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Abstract

A measurement of the cosmic ray muon flux in the atmosphere has
been carried out from the data collected by the MASS2 (Matter Anti-
matter Spectrometer System) apparatus during the ascent of the 1991
flight. The experiment was performed on September 23, 1991 from Fort
Sumner, New Mexico (USA) at a geomagnetic cutoff of about 4.5 GV /c.
The negative muon spectrum has been determined in different depth
ranges in the momentum interval 0.33-40 GeV/c with higher statistics
and better background rejection than reported before. Taking advantage
of the high geomagnetic cutofl and of the high performances of the in-
strument, the positive muoun spectrum has also been determined and the

altitude dependence of the muon charge ratio has been investigated in
the 0.33-1.5 GeV/c momentum range.

1 Introduction

In the past, only a few measurements of high altitude muons were avail-
able, prior to the results on the negative component reported by the WIZ-
ARD/MASS collaboration at the 23rd ICRC [1, and references therein]. Those
measurements were unprecedented as to the particle identification capabilities
of the instrument and to the wide ranges in energy and atmospheric depth in-
vestigated. Moreover, a renewed interest in such measurements has appeared



with the increasing evidence of the Atmospheric Neutrino Anomaly (2, and re/f-
~ erences therein]. A muon calibration of the atmospheric neutrino calculations
can decrease the uncertainty associated with neutrino production and there-
fore contribute to the interpretation of the phenomenon. A measurement of
the cosmic-ray muon spectrum and charge ratio in the atmosphere is reported
here. The data analyzed in this work were collected with an improved version
of the MASS apparatus during the ascent of the 1991 flight. The negative
muon spectra have been measured in various depth ranges with higher statis-
tics and in different conditions of geomagnetic cutofl and solar modulation
than in the previous experiment. In addition, the altitude dependence of the
muon charge ratio has been investigated. Some preliminary results are shown
here. The complete set of results will be available at the Conference.

2  Experimental Setup

For a description of the MASS2 apparatus, the reader is referred to [3]. The
main improvements with respect to the 1989 configuration were: an increased
geometric factor, an increase of the MDR from 120 to 200 GV /c, a higher track
reconstruction efficiency and a higher detection efficiency for the calorimeter.
As a consequence, it was possible to get higher statistics and improved particle
identification capabilites at the same time.

3 Data Analysis
3.1 Event Selection

The data sample analyzed in this work contained more than 220,000 tniggers
gathered over a period of 8,960 seconds. The events were first required to meet
a set of reliability requirements for the reconstructed tracks, as described in
(3]. In addition, consistency was required between the track reconstruction
and the information from the other detectors. The TOF measurement was
used to reject the few upward going particles.

- Negative muon selection. The negative muon candidates were selected
by means of the dE/dx signals from the scintillators and the hit pattern in the
calorimeter. In particular, the average signal from the top scintillators and the
signal from the bottom paddle were required to be between 0.7 and 1.8 I,, I,
being the mean pulse height in the scintillator for a minimum ionizing singly
charged particle. Muons were also required to show a clear single track in the
calorimeter, with no evidence of interaction; for this purpose, a number of hits
between 2 and 14 for one view and 2 and 10 from the other was required, with
not more than one plane giving multiple hits.

Positive muon selection. In addition to the above requirements, a
test of the § measurement from the TOF system was introduced for positive



muon selection at low energy, namely 1/8 < 1.15 and 1/8 < 1.07 in the
momentum ranges 0.65-1.25 GeV/c and 1.25-1.5 GeV/c, respectively. No
further discrimination was needed below 0.65 GeV/c.

3.2 Efficiencies and Background Rejection

The exposure time as well as the altitude-dependent dead-time fraction was
considered in the calculation of the absolute fluxes. The geometric factor
of the apparatus was evaluated by means of two independent calculations.
Detailed checks were performed on the energy-dependence of the track recon-
struction efficiency of the spectrometer. A trigger efficiency of 0.821+0.01 was
introduced. The selection efficiencies of the scintillators and the calorimeter
were determined to be 0.8610.01 and 0.8940.01, respectively. Finally, a -
selection efficiency of 0.9164+0.005 was introduced for positive muons in the
range 1.25-1.5 GeV/c. The Cherenkov detector was used to reject the low en-
ergy electrons and positrons misidentified in the calorimeter: particles with a
Cherenkov signal larger than the equivalent of 3 photoelectrons were removed
[rom the muon sample. Assuming an efliciency of 96% for this selection of
particles well above the Cherenkov threshold, the residual contamination in

the muon sample is expected to be comparable to the number of muons lost
because of the test. Contamination should be well below 1% of the surviving

events even at the lowest energies. A conservative upper limit of 1% was set
on the residual proton background in the positive muon sample in the raunge
1.25-1.5 GeV/c. The proton background at lower momenta as well as the
contamination by heavier particles is negligible. Pion contaminations of the

order of a few percent cannot be excluded at this point of the analysis, more
accurale estimates are in progress.

4 Results and Conclusion

A sample of 4,976 negative muons and 3,120 positive muons were finally se-
lected in the momentum ranges 0.33-40 GeV/c and 0.33-1.5 GeV /c, respec-
tively. They were distributed between 886 and 5 g/cm?® in atmospheric depth.
Despite the great deal of cross-checks performed to support the event selection
and the efficiency estimates, the results shown here are still preliminary for
the following two reasons: 1) the ascent curve of the payload was determined
from the measurements taken with the payload sensors and may be inaccu-
rate up Lo the level of 5-10%:; 2) some global quantities related to the absolute
normalization are under current investigation. An upper limit on the flux un-
certainty of 20% can be set at this time. The spectral distribution of muons
of either charge was determined in different depth intervals. Results for the

negative component are reported in Figure 1, where the MASS measurements



are also shown. The muon charge ratio is shown in Figure 2, in the momen-
tum bins indicated. The data are plotted at the average payload depths in
different depth intervals. The current evidence is that there is no.significant
variation of the ratio with changing altitude, while the mean value increases -
with increasing momentum in the 0.33-1.5 GeV/c interval.
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Abstract

‘The Matter Antimatter Spectrometer System (MASS2) apparatus is
a balloon-borne instrument. This experiment was flown for 9.8 hours on
September 23, 1991 from Fort Sumner, New Mexico, USA, the geomag-
netic cut-off of the launch site being about 4.5 GV/c. Diflerential fluxes
of electrons and positrons have been measured at an average depth of
residual atmosphere of about 5.8 gr cm~2. These fluxes have been stud-
led 1n the range 2-50 GeV and 2-15 GeV respectively. Preliminary results
will be presented and compared with previous experiments.

1 Introduction

The determination of the electron and positron energy spectra is of primary
importance in studying the cosmic ray confinement and propagation processes
in the Galaxy. The use of a magnet spectrometer makes it possible to directly
determine the charge of the particles, allowing a clear separation for the two

components. Extracting the positrons signal is difficult due to the large proton
Aux. |



2 The MASS2 Apparatus

This apparatus is the evolution of the one used in the original MASS flight in
1389. It consists of a tracking system, a time of flight (TOF), a Cherenkov
detector and a streamer tube imaging calorimeter. The tracking system is

composed of a superconducting magnet and 8 multiwire proportional cham-
bers (MWPC) stacked with two 10-plane drift chambers. The superconducting
magnet produces a field varying from 10 to 40 kG over the volume of the de-
tectors. A total of 8 MWPC and 12 DC positions along the maximum magnet
bending direction (X view) with 4 MWPC and 8 DC along the orthogonal axis
(Y view) were digitized giving a maximum detectable rigidity (MDR) greater
than 200 GV {2]. The TOF consists of two planes of two layers of plastic scin-
tillator. A coincidence between the planes gives the acquisition trigger. The
Cherenkov counter i3 filled with Freon 12 having a threshold Lorentz factor of
Yen =~ 23. The photoelectrons are collected by a spherical mirror and focused
on 4 photomultipliers (PMT). The calorimeter is made with 40 layers of 64

brass streamer tubes each, piled up along orthogonal views. It has a total
depth of 7.33 radiation and 0.75 nuclear interaction lengths.

3 Selection Criteria and Data Analysis

To select reliable momentum reconstruction, we required at least 11 position
measurements in the x-view and 6 in the y-view. Also, a2 x? < 8 on both views
and a 0 < 0.03GV ™! were used to define a good reconstructed deflection from
a least-square fitting procedure. For et analysis we required a deflection at
more than 5 o from zero. The TOF system was used to reject upward go-
ing particles. We also required a signal, on each plane, lower than 2.5/, /,
being the pulse height for a minimum ionizing singly charged particle. Con-
sistency between the position reconstructed into the TOF from both tracking
and timing signal were used. The signals of the Cherenkov and the calorime-
ter hit pattern were used to select both electrons and positrons. The former
were identified requiring the sum of the PMTs equivalent to at least 4 photo-

electrons, the latter requiring at least 6 photoelectrons (the average number
of photoelectrons from an e* is approximately 10). In the calorimeter, e~

induced electromagnetic showers were identified by selecting events showing
more than 4 planes containing a cluster of hits inside 2.5 Moliére radii. In
selecting e* attention must be paid in eliminating hadronic initiated shower.
To assure a high proton rejection power for the positron measurement, we
required that both views of the calorimeter show a cluster on at least 7 planes
and that the starting point of the shower be in the first 5 planes.

To calculate absolute flux, correct estimates of the selection criteria effi-
ciencies and the acceptance are needed. Using more stringent selection criteria



for one instrument, within a restricted energy range, it is possible to select a
set of low background particles of a given family and calculate the requested

efficiency. To calculate the geometrical factor we used a Monte Carlo program
that tracks a simulated particle through the instrumnent. The geometrical fac-

tor is ~ 190 cm? sr for particles crossing the whole calorimeter with E >5 GeV.
We found a spectrometer efficiency of 0.95 for E > 2GeV. The requirement
of a completely recorded event in the calorimeter was satisfied by 82% of the
events and 74.4% of the events passed the consistency check on the TOF. The
TOF and Cherenkov pulse height selections are 91% and 94% efficient. The
calorimeter selection efficiency for e~ is 0.98 and 0.625 for e*. A Monte Carlo
simulation was used to double check the last two efficiencies.

4 Conclusion

The preliminary electron flux at top of the atmosphere is shown in Figure 3.
Using the calculation by Stephens [3], the atmospheric background was evalu-
ated at the average float altitude. After background subtraction the flux was
corrected to the top of the atmosphere by scaling them by a factor fam =
~vh/In? were h is the residual atmosphere depth in radiation lengths, following
[4]. The electron flux follows a power law: J(E) = 111 « E-3892013 (mIgp
sec GeV)~! | in the energy range 5-50 GeV. The et flux was evaluated us-
ing the same procedure and the charge ratio, et /(e* + e7), was found to be
R =0.103 + 0.043 in the 6-13 GeV energy range.
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Abstract

As part of a senes of experiinents to search for antimatter 1 the pnimary
cosmic rays, the NMSU balloon-borme apparatus was configured for a fight
dedicated to the search of positrons. Two completely new instruments were
added to the magnetic spectrometer: a Transition Radiation Detector (TRD)
and a Silicon-Tungsten tracking calonmeter.

The function of these two instruments complemented one another and the
combined action provided a proton rejection factor better than § x 10°. We
report here the results from the analysis on the complete set of data. All the
presented spectra are at the level of the spectrometer.

1 Description of the Flight

For the description of the NMSU balloon facility we refer to ref. [1]. The apparatus
was launched from Fort Sumner, New Mexico on 8 August 1993 and floated at a mean
altitude of 36 km for 25 hours. During this time about 750,000 events having a smile
charged track in the spectrometer were selected. The balloon drifted west during the
flight and the resulting mean geomagnetic cutoff was of 4.5 GV /c.
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Table 1. Efficiency and contamination for each detector in the rigidity range 4§ -
50 GV/c.

il

Efhciency e~ Contamination p Contamination
TRD | (69 x 2) x10°2 | (130 £ 004) xi0-7 | (30.4 £ 03) x10~7
Scint. | (955 0.8) x10-2 | (9830 + 0.04) x10-7 | (0.11 & 0.06) x10~?
Calo. | (719 %2) x10-7 | (034 £002) x10-2 | (0.79 £ 0.07) x10~7

——

[Tot. | (52+2) x107% | (43 03) x 10-5 | (2.6 15)x10°° ]

2 Data Analysis

The performances of the spectrometer and of the individual detectors have been eva-
luated using electron and proton data collected during the flight {2]. ‘A sanple of
electrons, obtained by applying strict cuts for electrons with the calorimeter, was used
to determine the overall efficiency for the TRD. In a similar manner, the efficiency of
the calorimeter was determined using an electron sample selected with the TRD.
Both the performances of these instruments have been previously studied at particle
accelerator beams; the results are reported in ref. [3].

2.1 Electron Spectrum

In order to obtain the e~ spectruin, we have established selection critena for the
time of flight system, for the TRD and for the tracking calorimeter. These critenia
~were chosen to have a high detection efficiency for electrons while inaximazing the

rejection power of the apparatus for protons. Table 1 reports the experinentally

evaluated efficiency and contamination of the chosen selection criteria in the nigidity
range 4 - 50 GV/c.

The dE/dX information from the TOF scintillators has been used to contribute
to the i1dentification of « particles. For the study of the n‘e;i;ative side of the particle
spectrum we have used only the calorimeter since its high electron efhciency and

hadron rejection power are adequate to i1dentify the e~ component. In Figure | we

see the resulting e~ spectrum selected using calorimeter cuts only. The portion below
about 5 GeV shows the eflect of the geomagnetic cutoff. A power law fit to tlus curve

in the range 6 - 50 GeV is in (see continuous line) good agreement with a spectral

index of 3.3. We observe a total of 980 electrons during the flight, 315 of which are
in the range 6 - 50 GeV.

2.2 The Positron Spectrum

To obtain the energy distribution of the et candidates, the same cuts used to identify
e~ , along with the TRD cuts, have been used on the positively charged particles.

Figure 2 shows the resulting et spectrum. To compare this plot with Figure | the
values have been divided by the TRD efhiciency.

2.3 et / (et + ¢ ) Ratio

We have evaluated the surviving proton background by using the raw spectrum (after
tracking cuts) of the particles with charge equal to +1 . That was done by evaluating



— 13 —

4 ||’J--lj-'i 7 3 |
W | i - QA et ~all o &t 08
‘.. hedat - . L]

!1_“__<

“ T 3 4 s srase Ju ol I

Figure 1: Global ¢~ spectrum. The Figure 2: Global et spectrum. The continu-
continuous line 1s a power law fit of ous line is a fit of the primary plus secondary
the primary ¢~ spectrum. spectra. The dotted lines are the & 1 standard

deviation from the mean value of the atmo-
spheric background spectrum.

contamination left by each detector using the separation power of the remaining de-
tectors (see Table 1). The overall contamination is the product of the contaminations

left by each detector. Using this and the raw proton spectrum we have determined
the proton background for each energy bin.

We have evaluated the positron atmopsheric background using a first order Monte
Carlo simulation. We have simulated the e™ spectrum at the level of the spectrometer
starting with a primary electron spectrum with a spectral index of 3.3. This spectrum
was then propagated through the atmosphere and material in the apparatus down to
the top of the spectrometer. We have assumed that the primary e~ spectrum at ener-
gies below the maximum of the distribution has a slope identical to that of the protons
in the same region. The simulated spectrum includes corrections for bremsstrahlung

losses, and assumes that the ¢~ and et atmospheric backgrounds are generated by
the process of pair production of the primary 4-rays which follow a E-%-" power law.
Using this spectrum we have been able to reproduce (continous line in Figure 1) the
experimental spectrum . That is for energies greater than 4.8 GeV:

P1-E~%*7 4 p3. g~3¢ (1)

and a function f3(E) ! for lower energies. From the spectrum reported in Figure 2

and using Formula 1 and f;(E), the weight of the distribution of secondary e¥ was
found to be:

364.2- E~%7 (2)

In conclusion, we find that the experimental positron atmopsheric background comes
from Equation 2 evaluated for each energy bin and multiplied by the TRD efhciency
(Table 1). The dotted lines in Figure 2 are the + 1 standard deviation from the
et

| +¢ _

this analysis are reported in Table 2 and compared with previous results in Figure 3.
+ o :

The mean value of cr‘:}c" ratio is: (7.3 £ 1.6) x 1072 at the center of gravity of

the positron energy equal to §.11 GeV.

— ratio {rom

mean value of this background. The results and the measured -5

£-a0)?
'2(E) = PV E~?7 4 P2-(E°® + 35.-¢ :‘n‘.“’L')
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Table 2: Experimental results.

Energy bin | e ¢
4 = 111 | 13
S + 7 164 | 17
7+ 11 98 | 13
11 =30 36 | 11

64 7 (‘C+ + e~ )
0.064 + 0.031
0.062 + 0024
0.080 + 0.032
0.107 £ 0.053
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Figure 1: Erperimentol et / (et + e~ ) (ref.[4)).
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Abstract

The p/p-ratioc from 4 10 19 GeV has been mcasuted using the
NMSU/WiZard balloon bome Matter Anumatter Superconducting
Spectrometer (MASS2) instrument. Thus 1s the frst confirmation of the
cosmuc ray antiproton component made in this energy range since their
discovery in 1979 [1]. The MASS2 instrument 1s an updated version of the
instrument flown in 1979. The observed p/p -ratio is 1.52:104.

1 Introduction

Anuprotons in the cosmic radiauon were discovered in 1979 ({1}.{2]). Since tus ume
scveral experiments have measured or set upper limits on the anuproton component of
cosmic rays. However, all of the experiments have covered a lower energy range. The
MASS2 expenment provides a remeasurement of the original 1979 observation. This
instrument i1s an improved version of the onginal payload. Using the MASS2 instrument ¢
was possible to measure the antiproton flux in the 4 to 19 GeV range without the need for
any instrumental background subtracton.

2 Instrument

The MASS2? instrument, as shown in Figure I, is composed of a magnetic spectrometer, a
plastic scintllator time-of-flight (ToF) system, a gas Cherenkov counter and an imaging
calorimeter. The spectrometer measures the deflection, defined as the inverse of the
ngidity, of the particle in the magnetic ficld. It consists of a superconducting magnet and a
position measuring device. The superconducuing magnet coil provides a magnetic ficld
within the tracking device, which vanes from 2.2 10 0.15 Tesla. The tracking device 1s a
hybnd detector, made of multiwire proportional chambers |3] and drift chambers [4]. The
hybnd system provides a maxamum detectable rigidity (MDR) of 210 GV/c.

The charge of the particle and the direction that the particle traversed the instrument
1s mecasured wath the ToF system The sysiem provides 3 indcpendent dE/dx-mcasurc-
ments for charge separation and a imung resolution of 415 ps for singly charged particles.
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e A e e o used as a threshold device to separate
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) electrons and positrons), from the

Duning the flight the gas volume was
filled with Frcon 12, which gives a
Chercnkov threshold of ya=25. The
Cherenkov light produced is focussed
by a 4 segment nurror onto 4 photo-
tubes, Each scgment 1s a piece of a
sphencal mirror with a radius of 40
inches.

The calorimeter s wused to
distinguish electrons and positrons with
electromagnetic showers from non-
tnteracung muons or hadronically
interacting protons. . It is an 1maging
streamer tube calonmeter with a depth
of 7.33 radiauon lengths.

The flight of the instrument took
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Figure | - The MASS2-instrument place in september 1991 from Fon
Sumner, New Mexico, with a

gecomagnetic cutoff of about 5 GV/c. The experiment stayed at an altitude of about 36 km
for 9.8 hours. The ayerage residual atmosphere was 5.8 g/cm’.

3 Analysis

In order to select charge onc particles it was required that the 3 dE/dx-measurcments,
provided by the ToF scinullators, should be consistent and that each of them have a signal
less than 3 times that of a minimum ionizing particle.

The main selecting device is the gas Cherenkov counter. Its threshold for muons and
protons defines the lower and upper end for the observation. Negative curvature particles
within this range which do not have accompanying Cherenkov light are identified as
anuproton candidates. Background events may mimic an antiproton as a result of
inefTiciency of the Cherenkov counter, albedos traversing the instrument from the bottom

(0 the top, positive parficles spilling over to negative curvature (due to the finite
spectrometer resolution or due (o scattering within the instrument).

The inverse of the velocity, as denived from the ToF unung measurement, i1s required

to be greater than 0.75 ¢ . This separates downward going particles from albedos by more
than 35 sigma

Electromagnelic showers are identified by their signature withun a cylinder of 13
Moliere-radii and than removed from the sample.

The Cherenkov counter, being the only device which is able to suppress the muon
background, plays a crucial role in the analysis. An exicnsive monlc carlo study was
carricd out along with ground measurements in order 10 understand the behaviour of this
device. Tlus work is well descnbed in [5). Since The light collection of the Cherenkov
counter is posiion dependent, only the parts of the mirror having sufficient signal were
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50 T used. Parlicles intersect-
T el scaie tng the murror close to the

@ pcak, the seams or the
edges were excluded from

s orond the analysis. For the re-

30 maining parts the average

signal corresponded 1o
18 4 photoelectrons. The
incfliciency of the detec-
lOr in Suppressing muons
in the ngidity range of S
to 20 GV/c was found 1o
be less than 0 2 %

05 04 03 02 01 00 01V 02 03 04 05 For the spectromeler,

deflection [c/GV| we require  at least 15

- : . . ~ mecasurements (out of 19)
Figure 2 : Data from the flight with Z=1, no shower, G=OFF in the bending  X-

and the tracking cuts described in the text |
£ coordinate and 8 (out of

11) in Y. The normalized y’-values are asked to be less than 4 and the error in the
measured deflection should be less than 0.02 ¢/GV. In addilion to this we examined the

Top and the bottom part of the spectromeler separately and required consistency between
the Ditted deflections.
Figure 2 shows the data with no Cherenkov light after applying all these cuts. In the

deflection range from 0.2 10 -0.05 GV we detected 9 antiproton candidates, while in the
corresponding positive range 60286 protons were observed.

counts

muon and plon

20 background

10

4 Corrections

To get the number of pnmary antuiprotons, the number of particles detected as antiprotons
has to be corrected for several remaining background. While the background from albcdos
1s negligible, the smooth curve on the left side of Figure 2 shows a folding of the
Cherenkov counter inefficiency, the spectrometer resolution and the muon spectrum with a
contaminauon of 15% pions, which was estimatcd from {7]. Due to the finilc spectrometer
resolution protons are capable of spillover to negative curvature. The smooth curve on the
nght side of Figure 2 shows a folding of a power law prolon spectrum R?"”  the
Cherenkov counter inefliciency for protons and the spectrometer resolution. The
remaining background 1s also ncghgible in the observed ngidity range. The number of
atmosphencally producced antiprotons is calculated by propagating an incident cosmic ray
spectrum observed at the top of the atmosphere through the residual 5.8 g/cm’ above the
instrument using the known antiproton production cross sections [6]. The number of
sccondary anuiprotons i1s then normalized to the number of high encrgy protons. This
rcsults in a background of 3.43 atmospheric antiprotons.

Antiprotons may be veloed due to annaihilation products backscattering from the
calonmeter into the instrument. To examine this, we processcd the raw data with no
restrictions on the bottom ToF or the tracking system. No candidates showing backscatter
signatuic were found. Nevertheless we tnied 1o determine a correction factor. We first
considered a sample of protons to see if we could properly predict the number of inter-
acting cvents 1n the calonmeter. The observed ratio of interacting evenls to non-
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107 S ~interacting events agreed
with the predicted values
to 25%. A similar

,{,? analysis made for the
tﬁ’ antiprotons showed some

. ' | difference between theory

- \ and observation. We

=R expected 11.3 interac-

T—" Leaky Box vons, while only 7

interactions were found.

This implies, as an upper

-
o
v

Antiproton / Proton Rat.o
s 3

X  this messurement

other date see (8] limit, that 36% of the

antiprotons could be self-

0’ o w ¢ vetoed, and hence should
Kin. Energy [MeV} be corrected for.

K are also produced
In the atmosphere above
the instrument and could
be interpreted as
anuprotons. From [7] we estimated an upper limit for the K™ of 2% of the atmosphencally
produced antiprotons. Therefore thus background was neglected.

Starting with the 9 observed antiprotons, we apply the self-veto correction factor and
- get 12.24 cvents. Subuacting the aumosphenc antiproton background, yields 881

antiproton cvents. This gives an p/p-ratio of 1.46+10* at the payload or a ratio of
(1.5240 52)+10™ at the top of the atmosphere.

Figure 3 : Measured antiproton/proton ratio from the AMASS2-
experiment in comparison with other data and a calculation
Jrom Gaisser and Schaefer [8] |

S Conclusion

Figure 3 shows the result of this measurement together with other measurements. The
P/ p -ratio, reported here, is lower than the previous measurement in this energy region [2]
and is compatible with the predictions of a standard leaky box model.

To hnally clear up the situation in this energy range one should aim for another
Ineasurement with more statistics.
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Abstract

The Cosmic AntiParticle Ring Imaging Cherenkov Experiment (CAPRICE) flew on a
stratosphenc balloon 8-9 August 1994 over northem Canada and collected data for more
than 21 hours with less than $ g/cm® of residual atmosphere. The 1nstrument includes a so-
hd radiator RICH detector and an electromagnetic calorimeter for particle identification in
the magneuc spectrometer, Preliminary antiproton and positron identification capabilities
are presented.

1 Introduction

The goal of the Cosmic AnuParticle Ring Imaging Cherenkov Experiment (CAPRICE) is
to accuratcly measure the flux of antimatter (antiprotons and positrons) and light isotopes
in the cosmic radiauon and o continue the search for antinuclei. The main difficulty in
these measurements is to salely identify the antiparticles in the presence of a large back-
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ground. The spectrometer flew 8-9 August 1994 from Lynn Lake, Manitoba, Canada,
(geomagneuc cut-off 0.1 GV/c and ncar solar minimum) for 27 hours, and colliecied data
above 36 km for 21 hours. The analysis is sull in an carly phase but some preliminary re-
sults on the anuproton and positron identification capabilitics are presented below.

The NMSU/WiZard CAPRICE balloon- bomc magnet spectrometer [1] includes from top o
bottom: a compact RICH detector (7 g/cm matenal) [2-3], a ume-of-flight system of
scinullators (2 g/cm ) a tracking system of dnft chambers (4] and multiwire proportional

chambers (<0.2 g/cm ) with a super conducting magnet and a Si-W electromagnetic calo-
nmeter (7 radiauon length) {5-7].

2 Antiprotons

In the few GeV energy range the background for antiprotons, selecting negative particles by
the bending in the magnetic ficld, consists mostly of ¢, x° and p'. The number of K’ is
small. In this preliminary analysis rather hard cuts were made on the tracking and on the
RICH image. For the latter the image of the Cherenkov light (a circle with 10 ¢cm radius
for B=1 perpendicular incidence; for non-perpendicular incidence the image is a U-shaped
patiern) was required to be well separated from the ionization of the primary particle. The
Si-W calonmeler efficiendy rejects events with an electromagnetic shower. '
Interactons in or above the RICH are suppressed by requiring that only one charged particle
traverses the RICH, the top scinullator and the tracking volume. Antiprotons that interact
in the calonmeter are rejected in this first study since they will in some cases produce back
scattered charged particle through the tracking system.
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Figure 1. Cherenkov angle versus rigidity for negative particles.
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Figure 1 shows the reconstructed Cherenkov angle as a function of ngidity for the negative
partcles after the cuts descnibed above. The solid Line indicates the expected Cherenkov ang-
le for anuprotons and the doued line that for kaons. For the preliminary results presented
here a himited ngidity interval is selected, 1.5-2.3 GV/c (kinetic energy interval 0.8-
1.5 GeV). The lower limit (1.5 GVL) is chosen in order 10 safely discriminate the Che-
renkov image from the ionizauon of the particle in the detector gas, and the upper limit
(2.3 GV/c) corresponds o a separation between antiprotons and pions/muons of six stan-
dard deviations (r.m.s. 1s 15-18 mrad depending on incidence angle). There is a clear anu-
proton signal and the six anuprotons observed in this energy range are indicated with squa-
res in the figure. In the same kinetic energy region there are 48057 protons. The energy
range over which anuprotons can be identified by the spectrometer is significanty larger
than described above by using the time-of-flight at lower energics and a refined combina-
tion of the RICH and the calonmeter at higher energies. The full analysis, which is in pro-
gress, will include corrections for antiprotons produced tn the detector and in the atmosphere

above as well as corrections for antiprotons interacting in the lower part of the specirome-
ter.

3 Positrons

For positrons in the few GeV energy range the dominating background is protons once po-
sitve particles have been sclected by the bending in the magneuc ficld. In additon there are
1 and (less frequent) n* and K°. The combination of an electromagnetic calorimeter and a
RICH gives the necessary rejection power (>-10’) to safely select positrons.

33

Y 3 23

ey (/<) | gty (Ov/0)
Figure 2. The Cherenkov angle versus Figure 3. The Cherenkov angle versus
rigidity after the RICH cuts, except rigidity after combining the calorimeter
the B=1 selection. and the RICH cus, but not the =1

selection.
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CAPRICE s one of the first expenments with good positron identfication capabuiues at
kineuc energies below 3 GeV. Positrons are selecied by first using the calorimeler data w0
reject non-clectromagnetic particles on grounds of energetical and topological features of the
shower. The remaining peoton background is rejected by selecting only =1 particles using
the RICH. As for the antiprotons, the ume-of-flight rejects albedo particles. Alphas are
rejected by the RICH and the two scinullators. Figure 2 shows the Cherenkov angle versus
ngwdity for posituvely charged parucles without using the calorimeter cuts but requiring a
good quality of the Cherenkov image. Figure 3 shows the same eveats after the powerful
calonmeter cuts that removes more than 99.9% of the protons. Combining the two detec-
tors efficiently suppresses the large proton background.

Using these cuts, 1170 elecron and 203 posiron candidates are identified in the energy
range 1-2.2 GeV where the positrons develop charactenstic electromagnetic showers in the
calonmelter, and where B=1 particles are well separated from the protons by the RICH. Si-
mulatons show that the cuts descnbed above suppress all muons but leave a contamination
of 0.18% pions and protons in the positron sample. Out of the 203 positron candidates this
would mean that less than one 1s a proton or a pion. As with the antiprotons, the energy
range where CAPRICE can identfy positrons is significantly larger than what 1s descnibed

above if also the ume-of-flight informauon and a more refined combinauon of the calonme-
ter and the RICH 1s included.

4 Discussion

All results presented above should be considered as preliminary since the analysis of the

flight i1s sull in an early stage, but they illustrate how the CAPRICE spectrometer can
denufy positrons and antiprotons.

The RICH and the calonmeter combined with the scintillators also identify light nucler like
*He and *He in the 1 GeV energy range. The combination of a RICH and an electromagne-
uc calorimeter constitutes a very efficient particle identifier.

Because the spectrometer can be made compact, a large solid angle can be achieved. The

CAPRICE experiment will give significant results on antiproton and positron fluxes as
wcll as of ratios of light nuclet in the few GeV energy range.
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Abstract

In the framework of the Russian [talian Mission (RIM) program,
PAMELA is the experiment devoted to the accurate measurement of
the positron and antiproton spectra from the very low energy thresh-
old of 100 MeV up to more than 50 GeV, and to hunt antinuclei with
sensitivity better than 10~7 in the antihelium/helium ratio. A perma-
nent magnet equipped by microstrip silicon sensors, measures the particle
momentum with MDR=400 GV/c on GF=25 cm? st. An accurate ToF
system, a 19 X, deep imaging calorimeter, an aerogel Cherenkov counter
and a TRD detector complement the spectrometer in order an efficient
e* /p* separation and some light isotope identification capability. The
PAMELA experiment will be carried cut on a 700 km high polar orbit,

on board of the Earth-Observation Meteor-3A satellite, to be launched
at the end of 1988.

1 Introduction

The Russian Italian Mission (RIM) program takes advantage of the polar
satellites of the series RESOURCE that the VNIIEM Institute of Moscow is
regularly sending in space for the Earth surface observation. The polar orbit
of these satellites guarantees the best collection rates and explorable energy
ranges for the cosmic ray observation. The “downward to the Earth” attitude
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of the Earth observation satellites is the proper one for the “outward form
the Earth™ required for observing cosmic rays. Finally the high height of
their orbit (700 kg) allows a very long life of these satellites, whose attitude
1s mainly regulated by magnetic guidance systems. For these reasons during
the 1993 our collaboration had an intense negotiation with the VNIIEM for
accommodating particle telescopes on board of their satellites, concluded in
November by the RIM feasibility study report [1].

The RIM program develops on three strictly interconnected stages:

~ the RIM-1 experiment, by the small silicon detector telescope NINA, that
besides a rich program of physics in the low energy range (tens of MeV /nucleon)
will study the background fluxes and the silicon detector stability and possible
degradation parameters on the RESOURCE orbit;

- the RIM-2 experiment, by the magnetic spectrometer PAMELA de-
scribed in this talk, for the antimatter study in the cosmic rays;

- the preparation of the technology for a possible RIM-3 experiment, based
on the imaging calorimeter GILDA, for the detection of high energy y-rays.

The NINA telescope and the GILDA project are described in other papers
presented at this conference.

2 The scientific objectives of the PAMELA exper-
iment

The objectives of the RIM-2 experiment performed with the PAMELA tele-
scope are the following:

- measurement of the antiproton and positron fluxes from less than 100 MeV
up to more than 350 GeV:

~ search for antinuclei with a sensitivity approaching 1078 for the antihe-
liumn /helium ratio;

- energy spectra of the light isotopes in the few GeV /nucleon range;

— energy spectra up to several tens of GeV for the most abundant elements.

Additional objectives can be addressed, profitting of the polar orbit and
of the long duration (>3 years) of the mission before and after the maximum
of the 23rd solar activity cycie: |

- modulation of galactic rays in heliosphere, by the study of latitude and
longitude distributions of observed fluxes as a function of solar activity in a
wide range of energies and particles;

— generation, distribution and acceleration of solar cosmic rays in the in-
ternal hehosphere;

~ magnetosphere of the Earth in quiet and in disturbed coanditions;

- stationary and disturbed fluxes of high energy particles in the Earth
magnetosphere, such as protons and electrons from decay of albedo neutrons,
antiprotons {rom albedo antineutrons, or fluxes variation connected with Earth
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seismic activity and formation of typhoons;
- anomalous component of cosmic rays.

Table 1: Main parameters of the elements of the
PAMELA telescope

T Volumeixyz] | Mass | R.O.ch | Power
L )| (rmxcm:cm] | (kg) _: “|#L (W)
[ Scintillation | 38x34x2 + | 24 | 24 40
| counters 17x15x2 +
J | J3xMx} j
[ Cherenkov ’ _ 36x32x8 16 _1 12 1

TRD I x 27 x 21 23 1.536 <30

Anti- (21 x6x1) x4+ I 13 20
| coincidences (44x15x1)x8
[ Tracker (28x24x08)x6 | 10 | 35328 | <90

alorimeter 30x24x19 120 | 3.436

Fast trﬁgcr — Y B

Elcctrgmcs 5

Power supply 10 _

magnet 30x30xa7 | 150 | i

Total 38x 34 x 105 376 | 40.376 | <342 | Figure I: The Pamela tele-

scope

3 The baseline design of the telescope

The experimental approach is the same of that proposed for the Wizard ex-
periment on Astromag and used for the balloon flights of the Wizard collab-

oration (see the appropriate papers presented at this conference). It is based
on the simultaneous measurement of the momentum of the particle in a mag-

netic spectrometer and of the pattern of the energy released in an imaging
calorimeter. An energy release greater than that deduced from the rigidity
measured in the spectrometer will be a significant signature for the annihi-
lation identification. Furthermore the imaging capability of the calorimeter

combines in the same instrument the particle identification by the pattern of
Its interaction inside the calorimetric volume.

Therefore the PAMELA telescope consists of:

(a) a permanent magnet equipped by a tracker based on microstrip silicon
crystals for measuring the rigidity of the particle;

(b) an imaging calorimeter based on macrostrip silicon crystals for mea-

suring the energy released by the particle and for identifying its nature by its
interaction inside the calorimetric volume.

Other detectors complete the telescope:
(c) the first level trigger and the Time of Flight of the particle through the
telescope are given by a system of four hodoscopes of scintillation counters:

(d) an aerogel Cherenkov counter helps the calorimeter in identifying the
electrons and positrons up to 3 GeV:
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% ® Proton spudever (erte i)
a B Proten sobover (o =J #)
a R A Proten swpdever (ott=G §)
= ¢ Y Preten spuiover (ot=0 3)
: —  egely Lagey Beow vipoa
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| lrmit ’
| (907% c.l) 1 PR S —_—
0 3 @ 30 o0 70 88 %I00 100
Table 2: Expected Kincuc cacrgy [ GeV )
rates in PAMELA in Figure 2: Proton spillover background in the p/p mea-
1085 surement (cut efficincies: 1, 0.9, 0.6, 0.3)

(e) a Transition Radiation Detector gives the same identification from 1.5
GeV up to the highest energies;

(I) several scintillation counters surround the magnet and can be put in
anticoincidence for a better definition of the magnet entrance and for shielding
the tracker from particle showering in the magnet;

(g) a scintillation counter on the bottom of the telescope give a fast label
of the going through particles and of the not contained showers.

The telescope is closed in an Aluminium shell. The inner diameter and
height of the shell are 140 cm and 105 cm. It will be mounted on the “outward
from Earth” basis of the cylindrical body of the satellite. The total mass of the
experiment will be 376 kg, and it will need 342 W to operate. The scheme of
the telescope is reported in Fig. 1 and the volume, mass, number of channels
and power consumption of each element are reported in table I.

The magnetic system is constituted by five identical permanent magnets
interleaving six detection planes, each plane consisting of eight double-side mi-
crostrip silicon crystals It gives an average magnetic field of more than 3.5 kG
on a 49 cm long path; the corresponding Maximum Detectable Rigidity is 385
GV/c. The Geometry Factor is 25 cm? sr, allowing to collect the numbers
of particles and nuclei reported in Table 2. This acceptance was chosen for
matching the collection of a significant rate on the most rear particles (the
antiprotons) up to the highest detectable rigidity. The foreseen p/p flux ratjo
1s compared in Fig. 2 with the spillover of protons on the antiproton side.
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Abstract

The deseription of the high energy particle telescope NINA for the study of
cosmic ray nuclci is presented. The instrument will be installed on board of
the Resource 01 satellite and will fly on a polar orbit at 690 Km . The
telescope consists on a pile of 16 detecting planes each of them s
conmposed by two silicon strip detectors with perpendicular strips and has a

total area of 60 x 60 mm? .The experiment goals are the study of cosmic
ray protons and nuclei in the energy range 12-100 MeV/amu. It will be
sensitive to the anomalous component and will also make the observation
of the large solar flare events and geophysical phenoinena as well. This
experiment is the first step of the program RIM whose goal is the satelite
study of anu particles in primary cosmic rays.

1 Introduction

In the frames of a study of the primary components of cosmic rays the INFN, ltalian
National Institute for Nuclear Physics and MEPI Moscow Engineering Physics Institute and
VNIIEM - one of the largest Russian space companies - are developing a program of
observation with satellite borne detectors. The astroparticle physics program RIM (Russian
[talian Mission) [1] has as a main Objective the investigation of anhparticle Huxes -
antiprotons and positrons of galactic and extra galactic nature - in a widc energy range. The
final experiment will use magnetic spectrometer, particles identifiers and imaging
calorimeter developed on the base of silicon stnip detectors technique(2].

We describe the first step of this program called RIM1 NINA, small size charged parucle
telescope. This experiment is dedicated to the investigation of cosmic ray nuclet in the
energy range of 12 - 100 MeV/amu.

2 The experimental tasks

This experiment will be carried out on board of the VNIIEM satellite Resource O1. The
satellite has a polar circular orbit with an inclination of 98" an altitude of 690 km and a
rotation penod of 98 min. The telescope is onented towards the zentth.
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The instrument will allow to fulfil different physical tasks; the orbit in which the
experiment flies allow to study two basically different regimes. Around the poles the
observation will not be influenced by the particles captured in the magnetosphere and will
be able to collect events from GCR (Galactic Cosmic Rays) and SEP (Solar Energetic
Particles) fluxes {3] and non trapped ACR (Anomalous Component of Cosmic Rays) [4].
While in the remaining orbit the instrument will fly in the magnetosphere and will have
access (o the observation of the ACR component which is captured and accumulated in the

magnetosphere self. In this second part of the orbit the instrument is also sensitive 0
phenomena induced by geophysical effects [5].

NINA instrument

\

SCANNER SOLAR ARRAY
ORBIT CORRECTION

RADAR

SCANNER

SENSORS POINTING SYSTEM

ANTENNAS

Figure |

3 Description of the instrument

The NINA telescope will be located in the uppermost part of the spacecraft in a special
vessel at atmospheric pressure as shown on Figure 1. The wall of the aluminium vessel has
a thickness of 2 mm, a thin window of 300 pm Al has been provided in the field of view of
the telescope.

The instrument consist of 16 layers of silicon strip detectors D-D )¢ having a total area of

60x60 inmZ. Each layer includes two detectors ( each 380 p thick ) having perpendicular
strips X and Y, the support of this detector assembly does not introduce passive material in
the path of the particles. The detailed construction of the silicon detector is reported
elsewhere [2]. The strips allow the determination of the deposited energy and of both
coordinates X and Y of the detected particle. The scheme of the telescope is shown on
Fipure 2. The distance between the first two detectors D) and D2 is 85 mun. The detectors
D)+ Dj¢ are situated one under the other and are equally spaced. The total height of the

telescope's tower is 28.1 cin. A measure of the incident angle of the particle 1s allowed by
the X and Y coordinates of the first two detectors D) and D2. The angular resolution 1s

about 2.4°. The particle énergy is determined by measuring both range and energy deposit
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in each detector. A coincidence pulse
+34° coming from Dy D1y and D7 tniggers
the read-out of the detectors.The Dy

detector and all edge strips of the
D, remaining detectors are n ant
coincidence with this pulse so that
only particles stopping within the
spectrometer are accepted. This
provides a geomfactor for 12-50 MeV

protons 10.8-1.2 cm?-sr. The
performances of "NINA™ instrument
are presented in Table 1. The
instrument is able to measure the
energy of nuclet up to and above
Oxygen. The read out logic has two
1 186 mm  energy thresholds corresponding to an
l energy deposit in one strip of 2.5 mip
(minimum ionising particle, 1| mip =
100KeV) and 25 mup. In this way the
instrument can remain active to look
for heavy nuclei also in presence of
high proton fluxes. The dynamic range
of the front end electronics is 1000.

Figure 2 This value determines the acceptance
- energy windows for different kinds of

particles. On the Figure 3 the plot AE-E for different particles is shown. AE is the energy
deposited in Dy detector, and E is total energy released in D2-Dy5 detectors. It was
obtained by Monte Carlo calculation using Vavilov-Landau distribution for fluctuations of

ionization losses of charged particles. One can-sce the performance of the instrument to
separate different groups ol nuclei and to identify 1sotopes.

DO F N
o MM of 2 ~{ X

TABLE 1
Energy range
protons 12 +50 MeV/amu
12 +50 MeV/amu
26+105 MeV/amu
Geomfactor (protons E=12 MeV) 10 cm2-sr
(protons E=50 MeV) 1 em2-sr
Apeniure  (proton E=20 MeV) : 34°
roton E=50 MeV 20°
Dead time -_
Resolution tiune ) _ m
Anticoincidence efficiency _ 99.99 %
Energy resoluuon . < 10 %

4 Data handling
If the event is accepted by the trigger the information is read by a daia acquisition system

driven by two microprocessors and stored in a FIFO memory. The microprocessor unit
executes fast analysis of daia, chooses good events and rejects wrong ones . The data are
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then coinpacted and delivered to the spacecraft interface based on a powerful
microprocessor block which organises the output information formats, stores it in a MASS
MEMORY (15 MB) and control the transmission of data 1o the ground stations. The data
will be transmitted to ground at the maximal rate of 5 Mbytes/day.
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S Conclusion

The NINA instrument will be put in orbit in 1996. This will allow to carry out the
measurements of the various components of cosmic rays accessible to the instrument in the
period of solar minimum. This will give new contemporary information complementary to
other instruments flying in different orbits and positions within the solar system. _

The magnetosphere phenomena such as particle precipitation from radiation belt caused by

different reasons, pulsation of intensities, creations of quasi belts of high energy particles
will also be investigated.
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Abstract

The capability of registration of the primary high esergy cosmic
ray gamma emission by a gamma-telescope made of an image
calonmeter is shown in this paper. The problem of triggering and
off-line identfication of primary partucles by the analysis of the
clecromagnetic showers 1nduced 1o the calonmeter is under
consideranon. The esumauons of the background flux of delayed
secondanes induced by nuclear wnteractions are presented too.

. 1. Introduction

Last years several proposals for new gamma astronomy expenments onboard space
vehicles were published {1,2,3,4 }. The increased solid angle coverage is the main
common achievement for new generation telescopes. Thereby these telescopes do not
include the convenient facilities for background rejection such as Cherencov counters or
Tume-of-Flight devices. Despite the very attracuve parameters of the proposed
wstruments, Their triggering perfonmances are not satsfactory, so a boef analysis of
possible methods of parucle identification is presented below. The tasks of the
idecatfication of staaight flux parucles (from upper bemisphere) and esumaton of the
background from protoa interacuons are taken into accouat.

For this study the layout of GILDA telescope shown in fig 1 has been considered. A
more detailed descnpuon of this telescope i1s presented in [4). The telescope model used
for simulauon includes a tracker made of 10 layers of silicon stnp deteclors; each layer
coasists of two plates with mutually orthogonal strips. Tungsten plates of 0.15 radiauon
uait thickpess are insernted between the Si-layers. The absorbing part below coansists of 10
similar 51 layers, but with thucker absorbing tungsten plates (1 Xo each). The total
thickness of the telescope is about 11 Xo. The tracker is covered with an anticoincidence
countess AC of 3 an thickness. Scintillaton counters C1,C2,C3 are included 1nto the
telescope for tngpenng.

The presented layout, in its basic features 1s similar the ones proposed in the above
menuoned new projects, so it could be considered as a basis for studying the problem of
mggering and estimations of the background; in this way, the results presented below will



concern oot only GILDA but all wide aperture gamma-telescopes with selection of
particles by the analysis of electromagnetic showers production.

For thus device two levels of tnggenng are proposed. The first level tngger (fast) is
produced by the cooditon of baving the coincidence of pulses from Cl, C2 and C3
counters (each with its own threshold) and the absence of a pulse from -anticoincideace
system. The fast tngger task 1s to select events comresponding to a given energy deposit
distnbution along the shower track. It wall be possible 10 tune the counter thresholds in
order to change the tngger rate and the energy range.

The second level tnigger (slow) allows the formaunon of the output data set for separate
detected good eveat and recording 1t into the satellite memory. It is produced afier the
readout and analysis of the data from all smps on conditon of the accordance (o some
requirements of the energy deposited in all active layers and the spatial distnbution of
electromagnenc shower particles oo the pnmary particle track depth in the plane, which
1s perpendicular to the direction of the pnmary particle. An analysis of the accordance to
these requirements 1is executed by the board microprocessor. Because the data readout
from Si-stnip detectors and especially the data processing by the onboard CPU are
relatively slow processes, the preliminary suppressioa of background is necessary.

Simulaton study was performed by GEANT 3.14 software. Energy cutoffs for electrons
and gammas was 100 keV, for hadronic particles was 10 MeV.
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2. Iidentification of particles direction.

The problem of rejection of inverse (from lower hemispbere) flux of gamma eniission is
véry mmportant 1o gamma astronomy experuments. Earth albedo gammas and secoodary
gamma quanta produced 1o cosmuc ray interactions with satellite matter produce a huge
background flux, which as a rule exceeds the pnmary cosmic gamma emission one.

For the separauoan of direct flux particles the critena of certain distnbution of epergy
deposit and spanal distnbutoa of secondary particles along the depth of electromagnetic
shower trace are suggested wn tus concept at the fast and slow trigger level.

Only the worse case from the viewpoint of the triggering was taken into account for the
simulauoon of the wverse flux: an average elecromagnetic shower, which has the
maxamum of 1ts development at the C3 counter level. The simulaton results show, that
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the rejection of inverse y by using certain epergy thresholds in the tngger couoters 1n a
fast tngger can not be better than a factor of 20.

The additonal rejecuon is provided at the slow trnigger level by the analysis of the
shower particles dispersion in the plane, perpendicular to the shower trace, and by the
vanation of this dispersion along the shower depth. For example, 1n our analysis the
primary particles track in calorimeter is approximated by the straight line with the usage
of stnp coordinates in each separated stnip detectors section. The results of the companson
of x® values for such analysis of direct and iaverse flux particles of energy 1 GeV show
that tbe difference of ¥® value is remarkable large. For direct flux x’ :corresponds to the
degree of freedom, but for inverse flux all events bave ' more than 100 (difference
reaches two orders of magnitude.) It was found that event selection by 1 value gives the

possibility to achueve for slow tnigger the high rejection coefficient (up 1o 10%) for inverse
flux particles without any influence on the telescope efficiency in the straight direcnon.

3. Background from n—p-—e decay.

Tbe n—y1—¢ decay process is the strongest mechanism for background producuoa for
gamma-telescopes for low energy range. Anticoincidence counters do not suppress most of
background electrons because they appear in telescope volume with delay corresponded to
muon life ume.

Two triggers for y-quanita detection were under consideration:

1) bard tngger - includes the requirement of simultabeous sigoals from scionllauon
detectors C1-C3 with high energy thresholds (0.3, S and 0.3 MIP respectively). Such
trigger provides the registration of y-quanta of energy more than 500 MeV;

2) soft tngger, which provides a registration of y-quanta of energy more than 50 MeV. For
example, a trigger including condition of the simultaneous hits of 3 or more peighbor stnp
plates in the telescope top over C1 can be taken.

Two cases of proton incidence oa telescope surface were takea 10to account:

- proton incidence at 0° at the center of top anticoincidence detector in up-down direction;
- protoa wncidence at the center of C3 counter i1n inverse directhon.

For study of a background caused by n—p—e decay, first, the coordinates and charge of
stopping meson were calculated, then the path of each particle in telescope volume was
analyzed. The average amount of stopping muons per one proton iNlEracion increases
strongly with the proton eoergy and reaches 1.0 at 50 GeV.

In Fig.2 the efficiency of proton registration as a function of energy 1is plotied for
different soft tnggers. The preseated data correspoand to the case of proton movement 10
inverse direction (down-up). For protons of direct flux, moving in straight direcuon, this
value i1s smaller of a factor 3.5 . Thus difference can be explawned by increasing of the
stopping muon amount along the depth of elecromagneunc shower. |

In “bard™ tngger case for 3. 10° incidence protons no ooe false event was registered

Note that n--p—e decay background in soft tngger case could be suppressed by an order
of magnitude at the slow tngper level by selecuon of two track events.
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4. Neutral secondaries background producing in vehicle walls.

For a study of false events caused by proton interactions with production of neutral
secondarnies 1a the payload walls the protoa incidence at the edge of the alumioum plate of
1.5 mm thick placed above the top scintillation detector AC was simulated.

First, a strong nise of background efficiency as a function of proton incidence angle was
found. For the worst conditions of soft trigger and 85° angle the efficiency as a function of
proton coergy is plotted in Fig. 3. This is the worst case from the point of wview of
background esumations because the largest path of incident proton in payload wall. This
curve provides a very high count rate for false events in real experiment due to
corresponding cosmic ray proton fluxes in space. An attempt to lower background by

image analysis 1n tracker (requirement of two tracks) was not successful - only a half of
false events was rejected

30—
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For bard tngger the same efficiency is
much more suitable and not exceed 3.
10 for any proton energy.

For telescope EGRET the similar
pbenomenon was found in the
expenment with a proton beam of
energy 1.8 GeV([S]. The corresponding
probability of false events was defined as
2.5 10°.

Efficiency, ( 10°)

4. Conclusion.

Encrgy. (GeV)

Fig.3 Soft tngger efficiency at Presented bnef survey of simulation
35 neid results has shown that the proposed
proton wmcidence aigie telescope concept

\s capable for the deiection of high energy gamma rays (more 500 MeV ) from the
viewpoint of the background conditions. The triggering problem in a low energy range
seems very dufficult and requires additional studies.
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Abstract

A compact RICH detector has been developed and uscd for parucle idenufication in a
balloon-borne spectrometer 10 measure the flux of antimatter in the cosmic raduation. This
1s the first RICH detector ever used in space experiments that is capable of detecung unit

charged particles, such as anuprotons. The RICH and all other detectors performed well
duning the 27 hour long flight.

1 Introduction

The goal of the Cosmic AnuParucle Ring Imaging Cherenkov Expenment (CAPRICE) s
lo accurately measure the flux of anumatier (anuprotons and positrons) and light isotopes
in the cosmic radiauon and to continue the search for antinuclei. The NMSU/Wi1Zard
CAPRICE balloon-borne magnet spectrometer {1) includes a superconducung magnet, a



ime-of-flight system of scintillators, a tracking system of drift chambers [2) and multiwire
proportional chambers, an eleciromagnetic calorimeter [3-4) and a RICH detector (5]). The
spectrometer flew 8-9 August 1994 from Lynn Lake, Manitoba, Canada, for 27 hours and
collected data for more than 6 million cosmic ray particles. This paper descnbes the
principle of the solid radiator RICH detecior and its performance during the flight.

2 The RICH Detector

The principle of the RICH detector is shown in figure 1 [5]. When a charged parucie
traverses the detector from above Cherenkov light is emitted in a solid radiator of NaF. The
cone of Cherenkov light refracts out of the crystal and is expanded in a nirogen volume
before entering into the photosensitive part of the detector through a thin quarniz window.

10 mm

30mm

NaF

Nitrogen

Quarnz

. - _h- _- Aﬂwc W'Uts

manc o Pad plane

Figure 1. A schematic view of the NaF RICH detector. A B=0.88 event is indicated. The
Cherenkov light emitted in the NaF crystal is detected in a photosensitive MWPC with pad

readowd.

Figure 2. A single 4 GeV kinetic energy
proton event at nearly perpendicular inc.

The Cherenkov photons produce
photoelectrons through photoeffect with the
photosensitive gas tetrakis-(dimethylamino)-
cthylene (TMAE) [6]. The photoelectrons are
amplified in a muluwire proportional chamber
and the induced pulse in the cathode pad plane
gives an image of the Cherenkov light

A single 4 GeV kinetic energy proton event at
nearly perpendicular incidence is shown in
figure 2. The hits in the centre are due 10
ionizauon of the chamber gas by the prolon
and it is surrounded by a nng of Cherenkov
light. The Cherenkov angle can be calculated
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[rom the image and 1s used for particle identification as it 1s an accurale measure of the

parucle velocity. For =1, charge one particles 10-20 photoelectrons are detected per event,
depending on the incidence angle {S]. This s the first RICH detector used in space
expernments that is sensitive {0 unit charged particles, ¢.g. anuprotons.

3 Experimental Results

The specurometer flew 8-9 August 1994 for 23 hours at a float altitude between 36-38 km.
All detectors performed well and data were collected for more than 6 million cosmic rays.
Figure 3 shows the reconstrucied Cherenkov angle as a function of rigidity for accumulated
events at 36-38 km aldwude. Figure a) shows 120000 charge one particles and b) 8000
charge two particles, where the charge is selecied by the two scintillators. The good parucle
identification capability of the RICH is clearly visible.
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Figure 3. Reconstructed Cherenkov angle as a function of ngidity for a) Z=1 particles and
b) Z=2 parucles.

The threshold for emission of Cherenkov light in NaF is §=0.75. However, the particles
need 1o have $>0.85 to have the image of the Cherenkov light well separated from the
ionization with the geometry used in the CAPRICE RICH detector. Figure 4 shows the
resolution (r.m.s.) of the reconstructed Cherenkov angle as a function of § for protons at an
incidence angle of 9°13° (the most probable incidence angle). As can be seen in the figure,
the Cherenkov angle resolution is nearly constant 12 mrad for particles with a beta larger
than 0.9. Figure S shows the resolution (r.m.s.) for protons with a rigidity of 310.5 GV/c
(B=0.94-0.97) as a function of incidence angle wwards the RICH. Zero means perpendicular
incidence. The resolution increases with the incidence angle from 9 mrad at perpendicular
incidence to 18 mrad at 20° incidence. All results presented in this paper have their ongin
in data collected during the flight. ' |
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4 Conclusion

A compact RICH detector has been developed and used for particle idenuficauon in a
balloon-bome spectrometer (o measure the flux of antimatter in the cosmic radiauon. Ttus
is the first RICH detector ever used in space expeniments that is capable of detecting unit
charged particles, such as antiprotons. The RICH and all other instruments performed well

during the flight. The analysis is still in an early phase and we hope to improve the
resoluton of the RICH even further.
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Abstract

A silicon-tungsten calorimeter bas been developed and flown in a balloon borme
expenment 1n conjunction with a Ring Imaging Cherenkov Detector and a superconducting
magnet spectrometer. This instrument is referred to as the WiZard/CAPRICE experiment.
The objectives of this experiment were t0 measure the flux of low energy antprotons,
positrons and lhight nuclei in the cosmic radiation. The calorimeter is made of 8 x, y silicon
sampling planes interleaved with 7 tungsten absorbers (7 radiation lengths); it provides the
topology of the interacting events (ogether with the measurement of the energy released by
crossing parucles. Results of its performance during the flight are given.

1. Introduction.

The calonmeter here described is an upgraded version carried out for the Cosmic
AntiParucle Ring Imaging Cherenkov Experiment (CAPRICE) on balioon, to measure the
flux of low-energy antiprotons and positrons and of light isotopes in the cosmic radiation.
This s part of the WiZard Collaboration program of balloon flights dedicated to the study
of cosmic rays. A first, smaller version of the calorimeter with a different read-out system
was flown in 1993 from Fort Sumner, New Mexico, t0 measure the flux of elecurons and
postuoas 1n the cosmic rays (flight TS93 (1)).
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The 1994 expenmental set-up for the balloon flight payload consists of a
superconducting magnet, a tracking system (made of Multiwire Proportional and Drift
Chambers [2,3]), a tume of flight system of scinullators and a Ring hinaging Cherenkov
(RICH) detector {4,5]. The Silicon Tungsten irnaging calonmneter is located at the botiom,
below the tracking system; it operates in conjuction with the RICH to recognize and
separale partcles and nucier by disunguishing between hadronic and electromagneuc
showers and by measunng the energy released in each sampling layer.

2. The Detector

The calonmeter is composed of 8 sensiuve silicon planes, with an active area of

(48x48) cm?, interleaved with 7 layers of tungsten absorbers, each laver one radiation
length (X ) thick, for a total of 7 X. A single plane is a matrix of 8x8 silicon moduies

mounted on a G10 motherboard. Each module is composed of two 380 pm thick silicon

detectors baving an acuve area of (6 x 6) cm?, divided in 16 conductive stnps, 3.6 mm
wide, and mounted back to back with perpendicular strips (o provide double coordinaie (x-
y) read-out. The strips of each detector are connected to the neighbouring ones 10 form
single strips 48 cm long. This arrangement defines one single read-out channel: one plane
has, therefore, 256 channels, ted into two sets of eight front-end inodules. 16 channels
each, for x and y coordinates. The whole calorimeter has 2048 channels. Details about the
characteristics of the silicon detectors, are published, together with the results of beam
tests, in Refs. (6,7.8]. |

The flight configuration has been designed 1n order to place in the same
mechanical structure all the required servicing devices. Figure 1 shows the complete

-~ arrangement which includes a cooling box and a dedicated CAMAC crate contiuning all the
read-out and silicon power supply modules.

830 - ——— e —— -

- Thermically insulaling cover
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ECalonmcl

ater cooling
box

; il

T RFE TR AR _Juy- —  _  FORN_ FEEREBNESFEREERENEN _BLL LLE _LLLLEN]

CAMAC Crats

Figure 1. The complete arrangement of the calorimeter with uts cooling box and the
dedicated CAMAC Crate (dimensions are in mm).
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The front-end of the calonmeter consists of a 16-channel module, providing the
analog circuitry for the charge amplification and the sample-hold of each channel, as well
as the logic 10 dnve the sample-hold and the multiplexed output. Sixteen front-end modules
are needed 0 handle the signals from the detectors of each plane for both coordinates. Each
channel features a charge preamplifier, with a JFET 1n the input stage, a semi-gaussian
shaping network with a peaking ume of 7 pts and a conventional sample-hold circuitry.

A single CAMAC read-out dnver provides the signals needed to perform the
muluplexed read-out of all the front-end modules upon receipt of a urigger signal. A gate
pulse is sent (o the conversion units 10 s@rt their operation causing the analog input to be
sampled by an 8-bit ADC. The address of the acwal channel is simultaneously put on a bus
that connects all the conversion units. All the 256 channels of a plane are scanned at 1 MHz
rate, i (wo subsequent cycles for the two amplificauons. Thus, a complete read-out
sequence takes S12 ps.

The conversion and buffering units, standard CAMAC modules, one for each

calonmeter plane, also perform an opuonal zero-skip of the data and store them into buffer
memornies that are accessed by the controlling computer in the final stage of read-out.

3. Ground tests and flight performance

The expected performance of the calonmeter has been investigated through a
Monte Carlo simulation program based on the GEANT code (9]. The simulation has been
camed out 10 order w0 minimize the electron contamination over antiprotons and to
maximize the selecuoa efficiency of the latier particles. Sunulated data have been analysed
using a stochasuc discnmination technique, also combined with a neural network. The
~ actual response of the whole calonmeter and its efficiency bave been measured with
cosmic rays dunng ground tests tnggenng with an independent scintllator telescope.

The CAPRICE balloon flight took place in August 1994 from the base of Lynn
L ake, Manitoba, Canada; about 6 million events have been recorded at a floating altitude
above 36 km. Preluninary results are presented at this same Conference [10]. The
calonmeter performed well over the entire flight and no re-calibrauon procedures from
ground were needed, thus showing its good stability over ume. The capability of this
detector to provide the "image” of the events and of the energy deposited by crossing
parucles and nuclei is clearly shown in the following figures related to flight events: Figure
2 shows a non-interacting proton of 0.5 GeV kinetic energy; Figure 3 shows a stopping He
nucleus of 133 MeV/n kinetic energy; Figure 4 tllustrates an elecuromagnetic shower
produced by a 1 GeV elecuon. From the ground it was possible to monitor the behaviour of
cach silicon surip. This was done by plotting the average deposited energy for each surp.
Figure 5 shows, as an example, the plot of the deposited energy in four adjacent strips.
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Abstract

High energy gamma-ray astrophysics has greatly developed in the last
few years because of the results of EGRETY{1], on the Compton Gamma
Ray Observatory. The satellite observations have shown the importance
of continuing the investigation of high energy gamma radiation but the
emerging of new astrophysical and cosmological problems require for fu-
Lure experiments the realization of telescopes with parameters significa-
tively improved with respect to the previous missions. In a traditional
point of view, this is achieved with the increase of the lenght L of the
device and, consequently, the mass of the telescope and satellite (growing
as L7). Such kinds of experiments are becoming rather expensive and are
approaching the maximum value in cost, satellite mass and consumung
resources. The telescope project GILDA presented in this paper is based
on the use of silicon stnp detectors. The silicon technique consents to
obtain a much wider solid angle aperture; in this way we can have more
sensitivity without a growing in the size of the instrument. Here we

show that also the calorimeter part alone of GILDA can be used for the
detection of high gamma rays.

1 Introduction

The GILDA telescope, carrying out a gamma astronomy experiment, will be
placed on a "Resource-0" class space satellite. Limitations in size, conditioned
by the satellite hermetic module volume (a cylinder 110 cm in diameter and
75 cm in height), and in mass for the telescope (~ 400 kg) bave set the princi-
pal constraints considered in designing the experiment project. The planned
duration of the experiment is not less than 5 years.

The primary goal of the GILDA mission is the research and identification of
new astrophysical sources, but also known objects as well as transient phenom-
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Figure 1: The straligraphy of the GILDA detector (left) and the structure of
the basic 6x cm? module (right).

ena will be studied. The energy range between 30 and 100 GeV is completely
unexplored up to now and it is very interesting also in the view of the possible
existence of the sources fluxes attenuation due to the infrared background|(s).
With GILDA many goals within this range can be pursued. Here we only
cite some of the scientific objectives, such as the study of compact gamma-ray
sources, Active Galactic Nucler, galactic diffuse emission, gamma ray bursts,

solar gamma flares, and the research of Dark Matter and new exotic particles.
More detailed descriptions can be found in{2}.

2 The GILDA telescope

The GILDA design is derived from a refined study of the Wizard [4] silicon
calorimeter that has already successfully flown in balloon experiments. The

configuration of GILDA has a height of 42 cm, an area of 50 x 50 cm? and a
total showering length of 11 Xg.

The stratigraphy of the instrument is shown in figure 1 (left), while a
more complete description can be found in [2]. The first twenty planes formn
the converter zone, in which the silicon layers, made of 125 um strips, are
separated by tungsten plates of thickness 0.07 Xo. The last ten planes E,...E,g,
constituting the absorber, are composed of 3.6 murn silicon strips and separated
by 1 Xo thick layers of active scintillating lead fibers|2).

The configuration is encased in a plastic anticoincidence scintillator A. (3
cm thick) around the converter zone. In addition there are two fiber scintilla-
tors (without lead), one, Eq,, after the first seven planes (after 0.49 Xo) and
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(right) at different gamina incident angles, compared with the whole detector

(at incident angle=0).

the other, Eg9, after fourteen planes from the top of the detector.

The results concerning the energetic and angular resolutions of the total
apparatus are reported elsewhere [2],[3]; here we want to remark the fact that
the calorimeter alone (the absorber part of GILDA) can have a good energetic
resolution and a quite good angular resolution at high energies. This means

that for high energies, where the source flux is lower, we can use a much greater
solid angle. |

To trigger one event, the following conditions for the energy deposited in
the first planes of the absorber must be verified:

E,>01MIP, E,>1MIP, E;>F,

In figure 2 we present the results for the energy (left) and angular resolution

(right) at different gamma incident angles obtained only with the absorber part
of GILDA. For comparison the complete GILDA results are shown.

In figure 3 we have plotted the efficiency of the adopted trigger for the
energy resolution (lefi) and of the angle reconstruction algorithm (right). The
track reconstruction algorithm is based on an iteractive process, that stops
when a direction converges within an error of 10 mrad. To be significative, a
trajectory must be determined by at least four points.
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3 Conclusion

- The study resumed in this paper have shown that, though with angular and
energetic resolutions than those obtained with the whole GILDA apparatus,
It is possible to measure in a satisfactory way gamma rays between 1 GeV and
50 GeV using only the absorber part of the instrument. Since the Geometric
Factor of the absorber part is a factor two greater than that of the complete
GILDA, these results consent us to collect a double gamma rays flux from high
energy sources than that previously evaluated {2].
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Abstract

We have built and tested a transition radiation detector (TRD) to
discriminate positrons from protons in the balloon flight TS 93 exper-
ment. We present the TRD performance using flight data obtaining a
proton-positron rejection factor of the order of 1073, During the 24 hour
flight, we have collected data in the momentum range 4 — 50 GeV/c. Us-
ing the TRD together with the Silicon calorimeter, we achieve an overall

rejection factor of about 107° of positron against the proton background
over the entire momentum range.
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1 Introduction

Transition radiation detectors (TRDs) are frequently used to identify electrons
in a high hadron background in particle physics experiments, mainly in the
hundred GeV/c momentum range when other particle identification methods
may prove inefficient [1]. Recently they have been employed also in particle
astrophysics experiments for the same purpose [2].

We have built a TRD for a cosmic ray space experiment performed on
the NMSU-Wizard balloon-borne instrument {3, 4]. This facility has already
carried out detailed measurements of both antiprotons in the 1-20 GeV energy
range and positrons in the 3-60 GeV energy range. The main objective of this
experiment is to investigate whether the e* /e~ ratio really increases above
15 GeV and, in addition, whether the e*/p ratio indicates evidence of energy
losses for positrons. All the observations produced to date are affected by the
uncertainties connected to the subtraction of a significant background due to
the high flux of protons with respect to the positrons. Since the e*/p ratio
is expected to be about 1077, we need to rely on an apparatus which has a
probability to identify erroneously a proton as a positron of the order of 107°>.
For this purpose we have employed an imaging silicon calorimeter in conjunc-

tion to the TRD); taking into account the performance of the calorimeter we
require for the TRD a rejection factor against protons of the order of 10-2.

2 TRD general description

The transition radiation detector is placed above the magnet spectrometer
inside of the pressure vessel, usually referred to as the “gondola®. The TRD
has an active area of 76x80 cm? chosen to match the acceptance of the rest
of the apparatus. As with all detectors designed for balloon flight, the weight
(237 Kg) and the power (100 Watts for 2560 channels) had to be kept to a
minimum. Nevertheless the performance is close to analogous devices working
in accelerator experiinents. The TRD is based on ten modules each consisting
of a carbon fiber radiator followed by a multiwire proportional chamber. These
ten modules are housed inside an aluminum box. Each radiator consists of
a hght (1.8 kg) and sufl aluminum frame containing four polyethylene bags,
20 mm thick, filled with carbon fiber segments (6 mm long, 7 mm thick,1.76
g/cm? density), and has overall dimensions of 80x80x5 cm®. The bags are
kept inside the frames by two Mylar foil windows, 25 um thick, stretched to
40 kg/m and glued to the frame external edges. The radiator density has been
fixed to the optimal value of 0.060 g/cm? . The first (top) TRD module, as
with the prototype tested on beam [5], has an additional identical radiator
to get nearly the same transition radiation yield as the following modules.
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Figure 1: a) Mean number of clusters in the TRD versus the momentum for

e- and protons. The statistical error is shown. Fig.1b: The sum of cluster
distribution for protons and electrons

This solution has generally been used by many other experiments. The total
radiation length for this TRD, taking into account all the material inside the
‘alluminum box, 1s 0.13 X,.

The proportional chambers have an active surface of 76x80 cm? and the
anode-cathode gap has been fixed to 8 mm in our design. The anode plane
is equipped with 256 gold plated tungsten wires. The wires are 25 um thick,
have 3 mm spacing and are stretched to a tension of 70 g ; in these conditions
at the typical operation high voltage (2.95 KV) no intermediate anode to
cathode spacer is needed to prevent wire instabilities. No windows external
to the cathode planes have been used in this chamber design. The chambers
are filled with a xenon (80%) - methane (20%) mixture chosen to give optimal
TR photon conversion with low 4-ray background production. With such a

mixture the electron drift velocity is found to be about 300 ns/cm at the
supply high voltage.

3 TRD performances during the flight

The long flight duration and the good particle identification performed by the
other detectors in the apparatus [6] (TOF, spectrometer and the calorimeter),
allow us to use flight data to verify the TRD performances, already tested on

beam [7]. We have therefore selected a subsample of electrons and protons,
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using the information coming from the rest of the apparatus, in order to verify
the previous calibration. The results in Figure la show, as we expected, that
the TRD saturation occurs for electron/positron energies larger than 3 GeV,
while protons are not radiating in the whole momentum range (3-50 GeV /¢).

This property ensures an electron/positron identification practically indepen-
dent of the particles momentum.

4 Analysis procedures

In order to classify events, we analyze the particle hit pattern in the ten cham-
bers. As reported in 7] the indicators more efficient to an event classification
in the TRD are the sum of hits along the track N,,, the number of planes
fired N, and the geometric mean between this two quantities: \/Nd, : ﬁp;.
The geometric mean has been found to be the best indicator having prati-
cally the same power of a likelihood procedure [7]. To evaluate the proton
contamination versus the electron acceptance, we apply a variable cut on the
distributions shown in Figurelb for protons and electrons and calculate the
proton contamination and relative electron acceptance. After this operation

we found a proton contamination of 2.3-1073 at about 50% electron efficiency
and 1.2-107% at 70% electron efficiency.
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Abstract

It is shown that a cosmic gamma-ray telescope made of a
multlayer silicon tracker and an imaging Csl calorimeter, is
capable of identifying cosmic ray nuclei. The telescope charge
resolution is esimated around 4 % independently of charge.
Simulation methods are used to determine the telescope
properties for nuclei detection.

1. Introduction

The success of EGRET, the hugh energy y-ray detector of CGRO, capable of detecang
Y-rays in the energy range 50 MeV - 30 GeV, has triggered several proposals for new
geoeration expeniments with mmproved eoergy and angular resolution as well as an
increased solid angle coverage : GILDA[1], HUGIN [2]), GLAST[3] and TIGER {4]. A

common feature among these new ideas is the use of silicon tracking detectors and Csl
crystal calonmeters.

During the work wath the GILDA concept, we realized that the silicon tracker system
could also be used to 1dentify different nuclei and thereby make it possible to measure a
flux of some of them in an energy range that has not been accesible previously. In this
paper we give the results of a detailed simulation study of the detection method.

2 Telescope.

For the study of the nuchdes detection capabihity the earl GILDA telescope layout was
used (see Fig.1). See (1] for details of GILDA experiment The top part, hereafier called
“coaverter”, consists of 14 tungsten- sdicon layers with a scmullator in the middle. Each
layer bas two 48 x 48 cm? silicon plates made of 6 x 6 cm? elements [6] arranged to give
coordinates in perpcodicular directions. The silicon elements are 380 mkm thick. The
tungsten plates are 0.25 mm thick, corresponding (0 7% of a radiation leangth.Plasuc
scintillation anticoinaadence counters with 3 am thickness cover the converter. The botiom
part below the convcncr consists of 20 layers of Csl crysuals. Each layer is made up of 32
1.5x1.5x48 cm’ rods, arranged altematively in perpendicular directions. Each Csl rod is
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read out with a photodiode. The total Csl thickness 1s 30 cm, corresponding to 17
radiauon lengths.

The plastic scintillation counters C; and C, are used for tniggenng. Nioe layers of
silicon strip detectors with 3.75 mm strip width are placed between the Csl layers in order
to measure the spatial distnibution of the elecromagnetic shower particles. This 1s made to
reject particles entering from below and also to discnminate against hadronic showers.
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3. Stopping nuclei

The basic principle for detecting nuclei in telescope is to measure the total energy in the
Csl calonmeter, requiring that the nucleus enters the calorimeter but does not leave it. For
each nucleus there is a corresponding minimum epergy, maximum energy and epergy
interval OE available. 14 silicon strip detector layers in the converter are used 10 measure

dE/dx. The simulaton program GEANT 3.15 [5] is used to study in detail the respoase of
device for different nuclel.

The possible energy range for stopping nuclei detection varies from 0.2-0.4 Gev/n for a-

particles 1o 1.0-3.0 Gev/n for Ge'* For each nucleus the energy loss in the silicon layers in
the converter was studied for several values of the incident nucleus eonergy.

In the simulation process for each event the energy deposited in all active elements of
the telescope was stored. For each event the total epergy deposit in active layers and the
mean value of the energy dcposits in the top 18 layers of the silicon detectors were
calculated The hadronic interactions were first-neglected (see below). The results are

shown in Fig. 2 where the mean energy loss in the top silicon layers is plotied as a
funcuon of the total energy.

The simulated data shows the expected vanation of the mean energy loss wmith total
encrgy. The powerful nucleus - nucleus discrimination, due 1o the sampling of the energy

loss in 18 silicone layers, is clearly visible from the hatched area corresponding to 68% of
the events around each mean value. |

In the results presented so far we assumed for simplification no badronic iateracuoons.

Due 1o the imaging facilities of our device events without hadronc showers could be
selected easy.
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This 1s 1llustrated in  [1g. 3 a) where the total energy deposited in the Csl layers is
shown 1n the case of 0.9 GeV/o oxygen nuclei. It is possible to exclude events with the
badronic interactions using tbe information from the silicon strip and Csl detectors.(see
g 3 b)) In fact it is sufficient to require a maximum pumber of 2 hits in any Csl layer

and 2 hits in any silicon layer. The energy resolution for selected events is almost the same
as that obtawned for the case with neglected hadronic processes.

4. Non-stopping nuclei

The epergy range available for stopping nuclei will allow many interesting astrophysical
measurements. However, the particular feature of telescope with a large number of Csl
layers where the energy loss 1s sampled makes it possible to extend this range by a novel
approach. The basic idea is that for each nucleus a limited energy range above the
maxmum as given by the requirement of total containment, the variations of the energy
loss as a functon of layer number will make possible an energy estimation. The idea is
ilustrated in Fig. 4 for $** and Si** of a 1.9 GeV/n and 2.3 GeV/n kigetic energy. The
encrgy loss 1s almost coastant in the first 10 layers at 2.4 GeV/n. When the pucleus has

slowed down the energy loss increases. It is this change in energy loss that is used to
determine the energy..
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For each event the epergy loss per layer Csl AE is parametnzed as AE=A ,+¢*"* where
X 1S the layer number.

Clearly A, represents minimum ionization eoergy loss in separate Csl layer for the
mlativistic case. A; and A; charactenzes the nise of AE . .It was found that A; was very
sensitive to fluctuations in energy loss and was therefore fixed at 0.2, the most probable
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value for several different nuclei and epergies. Fig. S shows the results for the parameter
A, for Be' with kinetic energy in the range of 0.75 - 1.2 GeV/n keeping A, fixed at 0.2.
The maximum eaergy for stopping Be’ is 0.72 GeV/n. Clearly the parameter A, allows an

coergy determination up to about 1 GeV/n, thus extending substantially the stopping niclei
range (0.3 - 0.7 GeV/n). The method could be improved and optimized-by also using the
informanon from the silicon layers 1n  the converter.

An interesung feature of the energy loss study is the possibility to identfy the aucles for
energies above the extended range discussed above. Our study shows that different nuclei
are clearly separated for any energy. The relanvistic nise effect is also present as expected.
Thus telescope will allow a detailed study of also the higher energy cosmic rays.

5. Coaclusion

The properties of tlescope allow us to make the following remarks conceming the
scientfic importance of the proposed experniment from the point of view of cosmic ray
nuclide detection. Farst, this experiment will make it possible 10 reach a collecting power
of an order of bundreds of m® sr day . The uiggering problem for nuclides detection could
be solved easy enough. The possible range of Z value measurement depeads on the
dynamic range of the Si - detector preamplifiers. But it is now evident enough, that, for
example, B/C discrimination could be provided in a wide energy range. Besides the
obvious tasks of a measurements of abundance ratios of different nucle:, important for the
development of different existing models of cosmic ray propagation in Galaxy, some very
auractive scientific goals can be underlined. For example oanly very lumited statisucs is
available from the previous expenments on the flux of very beavy ouchides, and this
lelescope could significantly unprove on that. Also, telescope can provide measurements
of certain very high energy nuclei (more than tens of GeV/n). The charge resolution is
good enough for at least B-C discnmination. The relatvistic nse effect can be used to
esumate the energy. Because such nuchides are almost all pnmary, these measurements
could give very valid information about processes in the cosmic ray sources. Addinonally
the long term detection of cosmic ray nuclides in very high energy range allows us to
examine possible anisotropy of the cosmic rays and also their probable ime vanations (6]
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Abstract

The detectors used in the TS93 balloon flight produced a large volume
of information for each cosmic ray trigger. Some of the data was visual
in nature, other portions contained energy deposition and timing infor-
mation. The data sets are amenable to conventional analysis techniques
but there is no assurance that conventional techniques make full use of
subtle correlations and relations amongst the detector responses. With
the advent of neural network technologies, particularly adept at classifi-
cation of complex phenomena, it would seem appropriate to explore the
utiity of neural network techniques to classify particles observed with

our instrument. In this paper neural network based methodology for
signal/background discrimination in a cosmic ray space experiment is

discussed. Results are presented for electron and positron classification
in the TS93 flight data set and will be compared to conventional analyses.

1 Introduction

The electrons and positrons identification in primary cosmic radiation is
a very difficult task because of the low signal /background ratio, the short
duration of the data taking and the limited geometrical factor available on
board balloon-borne facilities. As a consequence the measurement of these
particles requires detector performances as high as possible, in particular the
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capability to identify signals at high acceptance region with a very low degree
of background contamination.

In order to improve the discrimination capabilities of particle detectors,
classifiers based on a multi-dimensional with non-linear boundaries feature
space, such as feed-forward neural networks [1], were explored with success
in various previous works [2, 3, 4, 5, 6]. Moreover the systems based on
NNs are very noise- and damage-resistant, therefore they are useful for sig-
nal/background discrimination in cosmic ray space measurement that are char-
acterized by critical experimental conditions.

This paper studies the identification capabilities of a transition radiation
detector and a silicon-tungsten calorimetr using neural network computational
architectures. Both detectors have been employed in the cosmic ray space ex-
periment NMSU/Wizard-TS93, performed on the NASA balloon-borne mag-

net facility, for electron and positron identification in the momentum range
from 4 to 50 GeV/c.

2 Data selection and analysis

Data set was collected during the balloon flight of the NMSU/Wizard-
TS93 instrument at 4 GeV/c momentum cutoff. The flight took place on
September 8, 1993 from Fort Sumner, New Mexico (USA). The TS93 experi-
mental set-up consists of: (1) a superconducting magnet, equipped with multi
wire proportional chambers and drift chambers, used as spectrometer; (2) a
set of plastic scintillator that provides both the trigger and the time-of-flight
information; (3) a transition radition detector, for identification of particles
with 7 Lorentz factor > 1000 and (4) a silicon-tungsten imaging calorime-
ter to identify particles according to the different topological and energetic
pattern released in the the detector (i.e. straight tracks for muons and non-
interacting protons; hadronic showers for protons; electromagnetic showers for
electrons and positrons). Details on the apparatus characteristics can be found
in ref.[7, 8, 9].

The validation of the detector performances on flight data has been ob-
tained using a tagged high-purity real data sample selected by means of severe
one-dimensional cuts. In particular the TRD (calorimeter) results have been

carried out using NNs with application data tagged by the time-of-flight, the
spectrometer and the calorimeter (TRD).

2.1 Classifying the TRD data

The pattern space used [6, 10| for the classification of the TRD data con-
sists of the total number of hits detected by each TRD planes in a spatial
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window (10 planes - 5 wires) around the physical track, as reconstructed us-
ing the spectrometer information. A three-layer feed-forward neural network
trained by the back-propagation in incremental learning mode is used. The
input layer consists of ten neurons, one associated with each of the input
variables. Several NN configurations employing different numbers of hidden
neurons have been investigated and a hidden layer with ten neurons has been
selected. The feature space is formed by the last-layer neuron output. Three
different kinds of input data has been used: (i) training data, for the synap-
tic weights formation; (ii) test data, for the performances evaluation of the
trained NN; (iii) application data, for validation of the NN procedure in the
specific experimental context. Training and test data has been obtained by
a simulation, whereas application data are real events tagged in according to
the procedure previously described.

As a comparison, the discrimination capability evaluations of the detector
has also been done by means of a one-dimensional cut on the geometrical mean
indicator GM = (nyane, - nh“,)l/? where ng;ne, is the number of fired planes
in the spatial window defined before and ny;, is the total number of hits in the
same window. Table 1 shows the background contamination at various signal
acceptance obtained on the application data (real data) by the NN techniques
and the traditional method. The results obtained by the NN classifier on
~ the application data set are in excellent agreement with the predicted ones
from the analysis of the test data set. It can be seen that in the high signal
acceptance region the NN techniques overcomes the classical analysis.

Table 1: Background contamination (-10~%) evaluated for different signal ac-

ceptance (%) by the neural network and the geometrical mean indicator on the
tagged real data sample (TRD application data).

[ Acceptance: | 46.0 [ 50.0 [ 56.0 [ 63.0 [ 66.0 [ 78.0 [ 88.0 | 94.0 |

L

NN indic. | 0.38 | 0.61 | 0.63 [ 0.95 [ 1.22 | 3.80 | 6.12 | 19.16 |
| GM indic. [0.137]0.17 | 0.49 | 0.57 | 1.25 | 5.03 | 7.75 | 34.88

e

2.2 Classifying the Calorimeter data

Calorimeter data have been preprocessed to extract some discriminating pa-
rameters to give in input to the NN. The four-layer feed-forward network
[11, 12] is able to perform a multidimensional analysis among the two differ-
ent classes. As in the TRD case, training and test samples used Montecarlo

data while application data are selected from the TS93 data. Several archi-
tectures of the feed-forward NN are currently under test in order to achieve
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the best performance. Results obtained and a comparison with a conventional
analysis will be available at the Conference.

3 Conclusions

In this paper two different classification systems, for TRD and calorimetr
respectively, are proposed to identify electrons and positrons gathered by the
NMSU/Wizard-TS93 cosmic ray space experiment. The validation of the sys-
tems has been done using a sample of high purity real data. The classifiers are
based on a neural network computational architectures in order to carry out a
careful multidimensional analysis. This distribuited parallel processing model
of the systems is able to take into account important instrumental effects and
allows selection of signals with high performance in the high acceptance region.
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Abstract

Hydrogen and helinm cosmic ray nuclei spectsa gathered from 1976 o
1993 bave been corrected 10 the top of the aunosphere and normalized at
high ngidities. The variation of these primary cosmic ray fluxes above 400
Mev/nucleon has been examined as a function of the phase of the solar cycle
with the force-field approximauon model. The intensity of the normalized
fluxes between solar maximum and minimum conditions varies by a factor

of 6 for hydrogen and a factor of 4.3 for helium at the lowest rigidities
considered.

1 Introduction

Hydrogen and helium nuclei constitute more than 95 % of the total cosmic
ray coinponent observed at the lop of the earth’s atmosphere. A study of their spectral
shapes and how these are affected by solar modulation is essential for understanding
particle propagation and acceleration mechanisms. In this paper, observations of
hydrogen and helium spectra are reported above 400 Mev/nucleon, for 7 balloon

fughts covenng nearly two solar cycles. A summary of the expenments reported here
is given in Table 1.

2 The Apparatus

The 1991 spectrometer configuration is described in Paradis (1995). A
detailed descripion of the original spectrometer, flown {rom 1976 to 1989, and an

analysis of its performance can be found in Golden et al., 1991.



— 60 —

TABLE 1, The PAL Observing Program,

FLIGHT | DATE LOCATION GEOMAGNETIC ATMOSI"HER_IC MDR
CUTOFF R (Gv/c DEPTH (g/cm’) Gvic)

5120116 ““m

| CRL7_| 6121119 ; | 4558 1 0 s4 | 2s
ANSWORTHNEUSA | 17 | 50 | 10_
8/21/87 .C. -1, 4.7 50

9/5/89 |PRINCE ALBERT, CANAD
MASS 91] 972381 -

TS93 | 978/93 F-SUWEK__NM USA | 4345 | 45 | 200
3 Data Analysis

Positve particles were selected in the deflection range comresponding
to kineuc energies greater than 400 Mev/nucleon. Only particles with rigidities above
local geomagnetic cutoff were considered. The data at lower energies was omilted to
avold Jarge energy-dependent corrections. Typical selection criteria for the tracking
system can be found in Paradis (1995). These ensure that a particle’s rigidity has been
determined reliably. Various combinatons of scintillator pulse heights from the ume-
of-thight detectors were used 1o determine the charge of the particles. Timing
information was also used to eliminate multi-particle events and the small albedo
componentl. Background and charge cut efficiencies were determined by using
independent scinullator measurements.

4 Solar Modulation : Force-Field Approximation

The force-field approximation to the steady-state, sphencally symmetnc
model of Gleeson and Axford (1968) has been used (o fit the observed spectra. This
model describes the solar modulation in terms of convection, diffusion and adiabatic
energy losses in the beliosphere. At high energies, Gleeson and Axford relate the
differenual intensity j(r,E) at radial position r and total energy E to the undisturbed
intensity at infinity (the interstellar differential intensity) j_(£ + @). In this
formulation, the parameter @ can be interpreted as the average energy loss
experienced by the particles in propagating from infinity. The parameter D is a
function of the particle's charge and energy, and in general, it is different for each
spccies. It also depends sturongly on the form of the diffusion coefficient .

Assuming interstellar ngidity power-law spectra, corresponding deflection
specra were computed at the top of the aunosphere. These spectra were then
propagated down (0 the spectrometer. Energy-dependent efficiency factors were used
to take into account energy dependences in the selection cnitena, in the geometric
factor of the experiments, and in the nuclear interaction cross sections in the material
above the specurometer. The spectra thus computed were convolved with the
resolution function of their respective experiment and compared with the observed
data. The deflection range for each individual fit was selectively restricted in order 10
minimize instrumental and geomagnetic cutoff effects. The results of the fits (o the
force-field approximation model are summarized in Figure 1.

Figure 1 shows a plot of the fitted modulation parameters against scaled
neoutron momitor count rates observed on the day(s) of each flight. The relatuon
between the fitied modulation parameters and the corresponding Climax neutron
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monitor count rates can be described by O = @, + e"1*7Y  The parameter @, can

be interpreted as the residual modulatuon, X is the (scaled) neutron monitor count rate,
and P, i1s a small negative parameter. Although the fits are quite good (low

overall x2 s) , the fitted hydrogen data predicts a residual modulation @ ~ 420 Mev
~ while the belium data predicts @, ~ 540 Mev.

This 1s inconsistent with the

: e NYOROGEN interpretation of the modulation
1200 — HELIUN parameter Q = | Ze | ¢ in the model
chosen, which should, in principle, give
twice as much residual modulauon {or
helium as for bydrogen. The values for
P, and P; were (15 £ 1) and (-0.0052 &
0.0008) for hydrogen, and (23 + 13)
and (-0.0100 £ 0.0077) for belium.
Details of the fitting procedure and the

complete results can be found in
Paradis (199)).
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Figure 1. Fitted Modulation Parameters The hydrogen and helium

absolute fluxes were first oblained at the spectrometer by deconvolving the observed
spectra and dividing the deflection bin counts by the collecting power of the MASS 91
experiment. Deconvolution of the observed data was necessary due to bin spillover
near zero deflecuon as a result of the finite resolution function of the spectrometer.

The correction procedure (0 the top of the aunosphere has been explained in
Paradis (1995). Bnrefly, corrections were made for nuclear interactions in the payload,
attenuaton in the atmosphere, and continuous ionization energy losses 1n the matenal
above the spectrometer. For the protoas, the work of Papini et al (1993) was also used
to correct for secondary produclion in the atmosphere.

All the fluxes were normalized 1o the MASS 91 integral fluxes below 0.06
c/Gv (i.e. above rigidity = 16.67 Gv/c), and multiplied by a correction factor to account
for the differences in solar modulation (Webber, 1995).

The absolute proton and belium fluxes, corrected to the TOA, are
summanzed in Figures 2 and 3. Also shown in the figures are power-law spectra o<
(d)*’, corresponding 10 unmodulated spectra.

6 Conclusions

As can be seen in Figures 2 and 3, the magnitude of the normalized [luxes
vanes considerably with the amount of solar modulation. At the lowest nigidites
considered, we observe a difference of a factor of 6 in the proton fluxes, and of a factor

of 4.3 in the belium fluxes between minimum and maximum solar modulation
condiuons.



— 62 —

6000 . rYvyrYYy Trt-rﬁ-rn-rtma
5 5000 F~(d)°! cALl
% 0 ( ) > From top 10 bonom Lé::
; 400 I, CAL!
5§ 9
~ 3000 UASS o6
> 2000 .
IRE7\
0

OEFLECTION (/Qv)

-Figure 2. Normalized Hydrogen Fluxes.

900
O BOO E SR 4p e Bottem
e 700 ;::: e
. 600 Ly
- 500 MASS o1
~E 400 MASS 89
> 300
rd 200 E
“ 100
0 .
0.00 0.10 0.20 0.30 0.40 0.50

DEFLECTION (/O v)

Figure 3. Normalized Helium Fluxes.

In analyzing the modulanion effects with the force-field approximation, we
see a sirong correlation beiween solar activity as measured by the neutron monitor
count rates and the fiited modulation parameters. However, the prediction from this
model that @ = | Z e ¢ is not veritied. This is attributed to some structure in the
observed spectra which gives rise (0 high uncentainties in the fitted parameters. We
conclude that the force-field modulation model can only predict the general shape of
the spectra, and that more sophisticated models may be required 10 explain the detailed
structure of the observations. The irregularities in the observed spectra might be
instrumental, but the mechanisms for such effects are unknown.

Detailed tables of the proton and heliuin spectra observed at the spectromeler,
and of the same specira corrected 1o the top of the atmosphere can be found in Paradis
(1995). Itis hoped that these extensive and detailed observations will provide a
valuable tool for testing models of solar modulation and geomagnetic effects.
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Abstract
The fluxes of atmospheric electrons, positrons, positive and nega-

tive muons and negative pions have been determined using the NMSU
WiZard-M ASS2 balloon-borne instrument. The instrument was launched
from Fort Sumner, New Mexico, (geomagnetic cut-off of about 4.5 GV /c)
on September 23, 1991. The flight lasted 9.8 hours and remained above
100,000 ft. Muons and negative pions were observed and their momenta
were determined. Since these particles are not a part of the pnmary com-
ponent, the measurement of their fluxes provides information regarding
production and propagation of sccondary particles in the atmosphere.
Similarly, observations of electrons and positrons well below the geomag-
netic cut-off provides insight into electromagnetic cascade processes in the
upper atmosphere. In addition, the determination of the energy spectra
of rare particles such as positrons can be used for background subtrac-

tion for cosmic ray experiments gathering data below a few g/cm? of
overlying atmosphere.

1 Introduction

Galactic cosmic rays diffusing towards the Earth are deflected by the geomag-
netic field. No primary cosmic rays reach the top of the atmosphere below
a typical value of the cut-off rigidity characteristic of each site on the Earth.
Cosmic rays observed at balloon altitudes below the cut-off are generated by
higher energy particle interactions in atmosphere. The measurement of par-
ticle fluxes at a few g/cm? of atmospheric depth permits cascade calculations
to be checked. Moreover, the knowledge of the atmospheric component 1is
needed for background subtraction in the measurements of rare particles, such
as positrons, made with balloon-borne experiments.
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2 Apparatus and Data Analysis

The MASS2 experiment consisted of the following devices: a time-of-flight
scintillator system (TOF), a gas Cherenkov detector (G), a superconducting

magnet spectrometer and a streamer tube imaging calorimeter (C). The TOF
consisted of 3 planes of plastic scintillator paddles located at the top of the
instrument and below the chamber stack. The TOS is used to determine the
particle’s velocity. A TOF resolution of few hundreds ps assures an up-down
rejection at more than 30 standard deviations. The G detector was filled with
Freon 12 giving a threshold Lorentz factor of 23.5. The spectrometer consisted
of a superconducting magnet and a hybrid system of 8 MWPCs and two mod-
ules of drift chambers. The magnet generated a maximum magnetic field of 2.2
T in the chamber region. The spectrometer MDR was 210 GV /c. The imaging
calorimeter consisted of 40 planes of 64 brass streamer tubes each, for a total
of 7.3 radiation lengths and 0.75 nuclear interaction lengths. The calorime-
ter permitted the topological reconstruction of the particle interactions. The
secondary electron and positron differential fluxes were determined between

300 MeV/c and 4 GeV/c while pions and muons between 5 and 15 GeV/c
and 250 MeV /c and 20 GeV /c respectively. The particle selection criteria are

shown in Table 1. Test 1, Test 2, Test 3 and Test 4 give a reliable deflection
determination in the magnetic spectrometer. Test 5 permits the selection of
minimum ionizing particles from the total sample of events, Io being the ex-
pected pulse-height corresponding te a minimum ionizing particle and T1 and
T2 the average of the top and bottom scintillator charge measurements. Test 6
and Test 6a verdy whether or not that a Cherenkov signal has been generated.
The average number of photoelectrons generated by a fully relativistic particle
was about 18. Test 7 is an energy dependent criterion for particle selection in
the calorimeter, see [?] for shower-cluster (s-c) definition. A high number of
shower-clusters is characteristic of a high multiplicity, collimated electromag-
netic shower. On the other hand, a small number of shower-clusters is related
to a low multiplicity, high opening angle hadronic shower. Non-interacting
partiicles should not generate shower-clusters. Tests 7 were used above 1 GeV
since no reliable shower identification can be made in the calorimeter for low
energy particles generating a small number of secondaries. Since pions have
to be separated from the bulk of the other negative particles, mainly electrons
and muons, we selected interacting pions only; the number of shower-clusters
generated by hadronic interactions and the shower opening angle were found
to be very powerful tools. Below 2 GeV, good particle separation was obtained

by using the particle square masses as a function of beta (see Papini et al.,
presented at this conference).



Table 1: FElectron, Posstron, Pion and Muon Selection Critersa

| Testl. At least 11 chambers in the direction of the maximum bending

of the magnet (x-view) and 6 in the orthogonal direction

| (y-view) give a good signal.

Test2. The least-square fit ot the reconstructed track must have

| x. <8 and x;‘: <8.

Test3. The number of drift chamber planes with hits at more than

| 4 ¢m from track has to be less than 3 in both views.

Test4. The uncertainty in deflection has to be less or equal to 0.03.
Test5. Zr, <1.8J0 and Zr, <1.8/0 ]

Test6. Cherenkov pulse-height> 1. photoelectron.
Test6a. Cherenkov pulse-height< 1. photoelectron
Test7a. Electrons and positrons
1-2 GeV/c: A minimum of 2 calorimeter planes show s-c
1n, at least, one calorimeter view.
| 2-4 GeV/c: A minimum of 4 calorimeter planes show s-c

in, at least, one calorimeter view.
| Test7b.Pions
n The maximum number of s-¢c shown by the calorimeter views
is greater than 4 and smaller than 12.
The shower opening angle in the calorimeter has to be at least 25 degrees.

Test7c.Muons
No more than one plane, in both calorimeter views, shows s-c

3 Results and Discussion

The geometrical factor, the experiment live time and the efficiencies of the ap-
paratus have been taken into account for particle absolute flux determination.
The geometrical factor for low energy particles ranged from 232 cm? sr to 284
cm? sr while, when the calorimeter was included for selection, the geometri-
cal factor was 167 cm? sr. The spectrometer and scintillator efficiencies were
.9310.03 and .8510.06 respectively. The calorimeter efficiency was 1 for Test
7a between 1 and 2 GeV and .98 above 2 GeV, it was .64 for Test 7b and .93
for Test Tc. The flight lasted 35330 s with a dead time of 36%. Before flux
determination the total number of pions was calculated from the observed in-
teracting events and the contribution of non-interacting pions was subtracted
from the muon flux. In Figures 1 and 2 we have reported the particle differen-
tial luxes measured by this experiment for electrons, positrons, positive and
negative muons and negative pions. Previous measurements made at different
atmospheric depths [7, 7] have been reported also along with calculations [?].
A good agreement is observed with the theoretical expectations. It may be
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noted that just below the geomagnetic cut-off energy, one needs to consider the

ranging down of primary particles due to energy loss processes and hadronic
interactions, which would make these particles appear as secondaries.

©  Muoa Flux, Codino et al., 1994, 5 ghm’
*  Pon flux, Codino et sl., 1994, $ pkm’ . . . . 1
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Abstract

The energy specira of atmospheric-secondary protons and deuterium
nucier have been measured during the September 23, 1991, balloon flight

of the NMSU/WiZard - MASS2 instrument. The apparatus was launched

from Fort Sumner, New Mexico. The geomagnetic cutoff at the launch
site 1s about 4.5 GV/c. The instrument was flown for 9.8 hours at an
altitude of over 100,000 feet. Particles detected below the geomagnetic
cutoff have been produced mainly by the interactions of the primary cos-
mic rays with the atmosphere. The measurement of cosmic ray energy
spectra below the geomagnetic cutofl provide direct insights into the
particle production mechanism and allows comparison to atmospheric
cascade calculations.

‘1 Introduction

When proton and deuterium flux measurements are carried out with balloon-
borne experiments floating at few g/cm? of atmospheric depth (typically 5
g/cm?) the corrections for atmospheric production are of primary importance
below 1 GeV. The characteristics of the nuclear processes involved in the
atmospheric cascade are not yet completely known. Therefore, the theoretical
calculation of the proton and deuterium atmospheric production during cosmic
ray propagation is not a trivial matter (1, 2, 3, 4, 5, 6, 7. The measurement
of the secondary cosmic ray component using balloon-borne instrument below
geomagnetic cutoff can provide information on nuclear production and cosmic
ray propagation in the aimosphere.

[n this paper we present the preliminary secondary proton and deuterium
differential lux measurements made with the MASS2 apparatusin 1991 during
a flight at an average atmospheric depth of 5.8 g/cm? .
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2 Experiment, data analysis and results

The MASS?2 apparatus is shown in Figure 1. It consists of a time of flight
scintillator system (ToF'), a gas Cherenkov detector, a superconducting magnet
spectrometer and a streamer tube imaging calorimeter.

The ToF system comprises of twelve 1 cm thick plastic scintillator paddles.
The paddles were arranged into 3 planes: two planes, with five paddles each,
were located at the top of the payload and one plane, with two paddles, was
located between the tracking system and the calorimeter. The signals from
the top scintillator planes were read out from only one end of each paddle (T,
and T;), whereas the bottom ToF plane was read out at both ends of each

paddle (T3 and T4). Therefore, three independent dE/dx measurement were
recorded.

2 ¢venls

t Deuternium

" ’ y \ M

4 )
v F m =RIUB-1) (GeVic')

Figure 1: A schematic diagram  Figure 2: Mass square distribution at
of the MASS2 apparatus 1 GV/c rgidity

With a resolution of few hundreds ps the ToF system was used to deter-
mine the velocity of the particles as well as remove albedo particles. The
pulse-height analysis of the scintillator signals measured the magnitude of the
particle’s charge. o

The magnet spectrometer consisted of a superconducting magnet, 8 multi-
wire proportional chambers and 2 modules of drift chambers. The field gen-
erated by the magnet ranged from 1.5 to 22 kGauss in the chamber region.
The tracking system offered twenty trajectory measurements in the view of
the maximum bending of the magnet (x-view) and twelve in the orthogonal
direction (y-view). The Maximum Detectable Rigidity (MDR) was found to
be 210 GV/c for protons. The Cherenkov detector and the calorimeter were
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not used to determine proton and deuterium fluxes.

Table 1 shows the single charge particle selection criteria for the tracking
system and the scintillators.

Table 1: Tracking system selection and charge selection criteria

A minimum of 11 tracking detector planes in the x-view and
6 in the y-view should have good measurement
The least square fit to the reconstructed track must satisfy x? < 8
for each tracking view

Not more than 3 spurious hits in the drift chambers for each view
Ad<0.03 ¢/GV,  where d is the deflection

QTT-' = ﬁ'%l < 0.4; T, 2=1 means 1 m.i.p. signal

T <25+4.95d%,  where T = Dth2 .

Criteria 1-4 have been applied to the tracks from the spectrometer In
order to have a reliable deflection measurement. We used the top scintillator
pulse-height signals (criteria 5 and 6) to select particles having charge 1.

The sample of positive particles that passed the selection in Table 1 are
protons, deuterium, muons and positrons. The time of flight system was used
to select proton and deuterium events. The velocity (3), as determined by the

ToF system, and the rigidity ( R) measured by the spectrometer are used to
calculate the particle mass:

m(GeV/c*)? = R(GV/e)*(1/6% - 1) (1)

Figure 2 shows the positive particle mass square distribution around 1 GV /c.
It is possible to note the deuterium peak (m?~3.5 GeV?/c*), the proton peak
(m?~0.9 GeV?/c*) and the muon and positron peaks (m*~0 GeV?/c*). Using
the mass square distribution we separated the proton and deuterium particles
up to 2 GV/c. For each rigidity value we have evaluated the background con-
tamination and the efficiency of the selection criteria used for the proton and
deuterium selections. |

To convert the observed number of counts at the spectrometer into absolute
flux we took into account the geometry factor, the experiment exposure time
and the selection efficiencies by including the rigidity dependence of these
quantities. We extrapolated the measured proton and deuterium fluxes at the
top of the payload correcting for the loss of particles interacting in the payload,
above the spectrometer, and the ionization energy losses for non-interacting
particles.

The proton and deuterium fluxes are shown in Figure 3. Note the geo-
magnetic cutoft effect on the primary proton flux at about 3.5 GeV and the
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lux increase at low energies due to the proton atmospheric production. The
deuterium flux is given in the energy range below the geomagnetic cutoff.
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Figure 3: Proton and deuterium fluzes at the top of the payload.
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Abstract

Cosmic rays at ground level have been collected using the NMSU /Wi-
Zard - MASS? instrument. The 17-hr observation run was made on
September 9th 1991 in Fort Sumner, New Mexico, USA. Fort Sumner

is located at 1270 meters a.s.l., corresponding to an atmospheric depth
of about 887 g/cm?. The geomagnetic cutoff is 4.5 GV/c. The charge

ratio of positive and negative muons and the proton to muon ratio have
been determined. These observations will also be compared with data
collected at a higher latitude using the same basic apparatus.

1 Introduction

The observed cosmic ray spectra at ground level result from the propagation
of primary cosmic rays in the atmosphere. The ground cosmic ray radiation

consists mainly of weakly interacting muons. In this paper we present a very
preliminary analysis to determine the muon charge ratio and proton to muon

ratio and we compare our present results to previous measurements [1, 2}.

2 Experiment

The MASS2 apparatus consisted of a magnetic spectrometer, a TOF system,
a gas Cherenkov counter and an imaging calorimeter to detect respectively the
rigidity and the particle’s charge sign; the particle’s absolute charge and beta;
an 1ndication of the particle’s Lorentz factor. The magnetic spectrometer was
an improved version of the detector [3] used to discover antiprotons in cosmic
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rays in 1979, it consists of a superconducting magnet that generates a field
ranging from 2.2 to .15 tesla and a hybrid traking system comprised of 8
MWPCs and two modules of drift chambers. The TOF system consists of
3 layers of scintillator 1 cm thick. The scintillator signals from the two top
planes were read out from only one end of each paddle (T} and T, signals)
whereas the single bottom plane was read out at the two ends (T3, T¢). The
Cherenkov counter consisted of 4 mirror segments that focused Cherenkov
light on 4 phototubes; its inner volume was filled, for the ground run, with
Freon 22 with a threshold Lorentz factor of 32. The Cherenkov detector is
described in [4]. The dimensions of the calorimeter are 50 cm x 50 cm X 40
cm (depth), this detector was positioned below the bottom scintillator and
consisted of 40 layers of 64 brass streamer tubes arranged perpendicularly to
each other. The walls of the streamer tubes served as the converter material
for the calorimeter, yielding a total depth of 7.33 radiation lengths, equivalent
to 0.75 nuclear interaction lengths. The imaging calorimeter is a powerful
tool to separate different particle interactions in order to distinguish between

non interacting particles (like muons or non interacting protons), hadronic
interactions and electromagnetic showers.

3 Analysis and results

Selection criteria for muons are summarized in Table 1.

Table 1: Muons selection criteria

A minimum of 1] tracking detector planes in the X-view
and 6 in the Y-view should have good measurements.
The least square fit of the spectrometer reconstructed track
must have x? < 8 in both views.
3 spurious hits maximum in the drift chamber planes per view
on < .03 (¢c/GV) where 5 is the deflection and o, its error.
1<T) +T3 <4 (Thz2 =1 means ) m.i.p. signal).

Hl < 0.4; (Ty2=1 means 1 m.i.p. signal).
Only a paddle for scintillator layer gives a signal. There is
consistency between particle trajectory and santillator hits.
Trajectory containement at bottom of the calorimeter.

At least one calorimeter view gives signal.
The ratio between trajectory single hits (2 Moliere radii)

and the sum of multiple and single hits must be greather than 0.8
(by taking the maximum between the two views).

Our scintillator cut efficiency has been determined by selecting with the
bottom scintillator only those events generating a signal corresponding to
charge 1 particles. This sample was used to test the top scintillator cut (5-7).
We have found an efficiency of 87.25% +.65% in the whole rigidity range.
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To test the calorimeter muon selection cuts we have used the Cherenkov
detector in the rigidity range between —3 and 3 GV/c. In this interval only
muons do not generate Cherenkov light (the proton contrubution can be ne-
glected since no significant differences were found between positive and nega-
tive charge particles).

We selected a muon sample by requiring a signal lower than 0.5 photoelec-
trons. With this sample we tested the calorimeter cut (10). A calorimeter cut
efficiency of 97.67% £ 1.23% was found. We also checked that this efficiency
was constant versus rigidity, and equal for negative and positive deflection.

The cut (9) efficiency was 97.85% over the all ground data sample, constant
in deflection and equal for negative and positive particles.

The ground data spectrometer efficiency has to be estiinated. At this stage
we present a very preliminary analysis. Absolute fluxes will be presented at
this conference.

For proton analysis we mainly used the Cherenkov detector in the rigidity
range between 3.7 and 20 GV, in this deflection range protons only don’t
produce Cherenkov light, therefore we could select a pure proton sample by
requiring the absence of the Cherenkov signal. A high background, due to

muons passing this cut because of the Cherenkov inefficiency, requires the
addition of a calorimeter criterion to select interacting protons only.

Cuts (1-9) in Table 1 were applied for proton selection too.

Table 2: Proton selection criteria

1 | Cherenkov signal corresponding to less than .S photoelectrons.
2 | Maximum shower width greather than .6 Moliere radn.
3 | Minimum shower width greather than .5 Moliere radu.
This condition was skipped when only one calonmeter view was
working and the number of hits was greater than 20

A wide nuinber of calorimeter hits and high shower opening angle, are
characteristic of a hadronic interaction, therefore for each calorimeter view
we calculated the total number of hits and the interaction width from the
trajectory extrapolated from the spectrometer.

Proton selection criteria are summarized in Table 2.

A sample of 93 events passed the selection for protons. To estimate the
possible muon or electron contamination on this sample we applied the same
set of cuts to a sample of negative particles in the same rigidity interval. Two
events only passed the cuts out of a total of 5357 particles. Since positive
particles were 7030, we estimated a contamination of 2.6 events.

To estimate the proton calorimeter efficiency we made a visual scan of a
pure proton sample selected with the Cherenkov detector: no interactions were
rejected by our cuts, therefore we determined an efficiency better than 99%.
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To compute the p/u ratio we selected muons with all cuts in Table 1,
adding the requirement of a Cherenkov signal higher than .5 photoelectrons.
We computed the efficiency of this cut with a negative rigidity particle sample
in the range between 5 and 100 GV. We have found an efficiency of 96%.

We calculated the p/u ratio taking into account the different efficiencies for
muon and proton selection and the total number of protons from the observed
interacting events. |

Figure 1 shows the charge ratio u*/u~, compared to previous measure-
ments taken at a diflerent atmospheric depth [1}. The present results are
compatible within the errors. The solid curve is a theoretical prediction [5).

Figure 2 shows the proton to muon ratio.
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Figure 1: Muon charge ratio. Figure 2: Proton to muon ralio.
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Abstract

We have carried-out a calculation to determine the energy spectra
of secondary 3He at small atmospheric depths. It is produced in the
spallation reaction of primary helium and heavier nuclei in the overlying
atmosphere. We examine the effect of the geomagnetic cut-off on the
spectral shape of the secondary *He nuclei. The calculations are being

carried out for both solar minimum and maximum periods. Results {rom
these calculations will be presented at the Conference.

1 Introduction

3He nuclei are secondary cosmic rays, which are produced in the interactions
of primary cosmic rays with the interstellar medium during their propagation
in the Galaxy. Most of the nuclei are produced by the interaction of ‘He
and as their rigidities are different, the study of 3He fraction gives important
insights on the cosmic ray propagation as well as on the solar modulation.
Most of the experiments to determine the 3He spectrum are carried out with
balloon-borne instruments. As a result, it is essential to correct for the *He
background produced by spallation of “He and heavier cosmic ray nuclei in
the overlying atmosphere.

Experimental determination of the geomagnetic threshold rigidity for cos-
mic rays can not be made using singly charged particles as they are also
produced in the atmosphere by different processes. However, this can be best
studied with helium nuclei and one can determine also the transmission func-
tion at locations, where there are panumbral bands. However, 3He produced
in the atmosphere would influence the shape of the rigidity spectrum mea-
sured in a magnet spectrometer. Therefore, one needs to correct accurately
'He produced in the atmosphere to derive the shape of the transmitted spec-
trum of primary nuclei. *He production depends on the primary cosmic ray
composition and energy spectra at the top of the atmosphere, which depends
on the geographical location and the solar activity. We have calculated the
secondary spectrum of *He at small atmospheric depths with zero cut-off and
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preliminary results were earlier presented for both maximum and minimum
periods of solar activity [1]. This calculation has been now modified to include
the geomagnetic threshold effect.

In this paper we describe the procedure used for the calculation of IHe

production in the atmosphere and the final results will be presented at this
conference.

2 Calculation procedure

In order to calculate the He atmospheric production we use three transport

equations: one for the He (Jay.), one for the *He (Ji};.) and one for the
nuclei heavier than helium (Jy).

The equations are given below.

202 g sG] - S
A v o W
+ : Aﬁ(‘i:(})‘,)é(s',mw'
) (1] - ),
+ : Aitsi:’(’g,)é(a',s)ds' (2)
————-—-—-———aJN((:’z) = [JN(E z)dE “%‘2 (3)

In the above equations the first term on the R.H.S. corresponds to continuous
energy loss due to the ionization process. The second term represents the loss
of particles due to interactions with air nuclei. The integral terms give the
production of 3He and * He where $(E,E ) is the outgoing nucleus distribution
function that is the probability that a nucleus with kinetic energy per nucleon
E’ produces a *He (or a *He) nucleus with kinetic energy per nucleon E. A
best fit to observed data has been made to determine the *He flux at the top
of the atmosphere for minimum and maximum solar modulation.

We have found suitable to use the C+O spectrum shape, which is measured
accurately, to represent the heavy nucleus component for Z>2. In fact, the
steeper spectra of secondary light nuclei is compensated by the relatively flatter
spectra of heavy nuclei. From a comparison of the cosmic ray abundances as
a function of energy [2, 3] we have found that the C+O spectrum needs to be
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multiplied by a factor 2.25 in order to determine an equivalent C+0 spectrum,
which includes all nuclei with Z>2. This weighting factor appears to be nearly

independent of energy within the uncertainty of the measured data.
In order to include the geomagnetic effect in the 3He production, we have
first made use of the observed shape of the rigidity spectrum of helium nuclei at

a geographic location for the primary *He and heavier nuclei. We then correct

this shape using the calculated *He spectrum to derive the true spectrum and
thus perform this calculation.

The transport equations 1-3 are then solved simultaneously by numerical
integration technique described earlier [1]. The results on the 3He spectra as

a function of the geomagnetic latitude will be presented at the conference.
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Abstract

Secondary deuteriums in the atmosphere are produced in interactions
by primary cosmic rays. The shape of their energy spectrum depends on
the primary cosmic ray spectrum incident at the top of the atmosphere.

At high energies, the spectral shape depends on the primary spectrum of
helium and heavy nuclei. However, at very low energies, especially below

the geomagnetic cut-off, the spectral shape depends on the evaporation
and recoil processes and hence almost indipendent of the spectral shape of
the pnmary radiation. We have undertaken a calculation of the secondary

deuterium spectrum at small atmospheric depths at various latitudes and
the results will be presented.

1 Introduction

The cosmic ray deuterium is one of the most interesting secondary cosmic
nuclei for the study of the cosmic ray propagation in the Galaxy. Its impor-
tance comes from the fact that its interaction mean free path is larger than
the matter traversed by cosmic rays during their propagation in the Galaxy.
Some a large fraction of the deuterium is produced by the spallation of he-
lium nuclei, a direct comparison between the spectra of these two nuclei is
very informative, as their mass to charge ratio is the same and hence their
modulation in the solar system. There are only a few measurements of cosmic
ray deuterium at energies greater than 100 MeV per nucleon and they were
obtained using balloon-borne instruments flying at few g/cm? of atmospheric
depth. Since deuterium is produced also in the interactions of cosmic protons
and nuclei in the overlying atmosphere, atmospheric correctios are needed to
derive the primary deuterium from the observations. Its production is de-
pendent on the primary cosmic ray composition and spectra at the top of the
atmosphere. As a resuli, the secondary deuterium spectrum in the atmosphere
is very sensitive to the latitude, specially at small energies below the geomeg-
netic threshold. At high latitudes, it also depends upon the solar activity. It is
very important to carry out calculations of atmospheric deuterium production
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as a function of the latitude in order to compare with the observations. One
can also examine the effect of solar modulation as a function of geomagnetic
threshold. Preliminary results of atmospheric deuterium calculations by tak-
ing into account different solar modulation conditions were presented earlier
for zero geomagnetic threshold [1]. In this paper we summarize the calculation
procedure, whereas the final results relating to the geomagnetic cut-off effect
on secondary deuterium production will be presented at this conference.

2 Calculation procedure

The transport equation describing the production and propagation processes
in the atmosphere is:

8.19‘;2&:7 z) -2 [JD(E z) ] Ji()fé‘;) + P(E,z) (1)

The first term on the R.H.S. represents the continuous deuterium energy
losses due to jonization. The second term gives the particle loss resulting
from interactions and the term P(E, z) represents the atmospheric production
due to cosmic ray interactions with air nuclei. As described in {[1] the main
contributions to the deuterium production cames from three processes:

1. deuterium production from air nucleus spallation;
2. deuterium production from p(n) + p(n) — D + x reaction;

3. spallation of cosmic helium and heavier nuclei.

At each atmospheric depth the deuterium production P(E, z) results from
the propagation of primary cosmic rays at that depth. The energy spectra of
protons, neutrons and helium have been obtained by solving simultaneously
the respective transport equations of these particles in atmosphere(2]. The
contribution to deuterium production of nuclei heavier than helium has been
included in the calculations assuming that each nucleon with atomic number
A behaves like a sample of A/4 helium nuclei.

The three deuterium production processes mentioned above dominate in
different energy ranges: production from cosmic helium and heavier nuclei is
dominant at high energy, whereas the air nucleus spallation process prevails at

low energy. The p(n)+p(n) — D 4 x process gives an important contribution
at about 100-200 MeV /nuc.

In order to determine the secondary deuterium spectrum at different lat-
itudes, we have constructed the primary rigidity spectra with nearly a sharp
threshold at low and very high latitudes. In the intermediate latitudes, where
panumbral bands play an important role, we made use of the spectral shape of
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the observed rigity spectruin of helium nuclei to construct the incident spectra

of p, He and heavy nuclei. These spectra are then propagated in the atmo-

sphere to determine the secondary deuterium spectra at small atmospheric
depths by solving the equation (1).
The results will be presented at this conference.
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Abstract

A detailed calculation of the energy spectrum of secondary protons in
the atmosphere is being carried out in the energy range 20 MeV - 40 GeV.
In this calculation, we have taken into account all processes leading to the
production of secondary protons with the air target nuclei. The energy

spectrum of secondary protons as a function of the atmospheric depth
has been calculated using all relevant energy loss processes. In this paper,

we examine the effect of the geomagnetic cut-off on the spectial shape of

sccondary protons especially at energies below the geomagnetic cut-off
for small atmosphenc depths.

1 Introduction

Secondary protons are produced in nuclear interactions of cosmic ray nuclei
with air nuclei during cosmic ray propagation in the atmosphere. Although
primary protons are not expected to reach the earth’s atmosphere below the
geomegnetic threshold rigidity at a given geographic location, one sees con-
siderable amount of protons well below the threshold rigidity at balloon al-
titudes. These are either due to the fragmentation of heavier nuclei or due
to the interaction of primary protons and the evaporation of target nuclei in
the atmosphere. Therefore, the secondary proton spectrum observed below
the geomagnetic threshold rigidity depends upon the latitude at which the
observation is made. The intensity of this radiation depends also on the solar
activity, specially at high latitudes. Most of the experiments to measure cos-
mic ray composition and energy spectra were carried out using balloon-borne
instruments at different latitudes. An exact knowledge of the secondary spec-
trum provides a valuable check on the performance of the instrument at the
float altitude. Preliminary results of the production of secondary protons at
small atmospheric depths at very high latitude, where the geomegnetic cut-off
i1s very low, were presented earlier {1]. In this paper we consider the varia-

tion of the secondary proton spectrum with latitude due to the effect of the
geomagnetic field.
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2 Calculation procedure

In order to determine the proton differential energy spectrum as a function of
the atmospheric depth, we solve simultaneously the transport equation for the

secondary protons along with those of primary protons, secondary neutrons
and primary helium nuclei.

The transport equations are:
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where J(E, z,8) are the differential fluxes as a function of the kinetic energy,
of the atmospheric depth and the zenith angle. The subscript letter to the

flux term corresponds to primary protons (P), neutrons (N), helium nuclei
(He) and secondary protons (S).

In the above set of equations, equation (1) describes the change in the
primary proton spectrum at any given depth in the atmosphere. The first
term on the R.H.S. of this equation takes care of the ionization energy loss.
The second term describes the loss of protons due to interactions, where X’
is the interaction length in air. In the same manner, equation (2) is for the



helium spectrum at a given depth. We have multiplied the interaction term in

equation (2) by a factor 0.5 because in *He interactions there is, on average,
50% probability that either *He or 3H are produced.

Equation (3) describes the neutron spectrum in the atmosphere. The sec-
ond term on the R.H.S. of this equation gives the number of stripped neutrons
from interacting helium nuclei, having the same energy per nucleon as the par-
ent nuclei. In this term, the first part in the brackets is the total interaction
probability, which includes pure spallation and those processes involving large
momentum transfer due to pion production. The second part is the interaction
probability which involves large momentum transfer. From the cross section
available in literature as a function of energy, we estimated that, on average,
2.5 free nucleons are produced in each interaction. It is reasonable to assume
that this number of produced nucleons is shared equally by protons and neu-
trons, and hence we have a factor 1.25 in this term. The next term takes

care of the particle energy loss during inelastic interactions, where the lower
integration term represents the threshold energy for pion production. The
first part of this term in the square brackets is related to the surviving neu-
trons during inelastic interactions of protons; here the mean charge exchange
probability a is assumed to be 0.333. The second part of this term represents
the number of surviving protons which become neutrons due to the charge
exchange process in proton interactions and the third part corresponds to in-
teracting neutrons in helium interactions. In this term, ¢ is the normalized
energy distribution function of the outgoing particle and it is the probability
that the incoming nucleon with kinetic energy per nucleon E' produces an
outgoing nucleon with kinetic energy E. The last term in equation (3) is the
production of neutrons from the target air nuclei during inelastic interactions
either through evaporation or by recoil processes [1].

Equation (4) describes the change in the secondary proton spectrum in the
atmosphere, it is similar to equation (3) except for the fact that it contains
also the ionization energy loss term. It can be noted that both the equations
(3) and (4) are coupled to all other equations and hence we need to solve the
above set of equations simultaneously.

For the interaction mean free paths, Ap y., used in the above equations,
we considered collisions where large momentum transfer takes place, such as
those associated with pion production. For this purpose, we have modified the
energy dependence of the P+P inelastic cross section [2] to take into account
the effect of the Fermi momentum distribution of the target nucleons {3]. The
parametrization of the cross-section thus obtained was normalized at high
energies to the P—-Air and He-Air interaction lengths.

The interaction length as a function of energy, A, for interactions includ-
ing spallation and deep inelastic interactions is obtained using the measured

P +C cross section [4]. This cross section is then normalized, at high energies,



