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Cycle 24 is the weakest cycle in the Space Age. The average sunspot . ggN Storms (Jan/1996 - Deci2014) 1, ; o | | Note the narrow range
number (SSN)_dropped by 40% relative to SC 23 (76 to 46). However, 8- 76 | 12/54 = 0.22 SSN: 5 2 i of the product of ICME
the fast and wide CME rate dropped by only 25% (3.6/mo to 2.7/mo), : | ..Jv\[\ 26 | B 2 1 speed (V) and
while the number of major storms (Dst <-100 nT) dropped by 78% (54 £ st | b l\ {1004 ra— ;*Bz-'fm;km-inﬁ .= southward component
to 12). Clearly, the drop in neither SSN nor CME rate is consistent with & 2 Sthrme f M ] £  Deczons-anz014]  Of B (BZ). Since
the decrease in major storms. Decrease in geoeffectiveness was s« 4f | j % a 35 %Avg 0.8 { Dst=-0.01VBz-32 nT
explained by magnetic dilution of the magnetic content of CMES 32 storms {50 O & 2f 1 (Gopalswamy 2010),
(Gopalswamy et al. 2014). This result was based on only a dozen major y B 2L { small VBz leads to
storms. In order to obtain a statistically significant result, we consider all 1 | | j 01 weak storms.
the magnetiC CIOUdS (MCS) Of CyC|e 23 and 24 over Corresponding Jan 1997Jan 2000Jan 2003Jan 2006..llan 20[;9J.:an 2012Jan 20150 ° ) V*Bz-im“ km—f’i nT] ) °
epochs. SC 23 SC 24
DATA SELECTION & ANALYSIS ol Magnete Clouds Jaoo
* \We considered the corresponding epochs in cycles 24 (2008 Dec 1 to 2014 Dec 31) and 23 | Frontside Halos |
(1996 May 10 to 2002 June 9). The 73 months covers roughly the rise and maximum ] - :
phases. :
. . . SSN 76 . :
e 65 MCs In SC 24 vs. 68 in SC 23. For comparison, there were +0 - =
e 267 frontside halos in SC 24 vs. 264 in SC 23 — 68 (0.89/S5N) 65 (1.41/55N)  0.96 (1.58) :
« MC and Halo CME abundances relative to SSN were higher in cycle 24  #Front Halos 264 (0.048/SSN) 267 (0.080/SSN) 1.01(1.67)
« Measure MC and sheath properties, derive parameters such as VBz and

expansion rate in cycles 23 and 24

» Identify the Dst values corresponding to MCs Parant’ Cycle 23 (m=65) Cycle 24 (=65) S vV =V -V
* Identify CMEs at the Sun and compare their properties Mean | Conf Tt | Med ) Mean | Conf Tt ) Med F‘"’""’ _ - / VTE
. Questions: B, 1654 | 1487101820 |14.55 | 1233 | 1123101343 | 1220 |0.75 | 0.3995 | 0.000 exp LE C
More non-spot CMEs? B. 1090 | -1243t0 937 |-1035 |-7.80 | 893t0-667 |-7.50 |0.72 | 0.2710 | 0.012 =2VLE/(VLE+ VTE)
CME expansion makes more CMESs appear as halos? B. 1333 | 1193101472 [1175 [1023 |924tw01121 [9.70 [0.77 | 02572 | 0.020 At = tre - G
Smaller CMEs from the disk center arrive at Earth? 7 [49 [ 499903078 4y 40T 3849104197 1399 1085102833 1 0.007 = Vol /AtVZ,
VB. | 5119 | 6098 to 4139 | 4362 | -3078 | -3558t0 -2599 | -2904 | 0.60 | 0.3373 | 0.001

COMPARISON OF MC PROPERTIES JVB. | -2910 [-34291t0-2392 [-2450 [-1853 [-2172t0-1535 [-1595 [0.64 [ 0.2969 [ 0.013 No significant change N
Table (right) compares many MC properties between Cycles 24 and 23. Pep | 510 |3378t06822 |4250 [2528 [1462103593 [2500 |0.50 [ 0.2425 [ 0.033 Fexpf At, and Np

- Some quantities Ch&ﬂgEd; others were invariant Fep | 1053 | 1038101068 |1050 | 1032 |1020t01.045 | 1030 | 0.980.1769 | 0.225
e NO significant Changes n expansion factor, MC duration. and MC plasma 0621 |0519t00722 |0625 |0640 |0545t00736 |0610 | 1.03 | 0.1157 | 0.867 What Changed (decre.ased):
density P; 1558 | 1239101877 | 1218 [92.17 | 7758101068 | 79.70 | 0.59 | 0.4283 [ 0.000 Bt/ Bz,\/, VBZ, Vexp/ Pt/ Size, Dst
. I\/Iagnetic content, speed, expansion Speed, total oressures declined N, 7549 | 6.540t08.557 |7.100 | 6897 |5970t07.824 | 5.800 | 0.91 | 0.1441 | 0.464
Significantly in SC 24 Size |0224 [0.202t00.246 [0.230 [0.174 |[0.151t00.197 |0.170 | 0.78 [ 0.2704 | 0.012 LE, TE — MC Leading and trailing edges
. The mean DSt in SC 24 Wwas _33 nT Compared tO -66 in SC 23 9 50% At 2199 [ 1956102442 |2145 [19.19 |16.681021.70 18.00 | 0.87 | 0.1762 | 0.229 |_ _ Heliocentric distance
drop D.. 65.54 | -7829t0 -52.79 | -56.00 | -33.37 | 4227 to -24.47 | -22.00 | 0.51 | 0.3318 | 0.001 Pt_ gas + magnetic pressure

. ; - - *Units of the parameters: B;. B-in nT: MC speed V. and expansion speed Ve in km s VB- in _
- Confirms the weak geoeffectiveness of MCs in SC 24 and that the drop is SLeSss i B V. — central MC speed (V g+Vg)/2
primarily due to decrease in VBz

» Dst decrease is slightly more than the VBz decrease. Additional factors I ; R E — Expansion Speed Size T
determine Dst? EE o ey e 1 *[asczs 56 MCs ] ~f(c) SC23 56 MCs (c) SC23 68 MCs (a) SC23 56 MCs ]
L : _ : : Emé_q,o-—o—o: S ga 02a. % 1 20 Med 414 km/s { 20F [Med 58 km/s { 20} u:'leﬂ 023AU { % [Med 0.62 "
* Annual Variation of V, Bz, VBz, and Dst are quite similar, further reinforcing .=~ =< " % | \avo s kmis { .t Wavg 68 kmis st pWAIORAY e Vawes
the close connection between Dst and VBz. T a | 39 | 1 ol { of
« Smaller size in SC24 due to smaller MC speed: size ~ V/2At; At ~ const) & E-tgesay® oy 70, of 9 1 9 % B | :
: : : : : £ e E I ol A e a Y | || T gy ol ARRNEEE... .. I | o
Invariant dimensionless expansion rate (Gulisano et al. 2010): B s A e e I X T i B R M T e
: | ; entral Speed [km/s] Expansion Speed [km/s] ize [AU] C
(:VGXDL/ Ath E 15_ 51 ,"Q“ _ *f(b) scza a7MCs | “[(d)scza 47 MCs | 20f(d) SC24 65 MCs “f (b) SC24 46 MCs |
Alg = AVexp/Vexp -2dV/ Ve T EI. B BN docind By T wlinio R B B ratoiir il I S e
This is approximately satisfied: d¢/¢ ~0 I I I L R I | " [ o :
AVeyp/Vexp - 2dV V= - 0.07 Sk , I l14% { 135% { 122% |° 4 ‘ 3% |
At L:1 AU; At = COnStant, SO C — VEXp/VZC~ APt/VZC' he decrease In tOtal | 5:?«,# “‘vi . Q_Q\vjﬁéb‘?#¢:*‘$h°_§ ﬂu"é[;(;-:-u;t;l-l-ilillll:-‘.l.;ﬂl;ll;l‘1‘[]lﬂ-l:]‘1.ijﬂﬂ U:J- T100 200 300 ‘4(:0 nn.n.- “02 04 06 DI:] Pz ':
pressure is balanced by the decrease in MC speec . . T - cential Speed kmis]____Expansion Speed [k Sze (A0 "
* CME size in SC 24 is larger near the Sun, but MC size is smaller at 1 AU CMEs AT THE SUN
e S=S (L/L)% S_ is the initial FR size R at L (where FR - ambient pressure » Best possible CME candidate selected based by looking at coronagraph images 1-5 days earlier
0 .. 0l ! Oh . (0] p _ ) . p g y
balance is reached Gulisano et al. 2010) « STEREO images used in SC 24: Some CMESs not observed in LASCO
* 5,4/553 = (S524/S023)(Loz3/Lo2a) » Speed, width, and solar sources examined. Preliminary results below:
* Sooi/Sy03= W, /W, =1.38 (CMEs wider in SC 23; Gopalswamy et al. 2014) N ——— S ——— Sycto 20824 MG Souces N
. (@) Med.= m/s Cycle 237 " (b) Cycle 24 T —
* S,,/S,; = 0.78 (Observations at 1 AU, Gopalswamy et al. 2015) | M\Ld 169 km wes0)] | [ [ o '(ned5) 75
8t - 8 ed.= m/s - ” \
* {=0.64 : R | TR AN
: 9 L02.3/L024 = 041 % D 5%’)16 ; \‘\‘\
* L ,;=5Rs g ‘ ?:‘h W
. . . (J
« > L_,,=12.2 Rs. Pressure balance is reached at a larger distance in SC 24 - Qe |
. . . . . ‘ X P ’-\'. %WWI
* Flux rope size and CME width are defined differently. Measure main body? QA\ELHEEH ~ O __,/
I | S ;‘»”I/'
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e Intense storms tend to occur during the maximum phase of solar cycles 30— peea ] e — peoc el _
» The weaker geoeffectiveness can be directly attributed to the drop in VBz o Hioloe9) e ) -
Bz reduction due to enhanced expansion in cycle 24 ; | ¢ The speeds are similar
 Dilution of magnetic content occurs near the Sun 20} 20} :  The halo fraction in cycle 24 is
 The pressure b_alance happen_s at a Iarg_er distance from th_e Sun in cycle 24 (12 Rs E | 3 1 smaller - Narrower CMEs in SC 24
\1/_?].5 Rs). Expt)lalns \t/he I(3:onlf)ra(i|/cl:3toryll3 rel?glotnshlpdl:)_etvvﬂeerll_ sll(zeds tat ;LhAU &l at the Sun 5 | o : N able to reach 1 AU?
e parameters (V,, B, Py VB, ,) that are directly linked to the solar sources t0} | 10} | S The calEl SEaUTEES A STl
show clear solar cycle variation | t slightly | . ¢
» Smaller MC speed and expansion speed in SC24, consistent with smaller AP, | J:“]DDEE ‘ ‘ ABE L S lelig = o ©
« CME speeds at the Sun are similar in the two cycles; but smaller halo fraction ol ol mid-latitude CMEs reaching 1 AU
- - - - . 0 60 120 180 240 300 360 0 60 120 180 240 300 360 .
» Solar source distributions are similar CME Width [deg] CME Width [deg] (due to equatorward deflection)

 Need to see If the pressure balance distance changes if the initial flux rope sizes
are different Work Supported by NASA LWS/TR&T and NSF/SHINE
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