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1. Science stream

Biermann et al pointed out....

7STEL

In 1951

Solar cycle year
*21 1975-1985
*22 1985-1996
*23 1996-2007
*24 2007-2018

method
neutron monitor, satellite
scintillator
neutron telescope
e/p separation, space station
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In 1951  Biermann et al pointed out....

Solar cycle year method

*21 1975-1985 neutron monitor, satellite
*22 1985-1996 scintillator

*23 1996-2007 neutron telescope

*24 2007-2018 e/p separation, space station

1. Science stream

First detection of solar neutrons. 1980, 1982

Are they produced impulsively or gradually?
----—> acceleration model
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W, 2. Scientific purposes

Physics aim is to confirm
particle acceleration model
at the solar surface.

When, How?

However observation of protons
does not give us any message
about it. Protons are usually
coming a few hours later from the

flare.
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June 3@ 1982
event
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Jungfraujoch neutron monitor

+

SMM mission data

It Is necessary to introduce
gradual acceleration process.
However S. Shibata confirmed
that it iIs model dependent
and not always necessary.
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A Monte Carlo result by
Shibata can reproduce the

accelerator result.

The attenuation of
neutrons In the

atmosphere depends on

the interaction model.
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The event can be
explained by
Impulsive
production model.

The power index
was -2.5

COUNTS/MIN.
above Background (5280 cpm)
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% June 4t 1991
7STEL event 7 $8 XL )
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Y4, June 4t 1991
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(STEL event
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Then the time profile
by the ground level detector
can be explained.

4%,
Year

However a problem remains
How to explain a long tail of
the Osse data. Probably
trapped particle effect.
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= Results obtained in the solar cycle 21-23

= event on 1980. 6.21 iImpulsive
= event on 1982. 6. 3 iImpulsive
= event on 1990. 5.24 Impulsive
= event on 1991. 6. 4 Impulsive

= event on 1998.11.28 Impulsive



Summarized by Shibata

The long tall
reflects trap of
particles

June 4th 1991 event
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W% 4. Important discovery by
¢STEL Tibet solar neutron telescope

= A solar neutron telescope was made
at Yanbajing, Tibet in September 1998.

= In November 22nd,23 and 2811998, large solar flares
occurred over the Tibet detector. By these flares,
enhancements were observed in the flares of

23" and 28t Nov. 1998.
= Today we present results of November 28,



N The Nov 28 1998 event
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% CGRO Batse data on Nov 28t 1998
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horizontal axis represents Universal Time.
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%(% Telescope function of Tibet detector
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w % Yohkoh/SXT Nov. 28t 1998 flare (by S. Masuda)
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a top-down scenario

Left, a temperature map generated from soft
X-ray images, showing that the domain of highest
temperatures (~20 x 10° K) includes the location

(contours) of the coronal hard X-ray source.

§omee Y

N Right, an analysis of the coronal hard X-ray
phasmiodd Blamesd flare using precise timing of hard X- ray

variability detected by large-area hard X-ray

- T detectors aboard the Compton Observatory.
Time-of-flight localization of the acceleration ¥T Cont: HXT/M1
site (labeled with a cross) is consistent with the
above-the-loop location of the hard X-ray
source observed by Yohkoh HXT.
Left, the geometry synthesized
Repannsction Pottit from the observations. A reconnection
: 2 “‘f"f‘”‘“‘ Aoy get T b site in the corona above the soft X-rav
1 ; " Ye en e I's ; B ]
[ fust shock o oonesion Hiow source drives a rapid flow, which
w HXR hﬂf‘m ROGTCE | | {v~3000km/s) impinges on the denser material in the
o L] !

e magnetic loop and creates both hard

X-rays and high temperatures.
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Y4 Summary of the Tibet event
eSTEL > future tasks

+

5h36m
= 5h31m loop

- Solar B
= Model discrimination

model
9
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ae June 4th

e

¢STEL 1991 event

The highest channel of
Batse detector shows only
15 seconds spike structure

So we assumed solar
neutrons must be produced

during this time impulsively.

L

BATSE FLARE OBSERVATIONS IN SOLAR CYCLE 21
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Fig. 4. Hard xray count rate history of the giant flars of 4 June 1991.
are the energy-loss rates in the backside detectors in two energy channels, 25-50 keV and
S00-1000 keY, Although thess detectors are shielded from the direct flare flux, the conni rates
were still too high to accurately messure the peak at 3:41 UT. The bottom rate was obtained
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Statistical Significance
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Problem of 1998 Nov 28t event

Event Profile
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S A Gap between data and MC

Figure 11: Schematic view of the measurement of the arrival dirgetions for newtrons using the
Tibet solar neutroa detecter. The arrows represent moving directions of recoil protons produced
by incident mendirons.
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N 10GeV neutrons are injected
%(STEL at the top of the atmosphere
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Simulation was
made by
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Simulation
Was made by

using Geant 4

rate {=E)[1/events]

O o s T e B e e W
1w 1w w1
threshald [MeV]
Tibet_a+_|
L
£
ar
&
wa
0% 1
o S A T
1 0 10" 1w ot
thrashald [MeV]

Tibel_neulron_| :},

rate (~E)[1/events]
&

107 ;

=

] B RO e St e PR
1 i w 1
threshold [MeV]

rate (»E)[1/events]

."]-ﬂ ARl

1

w0 w1

threshold [MeV]

tn

E,.= 1-100GeV neutrons are
Injected at the top of the atmosphere

e -
=
‘g ),
Tibet_mu+_|
—_—
:
gi
0%
O, L oL R £ L
1 w 1w 1wt 1wt

threshold [MeV]

Tiel_gamima_L }

E 1
[+
@
2
=
EE_ !

&

el ...:..i Aokl i Tt
1 o0 ¢ ¢ 10
thrashold [MaV]

rate (~E}[1/events]

10-\! LLnani

ol

1

1 6.45

0 1w 1w 1wt

threshold [MeV]



ysteL Solar proton spectra induced by flares
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Future tasks
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Ve Future plan  (

7STEL

+

Improvement of current detector

o Tibet

o Norikura

= 2. Construction of new detector
o Atakama

o Tibet

= 3. Use of International Space Station
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4-' Tibet solar neutron telescope
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% Tibet new solar neutron telescope
7STEL

+
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s Atakama

~" four one-square meter deteciors
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(% CRGO-EGRET data
on diffuse gamma-rays
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Y, Sclence purpose
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Y, Solar neutron detection by
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eSTEL  International Space Station
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We expect on board ISS by
the space shuttle in 2007.
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%% Future plans(
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s Improvement of current detector
o Tibet, Norikura

= 2. Construction of new detector

o Atakama, Tibet

= 3. Use of International Space Station












%V '~ Calculated by Sakai (model 1)
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Calculated by Sakal (model 2)
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The neutron event Is consistent
with impulsive production model.
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P June 6th 1991
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The event could be
explained by slightly extended
Impulsive production model.

Or multiple impulsive flare
Process.

Neutron Telescape
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