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We observed atmospheric gamma rays around 10 GeV at balloon altitLetle25 knm) and at a mountain
(2770 m a.s)l The observed results were compared with Monte Carlo calculations to find that an interaction
model (Lund FRITIOFL6) used in an old neutrino flux calculation was not good enough for describing
the observed values. Instead, we found that two other nuclear interaction modelsFrimmg7.02 and
DPMJET3.03, gave much better agreement with the observations. Our data will serve for examining nuclear
interaction models and for deriving a reliable absolute atmospheric neutrino flux in the GeV region.
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[. INTRODUCTION coupled with neutrinos, but the flux is affected somehow by
the structure of the atmosphere which is usually not well
The discovery of evidence of neutrino oscillations by theknown. Compared to muons, the flux of gamma rays is sub-
Super Kamiokande groud] is based on the comparison of stantially lower but is almost insensitive to the atmospheric
the observed atmospheric neutrino flux with calculated valstructure and depends only on the total thickness to the ob-
ues. Although the conclusion is so derived that it would notservation height.
be upset by the uncertainty of the absolute flux value, it is In 1998, we performed the first gamma-ray observation
desirable to obtain a reliable expected neutrino flurder ~ Wwith our detector at Mt. Norikurg2770 m a.s)lin Japan,
no oscillation assumptiorfor further detailed discussions. ~and also made subsequently two successful observations at
The two major sources of uncertainty in the atmospheridalloon altitudes(15-25 km in 1999 and 2000. In the
neutrino flux calculation arél) the primary cosmic-ray spec- Present paper, we report the final results of these observa-
trum and(2) the propagation of cosmic rays in the atmo- tions and consequences.
sphere, especially, modeling of the nuclear interaction. The
absolute flux calculations so far made by various groups are
expected to have uncertainty 6f30% [2]. Il. THE DETECTOR

The primary proton and He spectra recently measured Eqr our observation, we upgraded the BET&lloon-
with magnet spectrometers by the BEE® and AMS[4]  porn electron telescope with scintillating fibgrdetector
groups agree very well and seem reliable. Therefore, we mayhich had been developed for the observation of cosmic pri-
assume that the first problem mentioned above has now beehary electrons in the 10 GeV region. Its details before being
almost settled at least up to 100 GeV/This means that if upgraded for gamma-ray observation are in R&f.and the
we have reliable atmospheric cosmic-ray flux data, we maglectron observation result is in R¢B]. The basic perfor-
compare it with a calculation which uses such primaries ananance was tested at CERN using electron, proton and pion
test the validity of nuclear interaction models. For such arbeams of 10 to 200 GeV8,10]. Although this was under-
atmospheric cosmic-ray component, one may first consideimken before the upgrading, we can essentially use that cali-
the muon, and actually some new observations have been bration for the current observations partly with a help of
being tried[5-7]. Monte Carlo simulations.

As a second cosmic-ray component, we focus on gamma Figure 1 shows a schematic structure of the main body of
rays which are easy to measure with our detector. A goo8BETS. The calorimeter has 7.1 r.l. lead thickness and the
model should be able to explain muons and gamma raysross section is 28 cm28 cm. The whole detector system is
simultaneously. Muons are important since they are directlcontained in a pressure vessel made of thin aluminum.

The main feature of the BETS detector is that it is a track-
ing calorimeter; it contains a number of sheets consisting of
*Email address: kasahara@icrr.u-tokyo.ac.jp 1 mm diameter scintillating fiberéscifi's), many of which
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FIG. 2. Image of cascade shower by a prot@a@0 GeV, lefj
and an electrorfl0 GeV, righ} obtained at CERN.

side anti-counters (15 cm36 cmx 1.5 cm plastic scintilla-
tors). Nine optical fibers containing wave length shifter are
embedded in each scintillator and connected to a Hamamatsu
H6780 PMT.
In 2000, we further added an anticounter which covers the
o _ _ whole top view of the detector and also improved data ac-
FIG. 1. Schematic illustration of the main body of the detecmr'quisition speed. The top anticounter is a 3888 cm

S1, S2, and S3 are 1 cm thick plastic scintillators used for triggers,, 1 cm plastic scintillator. We also embedded optical fibers,

Each fiber has 1 mm diameter. Originally nuclear emulsion plates, . . . - X
were placed on the upper scifi's and also inserted between the Upp?er:jnttc?eaﬁ in(;j?ggog'\\i_rrS in thg direction, all of which were

thin lead plates for detailed investigation of tracking capability of .
b g g capability Although we could remove background showers without

the scifi. They are kept in the present system to have the sam ; o . 4 .
structure as at the calibration time. The inlaid cascade showl® @nti-counters, inclined particlésiainly protons entering

charged particle tracks by a simulation for a 30 GeV incident proTom the gap between the top scintillat@®1) and the main
ton. body degrades the desired gamma-ray event rate. The addi-

tion of the top anticounter greatly helped to improve this
pte. We emphasize that detection of gamma rays is easier for
s than that of electrons, since, for gamma rays, we can
utilize the absence of incident charge.

are sandwiched between lead plates. The total number $
scifi’'s is 10 080. The sheets are grouped into two types; on
is to serve forx and the other foy position measurements.

Each of them is fed to an image intensifier which in turn is

connected to a CCD. Thus, the two CCD outputs give us an Ill. OBSERVATIONS
x-y image of cascade shower development and enables us to .
discriminate gamma rays and electrons from otfmeainly Table Il shows the summary of the observations.

hadronid background showers. The proton rejection power Mt Norikura observationOur first gamma-ray observa-
against electron iR~2x10° (i.e., one misidentification tion was performed in 1998 at the Mt. Norikura Observatory

amongR protons at 10 GeV[11]. The basic characteristics Of the University of Tokyo, Japai2770 m a.s.l., latitude
of the detector are summarized in Table I. 36.1°N, longitude 137.55°.E, magnetic .cutoff rigidity
In Fig. 2, we show examples of the CCD image of a~ 115 GV). The a_tmospherlc pressure during th_e observa-
cascade shower for a proton incident case and for an electrd{P" 1S shown in Fig. 4. The average atmospheric depth is
incident case. 737 glent. , . _ _
Figure 3 illustrates the yearly change of anticounters. In Balloon flight We had two similar balloon flights in 1999
1998 (Mt. Norikura observatiop the main change was lim- and 2000. Since the main outcome of the data is from the
ited to the upgrading of trigger logic. In 1999, we added 4

TABLE |. Basic characteristics of BET&riple numbers in the
table are for gamma-ray energies of 5, 10, and 30 GeV, respec|
tively).

r.m.s energy resolutiot®o) 21, 18, 15(for #~15°)

SO (cn? sr) 243, 240,218at ~ 20 km)

r.m.s angular resolutiotdeg) 2.3, 1.3, 1.0(for 6~15°)

Total number of scifi's 10080 FIG. 3. Yearly change of the anticounters. Left: 1998. No
Weight including electronicskg) 230 change from the original BETS except for trigger logic. Middle:
Cross section of the main body 28 28 cm 1999. 1.5 cm thick plastic scintillator side anticounters were added.
Thickness(Pb radiation length 7.1 Right: 2000. The whole top view was covereg & 1 cmthick

plastic scintillator.

052004-2



ATMOSPHERIC GAMMA-RAY OBSERVATION WITH THE . .. PHYSICAL REVIEW D 66, 052004 (2002

TABLE Il. Summary of three observations.

Observation Mt. Norikurg1998 Balloon (Sanriku, 1999 Balloon (Sanriku, 200D

Period Aug 31-Sep 18 Sep 2, 6:55-17:17 Jun 5, 6:30-17:59

Altitude (km) 2.77 15.3 18.5 21.2 24.7 32.3 15.3 18.3 21.4 25.1
Depth (g/crd) 737 126 74.8 48.9 28.0 9.5 128 73 45.7 25.3
Obs. hour(s) 1.33x1¢° 1260 1560 2100 4878 3120 1560 2160 4320 2320
Live time (s) 9.8x10° 504 450 414 852 498 752 928 1805 789
Live time (%) 74.0 40.0 28.8 19.7 17.5 16.0 48.2 43.0 42.6 44.2
Triggered events 1:810° 9513 11288 13361 30439 16741 18808 25795 46675 17436
vy events 4. %10 700 650 611 848 345 1300 1485 2299 740
(%) 25 7.3 5.7 4.6 2.8 2.0 6.9 5.8 4.9 4.2
g-low trigger S1<0.5 S1<0.5 S1<0.47
condition (in mip). S2>23 S2>1.5 S2>1.59

S3>1.7 S3>3.0 S3>3.18

latter, we briefly describe it. A balloon of 4310° m® was listed in Table II. High energy gamma rays normally produce
launched at 6:30 am, 5th June, 2000 from the Sanriku bala lot of back splash particles which hit S1 and/or anti-
loon center of the Institute of Space and Astronautical Scicounters, and thus thgelow trigger is suppressed. In such a
ence, Japarlatitude 39.2°N, longitude 141.8°E, magnetic case, i.e., if we have a large S3 signal, anticounter veto is
cutoff rigidity ~8.9 GV) and recovered with the help of a jnvalidated and the S1 threshold is relaxéthe g-high con-
helicopter at 17:59 on the sea not far from the center. Thgjition is S1<3.0, S2>5.0, and S3-8.1.)

flight curve shown in Fig. 5 confirms that we have good level The branch even point of thgslow and g-high mode ef-

flights at 4 different heights. As compared to the 1999 fI|ght,fiCienCy is at~30 GeV. Since we deal with gamma rays

Ejhézi:gghéar;?::gt_egyaeirggtllser dead time and higher ratio Ofmostly below 30 GeV, and also to avoid complexity, we

Event trigger.The basic event trigger condition is created Present results only by thglow mode.
by signals from the three plastic scintillato{S1, S2, and
S3). We show the discrimination level in terms of the mini-

2 : R . 20
mum ionizing particle number which is defined by the peak e
of the energy loss distribution of cosmic-ray muons passing 40 o
both S1 and S3 with inclination less than 30° degrees. ‘f"
We prepare a multitrigger system by which event trigger = 60 7
with different conditions is possible at the same time. The £ 30 -
major two trigger modes arg low and g high. g low is § /
responsible for low energy gamma rays and all anticounters, 2 100
when available, are used as veto counters. Its condition is &
120 oy
-5
140 -+
30
730
725 JMM / _ 26 =
2 A \ / E i
M IV 2 5
% 720 3 =
f .E 18 q—agsf
g 715 f 3 /
g ‘
& <
g 710 e
<
705 10
8.0 9.0 10.0 11.0
700 Time (h)
0 100 200 300 400
Elapsed Time (h) FIG. 5. Flight curve of the 2000 observation. Pressugpes

and altitude(lower) as a function of time. Each arrow shows the
FIG. 4. Pressure change during Mt. Norikura observation. Thdevel flight region. The pressure change at around 15.3 km is rather
last pressure drop is due to a typhoon. The average pressure is 728id but the gamma-ray intensity is almost constant there and the
hP (737 g/crf). change can be neglected.
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FIG. 6. (Left) Energy concentration distribution at 21.4 km after various cuts for gamma-ray seleEtioh GeV). We regard those
with concentration>0.7 as gamma ray$Middle) The same by electrons at CER{Right) Concentration vs energy after various cuts for
gamma ray selection. The all level-flight data are gathered. Some of the pespiscially high energy oneat concentratior<0.6 are
suspected to be due to neutrons.

IV. ANALYSIS effectiveSQ) (areax solid angle. The latter is obtained by a
simulation[13]. It is dependent on the observation height
and energy. A typical value at 10 GeV is 240%sn (see

~ Among the triggered events, we selected gamma-ray carfaple ). The energy spectrum is further corrected by the
didates by imposing the following conditions. following factors which are not taken into account in $@

(1) The estimated shower axis passes S1 and S3. The axi§|cylation. (1) Systematic bias in our estimation of the
position in S3 must be at least 2 cm away from the edge ofhqyer axis. We underestimate the zenith angle systemati-
S3. . . . cally and it leads to overestimation of the intensity about 4%

(2) The estimated shower axis has a zenith angle less th%r the balloon and 1.8% for Mt. Norikura observations.

30°. LT . :
. (2) Multiple incidence of particles. A gamma ray is some-
tha(r?)OT;] € energy concentratidisee belowmust be greater times accompanied by other charged particles and they enter

According to a simulation, only neutrons could be a back-the %etector simultaneous[yvithin 1ns t!me difference in
ground for gamma rays and the third condition aboved9-9% cases They are a family of particles generated by

reduces the neutron contribution to a negligible level On€ and the same primary parti¢lt]. The charged particles
(<1%). fire the anticounter and thgtlow trigger is inhibited.

The energy concentration is defined as the fraction of [N some cases, multiple gamma-rays enter the detector
scintillating fiber light intensity within 5 mm from the Simultaneously. The rate is smaller than the charged particle
shower axis. Figure 6 shows the concentration of analyze@ase. However, this is judged as a hadronic shower in most
events together with the result of CERN data. Hadrons make@f cases. The multiple incidence leads to the underestimation
a distribution with a peak at around 0.5. We see that th®f gamma-ray intensity. The portion of multiple incidence is

contribution of hadrons in our observation is negligible. ~ Shown in Fig. 8(left). _ _ _
(3) Finite energy resolution. The rapidly falling energy

spectrum leads to the spillover effect. This normally leads to

o ] the overestimation of fluxFig. 8, righ.
The energy calibration was performed in 1996 at CERN

using electrons with energy 10—200 G§8/10]. There is no

A. Event selection

B. Energy determination

direct calibration for gamma rays, but, for the present detec- % ! By §2.53 '

tor thickness and energy range, a Monte CaWi&€) simula- 20l- M Y M

tion tells us that the calibration in 1996 can be used for 4 o *

gamma rays to$12]. Therefore, for the 1998 and 1999 ob- £ | v o0deg -,

servations, energy is obtained as a function of the S3 output 5 ;gg

and zenith angle using the CERN calibration. 2 10— s
In 2000, we made some change in the electronics so the g | o '

CERN calibration could not be used directly. The effect by 308 By S3 T

the change was absorbed by a MC simulation the validity of o ol .

which was verified by examining the 1998 and 1999 data. " ok 8 o1

We used the sum of S2 and S3 outputs below 20 GeV since &

the energy resolution was found to be better than using S3 ‘:28 deg g .

only. Figure 7 shows r.m.s. energy resolution by the MC 030

simulation. 10— —— 10'0

Energy (GeV)

C. Correction of the gamma-ray intensity FIG. 7. r.m.s energy resolution. The resolution by+&3 or S3

The gamma ray vertical flux is obtained from the raw only is shown. Different symbols indicate different incident angles.
dN/dE by dividing it by the live time of the detector and the We used S2 S3 below 20 GeV for the year 2000 data.
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10T 3 TABLE IV. Vertical flux values at Mt. Norikura.
b ]
[ Zkma .t 1 = T — E(GeV) Flux (10 4/m?s sr GeV)
g + Tiof 1
BYF ¢ x 1 B o« 5.48 27413
5 [ < g e 3 6.47 183 11
§[ ~ « o g . 7.47 1339
ok 5B e« =« | 3 * 8.47 87.875
L - « 9.47 86.5-7.5
. 5 10.5 54.1-5.9
; . 115 46.6-5.5
0.1 1 5 10 50
10 Energy (GeV) 100 Energy (GeV ) 125 38.3£5.0
135 32.6:4.6
FIG. 8. (Left) Multiple incidence rate by simulations. This 145 242 4.0
shows the rate that a gamma ray is accompanied eitheflpy 155 25741

charged particles dR) other gamma-rays; case 1 inhibits tpéow

trigger and case 2 is regarded as a hadronic incidence. Thus, such gg i;i;g
events are rejected and the flux is underestimated by this amount. ) T
(Right) Correction factor for year 2000 due to spillover. The flux 21.0 13.12.1
must be lowered. For Norikura, the factor below 20 GeV is larger 23.0 5.8¢-1.4
by 1-3 %. 26.0 5.3%0.95
30.0 3.06:0.72
V. RESULTS AND COMPARISON WITH CALCULATIONS 34.0 2.300:0.64
38.0 1.07-0.44
The vertical flux values are summarized in Tables Ill and 45.0 1.45-0.32
IV. As the Norikura atmospheric depth, we use a value de- 55 0.52-0.20
rived from the average pressure, since the flux change is g5 0.22-0.13
proportional to the pressure change in a good approximation. 45 0.30-:0.15
We put only the statistical errors in the flux values, since 85.0 0.15-0.10

systematic errors coming from the uncertainty of th@ S
calculation, various cuts and flux corrections are expected to
be order of a few percent and much smaller than the present In the simulation calculation, we employed 3 different
statistical errors. nuclear interaction modelg1) FRITIOF1.6 [16—1§ used in
The gamma-ray energy spectra thus obtained at balloothe Honda-Kajita-Kasahara-MidorikawddKKM ) calcula-
altitudes are shown in Fig. 9 together with the expected oneton [19], which was widely used for comparison with the
calculated by thecosmos simulation codg15]. Except for  Kamioka data,(2) FRITIOF7.02[20,21] and (3) bPMIET3.03
32.3 km altitude, we can disregard the small difference of th¢22]. As the primary cosmic ray, we used the BESS result on
observation depths and we combine two flight data with staprotons and He. The CNO component is also considered
tistical weight, although the main contribution is from the [23]. In addition to these we included electron and positron
flight in 2000. data by AMS[24]. Their data in the 10 GeV region is con-

TABLE Ill. Summary of vertical flux values.

height (km)
15.3 18.3 21.4 25.1 32.3
Energy(GeV) and flux (No./nds sr GeV)

548 242037 548 2.1%039 547 21%024 547 158025 547 0.4%0.14
6.47 1.180.27 6.47 116024 6.47 135021 6.47 0.820.18 6.57 0.190.09
747 089024 747 0792021 7.47 0.820.16 7.47 0.660.16 7.47 0.240.10
8.48 0.37%#0.15 848 0.920.20 848 0.5%0.13 848 0.4%0.14 848 0.160.08
9.48 0.54:0.17 9.85 0.460.11 9.48 0.560.12 948 0.360.12 948 0.160.08
105 0.1#0.10 115 0.3%0.12 105 04%0.09 105 0.340.12 123 0.130.037
12.1 0.28-0.09 14.0 0.240.06 11.8 0.230.069 12.2 0.2£0.054 17.0 0.0320.018
140 0.172#0.05 18.3 0.0720.030 14.0 0.160.030 14.0 0.0760.03 21.7 0.0220.015
18.5 0.12-0.04 26.8 0.046:0.017 184 0.0860.023 17.8 0.0780.029
25.5 0.06:0.02 27.1 0.0260.009 21.7 0.06#40.026

26.8 0.024-0.012

36.0 0.012-0.008
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E (GeV) E (GeV)
100 SE— : . 100 — | : FIG. 9. Gamma ray spectra at
X o oa s ] [ . ] 5 balloon heights are compared
5 Sanrikn '99~'00 21.4km) Sanriku ’99~"00 25.1km 1 with 3 different models. The ver-
oa; N”E’ tical axis is (vertical flux) E2.
= = Except for 1999 data at 32.3 km,
3 3 1999 and 2000 flights data are
B’ . 3’ J combined. From top to bottom, at
2 | ‘2?33623 £ [ —— dpmjer3.03 25.1, 21.4, 18.3, 15.3, and 32.3
& fﬁﬁgfl:6 S fritiof7.02 km. The spectra expected from
T N fritiof1.6 | three interaction models are drawn
103 EE— '10 : 3'0 103 —t—— '10 by solid (bPmIET3.03, dashed
(FRITIOF7.02), and dotted
E (GeV) E (GeV) (FRITIOF1.6) lines.
30
C) ]
NCD
&
~
g1 E
g ]
h‘ -
v [ e fritiof7.02
T fritiof1.6
3 L) . .
3 10 30
E (GeV)

sistent with the HEAT 25] and BETS[9] data. Bremstrahl-
ung gamma rays from the primary electrons could contribute
order of ~10% at very high altitudes.

At balloon altitudes, the two modelsrITIOF7.02 andDp- 10° }
MJIET3.03, give almost the same results which are close to the
observed data, whilerITOFL.6 gives clearly smaller fluxes
than the observation.

Figure 10 shows the result from the observation at Mt.
Norikura. It should be noted that the flux IBRITIOF1.6 be-
comes higher than the ones by the other models at this alti-
tude.

From these figures, we se®ITIOF7.02 andbPMJIET3.03
give more rapid increase and faster attenuation of intensity

_.
<
L

E2 Flux(GeV/m? s st)
S
N

thanFRITIOF1.6; the tendency is very consistent with the ob- 107 E
served data. The transition curve of the flux integrated over 6 i,
H H H | sl R EETET | IR T
GeV shown in Fig. 11 clearly demonstrates this feature. m 102 10 104
E (GeV)

VI. DISCUSSIONS
. . FIG. 10. Gamma ray spectrum at Mt. Norikui&a77 km a.s)l
A. Comparison with other data The vertical axis is vertical flux E2. Our data is at<100 GeV.

We foundFRITIOF7.02 andDPMJET3.03 give good agree- Data above 300 GeV are from emulsion chamber experiments. For
ment with the observed gamma-ray data at around 10 Gelhe latter, see Sec. VI.

052004-6



ATMOSPHERIC GAMMA-RAY OBSERVATION WITH THE . .. PHYSICAL REVIEW D 66, 052004 (2002

W77 LR interaction modelpPmJIET3.03 orFRITIOF7.02, give a consis-
— . tent result with the data, seems to indicate that such combi-
nation would provide a good estimate on other components
at>10 GeV.

[} observation

No(E>6 GeV)/m? s st
(=)

' — dpmjet3.03 3 B. The x distributions
I fritiof7.02 The two modelsRITIOF7.02 andbPMJIET3.03 give almost
----------- fritiof1.6 the same results in the present comparison. However, if we

e
-
T

Ll P 1, #3 look into the inclusivex distribution of the particle produc-
Depthl((g)/ocmz) 1000 tion, we note some difference, especially in the proton
distribution. We define thg as the kinetic energy ratio of the
FIG. 11. The altitude variation of the flux integrated over 6 GeV.incoming proton and a secondary particle in the laboratory
The pbpPMIET3.03 andrFRITIOF7.02 give almost the same feature con- frame. Thex distribution for pAir collisions at incident pro-
sistent with the observation while the deviationreiTior1.6 from  ton energy of 40 GeV is presented for photéfiem 7° plus
the data is obvious. 7 decay and protons in Fig. 12. The difference of the three
models seen in the photon distribution is quite similar to the
We briefly see whether these models can interpret other olene for charged pions. Theregion most effective to atmo-
servations. More detailed inspection will be done elsewherespheric gamma-ray flux is around 0.2—0.3 where the differ-
Muon data by the BESS group at Mt. Norikura [Re-  ence is not so large buHRITIOF7.02 andbPMJET3.03 have
cently, the BESS group reported detailed muon spectra ovérigher gamma ray yield thaFrITIOF1.6.
several hundred MeV. In their paper, calculations by On the other hand, the protaon distribution has larger
DPMJET3.03 andFRITIOFL.6 are compared with the data; difference among the three moddise note, however, the
agreement byPMJET3.03 is quite good at least above GeV difference may be exaggerated compared to the photon case
whereFRITIOF7.02 also gives more or less the same flux. Ondue to the scale differengelt is interesting to see that, in
the other handgriTIOF1.6 shows too high flux. These fea- spite of these large differences, the final fluxes are not so
tures are consistent with our present analysis. very different. Our gamma-ray data prefer the more inelastic
Higher energy gamma-ray data by emulsion chamber. feature of collisions thaRRITIOFL.6, i.e., more rapid increase
Fig. 10, we included emulsion chamber dg2&—2§ at Mt. and faster attenuation of the flux.
Norikura. Our data seem to be smoothly connected to their We should compare the distribution with accelerator data;
data as the two interaction modelErITIOF7.02 andDPM-  however, there are meager data appropriate for our purpose.
JET3.03 predict. Since the emulsion chamber data extend t@ne such comparison has been done in a recent review paper
the TeV region and the primary particle energy responsibl¢2] for pAir collisions at 24 GeV¢ incident momentum
for such high energy gamma rays is much higher than 100QFig. 15 of Ref.[2]). The charged pion distribution byRI-
GeV where we have no accurate information comparable tgioF1.6 andoPmMJIET3.03 well fit to some scattered data which
the AMS and BESS data, it would be premature to draw grevents to tell the superiority of the two. As to the proton
definite conclusion on the primary and interaction modeldistribution, among the three modekRITIOF1.6 is rather
separately. However, the fact that smooth extrapolation o€lose to the data but deviation from the data is much larger
the primary spectra as shown in Table[¥9,3(] and the than the pion case.

—
=Y

TABLE V. Primary flux assumed in the simulation above 100 GeYH.n kinetic energy per nucleon
(GeV), flux in /n? s srGeV.]

Proton Helium CNO
E flux E flux E flux
92.6 0.59% 107! 79.4 0.54% 102 100.0 9.x107°
108 0.38& 107! 100.0 3.x10°8 400.0 1.8410°6
126 0.276<10° ! 200.0 5.x10°4 2.0x 10° 3.5x10°8
147 0.17% 107! 400.0 7.<10°° 2.0x 10* 9.3x10™ 1
171 0.124 107! 2.0x 10° 9.98x 1077 2.0x1C° 2.3x10°18
200 0.83610°? 2.0x 10 2.5x107° 14.0x10° 1.3x10°18
1100 8.2%10°° 2.0x 10° 3.97x10 12 3.0x 1¢° 1.7x10°18
1.1x 10 1.47x1077 4.0x1C° 6.1x 10718 3.0x 10 2.0x1071°
1.1x10° 2.8x10710 8.0x10° 7.0x10 4 3.0x 1C8 2.2x10°22
2.2} 1P 3.7x10 % 8.0x 1¢° 8.7x107 Y
4.4< 1P 5.0x10 %2 8.0x 1¢° 5.3x 1028
4.4x< 1CP 2.8x10°%
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FIG. 12. Thex distribution of photons fromr® plus % decay(left) and protongright) for pAir collisions at 40 GeV. The three model
results are shown.

The protonx distribution would strongly affect the atmo- parison[7] indicates. If we employRITIOF7.02, the resulting
spheric proton spectrum. We calculated the proton flux at Mtneutrino spectrum is expected to be a little bit higher than
Norikura and found a flux relation such that fritiofl6  that with bPMIET3.03 at all energies.

FRITIOF7.02 > DPMJET3.03 as expected naturally from thke

distributions. The maximum difference is a factsr2.5 in VII. SUMMARY

the energy region of 0.3 to 3 GeV. The BESS group has

measured the proton spectrum at Mt. Norikura in the same We have made successful observations of atmospheric

energy region. Their result expected to come sf&H will gamma rays at around 10 GeV at Mt. Norikuia77 km

help select a better model for the protewlistribution. a.s.) and at balloon altitude$15-25 km. The observed
gamma-ray fluxes are compared with calculations by three

C. Flux of neutrinos interaction models; it is found tha&RrRITIOFL.6 employed by

_the HKKM calculation[19], which was used in comparison

action model as compared to the other two, and the oléf"ith the Kamioka data, is not a very gopd model. Other two
HKKM calculation [19] used it, we briefly introduce what models (FRITIOF7.02 and DPMJET3.03 give better results

changes will happen when more reliable interaction model§onsistent with the data, which shows more rapid increase
are employed. and faster attenuation of the flux tha&riTIOF1.6 predicts.

Gamma rays suffer multiplication and are attenuated ifour data have complementary features to muon data and will
the atmosphere while neutrinos do not. The primary Cosmicserve.for Che.CkIng nUCIe.ar Interaction mOde|S used In atmo-
ray spectrum employed in HKKM is different from the SPheric neutrino calculations.
present one; the old proton flux is25% higher than the
present data above 30 GeV and.0% lower below 10 GeV.
These make it somewhat complicated to foresee how the
model difference shown in Fig. 11 or in thlelistributions in We sincerely thank the team of the Sanriku Balloon Cen-
the previous subsection appears in the atmospheric neutririer of the Institute of Astronautical Science for their excellent
flux at sea level. service and the support of the balloon flight. We also thank

The present harder piondistributions and the difference the staff of the Norikura Cosmic-Ray observatory, University
in the primary spectra tend to compensate each other; witbf Tokyo for their help. We are also indebted to S. Suzuki, P.
DPMJET3.03 and the present primary spectrum, the atmoPicchi, and L. Periale for their support at CERN in the beam
spheric neutrino flux below-10 GeV incidentally agrees test. For the management of X5 beam line of SPS at CERN,
with the old HKKM values within~5%, while at higher we would like to thank L. Gatignon and the technical staffs.
energies, the new model gives systematically lower fB%. One of the author¢K.K.) thanks S. Roesler for his help in
More general comparison including other calculatipg3—  implementingbPmJET3.03. This work was partly supported
35] can be seen in Fig. 18 of RdR]. by Grants in Aid for Scientific Research BGrant No.

If FRITIOFL.6 was used with the new primary, the flux at 09440110, Grants in Aid for Scientific Research on Priority
around 1 GeV would be much higher than thevie13.03  Area A (Grant No. 12047224 and Grant in Aid for Project
case and probably would not be acceptable as muon coniResearch of Shibaura Institute of Technology.

SinceFRITIOFL.6 does not seem to be a very good inter
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