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OUTLINE

Quasi-Normal Modes
(‘lassical (Case
WEB method. Continuous fraction
Detection. Parameter estimation
Seltf-Dual Blackholes
> The metric and the quantum correction
> (Connection with surface gravity
> The present plots & poszible phenomenology
Dark Matter
(Cosmic Ravs. QNNMs and structure formation
Effective Lorentz Invariance Violation
(RBs
> Neutrinos
» (Gravitons?
~avsdaltial Orbital Configuration of LISA .
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THE LIFE OF A BLACK HOL

Inspiral Merger

O
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THE LIFE OF A BLACK HOLE

Inspiral

time

Y

known = sSupercompute kKnown

Quasi-Normal Modes

» Exponential decay

y Perturbation of metric outside event horizon

Pz PRYEctly connected to parameters of BH (mass. spin) i
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' RZSCHILD BH

QNDM FOR SCHWARZS
9 \ o e - feX = O 9 . .
rf:-" b— _f!’lipr/,!'“rf.!'r — .2 IfH"- T A(7 'HI."- —-— T (H(H- — SIn~ Hifr_'J )
e D /
Yuv — .fj;”_f = i *’,ulf
— rdrmf

py

Perturb the metric:
LLeading to variation in Einstein equations: /(¢
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QNM FOR SCHWARZSCHILD BH

9

9 1 ’ of 7 9 ( 1 ) 2. e 9 9
ds® = ¢, dr*dc” = —e"\") dt* + _ dr® +r° [r/ﬁ' -— S1n- Hr/f_'.a']

= H,u v

+ 0
Perturb the metric: 9u = 9., + Npv

Leading to variation in Kinstein equations: G, = 47071},
. _ XemT-T) .,

\ssuming scalar decomposition of h: X(f.7.0.0) = Z - Yem (0.0)
e e e

For radial component of ' 9%, e o :

: > : 1 o o .

perturbation outside event horizon. 7,2 (« ilr -]) xi =0 :
e ——————————

0” " : o .

where 5 E‘F — —w”y; . Tortoise radius: = =T T 2M log(r/2M — 1)

o7

= : ' 2M N\ [€(6+1) 200
& Regge-Wheeler Potential: V) (r) = ( I —— f—

=) 3
I I'= i

Pirsa: 10080044



A CLOSER LLOOK AT THE POTENTIAL

M=1Mg,.../=2 & o= 1—-s2=1 (for Scalar perturbation)

b=
(] N

h

-

19

V(X
||||||r||||r|||rTr||1|r||||r|||
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A CLOSER LOOK AT THE POTENTIAL

M=1Mg,.../=2 & o= 1—-s2=1 (for Scalar perturbation)

L Similar to one-
0.14
r dimensional
I Schrodinger 2
s equation for a dx” _
I —-+Q(x.)x =0
r potential barrier dx=
0.10 — ) 2 rf
3 Qlz,) = (Mw)" —V(zx,)
= L 2 ;
;" 008 —
S B
; L
0.06 -
0.04 L
r ( tends to a
0.02 - constant at
3 large | x|
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WhB APPROXIMATION METHOD

Parabola to first order

—iGx
Match WKB
solutions at the
turning points

b 3 —> e

. . ®, 1
Condition for normal modes: =Y  _;(, + =

' L2Vilra)1Y>
=
) dr=
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METHOD OF CONTINUED FRACTIONS

A T 2 1 . A e e L BN

dr? dr r—1 r
where 2M =1 & p=w

: i rff F; ;jf"—-} o
radial Equation: r(r — 1) . 8 (M 1y = = —) ;=0

Assume the following solution from boundary condition:

X 4 mn
\ I _II'.:J _:JJ _f-}’ ."—Lf ~I|r = ]_
u(r) = (r — 1)Pr—2re™ a,
r

rn=—i()
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METHOD OF CONTINUED FRACTIONS

: , d? dy; »r? o
radial Equation: r(r — 1) [N_“f ~ % — (1{/ )=t - _> v; =0
B2 ' o . .

where 2M =1 & p=iw

Assume the following solution from boundary condition:

s 9 I} 1 T
P -1 ) e
Xilr) = (r— 1)y Fa 2 E &, ( )
”

rn=—i()

Then we get the following relations:
_. __ S 5 o
ID al _l_fj}f) 'q@ — i' "I?‘? an—l_{_tungn + in’llq?i—l T {"i

where : 2, =2+ (2p+2)n+2p+1, ¥. = n*+4pn+4p*- o —1

Prn=—02n*+(8p+2)n+8p*+4p+I(I+1)- 7)

-
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DETECTION OF QNNMS
In physical units: e=(eM)2z (5142 &)%
For LIGO (~10 — 10000 Hz) : stellar BHs
For LISA (~0.1 —0.00001 Hz) : Super- Massive BHs

Only first couple of modes n observable (exponential

damping)

If QNM spectrums inconsistent with i1solated BH then:
We are not observing isolated BH approaching
equilibrium
[t might be neutron star or some exotic Boson star
(7) Thus. 1t could be used as a test for "no-hair
theorem

irsa: 1008004[1 ™

+R 1s not true in strong field regime
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DETECTION OF QNNMIS
In physical units: e=(eM)2x (5142 Iﬂ)ﬂ%
For LIGO (~10 — 10000 Hz) : stellar BHs
For LISA (~0.1 —0.00001 Hz) : Super- Massive BHs

Only first couple of modes 7" observable (exponential

damping)

If QNM spectrums inconsistent with 1solated BH then:
We are not observing isolated BH approaching
equilibrium
It might be neutron star or some exotic Boson star
(?) Thus. 1t could be used as a test for "no-hair

theorem
= 7R 1s not true 1n strong field regime -
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DETERMINING PARAMETERS
ReoM

U 0.5 1.0 1.0 2.0 2.9 3.0
Urre T T T T T
\} B ‘f
0.] Va, :
e | = o I o T -
T 'r‘;‘}}'.r
‘ _j /
HroT !}.3 - ,'_ » |,'_ ¥ —
— = 1.5
'||. - -
~03 L Varying a - "
._.”.J', = "a=09 ~
=U.0
— 0.0 F n=—1 E
= =1 l =1
—t |_}_|j L - L - 1 L L

"Parameters (Kerr BH): n. 7, m, Mass (3]) , Spin (a) ™



SELF-DUAL BHS

Semi classical metric obtained from a classical analvsis of
the Loop Quantum BH

.
_ . dr-= (o
ds® = —Cr'{f‘]fffz o F HE:-}JQ'E’
Fir)
- . 2
dQ?) = d6? + sin? Hdo? ro =2m,r_=2mPpP
. (r—r)(r—r_)(r+r.)? - o —
G(r) = - : re = /T47T_ =2mP.
I —'—fI;
(r —r )(r—r_)r? P=((1+e—-1)/(V]1++1)
i) = = — — .
7+ T )T T a,) a, < A_._(Minimum Area in LOG)
‘ 7 : . :
H(r) =7+ =2 g « y (Immirzi Parameter )
-2

Free from singularity & invariant under:  —s g_/r

Area of event horizon (X*) > Compton wavelength:
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e s
QNM FOR SELF-DUAL BHS
Mass of sealar field

Wave-equation for a scalar field 3 B— _ . .
: . —,, (¢""\/—q0, D) — m&,‘l" =/
in a general spherical surface: /—g

P = = F = = - . . - : - -
. o FYAaT o712l oot T 3 Tynal v T T T Ry T T TN T o oTIT o T T o ~lirrooTary i T +
.__1'..-:" ’I_. Ir'_-fl E_T by TEUL LT LIEBULIRIC UL U GIELUELIC LT CLld UL LEUTE LLE UWOOLEFTEE BTy L ELEDO L LEE CO Ll L)

r )
) r_,J_ a ) "
Radial Equation: == — VR l w(r) = 0.

where. — J.? dr K2=1(1+1)
A",

T ]
V(r) =G (
Pirsa: 10080044 \
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POTENTIAL OF SELF-DUAL BH

N
-

Self-dual

1-J
I 1 T I

-
)
-

V(r)

I
l

IJ
1

I
I
|

I

L L L L P L ARy AR

Pal 24175
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SURFACE (FRAVITY AND QNMS

T o 7/ 1\ In3 s s
hTf'lT-t-: @,, — IR (H L A (_)_u e aAS 1n—

— — b

S — ——_— ——— B —— - e - A
u -y _ - 3 'J g
. Clas=i1eal kL L - P ; o /*
i 1 : e = g ,g,f}c'f v,u X Tb‘ X J 2
< oz} I Equal surface gravity for SNMBH and
I | - "‘., 5 B micro-Planck size BH
- \  Self-Dual . ] e
1 Same frequency of GW although
- I A strength of signal very weak 1n the
! latter case (as h ~ NM/r)
- I —
L ,
Pirsa: 10080044 | Page 27/75
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COMPUTING QNMS (FOR SMALL ‘n)

Small n 1s what we observe
In principle. easier to compute!
In the case of self-dual BHs — shightly non-tr1vial!
WKB method might fail at M < M

planck

More than one turning points in the potential (doesn't have a
peak atr =31/ )
It might work at M > M, as only r =31/ dominates

> As consistency check, a;, =0 = P should match with Schwarzschild case

(Continuous fraction — most reliable but extremely

difficult to compute the expressions !
Should work for all M

Pirsa: 10080044 Page 28/75

Evolving the time dependent wave equation



T EE————————————————
(C'OMPUTING QNNMS (FOR SMALL ‘n)
Small ‘n i1s what we observe
In principle. easier to compute!
In the case of self-dual BHs — shightly non-trivial!
WKB method might fail at M < M

planck

More than one turning points 1in the potential (doesn't have a
peak atr =31/ )
It might work at M > M,n as only r =31/ dominates
> As consistency check, a;, =0 = P should match with Schwarzschild case
(Continuous fraction — most reliable but extremely
difficult to compute the expressions '
Should work for all M

Evolving the time dependent wave equation
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" Afreg2dat®u 1:
" freg2dat"u 1:
4.825e-01/x
9.696720e-02/%

0.001
0.001
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" ffreg2dat® u 1:
" freg2dat®u 1:
4.825e-01.
9.696720e-02/x

L P

AN E 8L

Then why would ® go to zero at large n'?

0.001
0.001 0.01 0.1
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BRRNENIAY

ReoM

OSSIBLE PHENOMENOLOGY FOR ASTROPHYSICAL BHS

0 0.5 1.0 1.5 2.0 2.9 3.0
) — T T T T T
—0.1F O=-Meo {
-02 F : .
noise
—3 E @ -
P (Polvmeric Parameter)
— 0.4 =
Polvmeric metric: ag1s a function of P
—09 (Une could keep upper bound on P (and .
thus indirectly on Immirzi parameter)
PirshJ1bds0bme . . . k -
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JUANTUM BH AS DARK MATT]
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noise

P (Polvmeric Parameter)

Polvmeric metric: ag1s a function of P

(Une could keep upper bound on P (and
thus indirectly on Immirzi parameter)
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QUANTUM BH As DARK MATTER
Micro self-dual BHs : "neo — MACHOs

Primordial — formed due to statistical thermal

ﬂm Tuarmna at the end (during?) of inflation
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QUANTUM BH As DARK MATTER
Micro self-dual BHs : "neo — MACHOs

Primordial — formed due to statistical thermal
fluctuations at the end (during?) of inflation

1{}_1 }'J:Plcﬂl{:]i now
Assuming they were created at the Teq ~ 10+ GeV
Assuming they constitute ALL the observed DM

> (a(t;))>mo(m,; 1 Dz A 10055 )
, (a(tg))?

dm; = 0.220.rit
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QUANTUM BH AS DARK MATTER
Micro self-dual BHs : “neo — MACHOs"

Primordial — formed due to statistical thermal
fluctuations at the end (during?) of inflation

10>\ Il:'lall{: r IOW
Assuming they were created at the Teq ~ 10+ GeV
Assuming they constitute ALL the observed DM

/'“ (a(t;))’mo(m;)pPmaxr(m;)
)

- dm; = 0.22p.,i:
(al(tp))?
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QUANTUM BH As DARK MATTER
Micro self-dual BHs : “neo — MACHOs"

Primordial — formed due to statistical thermal
fluctuations at the end (during?) of inflation

1{)_; }'IPlanf:k now
Assuming they were created at the Teq ~ 10+ GeV
Assuming they constitute ALL the observed DM

> (a(t;))’>mal(m; ) Disiia A 100 ) N
= dm; = 0.22p.,-it
) (a(to))”
Inflation
l’ BH Creation o N,~64
et
A
N, =~ 85 |
Pirsa: 10080044 | : - .
BH Evaporation
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QUANTUM BH ASs DARK MATTER
Micro self-dual BHs : “neo — MACHOs

Primordial — formed due to statistical thermal
fluctuations at the end (during?) of inflation

10_1 lIth{:k now
Assuming they were created at the Teq ~ 101+ GeV
Assuming they constitute ALL the observed DM

/'“ (a(t;))>mo(mi) prmar (M)
i)

dm; = 0.22p.,i

(a(tp))”
Infiation
lr BH Creation g N, =~ 64

Hﬂ i~

A

N,=85
Pirsa: 10080044 s Page 42/75
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DM PHENC I)MENOLOGY
Ultra High Energy Cosmic Rays
The 1ssue of GZK cutoff 0—37 UHECR particles

T ha 22

s

T Eoay e : s m>
Invisible matter within 50 Mpe (?)
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T e e e e
DM PHENOMENOLOGY
Ultra ch“h Energy Cosmic Rays

The 1ssue of GZK cutoff o~ 10=37 UHECR particles

£ Smi e 3 s m?
Invisible matter within 50 Mpec (7)

Self-Dual BHs to rescue!

% »TTLO 3 )
r i 2Amin PArw BH (M) V-
— . fh”
IJme=0 J6x 1012 eV m(eTBEH(MmO) — ])
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DM PHENOMENOLOGY
Ultra High Energy Cosmic Rays

The issue of GZK cutoff 0—37 UHECR particles

e
".‘Tf}f.l,-. it

g o | s m>
Invisible matter within 50 Mpec (?7)

— o t
Self-Dual BHs — —
Local Black Hole Cosmic Ray Emission
" -] ~
J_-‘.I"} — / / = ]-I:r__;q- - 1
. .’f.f|r=1’- fr 5
j' 10732 ¢ -
Z 100§ 1
> 106 I
E 10°7° » 4
__ 1| r-'---"lx.I = = |
Pirsa: 10080044 0 Ix107® 2x100 3x10® 4x10® 35x10® 6x 11Bé5é /75
Fnerov of Enutted Cosmic Ravs (e\)




DM PHENOMENOLOGY (WILD IDEA NO.

Compute QNNMs of micro quantum BHs
Finding where the mass range where distribution peaks

Assuming thev represent "all DM

As surface gravity goes to zero with m =0
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DM PHENOMENOLOGY (WILD IDEA NoO. 1)

» Compute QNMs of micro quantum BHs
Fiding where the mass range where distribution peaks

Assuming thev represent "all DM
As surface gravity goes to zero with m =0
Exists a “conjugate mass par (model dependent)
> Asvmptotic safety gravity BHs. Non-commutative BHs

If the frequency of GWs feasible then we know where to
look (LIGO or LISA)
Assuming all of the DM BHs haven't reached
equilibrium (WHY?)
And also assuming thewr distribution 1s homogenous &
1sotropic & we assume a neat fraction of them i phase
Then. m principle. within solar svstem one could tune
enough BHs to have a stochastic background noise mm GW.
Pirsa: 10080044 dei:e{-‘to]-'ﬁ Page 48/75



DM PHENOMENOLOGY (WILD IDEA NoO. 2)
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DM PHENOMENOLOGY (WILD IDEA NoO. 1)
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DM PHENOMENOLOGY (WILD IDEA NoO. 1)

» Compute QNMs of micro quantum BHs
Fimding where the mass range where distribution peaks

Assuming thev represent "all DM
As surface gravity goes to zero with m =0
Exists a "conjugate mass par (model dependent)
> Asvmptotie safetv gravity BHs. Non-commutative BEHs=

If the frequency of GWs feasible then we know where to
look (LIGO or LISA)
Assuming all of the DM BHs haven't reached
equilibrium (WHY?)
And also assuming thewr distribution 1s homogenous &
1sotropic & we assume a neat fraction of them in phase
Then. 1 principle. within solar svstem one could tune
enough BHs to have a stochastic background noise m GW.
Pirsa: 10080044 dete{?tol‘S Page 51/75
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DN PHENOMENOLOGY (WILD IDEA NO. 2)

Quantum BH (or any DM candidate)

Dominant potential in early structure formation
Evolution of the SN BH would depend on the
propertied of DM halo

Provided the clustering properties are different
than standard one

Pirsa: 10080044 Page 52/75
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DM PHENOMENOLOGY (WILD IDEA NoO. 2)

Quantum BH (or any DM candidate)
Dominant potential in early structure formation

Evolution of the SMBH would depend on the
propertied of DM halo

Provided the clustering properties are different
than standard one
Assuming this has an effeet on galaxy merger
Different properties would predict different merger
rate
[LISA could listen SMBH merger
(Could test cosmological models

ey thus could tell us something new about DN reess
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DM PHENOMENOLOGY (WILD IDEA NoO. 2)

Quantum BH (or any DM candidate)

Dominant potential in early structure formation
Evolution of the SN BH would depend on the
propertied of DM halo

Provided the clustering properties are different
than standard one
Assuming this has an effect on galaxy merger
Different properties would predict different merger
rate
[LISA could listen SMBH merger
(Could test cosmological models

And thus could tell us something new about DM
"Hroperties

Pirsa: 10080 Page 54/75
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LLORENTZ INVARTANCE VIOLATION

Deformed Special Relativity:

Hj — Ej —!JI_ A ':E [U . ‘\[(,}(T

r;r;

Vacuum has an energy dependent refractive index (7)

No longer invariant:

c(a‘)=1—§E—=1—€ ds (&) #ds’ (&)

Where is the relativity ?
Observers agree on Eqg

e oot O DSETVETS agree on the wavelength of a color .



PHENOMENON OF TIME DELAY

!

T X =t1' t t:tf

L

E, E;

¥

L4

HereE, > E
At=0 e A=L AE
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P e e B Sy e —
PHENOMENON OF TIME DELAY

A o A o e 9
Assuming attenuation of gamma
photons has nechigible effects

' t=t1 1 ' t_tf
E, E,

> - =
E, E;

HereE, > E
A= = At==-2E5
As e1_u_'|_'u_ri_;§' both were enutted 4 o

at ‘almost same time Assuming we Enow the distance
to the source pretty well
Pirsa: 10080044 Page 57/75



Pirsa: 10080044 Page 58/75



PHENOMENON OF TIME DELAY (CONT.)

Flz__it FR-\'—‘T 3[@‘1_]_'1(’ r';'r,-{j — —.r,u'lr,ié: —— (I1 f-l 2 :f}'r‘\ 3 o \‘_‘J ;,'rHj —_ “‘_I_llj H“r,l :
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AT T 77— — 1 T R T - T - — —_— - — \ T T . 2
ur \ ¥ i T \

- - - \ | H = \ N
2 ¥ 4 ) 4 A 48 da K _L - - - v -

~ _._"__i_.l_._'L ~ i W = . .

'y .

2 T 2 - ) i 7
“(dt™ +=sI1n” Gdo

Flat FRW Metric: ds? = —dt? + a(t)?[dx> + \

=
Assume first order QG effect: E = \ m2 4 X ( S . 1E )
a=Itr . (Il T 'll_,:_j'f..rl

Page 60/75
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Flat FRW Metric: ds® = —dt? + a(t)?[dy> + \*(d§” + sin? fdo’

Assume first order QG effect: E

I
-
i
|
v
~
b_.
|
~
h«‘ p
:.:
e —

* X 1 2a(t) t.) T

P ) m-<a alét=) I
Then. A - F = = e — o

— 0 a(t)  2a2(te)f2 ' 2Eqga®(t)
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2 27,7 2 2 2 2.2 211
—dt” +al(t)”dy” + " (df#” +sin” fAdo”)

Flat FRW Metric: s =

Assume first order QG effect: E = \ m2 + =X
.- a=(t

: ) e
1 m=a(t) Calte:)f.

Then, %X _ P° L 3 .
dt p° a(t) 2a?%(te)f? 2Eqgga?(t)

For m = 0 (QG phenomenology) For { = 0 (Bounding grat

At=_D(f — £ 2t="0 (2~ %)
- 2\ 7

Page 62/75

- U 1\

Pirsa: 10080044



SOURCES FOR PHENOMENOLOGY OF LIV
(amma Ray Bursts

Distance ~Gpe. energv ~ (Ge\

'-r.__r: LJB ”CEEIHUE (J Z — —_I::*?J : E...__:__:: ]_Cllj '. :'11"—‘*;; E-;(} i I:'.l E_:'.___,_: ok
(+RB 09051 7z =0.903 . E.,_,.;_:_: 31 GeV . Z; ~~ 10 E:'___P;_

Active Galactic Nuclel
Distance ~0.1 z. total energv Tel’

» PKS 2155-304: Ega~ 0.1 By

Pulsars

Distance ~kpe. energy ~ 100 MeV but nano —second

| precision in pulsation
Pirsa: 100800 Page 63/75
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MULTI-MESSENGER PHENOMENOLOGY FOR LIV
Neutrinos
RB: E = 102 TeV

Detection probability for a short burst ~ 10-=. so unlikely
to have two neutrinos detected from same source

(Comparison with low energy photon could be used (even
if there 1s an mtrmsic delav!) [T Taceh & T Pivar -

Pirsa: 10080044 Page 65/75



MULTI-MESSENGER PHENOMENOLOGY FOR LIV
Neutrinos
TRB: E = 10=TeV

Detection probability for a short burst ~ 10-=. so unhkely
to have two neutrinos detected from same source

(Comparison with low energy photon could be used (even
if there 1s an mtrisic delav!) [T Tacoh & T Pivan (9007

(Gravitons

Easier to model merging of SNIBH + cosmological scale
(entire universe) — energv to low (~10-° Hz) = Almost
unaffected by QG !

EDM signal during coalescence (accretion & transients of

relativistic gas) E). DOCERSES- a8 A
> Similar as keeping bound on mass of graviton, but here one
s 1o0s00as - LAVOL'S graviton to have no delav (massless) ! Page 66/75

N TEE TEE FFFy o TRE. g o ot THE W baespess greaee B s e e onge . ol RET: S



SUMMARIZING THE BOUNDS
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SUMMARIZING THE BOUNDS
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THOUGH THE SOURCE
BE OBSCURE, STTLL
THE STREAM FLOWS

ON... "

- Taken from NUMBER — THE LANGUAGE
OF SCIENE by Tobias Danizig

Pirsa: 10080044
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THOUGH THE SOURCE
BE OBSCURE, STILL

THESTREAM FLOWS
ON... "

- Taken from NUMBER — THE LANGUAGE
OF SCIENE by Tobias Dantzig

(Click to add notes Page 70/75




MULTI-MESSENGER PHENOMENOLOGY FOR LIV
> Neutrinos
» GRB:E=10TeV

Detection probability for a short burst ~ 102, so unlikely
to have two neutrinos detected from same source

» Comparison with low energy photon could be used (even
if there is an intrinsic delay!) T Jecobh & T Piran (9007

=

>~ Gravitons

» Easier to model merging of SMBH + cosmological scale
(entire universe) — energy w low (~10- Hz) = Almost

unaffected by QG !
» EM signal during coalescence (accretion & transients of
relativistic gas) B. Eocsis et al. (2008

> S1milar as keeping bound on mass of graviton. but here one

(Clide to add notes
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Shapes Amange Julc

Dirawireg

COMPUTING QNMS (FOR SMALL ‘)

> Small ‘n” is what we observe

In principle. easier to compute!
» In the case of seli-dual BH=s — shehtly non-trivial!
, WKB method might fail at M<M,;_,

» More than one turming points in the potential (doesn’'t have a
peakatr =3M )

» It might work at M = }L[ﬂggg_ as only r = 3M dominates

> As consistency check. a; =0 =P should maich with Schwarzschild case

> Continuous fraction — most reliable but extremely
difficult to compute the expressions !
» Should work for all M

> Evolving the time dependent wave equation .
Works only for n=1

Work in progre
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SURFACE GRAVITY AND QNMS

Always | 5

TRUE! '

) ( I)
= ik -
. ¥

In3 x
- L h —T— f)_f.r_

1/2]

il

i

— Sealf-Dusl

L 5
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= & :'f;mv.u X' TI*"\ 2

= Eqgual surface gr_ar'ﬂ:r for SMBH and
micro-Planck size BH

- Same frequency of GW although

strength of signal very weak in the

latter case (as h ~ M/r)

M (inMn_)

L= 8
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P=r=graph Drawing

= For smasll ‘r’, why is @ constant when
M < Mujanes? Is ag taking over M?
—~ Then why would @ zgo to zero at large ‘n'?

a1

M(inM

Plancx )

(lidk to add notes

Page 74/75




5| Layout = = = = ey | = | |y = I spe F 35 Find
A A = — == — = = = = e
— = =i =3 == - - I =
=} Reset e _ Shape Cuiline ¥ . Feplsc= -
B = — — _— P
My F T she & A 2 A == === Shapes Amsnge Juic N B e
w1 D=l=t = = | == = —  Chifes— = Shapefifens & Seled -
ies Foni P=r=graph Drawirg Exiiiing

POSSIBLE PHENOMENOLOGY FOR ASTROPHYSICAL BHs

(IR

e
P(Polymeric Parameter)

Pol¥meric metric: a, 1= a functon of P
Dﬂe could keep upper bnund on P (and

Work in progress!
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