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Amazing Predictions
Black Hole Expanding Universe

R ~

Final fate of stellar evolution Big Bang

Astrophysics Cosmology
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Evolution to Black Hole
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Cosmic Accelerators
High Energy Phenomena pervade the Universe

Active Galactic Micro-
Nuclei (AGN) & quasar

N

05°M, Black Hole | ~10MBlack™™

P i | .
g Q ‘Supernova
. . "Remnant __J

Neutron Star "y, | Sl Gamma-Ray" \,
w/ 108-14G i Burst (GRB)
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Explosive Development
Kifune Plot
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Multi-Messenger Era

50 m

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

1450 m

2450 m
2820 m

2 ith Century: Multi-Messenger Era
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Mysteries in 21th Century
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Mysteries in 21th Century

»Origin of
Cosmic Rays
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Supernova Remnant

Supernova

explosion
(gravity, nuclear)

= Shock
= Heating
~ keV ~ X-ray

Interstellar Medium
c,~ | 0km/s

"4 L 3000kns s
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Particle Acceleration

Collisionless Shock
t Diffusive process
— Power-law
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Galactic Magnetic Fields
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by Galactic Magnetic Fields ~uG
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Hadronic or Leptonic?
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Where is PeVatron?
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Where is PeVatro :
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66th Fujihara Seminar

X-raying the Gamma-Ray Universe
-- CTA-X-ray LINK Meeting --
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eV Gamma—Ray Sky
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Pulsar Wind Nebula

® Neutron star
Rotation + B
® Crab nebula

Toroidal wisps

~0.1pc
~0.0lpc

Q‘Eﬁ el @ ~4days flares
Nrotron
= PeV electron

Inner ring

shock

r.kn ot

20 arcsec
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Pulsar Wind Nebula

® Neutron star
Rotation + B
® Crab nebula

B wind ® r.shockN0° I PC
Shock | rknot~0.0 | pC

A;ﬁe'e'”atio"‘ ® ~4days flares
‘=R Synchrotron
—= = PeV electron

Toroidal wisps

Linear
accelerator?
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Mysteries in 21th Century

Black Hole Jet lark Matter

.- .
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Gamma-Ray Burst
E=mc? (by Einstein)

“ GRB Sun
Atomic bomb  ~lkg ~1052erg ~10%3g

In ~sec, GRB release energy Sun emit over lifetime

GRB is the most luminous object
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GRB = Black Hole Formation?

GRB jet breaks out of massive stellar envelope

msec X ¢ ~ 300km ~ BH radius

l>0.9999><c

Collapsar

Why BH launches relativistic jet?



Accretion Disk
(Baryon)

6
Radiative
)4 Jet



2015.3.22 CTA Physics Drivers by K. loka 29

Penrose Process
Ergosphere

E <0 is possible
since g..<0

in Ergosphere
E,=E,*+E,
=E,>E,

EO E2
Penrose 69; Blandford & Znajek 77
We can extract energy from BH!!

Max~29%Mc? (if a=M)
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>GeV y-ray from GRBs

.E® GRB 090510
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Active Galactic Nuclei/

JET AXIS

@ LINE OF B’azar

SIGHT TO
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Fo Jy-ray

e
SYNCHROTRON A A
PHOTON o uald

AMBIENT

PHOTON OR g
SYNCHROTRON PROTON - INDUCED

oo CASCADE

A SHOCK /
}‘ "S;;HOCK Rad Io
8LACK. ' INVERSE - COMPTON galaxy

HOLE SCATTERING (BLR,NLR)
(FR 1, 11)

Supermassive Black Hole~10%°Mg
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Offt-Axis AGN
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Fast Variability
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- Radio galaxy IC 310
— MAGIC 14 10 min

o o
~N (o)

o
o
|
® —

o
o :
I|IIII

o
N
IIIIII

F (>300 GeV) [cm™ s]
o o
N w
TR
'—:‘_.—='9—
e — = — .

:
;
s
1
*i
s
=

oF
56243 95 56244 56244 05 56244 T
Time [MJD]

At ~ 4.8 min ~ 20% r, (Sub-horizon)/c?




y-ray Bubble Sky Image

Fermi data reveal giant gamma-ray bubbles

Credit: NASA/DOE/Fermi LAT/D. Finkbeiner et al.

Data subtraction reveals the gamma-ray bubbles
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Tidal Disruption Jet

max, escope
mean binding _Speed~10kms’
energy~10 %t

\ \
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disrupts a star = |Jet
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Cosmic Infrared Background

IRTS total sky
at high-f

A

IRTS CIB
I | (Matsumoto 05)

Aharonian 06)

0.2<z<0.5

® Pioneer10/11
(Matsuoka 11)

Surface brightness Al [nWW/m2/sr]

0.5<z<16

o 400 600 8001000 3000 5000
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Wavelength [nm] ©Tsumura

2
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Multi-Messenger

IlceTop
81 Stations
2 lceTop
tical

2 op
324 optical

60 optical sensors on each string
5160 optical sensors

IceCube Array
86 strings including 8 DeepCore string:
December, 2010: Project completed, 86
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Cosmic Vv

y  Strong penetration
Not delayed

CR origin k

v interaction@>TeV
T appearance
Limiting v speed
Equivalence principle
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FiI’St 2 PeV VS PaV=1]0'5eV

"Bert" : . . : . [8Aug20ll 3jan20I2 "Ernie"

:.- y A i(,
‘Do 4
?;. =
TE
° o W
0 {8
@ ® ®
® @ g S ¢ : &4
I ° o
1.0410.16 PeV |.14+0.
Reported in Kyoto v 2012 = = Aartsen+(lceCube), arXiv:1304.5356

Dawn of High-Energy v Astronomy!!!
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Strong Y-Ray Limits

10° o - -
Ferm| 2010 — ]
Fermi 2012 +——— 1
Lo { ]y-ray extra-
{ igalactic BG
{ Atm. v, i
10-7 E
|
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10"F————— — _— E i
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100 ¢ I'=2.14 (thin)
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Multi-Messenger

e

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string

5160 optical sensors

December, 2010: Project completed, 86 strings

1450 m

2450 m
2820 m

2ith Century: Multi-
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Counterparts to GW

Gravitational VWave Sources Neutrino Gamma-ray

IceCube Lab

. '/ ’ / . ; : :
) UVOT RS \‘___ : f )|
XRT \ el i 7 s

: U R
Spacecrafl A &

Gravitational wave X-ray | IR-Opt
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Full General Relativity

log p (g/cm’)
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t=0 ms
- 0.5¢ — “i
[ | 4 | s | N | 4 | —
80 40 O 40 &0

X (km)

I5 Ejecta energy

14 ~ Supernova
13

12 Ejecta velocity
11 ~0.1-0.3 c

10 >> Supernova
9

g = TeV y=ray?

Takami, Kyutoku & KI 14

Kyutoku, KI, Okawa, Shibata & Taniguchi |5
Hotokezaka+ |3
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Max Mass of Neutron Star

. EN2P3 MPA1 PAU _
o&ea AP4

2M

,,_.ME‘-I °
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| msec NS +
0.5M WD

| Shapiro delay
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5 (No hyperon?
0.0 - : : : : : : 3-body!?

7 8 9 10 11 12 13 14 15 )
Demorest+ |10 Radius (km) vector fOI"CG.)
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Mysteries in 21th Century

.l = - .
. ! -

k- Matter:

‘Da

r



1(1+1)C,T7/2r [uK?]
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Evidence of Dark Matter

AR e w0
vitationat Lensige Galac

. "‘.V*‘ =
‘ M - . g g : »
° \ . N
° '.‘\..‘.-‘: 0‘. -. ’ » LE, 100
‘V' " Lo o"'. . Y ;

e

50

10 100 500 1000
Multipole moment [
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Content of the Universe

74% Dark Energy

- 4% Atoms

Know particles can NOT be Cold Dark Matter
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Searches tfor Dark Matter

—~ Accelerator
Missing p-

Xx_ N

Direct Detection
DM scatters Nuclel

X" — N
Indirect Detectio ™ ss
High-energy cosmic ray, e’&fﬁ g




Indirect Detection




ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)fb" V5=7,8TeV
miss v ~ )

Model &M T,y Jets ET™ [ratv) Mass limit Reference
MSUGRA/CMSSM 0 2-6jets Yes 203 1.7TeV m(g-mig) ATLAS-CONF-2013-047
MSUGRA/CMSSM lep 3-6jets Yes 203 any m(g) ATLAS-CONF-2013-062
MSUGRA)CMSSM 0 7-10jets  Yes 203 any m(q) 1308.1841
a4, a_.q;l 0 2-6jets  Yes 203 mit})=0 GeV ATLAS-CONF-2013-047
2z g—tqqh 0 2-6jets  Yes 203 miF3)=0 Gev ATLAS-CONF-2013.047
i, i—-qq;n —oqu)’ o ; em gg !8:8 Yes ggg mif’gkzoo GeV, m(T* )=0.5(m{T% Jem(g)) Anmégr«;-zm 3062
BE. B—qaltt/tvim)ty ey -3 jets - . mit;)=0GeV A NF-2013-069
GMSB (? NLSP) 2e.p 2:4jets  Yes 47 tang<15 1208.4688
GMSB (¥ NLSP) 1-2¢ 0-2jets Yes 207 1.4 TeV tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y s Yes 48 mit3)>50 GeV 1209.0753
GGM (wino NLSP) leusy - Yes 48 miT})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ¥ 1b Yes 4.8 miF})>220 GeV 121,167
GGM (higgsino NLSP) 2e.ulZ) 03jets  Yes 58 m(H)>200GeV ATLAS-CONF-2012-152

ravitino mono-j s 1 m{g)>10"* eV A INF-2012-147
Gravitino LSP 0 et Ye 0.5 ‘ TLAS-CONF

5 g—ebw 0 3b Yes 201 |@ 1.2 TeV mi¥3)<600GeV ATLAS-CONF-2013-061
E g_.nfb 0 7-10jets  Yes 203 |B 1.1 TeV miE]) <350GeV 1308.1841
T % Fotin 0-1e.pu 3b Yes 201 i 1.34 Tev mit;)<400 GeV ATLAS CONF-2013-061
- F—bEt; O-1ep 3b Yes 201 |B 1.3Tev miT3)<300 GeV ATLAS-CONF-2013-061
byby, by —bi] 0 2b Yes 201 | by 100-620 GeV m{F7)<90 GeV 1308.2631
by by, by -t 2e,u(SS) 03b Yes 207 |b, 275-430 GeV miF} =2 mi¥}) ATLAS-CONF-2013-007
T Ey(light), Ty — bt 12ep 1-2b Yos 47 | 1105967 GaV miE])=55 GeV 1208.4305, 1209.2102
i f(light), fi—Whi) 2e.p 0-2jets Yes 203 |G 130-220 GeV mIF3) =it )-m(W)-50 GeV, m{i)<<m(¥}) | ATLAS-CONF-2013-048
%, (medium), q-oa‘i 2eu 2jets  Yes 203 |§ 225.525 GeV miE0)=0 GeV ATLAS.CONF-2013-065
Ty fy{medium), t — bt} 0 2b Yes 201 |§ 150-580 GeV miE3)<200 GeV, m(T1 )-m(i; =5 GeV 1308.2631
iy fy(heavy), zl-.zi"g 1eu 1b Yes 207 |& 200-610 GeV miT})=0GeV ATLAS-CONF-2013-037
n n(heavy). Fyatls 0 2b Yes 205 |§ 320-660 GeV miE3)=0 GeV ATLAS CONF-2013-024
fif, f—cty 0 mono-elctagYes 203 |& 90-200 GeV m{E,)-m(})<85 GeV ATLAS-CONF-2013-068
Tt (natural GMSB) 2e,u(Z) 1b Yes 207 |& 500 GeV miE])=150 GeV ATLAS.CONF-2013.025
f2ts, oty + Z e ul2) 1b Yes 207 |& 271-520 GeV m(& )=m(F])+180 GeV ATLAS-CONF-2013-025
(I‘R(L R fat¥] 2e.p 0 Yes 203 |7 85-315 GeV miE])=0 Gev ATLAS-CONF-2013-049
Y& ¥1, r; L= hv() 2e.p 0 Yes 203 1 125-450 GeV mIT3)=0 GeV, miZ, 7l=0.5{m(T; }+miis)) ATLAS-CONF-2013-048
= ¥y Xy =(t9) 2r £ Yes 207 |@ 180-330 GeV miF])=0 GeV, m(F, #)=0.5(mit; |+m(E])) ATLAS-CONF-2013-028
w; n ] —Jl f) G, L E(v) g e 0 Yes 207 ﬁﬁ 600 GeV miEE )=miE3), m(v} 50. miZ, 7=0.5(m(F3 emiT})) ATLAS-CONF-2013-035
hx — WY Zx eu 0 Yes  20.7 e 315 GeV mit; J=m(¥2), mii; )=0, sleptons decoupled | ATLAS-CONF-2013-035
T wilhit 1eu 2b  Yes 203 i%.ié 285 GeV miF} J=m(F3). miF5)=0, sleptons decoupies | ATLAS-CONF-2013-093
Direct ¥; ¥7 prod., long-lived ¥7 Diswp- k1 jet Yes 203 |& 270 GeV miF] FmiE]) =160 MoV, 7(¥])=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g R-hadron 15jets  Yes 229 |& GeV miF3)=100 GeV, 10 ys<r{Z)<1000 s ATLAS.CONF-2013.057
GMSB, stable ¥, ] —#(&, i)ar(e u) 1-2u : 15.9 10<tani<50 ATLAS-CONF-2013-058
GMSB, 1) —y&. long-lived 12 2y - Yes 4.7 04<r(f])<2 rs 1304.6310
aa. r'.’-.qq,. (RPV) 1, displ. vix 8 . 203 |4 1.5 <cr<156 mm, BR(u)=1, m{T1)=108GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, ¥, —e +p 2e.pu - - 46 A5,,=0.10, 4y32=0.06 12121272
LFV pp—=¥. + X, V.—e(u) +1 lepu+t . . 46 431,=0.10, 4412)13=0.05 12121272
>  Bilinear RPV CMSSM leyp 7iets  Yes 4.7 m(G)=m(g), cTysp<1 mm ATLAS-CONF-2012-140
& Db b oW e, eni. 4 = Yes 207 mIE2)>300 GV, 25,50 ATLAS CONF-2013.036
g{i, Ay WL E 7T, erv, e paT . 7- Yes 20.7 mIT3)>80 GeV, Aygy>0 ATLAS-CONF-2013-036

—q4q 0 -7 jets - 203 BA(¢}=BR|b)=BR(c)=0% ATLAS-CONF-2013-091
g-ht, hobs 2e,u(SS) 030 Yes  20.7 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4 jets B 46 incl. lim& from 1110.2693 1210.4826
Scalar gluon pair, sgluon—tt 2e, u (SS) 1b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac x) mono-jet  Yes 10.5 m(y)<80 GeV. imit ot<687 GeV for D8 ATLAS-CONF-2012-147

Vs=8TeV
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



2015.3.22 CTA Physics Drivers by K. loka 51

Y-ray Limits on DM
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Galactic Center GeV Excess
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Lorentz Invariance Violation

® Some Quantum Gravity Theories violate LI
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LIV with y-ray
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Axion-Like Particle
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Mysteries in 21th Century
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Mysteries in 21th Century
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