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Abstract

Aims. Metric radio bursts are often said to be valuable diagnostic tools for studying the near-sun kinematics and energetics of the interplanetary coronal mass ejections (ICMEs). Radio observations also serve as indirect tools to estimate the coronal magnetic fields. However, how these estimated coronal magnetic fields are related to the magnetic field strength in the ICME at 1 AU has rarely been explored. Our aim was to establish a relation between the coronal magnetic fields obtained from the radio observations very close to the Sun and the magnetic field measured at 1 AU when the ICME arrives at the Earth.

Methods. We performed statistical analyses of all metric type II radio bursts in solar cycles 23 and 24 that were found to be associated with ICMEs. We estimated the coronal magnetic field associated with the corresponding CME near the Sun (middle corona) using a split-band radio technique and compared them with the magnetic fields recorded at 1 AU with in situ observations.

Results. We found that the estimated magnetic fields near the Sun using radio techniques are not well correlated with the magnetic fields measured at 1 AU using in situ observations. This could be due to the complex evolution of the magnetic field as it propagates through the heliosphere.

Conclusions. Our results suggest that while metric radio observations can serve as effective proxies for estimating magnetic fields near the Sun, they may not be as effective close to the Earth. At least, no linear relation could be established using metric radio emissions to estimate the magnetic fields at 1 AU with acceptable error margins.
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1. Introduction
The coronal magnetic field (B) serves as a fundamental factor governing the formation, evolution, and dynamics of solar corona structures (Dulk & McLean 1978). Measuring these fields directly from observations, particularly in the chromosphere and corona, remains a significant challenge in solar physics (White 2002; Carley et al. 2020, and the references therein). Various methods exist to infer coronal magnetic fields, encompassing techniques such as coronal seismology (Jess et al. 2016), Zeeman splitting of spectral lines (Lin et al. 2004), and extrapolation methods (Wiegelmann et al. 2017), though constrained to specific regions of the solar atmosphere. Among these, including the shock-standoff technique (Gopalswamy & Yashiro 2011) and radio techniques, estimations from solar radio bursts offer valuable insights into the coronal magnetic field, especially in the middle corona (Carley et al. 2017).
Solar eruptive phenomena, such as solar flares and coronal mass ejections (CMEs), significantly influence space weather dynamics. These events often trigger energetic electron acceleration, generating radio emissions like type II and type IV bursts observed in the metric and decameter-hectometric (DH) frequency range (Dulk & Suzuki 1980). Taking advantage of these radio bursts enables the study of the CME early evolution and dynamics near the Sun (within 10 solar radii), which can help in estimating CME magnetic fields and in assessing their geo-effectiveness. Since radio observations consist of solar, heliospheric, and ionospheric space weather phenomena, radio techniques can offer a practical approach to probing the solar atmosphere’s magnetic field (White 2004; Gopalswamy 2006). Combining diverse radio techniques with broadband spectroscopic solar radio imaging allows coronal magnetic fields to be derived in various solar regions (Ramesh & Sastry 2000; Kumari et al. 2017a). However, while metric type II radio bursts and their spectral characteristics, such as split-band features, have long served as robust tools for direct coronal magnetic field estimation (Smerd & Sheridan 1974; Vršnak & Cliver 2008; Mahrous et al. 2018), their correlation with magnetic fields observed at 1 AU during near-Earth interplanetary coronal mass ejections (ICMEs) remains less explored.
Previously, researchers have investigated metric and DH radio bursts and their correlation with electron accelerations, coronal mass ejections (CMEs), and their variations throughout the solar cycle (Kahler et al. 2019; Kumari et al. 2023). However, to the best of our knowledge, no prior study has explored how the characteristics of metric radio bursts can provide insights into space weather phenomena, such as ICMEs. For this study we investigated the long-term datasets of solar radio bursts and ICMEs over solar cycles 23 and 24 to explore the feasibility of using radio techniques for coronal magnetic field estimation and their relationship with in situ magnetic field observations at 1 AU during ICME events.
This article is structured as follows. Section 2 discusses the observational data utilized in this study along with detailed data analysis procedures. The findings of the present study are presented in Section 3. Section 4 contains a discussion of the results and their implications, followed by a summary of the study.
2. Observations and data analysis
For this study, we identified 88 metric type IIs associated with the ICMEs of solar cycles 23 and 24 (1997–2019). The CME event list used here was obtained from the Coordinated Data Analysis Workshop (CDAW; Yashiro et al. 2004) database1, which is a manual catalogue of the CMEs and their properties recorded by the Solar and Heliospheric Observatory’s (SOHO) Large Angle and Spectrometric Coronagraph (LASCO) white-light coronagraph observations (Brueckner et al. 1995). This list has the CME properties and parameters such as linear and second-order speed, kinetic energy, mass, angle of position. Additionally, we used the ICME list2 provided by Richardson & Cane (2010), which contains the dates and times of plasma disturbances of the ICMEs, duration, magnetic field strength, and speed, among other details, and associated with the date and time of the CMEs when they reach 1 AU. This list consists of ICME events since January 1996. Following the CME events associated with the ICME events, the radio data obtained from the Solar Electro-Optical Network (SEON) database3 was used for the data analysis. It consists of two networks: (1) the Solar Observing Optical Network (SOON) and (2) the Radio Spectral Telescope Network (RSTN). The RSTN contains four solar radio observatories across the globe. The radio database from the Radio Spectral Telescope Network (RSTN) was utilized; this data consists of the Solar Radio Spectrographs (SRS) over a wide band (25–180 MHz), where the Radio Interference Measuring Set (RIMS) is the instrument detecting radio emissions at eight different frequencies. For the missing type IIs in the SEON RSTN database, eCallisto data4 was referred. Furthermore, Hiraiso Radio Spectrograph (HiRAS) data (Kondo et al. 1995) managed by the National Institute of Information and Communications Technology (NICT5) was also utilized to obtain the spectra of type II bursts. We used the OMNI 5 min data from NASA/GSFC’s OMNIweb for the related ICMEs. The data was accessed through NASA’s Coordinated Data Analysis Web (CDAWeb6). We utilized the 5 min high-resolution flow speed (km/s) and the magnetic field (nT) data.
Out of the 88 events identified, only 31 metric type IIs for solar cycles 23 (1996–2008) and 24 (2008–2019) had split-band features identified in the solar dynamic spectra. Few of the type IIs had a start frequency > 180 MHz (Appendix A.1). The 31 CME-ICME associated split-band events comprised a fundamental band and a harmonic band. As shown in Figure 1, these events also exhibited a clear three-part structure (core, cavity and leading edge, Riley et al. 2008). For radio data analysis, the dynamic spectra were cleaned and the radio frequency interference was removed. We used the four-fold Newkirk density model (Newkirk 1961) to convert the type II frequencies into radio heights. We used the following equation to estimate the magnetic field strength of 31 split-bands (CME-ICME associated events) (Smerd & Sheridan 1974; Vršnak et al. 2002)
	[image: thumbnail]	Fig. 1. Upper panel: Dynamic spectrum of type II burst recorded by Learmonth Observatory on 6 July 2006 in the range 180–25 MHz. The type II burst started at 08:24 UTC and lasted for 17 minutes. The white dotted lines represent the fundamental and harmonic bands. Lower panel: Three-part structure of the CME with a core, cavity, and leading edge recorded by LASCO C2 on 6 July 2006 at 09:06 UTC and 10:06 UTC. The CME started at 08:54 UTC (Appendix A.1).
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where B is the magnetic field strength derived from the type II bursts in gauss, FLB (MHz) is the lower band frequency of the undisturbed corona (Vršnak et al. 2002), and vA (km/s) is the Alfvén speed. The magnetic fields obtained were compared with the magnetic fields recorded at 1 AU. A master list of solar cycle 23 and 24 events was created and divided into two tables. Table A.1 is for type IIs and CME events, and lists date, start time (UT), end time (UT), duration (min), start and end frequency (MHz), start time of CME (UT), CME’s width (deg), and CME speed (km/s) obtained from the CDAW database. Table A.2 is for ICME events, and lists date, start time (UT), start and end time of the disturbances in plasma along with its start-end date, ICME Plasma speed (km/s), magnetic field strength (G) obtained from the Richardson–Cane catalogue and the shock speed and the B field strength (G), which obtained from the radio data analysis of type II burst as described in this section.
3. Results
3.1. Case study
The dynamic spectra of the slowly drifting type II burst with a fundamental and harmonic band, which occurred on 6 July 2006 at 08:23:12 UT, is displayed in Fig. 1. The CME with a distinct three-part structure begins at 08:54 UT in the lower panel and is subsequently displayed, followed by a disturbance recorded near Earth at 21:36 UT on 9 July 2006 (Richardson & Cane 2010) (Appendix A.2), where the ICME started on 10 July 2006 at 21:00 UT and ended on 11 July 2006 at 19:00 UT, lasting for 22 hours (see Fig. 2). The CME propagated at a speed of 911 km/s, which was higher than the shock speed estimated from the type II radio burst (≈369 km/s). The associated speed from the Richardson catalogue was 380 km/s. The difference in speeds of type II, CME, and ICME arises because the CME’s interaction with the surroundings affects their speed (Gopalswamy et al. 2000); in this case, we have a CME with a speed of ≈1100 km/s (Kumari et al. 2023). The split-band type IIs bursts are seen as well-accepted techniques to estimate magnetic field strengths just above the shock (i.e. B in gauss derived from the type II radio bursts) (Smerd et al. 1975; Vršnak et al. 2002; Cho et al. 2007; Kumari et al. 2017b). Based on this and as described in Sect. 2, we obtained three values for electron density (cm−1), three values for each FLB (MHz) and FUB (MHz), three values for heliocentric distance (R⊙) for each corresponding value (i.e. six values of heliocentric distance, R⊙), and estimated three values of the magnetic field strength (B (G)). These values served as a basis for our power-law fit equation (Kumari et al. 2019)
[image: thumbnail](2)
	[image: thumbnail]	Fig. 2. Associated plot of ICME parameters obtained from Omni data for the type II burst and CME that occurred on 6 July 2006. The top panel illustrates the Bx, By, and Bz vector components of the B field (G); the middle panel shows the average strength of the B field vector (G); and the bottom panel shows the flow speed across the timeline of the event. The vertical dotted line shows the near-Earth shock arrival at 21:36 UT on 9 July 2006 and the grey-shaded region shows the start and end time of the disturbance in the plasma (Richardson & Cane 2010), starting at 19:00 UT on 9 July 2006 and ending at 21:00 UT on 11 July 2006.



where B is the average magnetic field and r is the heliocentric distance (in terms of R⊙, which is the radius of the photospheric Sun). At the range of 1.36–1.5 R⊙ and the lower band frequency range of FLB ≈ 141 − 101 MHz, we estimated the average B field strength of 0.45 G using the Equation (2), for the type II burst that occurred on 6 July 2006. The mean B (G) field associated with the upstream field just before the ICME (B1 AU (G)) was found to be 4.5 × 10−5 (G). This associated ICME lasted 22 hours (10 July 2006 21:00 UT to 11 July 2006 19:00 UT). The B1 AU (G) was significantly attenuated compared to the estimated coronal B field strength (G), as expected due to the propagation of the CME in the heliosphere and its interaction with other magnetic structures there. Since the magnetic field derived from radio observations were from the lower frequency bands, which can be associated with the undisturbed corona, and the ICME field is, by definition, the disturbed field, we used the B fields from the upstream field (pre-shock region). For this study we also explored the ICME parameters obtained from OMNIweb7 (NASA/GSFC). The average strength of the B field vector (G) was obtained to be 9.4 × 10−5 (G) (mean) with the mean flow speed of 369 km/s for the start and end date time of the ICME disturbance (see Figure 2). These values are consistent with those of the values in the Richardson–Cane catalogue.
3.2. Statistical study of split-band type II bursts
Similarly, we derived the B field strength values (BRadio (G)) for 31 such split-band observations for the solar cycles of 23 and 24, varying from 0.04 G to 4.59 G for the heliocentric distance (r) ranging from 1.1 R⊙ to 2.5 R⊙. We note that the ‘a’ in the Equation (2) varies for individual split-band observations. We calculated the upstream magnetic field values, B1 AU (G) at 1 AU in the range 4.5 − 20.8 × 10−5 G obtained from the OMNI database. A correlation between the near-Sun coronal magnetic fields and near-Earth upstream magnetic field strength observed just before the ICME was established by linearly fitting the magnetic fields (B1 AU (G)) at 1 AU and the estimated (BRadio (G)) was derived from the type II radio bursts (see Fig. 3), yielding a slope of 0.36 and an intercept of 8.19, suggesting a linearly weak relation. The weak correlation was confirmed by the obtained correlation coefficient (r of 0.14; see Fig. 3).
	[image: thumbnail]	Fig. 3. Correlation between various parameters of 31 CME- and ICME-related events. The scattered hexagonal points are the data that contain shock height (R⊙), Fstart (MHz), Fend (MHz), speed of radio bursts (km/s), ICME speed (km/s), CME speed (km/s), and magnetic field strength derived from type IIs and obtained with ICME in situ measurements.



We used a four-fold Newkirk density model to estimate the shock heights (the radial distance from the Sun’s centre to the leading edge of the shock wave that forms ahead of a CME as it propagates through the solar corona), in terms of R⊙, close to the corona. We used three-fold and five-fold Newkirk density models to estimate the error bars for these shock height values (see Fig. 3). These height estimate errors were then used to set the upper and lower limits of the error bars in the shock speed calculations. Similarly, we averaged over ≈ 15 min of upstream magnetic field values at 1 AU and used the rms values to estimate the uncertainties in B1 AU (G) values in the pre-shock region (see Fig. 3). The uncertainties in the speed of CME (VCME) were estimated assuming linear propagation of the CME leading edge. The resulting uncertainties in the present study and correlation coefficients with error bars are shown in Fig. 3.
4. Summary and discussion
Figure 3 shows that the magnetic fields near the Sun estimated using radio techniques are not well correlated with the magnetic field measured at 1 AU using in situ observations. Previous studies have suggested that metric radio observations can serve as effective proxies for estimating magnetic fields near the Sun (Vršnak & Cliver 2008; Kumari et al. 2017a, and the reference therein). However, to the best of our knowledge, there are no event specific or comprehensive long-term studies using solar radio bursts to estimate the heliospheric magnetic fields. Our findings in this study (see Fig. 3 and Table A.2) strongly indicate that no linear relation could be established using metric radio emissions to estimate the magnetic fields at 1 AU with acceptable error margins. This suggests that metric radio observations cannot serve as effective proxies for estimating magnetic fields close to the Earth. This could be due to the complex evolution of the magnetic field structures as it propagates through the heliosphere (see for a review, Owens & Forsyth 2013). It is well known that CMEs are subject to rotation, deflection, and interaction (with solar wind and/or CME-CME interaction) (Palmerio et al. 2021; Sioulas et al. 2023, and the reference therein). However, we have not accounted for these conditions in our study due to the non-availability of radio data points between ≈2 R⊙ and 1 AU, which are to be investigated in further studies with the availability of Parker Solar Probe (PSP) and Solar Orbiter (SolO) data. The CME-ICME speed is correlated, suggesting that other factors such as speed can help understand the predictive patterns.
This study and the findings of this article can be summarized as follows:

	
Estimated B fields in the middle corona using split-band: We used the split-band observations to estimate magnetic fields within the middle corona. The split-band technique is an indirect measurement of magnetic field strengths just above the CME-driven shock, performed by analyzing different frequency bands of type II radio bursts.



	
Statistical analysis of radio bursts associated with ICMEs: Through statistical analysis, we investigated radio bursts associated with ICMEs. We also examined the start and end frequencies, bandwidths, and duration of radio emissions observed during ICME events. We aimed to identify a relation indicative of magnetic field variations and associated CMEs and ICMEs.



	
Relation between the magnetic field near the Sun and at 1 AU: Our results show almost no clear linear relation between the magnetic field strength near the Sun obtained with metric radio observations and in situ measurements of the magnetic field associated with upstream and/or shock transition fields just before the ICME. Hence, we could not establish any empirical relation that provides a means to estimate the magnetic field intensity when the disturbance reaches the Earth, based on measurements obtained closer to the Sun. This indicates that metric radio observations have become less reliable for estimating magnetic fields closer to Earth.






1 https://cdaw.gsfc.nasa.gov/


2 https://izw1.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm


3 https://www.ncei.noaa.gov/products/space-weather/legacy-data/solar-electro-optical-network


4 https://www.e-callisto.org/links.html


5 https://solarobs.nict.go.jp/


6 https://cdaweb.gsfc.nasa.gov/


7 https://omniweb.gsfc.nasa.gov/index.html
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Appendix A:  Tables containing detailed information about the events studied.
Table A.1. 
Various parameters of type II bursts and CMEs associated with the ICMEs in Table A.2

Table A.2. 
Various ICME parameters associated with the type II bursts and CMEs in Table A.1
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	[image: thumbnail]	Fig. 1. Upper panel: Dynamic spectrum of type II burst recorded by Learmonth Observatory on 6 July 2006 in the range 180–25 MHz. The type II burst started at 08:24 UTC and lasted for 17 minutes. The white dotted lines represent the fundamental and harmonic bands. Lower panel: Three-part structure of the CME with a core, cavity, and leading edge recorded by LASCO C2 on 6 July 2006 at 09:06 UTC and 10:06 UTC. The CME started at 08:54 UTC (Appendix A.1).
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	[image: thumbnail]	Fig. 2. Associated plot of ICME parameters obtained from Omni data for the type II burst and CME that occurred on 6 July 2006. The top panel illustrates the Bx, By, and Bz vector components of the B field (G); the middle panel shows the average strength of the B field vector (G); and the bottom panel shows the flow speed across the timeline of the event. The vertical dotted line shows the near-Earth shock arrival at 21:36 UT on 9 July 2006 and the grey-shaded region shows the start and end time of the disturbance in the plasma (Richardson & Cane 2010), starting at 19:00 UT on 9 July 2006 and ending at 21:00 UT on 11 July 2006.
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	[image: thumbnail]	Fig. 3. Correlation between various parameters of 31 CME- and ICME-related events. The scattered hexagonal points are the data that contain shock height (R⊙), Fstart (MHz), Fend (MHz), speed of radio bursts (km/s), ICME speed (km/s), CME speed (km/s), and magnetic field strength derived from type IIs and obtained with ICME in situ measurements.
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	Date
	Time
	
	
	
	Frequency
	
	
	
	
	
	



	
	Tstart
	Tend
	Tduration
	Shock Height
	Fstart
	Fend
	BW
	Tstart
	Width
	vCME



	
	(UT)
	(UT)
	(min)
	(R⊙)
	(MHz)
	(MHz)
	(MHz)
	(UT)
	(deg)
	(km/s)





	12 Feb 2000
	04:06
	04:17
	11
	1.10
	80
	30
	50
	04:31
	360
	1107



	16 Sep 2000
	04:17
	04:33
	16
	1.44
	180
	25
	155
	05:18
	360
	1215



	25 Nov 2000
	01:07
	01:16
	09
	1.50
	147
	25
	122
	01:31
	360
	2519



	10 Apr 2001
	05:13
	05:17
	04
	1.98
	80
	30
	50
	05:30
	360
	2411



	09 Oct 2001
	10:54
	11:02
	08
	1.53
	180
	25
	155
	11:30
	360
	973



	17 Nov 2001
	04:50
	04:55
	05
	2.16
	145
	45
	100
	05:30
	360
	1379



	22 Nov 2001
	22:31
	22:41
	10
	2.32
	116
	25
	91
	23:30
	360
	1437



	26 Dec 2001
	05:02
	05:19
	17
	1.88
	180
	25
	155
	05:30
	212
	1446



	17 Apr 2002
	08:08
	08:23
	15
	1.39
	79
	25
	54
	08:26
	360
	1240



	29 Jul 2002
	02:40
	02:43
	03
	1.42
	270
	65
	205
	12:07
	095
	190



	29 May 2003
	01:06
	01:11
	05
	1.66
	80
	30
	50
	01:27
	360
	1237



	12 Sep 2004
	01:41
	01:50
	09
	1.76
	180
	57
	123
	00:36
	360
	1328



	10 Nov 2004
	02:07
	02:15
	08
	1.54
	260
	70
	190
	02:26
	360
	3387



	17 Jan 2005
	09:44
	09:47
	03
	2.17
	65
	25
	40
	09:30
	360
	2547



	20 Jan 2005
	06:44
	07:00
	16
	1.85
	180
	160
	20
	06:54
	360
	882



	22 Aug 2005
	01:02
	01:08
	06
	1.79
	60
	30
	30
	01:31
	360
	1194



	06 Jul 2006
	08:24
	08:41
	17
	1.38
	180
	25
	155
	08:54
	360
	911



	14 Dec 2006
	22:09
	22:13
	04
	1.53
	180
	25
	155
	22:30
	360
	1042



	15 Feb 2011
	01:52
	02:00
	08
	1.40
	260
	57
	203
	02:36
	360
	669



	04 Aug 2011
	03:54
	04:03
	09
	1.70
	180
	66
	114
	04:12
	360
	1315



	06 Sep 2011
	22:19
	22:34
	15
	1.50
	300
	40
	260
	23:05
	360
	575



	09 Nov 2011
	13:11
	13:31
	20
	1.65
	180
	30
	150
	13:30
	360
	907



	19 Jan 2012
	12:52
	13:01
	09
	2.00
	084
	29
	055
	14:36
	065
	498



	07 Mar 2012
	01:09
	01:29
	20
	1.80
	180
	25
	155
	00:24
	360
	1825



	04 Jul 2012
	16:42
	17:04
	22
	2.53
	181
	25
	156
	17:24
	360
	662



	12 Jul 2012
	16:25
	16:53
	28
	2.32
	82
	25
	57
	16:48
	025
	329



	02 Apr 2014
	13:23
	13:25
	02
	1.91
	121
	28
	93
	13:48
	360
	1471



	10 Sep 2014
	17:27
	17:57
	30
	1.48
	180
	25
	155
	18:00
	360
	1267



	17 Dec 2014
	04:44
	05:01
	27
	2.52
	70
	23
	47
	05:00
	360
	587



	04 Nov 2015
	03:23
	03:34
	11
	1.82
	180
	41
	139
	14:48
	064
	272



	06 Sep 2017
	12:02
	12:21
	19
	2.31
	081
	25
	56
	12:24
	360
	1571





      

    

  
    
      Table A.2. 

      Various ICME parameters associated with the type II bursts and CMEs in Table A.1
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	Disturbance
	
	
	ICME Plasma/Field
	
	
	
	
	
	
	
	
	



	Date
	Time Ts (UT)
	
	Start Date
	Tstart (UT)
	End Date
	Tend (UT)
	ICMEplasma Speed (km/s)
	vmax (km/s)
	B1AU ( × 10−5(G))
	
	vRadio (km/s)
	BRadio (G)





	14 Feb 2000
	07:31
	
	14 Feb 2000
	12:00
	16 Feb 2000
	08:00
	520
	680
	6
	
	122
	0.04



	17 Sep 2000
	16:57
	
	17 Sep 2000
	21:00
	21 Sep 2000
	00:00
	600
	840
	9.8
	
	793
	0.99



	28 Nov 2001
	05:30
	
	28 Nov 2001
	11:00
	29 Nov 2001
	22:00
	540
	580
	6
	
	883
	1.01



	11 Apr 2001
	13:43
	
	11 Apr 2001
	22:00
	13 Apr 2001
	07:00
	640
	740
	10
	
	1525
	3.71



	11 Oct 2001
	17:01
	
	12 Oct 2001
	04:00
	12 Oct 2001
	09:00
	560
	570
	10
	
	503
	0.71



	19 Nov 2001
	18:15
	
	19 Nov 2001
	22:00
	21 Nov 2001
	13:00
	430
	570
	6
	
	1953
	2.69



	24 Nov 2001
	06:56
	
	24 Nov 2001
	14:00
	25 Nov 2001
	20:00
	720
	1040
	8.3
	
	1196
	4.52



	29 Dec 2001
	05:38
	
	30 Dec 2001
	00:00
	30 Dec 2001
	18:00
	400
	460
	10.1
	
	1158
	2.17



	19 Apr 2002
	08:35
	
	20 Apr 2002
	00:00
	21 Apr 2002
	18:00
	500
	640
	11.4
	
	0624
	0.65



	01 Aug 2002
	23:09
	
	02 Aug 2002
	06:00
	04 Aug 2002
	02:00
	460
	520
	11.5
	
	404
	0.60



	30 May 2003
	16:00
	
	30 May 2003
	22:00
	01 Jun 2003
	01:00
	680
	780
	12.4
	
	1364
	1.66



	13 Sep 2004
	20:03
	
	14 Sep 2004
	15:00
	16 Sep 2004
	12:00
	550
	600
	7.8
	
	586
	1.97



	11 Nov 2004
	17:10
	
	12 Nov 2004
	08:00
	13 Nov 2004
	23:00
	520
	670
	4.6
	
	869
	0.99



	18 Jan 2005
	21:00
	
	18 Jan 2005
	23:00
	20 Jan 2005
	03:00
	800
	960
	7.6
	
	2369
	4.20



	21 Jan 2005
	17:11
	
	21 Jan 2005
	19:00
	22 Jan 2005
	17:00
	810
	960
	4.8
	
	1138
	1.38



	24 Aug 2005
	06:13
	
	24 Aug 2005
	14:00
	24 Aug 2005
	23:00
	660
	710
	20.8
	
	1417
	1.93



	09 Jul 2006
	21:36
	
	10 Jul 2006
	21:00
	11 Jul 2006
	19:00
	380
	430
	4.5
	
	369
	0.45



	16 Dec 2006
	17:55
	
	17 Dec 2006
	00:00
	17 Dec 2006
	17:00
	580
	680
	4.8
	
	1106
	1.31



	18 Feb 2011
	01:30
	
	18 Feb 2011
	19:00
	20 Feb 2011
	08:00
	470
	600
	8.4
	
	346
	0.52



	05 Aug 2011
	17:51
	
	06 Aug 2011
	22:00
	07 Aug 2011
	22:00
	540
	610
	7.4
	
	513
	1.54



	09 Sep 2011
	12:42
	
	10 Sep 2011
	03:00
	10 Sep 2011
	15:00
	470
	530
	7.8
	
	501
	0.61



	12 Nov 2011
	05:59
	
	13 Nov 2011
	10:00
	15 Nov 2011
	02:00
	370
	460
	5
	
	703
	0.88



	22 Jan 2012
	06:11
	
	22 Jan 2012
	23:00
	23 Jan 2012
	07:00
	450
	460
	11.1
	
	640
	2.05



	08 Mar 2012
	11:03
	
	09 Mar 2012
	03:00
	11 Mar 2012
	07:00
	550
	890
	10.3
	
	2285
	2.33



	08 Jul 2012
	08:00
	
	09 Jul 2012
	00:00
	09 Jul 2012
	14:00
	410
	450
	7
	
	1269
	4.14



	14 Jul 2012
	18:09
	
	15 Jul 2012
	06:00
	17 Jul 2012
	05:00
	490
	670
	7
	
	794
	3.25



	05 Apr 2014
	10:00
	
	05 Apr 2014
	22:00
	07 Apr 2014
	05:00
	380
	500
	8
	
	1853
	3.09



	12 Sep 2014
	15:53
	
	12 Sep 2014
	22:00
	14 Sep 2014
	02:00
	600
	720
	9.6
	
	626
	0.68



	21 Dec 2014
	19:11
	
	22 Dec 2014
	04:00
	22 Dec 2014
	17:00
	380
	430
	17
	
	1063
	2.74



	06 Nov 2015
	1818
	
	07 Nov 2015
	06:00
	08 Nov 2015
	16:00
	500
	680
	11.6
	
	1550
	3.16



	07 Sep 2017
	2302
	
	08 Sep 2017
	11:00
	10 Sep 2017
	21:00
	590
	800
	9.4
	
	1303
	4.59
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