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The observation of very high energy (VHE, > 100GeV) photon from W-ray bursts (GRBs) can
advance our understanding of their radiation mechanism, the evolution of host-galaxies, violations
of Lorentz invariance, extragalactic background light, and intergalactic magnetic field. Recently
the measurements on VHE emission from afterglow phase have blossomed and borne fruit while
detection of the prompt emission is rare. It’s important to observe prompt emissions by ground-
based instruments which take advantage of wide field of view and high duty cycle. Up to now,
of the total six GRBs reported with VHE W-ray emissions, GRB 190829A is the nearest one.
The detection of its VHE emission was announced by H.E.S.S. at about 4h 20m after the burst.
While during its prompt phase, GRB 190829A was at the edge of the field of view of LHAASO.
Benefiting by the high altitude of 4410 m and the triggerless observation mode, the energy
threshold of LHAASO is largely reduced to tens of GeV. This work presents the search for VHE
W-ray emission from GRB 190829A with the triggerless data taken by the first pond of LHAASO-
WCDA. The analysis shows no indication of VHE emission neither in the prompt nor in the first
2 hours of afterglow phase, thus 95% upper limits are yielded. Furthermore, the upper limits of
prompt phase was used to constrain the spectral parameter space of VHE extra component based
on a phenomenological model.
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1. Introduction

W-ray bursts (GRBs) are the most energetic explosive events occurring in the cosmological
distance. Fifties years after their discovery, many aspects of GRB are still subject to heavy debate.
Their origin invokes the messy physics related to the progenitor, central engine, jet composition.
Variousworks predict GRBcould produce photons in the very-high energy (VHE, > 100GeV) range,
even up to TeV energies [1–4]. The observation of such high energy would provide key information
about internal environment, structure of jet, particle acceleration, radiative mechanisms about
GRBs, as well as constrains on extragalactic background light (EBL) models and the violation
of Lorentz invariance. Compared to the prompt W-ray emission, physics about the long-lasting
afterglow emission is much simpler and known better, which mainly depend on a jet and a stellar
medium.

GRB is a prime objective of ground-based instruments. Of two categories, the imaging
atmospheric Cherenkov telescopes (IACTs), limited by their narrow field of view (FOV) and
restricted operation conditions, have difficulty in observing the prompt emission from GRBs.
Despite this, they do have the advantage in the observation of afterglow emission with their excellent
sensitivity. Extensive air shower (EAS) arrays provide larger instantaneous FOV and higher duty
cycle, thus are ideal and possible for the observation of prompt emission. Recently, VHE photons
from the afterglow phase of several GRBs have been detected [5–11], which brought both new
opportunities and challenges for the study of GRBs. However, no unambiguous evidence for the
detection of VHE W rays in the prompt phase of GRBs has been seen in many experiments over
years of dedicated efforts.

Among six GRBs reported with VHE emission observation by IACTs, GRB 190829A is the
closest one, of which red-shift is ∼ 0.0785. Occurring on 29 August 2019 at 19:55:53 (T0), it was
followed up by an enormous observational campaign covering a large fraction of the electromagnetic
spectrum, including the VHE band afterglow emission measurements from T0 + 4 hours to + 56
hours by H.E.S.S. [12]. GRB 190829A occurred on the edge of the FOV of LHAASO-WCDA
when the first pond o LHAASO-WCDA was in the test running operation.

2. Follow-up to GRB 190829A with LHAASO-WCDA

Large High Altitude Array Shower Observatory (LHAASO) is a newly-built W-ray detector,
which is located at about 4410 m above sea level. Water Cherenkov Detector Array (WCDA) is one
of the major parts, consisting of 3120 water cells, totally covering an area of 78, 000 m2. Its wide
FOV ∼ 2 sr, and > 90% uptime allow it to continuously monitor for emissions higher than hundreds
of GeV.

In order to further reduce observational energy threshold, the data acquisition (DAQ) system
of LHAASO-WCDA adopts a second triggerless mode as a complementary of the main pattern.
With the help of external GRB alerts, in the triggerless mode, DAQ would keep all hit information
(eg. charge and time) recorded on each fired detector from T0 - 0.5 h to T0 + 2 h, once the received
GRB triggering at T0 is in the FOV of LHAASO-WCDA.
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A quarter of LHAASO-WCDA, comprising 900 water cells, started its operation in April 2019.
In March 2021, the full array is in operation. Up to June 2021, over 100 GRBs have been registered
and allowed for follow-up observation by LHAASO-WCDA under triggerless mode.

GRB 190829A occurred at a zenith angle of 46◦ of a quarter array. The ∼ 2.5 hours triggerless
data collected with the first pond was used to search for high energy emission.

3. Analysis

Data collected by LHAASO-WCDA in the triggerless mode consists of event-induced hits and
random noise. Usually the latter one is a bottleneck problem for EAS array to search for W-ray
signals. With the GRB location reported by satellites and concentrated space characteristics of air
shower, a new self-triggered method is adopted to search for photons from GRBs, which can largely
reduce random noises. As is well-known, secondary particles of an air shower distribute in a thin
disk perpendicular to the incident direction of primary particle. As shown in figure 1, the temporal
and spatial distribution of hits of a Monte Carlo photon-induced air shower are concentrated, while
the noise are almost uniform distribution. Using a narrow temporal and spatial trigger window
perpendicular to the source direction, hits of events from (or near to) the direction of the source are
more likely to be preserved, a hit clustering is selected as seeds of a shower event. The narrower
the self-trigger window is, the more the noise is eliminated. Afterward, more hits are identified by
performing a flexible time search near the trigger time, which allows one to finely optimize for the
determination of an event. This flexible time window is determined by the time interval of two hits.
At last this event is packed and used for reconstruction. All hits of a raw-data file are sorted with
time, a sliding time window is used to loop over all hit clustering for candidate events.

Figure 1: Left, temporal and spatial distribution of hits of a Monte Carlo photon-induced air shower. Right,
temporal distribution of this event. Red points are from W-ray shower, blue rectangles are random noise.

The performance of a quarter LHAASO-WCDA with above-mentioned method is shown in
figure 2. Using a Monte Carlo simulation of the detector response, the angular resolution and
the effective area are demonstrated in the left and right, respectively. The former one is used to
determine the source-region to exclude events deviating from the source direction, most of these
off-source events are all-sky CR backgrounds.
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Figure 2: Left, average angular resolution (68% containment radius) at zenith angles \ < 50◦, right, effective
area at different zenith angle ranges.

Figure 3: Primary energy dispersive of W-ray induced events at nhit<60 and nhit>60, at zenith angle 40◦-50◦.

In this work, all reconstructed events are divided into hundred GeV and TeV energy categories
according to the energy estimator nhit< 60 and ≥ 60. Figure 3 demonstrates the primary energy
distributions of these two samples when the zenith angle in the range of 40◦ − 50◦. Usually a W-
hadron separation parameter C could be used to further eliminate CR backgrounds. When primary
W-ray energy is larger than TeV C > 15 is applied.

It is no doubt that there are still CRbackground contamination in the W-like samples in the source
region. Two fake sources of equal-declination are adopted to estimate the number of background
and signals. These two fake sources are treated with the same process as the true source with the
2.5 hour triggerless data.

4. Results

The light curve is one of the most important characteristics of GRBs. The number of W-ray
events from source direction as a function of time around the T0 is showed in Figure 4. No event
excess was observed in both energies due to the large fluctuation. Figure 5 presents the significance
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level distributions with time, and statistically obtaining figure 6. The latter ones are consistent with
the Gaussian function.

Figure 4: Number of signal candidates distributes with time. Left, nfitc<60, right, nfitc≥60.

Figure 5: Significance level of signal candidates distributes with time. Left, nfitc<60, right, nfitc≥60.

Figure 6: Signal distribution. Left, nfitc<60, right, nfitc≥60.

No significant excess were detected by LHAASO-WCDA, thus 95% upper limits on the number
of signal events are computed following the statistical method given byHelene [13]. By assuming an
E−1.5 power-law spectrum for GRB 190829A and considering the EBL absorption effect according
to [14], with the detector response, the limit was then convert to flux units for two different energy
bands as shown in the left of figure 7.
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Figure 7: Left, Upper limits from LHAASO. Left, phenomenological spectra model during the prompt
phase. Blue and red solid lines represent spectra of Band function and extra component, respectively. Black
line is the combination of Band function and extra component, taking the EBL absorption in account.

Though no VHE signal was detected, the flux upper limits can provide important constraint
information. It is obvious that the upper limits of prompt phase emission are more useful. During
the prompt emission an extra power-law emission was phenomenologically modelled on the top of
the Band spectra. Band function parameters are based on the Fermi-GBM, the extra component
is described by a pow-law with a index Vext and flux normalization Rext. Right of figure 7 shows
the spectra taking Rext = 0.1, Vext = −1.5. Rext represents the ratio of fluences in the energy range
1 GeV− 1 TeV to that of 1 keV− 10 MeV, which are the red- and blue-shaded regions, respectively.
It can be seen that the TeV upper limit from LHAASO-WCDA is lower than the model-calculated
flux, thus it might be used to constrain the magnetic field or some other parameters in a specific
detailed model.

5. Conlucsion

LHAASO-WCDA is a newly-built W-ray array, its wide FOV, high duty cycle, low energy
threshold make it suitable for the observation of GRBs. GRB 190829A is the closest GRB, the
collected data by a quarter array array of LHAASO-WCDA were used to set upper limits on high
energy W-ray flux for its prompt phase emission. Furthermore, we simply compared upper limits in
the prompt phase with the flux of a phenomenological spectral model. This results would be further
used to constrain the magnetic field and other related parameters with detailed simulation works in
future.
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