Solar Neutron Decay Protons observed on November 7, 2004
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Abstract

In association with X2.0 solar flare on November 7, 2004,
we have found an event of solar neutrons and a possible
solar neutron decay proton event. Here we report the
results of analysis.

Next slide shows our SNT; how to catch neutrons and gamma-rays.
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1. The Solar Neutron Telescope located at Mt. Sierra Negra
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Solar Terrestrial Environment around 2004.11.7-8
based on GOES data

Iy i ' v ; - T
‘n? m ! { f ' 1, Ul 1 ' *‘H I - " E
:::z Uiy b b :.F-'I..Il‘‘}"“Iiwh‘r MW.-EH .mm —
10 e oo il --".J“ I|I i i',""'m ot Ml ; A Wch "'"|'I' ki oM T . prinee sl
I i L S A LA LA ¥ Ll i S UM T A BTG
200 » r ! = . r ' 1 . "

nT
=

1
AD0 i
1
" . . 1 -
200 GIIIES-H.MT?EUE FIE:d [1-Mlin A\rgls. TE.0MW) : . : : i ; : - :
110 [ . McMurda Meutron Manitar (preliminary, hourly, % bf monthiy mean) J
£ 100 ' : :
B 5 q
20
m%m 0400 08:00 12:00 1600 20:00 wém 04:00 0a:0a 12:00 1600 20:00 00

Hovember 2004 (Universal Time)



SOHO CME data on STE space

CME Height=Time
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2. Data (5-minute-value)
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The observation condition of neutrons around 15:48UT
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The sun was just over Bolivia at the
flare time. The pressure difference
between Sierra Negra and
Chacaltaya was ~200g/cm?

Therefore, the flux over Mexico
should be less than <1/10.
However the fluxes are observed
with nearly equal intensity. So the
event of Sierra Negra could not be
explained by
-> Arrival of neutrons.

- We need another explanation,

- maybe, protons arrivals

Bolivia E>40 MeV
Mexico E>30 MeV (S1-channel)

> 200g/cm?

Let us at first to get neutron intensity
observed at Chacaltaya.



Obtaining the differential energy spectrum of solar neutrons

Since we will determine neutron energy spectrum by
the time of flight method, we need an information of the
production time of solar neutrons.

We assume that these neutrons were produced
Instantaneously.

The start time will be determined by the X-ray data.



3. GOES X-rays: 1-8A, 0.5-4A, derivative
one minute value

2004.11.7 GOES12 X-rays one minute value
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Assumption on neutron production

2004.11.7 Bolivia differential neutrons

We assumed the production time of 00 | Ppee
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Relation between energy (En) and flight time
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After, we apply two correction factors in order to get the flux
at the top of the atmosphere.

Detection efficiency (\Watanabe)
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The stream of the conversion

Ground Top of Atmosphere

2004.11.7 Bolivia differential
neutrons spectrum

Differential energy spectrum
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4. Energy spectrum

Differential energy
spectrum of solar
neutrons observed in
November 7, 2004

at Chacaltaya can be
expressed by a simple
power law with the
power index of -3.3

Assumption:15:47 UT start
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5. How to explain the signals recorded by Mt. Sierra Negra SNT?

In order to understand this problem, we have performed a
simulation based on the GEANT4 code.

We have investigated the expected observed ratio of the flux
between anti-counter (>2MeV) and S1 channel (>30MeV).
We also calculated the attenuation of neutron intensity with
energy higher than 30 MeV and gamma-ray intensity to the
proton incident.

( >2MeV (anti counter)) / (> 30MeV (S1 channel )

n/vy (>30MeV)
Next slides show the results.

The results are very consistent with the observed results that
Incident particles over Sierra Negra must be protons with the
energy of 4~7 GeV.




GEANT4 simulation results

particles [/primary]

Right side slide shows proton 2>
incident and produced high

>30MeV).
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6. Summary of simulation and observation

- The simulation can explain the observed results:
the ratio (>2MeV v ; anti-all)/(>30MeV n ;S1)=(2.0=%0.7).
Therefore the incident particles may be protons with the energy
around ~5 GeV.

- A plausible interpretation on this event is that
high energy neutrons decay in flight within 10’km and these
solar neutron decay protons (SNDP) arrived over
Mt. Sierra Negra.

- The detection of SNDP at the ground level is
since Oct.19,1989 event. So this event is
the second example of the SNDP detected at the ground.
- Thank you for listening. Details please read the text.

See you In Osaka!



7. Discussions--- Ratio of the flux between two data

Neutron intensity at the top of the atmosphere (Chacaltaya)
- 0.1/(m2.min.MeV ) @5GeV

Proton intensity at the top of the atmosphere (Sierra Negra)
- (0.23%0.02)/ (m>.min.MeV) @~5GeV

The fluxes are nearly equal, however we must take into account
the decay factor of ~5GeV neutrons. The decay rate within 107 km
15~0.0077 or ~1/130. Therefore the flux is about ~200 times higher than
the expected flux from simple optical geometry acceptance hypothesis.

If the effective acceptance area for protons is ~1,000m?, then,
we can explain the flux of Sierra Negra by SNDP hypothesis: they were
originating from high energy neutrons.

On the other hand, for protons, there might be several ro
to reach over Mt. Sierra Negra from the magneto-sheath.

A confirmation by simulations may be further necgssayy.
(See some of the trajectory calculated by /

Smart, Shea and Fllckiger in 2000)
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8. Figure of Heliosphere

Detection of Solar Neutron Decay Proton and Electron
November 7% 2004, X2.0 flare

Mt. Chacaltaya
SOHO Bolivia, 5250m

(Y

Mt. Sierra Negra
Mexico, 4600m



Proton flux (cm? s sr)!
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Oulu data and rigidity

Expected spectrum of SNDP
1
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10.

Examples of past SNDP (and SNDE)
They are very rare event !
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Arrival time of CME at the Earth
GOES recorded IP shock at 18:27 UT.
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By Shea and Smart
vertical axis
Geomagnetic latitude
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