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Abstract: solar flares cause additional ionization in the D layer of the ionosphere (60-90 Km), which appears as amplitude and phase perturbations on the VLF signal. In this work, we present results of the properties of the VLF signals perturbations (amplitude, phase, h’ and ) and their dependences with solar flares flux (For the period: 2007-2012). In this analysis two VLF transmitters paths are chosen, a

short path: NSC (45.9 KHz, 941 Km) and long path NRK (37.5 KHz, 3495 km). In addition to the VLF data analysis, a numerical modeling of the D layer ionization due to solar flares was made at different heights (65-80 km). Qualitatively, the data analysis showed that the perturbed signal behavior is different from one path to another. In fact, some solar flares are associated with decreasing amplitude and
increasing phase, increasing amplitude and decreasing phase, and finally decreasing or increasing in both amplitude and phase. This behavior is independent on the solar flares flux, but it is closely related to the modal structure of the VLF signal. Numerical results show that the increasing solar flares flux leads to the increasing of electron density and thus reducing the reflection height of VLF signal. Therefore,
the recovery times of perturbed signal depend on the reflection height lifetime. The comparison between the calculated and measured densities as a function of solar flares flux at different heights gives similar profiles. Key words: Solar flares, Lower ionosphere, VLF signal Electron density.
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The ionosphere is a part of the Earth's atmosphere which contains ionized gas (Plasma). Among different layers of the ionosphere, the diurnal D layer (60-90 km), ensures the propagation of Very < The effect of solar flares on the signal parameters (A, Ag) is plotted as a function of the > _ _ _
Low Frequency radio waves (VLF: 3- 50 KHz) [Mitra 1974]. As this layer undergoes changes due to solar flares, two VLF transmitters T, signals are chosen in this work (NSC, NRK) to study the solar peak X-ray flux (I__, ) in Figure 5 for the two paths: NSC and NRK. ] L ) ]
flares flux effects on the propagating paths to Algiers receiver R,:NSC (45.9 KHz, 941 Km) as a short path(d <1000 Km). NRK (37.5 KHz, 3495 km) as a long path (d 2 1000 Km). From measured _ _ . _ . . —~ | .
perturbations amplitudes and phase, the electron density enhancement is calculated using the LWPC code on one part, and the Wait formula on another part. In addition to the experimental »The perturbed VLF signal parameters (4A, Agp) increase with the increasing of X-ray — o
study, we developed a numerical simulation of the disturbed ionosphere under solar X-ray flux using the simple GPIl ionosphere model [Glukhov et al 1992]. The numerical results are compared flux for the two GCP. gé
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then to the experimental values. » This increase results from the formation of a new reflecting height. %O'S £ Q? ° oo 00
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RK X X 2. Expe rimental Setu P »The variation of VLF signal parameters (4A, 4¢) is smoother for the long path: NRK than - >
the short path: NSC. . 0,0 . .
“* An AWESOME R is installed at Algiers, Algeria (36.75 N, 03.47 E), along with the locations of VLF T, and their great circle paths(GCP) to the | o o o | o o o
R, as seen in Figure 1. R consists of: _ _ _ _ 1E-6 15 1 owmd)  E 1E-3 1E-6 1E5 (W) 1E-4 1E-
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*two magnetic loop antennas (N/S and E/W). 43 SI mu l ation teCh nlq ue USIng LWPC Figure 5 : the perturbed VLF parameters (AA ,A¢ ) as function of corresponding I,,,,
e a preamplifier ** The D layer changes are characterized by two Wait parameters (H’, 8) which are obtained -
* a line receiver using the LWPC code. (Km) :The effective reflection height L ~ | Period: 2007-2012 | [ + NRK | Period: 2007-- 2012 | + NRKE
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It records and stores narrow-band data (the amplitude and phase of specific VLF T, frequencies) and broadband data (100-kHz sampling). . N _ . 70' AA ot A++Hj§:f . 1 0% At ' A ]
Data is synchronized to GPS with inherent 100 ns accuracy [Nait Amor et al 2013]. » From Figure 6: H” is almost constant around 74 Km (Ambient reference height) at low - s | +ﬂr+ 1 X A N :
' solar flare flux. The recombination overcomes the ionization process. T | A # AT | "co04Ff RN ]
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< VLF waves propagate by successive reflections in the waveguide formed by the ground and the D layer (Figure 2). R RSN e e » H’ decrease from low flux to about 64 Km for high flux. This decrease is smoother or a s S, 4 ] : ﬁﬁfﬂé A

Classification of solar flares (X-ray peak flux / 10-5 < M <10-4 Figure 6: The variation of simulated (H’, 8) as a function of 1,,,, for both GCP: NSC and NRK.
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Each X-ray class category is divided into a logarithmic scale from 1 to 9. i N SN )
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= Quiet Sun: X-rays are absorbed over H=74 km (H: Reference reflection height of VLF waves). Magnetosphere 64 | . IS A L ] 030 | A A A :
= Active Sun(solar flare): X-rays penetrate down into the atmosphere » N_increased »H is then reduced ' - [ :
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4.4. Numerical ionospheric model:

4. Processing and results

Figure 2: VLF Propagation in the waveguide (Earth-lonosphere) % The simplified Glokhov- Pasko- Ina (GPI) model is used to study the D layer modification due to solar flare flux. This is done by solving the differential equations [2] governing the equilibrium
: : between D layer species densities by the Finite Difference Method :
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Figure 3: Some representative forms of VLF amplitude and phase signals recorded %; distinct flares. 10 ] * E
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The data analysis showed On Figure 3, that the perturbed signal has different forms [Grubor et al 2008]: . : :
y & ’ P 5 [ ] The Figure 7 , shows that at low solar flux N, seems to be stable near the ambient density
» a decreasing A and an increasing ¢ > an increasing A and a decreasing ¢ > a decreasing (or increasing) in both A and ¢ —~ X, X (Under unperturbed conditions), and then increases at higher solar flux.
8103 2 . 3 It also appears that the increase is smoother for the long path NRK than the short path
pdl K NSC.
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0 C8.8 (05/05/2010 - 1152 UT) " C8.8 (05/05/2010 at 11:52 UT) ol ] The Figure 8, shows that the dependence of N, obtained numerically using GPI model is
To understand the signal behavior in response to the solar flares, we use the Long Wave Propagation capability I —— Unperturbed Amplitude] ! —ggﬁﬁmlefgegmﬁﬂggde Z 10 L o ] : similar to the experimental deduced N, .
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(LWPC) code [Ferguson 1998] to determine the perturbations in amplitude and phase. The Figure 4, gives the 100 - : 1 100n ) . , | e 3 T
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% ;f ; » Since at lower solar flare flux, the maximum absorption and ionization happen at higher altitude (above 74 Km). The amount of ionization at lower altitude (bellow 74 Km) is rapidly recombined.
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_(cn‘fmo' = » At higher solar flux, the ionization is important leading to reduce the reference height (bellow 74 Km). Thus a significant signal perturbation is recorded.
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» Different forms of perturbed signal are recorded depending on the R, location in addition 20t Z [ Agiers ] .
gle . . o 2 ! - 5. Conclusion:
to a zero perturbation. This is mainly due to the signal mode composition at the R, location - | - ! ! - " -
[Nait Amor et al 2010]. 0 Lo, i b T bt b I ol bt b T b ' : : : : L L
0 1000 2000, 3000 4000 5000 6000 0 1000 2000Distagggo(Km) 4000 5000 600 v’ The recording of signal perturbation due to solar flares appears to be independent on the solar X-ray flux. But it is closely related to the modal structure of the propagating signal.
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200 e e it AR e ] 240 e N L. L) v/ On the other hand, the perturbation parameters (4A, Ag) increase with increasing solar flux.
: — Unperturbed Phase - i — Unperturbed Phase ! _
: ——PertubedPhase | ] | —— Perturbed Phase v’ Data analyses show that long VLF path NRK is better than short VLF path NSC to study the solar flares effects on the D layer.
100 -
» At short distance from the T (d <1000 Km): Several null points are observed. ~ [ 1 ] v" And finally, the N, dependence on the solar X-ray flux was found to be similar in both methods (numerical and experimental).
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