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We present a comparative study of the properties of coronal mass ejections (CMEs) and flares associated with the solar energetic particle (SEP) events in the rising phases of solar cycles (SC) 23 (1996-1998) (22 events) and 24 (2009-2011) (20 events), which are associated with type II radio bursts. Based on the SEP intensity, we divided the events into three categories, i.e. weak (intensity <1 pfu), minor (1pfu <intensity <10 pfu) and major (intensity ⩾ 10 pfu) events. We used the GOES data for the minor and major SEP events and SOHO/ERNE data for the weak SEP event. We examine the correlation of SEP intensity with flare size and CME properties. We find that most of the major SEP events are associated with halo or partial halo CMEs originating close to the sun center and western-hemisphere. The fraction of halo CMEs in SC 24 is larger than the SC 23. For the minor SEP events one event in SC23 and one event in SC24 have widths < 120o and all other events are associated with halo or partial halo CMEs as in the case of major SEP events. In case of weak SEP events, majority (more than 60%) of events are associated with CME width < 120o. For both the SC the average CMEs speeds are similar. For major SEP events, average CME speeds are higher in comparison to minor and weak events. The SEP event intensity and GOES X-ray flare size are poorly correlated. During the rise phase of solar cycle 23 and 24, we find north-south asymmetry in the SEP event source locations: in cycle 23 most sources are located in the south, whereas during cycle 24 most sources are located in the north. This result is consistent with the asymmetry found with sunspot area and intense flares. Tables

LOW-FREQUENCY TYPE III BURSTS AND SOLAR ENERGETIC PARTICLE EVENTS

E. W. Cliver1 and A. G. Ling2

Astrophysical Journal, 690:598–609, 2009, January; File
We compare the ∼1 MHz type III bursts of flares associated with samples of “impulsive” and “gradual” solar

energetic particle (SEP) events from cycle 23. While large gradual SEP events had much higher > 30 MeV proton

intensities, the median-integrated intensities, peak intensities, and durations of the two groups of radio bursts

were comparable. Thus, the median “proton yield” (peak > 30 MeV proton intensity of an SEP event divided

by its associated integrated ∼1 MHz intensity) of type III bursts associated with gradual SEP events was ∼280

times larger than that for impulsive SEP events. A similar yield difference of ∼250 was observed for 4.4 MeV

electron events. Only for extrapolated electron energies ∼5 keV, corresponding to the energy of the electrons

that excite type III emission, does the median yield converge to the same value for both groups of events. The

time profiles of ∼1 MHz bursts associated with impulsive SEP events are characteristically shorter and simpler

than those associated with the gradual SEP events, reflecting the development of the second stage of radio emission

in large eruptive flares. The gradual SEP events were highly associated (96%) with decametric-hectometric

(DH) type II bursts versus only a 5% association rate for the impulsive events. Large favorably located ∼1 MHz

type III bursts with associated DH type IIs had an ∼60% association rate with large (_ 1 pfu) > 30 MeV SEP

events versus ∼5% for ∼1 MHz bursts without accompanying DH II emission. These results are interpreted in

terms of two distinct types of particle acceleration at the Sun, a flare-resident process that produces relatively few

> 30 MeV protons and ∼4 MeV electrons in space and a shock process that dominates the large gradual proton

events.

Electrons and Protons in Solar Energetic Particle Events 
E. W. Cliver and A. G. Ling 
The Astrophysical Journal, 658:1349-1356, 2007
http://iopscience.iop.org/article/10.1086/511737/pdf 
A plot of 0.5 MeV peak electron intensity versus >10 MeV peak proton intensity for well-connected solar energetic particle (SEP) events from 1997 to 2003 reveals two distinct populations: (1) a group of events with peak proton intensities <3 protons cm-2 s-1 sr-1 that have electron-to-proton (e/p) ratios ranging from ~102 to 2 × 104 and (2) a well-defined branch spanning peak proton intensities from ~3 to 104 protons cm-2 s-1 sr-1 with e/p ratios ranging from ~101 to 2 × 102. Events with strong abundance enhancements of trans-Fe elements form a prominent subset of "population 1" and are absent from "population 2." For a sample of poorly connected SEP events, population 1 largely disappears, and population 2 is observed to extend down to low (<10-1 protons cm-2 s-1 sr-1) proton intensities. Plots of 0.5 MeV peak electron intensity versus >30 MeV peak proton intensity yield comparable results. The SEP events in population 2 are highly (~90%) associated with dekametric/hectometric (DH) type II bursts versus only a ~20% association rate for population 1 events. Population 2 events have flatter electron (0.5-4.4 MeV) and proton spectra (10-30 MeV) than those in population 1. Based on their high e/p ratios, trans-Fe enhancements, poor association with DH type IIs, and inferred small "emission cones," population 1 events are attributed to acceleration in solar flares. For population 2 events, evidence for a dominant shock process includes their flatter spectra, apparent widespread sources, and high association with DH type II bursts.
CORONAL SHOCKS AND SOLAR ENERGETIC PROTON EVENTS
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Astrophysical Journal, 605,:902–910, 2004; File
From1996 July through 2001 June, less than half (43/98) of all favorably located (from solar western hemisphere

sources) metric type II radio bursts were associated with solar energetic proton (SEP) events observed at

Earth. When western hemisphere metric type IIs were accompanied by decametric-hectometric (DH; 1–14 MHz)

type II emission (observed by Wind/WAVES) during this period, their association with _20 MeV SEP events

(with peak fluxes _10_3 protons cm_2 s_1 sr_1 MeV_1) was 90% (26/29), versus only 25% (17/69) for metric IIs

without a DH counterpart. Overall, 82% (63%) of all SEP events with visible disk origins were associated with

metric (DH) type II bursts, with the percentage associations increasing with SEP event size to 88% (96%) for

_20 MeV SEP events with peak intensities of _10_1 protons cm_2 s_1 sr_1 MeV_1. Our results are consistent

with the following possibilities (which are not mutually exclusive): (1) large _20 MeV SEP events result from

strong shocks that are capable of persisting well beyond _3 R_ (the nominal 14 MHz plasma level); (2) shock

acceleration is most efficient above _3 R_; and (3) shocks that survive beyond _3 R_ are more likely to

have broad longitudinal extents, enabling less well connected shocks to intercept open field lines connecting

to Earth

THE "TWIN-CME" SCENARIO AND LARGE SOLAR ENERGETIC PARTICLE EVENTS IN SOLAR CYCLE 23 

Liuguan Ding1,2, Yong Jiang1, Lulu Zhao2, and Gang Li

2013 ApJ 763 30, File
Energetic particles in large solar energetic particle (SEP) events are a major concern for space weather. Recently, Li et al. proposed a "twin-CME" scenario for ground-level events. Here we extend that study to large SEP events in solar cycle 23. Depending on whether preceding coronal mass ejections (CMEs) within 9 hr exist and whether ions >10 MeV nucleon–1 exceed 10 pfu, we categorize fast CMEs with speed >900 km s–1 and width >60° from the western hemisphere source regions into four groups: groups I and II are "twin" and single CMEs that lead to large SEPs; groups III and IV are "twin" and single CMEs that do not lead to large SEPs. The major findings of this paper are: first, large SEP events tend to be "twin-CME" events. Of 59 western large SEP events in solar cycle 23, 43 are "twin-CME" (group I) events and 16 are single-CME (group II) events. Second, not all "twin CMEs" produced large SEPs: 28 twin CMEs did not produce large SEPs (group III events). Some of them produced excesses of particles up to a few MeV nucleon–1. Third, there were 39 single fast CMEs that did not produce SEPs (group IV events). Some of these also showed an excess of particles up to a few MeV nucleon–1. For all four groups of events, we perform statistical analyses on properties such as the angular width, the speed, the existence of accompanying metric type II radio bursts, and the associated flare class for the main CMEs and the preceding CMEs.
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A Hierarchical Relationship between the Fluence Spectra and CME Kinematics in Large Solar Energetic Particle Events: A Radio Perspective

N Gopalswamy, P Mäkelä, S Yashiro, N Thakur, S Akiyama, H Xie
Journal of Physics: Conference Series (JPCS), Proceedings of the 16th Annual International Astrophysics Conference held in Santa Fe, NM, 2017
https://arxiv.org/ftp/arxiv/papers/1707/1707.00209.pdf
http://iopscience.iop.org/article/10.1088/1742-6596/900/1/012009/pdf
We report on further evidence that solar energetic particles are organized by the kinematic properties of coronal mass ejections (CMEs)[1]. In particular, we focus on the starting frequency of type II bursts, which is related to the distance from the Sun where the radio emission starts. We find that the three groups of solar energetic particle (SEP) events known to have distinct values of CME initial acceleration, also have distinct average starting frequencies of the associated type II bursts. SEP events with ground level enhancement (GLE) have the highest starting frequency (107 MHz), while those associated with filament eruption (FE) in quiescent regions have the lowest starting frequency (22 MHz); regular SEP events have intermediate starting frequency (81 MHz). Taking the onset time of type II bursts as the time of shock formation, we determine the shock formation heights measured from the Sun center. We find that the shocks form on average closest to the Sun (1.51 Rs) in GLE events, farthest from the Sun in FE SEP events (5.38 Rs), and at intermediate distances in regular SEP events (1.72 Rs). Finally, we present the results of a case study of a CME with high initial acceleration (~3 km s^-2) and a type II radio burst with high starting frequency (~200 MHz) but associated with a minor SEP event. We find that the relation between the fluence spectral index and CME initial acceleration continues to hold even for this minor SEP event. 2010 June 12, 2011 November 26, 2012 May 17, 

CMEs during the Two Activity Peaks in Cycle 24 and their Space Weather Consequences

N. Gopalswamy, P. Mäkelä, S. Akiyama, S. Yashiro, N. Thakur

Sun and Geosphere,     vol.10, no.2, p.111-118.             2015
http://arxiv.org/pdf/1509.04216v1.pdf    File
We report on a comparison between space weather events that occurred around the two peaks in the sunspot number (SSN) during solar cycle 24. The two SSN peaks occurred in the years 2012 and 2014. Even though SSN was larger during the second peak, we find that there were more space weather events during the first peak. The space weather events we considered are large solar energetic particle (SEP) events and major geomagnetic storms associated with coronal mass ejections (CMEs). We also considered interplanetary type II radio bursts, which are indicative of energetic CMEs driving shocks. When we compared the CME properties between the two SSN peaks, we find that more energetic CMEs occurred during the 2012 peak. In particular, we find that CMEs accompanying IP type II bursts had an average speed of 1543 km/s during the 2012 peak compared to 1201 km/s during the 2014 peak. This result is consistent with the reduction in the average speed of the general population of CMEs during the second peak. All SEP events were associated with the interplanetary type II bursts, which are better than halo CMEs as indicators of space weather. The comparison between the two peaks also revealed the discordant behavior CME rate and SSN is more pronounced during the second peak. None of the 14 disk-center halo CMEs was associated with a major storm in 2014. The lone major storm in 2014 was due to the intensification of the (southward) magnetic field in the associated magnetic cloud by a shock that caught up and propagated into the magnetic cloud. 23-24 Apr 2012; 18-19 Feb 2014
Table 2. List of DH-km type II bursts in 2012, the associated CMEs and SEP events
Table 3. List of DH-km type II bursts in 2014, the associated CMEs and SEP events
Properties of Ground level enhancement events and the associated solar eruptions during solar cycle 23. 

N. Gopalswamy, H. Xie, S. Yashiro, S. Akiyama, P. Mäkelä, I.G. Usoskin,
E-print, May 2012, File;  Space Sci. Rev., 2012
Solar cycle 23 witnessed the most complete set of observations of coronal mass ejections (CMEs) associated with the Ground Level Enhancement (GLE) events. We present an overview of the observed properties of the GLEs and those of the two associated phenomena, viz., flares and CMEs, both being potential sources of particle acceleration. Although we do not find a striking correlation between the GLE intensity and the parameters of flares and CMEs, the solar eruptions are very intense involving X-class flares and extreme CME speeds (average ~2000 km/s). An M7.1 flare and a 1200 km/s CME are the weakest events in the list of 16 GLE events. Most (80%) of the CMEs are full halos with the three non-halos having widths in the range 167 to 212 degrees. The active regions in which the GLE events originate are generally large: 1290 msh (median 1010 msh) compared to 934 msh (median: 790 msh) for SEP-producing active regions. For accurate estimation of the CME height at the time of metric type II onset and GLE particle release, we estimated the initial acceleration of the CMEs using flare and CME observations. The initial acceleration of GLE-associated CMEs is much larger (by a factor of 2) than that of ordinary CMEs (2.3 km/s2 vs.1 km/s2). We confirmed the initial acceleration for two events for which CME measurements are available in the inner corona. The GLE particle release is delayed with respect to the onset of all electromagnetic signatures of the eruptions: type II bursts, low frequency type III bursts, soft X-ray flares and CMEs. The presence of metric type II radio bursts some 17 min (median: 16 min; range: 3 to 48 min) before the GLE onset indicates shock formation well before the particle release. The release of GLE particles occurs when the CMEs reach an average height of ~3.09 Rs (median: 3.18 Rs; range: 1.71 to 4.01 Rs) for well-connected events (source longitude in the range W20 ? W90). For poorly connected events, the average CME height at GLE particle release is ~66% larger (mean: 5.18 Rs; median: 4.61 Rs; range: 2.75 ? 8.49 Rs). The longitudinal dependence is consistent with shock accelerations because the shocks from poorly connected events need to expand more to cross the field lines connecting to an Earth observer. On the other hand, the CME height at metric type II burst onset has no longitudinal dependence because electromagnetic signals do not require magnetic connectivity to the observer. For several events, the GLE particle release is very close to the time of first appearance of the CME in the coronagraphic field of view, so we independently confirmed the CME height at particle release. The CME height at metric type II burst onset is in the narrow range 1.29 to 1.8 Rs, with mean and median values of 1.53 and 1.47 Rs. The CME heights at metric type II burst onset and GLE particle release correspond to the minimum and maximum in the Alfvén speed profile. The increase in CME speed between these two heights suggests an increase in Alfvénic Mach number from 2 to 3. The CME heights at GLE particle release are in good agreement with those obtained from the velocity dispersion analysis (Reames, 2009a,b) including the source longitude dependence. We also discuss the implications of the delay of GLE particle release with respect to complex type III bursts by ~18 min (median: 16 in; range: 2 to 44 min) for the flare acceleration mechanism. A similar analysis is also performed on the delay of particle release relative to the hard X-ray emission.  6 Nov 1997 , 1998 August 24, 02-Nov-03, 17-Jan-05,  14-Jul-05
Type II Radio Emission and Solar Energetic Particle Events 
Nat Gopalswamy 
PARTICLE ACCELERATION AND TRANSPORT IN THE HELIOSPHERE AND BEYOND: 7th Annual International Astrophysics Conference. AIP Conference Proceedings, Volume 1039, pp. 196-202 (2008); File
Type II radio bursts, solar energetic particle (SEP) events, and interplanetary (IP) shocks all have a common cause, viz., fast and wide (speed > 900 km/s and width > 60 deg) coronal mass ejections (CMEs). Deviations from this general picture are observed as (i) lack of type II bursts during many fast and wide CMEs and IP shocks, (ii) slow CMEs associated with type II bursts and SEP events, and (iii) lack of SEP events during many type II bursts. I examine the reasons for these deviations. I also show that ground level enhancement (GLE) events areconsistent with shock acceleration because a type II burst is present in every event well beforethe release of GLE particles and SEPs at the Sun. 

Coronal Mass Ejections, Type II Radio Bursts, and Solar Energetic Particle Events in the SOHO Era 

N. Gopalswamy1, S. Yashiro2, S. Akiyama2, P. Makela2, H. Xie2, M. L. Kaiser1, R. A. Howard3 and J. L. Bougeret4 

E-print, Feb 2008, File; Annales Geophysicae 26, 3033–3047, 2008. 10.5194/angeo-26-3033-2008.
Using the extensive and uniform data on coronal mass ejections (CMEs), solar energetic particle (SEP) events, and type II radio bursts during the SOHO era, we discuss how the CME properties such as speed, width and solar-source longitude decide whether CMEs are associated with type II radio bursts and SEP events. We discuss why some radio-quiet CMEs are associated with small SEP events while some radio-loud CMEs are not associated with SEP events. We conclude that either some fast and wide CMEs do not drive shocks or they drive weak shocks that do not produce significant levels of particle acceleration. We also infer that the Alfv?n speed in the corona and near-Sun interplanetary medium ranges from <200 km/s to ~1600 km/s. Radio-quiet fast and wide CMEs are also poor SEP producers and the association rate of type II bursts and SEP events steadily increases with CME speed and width (i.e., energy). If we consider western hemispheric CMEs, the SEP association rate increases linearly from ~30% for 800 km/s CMEs to 100% for ≥1800 km/s. Essentially all type II bursts in the decametre-hectometric (DH) wavelength range are associated with SEP events once the source location on the Sun is taken into account. This is a significant result for space weather applications, because if a CME originating from the western hemisphere is accompanied by a DH type II burst, there is a high probability that it will produce an SEP event. 

Energetic particles related with coronal and interplanetary shocks

N. Gopalswamy  

E-print, Nov. 2007. Lecture Notes in Physics 725, Eds. K.-L. Klein and A. McKinnon, p. 139-160, 2007; File
[image: image1.png]Acceleration of electrons and ions at the Sun is discussed in the framework
of CME-driven shocks. Based on the properties of coronal mass ejections
associated with type II bursts at various wavelengths, the possibility of a
unified approach to the type IT phenomena is suggested. Two aspects of pri
mary importance to shock accelerations are: (1) Energy of the driving CME
and (2) the conditions in the medium that supports shock propagation. The
high degree of overlap between CMEs associated with large solar energetic
particle events and type II bursts occurring at all wavelengths underscores
the importance of CME energy in driving shocks far into the interplanetary
medium. Presence of preceding CMEs can alter the conditions in the ambi
ent medium, which is shown to influence the intensity of large solar energetic
particle events. Both statistical evidence and case studies are presented that
underscore the importance of the ambient medium.





Particle Events

K.-L. Klein · G. Trottet · S. Samwel · O. Malandraki

Solar Phys (2011) 269: 309–333; File
Solar energetic particles (SEPs) detected in space are statistically associated with flares and coronal mass ejections (CMEs). But it is not clear how these processes actually contribute to the acceleration and transport of the particles. The present work addresses the question why flares accompanied by intense soft X-ray bursts may not produce SEPs detected by observations with the GOES spacecraft. We consider all X-class X-ray bursts between 1996 and 2006 from the western solar hemisphere. 21 out of 69 have no signature in GOES proton intensities above 10 MeV, despite being significant accelerators of electrons, as shown by their radio emission at cm wavelengths. The majority (11/20) has no type III radio bursts from electron beams escaping towards interplanetary space during the impulsive flare phase. Together with other radio properties, this indicates that the electrons accelerated during the impulsive flare phase remain confined in the low corona. This occurs in flares with and without a CME. Although GOES saw no protons above 10 MeV at geosynchronous orbit, energetic particles were detected in some (4/11) confined events at Lagrangian point L1 aboard ACE or SoHO. These events have, besides the confined microwave emission, dm-m wave type II and type IV bursts indicating an independent accelerator in the corona. Three of them are accompanied by CMEs. We conclude that the principal reason why major solar flares in the western hemisphere are not associated with SEPs is the confinement of particles accelerated in the impulsive phase. A coronal shock wave or the restructuring of the magnetically stressed corona, indicated by the type II and IV bursts, can explain the detection of SEPs when flare-accelerated particles do not reach open magnetic field lines. But the mere presence of these radio signatures, especially of a metric type II burst, is not a sufficient condition for a major SEP event.
Tables.

Energetic Particle Acceleration and Propagation in Strong CME-Less Flares

K.-L. Klein · G. Trottet · A. Klassen

Solar Phys (2010) 263: 185–208, DOI 10.1007/s11207-010-9540-5; File
Flares and coronal mass ejections (CMEs) contribute to the acceleration and propagation

of solar energetic particles (SEP) detected in the interplanetary space, but the exact

roles of these phenomena are yet to be understood. We examine two types of energetic particle

tracers related with 15 CME-less flares that emit bright soft X-ray bursts (GOES X

class): radio emission of flare-accelerated electrons and in situ measurements of energetic

electrons and protons near 1 AU. The CME-less flares are found to be vigorous accelerators

of microwave-emitting electrons, which remain confined in low coronal structures. This is

shown by unusually steep low-frequency microwave spectra and by lack of radio emission

from the middle and high corona, including dm –m wave type IV continua and metre-tohectometre

type III bursts. The confinement of the particles accelerated in CME-less flares

agrees with the magnetic field configuration of these events inferred by others. Two events

produced isolated metric type II bursts revealing coronal shock waves. None of the seven

flares in the western hemisphere was followed by enhanced particle fluxes in the GOES

detectors, but one, which was accompanied by a type II burst, caused a weak SEP event

detected at SoHO and ACE. Three of the CME-less flares were followed within some hours

by SEP-associated flares from the same active region. These SEP-producing events were

clearly distinct from the CME-less ones by their association with fast and broad CMEs,

dm –m wave radio emission, and intense DH type III bursts. We conclude that radio emission

at decimetre and longer waves is a reliable indication that flare-accelerated particles

have access to the high corona and interplanetary space. The absence of such emission can

be used as a signal that no SEP event is to be expected despite the occurrence of a strong

soft X-ray burst.

STRENGTH OF CORONAL MASS EJECTION-DRIVEN SHOCKS NEAR THE SUN

AND THEIR IMPORTANCE IN PREDICTING SOLAR ENERGETIC PARTICLE EVENTS

Chenglong Shen, Yuming Wang, Pinzhong Ye, X. P. Zhao, Bin Gui, and S. Wang

The Astrophysical Journal, 670:849–856, 2007 November 20
Coronal shocks are important structures, but there are no direct observations of them in solar and space physics. The

strength of shocks plays a key role in shock-related phenomena, such as radio bursts and solar energetic particle (SEP) generation. This paper presents an improved method of calculating Alfve´n speed and shock strength near the Sun. This method is based on using as many observations as possible, rather than one-dimensional global models. Two events, a relatively slow CME on 2001 September 15 and a very fast CME on 2000 June 15, are selected to illustrate the calculation process. The calculation results suggest that the slow CME drove a strong shock, with Mach number of 3.43–4.18, while the fast CME drove a relatively weak shock, with Mach number of 1.90–3.21. This is consistent with the radio observations, which find a stronger and longer decameter-hectometric (DH) type II radio burst during the first event, and a short DH type II radio burst during the second event. In particular, the calculation results explain the observational fact that the slow CME produced a major solar energetic particle (SEP) event, while the fast CME did not. Through a comparison of the two events, the importance of shock strength in predicting SEP events is addressed.

Statistical characteristics of solar energetic proton events from January 1997 to June 2005, 

Wang, R. 

(2006), Astroparticles Phys., 26, 202–208.

We have made a statistical study of 163 solar proton events (SPEs) associated with X-ray flares, coronal mass ejections (CMEs) and radio type II bursts during January 1997–June 2005. These SPEs were categorized by the peak fluxes of >10 MeV solar protons into three groups. There are 37 large SPEs with fluxes of more than 100 protons cm−2 s−1 sr−1, 34 moderate SPEs with flux ranges of 10–100 protons cm−2 s−1 sr−1 and 92 minor SPEs with flux ranges of 1–10 protons cm−2 s−1 sr−1. To understand the determinant of solar proton events, we have examined the association of these SPEs with X-ray flares, CMEs and radio type II emissions from metric to decametric-hectometric (DH) wave ranges. The primary results from this study are: (1) most SPEs (112/163) corresponded to the solar flares favorably located at solar western hemisphere and the center of the activity source region tended to shifted to the west with increasing of the solar proton fluxes; (2) there seems a longitudinal cutoff for each group of SPEs, which also moves toward west with increasing of the solar proton flux; (3) each SPE observed at Earth was associated with a fast (average speed 1228 km s−1) and wide (average angle width of 266°) CME; (4) the percentage of these SPEs associated with metric (DH) type II burst increased from 54% (42%) to 81% (100%). Overall, The most intensive SPEs are more likely to be produced by major flares located near central meridian of the Sun and shock waves driven by very fast halo CMEs (v  1600 km s−1). This suggested that CME-driven shock acceleration is a necessary condition for large SPEs production.

Type II and Type III Radio Bursts and their Correlation with Solar Energetic Proton Events

L.M. Winter, K. Ledbetter

ApJ   809 105      2015
http://arxiv.org/pdf/1507.01620v1.pdf
Using the Wind/WAVES radio observations from 2010-2013, we present an analysis of the 123 decametric-hectometric (DH) type II solar radio bursts during this period, the associated type III burst properties, and their correlation with solar energetic proton (SEP) properties determined from analysis of the Geostationary Operational Environmental Satellite (GOES) observations. We present a useful catalog of the type II burst, type III burst, Langmuir wave, and proton flux properties for these 123 events, which we employ to develop a statistical relationship between the radio properties and peak proton flux that can be used to forecast SEP events. We find that all SEP events with a peak > 10 MeV flux above 15 pfu are associated with a type II burst and virtually all SEP events, 92%, are also associated with a type III radio burst. Based on a principal component analysis, the radio burst properties that are most highly correlated with the occurrence of gradual SEP events and account for the most variance in the radio properties are the type III burst intensity and duration. Further, a logistic regression analysis with the radio-derived principal component (dominated by the type III and type II radio burst intensity and type III duration) obtains SEP predictions approaching the human forecaster rates, with a false alarm rate of 22%, a probability of detection of 62%, and with 85% of the classifications correct. Therefore, type III radio bursts that occur along with a DH type II burst are shown to be an important diagnostic that can be used to forecast SEP events. 15 Feb 2011, 21 March 2011, 4-5 Aug 2011, 22 Sept 2011, 22 Oct 2011, 24 Jan 2012, 7-8 March 2012,  10 March 2012, 6 June 2012, 9 June 2012, 2 July 2012, 11 Apr 2013, 22-23 May 2013

The Wind/WAVES type II and Type IV solar radio burst list is found here: 

http://www-lep.gsfc.nasa.gov/ waves/data_products.html.
