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Few remarks about the title of my talk.
The meaning of «Missed Opportunities» is double-valuec

Our «Missed Opportunitiess Vs
«Missed Opportunitiess by others :

1) We could have missed opportunities

i1) Or, other authors may have missed some opportunities
that provide a way out of the impasse

I will present two examples of these two different types of missed opportunities.
Since this is a jubilee conference, examples will be related to hero of the day.



1-st example.
Our «Missed Opportunitiess

* As is commonly believed, at anniversary conferences,

people talk about the most known articles and the main
achievements of the hero of the day.

e |'ll follow a different way. | will talk about works not
finished, or even about not started works

* | cannot say that | was privy to all the scientific ideas of
lgor, so | can speak about common started papers that
were not finished or were not pushed enough.



1-st example.
Our «Missed Opportunitiess

* | have checked on INSPIRE database and found that we
have written about 70 articles together over the past 40
years

e Now l'll show what | have found there.
Here is a screenshot from INSPIRE.



1-st example. Our «Missed Opportunities»

Screenshot from INSPIRES
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| have checked on INSPIRE database, that is OK for
theoretical physics related to our common interests.

But theoretical physics does not cover all Igor's interests.

For mathematical physics, it would be better to use
google scholar.

| have found the following.
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Our «Missed Opportunitiess:
started but not finished /not done

LA, L.V. Volovich,

TETRAD FORMALISM IN STRING FIELD THEORY,
Theor. Math. Phys. 71 (1987) 562-563

1. The basic entity in string field theory is the scalar string field ®{X({(o), c(o), c(o)],
which was introduced by Siegel [1]. The field ¢ is a functional of the string coordinates

XM(o) and the Faddeev—Popov ghosts c(o), c(o). The expansion of & in a series with respect
to the ghosts leads to the string differential forms of Banks and Peskin [2]. On the

basis of the field ¢ one can construct the interacting theory in either a fixed gauge [3]
or in a gauge-invariant manner [4-7]. The mode expansion for the string field ¢ for open

strings contains the Yang—Mills field, and for closed strings a metric tensor Buvs i.e.,
the gravitational field [1].

B[ X (o), (o), (0)] = co f drd(z) + co f de A, (£)0X"(x) + ...

A[XE(0), X" (0), R (o) (o), ...] = cot / drd () +cots f A, (2)OX " (2)0 X" (2)+...



TETRAD FORMALISM IN STRING FIELD THEORY

We note however that in the low-energy limit superstring theory goes over into super-
gravity, and it is well known [8] that in supergravity the basic entity is not the metric
but the Cartan variables: the field of tetrads eﬁ, which is the root of the metric in
the sense that ¢, e.w=gw, and the Lorentz connection w%u. Therefore, it appears to us that
the field theories of closed superstrings and the heterotic string [9] must contain the
tetrad string field E? and the string connection Q%, their mode expansions leading to the
appearance of eﬁ and w%u, respectively. 1In this paper, we discuss their possible trans-
formation properties and a mechanism for constructing a gauge-invariant theory.

The string fields E? and 9f must be the elements of a certain algebra with differential
Q with, in general, nonassociative multiplication ° (see the description of the % algebra
in [10] and also, for the associative case, [11] of Connes and [4] of Witten). By analogy
with (1), it is natural to postulate the transformation law

6LEa zx’\bu°EO, (SLE“"_'Eb"l\ab, 6Qba=QAba+ (I\."Q) ba, | ( 3 )

E,[X(0),c(0), ()] = ¢ f Az () + ¢4 [ A, (2)0X"(2) + ...
W[X(0),c(0),e(0)] = o [ dudh(x)+co [ dowoh, (2)0X () +..

0E, = \° x I, 60 = QA% + A€ x E,



TETRAD FORMALISM IN STRING FIELD THEORY

To obtain the string generalization of the general coordinate transformations, one
must introduce the string Lie derivative, which can be chosen in the form

6GE°=:?5EQZE°EQ, 6an=gsgba=8°gba,

(4)
where Z is a string gauge parameter.
Further, by analogy with the curvature tensor R=do+wAw® and the Hilbert—Einstein—
Cartan Lagrangian L=R,el'¢,’ it is natural in string theory to define the curvature
Ry*=QQ" 11/ (QQ) (5)
and the action
S= (A", EE"), (6)

1
Ry =QU+ 05« S=(RExE)

NOT realized



|.A. and |.Volovich,

"Knots and matrix models,"
Inf. Dim. Anal. Quant. Probab. Rel. Top. 1, 167-173 (1998)
[arXiv:hep-th/9706146 [hep-th]].

We consider a matrix model with d matrices NV X N and show that in the
limit N — oo and d — 0 the model describes the knot diagrams.

Let be given positive integers NV and d and let A, = (Ai{) and B, = (B}/), 1,5 =1,...,N
are N X N Hermitian matrices, A}, = A,, B, = B,. Here p = 1,...,d. The matrix
model has the following partition function

Z = Z(N,d, g) = /e’iSdAdB (2.1)
where the Lagrangian is

S =Tr(A,B,) + %TT(AuBVAMBy) (2.2)



Knots and matrix models

Let be given positive integers N and d and let A, = (AY/) and B, = (BY), i,j =1,..,N
are N X N Hermitian matrices, A}, = A,, B, = B,,. Here p = 1,...,d. The matrix
model has the following partition function

7 = Z(N,d, g) = /eiSdAdB (2.1)
where the Lagrangian is
S =Tr(A,B,) + %TT(AMB,,AMBV) (2.2)
ILL—|— - - — UV :i5uy5in5jm :u_|_ - —+ UV =0
J m J m
1%
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Knots and matrix models

Theorem. The set of connected vacuum Feynman diagrams for the model (2.1), (
2.2) in the limit N — oo and d — 0 is in one-to-one correspondence with the set of
alternating knot diagrams. The generating function for the alternating knot diagrams
1s grven by the expression

1
F(g) = lim lim

lim lim —— InZ(N,d, g) (2.5)

Figure 1: Trefoil



2-nd example. «Missed Opportunities by otherss

It is related to information paradox that occurs In
black hole evaporation



Information paradox

Entropy of Hawking radiation of black holes grows up to infinity during
evaporation and it is a manifestation of the information paradox.

S.W. Hawking, Particle creation by black holes,
CMP 43 (1975) 199.



Information paradox

This increase contrasts with Page's hypothetical behavior, in which
entropy decreases after the so-called Page time and which ensures
the unitarity of guantum mechanics

S

D.N.Page, Information in black hole radiation,
PRL 71 (1993) 3743



Information paradox

An approach to treating the problem of black hole information was proposed

G. Penington, 1905.08255

A.Almheiri, N.Engelhardt,
D.Marolf,H.Maxfield,1905.08762

"Island formula” for the entanglement entropy of Hawking radiation
(based on auantum extremal surfaces)

S(R) = min {e%ct [Arejéaz )+ S (R z)]}

7 is the island, Area|0Z] its boundary area

Smatter 18 the von Neumann entropy S,n(£ U I) of union of the island
and the region R.

An extremization on any possible island and then taking the minimum entropy is
supposed.



Information paradox

S(R) = min {ext

Z

[Arejéﬁf) =Smatter(RUI)]}

For 2 dim gravity the island rule has been derived by making use of replica trick



Information paradox

One of simple example explicitly demonstrated how an island can help to make
bounded entanglement entropy ot the Hawking radiation is two sided black hole

K.Hashimoto, N.lizuka,
Y.Matsuo,
2004.05863

Penrose diagram of the static Schwarzschild spacetime

Linear
2mh? 1672(b—1r t in time
Snz = + —log o ( h) cosh? b at large
GN 0 i b 27”h ) time




Information paradox
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Penrose diagram of the static Schwarzschild spacetime with an island

Hawking radiation has two parts R4 and R_

The boundaries of I are located at a, and a_

_27T7"}2L cb—r, 167“2(17—7%)2 No time

5T = G i 6 1y, +610g G2p dependence




Information paradox

The Page curve for the

eternal Schwarzschild black hole evaporating black hole

0 tPage '

K.Hashimoto, N.lizuka,
Y.Matsuo,
2004.05863



The Page curve for the
eternal Schwarzschild black hole

Information paradox

tPage

With I.Volovich

Island entropy increas in
the end of evaporation

S

Increasing starts after

some decreasing time.



Information paradox
With 1.Volovich

Island entropy increas in the end of evaporation

" — Sni(t)
— S(t)

Increasing starts after There is no decreasing period

some decreasing time.



Information paradox

Conclusion.

We consider evaporation of the Schwarzschild black hole
and note that, generally speaking, an island doesn't

provide a bounded entanglement entropy in the end of the
black hole evaporation.



Thank you for your attention!
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Backup
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Backup

b=1000, k=-1, a=1, G=0.01, c=3
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Green area shows the area of decreasing entropy (the derivative shown by gray
line is negative), the yellow one shows increasing entropy (the derivative is positive)
and the pink one corresponds to the Planck scale. In plot near the Planck scales.

The darker red line show the decreasing of mass of evaporated BH, the red line shows
the Plank mass, Mpjonr = 1/\/5 and for GG = 0.01 we have M = 10.



