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1 The Essence of Idea
A High Temperature Object (e.g. Iron Ball : T > 1000K)

T >1000K

Object

may be Iron Ball....
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1 The Essence of Idea
A High Temperature Object (e.g. Iron Ball : T > 1000K)

In Water

Vapor
Bubble

= Vapor Bubble surrounding the Object Appears.
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1 The Essence of Idea
A High Hawking Temperature Black Hole (7gy > 100 GeV)

Tgy > 100GeV

High Temperature
Mini Black Hole
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1 The Essence of Idea
A High Hawking Temperature Black Hole (7gy > 100 GeV)

In Electroewak
Broken Phase

($)=0

N\
» i
OMaijn\N2

Symmetric
<¢> #0 Phase

= E.W. Domain Wall surrounding the B.H. Appears.

Yukinori Nagatani [<+</Back] Exterior Structures of Black Holes P.2/62

2 Plan of the Talk

1. Thermal Structure around a BH

2. Two types of Spherical Domain Wall by a BH
— Thermal & Dynamical —

3. Baryon Number Creation by a BH
4. Spontaneous Charging-up of a BH

5. Application to Cosmology
Baryogenesis & Dark Matter
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3 Parameters of a Black Hole

For a Schwarzschild Black Hole:

2
. 1 mpl
Hawking Temp. : IBH = — ——
3T MBH
Schwarzschild Radius : rgy = 1/(4nTgn)
Luminosit cJ — T, T4 % An
Y - JBH = 71208+ /BH BH
T
= 780 8x IH
m
Life Time T T — 20
BH nZg* TBH3
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4 Parameter Table
Black Hole
| | | | | o T, Mass
100 kg 1t 10t 100t 1000 t 10 kg 10 kg
Hawking
! ! 7 ! 6 ! ! ! ! Temperature

8
10 Gev 10 Gev 10 Gev 100Tev  10TeV 1Tev  100GeV

Schwarzschild

! 9 ! 8 ! 7 ! 6 I ! | Radius '
10 Gev 10 Gev 10 Gev 10 Gev 100Tev 10 Tev 1 Tev

1min  Thour 1day 1rear
Black Hole

| | | | | | e
- . - . ife Time
10 1 2sec 10 9sec 10 6sec 10 3sec 1sec 1 Ossec 1 Oasec

@ Luminosity

(] (] o o o o o o o o o o o

4 2 -2 -4 - -

10 10 10 10 16° 16° par Solar one
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5 Thermal Structure around a BH

In the Thermal EW Plasma with Temperature T
Mean Free Path:

-1
A = [2:iu763f] ~ %;
F

no< T, crofs, /s~T

(ay) I, B By ~1000 Energy
(ow) Ir, vi, WH. & By~ 100 Transfer
(as) quark, gluon Bs~ 10 Thermalization
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Inject a Particle with Energy E into the Plasma:
Stopping Depth:

1 B+E
A = [ZF nr GF,f} = %
s~\ET

A Black Hole heats-up its neighborhood = T < Tgu
Closely Neighborhood of the BH is NOT Thermalized.

11 Br x B/ Tsu
- A== < Af=
"BH 47T TBH < / T /

T2
BH Radius Stoping Depth

= The Black Hole Freely Hawking-Radiates.

= LEEWE AL CNE=To[[e]gM around the BH.

Yukinori Nagatani [<+</Back] Exterior Structures of Black Holes P.7/62




6 Heat transfer analysis
in the region not near to the BH

a) Local Thermal Equilibrium (L.T.E.) Approximation
MFP < system size = T(r)

b) Diffusion Parameters:
Dy(x) = 3 Ap(T(x))

c) Boundary Condition:
Spherically Symmetric T'(r)
Hawking Flux = Diffusion Flux
Background Plasma with Temperature Ty,
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Solution of the Heat Transfer Equation:

o 17213
_ 3 1 1gy
I(r) = [Tbg T 256m2 B r]
2 r 2 r
0 - R ()

= Thermal Plasma Flow from near-BH to far-BH
log T A

Tbg i ” Equilibrium
1

>
Faif logr
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7 Energy transfer from ballistic to thermal

Hawking-radiated Particles are Injected to Thermal Plasma

Ballistic Particles Thermal Plasma
=
TBH Tinit
o(Tu, Tinit) &
BH, linit) =
’ TuTinit
Tinie - Initial Plasma Temperature
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Time evolution to stationary situation:

Radiation Start = Stationary
Tinit = Tog Local Tinit = T (Finit)
Put BH into T;,, Plasma  Heat-up Plasma Flow Sol.
S &
2 2
T ﬁ>
Thermal

— —
K logr Bu Finie  logr

Heat-up Depth: rinii ~ A(Tsh, Tinit) :Stopping Depth
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Results from Self-Consistent Analysis:

Stationary Initial Thermalization at

Tnit = 29;;6(732‘ gEOC TsH ~ TBH/(2-3 X 104),
11 g2
20U P s 555010

Finit
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8 Overview around a Black Hole

MW
SVl

Thermal Diffusing |
~ Plasma Region

T juoid uorsnfid

Ballistic Fiegion

Backg round
Reglo

5 - Plasma
m Thermal Plasma
log T\
logp |
=
8 Equilibrium
8 Tinit_
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[ Lengths | HeatSol [ TimeEvol ]
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Ballistic Fiegion

B Dijision Fiow

s Thermal Diffusing
ansfer . Plasma Region
Reglo 1

oA

Background
Plasma

Balisiic 3
log 7'\

logp |

=

8 Equilibrium
8 ﬂmt_

o

Qo 7.k

CIEJ g ' =
= s Fini

init Kiif logl’
Distance from BH
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logTh > < :

logp |

=

2 : ‘ Equilibrium
8 Tinit' >

o

o 7.k

5 =
= su Finit kit logr

Distance from BH

Spherical Electroweak Domain Wall with

1. Thermal Formation Tinit > Tew > Tpg

2. Dynamical Formation Tgy > Tgw > Tinit
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9 Electroweak Domain Wall around a BH

L.TE. Higgs VEV  (9:() = (0:)7_r(,)

Black Hole in the EW Broken Phase Plasma
Tinit > T(’"near) > Tw > T(rfar) > Tbg

Sym. Phase /// Broken Phase

= An Electroweak Domain Wall is formed
without 1st order phase transition.

1%

2nd order Phase Transition \
of the Simplest Critical Curve T
A
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The Resultant Structure

Domain Wall

Symmetric
Phase

9 1 1 2

Domain Wall Radius: rpw = 335672 Bew T3 Ty
w
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10 Validity of the Wall

|. Stationary Domain Wall Condition
Time Scale of Wall Creation < Lifetime of BH

TDW = 'DW/VDW
1 < tgu/tow = (5-2%12/3%,) B3ciy (mngwS,/TgH)
— Ty < 1.4x10% GeV (mpy > 76 kg)

ll. Thermalized Wall Condition
Thickness of Wall > Heating-up Depth

I <rpw/rinic = (98(3)/256n*) (g.0t/B) (Ton/Tiv)
— Ty >2.3x10° GeV (mpy < 4600 kg)
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Allowed Regions

Teu A Lifetime of BH is too Short.

Non-Stationary Wall
% — 1.4x10% GeV 76 kg—
%;_ Stationary Thermalized Walll §
E - 23%x10% GeV 4600 ke &
';, Stationary Dynamical Wall %
é — 100 GeV 108 ke T
2 Wall by Atomic Structure Model of BH

T(r) ~1/+/goo(r) x Ton

Vimgy
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11 Baryon Number Creation by a BH

Assume SP Phase AO¢p in Wall:
(0(r)) = vf(r) exp[iABcp(1 — f(7)) ]

Sakharov’s 3 Criteria for Baryogenesis

1. Baryon : Sphaleron Process in the SM

2. £ :The SMis Chiral Theory

LF . Extension of the SM
Assume more than 2 Higgs Doublets

3. Non-Equilibrium : Plasma Flow from the BH
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Sakharov’s Criteria around a BH

Sphaleron
_Working

Y
|
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12 Amount of Baryon Number Creation

Thermalized Wall (M.F.P. < dpw)
< Thick Wall = Spontaneous Baryogenesis by CKN

CPv Phase on Plasma Flow:

d d

= 0cp = vpw —6
dt CP VDW dr CP

= Baryon # Chemical Potential:

up = N%L6cp = N vpw L6cp

Thin Wall / Charge Transport Scenario — uz = A Y /T2
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Sphaleron Rate:
Ton = Kojy T exp| 100 x ) |

Baryon # Creation Rate:

: I'
B = —/ dV sph’uB
Sphaleron Vol. Tw
Total Baryon Number Creation by a BH:
BH lifetime ) 5 s mgl
B = / dtB = _—4n3g*NKO‘W e€AOcp ToTom
_ BH
~ 1077 X ABcp —
CP T

This result is valid for 76 kg < mgg < 4600 kg.

m When the maximum CPv (A6cp = m) is assumed,
a black hole of mgy = 300kg produces 3ug baryon matter.
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13 Ballistic Picture

Hawking radiated particles near a BH:
mean free path > system size > wave-length

= Ballistic Picture of the Radiated Particles

"’H\r —

Wave Function Ballistic Particle

e A BH radiates ballistic point particles.

e The ballistic point particle has mass
which is proportional to Higgs vev | (¢) |
due to Yukawa/Gauge/Higgs couplings.

is available as an effective description.
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Once a slope of Higgs vev is created,

v

|<(I) (r)>| Wave I|:|unction

Ballistic Particle

Pressure
Balance

Hawki Wall Tension
p?eV\S/SIJ]r% » <: + Potential Force
@ Wall Structure r
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[KO)IA

- \ Ballistic Particle

2 (T

> vyl @P&

g —

n ./

g Pressure

T ; W Wall Tension

E?;’;';'J‘rge + Potential Force
| >

@ Wall Structure r

p(r) = VE*=m*(r), m(r) = Y (|o(r)])
Ap = p(ri)—p(r2) > (m/p)Am
= Hawking Radiation Pressure is acting on the wall.
= Balance of the Pressures keeps the Wall Structure.
Idea of Dynamical Wall by a BH.
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14 Ballistic Model as an effective theory around a BH
Higgs field & Massive Ballistic Particles

o(x)  : Higgs Field
{y/'(s)} : Trajectories of the Ballistic Particles

Sl = [ dxyg e - 1v(o)]
=X [ dsivlo Oitsn) [/ litsn)l?

Y; :sum all over particles around the BH
\Y

Y; : “Yukawa” coupling constant
V(0): Higgs Potential , \ /
V(9) = —170° + %2(1)4 VI\/ ¢
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15 Basic Properties of the Ballistic Model

Vacuum: [{¢)]| =v/v/2
Particle Mass in the vacuum: m; = Y| (¢)| = Yv//2

= Reproduce relations in Higgs-Yukawa system

B () =Y, 00), mw(x) =55 (0W)

How about Higgs particles itself?
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16 Ballistic Higgs Particle

Decomposition of ¢:

o(,x) = (0(x)) + 0¢(s,x)
expect.value prop. mode
O (1,%) 2 S
P
A N c%\'x%%S
O Y vev
= -
P
S
T Fluctuation of
the Higgs field

1 =
() Wall Structure 'ow T
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dd(z,x) can be regard as the Ballistic Higgs Particles.
ReDefinition of ¢ and {y;}:

o(x) = (0(x))
{y;i} = {v}o{ Ballistic Higgs Particles }

Effective Y; for the Ballistic Higgs Particle:
/3 H
N

All particles in Standard Model
are described by the Ballistic Model.
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17 Equations of Motion for {y*} and ¢

EoM for particles: (= Energy Cons. Law)
Ei = Yi|o(yi)|vi F(yi)
EoM for scalar field:

19V 99|

—A) = _Z%_E%Z_S x—yi(t))

Put All Particle Trajectories {y;} with {E;}
Y?
Ver(9) = V(0) + ¢*F ), 2 8 (x—yi(r))

Particle Index: i = Species Index: f
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By using Differential Particle #-Density: dE x A(¢(E;x)

Ver(0) = V(o) + 0 F L} [ Cag(E:n)

Around a BH with Temperature Tgy and Radius rgy,
Nr(E;x) is produced by the Hawking Radiation:

_ 1 _&f 2 I'BH
dE Ny = 73k fron(E) 4nE2dE x F~' (20 )
. 1
fTBH(E) = m FD or BE
\eJol(e> @ Backreaction is Ignored.
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18 Effective Potential around a BH
Vetr(0,7) = ( T )¢ + 2¢
A2 = ﬁzgfngy gf:{ gr  (f :boson)
f

1gr  (f:fermion)
EEl sva’~ . SUGB)GUTA2~ L
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Distribution of the Effective Potential
A A AV 'Y

Or | 1 \/

v N2

Characteristic Radius of Wall: rpw = A/u
Condition for Wall Formation: rpw > rgn

Ten > Ty = 4070 = M
B sm7p, ~100Gev, GUT T3, ~ 10'° GeV
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19 Profile of the Wall

Equation for Higgs vev:

AQ(r) = § 55 Verr(0,7)
Numerical Solutions:

L A2=001
i A2 :()X

o(r) [ (WNZ)

(@)
N
T

d’min(i’) |
I : minimizes potential at each r ]
O _I | T I L1 1 I | T I | I I | I L1 1 I | T I L1 1 I_
0 0.5 1 1.5 2 2.5 3 3.5

r{row
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Contributions to the Profile:

Hawking Pressure o 7 Ap o +1/r?
Potential Energy  « 9,V /S o —const.

Wall Tension < 0,.5/S oc—1/r
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20 Spontaneous Charge-up of BH
as an application of the Dynamical Wall

1. C-violated Theory: Chiral Charge Assignment
2. CP-broken Phase in the Wall : AB¢p

= (Hyper) Charge Reflection Asymmetry on the Wall
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Net Charge Flow

= Charge Transportation into the Black Hole
= Spontaneous Charge-up of the Black Hole
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21 Charge Transportation Rate into BH
Charge Transportation Rate:

Q0

dt

ogu - Absorption Cross Section for the B.H.

= OBH X CiesFp

Cts - Focusing Factor by Spherical Reflection

Charge flux at the wall structure:

Fo= Y [ dEaG(E:iow) Ay ARy(E)
f€Fermions ¥ E>1f
AQp = Op— QO

ARf(E) = Rpp(E) =Ry 7 (E)
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CPv-Phase: AO¢p

The ref. asym. AR depends on
Wall Profile

and is calculated numerically.

The charge flux is rewritten into:

Fop = ngAQfm} A‘]{(mf,TBH)
f

Assume CP-broken Phase Profile:

(0(r)) = f(r) xexp [i ABcp (1 - ]]:((;))ﬂ
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e.d.) Numerical Results for ABcp =m and m = u:

_15 o o

10 10 10 10

Teu /M
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22 The Total Charge Transported into a BH
of the Hawking temperature Tgy < u, in its lifetime:

2
TBH (] ABcp M AQ Y
0 — / 2~ 10755 20ce Thl 87807y
dt Tou 5 2

GUT: u~1019GeV Q~0O(1)x AQ Abcp
SM: u~100GeV O~ 107 x ABcp Hyper Charge

In the SM, the top quark (giwp = 3, AQop = 1/2, Yiop = 1)
mainly contributes.

Even for highly suppression of the KM-phase in the SM:
AOcp ~ 10717, this can be significant.
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Spontaneous Charge-up of Black Hole
= Extremal Black Hole?

Charged Remnant of BH??
after Hawking Radiation.

Schwinger Pair Production,
Spontaneous charge loss of BH.
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23 Electroweak Baryogenesis

proposed by Cohen Kaplan Nelson (1990).
This can explain the baryon number in the universe:
B/S~ 10719,

Sakharov’s 3 Criteria for Baryogenesis

1. Baryon : Sphaleron Process in the SM

2. £ :The SMis Chiral Theory
L . Extension of the SM:
Assume more than 2 Higgs Doublets
3. Non-Equilibrium :
Assume EW Phase Trans. is 1st order.
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Scenario of the Electroweak Baryogenesis

Big Bang

uoisuedx3 8sIaAIUN
4‘ V

_|

=

- Broken Phase’ S

Domain Wall

T<Tw
Broken Phase
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Our Scenario of the Universe

(i) Formation of Black Holes with mass:
MBH ~~ mpl(mpl/TW)2/3 ~ Somel00 kg
at least density: Qg ~ 10710
after inflation: ¢,y ~ 1073sec 4 Horizon Mass

(i) CPv Phase in Wall : A8cp ~ O(1)

The assumption (i) results the Black Hole Dominant
Universe at iy ~ Ty ~ 1072 sec.
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Our Scenario of the Universe

Inflation

cC ',

=3

C<D U “‘

2 Black Hole -~ )

s ' o © - % BH Dominant

Broken Phase

>|'|<'| ® e T<Tw

g :' “‘

3 "' ““ L]

23 . Age of Univ.

% Broken Phase ‘\ZBH Lifetime
. ® =

Radiation Dominant
T < TW
Broken Phase
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Baryon Entropy Ratio in the Scenario

ERIEE —— BH Life Time = Age of Univ.

(Einstein Eq.) |
! - Energy Density of BH
BH # Density

Energy Density of Rad.

b CP !
ReHeating Temp. of Univ.
Entropy Density
N /
Baryon-Entropy Ratio in the Universe

Baryon # Density

-9 AB TReHeat
b/s ~ 1077 x
T Tw
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Results of the Scenario

mpu  ~  mp(my/Tiy)*>

~ 270~ 400 kg
= TReHeat < 100 GeV
= b/s ~ 1071

This Satisfies the Restrictions:
(1) No Wash out:  Treteat < Tw
(2) Nucleosynthesis: Tretear > 10 MeV & b/s ~ 1071

(3) Stationary Thermalized Wall Condition:
76 kg < mpy < 4600 kg

Yukinori Nagatani [<+</Back] Exterior Structures of Black Holes P.49/62




A End of Inflation

Formation of B.H.
t>~1 0‘333ec

)
@g‘
!
%
\O ]

o) Evapplatlon of B.H.

B’%‘ BH\D&;WO_ Osec
/aCkHO-Ies |

Gravitone, 5, Matter Dom.
\'\ '.' O
%

t~10° year

Energy Density of Universe

", 3K CMB, VBG

Density History of the Universe

0~2
<10 g .
~ 0 -150eV Graviton BG
’ 11~14.6 < 10 >é104g
LI 1 1 1 -
Scale of Universe
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Cold Dark Matter

After the end of evaporation of the black holes,
any black hole left a Remnant with a Planck mass.

= The BH Remnants behave as Cold Dark Matter.

Mass of Baryon and Dark Matter produced by a BH:

Mp = BmNyg = IO_UXWLBH ~ 3ug

2

mpM = Omp 20ug
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Density Ratio of Dark Matter and Baryon in the Univ.:

Pom/Ps = mpm/Mp
20 - 10" x (T /mp)*3 ~ 10

2

c.f.) According to the recent observations:
Qp~0.04 (BBN,CMB, )
Qpm ~ 0.3  (CMB, IaSN, - )

Our model can explain both the baryon number
and the dark matter in the universe.
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Remnants number density near the Earth:

NDMnear — pDMnear/ mpm = (1 / 35 km)3

Remnants flux on the Ground:

2
FDMnear = NDMnear X VDM =~ 0.2/m~ year

PDMnear = 0.3 GeV/cm_3,
vpMm =~ 260 km/sec

The detectability of the DM is depending on properties
of the BH remnant.
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24 Does the BH Remnant exist?
If it does, what is it??

Will be solved by Quantum Gravity or String Theory.

e Zeldovich 1984
Uncertainty Principle: Ampy X Argyg > 1/2
= MBH > Myp]
= Hawking Radiation stops at mgy ~ my).

e Aharonov Casher Nussinov 1987,
Banks Dabholker Douglas Loughlin 1992, - -:
Information goes to a remnant
= Very long-lived remnant with a mass O(m)
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e Gibbons Maeda 1988, Torii Maeda 1994
Reissner-Nordstrom B.H. goes to extremal.
= Hawking Radiation stops at mgy >~ O(my).

Our Result:

A neutral BH can evolve into a charged BH.

Discussion:

The BH Remnant may be a few-charged extremal BH
with mpl?
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Black Atom as Dark Matter

If the remnant has electric charge Z,
it captures opposite charged particles
and forms atomic structure.

The remnant captures electrons,
and forms the ExBH™*) — ¢~ atom.

o
Ratom ~ (xem/me ~ 1A

The flux of them as the Dark Matter is excluded
by the experiments. [MICA, OYA, -]
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The remnant captures protons,
and forms the ExBH(~) — p* atom
Raom ~ Oem/m, ~ (7 MeV)™!

Radius is 1/2000 of
ordinary atom.

Not excluded by
the experiments.

e Black Atom

Yukinori Nagatani [<+</Back] Exterior Structures of Black Holes P.57/62




lonization Energy of the Black Atoms:
Eion ~ 0*m,/2 ~ 25keV
c.f.) the ordinary atomic ionization energy ~ 13.6 eV

DM velocity: vpm ~ 300 km/ sec
Kinetic Energy of Nucleus into the Black Atom:
Ex ~ Nmyviy/2 ~ 0.5N keV
The nucleon heavier than N ~ 50 can ionize the Black
Atoms.

We can detect by experiment ??
The Underground elements:
é6O (500/0), %ESI (250/0), %gA' (80/0), ggFe (50/0), ‘2‘8Ca (30/0), s
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Lifetime of the Black Atom

If the central remnant captures the protons,
the remnant may decay like the positronium-decay.

The capture crosssection to ExXBH: 6 = 16mr5y.
A very rough estimation of the lifetime:

1 2
_ |1 _ 1 M)
= [nR3va} = RZa) m

T > 100year & Z < 8
age of univ.

=  The Black Atoms can be source of
the Ultra High Energy Cosmic Ray?
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Cosmological Graviton Background
The black holes also radiate gravitons with £, ~ Tgp.

o
)
il

c.f.) Planck
Spectrum

Strength of Graviton
]

o .

Our model predicts the Cosmological Graviton BG:
Energy Density :  p, = pcus/82.2
Peak Energy : Epeak = 120 ~ 280 eV
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1. Spherical Domain Wall Formation by BH
Electroweak GUT

Thermal O X
Dynamical O O
2. Baryogenesis by BH (BH&SM&CP)

3. Spontaneous Charge-up of BH (BH&SM/GUT&CP)

4. Cosmological Model by the BH dominant scenario
© Baryogenesis
© Dark Matter
© Graviton BG: E; ~ 150 eV, p, >~ pcms/82
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Works to Do
e Origin of the CP-Broken Phase

e Origin of the Black Holes
o Inflation [Yokoyama '97] [Kawasaki et al ‘98]

o 1st Order Phase Transition

e Remnant of the Black Hole

Charged BH? Weak? Electric? GUT?
= Planck-massive Extremal BH?
= Charged Heavy Dark Matter?
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