Catalog of large-scale solar wind
phenomena: Current status

Yu.l. Yermolaev, I. G. Lodkina, N. S. Nikolaeva,
and M. Yu. Yermolaev

Space Research Institute (IK] - I/I?I/I), RAS, Moscow, Russia

Several results have been published and may be found in
http://www.iki.rssi.ru/people/yyermol_inf.htmi
yermol@iki.rssi.ru

First VarSITI General Symposium
June 6-10, 2016, Albena, Bulgaria



Abstract

On the basis of OMNI database of 1-h solar wind (SW) plasma and IMF parameters we
have made the "Catalog of large-scale solar wind phenomena during 1976—2000" (see
website ftp://ftp.iki.rssi.ru/pub/omni/ and paper [Yermolaev et al., 2009]) which
identifies reliably 3 types of quasi-stationary streams of the solar wind (heliospheric
current sheet (HCS), high speed streams from the coronal holes (HSS), and slow
streams from the coronal streamers), and 5 disturbed types (compression regions
before fast streams HSS (CIR), and interplanetary manifestations of coronal mass
ejections (ICME) that can include magnetic clouds (MC) and Ejecta with the
compression region Sheath (SHEMC and SHEEj) preceding them) as well as the
interplanetary shock (IS). Now we continue filling of our catalog since 2001. In the
report we will described the procedures of SW type identification, data processing and
visualization, and web site using. The work is supported by the VarSITI grant.

Reference:

Yermolaey, Yu. I, N. S. Nikolaeva, I. G. Lodkina, and M. Yu. Yermolaev (2009), Catalog of
Large-Scale Solar Wind Phenomena during 1976-2000, Cosmic Research, Vol. 47, No. 2,
pp. 81-94.



Motivation

* Heliospheric physics: study of physical
orocesses in the interplanetary space and
poundaries of heliosphere

* Solar physics: large-scale structure of solar
wind contains information of its formation
areas in the solar corona

 Magnetospheric physics: study of
magnetosphere reaction on the solar wind
variations




Main aim
Classification of solar wind types according to
modern representations

Formation method of identification of SW
types

ldentification of each 1-hour point of solar
wind measurements for all space era

Cataloguing of identification results
(visualization, INTERNET access etc.)



Data and methods

Data of OMNI and OMNI2 datasets (http://omniweb.gsfc.nasa.gov
[King and Papitashvili, 2004])

+ calculated parameters:

the solar wind bulk velocity V and its latitude theta and longitude ¢ angles,
the ion density N,

the proton temperature Tp,

the magnitude and 3 components of IMF (B; Bx; By and Bz),

the proton thermal pressure Pt = NkTp,

the proton dynamic pressure Pd ~ NV ?,

the proton plasma beta-parameters (ratio of proton thermal and magnetic field
pressures),

the ratio of measured temperature and temperature estimated on the basis of
average velocity-temperature relation T/Texp [Lopez, 1987],

the y-component of SW electric field Ey = Vx Bz,

the sound and Alfven velocities Vs and Va,

the sound and Alfven Mach numbers Ms=Vs/V and Ma=Va/V,
the magnetospheric AE; Kp,; Dst and D*st indices

and others



Set of criteria

Yermolaev et al, Catalog of Large-Scale Solar Wind Phenomena during 1976-2000,
Cosmic Research, 2009, Vol. 47, No. 2, pp. 81-94

Table 1. The set of criteria used for identification of various types of solar wind streams

1 [HCS 5 >7 500 =>0.7 * *
05 0.5 0.5 2.5 25
2 |SLOW 3 >3 <450 <1
0.5 2.0 0.5
3 |FAST 3 | <20 =450 <]
05 2.0 0.5
4 |CIR 5 >3 >5 >1 >0.007] =>1
0.5 0.5 3.0 0.5 0.3
5 |EIECTA| 4 | <10 <05 | <0.01| <05
0.5 4.0 1.0 1.0
6 | MC 5 | <10 =10 <05 | «0.01| <05
0.5 3.0 3.0 1.0 1.0
7 |RARE 4 <1 |[«500 <1 <0.01
25 0.5 0.5 0.5
8 IS 4 >50 >2 >2 *Eq
1.0 1.0 1.0 1.0
0 |ISA 4 <50 <2 <2 *Eh
1.0 1.0 1.0 1.0

Note: 1. HCS and IS (ISA) are boundaries rather than extended regions, therefore, for HCS * one should check reversals of By and By
components of the IMF relative to their preceding values, and for IS ** a and ISA ** b the increments of temperature AT > O and
AT < 0, respectively, should be checked.
2. For SHEATH the same criteria as for CIR were used.
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Data for 1976-2000

Table 2. Statistics of visually selected events (number of mtervals) over the entire period 19762000

Type of event Total number Mmu;;? ;1 a"ll_mbﬁr Maxmum number | Average number | Standard deviation
HCS 1444 17 18 ¥1.96 4612
CIR 384 21 55 5.4 9,04
SHEATH 740 10 51 28,6 139
EIECTA 1567 36 123 £2.68 2345
MC 136 0 15 5.44 419
RARE 13 i 8 072 1.8
15 319 2 43 128 102
54 14 i 3 0.56 1.3

Table 3. Awverage values and standard deviations of parameters n various types of the solar wind during the 1976-2000 period

HCE SLOW FAST CIR EIECTA MC SHEATH | RARE
Duration, b 4,67 £6.05 06+£122 (298 2205|282 2134157101 (201 £143
Number of events 1443 T8 1127 101 642 9
N,em™ 121466 | 108271 | 66£51 [ 141£89 | T8£33 | 101£30|143+£106| 1.7£14
6208 242089 44543 12647 27259 2225 8596 1349
¥, 10%km/s 33+06 | 3704 | 54£08 | 45208 | 4109 | 41£11 | 45£11 | 5114
6214 24805 44795 12665 27310 2233 8615 144
B.nT 39422 | 39228 | 64£35 | 87241 | 64£28 | 12£52 | 8545 | 67212
6322 gr714 8179 10483 23837 237 1286 114
/A D808 | 1014 | 1L0£0T | 17220 | 07£13 | 0T£15 [ 1.5£12 | 1.1£08
3850 75001 40026 11149 25775 018 1831 124
T 100K 41+41 | 4444 (131 £11E[1384133 | 424253 | 45266 [12.8+£176(11.1 £107
3850 73801 40026 11149 25275 2016 7831 124
NET, 1072nPa D8£13 | 06213 | 13£23 | 22228 | 04£12 | OT£20 | 224236 | 03£05
38350 75001 40026 11149 25275 2016 7831 124
B, 107 B3£02 | 32200 | 41£01 | 65201 | 31£00 | 16£01 | 635£01 | 23£05
S58T8 9869 32244 Be2e 20518 1725 8465 100
BanT -001+23| 0.08£3.1 | 005434 | 02444 | 003£33 | 0877 | 010+4.9 | 0.80+£28
6322 gr718 36179 104093 23837 2237 7286 116
DnT -85 +15.0-10T£182| 287 £250(-18.0£27.2|- 211 £254|-52.1£45.8) 21.5 £33 |-2T.0+22.0
5415 ENENY 45017 13120 20046 am B536 147
MmNV, nPa 2914 | 24+16 | 32228 | 44428 | 21217 | 33232 | 4947 | 03208
6208 24299 44543 12647 27259 2235 8596 139
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Conclusions

e Catalog for 1976-2000 has been made during
2002-2007 (Yermolaev et al., 2009).

* More 20 publications with the Catalog.
e Catalog for 2001-2015 is in process

* Current status ftp://ftp.iki.rssi.ru/pub/omni

Calculation of parameters 1976-2015
Visualization of parameters 1976-2015
Identification of SW types 1976-2003

Visualization of SW identification 1976-2002


ftp://ftp.iki.rssi.ru/pub/omni

Thank you



