S. N. VERNOV AND STUDY OF COSMIC
RAYS IN THE ATMOSPHERE

Y. Stozhkov and G. Bazilevskaya

Lebedev Physical Institute, Russian Academy of
Sciences, Moscow, Russia

22 ECRS, Turku, Finland, 3 — 6 August 2010



Outline

1. Introduction

2. S.N. Vernov and cosmic ray investigations in the
atmosphere before 1957

3. Monitoring of cosmic ray fluxes in the atmosphere. Main
results

4. Cosmic rays, atmospheric electricity, and the Earth’s
climate

5. Perspectives of regular observations of cosmic rays in the
atmosphere

6. Conclusion



Outline

. Introduction

. S.N. Vernov and cosmic ray investigations in the
atmosphere before 1957

. Monitoring of cosmic ray fluxes in the atmosphere. Main
results

. Cosmic rays, atmospheric electricity, and the Earth’s
climate

. Perspectives of regular observations of cosmic rays in
the atmosphere

. Conclusion



Milstones of Cosmic Ray Study in
the beginning of the 20t" century

* 1912 — Cosmic Ray discovery by V. Hess

* 1920-1930ies — barometric and latitude
effects in CR (Benade, Bowen, Clay,
Compton, Johnson, Ledig, Millikan,
Myssowsky, Neher, t'Hooft, Tuwim, van
Alpen)

* 1935-1938 — first CR measurements made by
S.N. Vernov with radiosondes at Leningrad
region, Erevan, and in Indian ocean.
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FasUCUMOCHL  NUCAT  KOCMUNCCRUT  AYneli, Q0Cueainy Ly

NPUSOPE 10 AT HANPAGACHUIO, O GULCONTb.

Wi BOPIIRAALIO JAYHUIC  KOCMICICCKRNC MY,
GaTspest 10 1400 BOJLT, HEOGXOXMMAL AN JRGOTI
CUOTUHKGR, H WICCTHAAMIODHI YOWJINTCAB, IpRRO-

Uit B ADHMRCAHC Dede. Pede HMpOM3BOATAG 3a-

NLIKANNe AHOXHOK Iemi GIepeIaTiuRa DCARMA Pad,

.mmn 4epea CUCTYHKH TPOJNCTAIH ROCMITYECKu®
yacTilpl, DBuyrpx npubopa IOAACDPRABANACH M0~
cTOAIMGH TCMICPATYPa, WTO . AOCTHIAIOCH @IPH IO~
MOIUT TELNOBOMt HOONAUAH H CHEHATHHOTO TCPMO-
PerynaATOopa, TAC MCTOYRAROM TETIA ABANACH Peak-
W Messy KuweAorolt s mexouwno, B ycranosxe
ynoaca  Gaporpad), KOTOPHM, NPONABOAA COUTBET-
CTBYMULHE  WEROKADYCIH, TCPORATAT IO PALMO
At G BRIGOTC.

Kouerpyripst upuGopa Gpliia JONOMCHAE Ha JIED:
poii Deeconanoit KOIMEPCHIMI Mo H3YYEeHRHIO C©Tpa-
Tocepnt B 1034 T. ’ :

B woae 1034 r apuéop OHA TOAUAT Ha

168 s

CaMO-

ACTAX S0 BLCOTH 6 KM U HOKAGAT  YAOBACTN

TeALUYIG  TaloTy. .
oXMCT YCTAUOBRI COCIOMAGH 1 aupeta 1040
MancnsMagptas BRHCOTA, A0 KOTOPON NOJHAICH 1)
bl aprecTparocTtaT, Snra 13 600 M. Paanone -
AaTa GBUA HeMPephslHof BIIOTL [0 TOTO MoMET.
KONI& Ol I3 HeCYLW{HX YCTAHOBRY WIAPOD JM0TkY:
H Havaacsa omyck. Jlawmnle o6 THTENCHBIOCTI i

© MHY8CKIX JydYell Ha pPasillMHBIX BBRCOTAX X7

i ¢ QNAJIOTHYHBIMH Jeperussyir Perenepa (pure. 1.
{loymyo STOT0 MOA'eM ‘AAN HODHIC  Janubie )
WHTCHCHBHOCTH BCPTHRATILIOTO NYMRA ROCMLYe:
Aywelt T PABTNWIHX BEICOTAX (OM. PIC. 2).

e
no0HOro POJA AAMHBIG 38 Tpaibiieit dMoRA Lo 1o-

JydensL.

Bec WepBOTo THNA YCTAHODKN COCTABIAN 13,0
Jng GOpCHPOBARW MBYUEHITA ROCMUYCCKEX )
B crparocfepe Ha PAAMIMHBIX IIHPOTAX Heods -

First results of measurements
of cosmic ray flux as a function
of altitude in the atmosphere
from the ground level up to 15
km. Observations were made
in the Leningrad region in 1935.

The data were transmitted by
radio.



 The Second World War interrupted the
Cosmic Ray investigations. S.N. Vernov was
involved in the solving of defense problems.

 He resumed CR investigations at Lebedev
Physical institute where the Dolgoprudny
station was established in 1946.



In 1946 the Scientific Station for
cosmic ray investigations in the
atmosphere was established at
Dolgoprudny town, Moscow region.

Since 1986 the Dolgoprudny station
bears the name of S.N. Vernov.

The station belongs to Lebedev
Physical Institute of the Russian
Academy of Sciences.



The main building of the Dolgoprudny cosmic ray station



* In 1949 S.N. Vernov organized the special
sea expedition from Black Sea to Far East.
The main goal was the study of the charge
sign of cosmic particles.



Expedition of 1949, Indian Ocean




Preparation of a radiosonde for launching.
Indian Ocean, 1949.
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Main results obtained by S.N. Vernov and his
colleagues before 1957

Cosmic rays are charged particles, their fluxes depend on
the latitude.

East-West asymmetry of CR fluxes proves that CR
particles are charged positively.

Verification of cascade theory and CR transition effect.

Study of different components of CRs (nuclear, muon, and
electromagnetic).

Constancy of the effective cross-section and inelasticity
coefficient in the processes of interaction of protons with
air nuclei (E =10° - 1010 eV).

Scaling in the spectra of particles produced in the nuclear
interactions.



In 1949 S.N. Vernov was awarded
with the State Prize of the first
degree for experimental
investigations of CRs in the
Earth’s stratosphere.
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S.N. Vernov A.N. Charakhchyan
(11.07.1910 — 26.09.1982) (1.11.1905 - 8.03.1981)



World-wide network of Cosmic Ray stations
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The sites of CR measurements in
the atmosphere

Olenya, Apatity (Murmansk region)

R.=0.5 GV 1957 — present time
Dolgoprudny (Moscow region)

R.=2.4 GV 1957 — present time
Mirny Obsevatory (Antarctica)

R.=0.04 GV 1963 — present time
Alma-Ata

R.=6.7 GV 1962 — 1990

Latitude surveys
R.=(0.04 -17) GV 1963 — 1987



Radiosonde for CR measurements
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Solar energetic particle events of 9, 14, and 16 July 1959. Left panel — count rate of
radiosondes vs. atmospheric pressure (height). Right panel — energy spectra of
solar protons. Measurements were made at the northern polar latitudes during

9 — 17 July 1959.
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Solar energetic particle event of 20 January 2005. Left panel — count rate of
radiosondes vs. atmospheric pressure (height). Right panel — energy spectra of
solar protons. Measurements were made at the northern polar latitudes during
20-21 January 2005. Up to now, 112 solar energetic particle events were recorded
in the stratosphere by our group.
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Energetic iron nuclei counted by the Cosmic Ray Isotope Spectrometer on NASA's ACE spacecraft reveal
that cosmic ray levels have jumped 19% above the previous Space Age high.
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e 1280 — 1350 — Wolf minimum

* 1415 — 1540 — Schpoerer minimum

e 1620 — 1720 — Maunder minimum

e 1790 — 1835 — Dalton minimum

« 2007 — 2010 and later —
a new long-term minimum
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Position of the Sun centre relative to the centre of mass of the solar system
(external planets without Jupiter)
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Energy fluxes

Solar irradiation
~1.36 - 103 W/m?

Galactic CRs

(particles with energy E > 0.1 GeV)
=~ 105 W/m?



ALTITUDE (km)

Sprites and elves triggered by the ground-to-cloud
ligchtning (Lyons W.A., et al., 2000, EOS, v. 81, 373).
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Electrical phenomena in the atmosphere:
lightning, sprites, etc.

Electric charge of the Earth
0=-6000000Q
Electric field near the Earth’s surface
E =130 W/m
Electric current in the atmosphere
J = 1012 A/m?
J. . .~2000 A



Global electric circuit

’ thundercloud
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Cosmic ray flux (/) and atmospheric current (J)
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Cosmic ray flux and lightning number
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ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/annual.land_ocean.90S.90N.df 1901-2000mean.dat
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Does our climate change because of
changes in solar luminosity?
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Does our climate change because of
changes In solar activity?
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Does our climate change because of
changes in cosmic ray fluxes?
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Cooperation of Dolgoprudny scientific station with
other research organizations (present time)

Monitoring of CRs in the atmosphere — PGI RAS,
AARI Roshydromet, SINP MSU (Russia).

CRS and solar terrestrial relationships —
Mackenzie University, Sao-Paulo (Brazil), Euro-
Asian University, Astana (Kazakhstan).

Atmospheric electricity and CRs — Institute of
experimental physics, Koshice (Slovakia).

Experiment CLOUD - CERN.

Experiment PAMELA — MEPhI, Moscow (Russia),
loffe PTI, Saint-Petersburg (Russsia), PAMELA
collaboration (ltaly, Germany, Sweden).



CLOUD CHAMBER




CLOUD in the T11 experimental zone, Nov09
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Conclusion

S.N. Vernov had the unique intuition for choosing the
directions of scientific research. One direction started by
him in 30-ies of the last century was the study of cosmic
rays in the Earth’s atmosphere.

The method of regular and frequent measurements of
CRs in the atmosphere gave us the fundamental
knowledge on the modulation processes of CRs and its
relationship with solar activity.

These Iinvestigations are successfully continued at
present time. They have bright perspectives in the nearest
future.



THANK YOU FOR ATTENTION
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3anycK paauo3oHaa B AHTapKTuae




OCHOBHOM 3apa4vyen Hay4HbIX UccnenoBaHUN
Ha JHC B koHUe 40-x roqoB 40 BTOpPOWU
NOoNoBUHbI 50-X ObINU N3y4YeHUue
B3aMMoaenCTBMUN KOCMUYECKUX NTYYEU C
AapaMv pasnunyHbIX 351eMeHTOB, U3y4YeHuUue
cocTaBa BTOPUYHbIX YacTuy B aTMmocdepe

3eMnu.

Bce 3T Bonpockl ObININ TECHO CBA3aHbI C
ATOMHbIM NMPOEKTOM.



B 1957 r. C.H. BepHOB npegnoxun npoBoanTb MOHUTOPWHT
3apsiXKeHHbIX YacTuy B aTMocdepe 3emMnu.

C cepenouHbl 1957 r. oH BMecTe ¢ A.H. HapaxuybsHOM Ha4vyanu
perynsipHblie N3MepeHnss KOCMUYeCKUX Jfly4yen Ha BbICOTaxX OT
ypoBHSA 3eMnu Ao (30-35) KM. 9T namepeHnsa B ceBepPHbIX
NMONAPHbIX LUMPOTAX, HA CPeaHUX WpoTax nu B AHTapKTmae
npoBoaAaTcHa 0e3 nepepbiBa A0 HACTOSALLEro BPeMEHMU.

[Nony4yeHHble YHUKaNbHbIE pAAbl AaHHbIX NO3BOJIUNY
nccriegoBaTb MOAYNALUIO MOTOKOB ranakTU4eCcKux
KOCMUYECKUX JSTy4en COSFIHeYHOU aKTUBHOCTbLIO B Te4YeHue 5
LUKITIOB CONMTHEYHON aKTUBHOCTU, B TOM YuCre BnepBble
N3yunTtb 3ppeKkTbl MHBEpCUU odLLero MarHUTHOro nons
CornHua B KOCMUYECKUX ny4yax.
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On the left hand axis are plotted 5-day averages of the 100 to 400 MeV/nucleon intensity
of cosmic rays from Neon to Nickel measured by the ACE/CRIS instrument. The right-
hand axis (red trace) shows the solar wind speed measured by the SWEPAM instrument
on ACE. During 2008-2009 when the cosmic rays reached record levels, the solar wind
speed declined to very low levels similar to those of previous solar minima. When the
solar wind speed decreases, cosmic rays encounter less resistance and they reach the
inner solar system in greater numbers.
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B 1976 r. A.H. YapaxubsiH (pykoBoauTtens), IN.A. basuneBckas,

F0.U. CtoxkoB u T.H. HYapax4ubsiH 6binn yaocTtoeHbl JIeHUHCKOMN
npeMum 3a uccriegoBaHme MoaynAUuMOHHbIX 3P PEKTOB KOCMUYECKNX
ryyeun B ctpatocdepe.
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Mepuoa B R,
600 205 106 | 22.13 | 19.96 | 18.35 | 11.06 | 10.76 | 10.49 | 10.02

(T, roabl)
Mepuoabl
ocumnnAunT - 198 - 22.20 | 19.86 - 11.07 | 10.86 | 10.49 | 10.02
nap nnaHer,
roabl

T10.76 = (To00 *T11.06)/(Teo0 + T11.06) = 10.86

T10.49 = (To05 " T11.06)/(To05 + T4q06) = 10.49

T10.02 = (Th06 *T11.06)/(T106 + T11.06) = 10.02

Tigg6 = (T4 ‘Tyo)/(T;4 = Tyg) =19.86 T, =11.86 T. =29.46

(1/Ty,) = (11T g) — 1(Ty75 + T,4/2) Tym =178.77

Ti106 = (Tig5 " T11.0)/(Tigs + Thq9) =11.07 T, =165.79

Toos =~ Tym ¥ (Tyo T (Tyo - Tc) =199
Tum = 9(Tyo ‘TIT, - T,o) =178.67
Too5 = 10(Tyo T)(Tyg - T¢) = 199

[MonyyeHHble pe3ynbTaThl YKa3bIiBaKT, UTO Ha
oOpa3oBaHMe COJTHEYHbIX NATEH BIIUAIOT ABUXEHUA
nnaHer!
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SOLAR CYCLE 24

A consensus prediction suggests that 2013 will
see a maximum of 20 sunspots a day — although
some researchers think that the number could go

to 150 or even higher.

== Smoothed monthly values

150 """ ; 1 == Monthly values
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Daily sunspot number

()
R
[ |

—— Predicted values (smoothed)

S

Lizzie Buchen “What will next
solar cycle bring?” p. 414
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Fig. 1. Sea ice extent (white) at the end of summer in 1982 and 2002 observed with passive
microwave satellite sensors. The record minimum extent was observed in 2002, but that record
was nearly equaled in 2003 and 2004.
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ftp://ftp.ncdc.noaa.gov/pub/data/anomalies/annual.land_and_ocean.90S.90N.df_1901-
2000mean.dat



YpaBHeHMe 3HepreTu4eckKkoro (TennoBoro)
OanaHca KnimmMmaTtuyeckou cuctemMmbl 3eMnu

nr?-S-(1 —= A) + W, = 4nr?-o-T %,

rae r — paguyc 3emMrnu, S — conHeYyHas NoCTosIHHaA,
paccunTaHHas Ha yganeHuu ot ConHua B OgHy
acTpoOHOMUYeCKyr eanHuuy, A — cpepunyeckoe
anbbeno 3emnu, W, - MOLWWHOCTbL TENsIOBOro NOTOKa,
nocTynarwLwero B KNMMaTU4eCKyr0 CUCTEeMY U3 Heap
3emMnu, ¢ - noctosaHHasa CtedaHa-bonbumaHa, T, -
adpdekTnBHaAA (M3nyyvaTenbHas) Temnepartypa
KNUMaTU4eCKOU CUCTEMDI.



S(1-A-k)4=0(TA4-TH,

rae k - KoadhdpmumeHT nornoweHnsa CoONMHe4YHoro
n3ny4veHus atmocoepomn.

Tn4 =S(1- A -Kk)/[4o(1- (Te4l Tn4 )]

T,3aBucut ot S, Aunk
T, (coBpeMeHHOe 3HayYeHue) = 14 °C

T.>T,=-19°C
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Can Earth’s albedo and Surface Temperatures increase
together? E. Palle et al., EOS, 2006, v. 87, No. 4, pp. 37, 43
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CNEKTP NMOBAINbHOU TEMMNEPATYPBbI, 1880 — 2005
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BbiBOAObLI

[laH NpPOrHo3 o HacTynneHun HOBOro
ANMUTENIbHOroO MMHUMYyMa COJSTHEYHOWU
aKTUBHOCTU. BepoATHO MakcumarnibHoe
3HayveHue R, oyaeTt meHee 50.

[TIPOrH03 OCHOBaH Ha TOM, YTO COJIHEeYHbIe
NATHA BO3HUKAKOT Nocrie nageHus
HebeCHbIX Tes1 Ha COoNTHeYHYH hoTochepy.

ConHue u TaxXernble NfaHeTbl AeUCTBYIOT Ha
HebecCHbIe Tera npu ux ABMXeHUMU K
ConHuy, KaK rpaBUTaLUOHHbIE JFINH3bI.
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KiaroudeBckast conka B 1973 - 1974



NMuHaTty60, 12 nroHa 1991 r. (17.2 Mt nbinun)



