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Abstract. A LIDAR, basedon the detectionof singleback-
scattereghhoton,is underconstructiorattheMPI for Physics
in Munich. It is ervisagedo beoperatedimultaneouslyith
the 17 m diameterMAGIC air Cherenkv telescope. The
LIDAR will allow oneto measurehe aerosolheightdistri-
bution in the atmosphere.This informationcanbe usedto
correctfor light lossesin air shaversdueto scatteringon
aerosolsaandthusto improve the enegy estimateof the pri-
mary particlesmeasuredy MAGIC. A 50 cm diameterAl-
mirror is usedin the LIDAR togethemwith a2.510~% J per
0.6 nspulsedNd:YAG-laserat 532 nm. The statusandthe
first measurementsill bereported.

1 Introduction

The 17 m MAGIC telescopgLorenzet al., 2001), (Barrio
et al., 1998), presentlyunderconstruction,is a nev Imag-
ing Air Cherenlbv Telescope§lACT) for gammaastronomy
from 30GeV (12GeVin phasdl) to 30 TeV. Sinceair shav-
ersdevelopin the atmospherechangesf the atmospheric
transmissiorueto dust,haze waterdropletsetc. needto be
monitored.

A promisingsolutionmight be provided by a low power
LIDAR (LIght DetectionAnd Ranging). It basically con-
sistsof a pulsedlaser a sphericalmirror for collectingthe
backscattereghotonsanda photodetectorsensitve to sin-
gle photons.Measuringthe arrival time andthe intensity of
the backscattereghotonsallows oneto measurehe trans-
mittanceof theatmosphere.

2 Motivation

The main developmentof air shaversgeneratedy cosmic
rays respectiely gammarays takes placein the range of
around5 to 15 km above sealevel. Cherenlov light emit-
tedby relatvistic chagedparticlesstill hasto travel through
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athick layerof atmospheréo reachthegroundlevel. Differ-
entscatteringandabsorptiorprocesseaffectthelight onits
way down. For thenew generatiorof highly sensitve IACTs
it is necessaryo correctthe datafor thesevariablelossesn
orderto make full useof thetelescopes potential.

The ozonelayerwhich absorbsvery effectively radiation
in the UV from 280 nm to 340 nm is in the upperpart of
the atmosphere.This layer varieswith time in heightand
concentratiorand makesit difficult to make predictionsof
losses.

Rayleighscatteringefersto the scatteringof light off the
air moleculesand canbe extendedto scatteringfrom parti-
clesup to abouta tenthof thewavelengthof thelight.
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wherep is theair density(canbeapproximatedsp(h) =
poexp (—L) whereH is the atmospheriscaleheight, typ-
ically H ~ 7 km, h is the heightabove sealevel andpy =
0.00129 g/cn? is the air densityat 0°C' at sealevel for an
isothermaktmosphere)X r = 2970 g/cn? is themeanfree
pathfor scatteringat Ag = 400 nm and N, is the number
of photonsin the light beam,and! the unit length. For the
intensity of scatteringarounda specifieddirection,onecan
write (Sokolsky, 1989):
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The annualvariation of the Rayleighscatteringis small
sincethe densityprofile of the atmospherehangedy just
~ 10 g/cn?, while the whole atmospherds 1037 g/cn?.
Rayleighscatterings a moleculamprocessandits effectsare
well predictable.

Aerosol, or Mie, scatteringis quite compl. It hasa
strongdependencenscatteringanglewhichvarieswith aerosa
size,aerosokhapeanddielectricconstantlt is thescattering
of an electromagnetiovave by particlesor refractive index
inhomogeneitiesf a sizein the orderof roughlythe size of
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the wavelength. This scatteringproducesa patternlike an
antenndobe, with a sharperand moreintenseforward lobe
for lagerparticles.Mie scatterings not stronglywavelength
dependenandproducedor examplethe almostwhite glare
aroundthesunwhenalot of particulatematerialis presentn
theair or thewhite light from mistandfog.

Mie or aerosokcatteringcanchangeon a minutetimescale.
Thereforeit is very importantfor the analysisof ary IACT
datato know theactualscatteringparameterd, e. theheight,
thicknessanddensityof ary aerosolayeroverhead.

3 TheprototypeLIDAR
3.1 Theoperatiorprinciple

TheLIDAR is pointingin the sameobsenationdirectionas
MAGIC. The pulsedlaserproducesa seriesof shortlight
pulses. Along the pathof the laserbeamsomephotonsare
backscattered.Their intensity varying with the contentof
Mie scatterersThesebackscattereghotonsarecollectedby
a mirror andfocusedonto a PhotoMultiplier Tube (PMT)
which is ableto detectsinglephotons.The arrival time and
the densityof the backscattereghotonsprovide information
on the distanceandthe densityof scattereralongthe laser
pulsepath. This informationis usedto determinethe coef-
ficient for Mie scatteringo, which canbe usedin Monte
Carlosimulationsfor correctionof the enegy spectrunof v
ray sources.Thefollowing plot shaws a simulatedresponse
of theLIDAR for the parametersf our setup.
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Fig. 1. Simulated_ID AR signalswith 40 nsintegrationtime (equi-
alentto 6 m bins)in differentscalesThe peakat5 km altitudecor
respondso Mie scatterindayerwith a scatteringcoeficientthatis
afactor20 higherthanthe Rayleighone

The actualdrop in the signal after the peakat 5 km is
barelyvisible on theseplots. One cansee,for example, if
onewantsto obtaina Rayleighscatteredignalof 20 photo-
electrongphe)from alayerat 10 km height,oneneed$5000
lasershots,which meansone hasto shoot50 s at a rate of
100Hz (seemiddleplotin Fig. 1).

3.2 Thetechnicalrealization
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Fig. 2. Schematialiagramof the LIDAR

The laseris a pulsedNd: YAG laseroperatingon the sec-
ondharmonicj.e. A = 532nm. Theenegy outputperpulse
is 2.510~% Jwith FWHM = 0.6 ns. The Pulsefrequeng is
limited to 100 Hz, to allow operationaseye-sae laserwith
lessthan1 mW output. The laserbeamis adjustedparallel
to the optical axis of the telescope The beamdivergenceis
1 mrad.A photodiodeinsidethelaserprovidesafasttrigger
signalfor the dataacquisition(DAQ) wheneeralight pulse
is generated.

Theall aluminum50cmsphericamirror with afocallengtr
of 145 cm anda reflectvity of 0.85is diamondmachined.
The light detectorconsistsof an adjustablediaphragm two
lensesaninterferencdilter with a transmissiorof 40 % at
532 nm and 10 nm bandwidthanda PMT with a quantum
efficiengy of 12 % attheobseredwave length.
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Fig. 3. Schematiaiagramof theopticalsystem
Thecustommadealt-azimuthmountis drivenby two step-

per motorswith gearboxes. The motorsare controlledby
two CANopenmotor controllers. The position of the tele-

scopeis indicatedby two CANopen14 bit shaftencoders.

Themainelectroniccomponentsrethe power suppliesand
frequeng generatoto operatdhelaserandaHV powersup-
ply for the PMT. The PMT is readoutby a Flash Analog
to Digital Corverter (FADC) installedasan ISA cardin a
Linux PC.The bin sizeof the FADC determinesheresolu-
tion alongthe light path. A customdriver hasbeenwritten
thatallowsto operatethe cardunderLabview.

4 First resultsmeasuring distant thin clouds

Thefirst measurementsere obtainedat theyard of MPI in
Munich. Cloudlayersareclearlyseerin Fig. 4, whichshavs
a typical time profile of a measuremen{display copy of a
storagescope).Channell is thetriggersignalfrom thephoto
diode(left lowercorner)andchannel shavsthe PMT read-
out. The big peakis dueto Rayleighscatteringin the first
200to 300m andthe aerosokcatteringn the groundlayers
of theatmosphereThesecongeakis acloudlayerat3.1km
distancewhile thethird andfourth onesarelayers250m and
350m above thefirst cloud. Samplingtime is 10 s.

Fig. 4. The measurememf the Munich sky shaws several cloud
layers

4.1 ProblemsandSolutions

Thefirst measurementhow a highlight backgroundwhich
malesit difficult to measuresmall aerosoldensities. Part
of this problemis causedby strong light pollution of the
Munich area. The next measurementwill be carriedout at
darlersites.Also the useof afilter with narraverbandwidtr
shouldbringimprovements Sofarmeasurementrecarried
out only for a singlefixed wavelength. The useof different
wavelengthwould be usefulandwould male it possibleto
constrairntheaerosokize.

5 Conclusion

The LIDAR will be a usefultool for the MAGIC telescope
Thereare still hardware and software improvementsto be
done.More thoroughobsenationof the atmosphericondi-
tions especiallyin La Palmaat the site of the MAGIC tele-
scopeareneeded.
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