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ABSTRACT
Gamma rays with energies exceeding 5 ^ 1.5 TeV have been detected from Markarian 421 using the
Whipple ObservatoryÏs 10 m c-ray telescope. These observations employ a new technique : the so-called
large zenith-angle technique. Because they are taken at large zenith angles, the observations yield high
statistics data on the multi-TeV part of the spectrum and are well suited for examining the question of a
possible energy cuto†. Observations taken during high states on 1995 June 20, 21, and 28 show no evidence for a spectral break. These results conÑict with a previous interpretation of the Markarian 421
energy spectrum in which a cuto† due to c-ray absorption in extragalactic space was postulated.
Subject headings : BL Lacertae objects : individual (Markarian 421) È gamma rays : observations
1.

INTRODUCTION

photons. By making the most conservative assumption that
appreciable absorption was already taking place at the
lowest energies covered by the Whipple Observatory measurements (500 GeV), Biller et al. (1995a) derived upper
limits on that density. De Jager, Stecker, & Salamon (1994)
derived a measurement (as opposed to an upper limit) for
the starlight density by integrating a preliminary Whipple
Observatory di†erential spectrum (Mohanty et al. 1993). De
Jager, Stecker, & Salamon (1994) made the assumption that
absorption was taking place external to the object itself.
Our new observations do not support the detection of intergalactic absorption.

In this paper we present new observations of Mrk 421 by
the Whipple Observatory collaboration. The observations
employ the atmospheric Cerenkov technique, but with a
signiÐcant di†erence from previous observations : the data
reported here are taken at large zenith angles. This causes
the energy region covered by the observations to shift to
signiÐcantly higher energies than standard small zenithangle observations. Also, the detector collection area
increases and, as a consequence, the large zenith-angle
observations have a good sensitivity above 5 TeV, in contrast to our previous reported observations (Mohanty et al.
1993). In ° 2 we present the results of Monte Carlo simulations that contrast the large zenith-angle technique with the
normal atmospheric Cerenkov technique. To conÐrm the
Ðndings of these simulations, we use large zenith-angle
observations of the Crab Nebula. In °° 3 and 4 large zenithangle observations of Mrk 421 are presented and analyzed,
with particular emphasis on the highest photon energies.
These data also show the short-term variability of Mrk 421,
which has been well documented (Kerrick et al. 1995 ;
Gaidos et al. 1996 ; Buckley et al. 1996). Finally, ° 5 contains
a summary of the results and a discussion of their implications.
Previous observations of TeV c-ray emission from Markarian 421 (Mrk 421) by Mohanty et al. (1993) have been
used by a number of authors to derive constraints on the
density of intergalactic starlight. The physical process is
cc ] e`e~, the absorption of the high-energy radiation
through pair production of optical or near-infrared

2.

MONTE CARLO SIMULATIONS : THE LARGE
ZENITH-ANGLE TECHNIQUE

Given their limited duty cycle (¹10%), imaging atmospheric Cerenkov telescopes are inefficient in detecting
c-rays in the energy range 1È20 TeV using the conventional
observing mode at zenith angles ¹35¡. The reason is that
for telescopes employing cameras with Ðelds of view of less
than 3¡, the collection area is limited to D40,000 m2
(Reynolds et al. 1993). At large zenith angles this is no
longer true. The possibility of detecting PeV (1015 eV)
c-rays at extremely large zenith angles with Cerenkov telescopes was suggested by Sommers & Elbert (1987). They
pointed out that it might be feasible to detect a PeV c-ray
source at large zenith angles. However, the proposed technique at zenith angles of more than 80¡ su†ers from difficulties arising from a signiÐcantly thicker atmosphere.
Monte Carlo codes have been tested adequately for angles
less than 65¡. Therefore we have restricted our approach to
the zenith angle range of 0¡È65¡. A report by the
CANGAROO collaboration indicated evidence for a detection of a c-ray signal at large zenith angles (53¡È56¡) from
the Crab Nebula (Tanimori et al. 1994).
The Whipple ObservatoryÏs 10 m telescope has been
modeled using the Monte Carlo shower simulation programs KASCADE (Kertzman & Sembroski 1994) and
ISUSIM developed by Mohanty et al. (1996). Here we use
the ISUSIM Monte Carlo to calculate the detector
response at di†erent zenith angles. The simulation incorporates the main features of the Whipple ObservatoryÏs 10 m
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telescope, including mirror aberrations (Lewis 1990). The
estimated trigger threshold is 250 GeV at the zenith.
For this work, Monte Carlo simulations of photoninduced showers striking the atmosphere at di†erent zenith
angles have been carried out. Gamma-ray showers at 20¡,
45¡, and 55¡ zenith angle have been generated falling up to
650 m from the telescope. We have considered a large range
for the shower impact radius in order to account for the
large collection areas at large zenith angles.
The overall normalization for the conversion of total
recorded Cerenkov light to primary c-ray energy is difficult
to determine (Biller et al. 1995b). Approaches include direct
measurement of the response of each component (mirror
reÑectivity, photomultiplier quantum efficiency, light cone
collection efficiency, etc.), use of light rings from local
muons (Rose et al. 1995), and Monte Carlo simulations of
hadronic background showers (Mohanty et al. 1996). The
work here uses results from the direct measurement
approach, though the agreement with other methods is
within 30%. Uncertainty in this normalization causes a corresponding uncertainty (about 30%) in the energy scale.
2.1. Image Analysis
The Whipple Observatory collaboration uses a standard
procedure, Supercuts (Reynolds et al. 1993), to enhance the
c-ray signal over the hadronic background. The Supercuts
analysis employs the image parameters (Hillas 1985) width,
length, distance, and alpha (hereafter a), and potential c-ray
candidates must fall into a certain region of these image
parameters. These cuts have been optimized on observations of the Crab Nebula recorded at zenith angles less
than 35¡ (Reynolds et al. 1993) and remove more than
99.7% of background cosmic-ray showers. However, they
are not the most efficient selection criteria for c-ray events
at large zenith angles because those air showers produce
narrower Cerenkov images.
The analysis technique developed here for large zenithangle c-ray showers follows the same principles as those
used for observations taken close to the zenith. We separate
c-ray showers from hadronic background showers using
parameters describing the shape of shower images such as
width and length and the distance parameter, which measures the distance of the centroid of an image from the
camera center. Those parameters can be used for the large
zenith-angle data analysis as well. However, a relative shift
of the parameter distributions resulting from the zenithangle dependence needs to be taken into account. Showers
at large zenith angles are farther away from the telescope,
and the lateral extent at shower maximum seen by an
imaging instrument appears to be smaller. To determine the
shift of the parameter distributions we rely on simulations
of c-ray showers passing through the atmosphere at di†erent zenith angles.
Comparison of the width distribution for c-ray showers
at two di†erent zenith angles (20¡ and 55¡) is illustrated in
Figure 1. As can be readily seen, the width parameter of
c-ray showers at 55¡ zenith angle is, on average, 15%
smaller, suggesting a reduction in the width cut from 0¡.15
to 0¡.12. The average length value is expected to shift toward
smaller values when the shower develops farther away from
the telescope. However, this is somewhat compensated by
the larger average impact parameters of the showers at
large zenith angles, since the shower images get more elongated when the shower core is farther away from the tele-

FIG. 1.ÈWidth distribution of c-ray showers at 55¡ (solid line) and 20¡
(dashed line) zenith angles. The events were sampled from a power-law
spectrum with a di†erential index of 2.5. Total light (size) of more than 400
photoelectrons is required. As can be seen from the two distributions, the
width values are on average smaller at large zenith angles.

scope. We conclude from Monte Carlo simulations that a
good sensitivity for large zenith-angle observations can be
reached by using the cuts for di†erent zenith-angle bins as
shown in Table 1.
In order to use a similar approach to that in Reynolds et
al. (1993), by using experimental data on a known source to
optimize the cut criteria for large zenith-angle observations,
more statistics are required and could be achieved with
more extensive observations.
2.2. Energy T hreshold and Energy Resolution
As emphasized in ° 1, both the energy threshold and the
collection area are expected to increase with large zenith
angles. We have used Monte Carlo simulations to determine the energy threshold. The total measured light of a
shower image provides information about the energy of the
primary c-ray. For on-axis c-ray showers there is a strong
correlation between the primary energy and the total light
contained in the camera. In order to avoid an artiÐcial loss
of this correlation arising from images only partly contained in the camera, an upper distance cut of 0¡.90 is
applied for the following analysis. A lower distance cut of
0¡.50 has also been applied, since c-ray images in the disTABLE 1
IMAGE SELECTION CRITERIA FOR DIFFERENT
ZENITH ANGLES
Zenith Angle

Width Cut

Length Cut

a Cut

0¡È40¡ . . . . . . . .
40¡È45¡ . . . . . . .
45¡È50¡ . . . . . . .
50¡È52¡.5 . . . . . .
52¡.5È55¡ . . . . . .
55¡È57¡.5 . . . . . .
57¡.5È60¡ . . . . . .

0¡.150
0¡.145
0¡.140
0¡.135
0¡.130
0¡.125
0¡.120

0¡.26
0¡.25
0¡.25
0¡.25
0¡.25
0¡.25
0¡.25

15¡
15¡
15¡
15¡
15¡
15¡
15¡
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tance regime less than 0¡.50 correspond to shower core
impact points less than D50 m (at 20¡ zenith angle) from
the telescope, where the light intensity is not well correlated
with the primary energy.
Figure 2 shows the energy distribution of c-ray primaries
(striking the atmosphere at two di†erent zenith angles), for
showers that deposit 350È400 photoelectrons in the
Whipple ObservatoryÏs 10 m telescope camera. The simulated c-ray primaries have been sampled from a di†erential
power law energy distribution of E~2.5. According to
Figure 2, the average energy increases signiÐcantly for the
large zenith-angle showers (55¡) in comparison to small
zenith angles. Using, for example, events with 350È400
photoelectrons (1 photoelectron B1 digital count, which is
the unit given by the analog to digital converter, see Biller et
al. 1995b) the average primary energy goes from 380 GeV at
20¡ zenith angle up to 800 GeV at 45¡ zenith angle and
reaches 1.7 TeV for 55¡ zenith angle observations. From
Figure 2, it can also be seen that the energy resolution
(*E/E) does not change signiÐcantly for large zenith angles
(55¡) and is comparable to 20¡ zenith-angle observations at
the energy range shown. The energy resolution remains at
D40% using the total detected light for energy estimation
(energy resolution deÐned as 1 p). The accuracy of deriving
energy spectra from large zenith-angle observations should
be comparable to standard small zenith-angle observations.
It should be noted that extraction of energy spectra is
also possible for variable sources, using di†erent zenithangle observations. In Figure 3 we show the correlation
between the measured light and the corresponding average
energy. The vertical error bars exhibit the statistical error
on the mean energy, and the horizontal bars reÑect the bin
size. As can be seen, data at the di†erent zenith angles
provide enough overlap in energy to make it possible to
detect systematic Ñux variations within the time of di†erent
zenith-angle observations. Figure 3 also shows that the
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FIG. 3.ÈAverage energy of c-ray showers as a function of the total
measured light at di†erent zenith angles (20¡, 45¡, and 55¡).

dynamic range that can be covered with the Whipple
ObservatoryÏs 10 m Cerenkov telescope extends from 300
GeV up to 20 TeV. However, given the nature of the analog
to digital converters currently being used, saturation starts
to diminish the correlation of the energy with the total light
at size levels of around 6000 digital counts. This distorts the
energy resolution, particularly at energies above 4 TeV for
small zenith-angle observations. At large zenith angles
saturation starts to a†ect the energy resolution at energies
D20 TeV.
In the following analysis, the energy threshold is deÐned
so that 90% of all events that pass the corresponding size
cut have energies above that threshold. This deÐnition is
more conservative than that normally used but ensures that
most of the events really are above a certain energy threshold. The size cut ascribed to a certain energy can approximately be extracted from Figure 3, though the exact value
is given more accurately by the deÐnition above. It should
be noted that the energy thresholds derived from Monte
Carlo simulations rely on the absolute energy calibration of
the instrument for which an uncertainty of 30% is quoted.
2.3. Collection Area
The collection area for c-ray showers increases with
increasing zenith angles, as the region of light production is
farther away and consequently the light spreads out over a
larger area. To quantify the relation between collection area
and zenith angle we have used c-ray showers distributed in
energy with a power law of E~2.5 at 20¡, 45¡, and 55¡ zenith
angle. The collection area A is deÐned for c-rays from a
coll
point source by :

FIG. 2.ÈEnergy distribution for simulated c-ray showers at 20¡ (dashed
line) and at 55¡ (solid line) zenith angle (sampled from a power-law spectrum with a di†erential index of 2.5) with a size of 350È400 digital counts.
These distributions reÑects the energy distribution corresponding a particular size interval. It can be seen that the average energy at 55¡ zenith angle
goes up to 1.7 TeV, where at 20¡ zenith angle the average energy is 380
GeV.

P

=
P (E, r)r dr ,
(1)
c
coll
0
where P (E, r) is the detection efficiency for a c-ray primary
c E and impact parameter r. Here we compare
of energy
collection areas for those c-ray events that provide a good
energy resolution. We have applied a cut on the distance
parameter using only events having distance values between
0¡.50 and 0¡.90. A size cut on the minimum required light in
A

\ 2n
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TABLE 2

in e†ective collection area as calculated by Monte Carlo
simulations in ° 2.2.

COLLECTION AREA FOR DIFFERENT ZENITH ANGLES
Zenith Angle
20¡ . . . . . . . . . . .
45¡ . . . . . . . . . . .
55¡ . . . . . . . . . . .

E†ective Collection Area
A (m2)
coll
40000 ^ 4000
90000 ^ 10000
214000 ^ 15000

A

coll

/A

coll
1.0
2.3
5.3
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(20¡)

the camera of 400 photoelectrons has been applied for this
comparison.
The e†ective collection area, A , is obtained by calcueff
lating the collection area as a function of the c-ray energy E.
A (E) is a rising function with increasing energy and in
coll
general shows a plateau toward higher energies. Its plateau
value is chosen here to be the e†ective collection area (A ).
eff
The e†ective collection area for di†erent zenith angles is the
area projected into the plane perpendicular to the source
direction.
Table 2 shows that, compared to the value at a zenith
angle of 20¡, the e†ective collection area increases by factors
of 2.3 and 5.3 at zenith angles of 45¡ and 55¡, respectively.
The given error bars on the e†ective collection area are
purely statistical.
The increase of the energy threshold for the three di†erent zenith angles is similar to the increase in e†ective collection area. As a consequence, for a source spectrum with an
integral index of 1.0, the loss in sensitivity due to the
increase in energy threshold is compensated by the increase
in e†ective collection area.
2.4. L arge Zenith-Angle Observations of the Crab Nebula
The Crab Nebula, which is regarded as the ““ standard
candle ÏÏ in TeV c-ray astronomy (Weekes et al. 1994), serves
here as a test beam to perform a consistency check of the
predictions of Monte Carlo simulations regarding the
energy threshold and collection area at di†erent zenith
angles.
During the 1995È1996 observation season, observations
of the Crab Nebula were carried out on the same night at
two di†erent zenith-angle regions (5¡È30¡, and 55¡È60¡). We
can compare the number of excess events for two data sets
consisting of 6 ON/OFF measurements each, taken at two
di†erent zenith-angle ranges by selecting size cuts that
impose the same energy threshold in both data sets. Again,
a restriction of the distance parameter to the region between
0¡.50 and 0¡.90 has been applied in order to ensure a good
energy resolution. The energy threshold has been set to
2 ^ 0.6 TeV for both data sets, and 90% of all events are
expected to be above 2 TeV.
From Table 3, it may be seen that the number of excess
events at 55¡È60¡ is increased by a factor of 4.2 ^ 1.2. The
relative increase of number of excess events for the 55¡È60¡
data reÑects the relative increase in collection area,
assuming that the two energy thresholds are indeed the
same. This result is in agreement with the relative increase

3.

DETECTION OF MARKARIAN 421 AT LARGE
ZENITH ANGLES

The large zenith-angle observation technique to measure
multi-TeV c-ray emission was used to observe Mrk 421
during 1995 June. The data collected with the Whipple
ObservatoryÏs 10 m telescope between 1995 June 18 and
July 1 are the subject of the analysis to be discussed here.
The data consist of 17 ON/OFF pairs and two tracking runs
taken at zenith angles between 42¡ and 60¡. Applying the
Ðne binned large zenith-angle Supercuts of ° 2 and a size cut
of º300 digital counts to the 17 ON/OFF pairs, a positive
detection with a signiÐcance of 14.3 p [p \ N [ N /
on source
off
(N ] N )1@2, N \ number of excess events of ON
on
off
on
data and N \ number of excess events of OFF source data]
off
is obtained for the complete data set (Fig. 4). The standard
Supercuts analysis results in a detection with a signiÐcance
of 8.8 p. The large zenith-angle Supercuts derived above
results in an increase in sensitivity by a factor of 1.66 in
comparison to the standard Supercuts. This result is the
Ðrst detection of a source with a signiÐcance of more than
5 p at large zenith angles, as previously reported by
Krennrich et al. (1995).
Since Mrk 421 has been seen as a highly variable source,
we have calculated the daily rate variations for 11 nights of
observation. To ensure that rate variations present in the
data are not a†ected by di†erent zenith angles, we have
chosen two Ðxed zenith-angle intervals, 45¡È50¡ and 55¡È
60¡ to study rate variations. The photon rates for Mrk 421
derived from observations from June 18 until July 1 are
shown in Figures 5a and 5b. The data show evidence for
two outbursts of c-ray emission. The burst on June 20 (burst
1) and the burst on June 28 (burst 2) indicate signiÐcant Ñux
variations of Mrk 421 at energy thresholds of 800 GeV
(45¡È50¡) and 2 TeV (55¡È60¡).
Burst 1 was used to address the possibility of extracting
spectral information from large zenith-angle observations.
Here we demonstrate the dynamic range that can be
covered during a single night of observations. This has
become an important scientiÐc issue since day to subday
scale variabilities from active galactic nuclei (AGNs) have

TABLE 3
NUMBER OF EXCESS EVENTS AT DIFFERENT ZENITH
ANGLES (CRAB NEBULA)
Zenith Angle

Excess Events

5¡È30¡ . . . . . . .
55¡È60¡ . . . . . .

21 ^ 5
89 ^ 15

A

(20¡)
coll
1
4.2 ^ 1.2

coll

/A

FIG. 4.ÈThe a distribution for the complete data set (June 18 until July
1) of Mrk 421 at large zenith angles.
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TABLE 4
NUMBER OF EXCESS EVENTS FROM JUNE 20 AT
LARGE ZENITH ANGLES (MRK 421)

Energy Threshold
(TeV)

Excess
Events

SigniÐcance
(p)

0.8 ^ 0.24 . . . . . . . . .
2.0 ^ 0.6 . . . . . . . . . .
4.0 ^ 1.2 . . . . . . . . . .
5.0 ^ 1.5 . . . . . . . . . .

53
56
31
17

5.7
6.3
5.1
4.1

would indicate a signiÐcant Ñux variation on a timescale of
1.5 hr (the time span of the two observations on June 21).
This concurs with the reports of Ñux variability from Mrk
421 on timescales of 30 minutes at lower c-ray energies
(Gaidos et al. 1996).
FIG. 5.ÈThe c-ray rate for di†erent nights between June 18 and July 1
at two di†erent zenith-angle regions.

been detected in TeV c-rays (Gaidos et al. 1996 ; Quinn et al.
1996). Combining the large zenith-angle technique with
data taken in standard observation mode should provide a
rather large dynamic energy range. Based on the 4È5 times
larger collection area at 55¡ zenith angle in comparison with
that at 20¡, the sensitivity for energies above 2 TeV is
increased by a factor of 2È2.3 in the background-dominated
region in comparison to the normal operation mode. Thus
the required exposure time to measure a spectrum over that
energy range is shortened by a factor of 4È5. Two runs were
taken during the night of June 20 at 45¡ to 50¡ and at 55¡ to
60¡ zenith angle. For the possible calculation of spectral
properties during a high state of the source we have to
perform a test on the Ñux variability between those two 28
minute runs. The observations at 45¡È40¡ and at 55¡È60¡ do
have a signiÐcant overlap in energy, and a comparison of
the Ñux at, for example, 2 TeV can be done. The 55¡È60¡
data show 49 ^ 8 events and the 45¡È40¡ data show 14 ^ 4,
which correspond to 35 ^ 10 events normalized on the
same collection area as the 55¡È60¡ zenith-angle observation events. The data at 55¡ to 60¡ and the run at 45¡ to
40¡ do show a consistent Ñux at 2 TeV ; therefore, no Ñux
variation during these two runs is indicated in the data.
Combining those two runs leads to the number of excess
events as shown in Table 4 for di†erent energy thresholds.
Table 4 exhibits the statistics that can be achieved in the
multi-TeV region using the large zenith-angle technique
from a single night of observation with the Whipple
ObservatoryÏs 10 m telescope. Most of the statistics beyond
2 TeV are gathered from the 55¡È60¡ zenith-angle range. It
should be mentioned that the c-ray rate of the Ñare of June
20 was 1.9 c-rays minute~1 (800 GeV at zenith angle 45¡),
which is small by comparison with the recently reported
burst of 15 c-rays minute~1 above 400 GeV (Gaidos et al.
1996). It is conceivable, therefore, that the large zenith-angle
technique can probe energies beyond 20 TeV from Mrk 421
during a strong burst such as that observed by Gaidos et al.
(1996).
Data taken on the following night (June 21) indicate a
similar Ñux level of 1.67 ^ 0.32 c-rays minute~1 in the
zenith-angle range 45¡È50¡, but a considerable drop to
0.21 ^ 0.20 c-rays minute~1 in the 55¡È60¡ zenith-angle
region. If a constant-source spectral index is assumed, this

4.

SEARCH FOR A SPECTRAL CUTOFF IN THE MULTI-TeV
EMISSION FROM MARKARIAN 421

In previous publications, attempts have been made to
derive constraints on the density of intergalactic starlight
based on assumed Ñux absorption at TeV energies. Here, we
search for evidence for a spectral cuto† at multi-TeV energies that might be ascribed to such intergalactic absorption.
Large zenith-angle data, taken when Mrk 421 is in a high
state, are most suitable for searching for such a cuto†.
According to Figures 5a and 5b, Mrk 421 was in a high
state of emission on June 20, 21, and 28 (º1.5 c-rays
minute~1). The runs at 45¡È50¡ on all three nights and the
run from June 20 at 55¡È60¡ have been used to analyze the
TeV emission as a function of the energy threshold determined by a size cut. Table 5 exhibits the excess events at
di†erent energy thresholds combining the data for those
three nights. As already indicated by observations on June
20, it is evident (Table 5) from the composite data set (June
20, 21, and 28) for the high state that the spectrum of Mrk
421 extends beyond 5 ^ 1.5 TeV (5.0 p). The uncertainty
given here is the systematic error in the absolute energy
calibration. Although the statistical signiÐcance above
8 ^ 2.4 TeV is marginal (3.1 p), a hint that the emission
extends beyond 8 ^ 2.4 TeV during this high state of emission is present in the data. A Ðrst spectral analysis shows
that there is no obvious sign for a break in the spectrum up
to 5 TeV during the high state in 1995 June ; however, more
detailed studies regarding the energy spectrum are still in
progress. At higher energies beyond 8 ^ 2.4 TeV, statistics
do not support a deÐnitive statement. Figure 6 shows the a
distribution for events with energies greater than 5 ^ 1.5
TeV. It should be noted that the a plot contains very low
background contamination and that the signal region
(a ¹ 15¡) may consist entirely of c-rays.
TABLE 5
NUMBER OF EXCESS EVENTS FROM JUNE 20, 21,
AND 28 AT LARGE ZENITH ANGLES (MRK 421)
Energy Threshold
(TeV)

Excess
Events

SigniÐcance
(p)

0.8 ^ 0.24 . . . . . . . . .
2.0 ^ 0.6 . . . . . . . . . .
4.0 ^ 1.2 . . . . . . . . . .
5.0 ^ 1.5 . . . . . . . . . .
8.0 ^ 2.4 . . . . . . . . . .

162
109
41
25
10

10.3
9.3
6.0
5.0
3.1
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FIG. 6.ÈThe a distribution for the data of June 20, 21, and 28 for a high
state of emission at an energy threshold of 5 ^ 1.5 TeV. The energy threshold has been deÐned to ensure that more than 90% of those events are
above 5 ^ 1.5 TeV.

5.

DISCUSSION AND SUMMARY

Probing the near-infrared extragalactic background light
(EBL) via its absorption of TeV photons has been suggested
by Gould & Schrèder (1967). The intrinsic source energy
spectra of AGNs in TeV c-rays are unknown and therefore
any spectral feature or cuto† in the energy spectrum cannot
be simply attributed to absorption by the EBL, since it
could be an intrinsic source feature as well. First measurements of the energy spectrum of Mrk 421 (Mohanty et al.
1993) showed c-rays from Mrk 421 up to energies of
1.5 ^ 0.45 TeV (3.3 p at energies greater than 1.5 ^ 0.45
TeV). The evidence for c-rays above 1.5 ^ 0.45 TeV was
statistically marginal. There have been attempts (de Jager,
Stecker, & Salamon 1994) to calculate the EBL density
using this data. Those authors interpret the lack of statistics
at energies at 5 TeV as the e†ect of the EBL.
In this work we have speciÐcally searched for multi-TeV
emission from Mrk 421 using a new observation and
analysis method, the so-called large zenith-angle technique.
Monte Carlo simulations suggest that the increase of the
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detectorsÏ collection area to record c-rayÈinduced showers
at zenith angles 45¡È60¡ signiÐcantly improves the sensitivity of the Whipple ObservatoryÏs 10 m telescope in the
energy region between 1 and 20 TeV. Mrk 421 has been
observed in 1995 June with this observational technique,
and it has been found that the emission of TeV c-rays
during a high state seems to extend up to energies greater
than 5 ^ 1.5 TeV. No apparent evidence for a spectral
break can be found up to 5 ^ 1.5 TeV, and there is a 3.1 p
excess above 8 ^ 2.4 TeV. However, a more detailed
analysis has still to be done to derive the details of the
spectrum. As a consequence, there is so far no evidence
present in the data for the process of (cc ] e`e~) interaction
of TeV c-rays from Mrk 421 with optical or near-infrared
photons of intergalactic starlight. But since we do not know
the source spectra a priori, we cannot totally exclude the
possibility of the presence of the partial absorption of TeV
c-rays at 5 TeV.
This result is in agreement with the result of Mohanty et
al. (1993), since the energy spectrum derived there was not
statistically signiÐcant beyond 1.5 ^ 0.45 TeV, and hence
any inference on a cuto† in that spectrum. However, it is
important to realize that the data used in this work consist
of observations when Mrk 421 was in a high state of emission, comparable to the Ñux of the Crab Nebula. The data
shown by Mohanty et al. (1993) show Mrk 421 in a low
state of emission (0.3 Crab). It should be emphasized that
the spectrum of Mrk 421 during a high state and a low state
are not necessarily expected to agree. However, the conclusions derived from the spectrum of Mohanty et al. (1993) by
de Jager, Stecker, & Salamon (1994), who interpret the data
to show a cuto† at 5 TeV by intergalactic starlight, seem to
be in contradiction with our new observations. Finally, we
want to emphasize the point that using the large zenithangle technique can address the question of the multi-TeV
emission of AGNs on short timescales more efficiently than
other instruments.
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the UK, and by Forbairt in Ireland.
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