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er
a Onde Elettromagneti
he CNR, Firenze, ItalyOn July the 10th, 1998 the teles
ope NINA was laun
hed in spa
e on board the Russian satellite Resurs-01 n.4.The s
ienti�
 task of the mission is the study of the gala
ti
, solar and anomalous 
omponents of the 
osmi
 raysin the energy interval 10-200 MeV/n for 
ontained parti
les. The 
ore of NINA is a segmented sili
on dete
tormounted onto the satellite so to point to the zenith.In this paper we report about the 
osmi
 ray measurements performed by the teles
ope during its �rst 6 monthsof operation.1. INTRODUCTIONThe mission NINA has been 
on
eived bythe Italian National Institute of Nu
lear Physi
s(INFN) and the Mos
ow Engineering and Physi
sInstitute (MEPhI). The INFN representative in-volves several Italian Institutes and Universities(WIZARD Collaboration) whi
h, together withEuropean and Ameri
an partners, have 
arriedout balloon-borne experiments sin
e 1989.The link to the Russian 
ounterpart happenedin 1994, when the two sides established a 
ollabo-ration and 
on
eived the Russian-Italian Missions�Dept. of Physi
s, Univ. of Rome \Tor Vergata" andINFN - Via della Ri
er
a S
ienti�
a 1, 00133 Rome, Italy.Email: Sparvoli�roma2.infn.it

(RIM), of whi
h NINA (a New Instrument for Nu-
lear Analysis) is the �rst step.NINA's goal is to dete
t 
osmi
 ray nu
lei ofgala
ti
, solar or anomalous origin, from hydro-gen to iron, between 10 and 200 MeV/n in regimeof full 
ontainment, and till a few GeV/n whenthe parti
les 
ross the dete
tor [1,2℄. The experi-ment is 
arried out on board the satellite Resurs-01 n.4, developed by the Russian Spa
e CompanyVNIIEM, laun
hed on a polar sun-syn
hronousorbit at 840 km of altitude.NINA will be soon joint by a twin dete
tor(NINA-2 [3℄), that will be pla
ed again on a polarorbit but at a lower altitude (450 km), on boardthe Italian satellite MITA. The laun
h is foreseenfor De
ember 1999; the presen
e of this 
ouple



2of dete
tors will allow estimations of 
osmi
 ray
uxes in di�erent periods of the solar 
y
le.2. THE INSTRUMENT NINANINA is divided in the following 4 subsystems:the dete
tor (Box D1), 
omposed of 32 sili
onlayers and the ele
troni
s for signal pro
essing,the on-board 
omputer (Box D2), a dual mi
ro-pro
essor dedi
ated to data pro
essing and tothe sele
tion of the trigger and the a
quisitionmode 
on�guration, the interfa
e 
omputer (BoxE), whi
h rearranges the data 
oming from D2and delivers them to the satellite telemetry sys-tem, and the power supply (Box P), whi
h dis-tributes the power supply to the di�erent sub-systems. The weight and ele
tri
 power of the
omplete teles
ope are respe
tively 40 kg and 40W, in a

ordan
e with the 
onstraints imposedby the satellite.The a
tive part of NINA is a modular teles
ope
omposed of 16 planes; every plane 
onsists oftwo n-type sili
on dete
tors, 60�60 mm2, ea
hdivided in 16 strips orthogonal mounted (X andY views), thus resulting in a total of 32 sili
ondete
tor layers. The thi
kness of the �rst pair is150 �m; all the others, instead, are 380 �m thi
k,for a total thi
kness of 11.7 mm of sili
on.Table 1Energy windows (in MeV/n) for the most abun-dant parti
les in NINA dete
tor, in High Thresh-old 
on�gurationParti
le Z Energy window1H 1 10 - 144He 2 9 - 477Li 3 11 - 549Be 4 13 - 6511B 5 15 - 7512C 6 17 - 8714N 7 18 - 9516O 8 20 - 10319F 9 21 - 10720Ne 10 23 - 11728Si 14 28 - 14240Ca 20 39 - 17556Fe 26 58 - 195

The distan
e between planes is 1.4 
m, ex
eptfor the �rst and se
ond whi
h are separated by 8.5
m, for a better measurement of the parti
le in-
ident angle. Below the 16 a
tive modules, other4 
ards are pla
ed, dedi
ated to the trigger ele
-troni
s, sili
on power supply, analog-digital 
on-version, FIFO. The whole stru
ture is surroundedby a 
ylindri
al aluminum vessel �lled up with ni-trogen at 1.2 atm.A system of anti
oin
iden
es (AC) a
ts so toensure the 
omplete 
ontainment of the parti
leinside the dete
tor, 
ondition allowing the bestenergy and nu
lear dis
rimination in NINA: theLateral Anti
oin
iden
e is realized with the strips1 and 16 of every sili
on layer, while the Bot-tom Anti
oin
iden
e makes use of the whole plane16, X and Y view, in order to reje
t es
aping oralbedo parti
les.The main trigger of the a
quisition system isthe following:TRGM1 = D1x �D1y � ((D2x +D2y) +(D3x +D3y)) ;where Dij is the above-threshold signal 
omingfrom the plane i, view j (j=x,y). The logi
 ORof planes 2 and 3 provides redundan
y in 
ase of afailure of plane 2. In the default operating mode,this trigger is used together with the Lateral andBottom Anti
oin
iden
e ON.It is possible to swit
h, via tele
ommand, to ase
ond trigger:TRGM2 = (D2x +D2y)� (D3x +D3y)�(D4x +D4y)� (D5x +D5y) ;whi
h is used again in its basi
 operating modewith the Lateral and Bottom AC ON. This trig-ger, used for parti
ular data taking demands orin 
ase of failure of the �rst plane, in
reases thea

eptan
e angle, although with a worsening ofthe angular resolution.NINA 
an work in two a
quisition modes,whi
h fo
us two di�erent energy intervals for par-ti
les; a so 
alled Low Threshold mode favorsthe a
quisition of Z=1 parti
les, while the HighThreshold mode is the preferred one for the ob-servation of heavier nu
lei.The a

eptan
e window of parti
les with TRGM1 and request of full 
ontainment of the event
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Figure 1. Behavior of NINA 
ounting rate (expressed in ADC 
hannels) as a fun
tion of time (se
onds);the two bla
k verti
al lines de�ne 1 satellite orbit.is shown in Table 1, for High Threshold. Thespe
trum of nu
lei extends from hydrogen to ironin the energy interval 10 - 200 MeV/n but if theBottom Anti
oin
iden
e is removed, NINA 
anregister nu
lei up to a few GeV/n, still with agood nu
lear dis
rimination.3. DATA ANALYSISThe optimal performan
es of NINA in termsof 
harge, mass and energy determination area
hieved by requesting the full 
ontainment ofthe parti
le inside the dete
tor, ensured by theanti
oin
iden
e system. Moreover, a sele
tion al-gorithm whi
h saves only good-tagged events hasbeen implemented. This sele
tion reje
ts upwardmoving parti
les, tra
ks a

ompanied by nu
learintera
tions, and also events 
onsisting of two andmore tra
ks. Moreover, to refrain parti
les fromleaving the dete
tor through the lateral gaps be-tween the planes, the algorithm reje
ts also eventshaving an energy deposit in lateral strips 2 or 15for all planes but the �rst.The mass M and the 
harge Z are 
al
ulated inparallel by two methods, in order to have a morepre
ise parti
le re
ognition:(a) the method of the residual range [2,4{6℄;(b) the method of the approximation to theBethe-Blo
h theoreti
al 
urve. This se
ond

method �nds the mass M and 
harge Z whi
hminimize the square di�eren
e between the realenergy deposits of the parti
le in ea
h sili
ondete
tor and the theoreti
al ones. In order toa
hieve that, it is ne
essary to follow step by stepthe tra
k stru
ture, 
al
ulating the s
attering an-gles at every sensitive layer. This method takesinto a

ount also the energy losses in the deadlayers, therefore allows to avoid systemati
 shiftsin the re
onstru
ted masses.For a rigid reje
tion of the ba
kground, onlyparti
les with the same �nal identi�
ation givenby the two methods are taken. Finally, a 
ross-
he
k between the real range of the parti
le inthe dete
tor and its expe
ted one (by simulations)gives the de�nitive 
onsisten
e test for the event.The initial energy of the parti
le is re
overedby summing up the total energy deposited in thewhole dete
tor and the restored energy lost inthe (dead) aluminum entran
e window. This lastvalue is 
al
ulated by means of the Bethe-Blo
hformula assuming as parameters for the parti
lethe re
onstru
ted mass M, 
harge Z, and in
identangle.In order to estimate the 
osmi
 ray di�erentialenergy spe
tra it is ne
essary to know the geomet-ri
 fa
tor of NINA as a fun
tion of the energy, theeÆ
ien
y of the tra
k sele
tion algorithm, againas a fun
tion of the energy, and the exposure time



4in orbit. The geometri
 fa
tor of the instrument,as well as the eÆ
ien
y of the sele
tion algorithm,are 
al
ulated by means of Monte Carlo simula-tions using the CERN-GEANT 
ode. The ex-posure time is estimated 
onsidering the time ofobservation of the dete
tor, the loss of time in thedata transfer to ground, and the dead time of theinstrument.Figure 1 presents the typi
al behavior of the
ounting rate measured by the dete
tor as a fun
-tion of time; the two verti
al bla
k lines de�ne oneorbit. The di�erent regions of the Earth's magne-tosphere are 
learly re
ognized by the variationsof the parti
le rate: the polar 
aps, the equato-rial regions, and the very intense South Atlanti
Anomaly (SAA), where the 
ux of trapped parti-
les rea
hes enormously high values, are uniquelyidenti�ed.

Figure 2. Relative abundan
e for GCR parti
lesdete
ted by NINA in the solar quiet period De-
ember 1998-Mar
h 1999.

4. LOW ENERGY COSMIC RAY MEA-SUREMENTSThe analysis presented in this se
tion refers toparti
les registered by NINA in the solar quietperiod De
ember 1998-Mar
h 1999, dete
ted inHigh Threshold mode and TRG M1 a
quisition.In order to sele
t a sample of pure low energy(E>10 MeV/n) primary 
osmi
 rays, and avoidthe distortions indu
ed by the Earth magneti
�eld, only parti
les registered at a value of L-shell>6 (L geomagneti
 shell) have been 
hosen.Figure 2 presents the relative abundan
e forheavy parti
les as dete
ted by NINA from De
em-ber 1998 to Mar
h 1999. This is a sample of puregala
ti
 
osmi
 rays, be
ause the �lter applied tothe data (number of sili
on layers 
rossed>6) ex-
luded the less energeti
 solar 
osmi
 parti
lesand the anomalous nu
lei. The 
ounting ratesshown in �gure 2 reprodu
e the existing 
osmi
ray abundan
e [7℄, with the well known odd-evene�e
t, the peaks at 
arbon and oxygen, and therelative depression of the light elements Li, Beand B.In �gures 3 and 4 we present the di�erential en-ergy spe
tra of, respe
tively, helium between 10and 50 MeV/n, and 
arbon and oxygen (together)in the interval 20-100 MeV/n. The helium spe
-trum (�gure 3) below 20 MeV/n 
an present 
on-siderable variations over the months; we presenthere the average value for the period De
ember1998-Mar
h 1999. The spe
tra of helium, 
arbonand oxygen are 
onsistent with previous observa-tions; the apparent absen
e of a low energy bumpin the oxygen spe
trum (�gure 4) seems to indi-
ate a possible drop of the intensity of the anoma-lous 
omponent at the fall of 1998-beginning of1999; this might be due to the in
rease of thesolar a
tivity for the 23rd solar 
y
le.5. DETECTION OF SOLAR FLARESDete
tion of solar energeti
 parti
les by NINAo

urred mainly in November 1998. Four solar
ares were registered in this month, but we re-port in this se
tion only about two of them: theone of 6th-8th November, where there was a sig-ni�
ant in
rease in the dete
tion of 3He nu
lei,
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Figure 3. Di�erential energy spe
tra for heliumin the solar quiet period De
ember 1998-Mar
h1999 as dete
ted by NINA.and the one of 14th-19th November, during whi
hthe nu
lear abundan
e of parti
les with Z�2 in-
reased over typi
al values. Also for 
ares datathe 
ut L-shell>6 was applied.During the 6th November 
are, a strong in-
rease in the 
ounting rate of Z=1 and Z=2 par-ti
les was observed, while no signi�
ant a
quisi-tion of heavy nu
lei was registered. In �gure 5the dE=dx vsE (E1 vsEtot for NINA) diagramfor helium nu
lei during the 
are is shown; E1 isthe energy released by the parti
les in the �rst sil-i
on plane (two layers) of the dete
tor, and Etot isthe total energy released in the whole instrument.By this �gure the 3He and 4He nu
lei are 
learlyidenti�ed.The 
ounting rate ratio 3He/4He varied dur-ing the 
are; the maximum value was rea
hed onNovember 7th and it was equal to 0.23�0.04.The di�erential energy spe
tra for 3He and 4Hein the interval 10-50 MeV/n have been 
al
u-lated and �tted with a power law fun
tion E�
 .

Figure 4. Di�erential energy spe
tra for oxygenand 
arbon in the solar quiet period De
ember1998-Mar
h 1999 as dete
ted by NINA.The spe
tral indexes 
 extra
ted are respe
tivelyequal to 
 = 2.0�0.2 for 3He and 
 = 4.2�0.2 for4He. The di�eren
es in the slopes of the spe
traimply an energy dependent 3He/4He ratio; a sim-ilar behavior of helium spe
tra measured in so-lar 
ares was observed in early measurements onIMP-5 in the energy interval E � 10-100 MeV/n[8℄ and on CRRES for the interval E � 50-110MeV/n [9℄.The ratio 3He/4He in these measurements,however, did not ex
eed a few per
ents. In the
are of the 6th November 1998, instead, the inten-sities of 3He and 4He are pra
ti
ally 
omparableat E � 40 MeV/n. The ratio 3He/4He ex
eeds ofalmost one order of magnitude the one observedon the IMP-5 and CRRES satellites at the sameenergy.On November the 14th a se
ond strong solarevent was observed. This 
are di�ered from theprevious one for its enri
hment in heavy ions. In�gure 6 the diagram E1 vsEtot for Z�6 nu
lei de-
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Figure 5. E1 vsEtot diagram for Z=2 parti
lesfrom the 6th November 1998 
are, as dete
ted byNINA.te
ted in this 
are is presented; the relative a
-quisition of heavy parti
les in the few hours of the
are 
ompared to the one in quiet time periodswas enormously high. The pi
ture shows a quali-tative 
onformity of the 
are elemental 
omposi-tion to the one of the solar 
orona; quantitativenu
lear analysis is in progress.During this 
are, �nally, no signi�
ant a
quisi-tion of 3He was registered.Solar 
ares were dete
ted by NINA also in Jan-uary 99; the analysis of su
h events is in progress.6. CONCLUSIONSWe presented a preliminary analysis of low en-ergy 
osmi
 rays from hydrogen to neon measuredby NINA in solar quiet days (De
ember 1998-Mar
h 1999) at L-shell>6, and of solar 
ares de-te
ted by the same instrument in November 1998.The �rst look to the data 
on�rmed the good
apabilities of the instrument at re
ognizing par-ti
les together with their kineti
 initial energy.The 
omparison of NINA relative abundan
e'sand energy spe
tra with previous observations issatisfa
tory. The te
hni
al 
hara
teristi
s of theapparatus enables it to dete
t suddenly in
reasing

Figure 6. E1 vsEtot diagram for Z�6 parti
lesfrom the 14th November 1998 
are, as dete
tedby NINA.
uxes as are the ones produ
ed in solar 
ares.A deeper analysis of all the data 
olle
ted byNINA so far is a
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