60 14 X X ¥ O Vol.60 No.1

20194E1 7 ACTA ASTRONOMICA SINICA Jan., 2019
doi: 10.15940/j.cnki.0001-5245.2019.01.008 I R AT [ 5 e

B M TR B S T B TR R A0
LR

M AT
(AREAFAXE = AZEFR 87 210023)

Were e - H 22— ok MBS RE B T 10" H T RS (e V) M s B 1 55 SR 74, LR IR KR 7
— B e BE R A BENURL T~ R A4 B Q58K ) A i IR I S B — S KRR 2% (1 Pierre Auger R 3T
B)VHIBAT, M BE T 1 G ROBT FE AR Rt Je. SR e T 40 e 8 57 oy 2 AR R b B K AE TR 31 3
BRAE R AR 10 R AR (-5 3 B Bl 1 SR AR A DL VR ), 5 0 L N3 48 5 1 2R A 5 1 IR
87 H 7 A (R R GORE T (AR AT ) SRS FRIR IS B flr, 0T Bk IceCube P it~ R L& ##
TET 544 REE I AT LE60 TeV-3 PeVN T34, 1A 1w e il 7R3, A0,
AT T e T B RE T 2R R AR B IR DL S e AT 1 2 18] T BE AR R

5, BATHE T v BE T S5 i RE 5 i 2 A SR R IR AT REVE. MR P9 LI A, HEWT
H A R RE T T YR N RE L A R B RN R T AL B IR R A R AN AR R RE P T R
PR Z T AP HER — L . AR5, SR T A TR R AR o 1 o SRR R 1 BT R 85 v AR
Y HTceCuberH BE H i1 (KU 5 4 e BE T 7 2 IR, JFUHR 7 A28 O T U T il 7 e (RIS,
U AR ERE T W A T A L RIR YR, TeeCubelt £E10-20 yr WUWLIIE] 10 Pe VI T

P, BATRNBE G 7035 5 2 2 2 75 7T LAAE D9 U0 21 i v B b 7 RO R, JRAIT ¥ e i Ik
T TceCube A1 A1 A Apons i 29 5 2 28 S B Ao e (i v, 8 36 P SRRV, 60 K
MRS G0 AT LR LR R, B T I RAEA, GIE RE Ml A A 8 B R 227 58k
fiah R A SV L ) B AERA DR SR AT A LI A A B, A5 T “mE R Gk A Tce Cube ML 21 )
FRET LT 4R, D HERR T I B A R R IR R AT R

BEAN, BATHTTE 1 i R i AL T3 AN R  AR 3. X TR0, B H U 1 s RE 3 il 2 A
B AP E L& 55 506 T IOEEWAE. S6 7 R M N Bethe-Heitler S B, JF A B BZ 8T 2 128
PR IR e BE T T 2R AR A (M RETE S AL A 4L T LS WINARST & X T JE 3, X Pierre Augerk 3¢
BRIMBER KT 5.7 x 10" e VAT 7 28 B3k J7 10 5 481 5 1 1 &40 A A b i e 3%, 5@ i Bl A
[ b S8 1) 57 oy 2 AE AT AR B 52 B BT, R i UKL £ R 37 o (1 A AR R E R,
MR Pierre Auger K3 G -1 o BE T 17 2 A 2 A (KO0, Xk e bl e e 3 77 AR PO B 128 DA K &
F LM TR

e, AR OB B R AR ) AR S R B S LA, FR AT i3S #GRB 090902B5GRB
130427 A% i BUAR M58 5 R D6 22 i 22 AT 9006, WR TT 17 3 T A 00 25 % 14 Wk g A Sk % G T BE DL T
IR, EBEIT T, A B L3 2 A4 i S 4, AT SREE A Thnd kL 1 i RE 7).

12015-10-263K 31 12200, T i H0R SRS 2 AR 2 B £ K2 ruoyu liu@desy.de

8-1



60 & X X %= K 1

The Origin of High-Energy Neutrinos and Ultrahigh
Energy Cosmic Rays

LIU Ruo-yu

(School of Astronomy and Space Science, Nanjing University, Nanjing 210023)

Ultrahigh energy cosmic rays (UHECRSs) are the extraterrestrial energetic particles
with energy above 10'®eV. Thanks to the operation of large UHECR detectors such as
the Pierre Auger Observatory (PAQO), our understanding on UHECRs has been significantly
improved in the past decade. However, due to the rarity of events and the complexity in their
propagation to Earth, there are still lots of puzzles on UHECRs to be studied. Hence, it is
useful to extract some additional information from the observation on the secondary particles
(such as neutrinos) which are generated in the propagation of UHECRs. Recently, IceCube
neutrino observatory located in the Antarctic Pole has discovered 54 neutrino events with
energy from 60 TeV to 3PeV, opening a new era of neutrino astronomy. In this paper, we
investigate the astrophysical origin of high-energy neutrinos and UHECRs, and the possible
link between them.

We find that the high-energy neutrinos may possibly originate from the same sources
of the UHECRs, and deduce that the energy production rate of the source and the neutrino
production efficiency satisfy a certain relation. Based on the relation, some sources can be
excluded. We propose semi-relativistic hypernova remnants in star-forming galaxies as the
common sources of the UHECRs and the high-energy neutrinos detected by IceCube, and
predict that the IceCube is able to observe one ~ 10 PeV neutrino event in 10-20 yr.

Gamma-ray burst (GRB) has been widely studied as the possible sources of high-energy
neutrinos. We have first corrected the overestimation on the expected neutrino flux from
GRBs obtained by the IceCube Collaboration. Furthermore, we perform a Monte-Carlo
simulation to generate a complete sample of GRBs, consisting of both bright GRBs that can
trigger the detector and dim GRBs that cannot. On the premise that the bright GRBs can
reproduce the properties of observed GRBs, we find that the dim GRBs cannot explain the
observed neutrino events, and exclude GRBs as the sources of high-energy neutrinos.

Next, we study the propagation of UHECRs, including the propagation in photon field
and in magnetic field. By considering the photodisintegration, the photopion production,
and the Bethe-Heitler process of UHECRS in their propagation in the intergalactic space, we
obtain the spectrum of UHECRSs coming from the hypernova remnants throughout the whole
universe. The obtained spectrum and mass composition are consistent with observations.
On the other hand, by simulating the propagation of UHECRs in the Galactic magnetic
fields, and utilizing the fact that the trajectories of cosmic rays in magnetic field are only
rigidity-dependent, we put constraints on the UHECR source distance and metallicity after
jointly taking into account the chemical composition and distribution of arrival directions
of the UHECRs observed by PAO.

Lastly, we model the multi-wavelength light curves of afterglows of GRB 090902B and
GRB 130427A by computing the dynamic evolution of GRB outflows and radiation of ac-
celerated electrons. The origin of high-energy prompt and extended emission is studied.
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