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The futune Cerenkov Telescope Array experiment (CTA) will reach a sensitiviy and ener
alution never btained until now by any other high energy gamma ray experiment. 1t
known that atmospheric conditions contribule particularly in this aspeel. Raman lidars can help
reduce the syslemalic uncertainties of the molecular and acrosol companents of the stmosphene
30 these performances can be reached. The motivation and de

described. It provides both multiple elastic and Raman readout chin

tics design. Readout electronics incorporates a gated photomultiplier function mode 1o avoid
electronic pulse saluration due 1o very high gain signals reaching the telescope from very low
altitudes. Preliminary analysis show the actual performance of the lidar in consistency with the
desired design goals.

1. Introduction

The future Cerenkov Telescope Array experiment (CTA}, will reach a sensilivity and energy resolution never
obtained until now by any other high energy gamma ray experiment. It is well known that atmospheric conditions
ontribute particularly in this aspect. Current Imaging Atmospheric Cerenkov Telescope (IACT) experiments have
pioneered several ways to introduce atmospheric calibration devices, among them the use of lidars. Their experience
has led to a coherent atmospheric calibration strategy for the future CTA experiment. One of its key components con-
ists of the of the pheric exti profile throughout the entire path that Cerenkov photons may take
hefore getting imaged, at two wavelengths at least within the sensitive regime of the light sensors used in the CTA tele-
scope cameras. To achieve this, one or several Raman lidars, lengths will provide
profiles, to o Iy assess the atmospheric extinction across the observed science targets. Such an approach is
ufficiently precise when either a single or no cloud layer are present in the observed field of view, a situation fulfilled
bractically all the time when CTA will be aperative.

To precisely characterize extinetion profiles up to 25-30 km height. the Raman lidar should use powerful laser and
arge reception mirror. These choices n at the expense of strong interference with the
sght sensors making it impossible o simultaneously operate both. Since the telescopes need to re-point frequently, the

man lidar must therefore be able to measure the extinction profiles within short time scales typically a few minutes.
Taking into account the ht fmm very low altitudes, few tenths of meters, became
big nuisance for the operation of the lidar, saturating both the p ltiplier and data a chain.
Lo overcome this issue, we have developed a high frequency g med photomultiplier base that pl:"llll us 1o mask the
speration of the photomultiplier for these nals.

We report here on the design and performance of a prototype raman lidar conceived at the LUPM laboratory
aboratoire Univers et Particules de Montpellier). Elastic and Raman spectra are presented with a preliminary analys
of the obtained profiles. These results confirms the conception design and solutions opted. The use of the gated
shotomultiplier high voltage ba: m demanstrates the benefits of such a development. We will refer to our system

s LRL (LUPM Raman Lidar).
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where P(dg. 2) are the return signals from distance z at the Raman wavel

tion factor, Ng(=

differential Raman cross section for the backward direction.
The particle extinction coefficient can be determined as:
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multiplier gated schema designed and built at LUPM
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this pulse correspond to the OFF state and it is user adjustable. Normally it correspands to the
(0 in altitude. After this time interval the regain its normal op 1 status.

Jf figure 3b show the sampling pulse and the photomultiplier tube output. We used normal obser-
10 obtain these data. The gain turnoff pulse was adjusted to an equivalent of 300m for these tests,
us 1o observe at very low altitude with no interference from stray light coming from the laser. No
served during these tests, still more field testing is necessary o evaluate the full potential of this

slier output signals are then fed to  standard industrial LICEL acquisition crate. 1t is equipped
Jits modules. while additional hoards assure the synchronization of the laser trigger and DAQ.
1 and data transmission (o the main CTA-ACADA acquisition chain, is based on a UPC/UA driver

s and performance studies zure &: Range corrected retumn signals (night-time) acquired during various data taking periods at OHP Observatory.

months the LRL has been installed and operated at the Observatoire de Haute Provence (OHP).
site, where a number of optical telescopes are also installed and operational. The observing
pretty optimal to evaluate the performance of our lidar system.
1 the vertical profile of the particle backscatter coefficient at 355 nm and 532 nm relies an the
chigue, and this is implemented following reception of the nitrogen vibration Raman signals a
1. s proposed by Ansmann et al. The LIDAR equation for the elastic scattering signal is expressed N [m Nl }
Pig
iy

1ile to caleulate the backseatier coefficient. The elastic lidar equation first is normalized with its value at a specific
crence height =, Then the Raman lidar equation is normalized with its value at the same reference height. Finally
normalized clastic and Raman cquations are divided as illustrated in the cquation below
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cvaluate this equation, the reference height, Zg, needs to be set. The reference height is normally set such thifr the present lidar data analysis we have aimed ut a 30m space averaged data to increase the
backscatter coefficient from aerosols is much smaller than the backscatter coefficient from molecules. Then theng).
approximation can be used (B, (dg. 290 + By (g, Z0)) By =) and the backscatter coefficient from,y caleulating the background noise to be removed from all smoothed analog and photon counting
‘N'“ at the reference height dues not need o be known.  background noise is inherent in the received signal and it can be considered to be almost constant
b of g . Oz is the overlap correc. ThE advantage with this procedure is that it makes the power of the laser, the height independent parameters anlole range in the signal. To remove the noise from the signals, first we have to calculate the noise
the molecule number density of the Raman-active gas and da,, /dS2 is the range independent® 0Vetlap function o cancel out. It s assumed that the overlap function is the same for the Raman and elastic lidatiat we select a region in the higher heights where acrosol content can be considered to e negli
uation. :red signal from such heights will mainly be due to the background radiation. The average of the
Finally the aerosol lidar ratio can be calculated : < altitude range can be considered as noise and this is subtracted from the lidar signal throughout the
our study we have selected the area above 20km and calculated the noise value for both analog and
(Subtracted it from the respective signals.
stem s coaxial by design, no overlap correction is applied. We finalize the signal proceeding by
log and PC signals. The lidar data collected in analog mode exhibits high linearity at lower heights
ignal provides good sensitivity at higher altitudes. The SNR is high for analog at lower heights and
h.whl\ Due to this reason. there is a need to find a signal which shows higher SNR at both lower
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The advantage of the Raman LIDAR technique is that it can measure extinction and backscatiering direetly, elimi
ing the need for an & of the ratios when solving the LIDAR equation. Howeve:
only disadvantage of using the Raman LIDAR technique is the relatively weak Raman scattering compared to the
leigh or fluorescence scattering. but this limitation can be overcome by the use of high power lasers and/or lonj 452 solution, we combine both the signals into a singlesignal through a process known as gluing

fegration times. Thus aerosol optical property profiles can be resolved in both time and space. cnabling a vertical® ":’“‘"’“* *‘;’;‘f:’lf* to MMZEB;M WZ h:c {:Ilmncd a mc-hx;d pmpmadl? Lu:‘i m:l[r
: Tigh-time profiles (range corrected) obtained after the processing phase presented is shown in Figure

gorfunthe precise dentificaion glaciosal diaibation Y SSTART clostc lincs while the botlom ane the $52/60Tam ane. Wo can elearly ditinguish the
benehil ul the photomutliplier gating mechani ribed beforchand. The profiles are free of saturation, for altitudes
as low s 300m. A value predefined in our data acquisition

We continue by calculating the aerosol extinction and backscatter coefficients both for the 355nm and $32am lines
bases on the formulation presented above. Typical results obtained are shown in Fig.5. for the 35Sam line and Fig. 6
for the 532nm one. The presented profiles are extended for up to 10km in altitude. Results were similar for different
nights taken during the same period. Still we are optimistic as of our design. since no real optimization was performed
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