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outline

consider spacetime endowed with existence of a minimum leng’th

(i.e., with quaclratic intervals -> finite limit at coincidence)

[minimum~leng‘cl’1 metric or quantum metric or qmetric]
Kothawala 1307.5618; Kothawala, Padmanabhan 1405.4967. JaFﬁnoStargen, Kothawala 1503.0%79%

allow for this clescril:)tion to include null intervals

AP 1812.01275

ly it to black hole hori
appiy it to black hole horizons
Krishnendu NV, S. Chakra]:)or‘cyJ A. Perri, AP (ongoing work)



minimum~|eng’th metric

Kothawala 1307.5618; Kothawala, Padmanabhan1405.4967. Jaicﬁrxc>5‘cargenJ Kothawala 150%.0%79%

existence of a minimum leng‘ch L atfects geometry tself in the small scale
(Il.e., not regarclecl as L~,’:>|urring of sources in an ordinarg spacetime)

modification introduced in the quaclratic: interval 6%(x, x") (before g )

c*(x,x") — S(c?) with S(6%) — eL? finite in the coincidence limit  x — x’

(with S(62) ~ 6% when 62| > L? i.e., whenxis far apart from x)

for it, one needs a metric singular evergwhere: how to deal with this?



we face the unavoidable nonlocality accompanying gravitg in the smallest scales

convenience of nonlocal objects to describe this: use bitensors (Just like

o2(x, x"), which is a biscalar)

to rec]uire

o’(x,x") —~ S(c?) with S(62) — €L? finite in the coincidence limit x = x°
along the connecting g,eoclesic) which such remains
(with a same character) also in the new metric

implies

g, x) = q,,(x,x)=Ag,(x)+e(l/a—A)t (x)1,(x)
a = a(c?),A = A(c?)
l

I, = tangentvector biscalars € = g“b 1, == 1




q,, turns out to be completelg fixed if a condition is aclclitiona”g Posecl on

the Z~Point function G(x, x') of any field (namelg, this is about causalitg):

one requires that) when spacetime 1S maxima”9 symmetric,
G(6®) — G(0?) = G(S(c?))
where

G and G are Green functions of [ and [, resp.,

—

and [, is the d’Alembertian associated to ¢, (x, x')



one gets:
Kothawala 1507.5618; Kothawala, Padmanabhan [405.4967; JaFﬁnoStargen, Kothawala 150%5.0%5/9%

%b(xa x)=A g+ € (1/a—A) L b, [, unit tangent to connect. geocl.
€ = -/+ 1 for time/space sep.
with
2
A — i (A)D_l o = S (D-dim SPt.)
62 \ Ag 628" ' = dS/d(c?)
A( /) _ 1 det | — V(x) V(x')l 2( /) van \/ICC‘<
A A1) = c a "p 26 As A determinant

V 8(X)g(x")

Ag= A(X, x") with ¥ such that 6%(%, x") = S on the connecting geodesic

q.p, 15 singular e\/ergwhere in the x — x'limit, and q., = 8., tor x,x' far apart



null seParations

AP 1812.01275, 2207.12155

what’s the meaning of a finite distance limit in this case?

keg: aHineA = measure of distance by the canonical observer

)

| .
this O

ametric:

bserver at x" will find a finite lower bound Lto 4 — 4.

tal(C ﬂx/ — O) / X
A /f(/l) with 4 = Lwhen1 -0
(with /(1) ~ 1 when 1> L) X’



we seek q(y) of the form

(y)(x X') = A(y) g (X) + (A(y) — 1/ 05(;,)) (L,(x)n,(x) + n,(x)[,(x))
Ay = AgW)

n, null with 197, = — 1
* Ay = Op(A)
from
vab’ly — O ~ dx® dA
¢ with [ = x~ = [“"—,
dA dA
— |
and V, b, =V,p — Equ( — Valpa T2V 90 V.
we obtain
C ,
Ay = — with C real const.

dAldA



A, v curvilinear, null
coordinates

y null

the Z~|:>oint function G(x, x') cli\/ergcs ony

we imagjne to be slightlg otty

X’ f=£c")
df dx“

= (4 4+ 24V [%)—— txe [“
L1/ =( JA) 75 atxeEy T




we implement then the d’Alembertian condition this way:

G (62) = G(S(6?)) is solution of

~J/

-~ - dG -~ - 1dG
G+2IV = =@ +2IV [ (_) _ 0 (0
ds do? / 3=}

Wl"]Cﬂ

G(0?) is solution of

dG
4424V, [)— =0 (2)
do? |4



using Vb [ and the expression for () WE alreaclg have, eq. ORE

_d) X i d
4+ 20—V, 14 +1(D-2)——InA, =0

dA dA dA D = spacetime dim.
from 2) at i, ie., 4 + Z/TValamv = (),
D-2 d D-2 d
ad Vo =272 pn v =222 Cpga,
4 A d ‘ A d)

; ,
we obtaimn

d /12 A/’f 02—2
[ a] -o
di L2\ A !




which is

A C'— & (—A )D22 C'>0 t
(y) = ) const.
! A2 \A;

from

q(y) = A(y) Sab T (A(y) — 1/05(;/)) (L, +n,0) = g4  when A> L,
weget C'=1=C

then final exl:)ression IS a 1
( ) — (y) =
D-2
d.» smgular e\/ergwhere A( ) === (_) .
whenx — x’ / 22 A/f



Ricct scalar

lim R(x, x") = GDRabtatb + O(L) time/space sep.
xX—X' Kothawala Padmanabhan [405.4967; Ja?ﬁnoStargen, Kothawala 1505.0%79%
lim R (x,x") = (D = D)R,II” + O(L) nullsep.  APii0o+3
N Y) ab
e \/\

00 = heat flow through horizon

50 = lim R

qmetric introduces gravitational) local dofs

(geometric)




areas shrink to finite values

transverse metric: ,
null geocleslcs

~J/

hab — A(y) hab

dP=2a(x) =

= 1/ det h,,(x)/ det hy,(x) dP2a(x) = 4/ det hy,(x)/ dethy,(x) AP2dQp_y) =

- A
— /1D_2 IdQ(D_z) o LD_2
A

forx — x'

1
S T2 ajb
which is finite for a given d€Q p_» Ay =1+ 6L R+ ...

Kothawala 1406.2672 . Padmanabhan 1508.06286; AP 1812.01275



use on horizons

(Krishnendu NV (ICTS, Bengaluru)) S. Chakrabortg (JIACS, Kolkata)
A. Perri (Bologna), AP)

horizon

' = event of crossing of the horizon 1'99
some chunk of energy

we describe the coincidence event in
local Gullstrand-Painleve’ at x’ /

—

X ’)g — @ N s X — X

—




O : o horizon horizon horizon horizon
horizon gggducﬂgle D) Sopzon, At L) ( at 1 (<L)
I T<—1L \,. L T<0,|T|<L
> ® < > ; x >
X’ X E‘ X
‘\/I >L> A
"4~ AA) > L
C AL
COINCIDENCE RELAXATION
horizon horizon

atA = L atA =0 T =0 T=T, >0 T=T,>T,

-

hor-
irreducible

arcad (




this means

A —> A=A + 4xL*

minimum step: 0A . = 4xl* = 47rﬁzl§ = 47°h p= L/lp

energy conservation = threshold energy Ey to have absorption;

for energjes £ < E; , no absorption

induced reﬂectivitg AR £ 0:
9?(60) = () @ > W



- T M surt.
from K = —2 MZYE grav.
2
5M=LK 5A+4EL r, —M+\/M2 J?IM?
ST \/ M4 — ]2 outer hor-.
we g@t (5A — 5Amin’ 5.] (mm) — Zh EO — éMmlIl)
2 2
@ —,62+ o=l 2
2 \/(MZ/J)Z —1
JIM
2Mr.,

ang. \/el. at the hor.



Region of parameter space that we can constrain: just from the

frequency estimations

1 —— mass=20Mgy, x=0.3
10% 4+ —— mass =20Mg, x = 0.01
—— mass =20Mg, x = 0.5

1 —— mass =200My, x=0.3
| — mass=2000M,, y=0.3
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Iff, = 10°
Hz, we
can use

this region

J < frow
Detector
sensitivity

limit

109 101
B

[f the BH mass 1s 1n the stellar mass range, highly spinning cases will have more

(from Krishnendu)

constraining power




Posteriors: Effect of SNR {f, m;, y;}

[] SNR=79

-P-——-—-—---—-——‘

0

0.0 0.5
B

(from Krishnendu)

=
o

PDF

] SNR=117

1.0

PDF

300 -

250 -

200 -

150 -

100 -

50 -

0.99

[ SNR=159

1.01

3000 -

2500 -

2000 A

F

2 1500 -

1000 -

500 -

0.999

1] SNR=400

1.

l
|
|
|
|
|
|
|
|
|
:
|
0

00
B

1.001




Different injected values {f, m,, y;}, SNR =119
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N conclusion

—qmetric: tool to investigate imPrints of quantum gravitg from limit |ength

-it can be useFu||9 considered also for null seParatecl events

-when appliecl to horizons, it shows existence of a limit step IN area increase

-this induces & # 0 below a given threshold energy ky

-wy = Ey/h is in the sensitivity range of grouncl—-basecl GW detectors

for fast spinning black holes



