GRB 220627A is speculated to be a gravitationally lensed gamma-ray burst (GRB). We analyze
Fermi Large Area Telescope (LAT) data and find that about 49 gamma-ray photons above 100 MeV come from the
GRB during the first episode, while there are no photons above 100 MeV in the second episode. Based on the
broadband spectral study of the two episodes, the gravitationally lensing scenario can be ruled out at a high
confidence level and we thus conclude that GRB 220627A is an intrinsically ultralong GRB with the prompt burst
emission lasting longer than 1000 s. It is then the first case that GeV emission is detected from an ultralong GRB.
We find that a short spike seen in the LAT light curve is also present in GBM detectors that see the burst,
suggesting a common internal region of emission across the entire Fermi energy range. The detection of a 15.7
GeV photon during the early prompt phase places a lower limit of I" > 300 on the bulk Lorentz factor of the GRB

ejecta. The constraint on the bulk Lorentz factor could shed light on the origin of ultralong GRBs.

Unified Astronomy Thesaurus concepts: Gamma-ray bursts (629); High energy astrophysics (739)

1. Introduction

Gamma-ray bursts (GRBs) are the explosive phenomena in the
universe and are usually divided into two classes based on their
duration: long and short GRBs (e.g., Mazets et al. 1981; Norris
et al. 1984; Kouveliotou et al. 1993). These objects have different
progenitors, with the short (lasting less than 2 s) GRBs believed to
be formed in the merger of two compact objects (e.g., Abbott et al.
2017) and long (lasting more than 2 s) GRBs originating from the
core-collapse of massive stars (e.g., Galama et al. 1998). Recently,
several works have proposed an additional category of “ultralong”
gamma-ray bursts (ULGRBs)(Gendre et al. 2013; Stratta et al.
2013; Levan et al. 2014), GRBs with a duration of kiloseconds or
longer. It has been proposed that the ULGRBs may have different
progenitors than normal long-duration GRBs, such as blue
supergiants (Nakauchi et al. 2013; Levan et al. 2014; Perna
et al. 2018), white dwarf tidal disruption events (WD-TDEs;
Krolik & Piran 2011; Levan et al. 2014; Ioka et al. 2016), and
newborn magnetars (Gompertz & Fruchter 2017; Zou et al. 2019).
The blue supergiant model is a simple extension of the collapsar
model for normal long GRBs, in which the ultralong duration
arises from the much more extended envelope of the progenitor
star, which leads to a much longer activity of the central engine
(Kashiyama et al. 2013; Nakauchi et al. 2013). The WD-TDE
model is an extension of the model for jetted TDE Swift J1644
+57 to a slightly shorter duration (Ioka et al. 2016). In the
magnetar model, a rotating neutron star with a high surface
magnetic field launches a magnetized jet for the duration of its
spin-down time. Each progenitor model has distinct advantages
and constraints when describing their observed properties. To date
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there is no smoking-gun observation of the progenitor of an
ULGRB, and so each of these models remain plausible.

At 21:21:00.09 UT on 2022 June 27, the Fermi Gamma-ray
Burst Monitor (GBM) triggered and located GRB 220627A
(Fermi GBM Team 2022; Roberts et al. 2022), which was also
detected by the Large Area Telescope (LAT; di Lalla et al.
2022), Konus-Wind (Frederiks et al. 2022), and Swift-BAT-
GUANO (Raman et al. 2022). Separately, about 1000 s later at
21:36:56.39 UT, the GBM triggered, localized to a similar
location, which was regarded as GRB 220627A triggered once
again by the GBM. The duration (7y) of the gamma-ray
emission in the first episode is about 138 s (10-1000 keV), and
that in the second episode is 127 s (10-1000 keV) (Roberts
et al. 2022). Due to the similar temporal shapes and spectra in
the two episodes, GRB 220627A is speculated to be a
gravitationally lensed GRB (Roberts et al. 2022). On the other
hand, if the emission origin in the second episode is not due to
gravitational lensing, GRB 220627A will be an ultralong GRB,
given its extremely long duration.

Gravitational lensing produces multiple images of the same
source, which differ in intensity but have the same spectral
shapes. Similarly, in time-varying sources, the temporal profile
will be the same but shifted in time for different images. For
lensed GRBs, lensed images are separated by milliarcseconds
to arcseconds depending on the mass of the lens (e.g.,
millilensing events with mass 10* — 10’ M., and marcrolensing
events with mass >10" M_; Treu 2010; Lin et al. 2022), which
cannot be resolved by current gamma-ray detectors. On the
other hand, gamma-ray instruments have excellent time
resolution as well as sufficiently good spectral resolution
(Meegan et al. 2009), and therefore the temporal and spectral
information can be used to test the lensing scenario. The GRB
lensing rates are highly uncertain, but somewhere on the order
of one in a thousand GRBs (Mao 1992). Recently, there has
been an increase in claims of lensed GRB events. Paynter et al.
(2021) presented evidence for lensing in the short-duration
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BATSE GRB 950830. Wang et al. (2021) and Yang et al.
(2021) independently proposed that the short GRB, 200716C,
shows lensing signatures. Based on the analysis of the
autocorrelation function, Kalantari et al. (2021) claimed a
lensing candidate, the long-duration GRB 090717. Veres et al.
(2021) found that the two emission episodes of GRB 210812A
have the same pulse and spectral shape, favoring the lensing
origin. Lin et al. (2022) present a systemic search for
millilensing among 3000 GRBs observed by Fermi-GBM up
to 2021 April and find four interesting candidates.

In this Letter, we first study whether the two separate
emission episodes could be due to gravitational lensing for
GRB 220627A. As this GRB is observed by both GBM and
LAT, we use the broadband spectral analysis to test the lensing
scenario. We rule out the lensing scenario based on the large
difference in the flux ratio between the GeV and MeV emission
for the two episodes. Thus, GRB 220627A is a truly ultralong
GRB with a duration longer than 1000 s. Then our detection at
GeV band of GRB 220627A represents the first case that GeV
photons are detected from ULGRBs. As the detection of GeV
emission implies a high bulk Lorentz factor for the GRB jet,
this could be useful to constrain the origin of ULGRBs.

Throughout this Letter, we adopt a Hubble constant of
Hy=71kms 'Mpc™' and cosmological parameters of
Qm=0.27, and Q, =0.73.

2. Data Reduction and Analysis
2.1. GBM Data Reduction

Fermi-GBM triggered and located GRB 220627A at
21:21:00.09 UT (Ty) on 2022 June 27 (Fermi GBM Team 2022;
Roberts et al. 2022). It was also detected by Fermi-LAT, which
was 27° from the LAT boresight at the time of the GBM trigger
(di Lalla et al. 2022). Note that, about 1000s later at
21:36:56.39 UT, GBM triggered and located to a similar
location, which was regarded as GRB 220627A, triggered once
again by the GBM (Roberts et al. 2022). GBM has 12 sodium
iodide (Nal) and two bismuth germanate (BGO) scintillation
detectors, covering the energy range 8 keV-40 MeV (Meegan
et al. 2009). We downloaded GBM data of this GRB from the
Fermi-GBM public data archive.” For the first trigger, the
detectors selected for our analysis are: two Nal detectors
(namely n0 and n3) and one BGO detector (namely b0), which
have the smallest viewing angles with respect to the GRB
source direction. For the second trigger, two Nal detectors, n6
and n7 and one BGO detector, bl, are selected for our analysis.

2.2. LAT Data Reduction

The Fermi-LAT extended type data for GRB 220627A were
taken from the Fermi Science Support Center.* Only the data
within a 14° x 14° region of interest centered on the position of
GRB 220627A are considered for the analysis (initially
centered on the Fermi-GBM position).

We perform an unbinned maximum likelihood analysis, using
LAT TRANSIENT events between 100 MeV and 30 GeV, and
with a maximum zenith angle of 100° to reduce the
contamination from the ~-ray Earth limb. We select a time
interval of 0-700s after the GBM trigger time TO, which

3 https:/ /heasarc.gsfc.nasa.gov/FTP/fermi/data/gbm/daily /
4 https: //fermi.gsfc.nasa.gov

Huang et al.

contains all the gamma-rays detected by LAT before the GRB
exited its field of view (FOV). The instrument response function
(P8R3_TRANSIENTD20_V3)5 is used. The main background
component consists of charged particles that are misclassified
as gamma-rays. It is included in the analysis using the isotropic
emission template (“iso_P8R3_TRANSIENT020_V3_vl.txf”).
The contribution from the Galactic diffuse emissions is
accounted for by using the diffuse Galactic interstellar emission
template (IEM; gll_iem_v07. fits). The parameter of isotropic
emission and IEM are left free.

Assuming a power-law spectrum (dN/dE = AE") of the
burst, we obtained the best-fit Fermi-LAT position of GRB
220627A in 0-700 s with the tool gtfindsrc: (201222, —32°49)
with a circular error of 0702 (statistical only), which is
consistent with the result reported by di Lalla et al. (2022).

The maximum likelihood test statistic (TS) is used to
estimate the significance of the GRB, which is defined by TS
=2(nL; — In L), where £; and L, are maximum likelihood
values for the background with the GRB and without the GRB
(null hypothesis). The TS value for GRB 220627A is found
to be 182.89 (corresponds to a detection significance of
13.520) in 0-700s, and the averaged flux is (1.17 £ 0.29) x
1078 erg cm 2s” ! with a photon index T'{sr=—2.16%
0.15. Assuming the redshift of the GRB is z=3.084 (Izzo
et al. 2022), the measured value of the flux corresponds to a
luminosity of (1.01 & 0.25) x 10> ergs ™.

As part of our analysis, we use the gtsrcprob tool to estimate
the probability that each photon detected by LAT is associated
with the GRB. There are 86 events detected by LAT before the
GRB exited its FOV, and the 47 events are associated with the
GRB with a probability greater than 80%, among which 35
photons have a probability higher than 90%. The highest-
energy photon is a 15.73 GeV photon arriving at Ty + 176 s,
which has a probability ~99.9% associated with this GRB.

3. Light Curves

In Figure 1, we show the GBM and LAT light curves in
several energy bands. The GBM light curve, derived from
CSPEC® type data in the energy range 8-900keV, shows
multiple bursts over 1000 s, and it can be separated into two
emission episodes. For the first episode, the light curves show
multiple peaks with a duration of Tyg = 134.09s in 8-900 ke V.
The emission measured by LAT has a spike that is also seen in
GBM detectors that see the burst, suggesting a common
internal region of emission across the entire Fermi energy
range. The presence of a similar sharp peak in both GBM and
LAT has been seen in GRB 090926A (Ackermann et al. 2011).
At Tp+956.3 s, the GBM triggered once again and the light
curves of this episode show a similar shape to that of the first
episode, with a duration of Toy = 118.66 s in 8-900 keV. But
LAT did not detect any high-energy photons in this episode,
even though the burst was still within the field of view of LAT
with a boresight angle of 56°8. To determine the time intervals
for spectroscopy analysis, we employ the Bayesian block
method (Scargle et al. 2013) on the photon events between 8
and 900 keV, which are indicated by the vertical lines in
Figure 1, with boundaries shown in Table 2. The background is

3 https: //fermi.gsfc.nasa.gov/ssc/data/analysis /documentation/Cicerone/
Cicerone_Data/LAT_DP.html

6 https: //fermi.gsfc.nasa.gov/ssc/data/access/gbm/
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Figure 1. GBM and Large Area Telescope (LAT) light curves of GRB 220627A. The background subtracted light curves of Nal and BGO are extracted from the
CSPEC type data, which use a 1024 ms time bin after the detector trigger and a 4096 ms time bin before the detector trigger. The blue solid line represents the
Bayesian block light curve and the gray dashed line represents that the S/N is equal to 3. The last panel shows the LAT TRANSIENT class events for energies
>100 MeV using 10 s time bins. The red points show the arrival time and corresponding energy of LAT photons. The vertical dashed lines indicate the time intervals
for the time-resolved spectral analysis derived from the Bayesian block: To+(—3.08, 129.53, 195.07, 288.26, 907.15, 996.75, 1072.53) s.
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Figure 2. Long-term Large Area Telescope (LAT) light curve of GRB 220627A. The black data points represent the GeV light curve of GRB 220627A, while the
arrows show the upper limits when the TS value of the data points is less than nine. The blue line shows the TS value of the corresponding data points. The vertical

dashed line represents the end of the first emission episode measured by GBM.

modeled via applying the baseline method (Zhang 2018) to a
wide time interval around the signal and has been subtracted in
GBM light curves. The resulting blocks, as shown in the upper
panel of Figure 1, can track the statistically significant changes
in the light curve. The minimum bin size of the obtained blocks
is 1024 ms.

In order to quantify the fluctuations of temporal profiles, we
also employ the Bayesian block method on the unbinned event
data of 8-900 keV. We take half of the minimum block size as
the minimal variability time for this burst (e.g., Vianello et al.
(2018)), which yields a minimal variability time of 6t ~1.79 s
for the first episode.

For the long-time analysis of LAT emission, we performed
an unbinned likelihood analysis of the LAT >100 MeV data,
and the light curve is shown in Figure 2. Apparently, after the
prompt emission phase (up to 7+ 288.26 s), weak GeV
emission is present but no obvious keV-MeV emission are
found in the Figure 1, which may be simply interpreted as
arising from the afterglow emission (Kumar & Duran 2009;
Wang et al. 2010; He et al. 2011).

4. Spectral Analysis

We first performed a time-integrated joint spectral analysis
of the LAT and GBM data for the two emission episodes. The
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Table 1
Spectral Fitting Results of the GBM/LAT Emission for the Two Episodes
Model Band CPL Band+PL CPL+PL
Episode I: Ty-3.08-7,+288.26 s
Band function
a —0.89 £+ 0.04 —0.88 £ 0.07
15} —2.45 +0.02 —2.45 £ 0.04
E, (keV) 334.08 £33.32 327.936 £ 58.84
CPL
A 0.91 £0.03 0.73 £0.10
E. (keV) 361.43 £31.58 286.96 £ 38.00
Powerlaw
Index 1.92 £0.05 1.92 £0.05
C-stat/dof 766.06/322 2243.42/323 752.30/320 752.39/321
BIC 789.21 2260.78 787.02 781.32
Episode II: Tp+907.15-T(+1072.53 s
Band function
el 1.05 £0.05
I} < —-927
E, (keV) 247.77 £ 66.45
CPL
A 1.06 £0.11
E. (keV) 248.64 £ 66.58
Powerlaw
Index
C-stat/dof 508.83/340 508.83/341
BIC 532.19 526.35

data for Fermi-GBM spectra were extracted using the public
software gtburst.” We analyzed the data of the two Nal
detectors with the smallest viewing angle (n0, n3 for the first
episode and n6, n7 for the second) and the most illuminated
BGO detector (b0 or the first episode and bl for the second).
We selected the energy channels in the range 8-900 keV for
Nal detectors, excluding the channels in the range 32-36 keV
(due to the iodine K-edge at 33.17 keV), and 0.2-40 MeV for
the BGO detector. For the background modeling, we manually
selected two time intervals (one before the burst and the other
after the burst), fitting these with a polynomial function whose
order is automatically found by grburst. We first use the Band
function and cutoff power-law (CPL) function to fit the time-
integrated spectra. The Band model can be expressed as

E \@ E
A(—IOOch) exp(—?c), E < (a — P)E.

A[(a—ﬂ)EC 0 E \0 (1)

N(E) = - |
100 keV ] exp(f — ‘”(m) E>(a-PE.,

where « and (3 are low-energy and high-energy photon spectral
indices. The peak energy E, is related to the cutoff energy, E.,
through E, = (2 + a)E.. The CPL model is expressed as

N(E) = AE *exp(—E/E,), )

7 https: //fermi.gsfc.nasa.gov/ssc/data/analysis /scitools /gtburst.html

where ) is the power-law photon index below the cutoff energy
and E. is e-folding energy. The joint spectral fitting of GBM
and LAT data was performed using XSPEC v12.12.0
(Arnaud 1996), and C-stat is used as the statistic to estimate
uncertainties of the best-fit parameters.

Table 1 summarizes the best-fit parameters for the testing
models. As seen in Table 1, the CPL model cannot describe the
data well and we then find that adding an extra power-law
component can significantly improve the fit statistics. We employ
Bayesian information criterion (BIC; Schwarz 1978) to compare
models, which is a method taking into account the model
complexity and the different numbers of free parameters. We find
that CPL+PL model provide a statistical improvement over the
simpler Band function and CPL model during the first episode,
with Agic =7.89 and Ag;c = 1479.46, respectively®, indicating
no support for the Band function or CPL model (Nunes et al.
2017). Also, we test the Band+PL model and find no statistical
improvement over the simple Band function. Therefore, the
CPL+PL model is the best-fit model for the first episode. The
parameters of the CPL+PL model are A =0.73 £ 0.03 and the
cutoff energy is E.=286.96 +38.00 keV for the CPL comp-
onent, and it has an index of 1.92 4- 0.05 for the PL component.

8 BIC is defined as BIC = X2 + kinN, where Xz is the fit statistic, N is the

number of data points, and k is the number of free parameters of the model. The
strength of the evidence against the model with the higher BIC value can be
summarized as follows (Nunes et al. 2017). (1) If Agic > 2, there is no
evidence against the higher BIC model; (2) if 4 < Agc < 7, positive evidence
against the higher BIC model is given; (3) if Agic > 10, very strong evidence
against the higher BIC model is given.
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Figure 3. Broadband spectrum of of GRB 220627A in the two emission episodes. Left panel: the time-integrated spectrum measured from 7, — 3.08 s to
Ty + 288.53 s and the fitting with the CPL+PL model. The dotted and dashed lines represent the CPL component and the PL component, respectively, and the solid
lines represent the sum of them. Right panel: the time-integrated spectrum measured from T + 907.15 s to Ty + 1072.53 s and the fitting with the CPL model.

The fit results are summarized in Table 1, and the spectra and
residuals are shown in Figure 3 for the best-fit model.

For the second episode, we only consider the Band function
and CPL model since there are no GeV photons detected by LAT
during this episode. We find that the second episode is described
better by a CPL model than a Band function (Agic = 5.84), since
the parameter  of the Band function cannot be well constrained.
The best-fit parameters of the CPL model are A =1.06 £ 0.11 and
E.=248.64 + 66.58 keV. The fitting results are summarized in
Table 1, and the spectra and residuals are shown in the right panel
of Figure 3 for the best-fit model.

Then, we performed a time-resolved joint spectral analysis for
the time interval a, b, ¢, d, and e to study the potential spectral
evolution. As shown in Figure 1, interval (a) represents the
beginning of the prompt phase, which can be better described by
the Band function like other GRBs with the parameters:
a=-089+004, B=-245+£002, and E,=334.08+
33.32keV. During interval (b), which is the most strong
emission phase in the first episode, the emission spectrum is
best described by a cutoff PL plus an extra power-law
component, similar to the time-integrated spectrum with the
parameters: A\ =0.64 +0.10, E.=267.35+34.75keV, and a
hard power-law index 1.84 4= 0.06. As shown in the upper panel
of Figure 1, interval (c) has only one Bayesian block with an
S/N greater than 3. For the sake of a complete analysis of the first
episode, we also do the fitting of this interval. We find that the
parameters of the tested model for this interval cannot be well
constrained. Parameters of the preferred model for interval (c)
are: o =—1.79£0.12, 3= —2.264+0.46, and E, =9748.51 +
6635.92 keV. For the time intervals (d) and (e), the CPL model is
the preferred model, which is similar to the time-integrated
spectrum. The fitting results are summarized in Table 2.

The GeV emission detected by LAT during the first episode
belongs to the prompt emission, as suggested by a common
spike seen in both the LAT and GBM detectors. The power-law
spectrum of this GeV emission indicates that it is not an
extrapolation of the Band component, but is instead an extra
power-law component, which has been seen in some other
GRBs, such as GRB 090926A (Ackermann et al. 2011). This
extra power-law component disappears in the second episode,
indicating that the component evolves quickly, which is
consistent with the hard-to-soft evolution seen during the
prompt emission of GRBs.

5. Implication for the Lensed GRB Scenario

The broadband spectrum of the first episode emission is well
described by a CPL plus an extra hard PL component. The
necessity of the extra power-law component is due to the
presence of the hard GeV emission spectrum. The averaged
photon flux of GRB 220627A in the LAT energy band is
(2.88 £0.47) x 10 photons cm >s~' during the first epi-
sode. By considering the corresponding exposure time and
effective area of LAT in this episode, there are 48.53 £ 7.89
photons above 100 MeV that are detected from GRB 220627A.
On the other hand, during the second episode, no photons
above 100 MeV were detected by LAT. The emission spectrum
during the second episode is well described by a CPL model.

Assuming that the second episode emission has the same
spectral form as that of the first episode, as motivated by the
lensing scenario, we expect that 5.98 + (0.97 photons above
100 MeV should have been detected by LAT. We estimate the
chance probability of detecting gamma-ray photons with N < 1
(N is the total number of photon from the GRB detected by
LAT) to be 1.42 x 1077, suggesting that the lensing scenario
can be ruled out at a confidence level of 5.10.
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Table 2
Time-resolved Spectral Fitting Results

Time Interval (s) a (-3.08-129.53) b (129.53-195.07)

¢ (195.07-288.26)

d (907.15-996.75) e (996.75-1072.53)

Preferred Model Band CPL+PL Band CPL CPL
Band function

« —0.81 £ —0.06 —1.79 £ 0.12

1] —2.69 £ 0.07 —2.26 £ 0.46

E, (keV) 282.27 £ 35.63 9748.51 + 6635.92

CPL

A 0.64 +0.10 1.13 £ 0.13 0.88 +0.22
E. (keV) 267.35 + 34.75 342.23 + 130.68 146.54 £ 53.07
Powerlaw

Index 1.84 £ 0.06

C-stat/dof 441.51/316 369.18/317 345.79/316 345.42/311 308.09/311
BIC 464.584 398.04 368.85 362.668 325.338
ABIC

Band 0 4.67 0 39.71 5.76
CPL+PL 5.11 0 5.45

We can also test the lensing scenario by comparing intervals
(b) and (d), since the emission in these two intervals would
result from the lensing of a single pulse. During interval (b),
33.43 +6.32 gamma-ray photons above 100MeV were
detected from GRB 220627A by LAT. Assuming that the
emission in interval (d) has the same spectral form as that of the
interval (b), we expect that 3.83 +0.72 photons above
100 MeV should have been detected by LAT during interval
(d). The fact that no gamma-ray photons are detected also
strongly disfavors the lensing scenario. The chance probability
of detecting less than one gamma-ray photon from the GRB in
this episode is 4.24 x 107>, suggesting that the lensing scenario
is excluded at a confidence level of 3.90.

6. Constraints on the Bulk Lorentz Factor

The bulk Lorentz factor (I') of the ejecta is an essential
parameter to understanding the physics of GRBs. The prompt
emission of GRBs is thought to be produced in an
ultrarelativistic ejecta, as argued by the fact that high-energy
photons (>MeV) escape out of the source without suffering
from absorption due to pair production (yy—e'e”; e.g.,
Krolik & Pier 1991; Fenimore et al. 1993; Lithwick &
Sari 2001; Tang et al. 2015). Requiring that the absorption
optical depth 7., <1 within the source for high-energy
photons, one can obtain a lower limit on the bulk Lorentz
factor (I') of the emitting region.

We consider a simple one-zone model for GRB 220627A
where the high-energy photons come from the same region as
the low-energy target photons, as suggested by a common
spike seen in both the LAT and GBM detectors, as shown in
Figure 1. The same structure is also seen in some other GRBs,
such as GRB 090926A (Ackermann et al. 2011). The target
photons that annihilate with photons of energy E,, should have
energy above E;, = 2I'*(m,c?)?/[Ey (1 + 7)?], where E,; is the
maximum energy of the photons detected by LAT and z is the
redshift of GRB 220627A. These photons usually come from
the high-energy part of the prompt emission spectrum. Since
the Band function describes the data of GRB 220627A almost
as equally well as the cutoff PL function plus an extra power-
law component, we replace the spectral form with the Band
function in computing the absorption depth for the convenience

of calculation. The ~y optical depth (7.,,) can be given by
Granot et al. (2008), Hascoét et al. (2012), and Chen et al.
(2018)

2 — B)oTLAy(E > Epe) tT20+5
47R?Epeak (1 + 2)

m2c4 1+5
« [7 ] , 3)

Ep Epeac(1 + 2)?

7 () = 214291 (3) S

where or is the Thomson cross section, and [ is the high-
energy spectral index. The radius of the fireball is given by
R = 21?6t with &t (=21.79 s) being the variability timescale of a

. 1 g .
single pulse; 1(3) = [ ye(dy/(1 — y**7 with g(y) =
- yz)[(?) — 3 -2y — yz)]. Here we assume

that only photons with energy beyond the spectral Ep., are
energetic enough to annihilate with high-energy photons, and
hence the low-energy spectral slope o does not show up in
the expression. The maximum energy of the LAT detected
photons in GRB 220627A is Ey; = 15.73 GeV. From the above
equation, we obtain a lower limit on the bulk Lorentz factor of
I" > 300 for GRB 220627A.

7. Discussions and Conclusions

Various models have been proposed for the origin of
ULGRBs, including collapsing blue supergiants (Nakauchi
et al. 2013; Levan et al. 2014; Perna et al. 2018), which have
larger envelopes than normally considered for GRB progenitors,
tidal disruption of a white-dwarf star by a massive black hole
(Krolik & Piran 2011; Levan et al. 2014; Ioka et al. 2016), and
newborn millisecond magnetars (Gompertz & Fruchter 2017;
Zou et al. 2019). It is unclear how large the values of the bulk
Lorentz factors of jets can be produced in the above models. But
the bulk Lorentz factors could, in principle, be largely different
in these models, as the baryon loading in these models may be
quite different. The WD-TDE model was originally proposed to
explain the jetted TDE events, such as Swift J1644+57. The null
result of the search for GeV photons from these jetted TDEs
could be due to the fact that the high-energy emission is
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absorbed by soft photons in the source, which leads to a limit
I" <30 on the bulk Lorentz factor (Peng et al. 2016). Collapsing
blue supergiants are attractive for the relatively long freefall
times of their envelopes, allowing accretion to power a long-
lasting central engine. The simulation by Perna et al. (2018)
shows that the jet can emerge out of the extended envelope, and
the resulting light curves resemble those observed in ULGRBs.
In the simulation, however, the internal energy density was
manually input to enable acceleration to an asymptotic Lorentz
factor I =300, and the real baryon loading in this model still
needs further investigation. Our finding of I' > 300 for GRB
220627A may provide new defining properties for ULGRBs and
argues that only those models involving low baryon loading are
feasible. Detailed numerical simulations of these models are
needed to study how large the values of the bulk Lorentz factors
can be achieved (Perna et al. 2018).

In summary, we report the detection of GeV emission from
an extremely long-duration GRB (GRB 220627A) with Fermi-
LAT. The prompt emission of GRB 220627A detected by
Fermi-GBM has two episodes with a long quiescent phase
inbetween. As the two episodes show a quite similar temporal
shape and spectrum, GRB 220627A has been speculated to be a
gravitational lensed GRB. Our analysis of the GeV emission,
however, shows that the two episodes have quite a large
difference in the flux ratio between the GeV emission and keV/
MeV emission. This spectral difference strongly argues against
the lensed GRB scenario and we conclude that GRB 220627A
is an intrinsically ultralong GRB. The GeV emission exhibits a
short spike coincident with the keV/MeV emission, suggesting
that the GeV emission is of internal origin as the prompt keV/
MeV emission. Detection of GeV photons also implies that the
bulk Lorentz factors of the emitting region should be I" > 300.
If this property applies to the class of ULGRBs, this will
provide an important clue to distinguish different models for
ULGRB:s.
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