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A. Chilingarian, Yerevan Physics Institute

New lab for the project

“Put your detector on
Aragats”
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Sunspot Number

ISES Solar Cycle Sunspot Number Progression
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9% Historical Comparison of May 2024 Solar Storms

" WHAT: How did the G5 Geomagnetic Storm Compare to Other Major Events?

4 5

. MAY = OCT | MAR | MAY | SEP
iy 2024 2003 1989 1921 1859
Disturbance
Storm Index | -412 -383 -589 ~ <907 | ~-1200
(nT)
I
Ap-lndex 271 204 246 NA NA Loveland Pass, Colorado, 5/10/24. Credit: Dan McManus, SWPC

Disturbance Storm Index (Dst): An index of magnetic activity
derived from a network of near-equatorial geomagnetic
observatories that measures the intensity in space of the ring
of westward current around Earth (higher negative values
generally correlate with stronger storms)

A -Index: The average from eight daily values gives the
A;)-index of a certain day (every 3-hour K-value - or measure of
geomagnetic activity - is converted into a linear scale). Days
with higher geomagnetic activity have a higher daily A“-value.

| Boulder, Colorado, 5/1

@ National Oceanic and Space Weather Prediction Center

Atmospheric Administration Safeguarding Sociely with Actionable Space Weather Information

22 May, 12:30 p.m. EDT




AR3664 is developing a delta-class
field, so it may start exploding as
well.

5 May 2024

Sunspot AR3663 isn't just active, it's hyperactive.
On May 5th alone it unleashed two X-flares
and eight M-class flares.

i
v &

Geomagnetic storm is possible on June 4th when
a CME is expected to graze Earth's magnetic field.
The CME was hurled into space on June 1st

by a complex X1-M7 double solar flare.

4
O

1 June 2024

g

3697 is former 3664 which unleashed G5 geomagnetic storm
on May10-11. This explosion was remarkable for its duration.
The X-class phase alone lasted more than an hour--plenty of
time to lift a CME out of the sun's atmosphere. Indeed, SOHO
coronagraphs have detected a bright CME emerging from the
blast site. NOAA models suggest it will reach Earth during the
late hours of May 31st (around 2200 UT), delivering a glancing
blow strong enough to spark a G2-class geomagnetic storm.



https://svs.gsfc.nasa.gov/10109
https://spaceweather.com/glossary/flareclasses.html
https://spaceweather.com/images2024/29may24/cme.gif
https://spaceweather.com/glossary/g2.jpg
https://spaceweather.com/images2024/01jun24/doubleflare_crop_opt.gif

THE STRONGEST X-FLARE YET: the first
from a series that accelerates protons!

slant sunspot AR3664 unleashed another X-flare today on west Sunspot AR3664 (a.k.a. AR3697 appears on the from

May 11th @ 0139 UT)--its strongest yet. NASA's Solar Dynamics the east) has decayed, but it is still potent. On May 31

)bservatory captured a bright ultraviolet flash from the category it emitted another X-flare (X1.1), the third this week.

(5.8 explosion: NASA's Solar Dynamics Observatory captured the
extreme ultraviolet flash:






A CARRINGTON-CLASS SUNSPOT: Sunspot AR3664 has
grown so large it now rivals the great Carrington sunspot of
1859. To illustrate their similarity, we've added Carrington's
famous sketch (to scale) to a NASA photo of today's sun.
Sprawling almost 200,000 km from end to end, AR3664 is 15
times wider than Earth. You can see it through ordinary
eclipse glasses with no magnification at all. Moreover, it is
easy to project an image of this sunspot onto the sidewalk or a
white screen, just as Carrington did in the 19th century.
Carrington's sunspot is famous because in August and Sept.
1859, it emitted a series of intense solar flares and CMEs. The
resulting geomagnetic storms set fire to telegraph offices and
sparked auroras from Cuba to Hawaii. The "Carrington Event"
has since become a touchstone of space weather in pop
culture, with recent headlines stoking fears of an "internet
apocalypse" if it repeats.

Indeed, it could repeat. Studies suggest that Carrington-class
storms occur once every 40 to 60 years, so we're overdue.
Don't worry, though. The four CMEs currently en route to
Earth--even combined--are probably no match for the monster
CME of 1859. The Carrington Event won't happen again this
weekend. Nevertheless, keeping an eye on this growing active
region while Earth is in its strike zone would be wise.



https://babel.hathitrust.org/cgi/pt?id=njp.32101081655332&view=1up&seq=357
https://babel.hathitrust.org/cgi/pt?id=njp.32101081655332&view=1up&seq=357
https://spaceweather.com/repeat_images/projection_sunspot.png
https://spaceweatherarchive.com/2020/08/30/a-warning-from-history-the-carrington-event-was-not-unique/
https://www.washingtonpost.com/technology/2023/06/28/solar-storm-internet-apocalypse/
https://www.washingtonpost.com/technology/2023/06/28/solar-storm-internet-apocalypse/
https://spaceweatherarchive.com/2021/04/29/great-aurora-storms/
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X class flares from AR 3664 on 9-15 May 2024

GOES X-Ray Flux (1-minute data) GOES-16 LATEST X-RAY EVENT 1-8A
Current | 15May 2024 16:40:00 GMT | M1.0 | Ratio 0.063
Zoom 6Hour 1Day 3Day 7 Day Beginning | 15 May 2024 14:20:00 GMT | M3.1
10-2 3 Haqano Ca PR — — Maximum | 15 May 2024 14:38:00 GMT | X2.9 | integrated flux: 3.6e-1 J m2
E End 15 May 2024 14:51:00 GMT | X1.4
i Ep> 100 Me
10-3 | ‘
10-4 | : . : .
i M X
T 10-5 o
£ =
w g c®
£ 10-6 .
LY - I
= g &
r L
C g
10-7 |
A
10-8 |
10-9 0
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
May 9 May 10 May 11 May 12 May 13 May 14 May 15 May 16

Universal Time

— GOES-16 Long — GOES-16 Short GOES-18 Long — GOES-18 Short
Updated 2024-05-15 16:42 UTC Space Weather Prediction Center



ConHeyHble CobblTUA

* GLE - conHeuHble 3Bble npoToHbl oT C3M1, nonaaaa B 3eMHyto atmocdepy,
CO34at0T BTOPUYHbIE HEUTPOHbI U MIOOHbI, KOTOPble A0CTUrad NOBEPXHOCTU
3emaun co34at0T UMMYAbCHbIE YCUNEHUA C aMNAUTYAON, 3aBUCALLEN OT
reoMarHUTHOM XKECTKOCTM XKECTKOCTU U BbICOTbI. [TocheaHuin KpynHbi GLE 6bin
obHapyrKeH Ha Aparaue 20 aHBapsa 2005 roga n 11 maa 2024 roaa (HebonbLwom u
HETUNWYHbIN). He 3aBUCUT OT B3aUMOAENCTBUA MArHUTHbIX NOen

* ®Y - npmn B3aMMOoaeNCTBUM 00/1Ka N1a3Mbl C «3aMOPOKEHHBIM» MATHUTHbIM
NoNemM Y reOMAarHUTHOTO NOIA BO3HUKAIOT NOBYLLUKK, NPENATCTBYOWME
NMPOHUKHOBEHUIO B aTMOChEPY raNakTUYECKNX NPOTOHOB C SHEPTMUEN Bbllle
reOMarHMTHOM KeCTKOCTU, N MOTOK BTOPUYHbIX YaCTUL, PErUCTPUPYEMbIX
NOBEPXHOCTHbIMM AeTeKTopam, ymeHbluaeTca Ao 20% (Ha Aparaue). 3aBmucuT
CTeneHn BO3MYLLEHUA reOMarHUTHOro Nond U, cneaosaTtesibHO OT B.

* MarHutocdepHbin adpPpekT (M3I) : toXKHAA KOMNOHEHTA «3aMOPOKEHHOTO»
MArHMTHOro Nons Bz no3BonAeT CONHEYHbIM MPOTOHAM C SHEPTMEN HUXKE
reOMarHUTHOM XECTKOCTU KeCTKOCTU BOUTM B aTMOocdepy 1 co3aaTtb
NONONIHUTENbHbIE BTOPUYHbIE YaCTULbl PETUCTPUPYEMbBIM MOBEPXHOCTHLIMM
NEeTEKTOPaMMU.



Network of Neutron Monitors 50 detectors
from Antarctic to ArctiC e s

10-min avgs, Relative Logarithmic Scale
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SEVAN

Space Environmental Viewing
and Analysis Network

SEVAN

Space Environmental Viewing
and Analysis Network

4 scincillators
with size
50x50%5 cm

4 scincillators
with size
50x50x%5 cm

5 scincillators
with size
50x50x%5 cm

56 cm |

5 scincillators
with size
50x50x%5 cm

Lead with size
100%x100%5 cm
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Rigidity dependence of the amplitude for the 20
January 2005 GLE. Carpet (R>6 GeV) — 28%, AMMM
(R>ZO Ge\/) o 4%) 20.01.2005
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Comparison of the time series of the particle detector
sensitive to the highest energies of solar particles:

CARPET (energy range >6 GeV), Tibet NM (>13 GeV) Credit: N.Kh. Bostanjyan et. al.,
On the production of the highest energy solar protons on 20
and AMMM (>20 GeV) January 2005, Advances in Space Research 39 (2007) 1454—
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The magnetospheric effect observed at
10:20-13:40 on 5/11, 2023

Zoom © Hour 1 Day 3 Day 7 Day

"On Nov/ 5th, the ring current was pumped up by hours of strong
No proton flux 9eomagnetic storming, with energy dissipating into these SAR arcs,” says
- 1o GLE! Jeff Baumgardner of Boston University's Center for Space Physics. "It was
: a global event. Our cameras registered SAR arc activity from Italy to New

________ H——

ot A o AP Mo A AC, Mt B oty AP o A, e A S A i i Oy s et

T N
[T

Estimated Planetary K index (3 hour data)
Begin: Sun, 05 Nov 2023 00:00:00 GMT

Total magnetic field strength peaked at 45 nT at the NOAA DSCOVR satellite at 05/11:51 UT.
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SEVAN network detection of the ME on 5/11, 2023. Upper 5 cm. thick scintillatoror
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Interplanetary Magnetic Field Bz (nT)

The interplanetary magnetic field peaked southward (Bz = 27nT), coinciding with the
reduction of the horizontal component of Earth's magnetic field (Bx =-0.5%). Thus making
ideal conditions of magnetic reconnections and the entrance of solar protons with energies
below cutoff rigidity into the terrestrial atmosphere (see the peak in the count rate of
electron/muon detectors)
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Chilingarian A., Karapetyan T., Sargsyan B., Knapp J., Walter M., Rehm T. (2024) Increas
count rates of ground-based cosmic-ray detectors caused by the heliomagnetic disturban
November 2023, EPL, doi 10.1209/0295-5075/ad329c.



Arbitrary units

Corsika Simulations Primary particle —
Proton with energy 6 GeV at Aragats and sea level

Eo=6GeV, Aragats level
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GOES X-Ray Flux (1-minute data)
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Zoom 6 Hour 1 Day 3 Day
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GOES Proton Flux (5-minute data)

7 Day The abrupt enhancement

of the 100 MeV protons
started =10 minutes later
after the X-ray maximum
at =1:35; the peak of the
proton flux was at 2:45.
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SEVAN 010: five-minute time-series

SEVAN 010, Aragats
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Energy release spectra measured by SEVAN

light detector

10%

10°

CUBE 7, 1-hour counts

10t

10°

105

104

10%

CUBE 7. 1-hour counts

10°

10t

104 :
10%:

107 .

a) FD, May 10 2024, time 23:00 -24:00
*  counts = 11857

+»  BG-FD, Coin.01

W
-k L
* R I T

t“
* =
*
-
* -
*
L * *
w w - - *
*, - ragers LR & 1** r
- *
-
a -
e .
*
10! 10°

Energy release (MeV)

C
:I GLE, May 11 2024, time 2:30-3:30
counts = 6253

+ BG+GLE, Coin.01

W W g
i*tli‘-**‘i*i*"**
-

10l

CUBE 7, 1-hour counts

CUBE 7, 1-hour counts

106 -
] b:l 5 FD, May 10 2024, time 23:00 -24:00
1 counts = 17225
105+ + BG-FD, Coin.11
-y
IDEE *‘*,a*-af***°** .‘*i
1 ) -I-i-'*ii ***
1035 * "-.*
| * T ***'***** *a
*
2] L e
10 i -, W
1 *
10 T —
l'Dl 102
Fnerav release (MelW)
10[: d:l
GLE, May 11 2024, time 2:30-3:30
counts = 6630
10° + BG+GLE, Coin.11
lD_‘ ..l'-lil-“-'. “1
10-{ . L] ..
107 o gt . .
10! _— sy
101 102




[MpnbAnXKaAacb K MakCUMyMy 25-ro LUMKAa CONHEYHOM
aKTUBHOCTU: YTO MOIYT OaTb CeTU AETEeKTOPOB YaCTUL.

* GLE adpdeKTMBHO perncTtpupyetca B NOTOKE MIOOHOB M HEMTPOHOB BocTouyHO EBponencKkon ceTbto
CEBAH

* B3ammopencteme "3aMOpPOKEHHOr0'" MAarHMTHOIO NOAS C FEOMArHUTHLIM NONEM CNOCOOCTBYET
NPOHMKHOBEHMIO YaCTML, COTHEYHOTO BETPa B MarHutocoepy. MoTokn yactuu, pernctpmpyemblie
HAa3eMHbIMW AETEKTOPAMM, YCUAIMBAOTCA 33 CHET YMEHbLLUEHNA rTEOMArHUTHOW XKECTKOCTU OTCEYKHU
(MarHuTocdepHbIn 3CE(|)€KT, M?3). BbiparkeH Ha cpeaHuX WwunpoTax n 6bonblumnx BbicoTax. Bz-
KOMMNOHEHTA OTpULaTe/IbHa.

e OpueHTauuna Bz-komnoHeHTbl MeHee BarkHa Ana Popbyw-ymeHbwenus (PY); npeobnagaet
npeobnagaer BAMAHUE CKaIAPHOro MarHuTHoro nona (B), npnuem Bz-KomnoHeHTa,
HanpaB/AeHHaA Ha ceBep, Tak¥Ke MOXKET BbI3BaTb 3HaUnUTEIbHOE Y.

* [laHHble, nonyyeHHble ¢ nomowbio marHiutometpa WIND v cnektpomeTpos Aragats,
NnoAYEePKUBAOT NPAMYIO CBA3b MEXAY MAarHUTHbIMKU KOHPUrypaumammu ICME n Bapuaymamu
NOTOKOB YacTuL, Ha 3em/ie.

* DHepreTuyeckmne CrneKkTpbl 4ONONHUTENbHbIX YacTUL, BO BpemAa M2 orpaHuyveHbl 10 M3B 13-3a
HMU3KOW SHEPTUM CONHEYHbIX NPOTOHOB, FEHEPUPYIOLLUX BTOPUYHbIE YaCTULbl B 3€MHOWM
atmocdepe. HanpoTuB, aHepreTuyeckne cnexkTpbl 'HegocTatowmx" yactuuy FD moryT npoctupatbes
A0 100 M3B, gemoHCTpuMpys, YTO MarHUTHbIE NI0BYLLKK, 06pa3yowmeca npy B3aMmogencTemm
MArHUTHbIX MONEN, MOTYT OTK/IOHATb U BbICOKOSHEPreTUYeCKNe CONTHEYHbIE MPOTOHBbI.



Ever first Aurora Boreal in Armenia 10/11 May 2024

Christina Khachatryan, Ararat region
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