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_What is Astroparticle Physics?
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_What is Astroparticle Physics?
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What is Astroparticle Physics? & T
"Astraggrticle physics; also-called-particle-asirophysi€s s
a branch of particlephysicsttRat studies elementary
particles of astro cal @In and their relation-to”
astro and cosmology.” Wikipedia '

,,H_;_I"AStrnpartic_lg Physics is éhew field of research err:;q:rging

ﬂt the intersection of particle physics, astrnmv, and

>4 cosmology. It aims to answer fundémgntal qué“-"stiﬂns _
related.to the story of Bhe Universe such.as: What is the :

& Universe made of? Whatis\the origin of cosmic rays?

* . What is the nature of Q’rﬂyhty\?’j

. http://www.astroparticle.org =~ [
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What is Astroparticle Physics? . m |

Astroparticle Physics is a field of research at the
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What is the Universe ¢ particles (gamma-rays,
cosmic rays, neutrinos, da d how do they interact?
What is the nature of gravity?
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cosmic rays, nell - at i d'how do they interact?
What is the nature of grawtv?



What is the Universe ¢ particles (gamma-rays,
cosmic rays, neutrinos, da d how do they interact?
What is the nature of gravity?







Particle Physics

Begins with

1897 Discovery of the electron
J. J. Thompson et al.,

Crookes’ cathode ray tube

|



Joint Development of
Particle Physics & Particle Astrophysics

Hafio Contivmnn (408 MHz) Bowen, fodrell Bawk,
arad Farles

1932 Positron
1936 Muon
1947 Pions :n % n*, m-
1949 Kaons (K)

1949 Lambda (A)

1952 Xi (E)

1953 Sigma ()



Particle Physics

Standard particles

S

In 2013,
The Standard Model
is complete!!

Precise description of
nature up to ~10 TeV



Nl Condingnm (408 Afife) Htavin, foalrell Bk,

Cosmic Ray Spectrum _ |
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Joining forces again
Particle Physics & AstroParticle Physics

Raalro Contintrem (08 MHz) Bonn, fodrell Banlk,
areead Poarlben

astroparticle physics !

Cosmic particles (CRs, v’s, y's)
with E > LHC

Neutrino Properties: masses,
symmetries,...,

Dark Matter: WIMPS, axions,
SHDM,...

Dark Energy: 777??

Inflation and GUT scale physics
(e.g., CMB polarization)

Gravitational Waves

Other Early Universe Relics...




What is the Universe ¢ particles (gamma-rays,
cosmic rays, neutrinos, da d how do they interact?
What is the nature of gravity?







1933
Coma cluster
~ 70 Mpc

MdarkH 400 Muisi!_:rle y

Fritz Zwicky

.-



Coma cluster = LA BT SUCREE o, LA e
~ 70 Mpc .' R

umhle

Fritz Zwicky
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Fritz Zwicky
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Physics Nobel Prize 2011

The Universe is Accelerating!!!




Afterglow Light
Pattern
400,000 yrs.

Fluct

Dark Ages
1st Stars

Dark Energy
Accelerated Expansion

Development of
Galaxies, Planets, etc.
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about 400 million yrs.

Big Bang Expansion

|
|
13.7 billion years

WMAP



Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

about 400 million yrs.

Big Bang Expansion

13.7 billion years



Cosmological Surprises:

26.8% Dark

68.3% Dark
Ene?g:y 1.9% Ordinarv’

Planck mission

Standard Model explains ¥5% of the universe, 27%
Dark Matter, & 68% named Dark Energy!
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Astroparticle Physics

Neutrinos:

Solar Neutrino problem - oscillations
N,<4 from Big Bang Nucleosynthesis
Atmospheric Neutrinos - oscillations

Supernova 1987A — mass limits, SN theory
CMB — neutrino masses

High Energy Neutrinos
Ultra-high Energy neutrinos?



Astroparticle Physics

Neutrinos:

Solar Neutrino problem - oscillations
N,<4 from Big Bang Nucleosynthesis
Atmospheric Neutrinos - oscillations
Supernova 1987A — mass limits, SN theory

CMB — neutrino masses Xinhua Bai
: : Daniele Fargion
High Energy Neutrinos Ke Fang
. . Xiangyu Wang
Ultra-high Energy neutrinos? . .. cotera
Xiang-Ping Wu

Angela Olinto
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YWIMPs
P X

Direct Detection

X

WiMPs

'-.-‘_----- x
Collider Searches

Indirect Detection

The colors indicate which (near) future e —
experiments can detect this model: LHC
only, Xenon |ton only, ,

golEali € e chscoveled. Cahill-Rowley et al, 1305.6921|
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Astroparticle Physics

Universe’s Accelerators

Xinhua Bai Compact Objects: Neutron/Quark Sti pong Lai

Martin Pohl Hao Zheng
Kumiko Kotera Bfﬂd( HﬂfES Lie-Wen Chen
‘:fahehret;ﬂ:ia: Energetic Transient Events :anin f"-

gor Moskalenko ELTTRET
Xiaojun Bi CIHStEF ShDCkS Zhaosheng Li

Ke Fang Shuangnan Zhang
Jonathan Zrake Angela Olinto
Zhuo Li Meng Su
Daniele Fargion Hua Feng
Xiangyu Wang Shoushan Zhang
Jon Arons Zhen Cao
Xiangdong Li Xiang-Ping Wu

Chen Wang Jianrong Deng



Astronomers view of energy scales

Photon “energy range” W

VISIERE Light

[l[-

Microwaves nfrarad

4 /@4

human bep pin head cell bateria




High Energy Particles

~ double the energy range for Astrophysics

Neutrinos




Cosmic Ray Spectrum
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Fluxes of Cosmic Rays
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Fluxes of Cosmic Rays

Space
Experiments




Fluxes of Cosmic Rays

Space
Experiments
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Fermi




What has Fermi found: The LAT two-year catalog

Supernova

remnants Globular clusters,

Pué'!:"-'r 4% high-mass binaries,

\ |/ normal galaxies
ors il \ and more

1%
active galaxies —.
1%

Unknown
31%

Blazars
57%

Limits on DM in GC, Dwarf Galaxies, etc...
Limits on LIV to ™ M,

Limits on Large Extra Dimensions stronger LHC

Credit: NASA/Goddard Space Flight Center



B s Cuark

® o s Neutron Star Strange Quark Star N o th ron St ars
Strange Stars

....x
.= | CcONFNED kI

QUARKS CUARKE

MEUTRCHNS

-

' Nt BT DR Compoettion Expissali®

Ultra-dense matter probe
through soft X-ray timing

Alcock, Farhi, AVO '86
Haensel et al ‘86




AMS on the ISS

» AMS-02 with AMS-02 preliminary B/C data
PAME LA,
& Farmi m-!'..,'!mi
E _ [ _I,Il:l ‘:I i [ -
E 10 s il i ;##H ~ = r [ AMS02 pip data ]
i teo B P ] seemnees B/C best fit in sample 1
O o

— ip besi i In sample
propagation uncertaintes

AUCHEar uncartalinies

- e s | bl - 1|_'_| - ””1[.;:5'
e® energy [GeV] [ T [GeVin]



Space Missions

: °

AMS

»
PAMELA ‘ e

Future

L
X
2

CALET

2016

ISS-CREAM

IE I'| I-l IE 1| II 1| Il || 1| ||' :l |!

E

Fluxes of Cosmic Rays

Free Flyers
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Fluxes of Cosmic Rays
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Global Instrumentsof.\VHE;Gamma Ray Astronomy




trumentsof VHE.Gamma Ray As

ESO, Paranal ,Chile

\ -

Lok !
Ly *
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Scaled flux E2% J(E) (m2s'sr'ev'?)
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Hillas Plot: E__ required

neulron star

0
.i"ﬂf.
O

N

.\HH.

AGN jets

hot spots

Kotera & AO'11



Observatories of
Ultrahigh Energy Cosmic Rays

Telescope Array

Utah, USA |

(5 country i
collaboration) *' lg

700 km” array E,gt o 7 * 4% Pierre Auger

3 fluorescence S Observatory
telescopes . e _Mendoza, Argentina
S (19 country

collaboration)

o ? 000 km? array
4 fluorescence telescopes
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~ 500 Scientists, 19 Countries

Pierre Auger Observatory
3,000 km? water cherenkov detectors array
4 fluorescence Telescopes, Malargue, Argentina
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Averageof X

ibyll2.1
AUGER, PRE LI’M‘IIM‘&I{"I

Std. Deviation of X,
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QGSJet I1-04
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[414 - PoS 276] Parallel CRO3
Aniso Track: CREX Presented
by Kazumasa KAWATA on

30 Jul 2015 at 15:00

E > 57 EeV

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

i
— —————— — e e

e —

Max significance 5.10 (Ng,; = 24, N .=6.88) for 7 years
Centered at R.A=148.4°, Dec.=44.5° (shifted from SGP by 17°)
Global Excess Chance Probability: 3.7x107 : 3.4c (™ same as first 5 years)

TA, ICRC 2015 29



TA X 4 project

Quadruple TA SD (~3000 km?)
500 scintillator SDs

2.08 km spacing
2 FD stations

Proposals

SD: approved in Japanin
April 2015

FD: submit in US in October
2015
Get 19 TA years of SD data by
2020

Get 16.3 (current) TA years of
hybrid data

TA, ICRC 2015
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(EUSO)
in the
Japanese Experiment Module (JEM)

of the International Spacg Station (ISS)
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E2d, [GeV cm? s1sr]
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events
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Neutri

o unfoldin
= forward

e unfoldin
E= tforward

m Frejusv,

Frejus v,

e Superk. v,

AMANDA v,
?Dlding

lceCube v

j
?c:lding

= .IDrD
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Halzen ICRC13




IceCube Lab

iceCube Array

AMANDA Il Array

(precursor o I::n;ef_,utir;.*]

DeepCore

Eittel Tower
‘* J24 m

2450 m

2820 m




Neutrino Astronomy Begir.¥®

* PeV neutrinos first observed by IceCube (Apr'13)

lue Aug @ 07:23:18 20N Twe Jon 3 03:34:01 2012

Bert 1.05 PeV Ernie 1,

i o g o T [




54 Events

ISIh:I:nIMéIrs ——
Tracks ¢
IceCube Preliminary

6.50

Declination (degrees)

B
10°
Deposited EM-Equivalent Energy in Detector (TeV)




54 Events

ICECUBE PRELIMINARY

Galactic

0 TS=2log(L/LO) 13.1



s High Energy
Neutrino

Experiments
TeV-PeV)

MNSF Summit Stabo
Yoo’ & Apex Station Site
=

reenland Ice Thickness

/ :: L A B
_‘5; — e R L:

** '« ANTARES

ol

e "
- NE— - 1
gk A et il B B L T




Cosmogenic (GzK, BZ*)
Neutrinos & Photons
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*Berezinsky & Zatsepin ‘69



UtraHigh Energy

Neutrino Experiments
 (EeV-ZeV) & R

H e
o

JEM-EUSO

refecior
feed array @ focus

Commeaation

ARIANNA Coll. See arXiv:1207.3846



EeV Neutrino Detectors
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US Astroparticles 2015

GeV TeV PeV EeV ZeV
Photons 12 15 18 21
FERMI !
v desert Z
7

Cosmic Raysiz 15 18 21

| | |
Neutrinos 1 15 18 21

! H o oanm
ANTARES Muger

7%



US Astroparticles 2020+

c ZeV
1

GeV TeV PeV EeV

Photons 1 1 8 21 :
v desert W“;HE ,

Cosmic Raysis 15 18 21 :

Neutrinos llg 15
ANTARES




\ﬂ! Busy HE Particles!! %
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“i Busy HE Particles!! ! :
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TOPICS
COSMIC RAYS
DARK MATTER DETECTION
FARTICLE COSMOLOGY
FARTICLE PHYSICS IN STARS

The leng-standing quest.for understanding the
fundameanial laws of Mature has motivated the

« new field of Astroparticle Physics where

oheanvations Af the Uinivarsa ane used b o
probe partichs inberactions. This small

w-:.l'l-;sl'r;.-;: will ring 1ogather + dl
Aslr-:-F*arln.'le Physics a:-::arls '

and foster Mk
aEpacally b
mambars of
Eowh
Inskilutes.

Angela

Organizers
Ke Rang (U Ghicago)

aoghang Li (PEUT. .

L Dlinta (U Chicago)
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Hanxin Xu {FELU)

L

m.-r

> anh

m.-r



	Slide01
	Slide02
	Slide03
	Slide04
	Slide05
	Slide06
	Slide07
	Slide08
	Slide09
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28
	Slide29
	Slide30
	Slide31
	Slide32
	Slide33
	Slide34
	Slide35
	Slide36
	Slide37
	Slide38
	Slide39
	Slide40
	Slide41
	Slide42
	Slide43
	Slide44
	Slide45
	Slide46
	Slide47
	Slide48
	Slide49
	Slide50
	Slide51
	Slide52
	Slide53
	Slide54
	Slide55
	Slide56
	Slide57
	Slide58
	Slide59
	Slide60
	Slide61
	Slide62
	Slide63
	Slide64
	Slide65
	Slide66
	Slide67
	Slide68
	Slide69
	Slide70
	Slide71
	Slide72
	Slide73
	Slide74
	Slide75
	Slide76
	Slide77
	Slide78
	Slide79
	Slide80
	Slide81
	Slide82
	Slide83
	Slide84

