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Next few slides are placeholders for Chao Lin’s slides on 
 
“ what is inflation, why do we believe it, GWs as smoking gun, 
how GW's make the B-mode pattern, it is very faint! (1/20,000,000, i.e. 
for every 20,000,000 photons oriented like his, on average you may get 
20,000,001 oriented the other.) “ 

Inflation posits a pre-phase of 
exponential expansion before 
LCDM 

Alan Guth Andrei Linde 



What Does Inflation Do For Us? 

Solves the horizon problem: 
Why is the CMB nearly uniform? 
How do apparently causally 
disconnected regions of space 
get set to the same 
temperature? 
 
Solves the flatness problem: 
Why is the net spatial curvature 
close to zero? 
 
Explains the initial perturbations: 
Why Gaussian with close to flat 
power law spectrum? 
 
Solves the monopole problem: 
Why do we not observe 
magnetic monopoles in the 
Universe today? 

A volume much larger than our 
entire observable universe today 
was once a caussally connected 
sub atomic speck. 
 
 
 
Any initial spatial curvature is 
diluted away to undetectabilty by 
the hyper expansion. 
 
Equal amounts of perturbations 
are injected by quantum 
fluctuations at each step in the 
exponential expansion. 
 
Monopoles are diluted away to 
undetectability. 

Pryke



HEP at Higher Energies?
Collider Built by Nature?
What’s needed as a “collider”?
What can be studied?
Mass: what’s the resonance?
From resonance to interference
What’s at the energy scale 𝐻𝐻?
How is the collider “built”?
Has inflation indeed happened?

vs

Yi Wang



The Higgs inflation in brief ИI
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Dmitry Gorbunov (INR) Curing Higgs inflation with R2-term 07.08.2018, XIVth Rd Vietnam 15 / 34
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The BICEP/Keck Collaboration 

CMB Polarization power spectra 

E-mode 

In standard ΛCDM only E-modes are 
present at last scattering 

During propagation 
some of the E-modes 
are confused into B-
modes by lensing 

Inflationary gravitational waves are unique 
source of intrinsic B-modes 
→ peaking at l≈80 : degree scales 

Pryke



without 
B-modes 

with 
B-modes 

Steadily tightening the constraints on 
inflationary models… 

Adding in Planck temperature measurements 

Slope of the initial perturbation spectrum ns 
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BICEP2 
(2010-2012) 

Stage 2 Stage 3 
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BK14 
BKP 

BK15 
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South Pole Telescope: 
Polarization Spectra and Lensing Results

Jason Gallicchio
SPT Collaboration
Harvey Mudd College

Atacama Cosmology Telescope
Status and perspectives

Loïc Maurin
for the ACT collaboration

FONDECYT Fellow @ Pontificia Universidad Católica de Chile
Rencontres du Vietnam: Windows on the Universe 2018

Atacama Desert

Great PWV conditions and high fraction of available sky

Barron  et al. (2018)

Gallicchio/Maurin



Lensing

Sherwin et al. (2017)

Constraining power on 
Ωm, σ8 and Σmν 

combining with BAO

Maurin



  

CMB Deflection Map (dark matter distribution)

Gallicchio



ACT/SPT E-Mode Spectra

  

E-Mode Spectrum
(9 acoustic peaks visible)

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017

Preliminary results: Power Spectrum

TE

EE

Aiola et al. (in prep) and Choi et al. (in prep)

Figures from Steve Choi

Gallicchio/Maurin



Observations (s16) - 90/150/220 GHz

Credit: Simone Aiola

Maurin



  

SPT-3G

Credit: Joshua Sobrin

Gallicchio



Dramatic improvements in angular resolution and 
sensitivity over the past decades!

~ 7 degree 
beam

~ 0.3 degree 
beam

~ 0.08 degree 
beam

Measurements of the CMB energy spectrum on the other 
hand are still in the same state as some ~20+ years ago!

Chluba



         
pre- post-recombination epoch

         

y-distortion era
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Physical mechanisms that lead to spectral distortions

• Cooling by adiabatically expanding ordinary matter                                                                     

(JC, 2005; JC & Sunyaev 2011; Khatri, Sunyaev & JC, 2011) 

• Heating by decaying or annihilating relic particles                                                       
(Kawasaki et al., 1987; Hu & Silk, 1993; McDonald et al., 2001; JC, 2005; JC & Sunyaev, 2011; JC, 2013; JC & Jeong, 2013) 

• Evaporation of primordial black holes & superconducting strings                                                                            
(Carr et al.  2010; Ostriker & Thompson, 1987; Tashiro et al. 2012; Pani & Loeb, 2013) 

• Dissipation of primordial acoustic modes & magnetic fields                                                                
(Sunyaev & Zeldovich, 1970; Daly 1991; Hu et al. 1994; JC & Sunyaev, 2011; JC et al. 2012 - Jedamzik et al. 2000; Kunze & Komatsu, 2013) 

• Cosmological recombination radiation                                                                     
(Zeldovich et al., 1968; Peebles, 1968; Dubrovich, 1977; Rubino-Martin et al., 2006; JC & Sunyaev, 2006; Sunyaev & JC, 2009) 

•                                                                                   

• Signatures due to first supernovae and their remnants                                        
(Oh, Cooray & Kamionkowski, 2003) 

• Shock waves arising due to large-scale structure formation                                    
(Sunyaev & Zeldovich, 1972; Cen & Ostriker, 1999) 

• SZ-effect from clusters; effects of reionization                                                              
(Refregier et al., 2003; Zhang et al. 2004; Trac et al. 2008) 

• Additional exotic processes                                                                                          
(Lochan et al. 2012; Bull & Kamionkowski, 2013; Brax et al., 2013; Tashiro et al. 2013)

„high“ redshifts 

„low“   redshifts
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of distortions
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Distortions provide new power spectrum constraints!

• Amplitude of power spectrum rather uncertain at k > 3 Mpc-1 

• improved limits at smaller scales can rule out many inflationary models

Bringmann, Scott & Akrami, 2011, ArXiv:1110.2484 

CMB et al.

rather model dependent

CMB distortions

• CMB spectral distortions would extend our lever arm to k ~ 104 Mpc-1 

• very complementary piece of information about early-universe physics

              

e.g., JC, Khatri & Sunyaev, 2012; JC, Erickcek & Ben-Dayan, 2012; JC & Jeong, 2013

Probe extra 
≃10 e-folds 
of inflation!

Chluba



PIXIE: Primordial Inflation Explorer

• 400 spectral channel in the frequency 
range 30 GHz and 6THz (Δν ~ 15GHz) 

• about 1000 (!!!) times more sensitive 
than COBE/FIRAS  

• B-mode polarization from inflation          
(r ≈ 10-3) 

• improved limits on µ and y  
• was proposed 2011 & 2016 as NASA 

EX mission (i.e. cost ~ 200-250 M$)

Kogut et al, JCAP, 2011, arXiv:1105.2044

Average spectrum

Chluba



Greenland - Summit Station
• Established/operated by US NSF & 

Greenland Government.
• Established on 1989.
• Atmospheric and weather researches 

are mainly ongoing.
• N72.60o, W38.42o. Altitude: 3210m.
• Summer: 45 people, Winter: 5 people 

(3 months shift)
• Possible to carry things by flights with 

C-130, etc., or through land.

Matsushita



Feasibility of Submillimeter VLBI
Doeleman et al. (2008) Doeleman et al. (2012)

Sgr A*
Size ≈ 40 µas (≈ 4 rsch)

Vir A* (M 87)
Size ≈ 40 µas (≈ 5 rsch)

Matsushita



Expected uv Coverage with GLT

uv coverage for M 87 with GLT, ALMA, 
SMA/JCMT, LMT, SMT, CARMA, IRAM 
30m, and PdBI. Baselines with GLT are 
shown in red.

IRAM
PdBI

IRAM
30 m

LMT > 9000 km
Baseline!!

~30 masec
@230 GHz

GLT

Phased SMA

JCMT / EAO

Phased ALMA

Very Long Baseline Interferometry (VLBI)

Matsushita



Sizes of Black Holes
Shadow Size 

(masec)
Mass

(106 Mo)
Distance 

(Mpc)

Sgr A* 50 4.1 +- 0.6 0.008

M87 39 6600 +- 400 17.0

M31 18 180 +- 80 0.80

M60 12 2100 +- 600 16.5

NGC 5128 (Cen A) 7 310 +- 30 4.5

Gebhardt et al. (2011)Note: Here we assume Rshadow ~ 5 x Rsch

Matsushita



Shipping to Thule, Greenland
from Norfolk, USA

GLT Antenna Shipping & Reassembly
Norfolk Partial Reassembly after Upgrade for Extreme Weather

2016/03

2016/07

Thule Reassembly

Thule

Norfolk

Oct. 2, 2016

Oct. 6, 2016

Feb. 18, 2017

Matsushita



230 GHz VLBI First Fringe with ALMA!!!
• We got the first fringe with ALMA at 230 GHz!!!

• The data have been taken at the EHT Dress Rehearsal, 
namely within 2 months after the commissioning started.

Observation toward

3C279 on 2018/1/28

11:30 - 14:30

Local Thule Time

Matsushita



EDGES Instruments

EDGES
Low-Band

EDGES Mid-Band

EDGES High-Band

10
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Summary of  the Detection

Bowman, Rogers, Monsalve, Mozdzen, Mahesh 2018, Nature, 555, 67 17

• Integrated spectrum
• ~430 hours
• Low foregrounds

Low-Band Ground Plane

20m

20m

5m

Extended Ground Plane:
Central Square: 20m x 20m
16 Triangles:      5m-long

14

EDGES Low-Band EDGES High-Band

Observations

15

Monsalve



Producing a Deep Absorption

Greenhill 2018, Nature, 555, 38 

Radiation Temperature 
could be higher than CMB

IGM

Monsalve



Marion Island

Marion Island base is operated by the
South Afriean National Antaretie Progra  e

1000 k  fro  nearest eontinental land ass

PRIZM = frst astro experi ent on Marion!
10-6 engineering run, seienee ops sinee 10-7

Challenges:

Aeeess onee per year

3 week deploy ent window

Roaring Forties weather

Mires and lava roeks

@#$%  iee

SKA @ Karoo

Marion Island
46°54′45″S  37°44′37″E

Chiang



RFI comparison with Karoo

Marion versus Karoo

Only deteetable feature 
at Marion is Orbeo   
satellites (-37–-38 MHz 

KAT-7KAT-7 HERAHERA

MeerKATMeerKAT

Instrument paper:
L. Philip et al.   arXiv:1806.09531

Preliminary PRIZM raw data

NorthcSouth EastcWest

7
0
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z
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0
0
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H

z

Frequency (70 – 130 MHz)

Time
(12 hrs)

Instrument paper:
L. Philip et al.   arXiv:1806.09531
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Hyper Suprime-Cam (HSC)

• largest camera
• 3m high
• weigh 3 ton
• 104 CCDs 
(~0.9G pixels)

Takada



Subaru Telescope:  
wide FoV & excellent image quality

~50,000 galaxy images

HST

Galaxy cluster

The previous Sprime-Cam image (M. Oguri)

• Fast, Wide, Deep & Sharp 
• a cosmological survey needs these 

Subaru Telescope:  
wide FoV & excellent image quality

~50,000 galaxy images

HST

Galaxy cluster

The current SprimeCam image (M. Oguri)

• Fast, Wide, Deep & Sharp 
• a cosmological survey needs these 

Hyper Suprime-Cam FoV

Takada



1’’

upper: HSC (8.2m)

lower: SDSS (2.5m)

All data reduced by the HSC pipeline A. Leauthaud S. Huang

Nearby galaxies

Takada



Unprecedented wide and deep 3D DM map

Oguri et al. 2018

one particular field (VVDS field) 

Takada
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Figure 7. Parameter constraints from one realisation of the end-to-end simulation. The grey contours show the 68% and 95%
CL constraints from the Planck data, the blue contours show expected constraints from Planck and weak-lensing data of the
HSC, and the red contours show expected combined constraints from Planck, HSC, and PFS. Dark energy is assumed to be a
cosmological constant.

• The inverted hierarchy, in which two neutrino
mass eigenstates are heavier than the third mass
eigenstate.

The minimum total mass of the normal hierarchy isP
m

normal
⌫ ⇡ 0.06 eV, while that of the inverted hier-

archy is
P

m
inverted
⌫ ⇡ 0.1 eV; at 2�, an upper bound

of
P

m⌫ < 0.1 eV would rule out the inverted mass hi-
erarchy. If the hierarchy is the inverted one, then the
PFS would measure, for the first time, the total neu-
trino mass from the cosmological data sets. Either way,
such findings would have profound implications for cos-
mology and particle physics, and the PFS will be in a
good position to have a high impact.
Deciding the mass hierarchy sets a concrete target for

the neutrinoless double-� decay experiment, which will
distinguish between Dirac-type and Majorana-type neu-
trinos. If neutrinos are Majorana, ruling out the in-
verted mass hierarchy implies m�� . 0.02 eV (95% CL)
for neutrinoless double-� decay experiments. This too
carries fundamental importance in particle physics.
The constraint on the neutrino mass shown in Fig. 7

already includes the cross-correlation between PFS and

HSC (Sec 6). It can be improved further by having a
better measurement of the optical depth of the CMB by
reionisation, ⌧ (Allison et al. 2015). The latter helps be-
cause of the following reason. The CMB power spectrum
at high multipoles (` > 10) depends on the primordial
scalar amplitude As attenuated by exp(�2⌧), hence the
combination As exp(�2⌧). On the other hand, the RSD
measures the amplitude of fluctuations in a late time
universe, and comparing it with the primordial ampli-
tude As gives a constraint on the neutrino mass. We
therefore need an estimate of ⌧ to break this degener-
acy. While the large angular scale polarisation data of
the CMB give an estimate of ⌧ , the current estimates by
WMAP and the two instruments on board Planck do not
quite agree and there is a debate as to which value is the
correct estimate. This uncertainty limits our ability to
constrain

P
m⌫ . We find that the PFS can constrain a

combination F ⌘ ⌧/(0.28
P

m⌫ + 0.068) (where
P

m⌫

is in units of eV) rather well: F = 1.00± 0.11 (68% CL)
and 0.80 < F < 1.22 (95% CL). To first order in the
uncertainties, we have

�F

F
=

�⌧

⌧
� �(

P
m⌫)P

m⌫ + 0.243
. (4)

Cosmology goal for neutrino mass
• Forecasts for Subaru surveys (aimed at achieving by 2025)
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m!, tot<0.1eV (95%CL) 
with Subaru

Note: limited by an accuracy 
of CMB optical depth (stat. + 
sys.~0.02) 

Future (till 2030): 
m!, tot<0.03eV (95CL) with 
CMB exp. 
� HK/DUNE (till 2030, after 5-
years operation.)

σ(Neff)~0.027

Subaru HSC+PFS

Planck

Takada



Weak+Strong lensing to understand galaxies

The stellar initial mass function (IMF)

These stars contribute very 
little to the light of a galaxy, 
but contribute a lot to the 

mass: uncertainty in M/L of 
up to a factor of 2!

● Stellar IMF is the biggest 
systematic in stellar mass 
measurements

● Challenge for the 
measurement of dark matter 
distribution

Sonnenfeld



Lenses found by citizens

Sonnenfeld



Design Plan

• Order 103 close-packed 6m dishes.

• Operate between 400-800 MHz

• Channelizing on FPGA ICE boards

• Correlation on GPUs 

• Dishes tilt N/S:  when “deep enough” on a strip, tilt over to 
increase fsky.

• Will beamform in correlator, for FRBs, kick out small 

JLS



Forecast (Devin Crichton. See also 
Amadeus Witzemann results) 
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Asian Astrophysics

• Well Developed in East Asia during the last 30 years 
• Key Players:  Japan, China, Korea, Taiwan 
      Strong Theory Tradition:  e.g. Hayashi 
      Strong Facilities Development:  In-Country, Abroad 
• Resources in East Asia:   

Fast Economic Growth 
Large Population 
Industrial Infrastructures 

• Resources in South East Asia:   
Thailand, Vietnam, Malaysia, Indonesia  

• Main Problems:  Coordination, Organization, Competitiveness 

Ho



    East Asia already has Regional Facilities 
                (10~100M USD)

• China:   LAMOST, FAST, 21CMA, CSRH, Silk Road, ... 

• Japan:   Subaru, Hinode, VERA, KAGRA, Nobeyama, 
Okayama, Kyoto NTT, TAO, .... 

• Korea:  Bohyunsan OAO, Sobaeksan OAO, KVN,  KMTNet, 
Space Weather, CIBER, OWL, .... 

• Taiwan:  SMA, AMiBA, TAOS, TAOS-2, GLT, LOT

��

• ������
������������������
���
��������
��	���������������������������
�����
�����


�������������������
��������������������

�������������
��������������������

��������
�����
������������
�����
�������

Qian, Li, Goldsmith 2012, ApJ, 760, 147 

 
 
 

FAST%Highlights%
%
•  Earthwork%for%the%FAST%

construc8on%has%been%
successfully%completed%on%
schedule%%

•  Installa8on%of%the%girder%
ring%structure%for%%the%
ac8ve%reflector%has%begun.%�

 ������ 

Chinese'Spectral'Radioheliograph'(CSRH):''
Open'new'windows'for'solar'flares'&'CMEs�

CSRH>I� CSRH>II�

CSRH-I in 0.4-2 GHz has been 
established. First images obtained in 
test observations.   
CSRH-II in 2-15 GHz will be 
finished in 2013.''

Test'of''Cyg'A'observed'at'1.7'GHz'on'5'
Jun'2013'at'5:30'UT'with'1s'integraQon�

Ho



      and Regional Large Scale Projects 
                      (> 1B USD)

• ALMA:    Japan, Taiwan, Korea 

• TMT:       Japan, China 

• GMT:       Korea 

• SPICA:    Japan (Korea, Taiwan)  

• SKA:        China, Japan, Korea (Taiwan) 

      However, Better Coordination Needed

Ho



 EAO Status:  2015-2018

• Operate JCMT more efficiently than ever 
• Built EA JCMT Submm community (~350 PIs) 
• Introduced new JCMT Polarization Capabilities (POL-2) 
• JCMT is now part of Event Horizon Telescope consortium 
• JCMT Large Programs lead to New Science Initiatives 
• By 2017, EA Community leads ~50% of JCMT Partners 1st 

Author papers 
• JCMT operations extended to 2024 
• EAO Access to SMA, UKIRT, Subaru 
• EAO working with Southeast Asian countries 
• Vietnam and Thailand are now Observers: Access to all of 

EAO facilities — Accelerate regional developments

Ho



MASTER IN SPACE

EARTH OBSERVATION, 
ASTROPHYSICS, SATELLITE 

TECHNOLOGIES

The only master degree in 
space sciences & technologies 

in Vietnam
********

Two specialties:
•  Science from Space
•  Satellite technologies

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF HANOI

TRƯỜNG ĐẠI HỌC KHOA HỌC VÀ CÔNG NGHỆ HÀ NỘI

Nuss



USTH-SPACE PhD students

Nuss 



3. Proposal for the development of Space Science in 
Viet Nam

So far, what have we done? 
✓ Created an undergraduate program for Viet Nam. 
✓ Established an internship program with ASIAA 

(Taiwan), Sokendai (Japan). 
✓ Created a research group at VNUHCM.  
✓ Created a linkage with East Asian Observatory. 
✓ Established a foundation for basic science VNUHCM-

Rencontres du Viet Nam. 

However, we have not received any support from the 
central government!  

Phan Bảo Ngọc



Dak Lak province: The largest province in the HighLand region in Vietnam (∼ 
400 - 800 m high above sea level)
Has high mountain: Chu Yang Sin (2442 m high)
Dak Lak is ∼200 km far from the sea
Largest university in the region: Tay Nguyen university (TNU).
TNU has ∼ 17000 students (1200 students are in Faculty of Natural Science and 
Technology and ∼160 students in Physics at Department of Physics). 

http://gody.vn/diadiem/dak-lak/vuon-quoc-gia-chu-yang-sin

Chu Yang Sin mountain

Tan



Standford SuperSID

Very Low Frequency Telescope

22.2 kHz

19.8 kHz

GOES

Tan



Astronomical observatory: telescopes 
and equipment

● We signed an MOU with NAOJ to ask for 
support in constructing the observatory

● The new telescope tube design is led 
and donated by the astronomy lab from 
Kyoto university, CCD is supported by 
NHAO

● A staff of TNU, Tran Quoc Lam, is joining 
the NARIT Optical Design Summer 
School 2018 at Chiang Mai, Thai Land

● He will join a scientific group at Kyoto 
University to design a new telescope

● We are actively looking for financial 
supports for other parts of the 
observatory (dome, rotator, mount)

Tan



August 5-11, 2018 Windows on the Universe, Rencontres du Vietnam 
4 

우주의 신비에 대한 지식창출로 국가와 인류사회 기여 

Giant Magellan Telescope (GMT) 

KASI: Facilities abroad and in space 

Abroad 

Mt. Lemmon Observatory 

Far-UV Imagin Spectrometer (FIMS)  

2003 

Multi-purpose Infrares Imaging 
Spectometer(MIRIS) 

2013 

Near Infrared spectroscopic surveyor 

To be launched soon (2018) 

Space 

Optical Patrol System 
(OWL-Net) 

Korea Microlensing Telescopes (KMTNet) 

Lee



August 5-11, 2018 Windows on the Universe, Rencontres du Vietnam 

Predicted SOGRO Sensitivity 
Curves 

Paik et al. 2016  

~1 week before  
September 14, 2015   

August 5-11, 2018 Windows on the Universe, Rencontres du Vietnam 

Superconducting tensor GW  
Detector (Paik et al. 2016, CQG, 33, 075003) 

• Superconducting Omni-directional 
Gravitational Radiation Observatory 
(SOGRO) 

 

 

• By detecting all six components of 
Riemann tensor, the source direction and 
the polarization can be determined.  

• Newtonian noises could be modeled and 
subtracted  from the signal 

23 
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Highlights from the 
Pierre Auger Observatory 
 
 
 
Marcus Niechciol1 on behalf of the Pierre Auger Collaboration2 
 
 
 

1 Department Physik, Universität Siegen, Siegen, Germany 
2 Observatorio Pierre Auger, Malargüe, Argentina 
 
 
 
 
 
 

 
 
25th Anniversary of the Rencontres du Vietnam 
Windows on the Universe 2018 (Quy Nhon, 07.08.2018) 

Niechciol



Cosmic Ray Energies
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  Cosmic rays
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Direct measurements:
BESS-TeV (2004, only p)
ATIC-2 (2009, only p)
CREAM-I (2011, only p)
RUNJOB (2005, only p)
PAMELA (2011, only p)
AMS-02 (2015, only p)

Air shower measurements:
CASA-MIA (1999)
TIBET-III (2008)
EAS-TOP (1999)
IceTop-73 (2013)
KASCADE (2005)
KASCADE-Grande (2013)
Fly's Eye (1994)
AGASA (2003)
HiRes 1 (2008)
HiRes 2 (2008)
TA (2015)
Auger (2015)

Energy spectrum covers ~12 orders of magnitude, 
30 orders of magnitude in event rate Niechciol
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  Energy spectrum (III)

[F. Fenu for the Pierre Auger Collaboration, PoS(ICRC2017)486] 

PoS(ICRC2017)486

The Pierre Auger energy spectrum Francesco Fenu

SD 1500 < 60� SD 1500 > 60� SD 750 Hybrid
Data taking period Jan. 2004 – Dec. 2016 Jan. 2004 – Dec. 2016 Aug. 2008 – Dec. 2016 Jan. 2007 – Dec 2015

Exposure [km2 sr yr] 51,588 15,121 228 1946 @1019 eV
Number of events 183,332 19,602 87,402 11,680

Zenith angle range [deg.] 0–60 60–80 0–55 0–60
Energy threshold [eV] 3⇥1018 4⇥1018 3⇥1017 1018

Calibration parameters
Number of events 2661 312 1276

A [eV] (1.78±0.03)⇥1017 (5.45±0.08)⇥1018 (1.4±0.04)⇥1016

B 1.042 ± 0.005 1.030 ± 0.018 1.000 ± 0.008
Energy resolution [%] 15 17 13

Table 1: The parameters of the data samples presented here together with the calibration parameters.

Figure 5: The combined spectrum and the fitting function with the fitting parameters.

To obtain the spectral parameters, the combined spectrum is fitted with the function:

Junf(E) =

8
<

:
J0(

E

Eankle
)�g1 E < Eankle

J0(
E

Eankle
)�g2

h
1+(Eankle

Es
)Dg

ih
1+( E

Es
)Dg

i�1
E > Eankle

(4.1)

The spectrum, the fit and the optimized parameters are plotted in Fig.5. An ankle is found at
Eankle =(5.08±0.06(stat.)±0.8(syst.))⇥1018 eV, while the suppression is at Es =(3.9±0.2(stat.)±
0.8(syst.))⇥1019 eV. The energy E1/2 at which the integral spectrum drops by a factor of two below
what would be the expected with no steepening is E1/2 = (2.26± 0.08(stat.)± 0.4(syst.))⇥ 1019

eV. The spectral indexes are: g1 = 3.293± 0.002(stat.)± 0.05(syst.), g2 = 2.53± 0.02(stat.)±
0.1(syst.) while Dg = 2.5±0.1(stat.)±0.4(syst.).

5. Summary

We have presented an update of the energy spectrum above 3⇥1017 eV as obtained using the
Pierre Auger Observatory. An improved FD reconstruction caused an increase in the FD energy of
less than 4%, while the systematic uncertainties previously estimated by the Auger Collaboration

7

14 % systematic uncertainty 
on the energy scale 

•  Combined spectrum 

Niechciol
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  Large-scale anisotropy (II)
•  Reconstruction of the dipole structure: 

 
•  Dipole structure is expected if cosmic rays diffuse to the Galaxy from sources 

distributed similar to nearby galaxies (take e.g. the 2MRS catalog) 
•  Deflection of the dipole pattern due to the Galactic magnetic field 

•  Strong indication for an extragalactic origin of UHECR above 8 EeV 
[The Pierre Auger Collaboration, Science 357 (2017) 1266] 

making it possible to use events with only five
active detectors around the one with the largest
signal. With this more relaxed condition, the ef-
fective exposure is increased by 18.5%, and the
total number of events increases correspond-
ingly from 95,917 to 113,888. The reconstruction
accuracy for the additional events is sufficient
for our analysis (see supplementary materials
and fig. S4).

Rayleigh analysis in right ascension

A standard approach for studying the large-scale
anisotropies in the arrival directions of cosmic
rays is to perform a harmonic analysis in right
ascension, a. The first-harmonic Fourier compo-
nents are given by

aa ¼ 2
N

XN

i¼1

w i cos ai

ba ¼ 2
N

XN

i¼1

w i sin ai ð1Þ

The sums run over all N detected events, each
with right ascension ai, with the normalization
factor N ¼

XN

i¼1
w i. The weights, w i , are intro-

duced to account for small nonuniformities in
the exposure of the array in right ascension and
for the effects of a tilt of the array toward the
southeast (see supplementarymaterials). Theaver-
age tilt between the vertical and the normal to
the plane onwhich the detectors are deployed is
0.2°, so that the effective area of the array is slight-
ly larger for showers arriving from the downhill
direction. This introduces aharmonic dependence
in azimuth of amplitude 0.3% × tan q to the ex-
posure. The effective aperture of the array is de-
termined everyminute. Because the exposure has
been accumulated over more than 12 years, the
total aperture is modulated by less than ~0.6%
as the zenith of the observatory moves in right
ascension. Events are weighted by the inverse

of the relative exposure to correct these effects
(fig. S2).
The amplitude ra and phase ϕa of the first

harmonic of the modulation are obtained from

ra ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2a þ b2a

q

tanϕa ¼ ba
aa

ð2Þ

Table 1 shows theharmonic amplitudes andphases
for both energy ranges. The statistical uncertain-
ties in the Fourier amplitudes are

ffiffiffiffiffiffiffiffiffiffi
2=N

p
; the un-

certainties in the amplitude andphase correspond
to the 68% confidence level of the marginalized
probability distribution functions. The rightmost
column shows the probabilities that amplitudes

larger than those observed could arise by chance
from fluctuations in an isotropic distribution.
These probabilities are calculated as PðraÞ ¼
expð–N r2a=4Þ (28). For the lower-energy bin (4
EeV < E < 8 EeV), the result is consistent with
isotropy, with a bound on the harmonic ampli-
tude of <1.2% at the 95% confidence level. For the
events with E ≥ 8 EeV, the amplitude of the first
harmonic is 4:7þ0:8

%0:7%, which has a probability of
arising by chance of 2.6 × 10−8, equivalent to a
two-sided Gaussian significance of 5.6s. The evo-
lution of the significance of this signal with time
is shown in fig. S3; the dipole became more sig-
nificant as the exposure increased. Allowing for a
penalization factor of 2 to account for the fact
that two energy bins were explored, the signifi-
cance is reduced to 5.4s. Further penalization for
the four additional lower-energy bins examined
in (23) has a similarly mild impact on the signif-
icance, which falls to 5.2s. The maximum of the
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Fig. 1. Normalized rate of events as a func-
tion of right ascension. Normalized rate for
32,187 events with E ≥ 8 EeV, as a function of
right ascension (integrated in declination). Error
bars are 1s uncertainties. The solid line shows
the first-harmonic modulation from Table 1,
which displays good agreement with the data
(c2/n = 10.5/10); the dashed line shows a
constant function.
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Fig. 2. Map showing the fluxes of particles in equatorial coordinates. Sky map in equatorial
coordinates, using a Hammer projection, showing the cosmic-ray flux above 8 EeV smoothed with a
45° top-hat function. The galactic center is marked with an asterisk; the galactic plane is shown
by a dashed line.
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Fig. 3. Map showing the fluxes of particles in galactic coordinates. Sky map in galactic
coordinates showing the cosmic-ray flux for E ≥ 8 EeV smoothed with a 45° top-hat function. The
galactic center is at the origin. The cross indicates the measured dipole direction; the contours
denote the 68% and 95% confidence level regions. The dipole in the 2MRS galaxy distribution is
indicated. Arrows show the deflections expected for a particular model of the galactic magnetic
field (8) on particles with E/Z = 5 or 2 EeV.
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modulation is at right ascension of 100° ± 10°.
Themaximum of the modulation for the 4 EeV <
E < 8 EeV bin, at 80° ± 60°, is compatible with
the one determined in the higher-energy bin,
although it has high uncertainty and the ampli-
tude is not statistically significant. Table S1 shows
that results obtained under the stricter trigger
condition and for the additional events gained
after relaxing the trigger are entirely consistent
with each other.
Figure 1 shows the distribution of the normal-

ized rate of events above 8 EeV as a function of
right ascension. The sinusoidal function corre-
sponds to the first harmonic; the distribution is
compatible with a dipolar modulation: c2/n =
10.5/10 for the first-harmonic curve and c2/n =
45/12 for a constant function (where n is the
number of degrees of freedom, equal to the num-
ber of points in the plot minus the number of
parameters of the fit).
The distribution of events in equatorial coor-

dinates, smoothedwith a 45° radius top-hat func-
tion to better display the large-scale features, is
shown in Fig. 2.

Reconstruction of the
three-dimensional dipole

In the presence of a three-dimensional dipole,
the Rayleigh analysis in right ascension is sen-
sitive only to its component orthogonal to the
rotation axis of Earth, d⊥. A dipole component in
the direction of the rotation axis of Earth, dz,
induces no modulation of the flux in right ascen-
sion, but does so in the azimuthal distribution of
the directions of arrival at the array. A non-
vanishing value of dz leads to a sinusoidal modu-
lation in azimuth with a maximum toward the
northern or the southern direction.
To recover the three-dimensional dipole, we

combine the first-harmonic analysis in right as-
cension with a similar one in the azimuthal angle
ϕ, measured counterclockwise from the east.
The relevant component, bϕ, is given by an ex-
pression analogous to that in Eq. 1, but in terms

of the azimuth of the arrival direction of the
shower rather than in terms of the right as-
cension. The results are bϕ = −0.013 ± 0.005 in
the 4 EeV < E < 8 EeV bin and bϕ = −0.014 ±
0.008 in the E ≥ 8 EeV bin. The probabilities
that larger or equal absolute values for bϕ arise
from an isotropic distribution are 0.8% and
8%, respectively.
Under the assumption that the dominant

cosmic-ray anisotropy is dipolar, basedonprevious
studies that found that the effects of higher-order
multipoles are not significant in this energy range
(25, 29, 30), the dipole components and its direc-
tion in equatorial coordinates (ad, dd) can be
estimated from

d⊥ ≈ ra
hcos di

dz ≈ bϕ
cos ‘obshsin qi

ad ¼ ϕa

tan dd ¼ dz

d⊥
ð3Þ

(25), where hcos di is the mean cosine of the dec-
linations of the events, hsin qi is the mean sine
of the zenith angles of the events, and ‘obs ≈
−35.2° is the average latitude of the observa-
tory. For our data set, we find hcos di = 0.78 and
hsin qi = 0.65.
The parameters describing the direction of

the three-dimensional dipole are summarized
in Table 2. For 4 EeV < E < 8 EeV, the dipole
amplitude is d = 2:5þ1:0

%0:7%, pointing close to the
celestial south pole, at (ad, dd) = (80°, −75°),
although the amplitude is not statistically sig-
nificant. For energies above 8 EeV, the total di-
pole amplitude is d = 6:5þ1:3

%0:9%, pointing toward

(ad, dd) = (100°, −24°). In galactic coordinates,
the direction of this dipole is (‘, b) = (233°,
−13°). This dipolar pattern is clearly seen in
the flux map in Fig. 2. To establish whether the
departures from a perfect dipole are merely
statistical fluctuations or indicate the pres-
ence of additional structures at smaller angular
scales would require at least twice as many
events.

Implications for the origin of
high-energy cosmic rays

The anisotropy we have found should be seen in
the context of related results at lower energies.
Above a fewPeV, the steepening of the cosmic-ray
energy spectrum has been interpreted as being
due to efficient escape of particles from the gal-
axy and/or because of the inability of the sources
to accelerate cosmic rays beyond a maximum
value of E/Z. The origin of the particles remains
unknown.Although supernova remnants are often
discussed as sources, evidence has been reported
for a source in the galactic center capable of
accelerating particles to PeV energies (31). Diffu-
sive escape from the galaxy is expected to lead to
a dipolar component with a maximum near the
galactic center direction (32). This is compatible
with results obtained in the 1015 to 1018 eV range
(15, 16, 23, 24, 33), which provide values for the
phase in right ascension close to that of the
galactic center, aGC = 266°.
Models proposing a galactic origin up to the

highest observed energies (34,35) are in increasing
tension with observations. If the galactic sources
postulated to accelerate cosmic rays above EeV
energies, such as short gamma-ray bursts or
hypernovae, were distributed in the disk of the
galaxy, a dipolar component of anisotropy is
predicted with an amplitude that exceeds existing
bounds at EeV energies (24, 33). In this sense, the
constraint obtained here on the dipole amplitude
(Table 2) for 4 EeV < E < 8 EeV further disfavors a
predominantly galactic origin. This tension could
be alleviated if cosmic rays at a few EeV were
dominated by heavy nuclei such as iron, but
this would be in disagreement with the lighter
composition inferred observationally at these
energies (6). Themaximum of the flux might be
expected to lie close to the galactic center region,
whereas the direction of the three-dimensional
dipole determined above 8 EeV lies ~125° from
the galactic center. This suggests that the an-
isotropy observed above 8 EeV is better explained
in terms of an extragalactic origin. Above 40 EeV,
where the propagation should become less dif-
fusive, there are no indications of anisotropies
associated with either the galactic center or the
galactic plane (36).
There have been many efforts to interpret the

properties of ultrahigh-energy cosmic rays in terms
of extragalactic sources. Because of Liouville’s
theorem, the distribution of cosmic rays must
be anisotropic outside of the galaxy for an an-
isotropy to be observed at Earth. An anisotropy
cannot arise through deflections of an originally
isotropic flux by a magnetic field. One prediction
of anisotropy comes from the Compton-Getting
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Table 2. Three-dimensional dipole reconstruction. Directions of dipole components are shown in
equatorial coordinates.

Energy
(EeV)

Dipole
component dz

Dipole
component d⊥

Dipole
amplitude d

Dipole
declination dd (°)

Dipole right
ascension ad (°)

4 to 8 −0.024 ± 0.009 0.006%0.003
þ0.007 0.025%0.007

þ0.010 −75%8
þ17 80 ± 60

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

≥8 −0.026 ± 0.015 0.060%0.010
þ0.011 0.065%0.009

þ0.013 −24%13
þ12 100 ± 10

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Table 1. First harmonic in right ascension. Data are from the Rayleigh analysis of the first
harmonic in right ascension for the two energy bins.

Energy
(EeV)

Number
of events

Fourier
coefficient aa

Fourier
coefficient ba

Amplitude
ra

Phase
ϕa (°)

Probability
P (≥ ra)

4 to 8 81,701 0.001 ± 0.005 0.005 ± 0.005 0.005 %0.002
þ0.006 80 ± 60 0.60

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

≥8 32,187 −0.008 ± 0.008 0.046 ± 0.008 0.047 %0.007
þ0.008 100 ± 10 2.6 × 10−8

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .
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Galactic coordinates 

modulation is at right ascension of 100° ± 10°.
Themaximum of the modulation for the 4 EeV <
E < 8 EeV bin, at 80° ± 60°, is compatible with
the one determined in the higher-energy bin,
although it has high uncertainty and the ampli-
tude is not statistically significant. Table S1 shows
that results obtained under the stricter trigger
condition and for the additional events gained
after relaxing the trigger are entirely consistent
with each other.
Figure 1 shows the distribution of the normal-

ized rate of events above 8 EeV as a function of
right ascension. The sinusoidal function corre-
sponds to the first harmonic; the distribution is
compatible with a dipolar modulation: c2/n =
10.5/10 for the first-harmonic curve and c2/n =
45/12 for a constant function (where n is the
number of degrees of freedom, equal to the num-
ber of points in the plot minus the number of
parameters of the fit).
The distribution of events in equatorial coor-

dinates, smoothedwith a 45° radius top-hat func-
tion to better display the large-scale features, is
shown in Fig. 2.

Reconstruction of the
three-dimensional dipole

In the presence of a three-dimensional dipole,
the Rayleigh analysis in right ascension is sen-
sitive only to its component orthogonal to the
rotation axis of Earth, d⊥. A dipole component in
the direction of the rotation axis of Earth, dz,
induces no modulation of the flux in right ascen-
sion, but does so in the azimuthal distribution of
the directions of arrival at the array. A non-
vanishing value of dz leads to a sinusoidal modu-
lation in azimuth with a maximum toward the
northern or the southern direction.
To recover the three-dimensional dipole, we

combine the first-harmonic analysis in right as-
cension with a similar one in the azimuthal angle
ϕ, measured counterclockwise from the east.
The relevant component, bϕ, is given by an ex-
pression analogous to that in Eq. 1, but in terms

of the azimuth of the arrival direction of the
shower rather than in terms of the right as-
cension. The results are bϕ = −0.013 ± 0.005 in
the 4 EeV < E < 8 EeV bin and bϕ = −0.014 ±
0.008 in the E ≥ 8 EeV bin. The probabilities
that larger or equal absolute values for bϕ arise
from an isotropic distribution are 0.8% and
8%, respectively.
Under the assumption that the dominant

cosmic-ray anisotropy is dipolar, basedonprevious
studies that found that the effects of higher-order
multipoles are not significant in this energy range
(25, 29, 30), the dipole components and its direc-
tion in equatorial coordinates (ad, dd) can be
estimated from

d⊥ ≈ ra
hcos di

dz ≈ bϕ
cos ‘obshsin qi

ad ¼ ϕa

tan dd ¼ dz

d⊥
ð3Þ

(25), where hcos di is the mean cosine of the dec-
linations of the events, hsin qi is the mean sine
of the zenith angles of the events, and ‘obs ≈
−35.2° is the average latitude of the observa-
tory. For our data set, we find hcos di = 0.78 and
hsin qi = 0.65.
The parameters describing the direction of

the three-dimensional dipole are summarized
in Table 2. For 4 EeV < E < 8 EeV, the dipole
amplitude is d = 2:5þ1:0

%0:7%, pointing close to the
celestial south pole, at (ad, dd) = (80°, −75°),
although the amplitude is not statistically sig-
nificant. For energies above 8 EeV, the total di-
pole amplitude is d = 6:5þ1:3

%0:9%, pointing toward

(ad, dd) = (100°, −24°). In galactic coordinates,
the direction of this dipole is (‘, b) = (233°,
−13°). This dipolar pattern is clearly seen in
the flux map in Fig. 2. To establish whether the
departures from a perfect dipole are merely
statistical fluctuations or indicate the pres-
ence of additional structures at smaller angular
scales would require at least twice as many
events.

Implications for the origin of
high-energy cosmic rays

The anisotropy we have found should be seen in
the context of related results at lower energies.
Above a fewPeV, the steepening of the cosmic-ray
energy spectrum has been interpreted as being
due to efficient escape of particles from the gal-
axy and/or because of the inability of the sources
to accelerate cosmic rays beyond a maximum
value of E/Z. The origin of the particles remains
unknown.Although supernova remnants are often
discussed as sources, evidence has been reported
for a source in the galactic center capable of
accelerating particles to PeV energies (31). Diffu-
sive escape from the galaxy is expected to lead to
a dipolar component with a maximum near the
galactic center direction (32). This is compatible
with results obtained in the 1015 to 1018 eV range
(15, 16, 23, 24, 33), which provide values for the
phase in right ascension close to that of the
galactic center, aGC = 266°.
Models proposing a galactic origin up to the

highest observed energies (34,35) are in increasing
tension with observations. If the galactic sources
postulated to accelerate cosmic rays above EeV
energies, such as short gamma-ray bursts or
hypernovae, were distributed in the disk of the
galaxy, a dipolar component of anisotropy is
predicted with an amplitude that exceeds existing
bounds at EeV energies (24, 33). In this sense, the
constraint obtained here on the dipole amplitude
(Table 2) for 4 EeV < E < 8 EeV further disfavors a
predominantly galactic origin. This tension could
be alleviated if cosmic rays at a few EeV were
dominated by heavy nuclei such as iron, but
this would be in disagreement with the lighter
composition inferred observationally at these
energies (6). Themaximum of the flux might be
expected to lie close to the galactic center region,
whereas the direction of the three-dimensional
dipole determined above 8 EeV lies ~125° from
the galactic center. This suggests that the an-
isotropy observed above 8 EeV is better explained
in terms of an extragalactic origin. Above 40 EeV,
where the propagation should become less dif-
fusive, there are no indications of anisotropies
associated with either the galactic center or the
galactic plane (36).
There have been many efforts to interpret the

properties of ultrahigh-energy cosmic rays in terms
of extragalactic sources. Because of Liouville’s
theorem, the distribution of cosmic rays must
be anisotropic outside of the galaxy for an an-
isotropy to be observed at Earth. An anisotropy
cannot arise through deflections of an originally
isotropic flux by a magnetic field. One prediction
of anisotropy comes from the Compton-Getting
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Table 2. Three-dimensional dipole reconstruction. Directions of dipole components are shown in
equatorial coordinates.

Energy
(EeV)

Dipole
component dz

Dipole
component d⊥

Dipole
amplitude d

Dipole
declination dd (°)

Dipole right
ascension ad (°)

4 to 8 −0.024 ± 0.009 0.006%0.003
þ0.007 0.025%0.007

þ0.010 −75%8
þ17 80 ± 60

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

≥8 −0.026 ± 0.015 0.060%0.010
þ0.011 0.065%0.009

þ0.013 −24%13
þ12 100 ± 10

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Table 1. First harmonic in right ascension. Data are from the Rayleigh analysis of the first
harmonic in right ascension for the two energy bins.

Energy
(EeV)

Number
of events

Fourier
coefficient aa

Fourier
coefficient ba

Amplitude
ra

Phase
ϕa (°)

Probability
P (≥ ra)

4 to 8 81,701 0.001 ± 0.005 0.005 ± 0.005 0.005 %0.002
þ0.006 80 ± 60 0.60

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

≥8 32,187 −0.008 ± 0.008 0.046 ± 0.008 0.047 %0.007
þ0.008 100 ± 10 2.6 × 10−8

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .
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THE MAGIC TELESCOPES

● At Roque de los Muchachos Observatory in La Palma (Spain) 
● System of two Imaging Atmospheric Cherenkov Telescopes (IACTs) 
● 17 m diameter reflector, fast imaging camera with field of view of 3.5 deg 
● Sensitive to γ-rays between 50 GeV and 50 TeV 
● Detectors (PMTs) sensitive to Cherenkov photons in the U-band (365 nm)
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THE FRB STORY SO FAR: FRB121102 breakthrough

John Hoang | The MAGIC Collaboration | Rencontres du Vietnam | Windows August 2018
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RESULTS: Optical 

● No optical bursts detected 100 ms before & after the 5 FRBs 
● During the first radio burst, there was 1 optical flash ~4 s before the radio burst 

○ Most likely a background event due to meteor within FoV

200ms

John Hoang | The MAGIC Collaboration | Rencontres du Vietnam | Windows August 2018
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Credit: T. Hassan et al 2018
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Gamma-Ray Bursts 
(Probably) The Most Powerful Explosion in the Universe 
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Distribution of Duration of GRBs 

Duration of Gamma-Ray Bursts (sec) 

Short GRBs 
 
Origin was unknown.  
Neutron Star Mergers !? 
 

Long GRBs 
Origin is 
Massive Star 
Explosion. 

～1 sec 

～10 sec 
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Time resolved Yonetoku relation

Lu + 2012 
 15 GRBs with time resolved  
  Ep and  redshift

Yonetoku Relation holds regardless of the time interval
Nagataki/Ito



Remaining Main Differences between the CB and  FB Models 

 Power Source:    jet of plasmoids (CBs) fired by MSP     jet fired by  bh/magnetar in 
                              in SNeIc, n*n* mergers, n*!q*  PT     hypernovae and macronova 

 Jet Geometry:        discrete plasmoids (CBs)                       conical flow/shells 
  
 Radiations:   
            
 Prompt              Inverse Compton  scattering             Synchrotron  radiation from 
                            of  glory light by CB electrons          shell collisions/internal shocks 

Afterglow          SR from Fermi Accelerated  e’s       SR from Fermi Accelerated e’s  
                                   within the CBs                                 in the shocked ISM  

HE                      SSC + hadronic meson  prod.              SSC + photo meson prod. 
                  

XRFs,  LLGRBs     Ordinary GRBs viewed far-off axis     Different classes of  GRBs

γ , ν

CB                                               FB

Dar



Test  #1 :   Polarization

Prompt Emission Mechanism                 Afterglow  Mechanism 

CB:  ICS of glory light by  jet electrons             SR from Fermi  accelerated 
                                                                               swept in ISM electrons*
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FB:   SR from  shocked  jet                                       SR from  shocked  ISM

(Shaviv & Dar  1994) (Dar  1998)

*Turbulent magnetic fields are required  for shock acceleration of the HE e’s emitting the 
SR. 
All the  a posteriori attempts  to  explain a large polarization of the prompt emission in the 
FB model  (after measurements)  cannot explain  why  almost all GRBs have  large  

Dar
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MISSION: SEARCH AND STUDY THE COSMIC ACCELERATORS

Credit: IceCube/NSFResconi
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ICECUBE-170922A: POINTING TO THE BLAZAR (TXS 0506+056)

�20

Event occurred on the  22nd Sept 2017, 20:54:30 UTC 
First notice sent 43s later! 

Revised coordinates sent 4 hours later 

• Follow-up responses 
GCN 21917 - Integral - No detection […] 

• ATel 10791 - Fermi - increased gamma-ray activity 
of TXS 0506+056 (RA 77.36 deg, Dec +5.69 deg)  

• ATel 10817 – The First-time detection of VHE 
gamma rays by MAGIC  

....and observations and reports by many more 
telescopes: AGILE, ASAS-SN, Kapteyn, Kanata, Kiso, 
Liverpool, Subaru, VERITAS, VLT 

“Multimessenger observations of a flaring blazar coincident with high-energy neutrino IceCube-170922A,” The 
IceCube,  Fermi-LAT,  MAGIC,  AGILE,  ASAS-SN,  HAWC,  H.E.S.S,  INTEGRAL,  Kanata,  Kiso,  Kapteyn,  Liverpool 
telescope, Subaru, Swift/NuSTAR, VERITAS, and VLA/17B-403 teams. Science 361, 2018
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Neutrino Flare

IceCube-170922A

~2-3% of time brighter 
than during neutrino 
alert 170922A

~1-2% of time harder 
than during neutrino 
flare 2014-2015

55-days bin size, E > 2GeV

GAMMA-RAY LIGHT CURVES: TXS 0506+056
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Cám ơn rất nhiều

Wishing you another 25 years of  successful conferences, 
and continued growth in physics and astronomy in Vietnam

And, of course, thank you for all the delicious food!


