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WHY PROBE SEMICLASSICAL 
GRAVITY AT ALL

quantum gravity is important at Planck scales

Semi classical gravity is important, as Hawking estimated for 
primordial black holes of radius

using coherent states I showed that instabilities can happen due 
to semi classical corrections for black holes with horizon radius 
of the order of



WHY COHERENT STATES

useful semiclassical states in any quantum theory

expectation values of the operators are closest to their classical 
values

fluctuations about the classical value are controlled, usually by 
`standard deviation’ parameter as in a Gaussian, and what can be 
termed as `semi-classical’ parameter.

in SHM coherent states expectation values of operators are 
exact, but not so in non-abelian coherent states



LQG: THE QUANTUM GRAVITY THEORY WHERE 
COHERENT STATES CAN BE DEFINED

based on work by mathematician Hall.

coherent states are defined as the Kernel of transformation from 
real Hilbert space to the Segal-Bergman representation.
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EXPECTATION VALUES OF 
OPERATORS

Coherent State in the holonomy representation 

The expectation values of the momentum 
operator

non-polynomial corrections



CORRECTIONS TO THE 
HOLONOMY



GEOMETRIC INTERPRETATION

The corrected metric does not transform to the 
Schwarzschild metric

does not cancel

 when corrected

Lemaitre metric



WHAT DOES THIS `EXTRA TERM’ 
MEAN

It is a `strain’ on the space-time fabric.  Can LIGO detect such
changes from the classical metric? This is a linearized 

perturbation over a Schwarzschild metric, and 
would contribute to `even’ mode of a spherical gravity wave,

though cannot be 
anticipated in the polynomial linearized mode expansion

unstatic-unspherical semiclassical correction



THE STRAIN MAGNITUDE

why does this number remind us of the cosmological 
constant?

A. Dutta & ADG



UNSPHERICAL-UNSTATIC 
COLLAPSE

difficult numerically, as not due to the addition of a twist vector

the introduction of a three dimensional grid

cannot be generalized from the axisymmetric case, work in 
progress …

program rungekutta
implicit none

real h, t, f
integer n
real a,b,x
integer j

real K1,K2,K3,K4
print *, 'the initial values are'

read(5,*) a,b,x

print *, 'the value of n'

read(5,*) n
h=(b-a)/n

t=a
open(12,file='runge-kutta')

do j=1,n
K1=h*f(t,x)

K2=h*f(t+h/2,x+K1/2)



TEST NUMERICAL 

correction is finite 

near the horizon

A. Dutta & ADG



LEFT-RIGHT ASYMMETRY



IN-FALLING FIELDS AT THE 
HORIZON

Imbalance in ingoing and outgoing Flux: Implications 
to Hawking radiation, and Grey body factors

This is a dynamical process, the imbalance occurs as the 
scalar field evolves in time.

the computation of back reaction and 
black hole evaporation will be

affected



ASTROPHYSICS: APPLICATIONS

Image of a Spherical black hole:
the absorption cross section of 

light



THE IMPACT PARAMETER

The light ray gets `absorbed’ for 
and `deflected’ for  

Absorption Cross section of the black hole



CORRECTED EQUATION

Infinitesimal but can be calculated

and one day detected!

Interference Fringes? 

Angle dependence? instabilities?



SPHERICALLY REDUCED 
COHERENT STATE

The break down of spherical symmetry and a correction term 
which cannot be anticipated by linearized perturbations using 
spherical harmonics is physically counter-intuitive.

A reduction+quantization might retain spherical symmetry in the 
non-perturbative framework



A REDUCED PHASE SPACE

Corrections: 

NO CROSS TERMS! Spherical symmetry is also 
maintained



TO BREAK SPHERICAL SYMMETRY OR NOT 
TO BREAK SPHERICAL SYMMETRY

Nature of course does not `reduce’

there has to be additional constraints to maintain spherical 
symmetry for semi-classical corrections

Experimental predictions

Generalization to Kerr black holes-in progress


