Variations in the Inferred Cosmic-Ray Spectral Index as Measured by Neutron Monitors in
Antarctica
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A technique has recently been developed for tracking short-term spectral variations in
Galactic cosmic rays (GCRs) using data from a single neutron monitor (NM), by collecting histograms
of the time delay between successive neutron counts and extracting the leader fraction L as a proxy
of the spectral index. Here we analyze L from four Antarctic NMs from 2015 March to 2023
September. We have calibrated L from the South Pole NM with respect to a daily spectral index
determined from published data of GCR proton fluxes during 2015-2019 from the Alpha Magnetic
Spectrometer (AMS-02) on board the International Space Station. Our results demonstrate a robust
correlation between the leader fraction and the spectral index fit over the rigidity range 2.97-16.6
GV for AMS-02 data, with uncertainty of 0.018 in the daily spectral index as inferred from L. In addition
to the 11 yr solar activity cycle, a wavelet analysis confirms a 27 day periodicity in the GCR flux and
spectral index corresponding to solar rotation, especially near sunspot minimum, while the flux
occasionally exhibits a strong harmonic at 13.5 days. The magnetic field component along a nominal
Parker spiral (i.e., the magnetic sector structure) is a strong determinant of such spectral and flux
variations, with the solar wind speed exerting an additional, nearly rigidity-independent influence on
flux variations. Our investigation affirms the capability of ground-based NM stations to accurately and
continuously monitor cosmic-ray spectral variations over the long-term future.

deg q 4 wildiaumedndmiunmsiamunsuUsiasusserduluaunasuvessidneainan
nUEnT (Galactic cosmic rays, GCRs) (#ifl aUnn$u mnedandndse3inn lne3iammeluwusiuseUszq 99
duiusiundanuvedaynia) Iﬂ&l%ﬁﬁagamﬂm%am’mi’ﬂﬁamau (neutron monitor, NM) #ilap3es 1ng
araudalaunsuressvevnasywinnsiuiinsousavads uaviuaudadiuing (eader fraction L) &
Jsendailanndi (namie AMEFuLUU log-log Tundndresanm) luaull wléaeseet L 910 NMs 4
anrifluvivuoumsning dusiouiiuiaud ae. 2015 qunssiaieufustend A, 2023 uassilddeu
Feusgnin L an WM fialanld Audstiaunafissdruiimdunnndeyaiiifaniudaveseynia
Tsmauly GCRs s¥wing 2015-2019 7i¥mlae Alpha Magnetic Spectrometer (AMS-02) uuan1fieIne
Wi wadndtunansi L Srefaduiintusiaunnsuainmsiindeyaludi933a7 2.97-16.6 GV 90

Joya AMS-02 lagilanunaaiaiadeu 0.018 lusviiuszanfunusuenanel L wenanmsduiuigdng 119


https://doi.org/10.3847/1538-4357/ad73d6

Y9YANALLAINITRG  MFAeTeidsnmdnudunsiianu 27 Julundnduazdailanaiuves GCR
desnmavuseuiiesueseiing Tnglamylutananifigatdiates vagidndluuismianauans
grsuelindneau 135 Ju  esAUsEnouTesauLUvANALTiENaRABYeY Parker spiral BsuUsueniia
wnwesELIIAMAN  (BenaInaNeding  videuhgeseniing)  Sumumdidnllumsuusiasues
awnedunasndng vnzfinruieugtesinanssnuifinfudensBeundndunulifuising  muide
vousuansisATIAnNInTenATesEndl NM  uudulanflasfammegteusuduasseides  \Reafuns

wUsiasuluanmsusadneainluauinnoulng

THE ASTROPHYSICAL JOURNAL, 974:284 (12pp). 2024 October 20 Muangha et al.

(Data — Average) / SD

— AMS-02 spectral index

-4 1 T 1 L USSR T T 1
1/3115 1/915 1/3/16 1/9/16 1/317 1/917 1/3/18 1/9/18 1/3/19 1/9/119
Date (day/month/year)

Figure 2. Normalized daily values of the SP leader fraction (red) and AMS-02 proton spectral index (2.97-16.6 GV black) from 2015 March 3 to 2019 October 29,
when both SP L and AMS-02 proton data were available, confirming that L serves as a proxy of the cosmic-ray proton spectral index.



