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Abstract

The dfect of an electric field on the primary scintillation from £ the ultraviolet and visible wavelength regions (200 -
800 nm) is reported. The study was performed in the presamgerfrom 1 to 5 bar and at electric fields of up to 2d. Photon
emission spectra, fully corrected for the detection resppand the absolute photon yields in the ultraviolet anibieisegions
are reported. The GFemission spectra and the photon fluxes show no variatioristiv field at low pressures-{ bar), while
at higher pressures th&ect of the field on the scintillation is strong: the ultragbémission intensity increases and the visible
intensity decreases with the field strength. Time specttheprimary scintillation for several applied electric diedtrengths are
also reported for the two wavelength regions of light enoissi
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1. Introduction a) Optical fjlter G i Gas ce
CF4 (carbon tetrafluoride) possesses a unique combination of VT or |~ Excited gas
physical properties which makes it a very attractive déaeact Monochromator] || | : . q-source
medium, both for charge- and optical read-out.,@&Fa heavy “ Light
molecule containing only low Z atoms. The gas has high stop- Ouartz W»i*r‘]‘&;“ re%ecto‘ (Al)

ping power, the drift velocity is high and theflision is low [1]. T
The scintillation properties of GFare also appealing: the pho- b)
ton emission is distributed over a broad spectral rangan(fro

start trigger

vacuum ultraviolet to visible), the gas is transparent f®pivn oMT H
emission and the photon yields are quite high (see e.g. [2]).

This article is a follow-up paper for our previous publica- i
tion [3], where we have reported results on the pressurerdepe stop trigger

dence of the primary scintillation from GKemission spectra
and photon yields) in the absence of an electric field. How-
ever, for detectors operating with a drift field it is essahtd  Figure 1: Schematic drawing of the setups used for spedtrdies and photon
study the &ect of the field on the primary scintillation. Here we yigld meast_JrementS\Xand for time-_resolved measuremerity. G is the grid,
present results for the pressure range from 1 to 5 bar showirfg's the solid state detector and S is theource.

that the application of an electric field with only a few hun-
dred V/cm already strongly influences the primary scintillation
at high pressures. We also give time spectra of the priméamy sc
tillation for pressures from 1 to 3 bar at several electritdfie
strengths, and we discuss possible physical mechanisnthwhi
can explain the observed results.

@ 40 mm) of the cell was directly facing an Am-241source.
The source was mounted 0.2 mm behind the surface of a flat
light reflector, installed parallel to the window. The reftec
made of aluminum, had a reflectivity of 0.8&®.08 in the wave-
length range of the study. The gas was irradiated{particles
through a 0.8x 6 mn¥ aperture in the reflector. The rate of
2. Experimental techniques the a-particles entering the gas was 4210000 s and the
average energy deposited by @aparticle in the gas was 3.70
2 0.05 MeV. A metal grid (optical transmission of 0.89) was
fhstalled parallel to the reflector at a distance of 26 mm. rEhe
flector was kept at ground potential while voltages of up t&/5 k
' were applied to the grid. The GRvith 99.998% gas purity was
supplied by Air Liquide.
Email address: andrei@coimbra.lip.pt (A. Morozov) A monochromator (Applied Photophysics 7300) and a photo-

Fig. 1(a) shows a schematic drawing of the setup used t
record emission spectra and to measure absolute photos.flux
CF, was fed into a gas cell, which was evacuated 16~ mbar
prior to every gas filling. The output window (fused silica
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multiplier tube (PMT) C31034 from RCA were used to record E w]
the emission spectra. The spectral response of the detsyte E
tem was established using recently calibrated (Nt8#&ceable) 5
light sources: a deuterium lamp (200 - 400 nm) and a tungsten ’é
halogen lamp (380 - 800 nm). 5"

The measurements of the absolute number of photons emit- £ .
ted by the gas (in the following referred to as “flux mea- 200 a0 400 s e | 70 a0
surements”) were performed directly with two PMTs, Photo- g . ]
nis XP2020Q (UV region) or Hamamatsu R1387 (visible re- R 3 bar. 2 kjem
gion), using broadband optical filters to limit the waveldng &
range and applying the point-light-source approximationas ﬁ ol
shown that the measured count rates decrease as the inverse g
square of the distance between the light source and the PMT. A & o : ‘ : : :
detailed description of the measurement technique andall t c 302?0 2= = =» ™ ¥
calibration procedures have already been given in our puavi %
paper [3]. 2 2]

Fig. 1(b) shows a drawing of the setup used to record time 4
spectra. In this case, anotheisource (Am-1U, Ortec; activ- q;; 104 ]
ity ~600 a-particles per second) was installed at a distance of 3 /\
~2 mm from a solid state detector (PIPS, Canberra). Alpha- s % a%0 400 500 600 700 800
particles, after depositing part of their energy in the gese Wavelength, nm

registered by the solid state detector, giving the “staig* s Figure 2: Wavelength-resolved primary scintillation fr@#, for 1, 3 and 5 bar

nals. The primary scintillation photons, recorded by a PMTecorded with and without the applied electric field. Thetphdiux data are
(XP2020Q in the UV or R1387 in the visible region) pro- given in “photon yield per nm* units.

vided the “stop” signals. Optical filters were again used to

limit the wavelength range of the detected photons: a Schott

UG11 filter was applied in the UV region, and a UV-block filter Profile and on the intensity of the emission. However, at éigh
(450 nm cut-d) was used in the visible region. After amplifi- Pressures thefiect is very significant: the application of the
cation, shaping and discrimination, the PMT-signals were s field strongly reduces the intensity of the visible emissioii

to a time-to-amplitude converter and the time-resolvedrimia- ~ /€ads to an increase in the UV emission. Moreover, at 5 bar the
tion was recorded using a multi-channel analyzer. The idect electric field causes a spectral redistribution of the UV emi
field was established between the grounded detector antl-the aSion: when the field is applied, the spectral profile of the UV
metala-source by applying voltages of up to 600 V. The correctemission changes and it becomes essentially the same as the
operation of the complete time-resolved detection system w Profile observed at lower pressures.

confirmed by recording time spectra from molecular nitrogen When the emission spectra are recorded, the monochromator
in the so-called second positive emission system (see4j)g. [ collects light only from a limited fraction of the light ertiitg

and comparing the obtained decay rates with well-estadish volume. Since the characteristic diameter of this volunge si
data from literature. nificantly increases with the inverse gas pressure, the pag+s

tra recorded with the monochromator affeient pressures are
differently dfected by the light collectionfgciency. In Fig. 2

we compensate for this fierence applying scaling factors to
3.1. Emission spectra and photon yields the individual spectra. These factors were obtained from ab
solute photon flux measurements performed directly with the

Emission spectra were recorded in the wavelength rang . .
from 200 to 800 nm at pressures from 1 to 5 bar. Al spectraBMTs (see Section 2). Using the data on the absolute number

were corrected for the spectral response of the detectisn syof emitted photons, and applying the information on the aver

tem. Gas aging during a rather long recording time of a specz—ige energy deposited lyparticles in the gas per second, we

trum (~3 h) appeared as a uniform reduction of the intensity of::/ ::?izgt:;geuﬂﬁgtgp F%'elg fo_lr_kt]fée %E{énr:a:glz(ﬁlsng!zﬂzgéie
the visible emission. Thisfiect was accounted for by record- g. 2). P y

ing count rates at several wavelengths with fresh gas fillangd j[he number of photons e”.““eo' per 1 MeV of energy depo.srted
ving th red : h in the gas. The systematic uncertainties are about 15% in the
applying the required corrections to the spectra. o - :
. o UV and about 20% in the visible wavelength region.
Fig. 2 shows the emission spectra recorded at 1, 3 and 5 bar , )
The wavelength-integrated photon flux as a function of the

with and without an applied field of 2 k¢m, which is the max- d directly with th |
imum field strength that can be safely used in this setup. Af; F, pressure was measure 'r,e"tY with the PMTSs at severa
ield strengths, and it is shown in Fig. 3 for the UV emission

1 bar the application of the field had nffext on the spectral o g
component (220 - 500 nm) and in Fig. 4 for the visible compo-

nent (500 - 800 nm). The relative uncertainties are below 10%

INational Institute of Standards and Technology, U.S. Dep€ommerce  for the UV component and below 15% for the visible one. Note

3. Resultsand discussion
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Figure 3: Primary scintillation from Cf UV photon flux (220 - 500 nm) as a
function of the gas pressure and the strength of the appléatrie field.
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Figure 4: Primary scintillation from G photon flux in the visible range (500 -
800 nm) as a function of the gas pressure and the strength apitiied electric
field.
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Figure 5: Primary scintillation from Cf time spectra of the UV emission in
the range of 260 - 370 nm with and without the applied eledieid.

shape of the time spectra and theetive decay rate.

Unlike the time spectra recorded in the UV range, time spec-
tra of the visible emission show a significant pressure depen
dence and demonstrate a strong non-exponential chasteteri
sics at later stages of the decay (see Fig. 6). Typiffattve
lifetimes are between 10 and 15 ns. The peak in the time spec-
tra shifts to later times with increasing gas pressure. Heee
of the electric field on the time spectra is also strongly gues-
dependent: at 1 bar the time spectra recorded with and withou
an applied field are practically identical, while at higheeg
sures the decay becomes faster and the peak shifts to shorter
times when the field is applied (See Fig. 7). Moreover, thetim
spectrum which was recorded at 3 bar with the strongest elec-
tric field is very similar in shape (peak position and tffeetive
decay rate) to the time spectrum recorded at 1 bar.

3.3. Suggested physical mechanisms
According to the literature data, the origin of the UV emis-

that both spectral and flux measurements give the samegesuftion are transitions in GFexcited ions [5], while the visible

for the field dependences providing a good cross-test.

3.2. Time spectra

Time-spectra of the primary scintillation (i.e. the dibtri
tions of the photon emission probability vs. time) were releal

in the pressure range from 1 to 3 bar. Data for higher pressure -

could not be obtained in this setup due to the very short iange
of the a-particles. The UV emission was analyzed using the
XP2020Q PMT with the UG11 optical filter. Therefore, the ob-
tained data have arffective wavelength range of 260 - 370 nm.
The time spectra of the visible emission were recorded using
the R1387 PMT with the UV-block filter, providing aftective
range of 450 - 800 nm.

The time spectra of the UV emission are nearly identical for
the gas pressures from 1 to 3 bar. An example for 3 bar is
shown in Fig. 5. The decay is nearly mono-exponential (ipic
effective lifetimes are-5 ns) with a very weak non-exponential

emission is due to transitions in @Excited molecules [6]. The
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“tail”, which is visible at time delays above 40 ns. The appli Figure 6: Primary scintillation from Gf time spectra of the visible emission

cation of the electric field practically does not change hib¢h
3

(450 - 800 nm) for the gas pressures of 1, 2 and 3 bar.
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Figure 7: Primary scintillation from Cf time spectra of the visible emission
(450 - 800 nm) for the gas pressure of 3 bar and several strepfthe applied
electric field.

Figure 8: Grid current vs. reduced electric field for sevges pressures.

erage energy for the electron-ion pair production. At highe
pressures, the current does not reach the saturationatirdjc

most likely explanation for theftect of the electric field on the . L
the loss of electrons in recombination processes.

CF4 primary scintillation involves electron-ion recombiraati
which is one of the depopulation channels of the excited ions

and which appears to be a population channel for the excited. Conclusions

CF; molecules at high gas pressures. The application of an

electric field hinders recombination and, therefore, leadsn The dfect of the electric field on the primary scintillation
increase in the UV emission (less competition for the raggat from CFy is strongly pressure-dependent: at 1 bar the appli-

decay) and to a decrease in the visible emission (less excit&ation of the field has nofkect on the spectral profile, on the
tion). intensity and on the time spectra, while at higher pressies

mfg’eld causes an increase in the UV emission and a reduction

At pressures of about 1 bar the role of recombination see the visibl . At & bar th i
to be very weak: both UV and visible emissions do not show/! (N€ VISIbIE emISsion. pressures ob bar the applica-
tion of the field also results in a spectral redistributionttod

a variation in the spectral shape, in intensity and in thestim V emission. The primary scintillation from GFs very fast
spectra when the field is changed. This suggests that at these ) P y y

pressures the GFexcited states, which emit visible light, are meaSL_Jred ﬁectllve dgcay times arg 15. ns)., therefore, '.t IS
only populated by a direct excitation (god by some colli- well suited for triggering purposes both in drift chamberd &

sionalradiative channels from other directly excited species).t!me'proJeCtlon chambe.rs. The application of the field hrasp
cally no efect on the time spectra recorded in the UV range

. . . . i
Cuppled via the recombiation chanel. However, when ig al pressures) and in the visible range-dtbar. However,
strong field is applied, the recombination channel is egsgnt t e_ﬂe]d S|gn|_f|cantly modifies the time spectra of the visibl
“switched dt” leaving only the direct excitation. The time spec- emission at higher pressures.
tra of the visible emission support this explanation: assit i
shown in Fig. 6, an increase in the gas pressure shifts the pe&. Acknowledgments
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