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Chandrasekhar Mass Bound\f, > 1.46 M for dying stars that evacle
the white dwarf stage.

Core collapse of such stats supernova explosior» compact core cf
degenerate neutrons

Further grav instabllity : ifAM.... > 2M~ — collapse to black hole
Chandrasekhar’s Nobel Lecture December 1983 : (adapteebto@utror

cores)
hc 3/2 _
Meore > & (E) mn2

Hydrost equil betweet.,,. due to gravity and;,, the Fermi pressure f
relativistic degenerate neutrons :

Solve Einstein eqg,, = “I#T,, with sph symm ansatz for perfect
barotropic fluid— Tolman-Oppenheimer-Volkov eq
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Degenerate neutron gas : Fermi pressure

Pr
Pdeg = /O ntot(p) v(p) dp

wherenior(pr) = [3F n(p) dp = (87/3h%) p,
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Sp Rel:v(p) < ¢

Hydrostat equilPeore = Pyey =

hc 3/2 -
Meore < & (E) an

M 2
()< (32)
Mp lp
Planck scale [p appearsnonperturbatively : rhs 7~ asip ™\,
Contrast with std QG effects O(ip) !

Reexpress
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Reminiscent of black hole entropy :

A
Sp, = h20 L + quantum corr.

P

e |sthe mass bound linked to quantum gravity ? Derivation used GIR
+ Sp Rel QM

e Arethe mass bound and Sy, related ?

Does derivation use a consistent formalism ? No.

e Sp Rel QM not ok fol€ >> my,c> — SRQFT

e But P, computed using GR : consisteney use GRQFT (semicl) 10
computeFy !

e Are QG effects guaranteed to be small ? No
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Right answer using ‘invalid’ theory:
E.g. Mitchell’s (1784) derivation of Schwarzschild rdtty = 2GM/c?
before GR; or Bohr’s derivation of Bohr radiug = /?/me* before QM.

‘Pointers’ to the right theory : GR and QM.
What theory does Chandrasekhar’s bound point towards ?

Reexpress bound

Meore > ¢ ﬁ 225 AC’n
Mp lp Ap
= cond for instability wrt formation ohorizon (null hypersurface wit
sp foliations being trapped 2-surfaces)
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‘Quantum Einstein EQ’ (bulk)

H’U ‘¢v> = 0
Z -3 (Z e, 211 18, 2) (O, exp —BH,, ;)
b v
— Zbdy

Bulk states decouple! — Thermal holography ! v 2007, 2009)

Weaker version of holography cf ‘Holographic Hypothesisof 1993; susskin

1995

Canonical Ensemble of (isolated) horizons (as sptm bdyateStcharac -
terized byA,, ~n 1%, n € Z (LQG)
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Z(p) :Zg )) exp —BM (Ap)

= eXp [S<Ah07“> - ﬁM<Ahor>] ' A_1/2<Ah07“>
Canon entropy
1
SCCL?%(AhOT) — S(Ahor) + 5 log A
Stable thermal equil

= Sean > 0= A >0

Criterion for Thermal Stability pw 2007

M(Ahor) ~ S(Ahor)
Mp kp

Classical geom not used in derivation : QG origin
But S<Ah07“> =
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e Equil (Isolated) horizon Zshiekar et. al. 1997-2000

e Horizon deg of freedom & dynamics Aniekar et. al. 1997-2000; Basu, Kaul, PM 20( 9,;
Kaul, PM 2010; Basu, Chatterjee, Ghosh 2010; Engel et. &192M

e Counting of horizon states A2ntekar et. al. 1997,2000; Kaul, PM 1998,2000; Das, KaMl 2001
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e Start w/ Schwarzschild metric : choose a tetrad basis anghataspir
connection coeff and curvature comp

e Define Barbero-ImmirzbU(2) connection
e Pull back to horizon (sph fol) and compute curvature on sph
e Compute pull back of cross-product of tetrads to sph fol aofzum

e Result:

3
%Fab<A> — _Zab

wherek = # - (Apor/15) s k >> 1
e SU(2) Chern Simons gauge theory EoM

e Can gauge fix td/(1) CS with extra conditions on sources SU(2)
dynamiCSBasu, Kaul, PL 2009

e Gravity-gauge theory (topol) link derived
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Eff Quantum Horizon : Loop Quantum Gravity

2
k_l S _ AhOT N §10g AhOT 4+ O 4lP
B 4l129 2 4[12[) Apor

Correctionsto area law (kau, pv 1998 2000) are signature L QG effects
Corollary :

2
6%

ﬁﬁgaw<1+Ahm+--->
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e Assume each plaquette has ama% = p = A;W/l% > 1 for macro-
scopic black holes

e Spin 1/2 (binary) variables in each plaquette
e Count only rotationally invariantj¢,; = 0) states ras, aul, Pm 200)

(p) - @Z )~ ()

mtot=0 Mmiot==x1

With Stirling approximation, replacing in terms A4,,,,., obtain identical
formula forS(Ay,,. ).
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Core Collapse pushes energy into Hidden HorizoMy,;; 1o ./~
Stops Whe i nor ./~ Anor = Anor > Ahid hor
ExpectAcy, ~ Apid hor < Apor (?)

— Chandrasekhar mass bound

Mcore >€ (A0n>
Mp Ap

Scenario indep of classical metric ; horizon treated asnigua’ hyper-
surface : Dof are Wilson line excitations of Chern Simonsmjuian topo
gauge theory coupled to point sources carrying spin frork $pih networl
geom
Does such a hypersurface actually form in stellar collapsest simple:
models . Oppenheimer-Snyder model of pressureless duapsel(ongo-

INQ)
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Pending I ssues
e Need to establish firm relation betwedg.,, and Ay;; or
e Need to justify scenario in detall

e Need to go beyond effective quantum horizon : what exactiydasian
tum horizon ?



