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1 Introduction

The dynamics of the antiproton-nucleus interaction and the structure of the nu-
cleus appear to affect in an unexpected way the behavior of the #4 annihilation
cross section at low energies. In light nuclei the pd and p* He annihilation cross
sections at f momentum below 60 MeV /c drop to the pp level, whereas at higher
momenta (2 100 MeV/c) the § nucleus annihilation cross section increases reg-
ularly with the number of nucleons in the nuclei[1].

The recent low statistics measurement of the p?® Ne annihilation cross section
at 57 MeV /¢ seems to confirm a saturation effect of o,,, with the mass number
A at decreasing § momentum (see fig.1), in agreement with the description of
strong interaction effects in hadronic atoms, including 5 atoms.



Moreover, a low statistics measurement in ? He obtained a value similar to the
20 Ne one, thus supporting a strong dependence on the nucleus structure. This
result confirms the importance of the separation energy of protons observed by
the P5209 experiment on level width and shift of the antiprotonic atoms.

To understand the behavior of o,,,(pA4), experiments are needed to confirm
first the existing low statistics measurements, and new measurements should be
performmed on $ annihilation with heavier nuclei and at even lower energies. The
detector proposed is a Self-shunted Streamer Chamber operated at atmospheric
pressure or lower. The peculiar feature of this visualizing technique is that the
filling gas acts both as detecting medium and as nuclear target. The detector
can be also equipped with internal solid targets and in the proposed set-up the
filling gas is a proper admixture of noble gases with different atomic weights.
The apparatus is able to detect and measure both fast light particles and slow
fragments produced in A annihilation. Therefore, a good separation among
annihilations on protons, o particles and medium-heavy nuclei is possible. A
good spatial resolution on the p incoming track and on the vertex is also obtain-
able. Thus, the apparatus is able to identify annihilations affected by a previous
elastic scattering.

Moreover, pp elastic scattering measurements may clarify the resonant behavior
recently suggested in pp interactions at p momenta below 200 MeV /c.

Since the p will slow down and eventually stop in the gas admixture inside
the Streamer Chamber, the pictures collected will contain both annihilations in
flight and at rest. As a consequence, from these pictures it will be possible to
extract the first direct information on the relative probability of p atomic cap-
ture on binary systems of noble gases. In this field our proposed measurements
will be complementary to the ASACUSA pA' capture measurements.

1.1 The N-nucleus, N-nucleon interaction at low energies

The measurements performed at LEAR in '80 on 5 [2] and 7 [3] annihilation
on nuclei at momenta ranging from 600 down to 200 MeV /c show a behaviour
Tann = T, AV with v = 2/3 (see fig. 2,3 and fig. 4,5) . The behaviour of o
with the incident momentum is similar for all nuclei and follows that of the gp
interaction. This suggests a picture where the dominant reaction mechanism is
the NN annihilation on quasi-free nucleons and the differences in g among the
nuclei are explainable in terms of eclipse effects, which reduce the probability
that a target nucleon is "seen” by the incident antinucleon.

At 200 MeV/c this picture of the p-nucleus annihilation is questionable but
experimental data on p 2°Ne and § *He are still in agreement with the A2/3
law. Antineutron data [4] also follow this behavior from 280 MeV/c down to x
60 MeV/c on target nuclei from intermediate to heavy.

On the contrary antiproton annihilation on light nuclei at momenta below 100
MeV/c seems to be very weakly dependent on the mass of the target nucleus
against any nalve expectation of a scaling law with the number of nucleons in



the target. A set of recent measurements of antiproton-nucleus annihilations
[5, 6, 7, 8] and of widths and shifts of antiprotonic atoms [9, 10, 11], together
with several model analyses [12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24] have
demonstrated that huge saturation effects dominate the f-nucleus interaction,

both in the negative energy bound state domain and in the positive energy
reaction sector.
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Figure 1: Antiproton annihilation cross sections for D, 3He, *He and Ne. Full
stars and empty stars correspond respectively to fp and fip data. See text for
references.

An “intersection” point at laboratory momentum 30 - 60 MeV /c exists (fig.1)
such that p-deuteron and $—*He annihilation cross sections are larger than pp
annihilation cross sections at larger momenta, but smaller at smaller momenta.
Data on these nuclei are satisfactorily precise, but they are not enough to in-
terpolate univocally the energy dependence of their annihilation rate below 100
MeV/c with S-wave even more dominant. Moreover, low-statistics data on
72°Ne and 5°He annihilation at about 60 MeV/c [7, 8] exist. When Coulomb



effects are subtracted, the Neon result has the same size as that of pp, while the
3He result is twice as large as the others (including *He) at the same momentum.
Below 200 MeV /¢ no elastic data are available on light nuclei, nor antiproton
data of any kind on medium and heavy nuclei. The id annihilation does not
show any viclation of the A%/3 law down to 60 MeV/c, but the available data
refer to nuclei with 4 > 12.

The difference between antineutron data on heavy nuclei and antiproton data
on light nuclei can be explained in terms of the number of partial waves involved
in the two cases, and also by the lower momentum at which the antiproton data
have been taken.

On the interpretation side, it has been recently observed [20, 21, 22] that
for low energy annihilations on nuclei a strong suppression has to be expected
on the very general ground that large annihilation rates would contradict the
Heisenberg uncertainty principle. It was demonstrated that annihilation cross
sections should be approximately independent on the target mass number A,
apart for Coulomb and surface effects. This result is in agreement with the
optical potential calculations {14, 18, 24] at least at very small momenta. These
studies suggest that bulk nuclear matter effects are not relevant in the g-nucleus
physics at small energy, and Coulomb effects can be understood and subtracted
[20]. Indeed, most of the above quoted potential models, and also phenomeno-
logical analyses [25, 26, 27] for the annihilation process suggest that the NN
and N-nucleus annihilation processes take place in a thin spherical shell placed
just outside the nuclear surface. This mechanism prevents any investigation
of the target structure at low energies, but makes the annihilation an ideal
tool for probing the details of the external region of the nucleus, such as the
neutron/proton ratio at the nuclear surface or the extraction energy of the pe-
ripheral nucleons. Following the suggestions of the experiments on antiprotonic
atoms, a certain correlation should exist between the annihilation probability
and the extraction energy of the most peripheral nucleon, even if this correlation
is not always verified and data on isotopes look contradictory [28]. Among the
positive energy data available, *He and ‘He data seem to confirm the relevance
of the extraction energy of the most peripheral nucleon, while deuteron data
contradict it. Indeed, according to this point of view, deuteron annihilation
rates should be larger than *He ones (Coulomb effects apart), which should be
larger than *He ones. Seemingly, the N/Z composition at the nuclear surface
has a non negligible role [23], in agreement with the fact that fip annihilation
rates are lower than pp ones at momenta 50-200 MeV/c [29]. Tt has also been
remarked [28, 30] that some nuclear anomalies can be explained in terms of
the presence of a sub-threshold resonance (predicted by potential models, see
e.g.[31, 32, 33, 34, 35, 36, 37, 38]) that, while not evident in over-threshold pp
data, would heavily affect nucleon-antinucleon interactions in close N — N con-
figurations in nuclei {characterized by large negative two-body center of mass
energies). It must be stressed that in the momentum range 70 — 115 MeV/c
measurements of pp annihilation cross section are lacking and pp elastic scat-
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Figure 2: Comparison among reaction cross sections at different § momenta
(ps > 200MeV/c).
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Figure 3: A reaction cross section data versus A%/* at 300 and 600 MeV/c.
Full and dashed lines are the result of fits with Glauber Theory.
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Figure 4: iiA annihilation cross section for i momentum in the intervals (150-
210) MeV /c and (210-270) MeV/c. The curves correspond to a fit to A¥ with
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tering data start at 200 MelV/c. New data on both fp annihilation and elastic
scattering below 100MeV/c could help in disentangling this problem.

A clear interpretation of these points is prevented in the case of antiprotonic
atoms by the difficulty in accessing to the lowest partial waves. In the scatter-
ing/annihilation case the real obstacles are the scarcity and lack of systematic-
ity of the available data. In presence of more complete sets of data, well-tested
few-body techniques exist that would permit to relate data on light nuclei with
subnuclear interactions (at least in the case of deuteron, *He and “He). On the
other side, a comparison between data on light and heavy nuclei could permit
to understand the real role of general quantum principles and of the nuclear
surface.

1.2 the pA capture

Atomic capture of heavy negative particles has been studied almost since the
discovery of these particles. The theory was pioneered by Fermi and Teller
[39, 40] using the Thomas-Fermi model for the target atom.

The negative particle feels an increasingly attractive potential as it approaches
the nucleus. Omne or more electrons can be ionized as the negative particle
is captured. In this process multiple electronic continua come into play and
electron-electron as well as exotic particle-electron correlations may be impor-
tant.

Moreover, it could be inferred from some experimental observations of relative
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Figure 5: 7A annihilation cross section for # momentum in the interval (270-
293) MeV/c.

capture probabilities that additional electrons tend to increase the capture prob-
ability, though not monotonically; simple Z scaling [39] is clearly inadequate.
The opposite supposition, that the capture cross section depends mainly on the
target ionization potential, as suggested by capture occurring mainly at low col-
lision energies, is also clearly inconsistent with the data. Cohen [41] developed
calculations on helium and neon, the simplest atoms for which experiments have
been performed. The results are shown in Table 1.

Following Cohen, the most informative way of looking at capture is the reduced
capture ratio, i.e. the ratio of capture probabilities per atom

W(Z)/c(2)

R

(1)

where W(Z;) is the probability of capture by the component 7 in a binary
mixture and ¢(Z;) is the atomic concentration of each species. If the process



is linear in Z then this ratio is independent of ¢(Z;); however this ratio in fact
depends more or less significantly on the concentration. The reduced capture
ratios for § and p~ in Ne:He mixtures are shown in fig. 6 and fig. 7 respectively.
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Figure 6: Reduced capture ratio for p in He/Ne.

In both cases the probability of capture by neon is greater, as expected from

its capture cross sections reaching much higher energies. For a 50:50 mixture,
the reduced ratios are similar, A(Ne,He) =3.36 for 5 and A(Ne,He) =3.69 for
.
Upon closer inspection, there is a significant, difference between the dependences
on the mixture fractions in the two cases. The reduced capture ratio for p
has a substantial monotonic dependence on the mixture, varying from 4.3 in
predominantly helium to 2.7 in predominantly neon.

On the other hand, the reduced capture ratio for x~, shown in fig.7, is much
less dependent on the mixture.

There have been a number of experimental determinations of capture ratios for
helium and neon using g~ and #~. All of the capture ratios between *He and
Ne have been determined indirectly, through measurement of ratios with some
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Figure 7: Reduced capture ratio for 4~ in He/Ne.

third species (Ar, H2,> He).

The concentration dependence of the reduced capture ratios for neon and he-
lium has not been measured experimentally. Measurements of the concentration
dependence for g~ capture in argon-neon, krypton-argon and xenon-argon mix-
tures have been reported [42]. For the first two mixtures, they found a significant
concentration dependence, about as strong as for p in the neon-helium mixture.
However, it is in the opposite direction; A(Ar,Ne) and A(Kr,Ar) increase as
the fraction of the heavier element increases, while Cohen [41] finds A(Ne,He)
decreases as the neon fraction increases.

Following Cohen, the oft-invoked quasiadiabatic arguments are still fairly de-
scriptive of capture by helium, but are virtually useless for the ten-electron neon
atom.

On the contrary, Schiwietz el al [43] described the stopping mechanism of neg-
ative particles in gas by the generalized adiabatic-ionization (AI) model. This
model goes beyond the adiabatic model of Fermi and Teller [39, 40] by intro-
ducing collisional broadening into the electronic potential curves of the "qua-
sidipole” that is transiently formed in low-velocity collisions of negative particles

10



c{Ne) | A(Ne He) Epri(eV)

He Ne average
0.01 425 214 70.1 21.9
0.10 4.04 20.5 67.6 26.5
0.50 3.36 176 59.5 40.7
0.90 2.83 14.0 53.2 50.2
0.99 2.71 12.9 51.8 51.6

Table 1: Reduced capture ratios and average capture energies for  in neon-
helium admixtures [41].

with atoms.

The Al model is seen to provide a good description of the He data in the whole
velocity range below the stopping power maximum. When the nuclear stopping
power S? is added to the Al result for S., the total stopping power exhibits a
minimum at that position where indications for a minimum are found in the
data [44].

The ionization cross section for g+ He collisions, and hence the electronic stop-
ping power, exhibit a threshold at a velocity corresponding to a projectile en-
ergy of about 0.1 keV. In the total stopping power, this threshold is supposed
to be masked under the nuclear stopping contribution. It appears however, that
threshold effects may be discernible in the stopping in heavy rare gases. The
electronic stopping power of low velocity negative particles is decisively influ-
enced by the electron affinity of the "united atom:” formed in the collision (i.e.,
of the atom with nuclear charge number one unit less than that of the target
atom).

As the nuclear stopping contribution is small in this v range, a steep rise of the
stopping power in these targets is predicted to occur beyond vip, (see Tab.2).
Note that the position of the stopping power maximum is expected to depend
only weakly on the target species. The threshold behaviour in heavy rare gas
targets provides a signature of near-adiabatic electron dynamics in the stopping
power of negative particles.

2 Strategy of the measurements

We intend to measure simultaneously annihilations on the same target nucleus
at different momenta of the § taking advantage of the peculiar feature of the
Streamer Chamber. Indeed, in this chamber the filling gas acts as detecting
medium and also as reaction target. Moreover the filling gas works as degrader
for the energy of the incoming p, so increasing flight paths inside the chamber
correspond to a lower average momentum of §. For an average beam intensity
of 20 # per bunch and per picture registered we expect to collect between 5 and
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Target atom | (r) {(a.u.) | United atom | E, (a.u.} || v, (a.1)
He*(1s) 0.592 H! 0.0276 0.065
Nel®(2p) 0.664 F° 0.1250 0.333
Ar'8(3p) 1.147 cnT 0.1331 0.609
Kr3(4p) 1.392 B 0.1235 0.688
Xe®(5p) 1.700 I% 0.1125 0.756

Table 2: Mean radius {r) of the target orbital initially occupied by the active
electron, electron affinity E, of the united atom and threshold velocity vsa, of
the negative-particle stopping power in rare-gas targets [43].

10 events of annihilation in flight in ‘He for § momenta ranging between 100
and 30 MeV/c every 10%p.
First of all, we intend to improve the accuracy of the measurement of the an-
nihilation cross section in ®He and in ?*Ne. The only measurements available
on these nuclei at low energy are affected by a huge statistical uncertainty and
need to be confirmed.
For this purpose we intend to operate the chamber at atmospheric pressure (or
lower) with an admixture of noble gases of different atomic weight as 2° Ne—3 He,
Xe—4Heand Ar—*He. The percentages in the admixture will be a compromise
between the opposite requirements of collecting quickly the desired number of
annihilations on the heavier gas and of having a relatively long flight path of the
£. We intend to insert one or two thin C' Hj; foils inside the streamer chamber at
specific depths after the entrance window. Each target position will correspond
to a specific average value of the  momentum at this depth. The annihilations
which took place on C and H nuclei can be well identified and separated by
checking the presence of nuclear fragments. In this way a direct measurement
of the ratio between annihilation cross sections on the filling gas, on carbon
and on the hydrogen can be performed by counting the observed annihilations.
This method does not exhibit sources of relevant systematic errors since the
measurements on the different nuclei are performed simultaneously by the same
apparatus on the same solid angle and with the same beam set-up.
A direct comparison between the § annihilation cross section on hydrogen and
the p elastic cross section on hydrogen can be done by identifying and measur-
ing the fp elastic events in the CH, foils. The position of the foil inside the
chamber fixes the average momentum of the impinging  and its width deter-
mines the corresponding momentum interval. A CH, foil will be used for the
entrance window, allowing to collect annihilation and elastic scattering data in
the interval 90-100 MeV /c, the first limit depending on the selected thickness
of the entrance window.

The method followed for identifying and selecting the events is described
below. Since the elastic scattering at small angles is dominated by Coulomb
scattering (see fig.2,2), only events with medium and large scattering angle

12
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Figure 8: Angular distribution of the Jp elastic cross section in C.M.S. at pyap
= 50 MeV/c . Full line: contribution of the strong interaction; dotted line:
contribution of the Coulomb scattering,.

can be attributed to the strong elastic channel. Among them, the very large
angles are associated to a slow momentum of the recoiling antinucleon and to a
correspondingly long range of the proton. In this case the event cannot be easily
distinguished from an annihilation event on the € nucleus. With the cuts on
scattering angles above described, in the momentum range 60 — 100 MeV /c we
estimate to be able to measure at least 50% of the pp elastic scattering events.
According to available predictions [21] (see fig. 10), the fp elastic cross section
in this momentum range amounts to 20% of the fp annihilation cross section,
so we expect to collect 25 elastic scattering events on average on each foil every
3 10%p.

For the measurements of absolute cross sections the beam dose will be evaluated
directly on each picture by counting the number of 7 tracks entering the selected
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Figure 9: Angular distribution of the pp elastic cross section in C.M.S. at pya
= 100 MeV/c. Full line: contribution of the strong interaction; dotted line:
contribution of the Coulomb scattering.

fiducial volume.

2.1 Measurement of the p momentum

The streamer chamber in the proposed set-up is operated without magnetic
field and the p momentum for annihilation events cannot be measured event
by event. An average momentum at any depth can be attributed to a selected
region of the target on the basis of the estimation of the § energy loss before
the interaction vertex. During the last fifteen years, starting from the PS179
experiment we gained exclusive knowledge on the f stopping power in gases [44}.
An independent complementary measurement of the ¢ momentum can be done
through the measurement of the elastic scattering events. Indeed in an elastic
scattering event the momentum of the incoming § can be deduced from the

14



10 Pe{MeV/c)

Figure 10: Continuous line: Total pp annihilation cross section calculated as
in [21]. Dashed line: Total strong elastic cross section (the Coulomb forward
singularity is excluded). Dotted and dot/dashed line: Total annihilation and
elastic cross sections calculated after assuming zero charge for the projectile. At
larger momenta the charge does not create large differences.

measurement of the relative angle formed by the two tracks outcoming from the
vertex and from the measurement of at least one of the ranges of the outgoing
particles. For this purpose only the events with two prongs identified will be
selected. The p track will be tagged by the annihilation vertex at its end. Range
measurement combined with ionization estimation will allow the identification
of the recoiling nuclear fragment. P can scatter elastically on the nuclei of the
filling gas and on ¢ and H nuclei when the chamber is operated with the solid
target inside.

Even if the scattering on any kind of nucleus can be used for the measurement
of the scattering angle, the most accurate result is obtained for p scattered at
medium-large angles on light nuclei, first of all on the proton. In these events the
momentum transferred to the target nucleus may be as large as to imply for the
corresponding recoil nucleus a path long enough to allow a careful measurement

15



of the recoil direction and range.

3 Experimental apparatus

The experimental apparatus to be installed in STRAD will include a self-
shunted streamer chamber operated at a 1 atm pressure (or less {43]) of the
filling gas (inert gases and small admixtures for regulating the size of the lu-
minous centers along particle tracks} and a high-voltage pulse generator pro-
ducing electric pulses of a few hundreds of kV required for operation of the
streamer chamber. Such chambers developed by the INFN-JINR collaboration
[46, 47, 48, 49, 50, 51] have been successfully used in studies of pion—helium
(at JINR, Dubna) [52, 53] antiproton-helium and antiproton-neon interactions
(LEAR, CERN exp. PS179) [54].

The STRAD streamer chamber will have an inner volume of 90 x 70 x 18
cm?®, so as to provide for particle registration within a solid angle amounting to
~ 4,

The streamer chamber will be equipped with two CCD videccameras, record-
ing antiproton-nucleus interaction events occurring in the chamber volume.

Actually, the streamer chamber serves simultaneously as a very thin target
{the density of helium at NTP, for instance, is only 0.000178 g/cm?) and as
a tracking device, so it is a perfect vertex detector, since all slow secondary
charged particles (in helium, protons of energies down to 0.5 MeV} produced in
the reactions have quite visible and measurable tracks.

Ranges and energies for various charged particles in helium are reported in
Table 3. Helium, like other inert gases, is a typical filling gas for the self-shunted
streamer chamber.

Table 3: Energies (MeV) of various particles corresponding to given track ranges
in ‘He at NTP.

Particle: P d t 3He o

R (cm)
1.0 0.16 0.17 017 014 025 03
5.0 027 0.55 070 073 1.70 1.8

10.0 (He) 040 085 1.20 130 290 3.3
(Ne) 140 340 420 550 1110 129
20.0 057 1.30 170 190 450 5.0
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From Table 3 one can see that the range of a 1 MeV proton coming to a stop
in helium exceeds 10 cm and is quite measurable; an a-particle with an energy
of about 3.5 MeV has the same range.

The self-shunted streamer chamber technique permits obtaining well-localized
(~ 2mm along the electric field) and highly luminous (by two orders of mag-
nitude more than in conventional streamer chambers) charged particle tracks
by addition to the filling gas of small amounts (< 0.1%) of complex molecules
(water vapour, hydrocarbons, etc.).

For operation of the streamer chamber electric pulses are applied that are
few hundreds of kV; no special shaping of the high-voltage pulse applied to the
electrodes of the chamber is required, and the shape of the pulse is determined
by the electric discharge in the gas volume [46]. In our case, the positive pulse
applied to the lower electrode of the chamber is ~200 kV.

The high-voltage Marx pulse generator (HVPG) to be used is similar to the
one applied in the CERN PS5179 experiment [5] and will consist of 16 capacitor
stages (made up of capacitors with ¢ = 0.05 xF) resulting in an output capac-
itance of ~3100 pF. The delay of the output high-voltage pulse of the HVPG
relative to the trigger pulse does not exceed 0.23 us.

All videoregistration of nuclear events by experimental devices such as streamer
chambers, permitting literal visualization of such events, has hitherto been per-
formed with the aid of photographic techniques. These techniques involve me-
chanical apparatuses requiring maintenance, time-consuming development and
actual measurement of the photographs of nuclear events for further image pro-
cessing,

At present, highly sensitive sensors based on charge-coupled devices (CCD)
are available on the market, which, together with the rapid development of
computer technology, make possible immediate filmless registration of digitized
images of nuclear events and further rapid data handling. The following char-
acteristics of such images in the self-shunted streamer chamber have to be con-
sidered:

o their impulse nature requiring synchronization of the videosystem and the
external pulse triggering the streamer systern;

e the large dynamic luminosity range (<104) of the tracks;
e the high and irregular nature of background luminosity.

The system to be realized in STRAD will be similar to the one utilized
by the DUBTO collaboration in a study of pion-helium interactions [8]: two
high-resolution digital CCD videocameras will be used for obtaining stereo-
images of nuclear events in the chamber. A possible choice is the SenSys-1400
videocamera from Photometrics Ltd.

The SenSys-1400 videocamera is based on a cooled CCD matrix with 1317x 1035
photosensitive cells (pixels) of dimensions 6.8x6.8 pum?. The SenSvs CCDs are
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scientific-grade, exhibit good resolution, low noise, and linearity over the dy-
namic range and are used in scientific applications. The camera precision elec-
tronics, that converts the analog videosignal produced by the CCD into a digital
signal, permits obtaining a 12-bit dynamic range (up to 4096 gray levels) for a
noise level of ~17e rms and a quantum efficiency of the photosensor amounting
to ~40%. The reset time is & 1 5.

The entire system of registration, accumulation, and processing of images
will comprise two digital SenSys videosensors connected to a Pentium processor,
the software for processing and analysing images (Image-Pro Plus software for
Windows), and storage devices for temporary and long-term recording of images
on a 10 Gb HD and on 2 Gb removable hard disks Jaz.

The envisaged accumulation system will permit the registration and storage
on removable disks Jaz of up to 1 per 2 second digitized image of pictures
consisting of 1300x 880 pixels, which will provide for the required resclution of
1 mm in the streamer chamber space.

Preliminary on-line data processing is also intended and includes scaling,
storage, compression, and the creation of a database of images.

The database accumulated in the IPP system will be further applied for
scanning and selection of useful events.

The above described system will be connected to Internet and open FTP
access to the database for off-line data processing.

4 Experimental area

The experimental apparatus will be installed at the AD/CERN machine in the
general purpose area (see fig.11) and will use the DEM beam line.

In this experimental area the apparatus will occupy in total an average
square surface of 3 x 4m?.
The apparatus will be completely shielded by a Faraday copper cage 3m high,
properly grounded to avoid any electromagnetic noise to the surrounding in-
strumentation and to other experiments installed in the same hall. Concerning
methods and performances of this solution we refer to our succesfull experience
in the LEAR/CERN PS179 experiment.
In addition a conirol room 3 % 4m?, possibly in the corner of the AD experi-
mental hall, is needed. In this room we shall install the data acquisition system
and we plan to monitor on line the performances of the apparatus.

The simple structure of the apparatus makes possible to install it on a mov-
able support. The whole apparatus with related infrastructures can be mounted
and dismounted in about one week.
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Figure 11: AD experimental area

5 Beam line and transport

The optimal matching between the AD bunched beam and our apparatus will be
studied in agreement with the AD machine group. Anyway, a special wall with
a collimator system will be studied to optimize the number and the trajectories
of the p entering the Streamer Chamber.

6 Beam requirements

To perform the proposed measurements in the gunn sector with a statistical
accuracy at 10% level about 350000 p in the Streamer Chamber are needed.
Under the hypothesis of one bunch/min and of 20 p/bunch in the Streamer
Chamber, we need in total 300 hours of beam. It is equivalent to 30 nights (10
h/night) or 12 weekends {24 h/weekend).
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The beam time may be in "self operating AD mode”.

Moreover no more than half a day is needed to start the data taking without
being in a stand-by and few minutes to be operative if in stand-by situation
with respect to other experiments.

To take out the apparatus we need less than half a day.

7 Cost estimate!

Description KCHF
1 | Streamer Chamber construction 8
2 | Gas circulating system 17
3 | Beam line and collimator 25
4 [ HV pulse generator 40
5 | Faraday cage 16
6 [ TV cameras and DAQ system 64
7 | Infrastructure 40

Total 210

The *He gas needed for the experiment is already available in the Collabo-
ration.

8 Experimental plans and milestones

2001

- apparatus construction. A prototype is not needed since well experienced
technologies are adopted.

- project and construction of the beam line

- project and construction of the collimator wall

2002
- January-July
apparatus installation

- September-November
data taking on gaseous admixtures *He/Ne,* He/Ne,* HefAr* He/Xe) and

1On September 22th the Istituto Nazionale di Fisica Nucleare has approved the cost plan-
ning of the experiment and has already allocated the whole budget required by the italian
component of the Collaboration for the year 2001. The maoney will be released after the
proposal approval by the CERN Committee
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solid targets (C'H,)

end 2002 - beginning 2003
report on results obtained and discussion on a possible extension of data taking.
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