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Abstract. The CELESTE experiment detects gamma rays in2  Crab Pulsar
the 50 GeV range by measuring the atmosph€ecenkov
light collected using 40 of the heliostats of thegFhis central 2.1  Results on the Nebula

tower solar facility. We have recently announced an upper . ]
limit for the exponential energy cut-off in the spectrum of the FOr @ steady sourdgerenkov experiments use the ON-OFF
E
Crab pulsarly — K e~ %o with Ey = 32GeV'. This re- method, where for each ON source data run, there is an OFF

sult was obtained with the CELESTE standard analysis usedource m_easurer_nent acquired in the same cond|t|qns. Small
for the study of the continuous emission from the nebula. Wechanges in the nlght sky background change the trigger rate
discuss here an analysis of CELESTE data which preserve%“ghtly gnd.thus b|a§ _the ON-OFF measurements. We re-
low energy events in order to study the pulsed componentmqve this _blas by raising the_energy threshold via a pulse-
We also present very preliminary results for PSR1951+32helght CUt.m the offllne_analyss. . i .

which may be the most promising candidate for the first de- After this pre-analysis two cuts are applied, the first one is

tection of a gamma ray pulsar by a ground based experimenf“.‘n amplltude_cut to allow a godgerenkov wavefront recon-
struction, while the second one tests the homogeneity of the

Cerenkov light distribution. The energy threshold after these
cuts increases to 60 GeV. The differential flux for an assumed
1/E? spectrum we found i63.3 + 0.5 + 1.1) x 1078 /E?
photons/cri/s/GeV.

1 Introduction
2.2 Crab Pulsar

_Smce _th_e begmnmg_ of winter 1999, CELE_STE ha§ _reachedl.he study of the pulsed component requires being able to ac-
its cruising speed with a setup of forty heliostats giving Sta’cumulate data from runs taken over a very long period. CE-

ble conditions for data analysis. The results on the Crab Neb: L D
ula and the measurement of its flux at 60 GeV is detailed inLESTE event dating in the local frame is given by a GPS

: lock tagged by the triggering system. This local time is
de Naurois (2001). The results on the blazars Mrk421 an onverted in the solar system barycentre frame using the JPL

Mrk501 are reported elsewhere in these proceedings (Le GalDEC-ZOO ephemeris (1997). Pulsar radio ephemeris are

lou, 2001). We discuss some new results on gamma pulsara . .
. . sed to build the phase histogram. For the Crab we used
following those presented this winter (Durand , 2001). u! P 15199 we u

values from Jodrell Bank. The ephemeris for PSR B1951+32
CELESTE is a Sampling and Timing Cerenkov Experi- was provided by the Nancay Radio telescope (Cognard , 2001).

ment located at Témis a former tower solar power plant in

the eastern French Rgnées (N. 42.50, E. 1.97, alt. 1650m). 2.2.1 Optical data

CELESTE uses fort§4m? heliostats to collect th€erenkov

light from air showers. The experimental setup is summa-In order to validate the complete (hardware+software) tim-

rized in these proceedings (Le Gallou , 2001) and detailed iing procedure, we have observed the Crab pulsar in the op-

CELESTE experiment proposal (1996) and Reposeur (2001fcal range. The PMT anode currents of six of the forty he-
liostats were converted to voltage, AC-coupled and recorded

on six channels of a 16-bit ADC PC board at a frequency of
Correspondence tdD. Dumora 2000Hz. The timing reference is given by a test signal trig-
(dumora@cenbg.in2p3.fr) gering the CELESTE acquisition system with its GPS clock.
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x10° measurement (Fierro , 1998) attenuated by an exponential

4000
cutoff

3000— AN

=l = (0.7 (B/100) 7% + 2.3 (5/100) %) e 5 (1)

att

2000

1000 in 10~®photons/cm? /s/Mev. This flux convoluted by our
F acceptance after cuts gives for the energy cubigf= 32GeV.

0 This value includes th80% uncertainty on the energy de-

WL termination. The energy position of the CELESTE point is
1000\— 55GeV, enough to constrain the high energy emission more
R than other measurement but not enough to conclude on the

emission model.

Fig. 1. Crab pulsar optical phase histogram. 100Hz frequency
(street lights) is removed by software. 2.2.3 Sensitivity of timing versus ON-OFF analyses

. . In this section we will try to roughly estimate our sensitiv-
This test signal was also recorded on the last channel of thﬁy to the pulsed emission of the Crab. Since the gamma
ADC in order to allow a synchronisation of the currents dataray signature is no longer the ON-OFF difference, which
with the GPS time. _ o _ _is very sensitive to drifting measurement conditions, but the
_ The phas_e _h_lstogram obtained with thls_setup is shown IMhaseogram peaks, we no longer need to apply the software
figure 1 exhibiting the two expected peaks in the phase ranggigger to remove the events near threshold. Furthermore,
0.94-0.04 and 0.32-0.43, in good agreement with radio obsergjnce we no longer subtract the OFF source data the fluctua-
vations (Fierro , 1998). This result allows us to be confidentjqns in the OFF data no longer decrease the sensitivity.
in our timing procedure. Consider as an example our sensitivity to the Crab. The
observed ON-OFF rate & = 3.8v/min (de Naurois , 2001)
(table 2), including th&0% acquisition deadtime. The total

We first study the pulsed gamma emission using data pasglUmber of events from the raw trigger 1., = 894494
ing our standard analysis procedure detailed in de Nauroi§Ving a20H = rate. After the ON-OFF “standard analysis”,

(2001). This pulsar analysis was reported in Durand (2001fhe OFF rate, according to table 1, beconfigs = 151111/5
and summarized in table 1. The dataset contains only se@nd the significativity §7'/v/2B..T) gives2.20.hour™/=.

lected good quality runs taken in the same stable triggering ©r the pulsar analysis we can repleg//2B.T by
conditions (3/5 majority) and 11km altitude pointing (for the ©1/V0Bs,T" for a ON “standard analysis” wheigis the
lowest energy threshold, see de Naurois (2001)). Thus or]|>_phase interval of the expected peak. The gain in significance
12.1h of the 14.1h dataset are used for the pulsar search. 1S thusQ = \/2/6. Thompson (2001) suggests that at the
Uniformity of the obtained ON and OFF phase histogram, highest energy only the second peak remains for the Crab,
tested by the statistical H-Test of De Jager (1994), doesn’for whichd = 0.11, giving @ = 4.26.
exhibit any statistically significant pulsed signal. The method A consequence of this improved sensitivity is that larger
of Helene (1983) was used to obtain an upper limit to thePackground rates can be tolerated. For the pulsar, where we
differential flux spectrum of the Crab pulsar emission. We expect the signal (should there be one) to be just above the
use this method to determine the upper limit on the number offigger threshold having the largest acceptance possible at
pulsed events in the phase interval corresponding to the raditW e€nergy is the most important criterion.
peaks and found 332 pulsed events at 988 confidence Figure 2 shows how the energy-dependent effective area
level corresponding t62% of the observed steady signal. evolves with the cuts. As stated earlier, very small changes

First we took the double power law resulting from Egret's in atmospheric conditions can change the lowest energy part
of the “raw” curve significantly and at this time we have not

guantified the resulting uncertainty.

The phase histogram without any cuts is still statistically
flat (figure 3). Results from the pulsar analysis using raw
data are shown in table 2. The upper limit estimation with the

2.2.2 Results with standard analysis

Table 1. Crab pulsar results with standard analysis

Total observation time 12.1h

Total number of OFE events 64295 Helene method would give an energy cutoff degraded by our
Total number of ON events 67022 30% energy scale uncertainty &f = 23GeV. However due
Number of ON events in expected phase windows 14062 to the uncertainties we continue to quote the “standard anal-
Number of ON events outside expected phase windows 52960 ysis” value ofEy = 32GeV from Durand (2001) and shown
Pulse Phase fractian 0.21 in figure 4. Our point is that in order to see a low energy
Significance for the pulse phase domain 612 signal the analysis may reject hadrons but mustn't decrease

Upper limit at thed9% level using Helene method N, <332 gamma acceptance near threshold
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% 25000 |— Table 3. PSR1951+32 pulsar results using raw data
f,j 20000 j Total observation time 15.8h
:—:-\15000 — Total number of ON events 224657
< r Number of events in primary pulse expected phase window 22193
100001 Number of events in secondary expected phase window 58835
5000 L Number of events in pulses expected phase window 81028
o Lo Number of events outside expected phase window 143629
T T T R T R T R TR Pulse Phase fractioh 0.36
E (Gev) Significance for the pulse phase domain ©:66
Upper limit at thed9% level using Helene method N, <1102

Fig. 2. Celeste acceptance curves for the Crab pulsar at the transit
Solid line gives the acceptance for the raw data, dashed line after
the standard analysis cuts, dot-dashed line for an analysis witho

u . , L .
software trigger. éeduced from the Whipple’s upper limit (Srinivasan et al ,

1997). Also shown is a polar cap cut-off prediction of 40
GeV taken from De Jager (2001). To give an general idea
of CELESTE's sensitivity, we have placed oGrab (not
PSR1951) point on the plot. Cheng & Ding (1994) derive

Its status of “standard candle” makes the Crab the first candiSPectra and light curves assuming an Outer Gap. They pre-
date for a gamma pulsed signal analysis. However PSR19514igp a spectral shape dff = ke~ #/F0 /E® with Ey =
which does not exhibit a cutoffin its power spectrum at EGREY x 10~ *' ™' P~ B7sinf with P = 0.04s is the pulsar
energies seems to be a promising candidate for the first dgeriod for PSR1951+323 is magnetic field strength it0'?
tection of a gamma pulsar. Gauss, and where = r/r, is the ratio of the radius of the
During Summer 2000, CELESTE accumulated 15.8 hoursem_itting reg_ion near the outer gap to the radius of the light
of data on PSR1951+32 with a counting rate around 10HzYlinder. Using this model, Whipple concludes that- 0.6.
(20Hz for the crab during Winter). Analysis conditions dif- ~ We can try to predict the rate ffminute for PSR1951+32
fer from those of the Crab observation, no quality selectionWith different hypotheses. Table 4 suggests that the expected
is applied, the dataset contains runs taken with the two CE!ates are comparable to the Crab Nebula flux. So as shown
LESTE pointing strategies 11km and double pointing 11/25in figure 5, after one or two seasons of good quality data, CE-
km. The trigger condition is also inhomogenOUS, mixing runs LESTE has a gOOd chance of detecting a Signal from PSR1951+32.
taken with a 3/5 and 4/5 multiplicity (see Reposeur (2001)).
Results using raw data (no cuts are applied) are presented in
table 3. 4 Conclusion

As for the Crab analysis no statistical excess appears in _ _ -
the expected Egret peaks phase range 0.12-0.22 and 0.4&ELESTE is now able to take data in stable conditions for

0.74 (Ramanamurthy , 1995). However the unstable triggerpulsar observations. The well understood standard analysis
ing conditions do not yet permit a realistic estimation of the Used for the ON-OFF study of steady sources leads to an in-
energy cutoff imposed by CELESTE. crease of CELESTE’s threshold unfavorable to pulsed com-

ponent detection. So a specific analysis without low energy
cuts is being developed. Our understanding of CELESTE ac-

3 PSR1951+32

3.1 Discussion

We can nevertheless try to estimate how CELESTE will be
able to constrain pulsed emission. Figure 5 shows the EGREZ
data for PSR1951+32 and the 75 GeV exponential cutoff3 8eo0o—

85500—

Table 2. Crab pulsar results using raw data

Total observation time 12.1h 84500

Total number of ON events 848853 -

Number of events in primary pulse expected phase window 85099 84000 —

Number of events in secondary expected phase window 93686 -

Number of events in pulses expected phase window 178785 83500 . . | ol 1 [ R B

Number of events outside expected phase window 670068 0 02 04 06 08 1214 16 18, &2

Pulse Phase fraction (two pulses) 0.21

Significance for the pulse phase domain .4 Fig. 3. Crab phase histogram for raw dataset. The histogram is
Upper limit at theé99% level using Helene method N, <1787 statistically flat

85000
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2 3 4 5 6 7 8 Fig. 5. CELESTE awaited upper limit or detection for
PSR1951+32. The dashed line is the power law fit of Egret data,
F|g 4. Crab pu|sal’ SpeCtrum. SO“d curve iS the Polar Cap (Hardingthe solid line is the power law mu|t|p||ed by tl’?@GeV exponen-
(2001) private communication), the dotted histogram correspondsja| cutoff (Outer Gap), the dot-dashed line represents the power law

to the Outer Gap model (Hirotani , 2001). The dashed line is the b — B2 | ken f
double power-law fit of EGRET data, the dot-dashed line is the * y(e 0) (polar cap) taken from (De Jager , 2001)

same cut with the exponential cutoff at the enefgy = 32GeV

obtained with the CELESTE standard analysis.The upper limits are

those given by different ACT. Note the STACEE upper limit (Oser De Jager, O., ApJ 436, 239, 1994

, 2001) at190GeV using also a converted solar farm. The thick De Jager, O., et al., Heidelberg Gamma-Ray Astronomy Sympo-

line is the Hillas (1998) model for the unpulsed GeV-TeV emission  sium, 2001

from the Crab Nebula. de Naurois, M., et al., Measurement of the Crab Flux at 60 GeV
with the Celest&erenkov Telescope, ApJ (submitted)

Durand, E., for the CELESTE Collaboration, Moriond 2001 Pro-
ceptance for low energy events is poor at present leading to ceedings. Search for 60 GeV Gamma-rays from the Crab Pulsar
large uncertainties for flux measurements and upper limitsFierro, J.M., et al., ApJ 494, 734, 1998
However as we improve our understanding of the detectoHarding, A.K., private communication
CELESTE should be able to constrain emission models andiélene, O., Nucl. Instr. Meth. 212, 319, 1983
draw conclusions on high energy processes in pulsars. ~ Hillas, AM., etal.,, ApJ 503, 744, 1998

PSR1951+32 with its uncut power spectrum at high en_H|rota_n|, K., and Shibata, S., preprint (astro-ph/0101498), 2001
ergy seems to be the most promising candidate for a pulsegtandlsh, E.M., JPL Planetary and Lunar Ephemerides (1997),
e . . available from ftp://navigator/jpl.nasa.gov/pub/ephem/
emission detectl(_)n._ Observations made Ias_t Yef'ir do not alIZe Gallou, R., for the CELESTE Collaboration, these Proceedings.
low us to constrain its energy cutoff. Analysis is in progress Oser, S. et al., ApJ 547, 949, 2001
of data taken this year, increasing our statistics. Results oRamanamurthy, P.V., et al., ApJ 447, 109, 1995
this analysis will be presented at the conference. Reposeur, T., et al., CELESTE : an atmospheric Cherenkov tele-
scope for high energy gamma ray astrophysics, Nucl. Instr. Meth.
to be submitted.
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Table 4. PSR1951+32 predicted ratejfminute. The cutoff is “po-

lar cap” from De Jager (2001(¢‘E/E0)2) with By = 40GeV .
“Degraded” means that the energy is shifted by &t uncertain-
ties. Note that this table is calculated for our raw acceptance.

Function Nominal  Degraded
EGRET power law 14.4 10.9
EGRET power law + cutoff 1.6 0.6

Eo=1530GeV(a=06) 162 120
Eo = 60GeV (o = 0.7) 4.8 2.6




