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Neutron Monitors
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GLE integral increase

GCR pre-
increase 
level

GLE signal

NM Novosibirsk

From the GLE database (gle.oulu.fi) we have 
calculated relative integral increases from SEP during 
GLE events in the units of relative units of [% * hour]

NGLE=X * NGCR
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The Band function:

Overview on recent results
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Why are we decided to update calculations?

1. Method uses prescribed function and finds the best-fit parameters 
for it. What if is prescribed function is wrong? → Create the method 
of fluence assessment independent from the prescribed SEP 
function.

2. Reconstruction uses neutron monitor yield function by Clem and 
Dorman (SSR, 2000). Neutron monitor yield function validation 
using AMS-02 data showed that this yield function possibly 
overestimates the low-energy particles response in neutron 
monitor together with Ma16 yield function and Mi13 and CM12 
shows better performance during validation. → Use Mi13 yield 
function
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The Reff method
Let me start from definition:

F(>Reff) =Keff NGLE,
where Keff is (nearly) constant in the entire 
range of realistic GLE proton spectra and NGLE
is an integral NM response to GLE protons.

Theoretical NM response can be calculated as: 

Here we used NM yield function by Mishev et al. (2013) 
with altitudinal dependence from Fluckiger et al. (2008)
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The Reff method
Keff =F(>Reff) / NGLE and Keff for given R must be 

constant irrespectively from the SEP fluence function 

First we have tested this method using simple power-
law:

F(>R)=F0R–γ

and

!"##(%) =
((> %)

∫+,
- .( %

.% / % .%
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After that we moved to Band functions from Raukunen
et al. 2018:

F(>R)
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The Reff method
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The Reff method

K is not depended from γ if 
we will use the effective 
value of rigidity

Therefore, the effective 
rigidity approach works!
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Next we considered the modified 
power law in rigidity

and varied the δγ from 0 (no 
steeping) to 1 (strong steeping)

Pc=0 GV, h =1000 g/cm2

Pc=5 GV, h =800 g/cm2

Next we have moved to consideration of different 
attitudes and cutoff rigidities, using altitudinal 
dependence from Fluckiger et al. (2008)
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Reff and Keff as functions of Pc and h
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These relations is shaped by two different processes, viz. the atmospheric cutoff (particles must possess sufficient 
energy of a several hundred MeV to initiate an atmospheric cascade reaching the ground) and the geomagnetic 

cutoff (particles must possess sufficient rigidity to be able to enter the atmosphere). While the geomagnetic cutoff 

dominates at low- and mid-latitudes, the atmospheric cutoff becomes crucial at high latitudes. 
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Effective rigidity Reff is very close to the geomagnetic 
rigidity cutoff Pc for low- and mid-latitude locations (Pc > 

3 GV) but saturates at 1.3–1.5 GV (depending on the 

atmospheric depth) for high-latitude sites. 

Reff and Keff as functions of Pc and h

The value of the Keff varies with the geomagnetic 
cutoff depicting a shoulder at high-latitude 

locations and a nearly exponential decrease with 

Pc for low- and mid-latitudes. 
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Galactic cosmic ray background
In order to assess GCR spectrum during GLEs, we used:
- Smart and Shea Pc

- Simplified solar modulation model by Axford and Gleeson 1968
- Modern LIS by Vos & Porgieter 2015, verified with both PAMELA and 

AMS-02 data (Koldobskiy et al. 2019)
- ! values were taken from Usoskin
et al. 2017
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Test 

Now we have everything to reconstruct the SEP fluence with point-by-
point structure with the new method
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Four modern neutron monitor 
yield function were tested:
- Mishev et al. 2013
- Caballero-Lopez and Moraal
2012
- Mangeard et al. 2016
- Chem and Dorman 2000

For all these YFs the attitude 
dependence from Fl08 YF was 
used

GLE69 (20-Jan-2005)
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Four modern neutron monitor 
yield function were tested:
- Mishev et al. 2013
- Caballero-Lopez and Moraal
2012
- Mangeard et al. 2016
- Chem and Dorman 2000

For all these YFs the attitude 
dependence from Fl08 YF was 
used

GLE69 (20-Jan-2005)
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Four modern neutron monitor 
yield function were tested:
- Mishev et al. 2013
- Caballero-Lopez and Moraal
2012
- Mangeard et al. 2016
- Chem and Dorman 2000

For all these YFs the attitude 
dependence from Fl08 YF was 
used

GLE69 (20-Jan-2005)
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Reconstruction with these 
YFs lies very close to R18 

calculations (R18 was 
based on CD00 YF)

For all YFs some kind of 
cutoff in high energies 

was observed
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Four modern neutron monitor 
yield function were tested:
- Mishev et al. 2013
- Caballero-Lopez and Moraal
2012
- Mangeard et al. 2016
- Chem and Dorman 2000

For all these YFs the attitude 
dependence from Fl08 YF was 
used

GLE69 (20-Jan-2005)
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This simplified 
reconstruction was 
compared with full 
reconstruction by A. 
Mishev (take a look on 
corresponding 
talks/posters)  
considering the 
anisotropy and 
asymptotic  cones, we got 
an excellent agreement 
within 10%
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GLE71 (17-May-2012)

PAMELA direct measurements are in better 
agreement with CM12 and Mi13 yield 
function, CD00 and Ma16 YF possibly 
overestimate the NM response in low-
energy region.

This conclusion is in agreement with 
conclusions of NM YF validation made with 
use of AMS-02 proton and helium monthly 
data.
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Conclusion

1. The new Reff method of GLE fluence reconstruction is developed,
that allows to use the NM as an integral detector and get the
coefficient between the neutron monitor count rate and the SEP
fluence.

2. GLE #69, 71 were analyzed using the new method. The main
feature that obtained results shows good agreement with direct
PAMELA measurements for GLE #71 using Mi13 and CM12 yield
function, that serves an independent evidence of conclusions,
obtained during NM yield function validation using AMS-02 data.

3. Use of CD00 and Ma16 yield function lead to underestimation of
fluence in rigidity range <10 GV.

4. For powerful GLEs such as #69 and 70 obtained fluence shows
some kind of steeping, which can be approximated using modified
power law, power law + exp or Ellison-Ramaty functions.

5. Work in progress, stay tuned!

Preliminary!!!

Preliminary!!!

GLE69

GLE70
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Backup slides



NM calibration with AMS-02 monthly data

JGR:SP (2019) 124(4):2367



The definition of effective rigidity: ! > #$%% = '$%% ∗ )*+,
Definition of #$%% and '$%% is the essence of new method

)*+, = )*-# ∗ .
. is a relative GLE increase in units of [%*hour]

)*-# =/
0
1
23

4

56 #, 8 ∗ 96 #, 8 :#

56 #, 8 is taken as LIS by Vos & Potgieter 2015 modulated using 
simplified solar modulation potential ;. ; values were taken from 
Usoskin et al. 2017 
LIS of heavy nuclei were taken as proton LIS with ~0.35 coefficient.





Reff function test
Usage of different as an source 
function for Reff/Keff calculation 
does not change significantly 
the results of fluence 
reconstruction 

GLE 69 GLE 71

GLE 70
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