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Abstract: A new type of absolute measurement of the nitrogen fluorescgield in the air will be performed at LAL
using 3 items which will yield an unprecedented precisioralinconditions of pressure, temperature, and pollutants.
A 5 MeV electron beam will be provided by the new electron &medor PHIL at LAL. As the fluorescence yield is
proportional to the energy loss of the electrons, the doution of secondary electrons (deltas) to the signal is much
more important than the contribution of the primary eleatrolt has therefore been chosen to use an integrating sphere
the basic property of which being that the probability teegetight is independent from where the light is producedties

the sphere. An output device on this sphere will be equippéuavset of optical fibers driving the fluorescence light to
a Jobin-Yvon spectrometer equipped with an,Llddoled CCD. The fluorescence spectrum in the 300-430 nm raitige

be accurately measured in steps of 0.1 nm resolution. A PMilppgd with a BG3 filter (the same as on JEM-EUSO)
will be set on the sphere to measure the integrated yield.sphere will be monitored by a NIST photo-diode, and will
be surrounded by a spherical envelope to create a tempexantrolled chamber (a Dewar). With this setup it will be
possible to vary the temperature froat0°C' to +40°C and the pressure from 1 to 0.01 atm. The expected precision of
the yield should be better than 5%.
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1 Introduction as the fluorescence intensity is proportional to the elec-
tromagnetic energy released by the shower into the atmo-
A precise measurement of the energy is essential for tihere. For the Pierre Auger Observatory, the uncertainty
study of ultra-high energy cosmic rays. Basically, twdn the energy using the fluorescence method is araghid
types of detectors are used for this purpose: and the main source of systematic uncertainties comes
from the limited accuracy in the measurement of the air-
e Surface arrays which sample the shower tail: thifluorescence yield. In the Pierre Auger Observatory[4] the
method records the lateral development of thencertainty in the fluorescence yield contributé%; to the
shower of secondary particles using an array of patetal systematic error of the energy calibration. This para
ticle detectors. eter is thus a key for determining the energy of ultra-high

, . energy cosmic rays detected by a fluorescence telescope.
» Fluorescence detectors which record the longitudipse il measure the fluorescence yield using a 5 MeV elec-

nal development of the shower and observe the az,n heam and calibrated detectors in order to improve the
mospheric fluorescence induced by charged part'd%t%curacy of this value to a precisionk.
in the shower.

The second method is currently the most precise one to €8- Fluorescence Yield
timate the energy of cosmic rays, and is used by the Fly’s

Eye experiment [1], HiRes [2], Telescope Array [3], andjr-fluorescence photons are produced by the de-excitation
the Pierre Auger Observatory [4]. The future JEM-EUSQyf atmospheric nitrogen molecules excited by the shower
telescope [5] will also detect extensive air showers froen thgjectrons.  Excited molecules can also decay by collid-
International Space Station with this method. ing with other molecules, using the process of collisional

Fluorescence detectors provide a measurement of primagyenching. This effect increases with pressure, reducing
cosmic ray energy which is relatively model independenfluorescence intensity.
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Atmospheric effects, including pressure, temperaturd, amultiplier tube equipped with a BG3 filter (the same filter
composition, must also be reproduced and studied in ordas the JEM-EUSO project).

to understand the real conditions present during the produghe integrating sphere must be vacuum-tight and part of
tion of fluorescence photons within an extensive air showeys. dewar to allow studying the yield at low temperatures
As the excitation cross sections show a fast decrease W'(t@own to —60°C).The basic property of the integrating
energy, secondary electrons from ionization processes ajghere being that the probability to detect light is indepen
the main source of fluorescence light. For this reason, it {§ant from where the light is produced inside the sphere The
necessary to simulate the production of fluorescence phgye of the sphere depends on pressure (due to the pressure
tons in order to evaluate the fiducial volume needed fqjependence of the distance of ionization of secondary elec-
interaction. The fluorescence spectrum consists of a sebns and multiple scattering) from a few centimeters at 1
of molecular bands represented by a set of discrete wavgmm to a few decimeters at very low pressure (0.01 atm).
lengthsA. The range of this spectrum is the near UV beTne exact size of the sphere is determined using Geant4
tween 300 to 430 nm. simulations to reproduce multiple scattering and the mean
The fluorescence yield for a lin¥, , is defined as the num- free path of secondary electrons.

ber of photons emitted by the primary charged particle péfhe source of electrons is an electron accelerator (PHIL)
meter of path. The deposited energy of an electron per ujeveloped at the Laboratoire de I'Accélérateur Lin@air
of length is defined as: (LAL) and presented in the next section.

The calibration of the detectors is fundamental in order to

dE
Pox (1) obtain an accurate measurement of the fluorescence yield.
The number of photons produced with this energy depends _
on the fluorescence efficiency of the line,: 3.2 PHIL: theelectron Beam
The “PHoto-Injector at LAL" ( [9] and [10]) is an electron
p dFE . S
Y, (photons/e/cm) = ¢, P IX (2) beam accelerator at LAL. This accelerator, which is primar-

ily dedicated to the testing and characterization of etectr
This efficiency-, depends on the lifetime of the level (de-photo-guns and high-frequency structures for future accel
excitation) and also on the effect of pressure, temperaturgrator projects, can also be used to simulate the electrons
and composition [11]. emitted by an extensive air shower.

The total fluorescence yield,; is thus the sum of alV,:  PHIL is currently a 6-meter-long accelerator with 2 diag-

nostic beam lines. The direct beam line will be used to

Yiot = Z Y,. (3) inject electrons into an integrating sphere. An Integatin

gl Current Transformer (ICT) will provide the estimated beam
charge, beam size, and beam position measurement with

Knowing both the fluorescence yield and its dependen¢fgh accuracy. The main characteristics of PHIL, for our
on atmospheric properties accurately is essential in doderconfiguration, have been summed up in the table 1. For the
obtain a reliable measurement of the energy of cosmic raygeasurement of the fluorescence yield, precise knowledge
in experiments using the fluorescence method [6], [7] angf the source (energy, position, charge...) is an important

[8]. Studying the total spectrum of fluorescence emission igart of the total accuracy. Using the PHIL accelerator,ghes

also fundamental for JEM-EUSO in order to optimize datparameters will be available with an accuracy-o2%.
analysis.

3.3 Detectors

3 Principle of the experiment . _
For the integrated measurement, fluorescence photons will

31 Experimental Set-up be detected and counted by a photo-multiplier tube (PMT)
with the same filter as in the JEM-EUSO project. The cal-
The aim of this experiment is to measure the fluorescendration of the detector is a key parameter in this kind of
yield of each line with &% accuracy using an electron €xperiment. The overall PMT efficiency will be measured
beam as a source of electrons (reproducing the electronsusing a NIST photo-diode, accurate to %5
an extensive air shower), an integrating sphere with coispectral measurements are interesting because the dffect o
trol of pressure, temperature, and composition in order temperature, pressure, and composition are not the same
measure atmospheric effects, and calibrated detectors. for each spectral line. These effects are also interesting f
The electron beam will interact with gas inside an integrathe future JEM-EUSO project in order to study the signal
ing sphere. A fraction of the emitted fluorescence lighto noise ratio, which changes with the wavelength.
will be detected and measured with both a Jobin-Yvolfhe fluorescence lines will be measured using a Jobin-

spectrometer equipped with an kNooled CCD, in or- Yvon spectrometer equipped with a LNcooled CCD.
der to study each spectral line separately, and also a photo-
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Figure 1: Design of experiment

Characteristics Values

Charge per bunch between 50 pC to 300 pC
Energy 3-5 MeV

Energy spread less than 1%

Bunch length a few ps

Beam transverse dimensign 0.5 mm

Table 1: Characteristics of PHIL

The CCD will be calibrated using the calibrated photosurement of the fluorescence yield with an accuracy of up
multiplier tube at the second output of the spectrometer. to 5%.

The patented method of calibration has been developed and

used with success by G. Lefeuvre, P. Gorodetsky, and th%'r
collaborators, and is explained in the thesis of G. Lefeuvre

(see [11] and [12]).

camera) should be around2

4 Summary
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