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Forbush and GCRDs

First rigorous experimental observation of Cosmic Ray Flux Decrease was
obtained by S. E. Forbush in 1937-38, after deep statisitcal analysis of data from

“nracicinn cnamic rav metar Cheltenham Marviand”

LETTERS TO THE EDITOR 1109-1;
ects.
LI B I B I B LB Izl‘ IIIII L I-sY LA I B B I L LN B | lal LINLU A A O R I B | Iz|7l LINLINL L B T Tala'l TTTTTTTTd ielgl TrrrrrrTrT Ijl'ol L L L
i GREENWICH MEAN DATESy APRIL, 1937 1
0.4 AMERICAN MAGNETIC CHARAC TEE“NUMSER‘S, CA‘ 4.0
=00 —fa— 0.1 — . 6 —eta— /. el 1.9 13 —eb—19 13— 1.9 0.6 —wlu—e0. 7 0.6—=l—0.7 0.7 —~t=0.4
0.7 3.0
-
o
t2wg™ s 2201
+° | 5
X (e Ow =
[- s 0} o
o § 2 e
/I & b
N AL . §
(8]
0.0 E - ‘3-0-0&0
W 3 o
g E ° go
§ z o & O
=0 =W o /.0
wh o o .
=
gs Y
3 ves
-a2 S T I N . & o
i | | o o )
b sc V s¢ ] sc_l*® + ° ° 8
=
*i fer-wil £r-13] | [C3-#3 ] ° h
1 o
H-0.9 U § -3.0
& : Q
Ly OZCOSMIC-RAY INTENSITY AT CHELTENHAM; $=COSMIC-RAY INTENSITY AT HUANCAYO b
—= MEAN MAGNETIC HORIZONTAL-COMPONENT DISTURBANCE, HUANCAYO AND CHELTENHAM, s0
04 — AFTER DEDUCTING AVERAGE DIURNAL-VARIATION, APRIL 33-30, AT EACH STATION — .
SC=SUDDEN COMMENCEMENT—RELATIVE MAGNETUDES AT THE TWO OBSERVATORIES ARE
INDICATED ON AN ARBITRARY SCALE OF | TO 3
PEN I I O O O I | l PR L I O O ! I O T T T | | PRI B I ! . 1 I ) Ll T PO I O B O O I | T T T T I

F1c. 1. Bi-hourly departures expressed in percentage of absolute values for

e ADC A 6 Tisnemvesnd.  While the evidence here presented cannot be regarded in
itself as conclusive proof that the observed changes in
cosmic-ray intensity are due to the external field of the
magnetic storm, this hypothesis seems to be the most
reasonable one.




GCRD sources:
Energetic events on Sun Corona

Coronal Mass
Ejections

Ejection of particles from Sun
Corona (protons, electrons)

Particles are accelerated from

20 to 2000 km/s
-~ Average 400 km/s

Accelerated by the heating of

underlying sun layers,
confined by magnetic field

E =102

tot

(Sun power P = 4 10%° W)

Rate of occurrence:

+ 0.25 day™ (solar minimum)

-+ 4 day™ (solar maximum)

Flares

Sudden increase in
brightness

Occurring in Sun Corona
a belt confined along sun
equator by magnetic fields

Lasting secs to hour
E =10®J

tot

(Sun power P =4 10*° W)
Observable in
visible

X-ray
Gamma-ray



Flare — CME connection

Flares are believed to be the results of re-heating due to
manetic lined reconnection after a CME. However Flares
and CME are not always associated, even if this happens in
case of the strongest events.
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Effects on Earth: two-step mechanism

Initial particle increase may happen (only
for strong CME, due to shock acceleration)
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first step (shock)

second step (ejecta)
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GCRDs
occurred since the beginning of
coordinated data taking




The analysis and Forbush
identification approach
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The observed events
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Extreme Energy Events
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GCRD: 2015 March — May, an active season

Oulu Neutron Monitor
2015-83-10 60:80 - 2015-05-15 60:00 UT, Resolution: 68 mins, Average count rate: 6632,29

10,0312 14 16 18 20 22 24 26 26 301.04 3 5 7 9 11 13 15 17 19 21 23 256 27 291,05 3 5 7 9 11 13 15
days



% flux variation
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GCRD 2015-03-16: EEE-OULU fluxs E E Extreme Energy Events

La Scienza nelle Scuole
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GCRD 2015-06-23: CATA-02 station = e Sreray Evens

preliminary

" EEE - CATA-02

~ OULU neutron mon.
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% flux variation

E E Extreme Energy Events
La Scienza nelle Scuole

GCRD 2015-11-07

prelimingry

EEE: BOLO-03 + BOLO-04 + LAQU-01 + SAVO-02 + TORI-03
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GCRD 2015-11-07: EEE-OULU

E E Extreme Energy Events
La Scienza nelle Scuole
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% flux variation
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GCRD 2015-12-31: EEE-OULU corr. E | errieme Eneray Events

La Scienza nelle Scuole
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Forbush-Flares correlation




E E Extreme Eneray Events GCRD 2015-12-31: EEE-OULU fluxs ~ [EEE e Peray Svente
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L atitude correlation search
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