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Abstract. The CAPRICE98 balloon-borne experiment was the Galaxy. For this reason they are a good probe to test prop-
flown on 28-29 May 1998 from Fort Sumner, New Mex- agation models. In spite of its scientific relevance not many
ico, USA. The detector configuration included the NMSU- measurements exist beyonrd 1 GeV/n due to the difficult
Wizard/CAPRICE magnetic spectrometer equipped with atask of identifying deuterons out of the large background of
gas RICH detector, a silicon-tungsten calorimeter and a timeprotons.

of-flight system. By combining the RICH and the spectrom-

eter information it was possible to separdké from 'H in )

the rigidity range from 29 to 40 GV. We describe the method2 The CAPRICE98 apparatus and the flight

of analysis and we report resuits on fti¢ abundance. The CAPRICE98 apparatus was designed to identify parti-

cles in the energy range from few hundreds MeV up to hun-
dreds GeV.

1 Introduction As its basis, CAPRICE98 used the NMSU-WiZard /CAPRICE
magnetic spectrometer. This instrument was composed of a

The CAPRICE98 balloon-borne experiment (Cosmic AntiPardrift chamber tracking system( 100 um of spatial reso-
ticle Ring Imaging Cherenkov Experiment, 1998) is the lat- lution) (Hof et al. , 1994) placed inside the magnetic field
est detector built and flown by the Wizard collaboration. The 9enerated by a superconducting magfieit ¢- 2 T inside the
CAPRICE98 primary science goals were to measure the abacking volume) (Goldewt al. , 1978). The tracking sys-
solute spectra of positrons and antiprotons along with muorf€m provided30 position measurements (18 in the bending
spectra in the atmosphere. Results concerning some of thedéeW and12 in the non bending one) from which the track
measurements will be presented during this conference. ~ deflection §) was obtained applying a least-squares fitting
The presence of deuterons in cosmic rays is attributed t@rocedure (Goldeet al., 1991). From the measured deflec-
the interactions of cosmic rays with the interstellar medium 10N We determine the rigidity of the particléz(= 1/7) and
during the propagation of the former through the Galaxy. fromits sign the sign of the charge. The overall performance
Among other secondary nuclei, deuterons have the advarf the spectrometer is characterized by the MDR (Maximum
tage of having an interaction mean free path considerablyPetectable Rigidity) parameter; in the CAPRICE98 configu-

larger than the escape mean free path for cosmic rays frof2lion the MDR was determined to be300 GV.
The magnetic spectrometer was surrounded by several sub-

Correspondence tdz. Vannuccini (vannuccini@fi.infn.it) detectors whose informations, combined with those of the
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spectrometer, enabled particles identification. Starting from

the bottom of the payload there were an electromagnetic ima% i ! proton ! deuteron
ing calorimeter, a TOF (Time-Of-Flight) system and a gas g L : threshold :threshold
RICH (Ring Imaging Cherenkov) detector. TREPRE 1 1

The CAPRICE98 Si-W electromagnetic calorimeter (to- EL)
tal of 7 X,) was the same one used for CAPRICE94 and
CAPRICE97 (Boccioliniet al. , 1996; Ricciet al. , 1999).

The calorimeter gave both event topology and energy release 152
informations which enabled to distinguish among non inter-

acting particles, electromagnetic showers and hadronic inter-
actions.

The TOF system, which provided both energy loss and 10
timing information (~ 230 ps of resolution) has been used
mainly to reject albedo particles and to perform charge selec-
tion.

The RICH detector (Bergstroet al. , 2001) consisted of 1E 1 1
a photosensitive MWPC, & m tall radiator box filled with E L ‘ L ‘
high purity C,F1o gas (refractive index. ~ 1.0014) and a 20 30 40 50
spherical mirror. When a particle entered the RICH detector R(GV)

it first traversed the MWPC, then passed through the radia-
tor. If its rigidity was greater than the Cherenkov threshold Fig. 1. Number of events selected requiring no Cherenkov signal

rigidity (Ry, = (m?/Ze)(ﬁ“Y_)th: where (8y):, ~ 19) it (black circles) and background level obtained from the simulation
created a cone of light of width, that was reflected back (shaded area). The threshold rigidity for both protons and deuterons
and focused by the spherical mirror toward the MWPC. Theare also shown.

upper cathode plane of the MWPC was divided in pads, so

that a ring-like image was detected. From the induced signal, o

combined with the track information coming from the spec- deuterons and a negligible component of muons and mesons.
trometer, the Cherenkov anglé.] was reconstructed by an 10 Select the deuterons we used the RICH detector as a
iterative procedure. From the measured angle we obtainefréshold device, requiring that above the proton threshold
the particle velocity§ = n/cos(6.)) that combined with the ~ Tgidity (about~ 18 GV) the event did not produce Cherenkov
measured rigidity enabled particle identification. The RICH Signal- Fig. 1 (black circles) shows the number of selected

detector can also be used as a threshold device. events (OFF events) as a function of the rigidity.
CAPRICE98 was launched on tB&th of May 1998 from The selected sample contains both deuteron and proton

Ft. Sumner, NM, USAS4°N 104°W). The payload flew ~€Vvents without a Chqrenkov sigqal which represent a non

for ~ 214 at a float altitude of- 5.5 g/cr?. negligible contamination. For this reason its contribution

must be estimated and subtracted. Since deuteron identifi-
cation is possible only using the RICH information the back-
3 Data analysis ground level was determined using a simulation.

Using the informations of the TOF system we selected a . :
clean sample of downward going singly-charged events. 4 Instrument simulation
Since the tracking information is critical for identifying
deuteron, we applied strict selection criteria on the quality of
the fitted tracks. The applied cuts required a minimum num

ber of position measurementsl(in the bending direction

Our approach was to develop an empirical response model
of the instrument based on characteristic quantities obtained
“from experimental data. Using this model it was possible to

: . _ simulate the instrument response on an event-by-event basis.
and7 n the non t_)enc!mg one), an acgt_aptaja?efor t_h_e fitted The presence of proton events without a Cherenkov signal
tracks in both direction and an additional condition on the beyond the threshold is mainly due to the following two ef-
deflection uncert?inty estimated during the fitting procedurefectS: 1) the probability of zero detected photoelectrons, that
(o <0.008 GV™). is different from zero even over threshold; 2) the uncertainty

Some geometrical constraints were applied, by requiring, the measured deflection. We need to simulate both these
the containment of the track inside the tracking volume andeﬁects in order to estimate the background level.

the full containment of the Cherenkov ring extrapolated from

the tracking information, inside the pad plane. We also re-4.1  The RICH detector response

jected multiparticle events using both the top scintillators and

the MWPC signals. To simulate the RICH detector response we need the proba-
The described selection criteria resulted in a sample ohility of no Cherenkov signal detected®(OFF)) as a func-

well-reconstructed events which contained mainly protonstion of rigidity. Fig.2 shows the ratio of events without a
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Fig. 3. a) Plot of the deflection derived from the reconstructed Cherenkov angle assuming a mass of ajprete) &s a function of the
deflection measured with the spectrometgp{.:). The inclined dashed lines represent the expected shape for deuterons, protons and muons.
The horizontal dashed lines show the applied cuts. b) Distributionf: — nrrcu for the selected sample. The solid line represents a fit

to the data (see section 4.2 for more explanation)

The described procedure is based on the assumption that

T 1 ...,‘.. ] - the RICH detector response was the same at ground and dur-
§ S p fromground data ] ing the flight. This hypothesis has to be verified in order to
6 r % i get reliable results from the simulation. Some preliminary

107" * checks have been carry out on flight data and all suggested
that the RICH performances didn’t change significantly dur-
ing the flight. Further checks are planned and definitive re-
sults will be presented at the conference.
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4.2 The spectrometer resolution function

1o & E The spectrometer resolution function (SRF) has been obtained
N I 1 using protons from flight data.
4 | We selected a sample of events with rigidity greater than
10 09 1 5 3 10 GV and a well-defined ring in the RICH detector; we

RR,, then derived the deflectiom;cg) from the reconstructed
Cherenkov angle assuming a mass of a proton. In fig.3a this
guantity is plotted as a function of the deflection measured
Fig. 2. The ratio of OFF events to all events obtained for muons with the spectrometen(,..;). Since the distribution of the
from ground data. The dashed line is a fit to the data. Variable%pect — nrrcx is a convolution of the SRF and
the resolution function of the RICH detector, by knowing the
RICH detector response it is possible to derive the SRF by
Cherenkov signal to all events obtained from a large sam-applying an unfolding procedure. Fig. 3b shows the distribu-
ple of muons from ground data. Since in this rigidity region tion of ns,..: —nrrcm Obtained requiring a Cherenkov angle
(the threshold rigidity for muons is' 2 GV) the spectrome- betweer20 and35 mrad; this cut has been applied in order to
ter uncertainty is negligible, the ratio OFF/total should give both minimize the RICH uncertainty and reduce in the sam-
directly P(OFF). We plotted this quantity as a function of ple the contamination of particles different from protons.
R/ Ry, since in terms of this variable it can be scaled to any To construct the resolution function of the RICH detector
particle. A non negligible effect could result from low en- the first step was to parameterize the RICH response. As for
ergy muons which measured rigidity is greater than thresh-P(OFF), muons from ground data were used. As an exam-
old rigidity due to multiple scattering effect; this would lead ple, fig.4 shows the measured angular resolution as a func-
to an overestimate dP(OFF). We anyway took the function tion of R/ R;, together with the given parameterization. Us-
obtained from muons as an upper limit fB(OFF). ing an input power law spectrum in rigidity, proton events in
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we obtained both the contamination and the efficiency for

- 4 F T 1 deuteron selection as a function of the rigidity.
g 35 ; .
‘b:, 3 f E 5 Results
25 é E In order to determine the number of background events in
2 ® E each rigidity bin we needed to normalize the background
e 1 events distribution obtained from the simulation.
e e, E We considered all the events in the rigidity ranige+
1E i o ST 45 GV and we applied to this sample the deuteron selection
r ] criterion. The sample contained both deuterons and back-
05 L — ‘1‘0 ground protons. Using the efficiency and contamination val-

ues in this rigidity range obtained from the simulation, we

estimated the number of background protons and normalized

the simulated distribution to that number. The used rigidity

Fig. 4. The measured Cherenkov angle resolution obtained forrange was the one minimizing the relative error on the nor-

muons from ground data. The dashed line is a fit to the data. Thenglization constant.

resulting resolution foff ~ 1 particles is about.1 mrad The resulting background distribution is shown in fig.1
(shaded area) together with the number of selected events as

function of rigidity. We can see that the proton background

ominate the sample up to 25 GV. For increasing rigid-

ity the deuteron component emerges from the background,

To determine the SRF we fitted the distribution shown if WNich reaches its minimum( 20% of the selected events)
from 29 to 40 GV.

fig.3b with a function obtained convolving the RICH resolu- In this range, after background subtraction and selection

tion function with a Lorentzian which parameters were left _. . . . .
: T efficiency correction, the resulting deuteron to proton ratio
free to variate. The solid line in fig.3b represents the results

of the fitting procedure; the resulting reducgtiwas~ 0.9. wasd/p = (3.9 +0.6)%, at the spectrometer level.

To avoid that the deuteron component altered the result the

left tail of the distribution was excluded from the fit. We g Conclusions

took a Lorentzian with the parameters obtained by the fit as

the best estimate of the SRF. The highest energy deuterons measurement available is that
Other procedures exists in literature to derive the SRF fromone of Apparacet al. (1973) who gave the deuteron to he-

experimental data. Meret al. (2000) derived the SRF mak- lium ratio at~ 7.5 GeV/n (~ 17 GV for deuteron). At higher

ing a superposition of Gaussians with width given by the un-energies only an upper limit to the deuteron to helium ratio

certainty on the measured deflection. A second procedurexists (Golderet al., 1985).

is that one described by Boezét al. (2001), who derived The CAPRICE98 experiment can identify deuterons out of

the SRF from magnet-off ground data selecting relativistic protons in the rigidity rang29--40 GV. For the first time itis

muons. Both the obtained SRFs are inadequate to describgossible to measure the deuteron flux in this energy domain.

the spectrometer response with the required accuracy: thelere only preliminary results are given; the final result will

first one because of the assumed gaussian error, the secobé presented at the conference.

one because of the non negligible multiple scattering effect.

The results of such procedures is the underestimation and the

overestimation of the SRF tails, respectively. References
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