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Radius of the Visible Universe

History of the Universe

Inflation posits a pre-phase of
exponential expansion before
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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.




HEP at Higher Energies?

CO”ider BUilt by Natu re? SCIENTIFIC AMERICAN FEBRUARY 2017

What's needed as a “collider"? Cosmic Inflation Theory Faces
Challenges

The latest astrophysical measurements, combined with theoretical problems, cast doubt on the
long-cherished inflationary theory of the early cosmos and suggest we need new ideas

What can be studied?

Mass: what's the resonance?
From resonance to interference
What's at the energy scale H?
How is the collider “"built”?

Has inflation indeed happened?

_g Observations

A Cosmic Controversy

A Scientific American article about the theory of inflation prompted a reply from a group of 33
physicists, along with a response from the article’s authors

Yi Wang



Gorbunov

The Higgs inflation in brief

Higgs-driven inflation

F.Bezrukov, M.Shaposhnikov (2007)

: M2
s = /d“x\ﬁg (-{R-&H'HR+$SM>

In a unitary gauge H” = (0,(hjL v)/v\/E) (and neglecting v = 246 GeV)

: M2 + & h? (duh)®2 At
S= [d*xy—g| -2t gtV AT
/ X < 2 2 4

slow roll behavior due to modified kinetic term even for A ~ 1

Go to the Einstein frame: (M2 + & h?)RR — M2 REF

JF _2~EF 2 En?
Guv =Gy, Q :1+M2
P

with canonically normalized yx: interval ds? changes !

G M MEEEEEOER | iy

ah — M2+ E 2 T A MR ER ()

we have a flat potential at large fields: U(x) — const @ h> Mp/\/E
Dmitry Gorbunov (INR) Curing Higgs inflation with R2-term 07.08.2018, XIVth Rd Vietham 15/34



CMB Polarization power spectra
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The BICEP/Keck Collaboration

Pryke

Multipole |

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

. During propagation
sally some of the E-modes
poer are confused into B-

/ _» modes by lensing

Inflationary gravitational waves are unique
source of intrinsic B-modes
— peaking at I=80 : degree scales




Adding in Planck temperature measurements
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Planck TT+lowP+lensing+ext

Stage 2 Stage 3
+BICEPKeck14

BICEP2 Keck Array BICEP3 BICEP Array
(2010-2012) (2012-2019) (2015-)
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Steadily tightening the constraints on
inflationary models




Stage 2 Stage 3

Keck Arra BICEP Array;
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South Pole Telescope: Ty
Polarization Spectra and Lensing Results

Jason Galllicchio
SPT Collaboration
Harvey Mudd College

Mean Clear Sky PWV
Chile

Tibet
Greenland
South Pole
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Gallicchio/Maurin Great PWV conditions and high fraction of available sky

S ; Atacama ﬁosmology ""Telescope :
oy Status and perspettwes. <

:

for the ACT collaboration™

Wy Z - - FONDECYT Fellow @ Pontificia Universidad Catdlica de Chile
Rencontres du Vietnam: Windows on the Universe 2018



Maurin

PlanckTT+BAO
PlanckTT+BAO-+PlanckLens
PlanckTT+BAO+ACTPolLens
PlanckTT(no 2-pt lens)+BAO
PlanckTT(no 2-pt lens)+BAO
+PlanckLens

PlanckTT(no 2-pt lens)+BAO
+ACTPolLens
ACTPoICMB+ACTPolLens+BAO

ACTPol Lens

ACTPol Lens + BAO
Planck Lens + BAO
ACTPol CMB + BAO
Planck TT + BAO

ACTPol Lens
Planck Lens
KiDS Lens
CFHT Lens
DES Lens

and estimators. The b
+0.06 ( relative to the Planck best-fit /
ectra (which we define to have Ay, = 1). The AC
i '\ to the

Constraining power on
Qm, O, and va
combining with BAO

Sherwin et al. (2017)




CMB Lensing Story 2015

CMB Deflection Map (dark matter distribution) = mv
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ACT/SPT E-Mode Spectra
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Plot from Steve Choi

Figures from Steve Choi
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960 Detectors

=

2017 SPT-3G
16,000 Detectors
2007 SPT-SZ —— 2012: SPTpol - —
i . N
y. ; - %

: GHz + Polarization

, X GHz + Polarization
(but in every pixel...)

Shot Noise =2 More Detectors
Foregrounds -

Credit: Joshua Sobrin

Gallicchio



Dramatic improvements in angular resolution and
sensitivity over the past decades!
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~ 7 degree
beam

Chluba ~ 0.3 degree ~ 0.08 degree
beam beam



Intensity (erg/em? sec sr Hz)

Sp
by formula (3),

T-3.3°%,m=0.3,
Q=03

Chluba



Physical mechanisms that lead to spectral distortions

Cooling by adiabatically expanding ordinary matter Standard sources

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

- Heating by decaying or annihilating relic particles

(Kawasaki et al., 1987; Hu & Silk, 1993; McDonald et al., 2001; JC, 2005; JC & Sunyaeyv, 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 & Sunyaeyv, 2011; JC et al. 2012 - Jedamzik et al. 2000; Kunze & Komatsu, 2013) A

« Cosmological recombination radiation

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

pre-recombination epoch

»high“ redshifts

Jow“ redshifts

] [ . :

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

. S

- Shock waves arising due to large-scale structure formation Y3
(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)

Chluba



Distortions provide new power spectrum constraints!

WIMP kinetic decouplin

CMB distortions

Allowed regions

=== Ultracompact minihalos (gamma rays, Fermi-LAT)
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=== Primordial black holes

CMB et al. Probe extra
=10 e-folds

-~ of inflation! ,

I
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— CMB, Lyman-o, LSS and other cosmological probes
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Bringmann, Scott & Akrami, 2011, ArXiv:1110.2484 k (Mpc™)

Amplitude of power spectrum rather uncertain at k > 3 Mpc1
Improved limits at smaller scales can rule out many inflationary models

CMB spectral distortions would extend our lever arm to k ~ 104 Mpc-
very complementary piece of information about early-universe physics

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



Anisotropy (uK)
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PIXIE: Primordial Inflation Explorer

Angular Scale (Deg)
30 10 3 1

Unpolarized

PIXIE |
Sensitivity

100
Multipole ¢

Frequen 87 (GHz)

100 200 400 200

Wavenumber (cm™)

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

about 1000 (') times more sensitive
than COBE/FIRAS

B-mode polarization from inflation
(r=10-3)

Improved limits on y and y

was proposed 2011 & 2016 as NASA
EX mission (i.e. cost ~ 200-250 M$)

5,0/'
"/?,oﬂz

Fourier Calibrator ﬁ%
Transform .. N — ]
Spectrometer T ——m :
(2.725K) N\ VT Sl - Nested
. SuonE S shess
‘\.,\._“*—»,___ x N : X
S8 | . 4 7
\\\ N X ! ! S v
. ¥
) ,‘/,-'
~ s

Solar Arrays  Cryocooler g cecraft

Radiators
TolEarth

Kogut et al, JCAP, 2011, arXiv:1105.2044



Greenland - Summit Station

* Established/operated by US NSF & o093

Greenland Government. &6
 Established on 1989. _,f{},,,fe?:,,i ey

. ¢ + Petermann ELA

* Atmospheric and weather researches
are mainly ongoing.

N72.60° W38.42°. Altitude: 3210m.

YUummersdopeopiemVintersmopeople

+Humbeldt

+GITS  +NEEM
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Feasibility of Submillimeter VLBI

Doeleman et al. (2008)

Vol 4554 September 2008 doi:10.1038/nature07245

Event-horizon-scale structure in the su
black hole candidate at the Galactic Cel

Sheperd S. Doeleman’, Jonathan Weintroub?, Alan E. E. Rogers', Richard Plambeck
Remo P. J. Tilanus™®, Per Friberg®, Lucy M. Ziurys®, James M. Moran?, Brian Corey’,
Daniel L. Smythe', Michael Titus', Daniel P. Marrone”®, Roger J. Cappallo’, Douglas C
Richard Chamberlin'®, Gary R. Davis®, Thomas P. Krichbaum'!, James Lamb'?, Holly
Alan Roy'!, Peter Strittmatter®, Daniel Werthimer', Alan R. Whitney' & David Woc

3

The cores of most gala are thought to harbour superm
r galactic nuclei by converting the
itational v creting matter into ra ion'. Sagittarius A*
(Sgr A*), the compact source of radio, infrared and X-ray emission
at the centre of the Milky Way, is the closest example of this
phenomenon, with an estimated black hole mass that is
4,000,000 times that of the Sun**. A long-standing astronomical
goal is to resolve structures in the innermost accretion flow sur-
where strong gravitational fields will distort the
iation emitted near the bl hole. Radio obser-  tin
nd 7mm have detected intrinsic  at]
structure in Sgr A*, but the spatial resolution of observations at  Th
these wavelengths is limited by interstellar scattering®”. Here we  Ke
report observations at a wavelength of 1.3 mm that set a size of  pr¢
+1§ microarcseconds on the intrinsicd gr A*. Thisis  MI
less than the exp apparent size of the nt horizon of the it
presumed black hole, the bulk of Sgr A* emission (G
not be centred on the khole, but arises inthe surrounding ar
cretion flow. dei

Sgr A*
Size = 40 pas (=

Correlated flux density (J

Matsushita

Honolulu
o

Hawaii

2,000

Baseline (10°))

North Pacific
Ocean

Doeleman et al. (2012)

Sacramento

Sanlh.g
Francsco, Californie.

{ David E. Schengk,"*t
pffrey C. Bower," Avery
ert Freund,” Per

00, Peter Stri
hthan Weintrou

Approximately 10% of active galactic nuclei exhibit relativistic
powered by accretion of matter onto super massive black hole
measured width profiles of such jets on large scales agree wit
collimation, predicted structure on accretion disk scales at the
not been detected. We report radio interferometry observation

Vir A* (M 87)
Size=40 pas(=5r,)



Expected uv Coverage with GLT

Very Long Baseline Interferometry (VLBI)

UV Coverage for M87

IcmT EAd N

uv coverage for M 87 with GLT, ALMA, ‘Li .\\

SMA/JCMT, LMT, SMT, CARMA, IRAM = 1 =& =
30m, and PdBI. Baselines with GLT are | e
shown in red. S \\

Matsushita
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Sizes of Black Holes

Shadow Size \YES Distance

nasec) 10° Mo) Mpc)

Sgr A* 50 4.1 +- 0.6 0.008

M87 6600 +-400 17.0

M31 180 +- 80 0.80

Me0 2100 +-600 16.5
NGC 5128 (Cen A) 310+ 30 4.5

Note: Here we assume R ~ 5 xR Gebhardt et al. (2011)

shadow




GLT Antenna Shipping & Reassembly

B 06
2280 ade for Extreme Weather

Norfo

Feb. 13Ngem

Matsushita
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230 GHz VLBI First Fringe with ALMAL!I

* 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.

N q;uihl and ,__,J ela ( . - N ALMA THULE
Observation toward
3C279 on 2018/1/28
11:30-14:30
Local Thule Time

amplitude
amplitude

H' U
"*f-!"i'_’ r]l\' “l“ '”l)" f\‘f "’h'i'n

amplitude

= 0 0 20 40
singleband delay (us) Avgd. Xpower Spectrum (MHz)
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Monsalve

EDGES Instruments

Dark Ages Cosmic Dawn Reionization

z=80 30 20 14 12 10

First Galaxies T e .
eionization Reionization

pumping (Xray)
(Wouthuysén- Heating
Field effect

l=) EDGES Mid-Band 4=

EDGES
Low-Band Pritchard & Loeb 201 |

50 100
Frequency [MHZz]



Low-Band Ground Plane

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

20m

NV

, 3 ‘ Summary of the Detection
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* Integrated spectrum
* ~430 hours

* Low foregrounds
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Bowman, Rogers, Monsalve, Mozdzen, Mahesh 2018, Nature, 555, 67
Monsalve




Producing a Deep Absorption

Dark age Cosmic dawn

Radiation Temperature

/ could be higher than CMB
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Time since Big Bang (million years)

Greenhill 2018, Nature, 555, 38
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Marion Island

Marion Island base is operated by the
South African National Antarctic Programme

2000 km from nearest continental landmass

PRIZM = first astro experiment on Marion!
2016 engineering run, science ops since 2017

Marion Island
46°54'45"S 37°44'37"E

4y
£s |
/ ’ -

Challenges:
Access once per year

3 week deployment window
Roaring Forties weather
Mires and lava rocks
@#3%% mice

Chiang



Instrument paper:

RFI comparison with Karoo L. Philip et al.  arXiv:1806.09531

Marion Karoo

Only detectable feature
at Marion is Orbcomm
satellites (137-138 MHz)

Amplitude/background-1

Instrument paper:

Preliminary PRIZM raw data L. Philip et al. arXiv:1806.09531

North-South ) East-West ) 110

cy (MHz)

Time
(12 hrs)

N
I
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o
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Y~ 2

>
Frequency (70 — 130 MHz)



Takada

Hyper Suprime-Cam (HSC)

largest camera
3m high
weigh 3 ton

104 CCDs
(~0.9G pixels)
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Hyper Suprime-Cam FoV

Takada
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| Nearby galaxies
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Unprecedented wide and deep 3D DM map

,i

ik . A \.l.-l‘.\

Oguri et al. 2018

one particular field (VVDS field)

Takada
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Cosmology goal for neutrino mass

e [orecasts for Subaru surveys (aimed at achieving by 2025)

0.12

Subaru HSC+PFS

m, x+<0.1eV (95%CL)
with Subaru

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

Future (till 2030):

My, 15:<0.03eV (95CL) with
CMB exp.

& HK/DUNE (till 2030, after 5-
years operation.)

O(Neff)~0.027




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!

e Stellar IMF is the biggest
systematic in stellar mass
measurements

e Challenge for the

Stellar mass [M,] 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)

BAO Power Spectrum Constraints
4 year survey (50% eff.); 15,000 deg®
I

HIRAX 128 HIRAX 512 HIRAX 1024

Cosmological Parameter Constraints
4 year survey (50% eff.); 15,000 deg?

I Planck 2015
I HIRAX 128 + Planck 2015
I HIRAX 1024 + Planck 2015

Dark Energy Constraints (No Planck Priors)

4 year survey (50% eff.); 15,000 deg?

B HIRAX 128 (FoM:9)
HIRAX 512 (FoM: 103)

I HIRAX 1024 (FoM: 285)

JLS



Asian Astrophysics

* Well Developed in East Asia during the last 30 years
e 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



Ho

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

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

Korea: Bohyunsan OAQO, Sobaeksan OAO, KVN, KMTNet, 4'-:

Space Weather, CIBER, OWL, ....

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



Ho

and Regional Large Scale Projects

(> 1B USD)

s TMT: Japan, China

 GMT: Korea

e SPICA: Japan (Korea, Taiwan)

e SKA: China, Japan, Korea (Taiwan)

However, Better Coordination Needed



Ho

EAOQO 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
EAQO facilities — Accelerate regional developments



Nuss

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF HANOI

TRUONG DAI HOC KHOA HQC VA CONG NGHE HA NOI

VIETNAM FRANCE UNIVERSITY

MASTER IN SPACE ;) W——
EARTH OBSERVATION, MASTER SPACE

Earth Observatlon Astrophysws Satellite technologies

ASTROPHYSICS, SATELLITE Eaaa
TECHNOLOGIES N ca

The only master degree in
space sciences & technologies

in Vietham
SRR KKK KK

Two specialties: i P
* Science from Space ‘
* Satellite technologies



VIETNAM FRANCE UNIVERSITY

French

Optimization of
the next
generation CMB
satellite
missions

Guillaume
Patanchon,
Yannick
Giraud-Héraud

The surface heat

fluxes . ;
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s Hwa Chien

remote sensing
data

Design, development
and inflight
exploitation of
T satellite [Hubert Halloin,
payloads for Philippe
measuring the Laurent
radiative content of
low-earth orbit and in
the ionosphere.

Rice monitoring
using radar remote

& Thuy Le Toan,
sensing. From

Phan Thij Mehrez Zribi

Hoa research to
applications.

Galaxy cluster

detection and 5
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osmology in the
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Weakened cell
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3. Proposal for the development of Space Science in
Viet Nam

So far, what have we done?

v Created an undergraduate program for Viet Nam.

v Established an internship program with ASIAA
(Taiwan), Sokendai (Japan).

v Created a research group at VNUHCM.

v Created a linkage with East Asian Observatory.

v Established a foundation for basic science VNUHCM-
Rencontres du Viet Nam.

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

Phan Bao Ngoc
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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).

Tan
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Astronomical observatory: telescopes
and equipment

'. We signed an MOU with NAOJ to ask for

support in constructing the observatory
e The new telescope tube design is led
and donated by the astronomy lab from
Kyoto university, CCD is supported by
NHAQO

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



KASI: Facilities abroad and in space

Abroad

Optical Patrol System
(OWL-Net)

Mt. Lemmon Observatory

mcS)st on the Universe, Rencontres du Vietnam @ z=o| AlH|0f i3t x| A& 2 2Amgustsz 1k 200 8
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Superconducting tensor GW
Detector (Paik et al. 2016, CQG, 33, 075003)

« Superconducting Omni-directional
Gravitational Radiation Observatory
(SOGRO)

halt) = 7 oist) — 7 (0
hij (t) = % {[z4i5(t) — 235 ()] — [z () — z450(D)]}
- By detecting all six components of

Riemann tensor, the source direction and
the polarization can be determined.

- Newtonian noises could be modeled and P red I Cted S O G RO Se n S | t |V|ty

subtracted from the signal

. Curves

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




OBSERVATORY

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

Niechciol



Cosmic Ray Energies

Cosmic rays wf unversmar

Direct measurements:
BESS-TeV (2004, only p)
ATIC-2 (2009, only p) N
CREAM-| (2011, only p) 1 particle per m? and year
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) s
HiRes 2 (2008)

OEP\N\ {
TA (2015) U’\% 1 particle per km? and century ——> {TI
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07.08.2018 Marcus Niechciol | 14th Rencontres du Vietnam - Windows on the Universe 2018 (Quy Nhon) 3/28

Energy spectrum covers ~12 orders of magnitude,

30 orders of magnitude in event rate Niechciol



Auger Pushing at high E

Energy spectrum (ll1) af voersimar

£ E < Eankle
~1
- e)_YZ [1 + (EaEnfle )AY} |:1 —+ (EE‘S)AY:| E > Eankle +
Es = (39 £ 2 4+ 8) EeV

[ 14 % systematic uncertainty Ei)o = (23+£1+4)EeV
[ on the energy scale

(@ Auger (ICRC 2017)

17.5 18.0 18.5 19.0 19.5 20.0

lg(E/eV)
[F. Fenu for the Pierre Auger Collaboration, PoS(ICRC2017)486] ) )
07.08.2018 Marcus Niechciol | 14t Rencontres du Vietnam - Windows on the Universe 2018 (Quy Nhon) N IeChCIOI
. ppression ne flux of cosmic rays at the highest energies firmly established,
the origin of the suppression not ye (propagation effect? maximum energy at

the source? both?)



Large-scale anisotropy (l1) u B voversiar

e Reconstruction of the

Energy Dipole Dipole Dipole Dipole Dipole right
(EeV) componentd, componentd, amplituded declinationdy(°) ascension a4 (°)

>8 ~0.026 £ 0.015 0.060738% 0.06578583 —24 4% 100 + 10

0.46

HO.BS

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

distributed similar to (take e.g. the )
* Deflection of the dipole pattern due to the

* Strong indication for an of UHECR above 8 EeV

[The Pierre Auger Collaboration, Science 357 (2017) 1266]

07.08.2018 Marcus Niechciol | 14t Rencontres du Vietnam - Windows on the Universe 2018 (Quy Nhon) 23 /28
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Large scale structure induced UHECR anisotropy

Globus, Piran, Hoffman, Carlesi & Pomaréde submitted
eprint arXiv:1808.02048

nitrogen @11.5 EeV
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Noémie Globus - Rencontres du Vietnam - Windows on the Universe 2018 - 2018, August 7
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Predicted nuclear y-lines towards the center of the Galaxy
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THE MAGIC TELESCOPES 9
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e At Roque de los Muchachos Observatory in La Palma (Spain)

e System of two Imaging Atmospheric Cherenkov Telescopes (IACTs)

e 17 m diameter reflector, fast imaging camera with field of view of 3.5 deg
e Sensitive to y-rays between 50 GeV and 50 TeV

[

Detectors (PMTs) sensitive to Cherenkov photons in the U-band (365 nm)

John Hoang | The MAGIC Collaboration | Rencontres du Vietham | Windows August 2018
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THE FRB STORY SO FAR: FRB121102 breakthrough

A Repeating Fast Radio Burst

L. G. Spitler’, P. Scholz”. J. W. T. Hesse
J. M. Cordes”, E. Crawtord”, J. Deneva'”
R. Lynch!'*:*2_ E. C. Madsen?, M. A. N
I. H. Stairs'>*, B. W. Stappers'®, J. van

Published online by Nature on 2016 Ma

FRB 121102: Detection at 4 - 8 GHz band with
Breakthrough Listen backend at Green Bank

ATl #20675; Gajiar, Vishal (University of California, Berkelry, USA), Andrew P2 V. Siemion
(Uriversity of California, Rerkeley, USA), Dovid H. E. MaeMohon (University of California
Berkeley, USA), Steve Croft (Uriversity of California, Berkeley, USA), Gregore Hel'boary
(Uriversity of California, Rerkeley, USA), Howard Isoacson (University of California, Rerkeley
USA), J. Emikiv Enriguez (University of Calijorniv, Breekeley, USA). Danny C. Price (University
of Californin, Berkeiev, LISA, Matthew Lehaofeky (Uiniversity of Califormia, Rerkeley, 11SA),
Duvid DeBoer (University of Cdlijornic, Brrkeley, USA), Dun Werdhimer (University of
Califoenia, Berkeley, [1SA), Tack Hickish (Iniversity of Califarmia, Rerkeley, 1ISA), Casey
Brinkmun (University of Vermunt, Bur'ington, USA), Shumi Chaiterjee (University of Correll,
Ithaca, [I8A), Scoit Ransom (Iiniversity of Virginia, Charlntesville, 11SA)

i 20 Auy 2017; 03:11 UT
Distribited o5 an Instant Email Natice Trans'ents
Credeatiof Ceriificinivn. Steve Cruft (oryfti@ustro berkeley.edu)

Suhjorts: Fadio, Trensient, Fast Racio Duarst

Refemed te by ATel #: 10693, 11376

(9 ot | 3 Focommend 32

On Sanurday, Angust 26 ar 1331 44 UTC we mitlarac observarlons of ™2 well-known repeating
fast radi> bus: FRB 121102 [Spider et al., Namwe, 531, 7593 202-205, 2C15] using the
Breakthrough Liswen D gital Backend with te C-hand recalver ai the Green Bank T2l2scope. We

The direct localization of a fast radio burst and its host

S. Chatterjee’, C. J. Law”, R. S. Wharton', S. Burke-Spolaor’*”, J. W. T. Hessels“", G. C. Bower”,
J.M. Cordes’, S.P. Tendulkar’, C. G. Bassa®, P. Demorest®, B. J. Butler?, A. Seymour?, P. Scholz'!,
M. W. Abruzzo'*, S. Bogdanov'®, V. M. Kaspi?, A. Keimpema'*, T. J. W. Lazio'", B. Marcote'?
M. A. McLaughlin®®, Z. Paragi'!, S. M. Ransom'®, M. Rupen'!, L. G. Spitler'’, & L. 1. van

| ..'mgeve],-k,l 1,13

Published online by Nature on 4 Jan 2017. DOI: 10.1038/nature20797

'Cornell Center for Astrophysics and Planetary Science and Department of Astronomy, Comell
University, Ithaca, NY 14853, USA

9?;’:;”5; An extreme magneto-ionic environment associated with
3 Vu:i(o.raj- the fast radio burst source FRB 121102

1Dcpanmc D Machilli' “* A S'.“'s'l.tkll..l'. SIWOT ch»'e A L'. C: Spader, V. G'.-.j"m"" 4'\...\1. Au.'h.l-u'.;.: "

G. C. Bower", S. Chatterjee™. J. M. Cordes™, K. Gourdj®, G 1L Tleald"™. V. M. Kaspt ', C. J. Law *,

C. Sobey™ ™1 L. AL K. Adams™, C. G. Bassa’. S. Bogdanov'®, C. Brinkman™. P Demorest'?,

F. Fomandez’, G. Hellbourg™. T. J. W. Laze', R. S. Lynch'"*', N. Madéox', B. Murcotc®,

M. A. McLaughlin®~, Z. Paragi®, 5. M. Ransorn™. P. Scholz**, A, P V. Siemion’* ™" §. P. Tendulkar'",
E. Van Roov", R, S. Wharton', D. Whitlew,*

)

Q

Puhblished online by Notoow cn 10 Jan 2008 DO 101038 namre 25149

'ASTRON, Netheriands institute for Radio Asironomy. Fosibas 2, TN AA, Dwingeioo, The
Netherlands
* Anton Pannekoek Institure for Astronomy, University of Amsterdam, Science Park 904, 1098 XTI

11 Jan 201

atd alal

John Hoang | The MAGIC Collaboration | Rencontres du Vietham | Windows August 2018



RESULTS: Optical
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e No optical bursts detected 100 ms before & after the 5 FRBs

e During the first radio burst, there was 1 optical flash ~4 s before the radio burst
o Most likely a background event due to meteor within FoV

John Hoang | The MAGIC Collaboration | Rencontres du Vietham | Windows August 2018
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Gamma-Ray Bursts
(Probably) The Most Powerful Explosion in the Universe
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Time resolved Yonetoku relation
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Yonetoku Relation holds regardless of the time interval
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Remaining Main Differences between the CB and FB Models

CB FB

Power Source: jet of plasmoids (CBs) fired by MSP  jet fired by bh/magnetar in
in SNelc, 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
y 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.




Test #1 : Polarization Dar

Prompt Emission Mechanism Afterglow Mechanism
CB: ICS of glory light by jet electrons SR from Fermi accelerated
o | swept in ISM electrons”
2 22 .
M=t = M<<1
(Shaviv & Dar 1994) (Dar 1998)
E: SR from shocked jet SR from shocked ISM

[I«1 [I<]

*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

FR rmnAdal (affar maoansciiroermaoantel ~cannat avinlain whyvy almact all CRDRe haviea |araos
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ICECUBE-170922A. POINTING TO THE BLAZAR (TXS 0506+056)

“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

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)

Declination
MAGIC significance [o]

®* 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, nBe B Rig"';'tsgsce:;g ] 768" 764°
Liverpool, Subaru, VERITAS, VLT

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

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



