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Density Profile of Galaxy




Density Profile of Dark Matter Halos

® Universal Density Profile (Navarro, Frenk,White 1997)
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Navvaro, Frenk, White (1997) [Ap] 490(1997)493]
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Moore et al (1999)
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Rotation Curve
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Improved N-body Simulation

[Hayashi et al MNRAS 355(2004)794
Navvaro et al MNRAS 349 (2004) 1039
Power et al MNRAS 338 (2003) 14 ]

® Central Cusp !

¢ Simulation with higher resolution

® Disagreement with rotation curves of LSB galaxies ?
¢ Obs.improvement ( long slit Hx observation)

¢ Directly compared LSB rotation curves with simulations
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[Hayashi et al MNRAS 355(2004)794]
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Criteria for numerical convergence

® Particle collisions lead to changes of O(l) in energy
in relaxation timescale

b2

(b2 + 22)3/2

Per one orbit time
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2
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Avi ~ / 5vi5bdb ~ N(r) (G_m) In(r/e) ~ ~ In(r/e)v?

Relaxation time-scale
breta () ~ (02 202 e (1) ~ )y ()
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Density profile : NFW vs Moore et al

Navvaro et al MNRAS 349 (2004)1039
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Rotaion curve : NFWV vs Moore et al

Navvaro et al MNRAS 349 (2004)1039
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Slope of the density profile
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Improved fitting formula

 Ba(r)
0(pa/p—2) = (=2/a)[(r/r_2)® — 1

a~ 0.17

—dInp/dinr = 2(r/r_o)°

® CDM halos appear to be “cuspy”

® Gradual variation of the
logarithmic slope

B(r_s) =—dlnp/dinr =2

Alog p(r)

log p (10'® M, kpc~3)

|
(AV]

|
W

[
N

|
o)

|
o)

I
2

©
00

-0.2

——Galaxies
- —Clusters

0 1 2 3
log r (kpc)




LSB rotation curve shape
B H« rotation curve data set (67 galaxies)

and simulated 266 halos

NFW : v ~ 0.6

v
’ SO : v ~ 2

(1 + (re/r)7)

] xzﬁt to V(r) =

A. Best fit
Tt>0 O§V§5 VOSQVmaX

B. ACDM fit
Tt>0 OS’}/Sl V0§2Vmax

log Ay /o —log Ay /e cpm| < 0.7 Aqjo = p(Tvy )/ Perit




V (km/s)

Rotation curves of LSB galaxies
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Distribution of Y
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® /0% of LSB galaxies
are consistent with
CDM

® 20% have irregular
rotation curves

® |0% is inconsistent
with CDM (most of
their rotation curves
do not extend large
enough radii)

v

CDM is not inconsistent
with LSB rotation curve




Effect of galactic disks Mo, Mao,White MNRAS 295 (1998) 319

Cooling of baryons = Formati(‘;:dot‘;ﬁ;z;tic disk

v

NFW density profile may
be deformed
® NFW halo + exponential disk
® Fixed fraction of disk mass N ,; = mgM

® Fixed fraction of disk angular momentum J; = 74J

® Thin disk, exponetial surface density profile

Y(R) =Ypexp(—R/Ry)




® Adiabatic contraction of halo
® Spherical as it contracts

® angular momentum conservation
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Density profile of our Galaxy

NFW halo density profile
three components (nucleus, bulge, disk)

adiabatic contraction

with/without angular momentum

0.1 2

p(Mgy/pc?)

0.001

T : T 3
without angular ]
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\
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Klypin, Zhao, Somerville ApJ 573 (2002) 397
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Rotation curve and ... HIl measurement by

Knapp et al (circles) and
Kerr et al (triangles)
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Mass distribution
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motion of
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Supernova Rate




Supernova rate

® Typel

Light curve » SN & SN type

SNR

no hydrogen line
silicon line

no silicon line, helium line

no silicon line, w/wo weak helium line

® Typell hydrogen line

Nsn
Ng
D=1 At;L;

obs. time

] — th galaxy luminosity
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0.01

SNuM

0.1

The Present SN rate

SNe per century

[Mannucci et al A&A 433(2005)807]

Type  Ngal [a. Ib/c II
E/SO 2048 21.0 0 0
SOa/b 2911 18.5 5.5 16.0
Sbc/d 2682 214 7.1 315
Irr 644 6.8 2.2 5.0

Type Ia Ib/c IT

SN rate per K-band luminosity (SNuK)

| | ! !
SNe per century

E/S0  0.03570017  <0.0073 <0.10
S0a/b  0.0461001% 002615015 008870053
Sbc/d  0.08810:935 06710041 (401017

E/SO SOa/b Sbe/d Irr

frr 0.33%015 021793 070197
SN rate per Mass (SNuM)

E/SO 004470915 <0.0093  <0.013

S0a/b  0.065%0:037  0.03610:07%  0.12F90%

Sbe/d  0.17FG063  0.1270F55  0.7470%

Irr 0.7770:5 0547058 1.7+




SN rate of our Galaxy
Our Galaxy : Sbc
Ib/c+ 11 0.46 £+ 0.17h2. SNuK

L =89 x 10" Lg

v

SN rate 4.14+1.5 h 5/(1()()yr)

= 1/[(24 £9) h- years]




Core Colapse

e E/SO: Sa/b:S

® core collapse

SN rate

bc/d:Irr = 0.32:0.28 :0.34: 0.06
SN = SN Ib/c + SN |l

—|(CC SNR) = (0.44 £+ 0.13)h* SNuK

SNuK = 1/(100yr) /(10" L o)

K-band luminosity density

j=(7.14-

- 0.75) x 10°h Ly oMpc™*

Rsny =

(3.11 +0.96) x 10~*h3 yr~'Mpc

(1.21 +0.37) x 10~* yr~'Mpc™°




Star Formation Rate (SFR)

® Salpeter Initial Mass Function (IMF)

( 1 M —1.35
on | s ()" rzonan

\

® From SFR to SN rate

100M¢,
Rsn =|9(1) /8M dM¢(]\]y)

® From Local SN rate to SFR (z=0)
Y(t) = 1.347 x 10°Mg Rsn

0 (M < 0.1 Mg)

» log[(z =0)/(Mgyr *Mpc™®)] = —1.79 £ 0.15

Ho log[y)(z = 0)/(Moyr *Mpc™?)] = —1.7970 52 (stat) & 0.03(sys)

[Hanish et al astro-ph/0604442]




Observations of SFR

J

( 0
H+y—>p+e€ allphotons (<912A)
p+e — H + v are absorbed
N uv .
H(X T|\/|522.3 I\/Iyr ( M
1000,
uv )
\VaVaVaVaVaVaVaVaVaVaVaVal
\/\/\/\f&. Massive star
®e Dust T ~ 4.3 x 10* K (10(])\?4 >03
- O,
High star SFR = Ln/(1.25 x 103* W)
formation rate SFR = Lyv/(7.14 x 102° W Hz ™)

=> many massive stars SFR = Lpir/(2.22 x 10%¢ W)
» large UV flux SFR in units of Mgyr*




Evolution of SFR

IMF: Salpeter+GBF
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[Fukugita MK MNRAS 340 (2003) L7]




SFR evolution

142z

0.1

pe (Mg yr~! Mpc™®)

0.01

0.4
log(1+2)

0.6 0.8

[Hopkins Ap] 615 (2004) 209]




GWV Test of Gravitational Theory




Test of Gravitational Theory

non-gravitational fields respond

metric theory of gravity only to the spacetime metric g

® FEinstein gravity

! /R(—g)1/2d4ﬂi—|—fm(¢maguv)

] =
16wG

® Scalar-tensor theories <«—— string theory

1 1
I = 167C / [¢R - gw(gb)guyaugbaugb - ¢2V (_9)1/2d43j + Im(¢m,9uv)

Brans-Dicke @w =const, V =0

PPN L P Ry S S/

parameters 1T (34 2w)?(4 + 2w)




Post Newtonian Gravity Finstein gravity

Oder of smallness U ~ v? ~ ¢ v=p03=1
Metric
goo = —1 +2U —2BU% + (2y +2)®; +2(3y — 28+ 1)P3 + O(€?)

1 1
goi = — = (4y +3)V; — §Wz‘ -+ 0(65/2)

9 Brans-Dicke
gij = (1 4+ 2~U)d;; + O(€?) Yy=(1+w)/(2+w)
. . g=1
Metric Potential
/ /12 /U/
U = / P dBLB/ (I)l = pY dBCI}/ (I)Q — P dSQZ/
x — x/| x — x/| x — x/|

3 / ) (z — ') 3,/
W, = d-x
/ ]X—X’\d / |X X’|3




Constraint on Y
THE PARAMETER (1+)/2

® Deflection of IIght 1.10 —_II Py IRadio IDEFLE(I:TION =
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galaxies . I i " 5.% II I
y—1=(-17+45) x 1074 I( Lol R
e Time delay of light =4t L0 ]
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— 1 —4 iki Cassini
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Gravitational Wave tests of Gravitational Theory

® polarization of gravitational waves

Gravitational-Wave Polarization
Scalar-tensor theory v y

~ 2 quadrupolar [ \ / )
+ | monopolar modes \\/ Y W x

3 modes + 2 direction cosines , y

Y
.
~
-

= 5 unknowns | f\ | f—\_’
> 5 detectors determine \ / k j

~

polarization S @




Gravitational Wave tests of Gravitational Theory

® gravitational radiation back-reaction

Scalar-tensor theory
— > Quadrupole + dipole radiation

— > change of motion of binary system
— > change of phase

Fourier transform of waveform

i ? A F7/6 i)

G =1
1 M M= (my + my)
Vv30mw3/2 Dy, n =mimsa/(my +ms)°

A




phasing function

W(f) = 2mfte — e+ 15 (TMF) ™3

o [1 | %n2/5(77/\/lf)_2/3 X (3775165

- %) (rMP)?

—167T77_3/5(7TMf) -+ 4677_3/5(7er) = }

7

spin-orbit

v~ (M/R)Y? ~ (mM[)?

S=ao1 —q2 & “scalar charge”

a¢=1—28¢=1—2<8(1nmi)>
N

BH: =0 <«—— no-hair theorem

NS: «=0.6-0.8

— > BH-NS binary is the best

O(In Gegr)

sensivity of mass to
change of scalar field




LISA BD bound

[Berti, Buonanno,Will, PRD71 (2005) 084025]
2PN, SNR = [0, | year observation time

TABLE IV. Errors and correlation coefficients in Brans-Dicke theory using 2PN templates, with and without the spin-orbit term. We
consider one detector and set p = 10. In the first row we do not consider spin terms; in the second row we also include spin-orbit
effects. When we include the spin-orbit term priors do not have an appreciable effect on parameter estimation. For each binary we also
give the bound wgp , that could be obtained (in principle) if all the binary parameters were known and not correlated with the BD

term.

At, Ap, AM/M An/n WgD AB cMn Mo cMB c"® cnP @B
(s) (%) (%)

(L4 + 400) My, wgpune = 43 057 645

3.82 23.2 0.000 243 0.293 765014 —0.939 0.421 —0.705 XK S
7.95 76.7 0.00657 2.50 39190 0.0508 —0.997 —0.997 0.999 0.988 —0.993 —0.999
(1.4 + 1000)Mo, ppume = 21602414

3.79 16.7 0.000 189 0.116 211389 e 0.845 —0.984 e —0.926 e e
7.99 58.4 0.00764 1.86 21257 0.0557 —0.996 —0.997 1.000 0.987 —0.998 —0.995
(1.4 + 5000)Mo, @pp e = 6388 639

4.60 12.5 0.000 600 0.0342 50925 s 0.970 —0.998 s —0.955 K s
8.79 234 0.0114 1.33 6486 0.0550 —0.997 —0.997 0.999 0.988 —1.000 —0.992
(14 + 10YMo, gpume = 3768347

6.59 13.8 0.000 877 0.0253 26426 s 0.979 —0.998 s —0.963 XK S
13.6 15.5 0.0178 1.61 3076 0.0706 —0.998 —0.998 0.999 0.991 —1.000 —0.993

Spin-Orbit term reduces BD bound




High Energy Neutrino




High Energy Neutrino

Cosmogenic neutrino P+ vYcMB — T + -+ — UV + - -~
Waxman and Bahcall

optically thin to protons  E?dN, /E, ~ 1078 GeV (cm? s sr) ™!
EGRET bound

optically thick to proton but thin to Y ~WB X 40
Hidden source

Top down (decay of superheavy particles...)




Ultra-high energy cosmic neutrino spectrum
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Black Hole Formation in TeV Gravity
Large Extra Dimension

xn

Gravitational Force

F = Gy—52 r> R
F = 471_]\}:}_'_1 ?21_7:}%2 r << R

— > (4nGy) ' =R"MI "2
M,=1TeV =>| R~ 10 ~7em




LEP, TEVATRON

Strong, electroweak interaction

a— 4-dimensional for E < | TeV

# Quarks, Leptons, Gauge Bosons are
confined in 4-dim submanifold

(4+n) dim // ; D-Brane in Supel‘stl‘ing
q
lept
\,\/\/\/\/‘ <p£n graviton

N e
Ane
4dim

Theory




KK gravitons
Extra-dimensions I:{> KK-mode with mass I/R

neutrino-nucleon scattering

o ~ (ER)" /M2 ~ E" [MF?

n==6, M,=1TeV

10—°

Large extra—D

——————— Randall-Sundrum mg = 500 GeV |
............. Standard Model

9.9 v




E,* dN,/dE, (relative units)

Earth-skimming tau spectrum at Auger
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Anchordoqui et al hep-ph/050832|
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BH Production by Cosmic Rays

/ Greisen neutrino
/ Air Sm

/ Earth

—_

BH Formation

>

="
A S

\Rs

'

R, Schwarzshlld radius




Schwarzshild Radius in (4+n) dim.

gravitaional potential

1 M
Usin(r) ~

Mf-l—n rn+2

Equating kinetic energy of a particle moving at the speed of light,

1 mM 1 M\ »+1
R Ve > B M, (M>

s L [M 2n (=320 ((n + 3)/2)\ "7
’ n —+ 2




Cross Section .
geometrlc Cross
Parton-neutrino cross section / cection

o(iv — BH) ~ wR%(xs) ¢ :i-th parton
s=2mnyFE, R, :Schwarzshild radius

1
J(NVHBH):Z/ » dr o(ivv — BH) f;(x)
i Y M(BH min)?/s

fi(a) :parton distribution function (PDF)

Lmin = MB,min/M*
> SM Process vN — VN

OBH > 0SM for high energy neutrino




n==~0
(M, Tmin) = (1TeV, 1) (1TeV,3) (2TeV, 1) (2TeV, 3)
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Hawking Radiation

—> Hawking Radiation

® TJemperature

T M, n -+ 2 ﬁn—l—l_n%—l
=\ Mg 2017 =3)/20 ((n + 3)/2) At ArnR,
® Lifetime
VRN - Mo 222
T ~ BH ~ 107 %" sec BH
M, \ M, M,

® Average multiplicity

(NY ~ {(Mpg/Ty) 10 TeV BH = (N) ~ 50




Detection

BH decay = > 10% charged leptons
/5% hadronic

® Neutrino telescope (lceCube, ...)
muon track, tau event
® Air shower experiments (AGASA,...)

neutrino-like event




Angular distribution of muon tracks above 500TeV
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Esh sth/dEsh (Yr_l)

Showers seen by Auger (quasi-horizontal showers)

cosmogenic
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Showers seen by Auger (Earth skimming tau neutrino)
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FIG. 13: The spectrum of Earth skimming, tau neutrino black hole induced showers as would
be seen by Auger for the cosmogenic flux (left) and the Waxman-Bahcall flux (right). The
dashed lines indicates different values of the fundamental Planck scale (from below My =
1,2,3,4,5,7,10 TeV; in all cases MBH min = 3M10), while the solid line is the SM prediction.




Inflation Models




Inflation models
Inflation

® Chaotic Inflation

Hubble

® natural (no initial value problem)

® take place at planck time
e inflaton ¢ > Mg
® Hybrid Inflation
® initial value problem
® cosmic string
® New Inflation
® severe initial value problem

® flatness (longevity) problem

Flat Potential = SUSY

High

Low

N problem




Hybrid inflation in supergravity
superpotential
W = A\SUT = MQS In V‘E
R charge S(+2) UT(0) |
U(1) gauge int S(0) ¥(—1) ¥(+1)

Kohler potential
K = |SP + 0] + 0]

==)> scalar potential
o = ReS/V?2
o> 0.V2u/\ = U=U=0(
flat potential == inflation
spectral index 15 ~ 0.98 — 1.0




Chaotic Inflation in Supergravity
MK, Yamaguchi, Yanagida PRDé63 (2001)103514

Shift symmetry ¢ — @ +

\4

Kohler potential | /X =

superpotential

W =mXo

Y

1 _
Vin=0,0,X) ~ §ms@2 + m?| X|?
O =n+1p

spectral index 75 2~ 0.96




WMAP three years data

WMAP + SDSS

~70.90 0.95 1.00

0.95 1.00

Spergel et al (2006)




Axion




Axion and Strong CP Problem

QCD | p £o_o + D=
O =(}<M 327T2 V\ILLV
\‘CR

Experiment
Why is O so small? = strong CP problem

The only known solution to strong CP prob.

Peccei-Quinn Mechanism

AxioN




Peccei-Quinn Mechanism

Introduce U(1) and make O dynamical variable

b PO scale

Spontaneous symmetry breaking of U(1) at Fa

Nambu-Goldstone boson = AXION
QCD instantton effect

oo A
Minimum of O potential

0=0 i




Constraints on PQ scale

Astrophysics SN198A Cooling
F,. = ol o aey
Cosmology (PQ after inflation)

Coherent oscillation

Axions from axionic strings

Yamaguchi,MK,Yokoyama
Axions from domain walls PRL 82 (1999)4578

F,~ST = 30 e 5aY




Constraints on PQ scale

Astrophysics SN198A Cooling
F,. = ol o aey
Cosmology (PQ before inflation)

Coherent oscillation

F, ~ (0.0T 140 *“y510°~ GeV




Relax the cosmological bound on PQ scale
MK, Moroi, Yanagida PLB384 (1996)313

B

Entropy Production ==2> dilute axions

T ] /2
F.0<1.6x 10*GeV
5| F0 < 1.6 x 10'5Ge (Mev)

Even huge entropy production cannot dilute
axions completely




PQ symmetry breaking before inflation

F, ~{(0.01 — 1.4 - ") SV

Large isocurvature fluctuations

a8 H 1
g e pel

During inflation

After QCD phase
transition

H'~ 1073CeE. ~ 10 Ge\—" 0. ~ 10 -

Axionic isocurvature can be observed
in CBM spectrum




Isocurvature Perturbations
adiabtic vs isocurvature

adaibatic . jiation isocurvature

AR

matter /W

_ 5pm § 507 e O
Pm 4 py




TT correlation: adiabatic vs isocurvature

adiabatic

I(1+1)C

2T

Isocurvature




Constraint from WMAP 1st year

Hamaguch,MK ,Moroi, Takahashi(2003)
Contribution of isocurvature < 30%




Expected isocurvature fluctuations

a H
5a:5p :25—9~ .

Pa 0" E

F.0 T
Toll | —2 a
chaotic inf. 4§, ~5 x 10 (1015Gev>

=
hybrid inf.  d, ~ (1077 — 3 x 1072) ( Fal )

101°GeV
B AN
. ; 5@ 2 6 10—11:|:1 a
new inf. >< (1015Gev>

adiabatic
fluctuation




Saxion
SUSY ——> saxion + axino

\ flat direction

Ms ™~ M3/o gravitino mass

H

saxion oscillation

Dilution by entropy production




Saxion Decay

Elecrron-positron pair L = Faees

E g L
T(S%6+—|—6)22X1011yr< ) (m )

1016GeV MeV

two gammas

(s — 29)

Y

2

o’ Cmg -
250 mRtERE =

o . m —3
i —2 a S
YA e (1016Gev> (MeV)

O ~ 0(1)




511 keV Gamma Ray from Saxion Decay

Recent INTEGRAL/SPI obs.
511keV line from Galactic bulge

(13511 — 1 .09 1) BOEK 10_36m_28_1

Knodlseder et al (2005)

500 significance

/o
4 ‘-.rf',; a‘s!

Saxion decay

a7 D511 ( Ts )(fms)
¥ ol 10— 3cm2sec—! 1027sec/ \ MeV

i P11 Fitd N
6 x 1077
x <103cm25ec1) (1016GeV>

2




Line Gamma
2 gamma flux is normalize to the € e flux

observed by INTEGRAL
resolution =0.001, 0.08, 0.13

one generation .
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Kasuya, MK PRD73 (2006) 063007



Evidence for entropy production

Qeuwlfiay)  chaotic inflation

le-15 I - |
CMB — F~——

le-16 |-

entropy
production
MD

log(f/1Hz)

PelEE— T ~ 3 x 10° GeV

Seto, Yokoyama J.Phys.Soc.Jpn
72 (2003) 3082
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