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Matrix model X1, ..., Xa

3 NxN Hermitian matrices

4dSYM X1, . . ., Xs (scalm fields).

sp+ I- dSYM X1, --; Xa-P

MI x==(...*
I
-X., ..., Xa-p Xi diagonal -> location of 0-brane

x off-diagonal -> open strings



Potential energy V(x) = - ETr[X=,X5]" 3/4

low energy => [X1,X5)
=0

Calmost) simultaneously diagralizable.

- D-branes
t

x =1jn)
.

.

! strings
a little bitof

submitaneStringy" stringy D
matrixmodel 4d SYMonS



Puzzle[l Polchinski, Susskind....
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(1998-(

There
is "fuzz"here.

delocalizes...?

W

11 D-brane bound state

⑪

<rxxTNs) -- 't Hooftcouting
- eigenvalues of X- -F

- Almost maximally non-commutative

Maybe strong dynamics resolve the issue?->No.



entionof the Puzzle
MH, 2021
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- The same "puzzle"exists in the Gaussian matrix model.

-Trx
ground state:(XI9.S.)- e

RRIN,for matrixmodel)

I SU(N) - invariant wave packet--

What was wrong?
H =(1x)1X=R9N} IX) ->1Uxr"> Lot SVINI-inr.

But
x51x =x, 1x)

19.5)
=Sdx (x> <x19.5)-> 19.S.L

5CN) - inv

Meaning of "eigenvalue"must be reconsidered.



More generally; coordinateeigenstate
1x> has infinite

IY, Q):low-energy wave packetaround E energy

XIFIX)
YERRIN in coordinatebasic =X1*4X
and QERREN in momentum basis

=RYN2
No information of

18.5.7 =1Y =0,0
=0)

low-energy
configuration!aysur uDur IY, a) -> lUYU' raw)

I- We can diagnalize Y or Q.

- At low energy, [YI,Y5] =0.

- Wecan show that I describes O-branes & open strings

14,k) =S* (X) <X1Y, a)
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·El My trintrane
%9

ground state large black hole) ErC.al.ah(

~is pantscanlebanon-susshina
set

MH- Maltz 2016

Small black hole
...

Partial deconfinement

(SUCM)CSVIN) deconfines (
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Black hole
1

MMI -lett
~ inradiation

Confined sector resembles the island.

(Gautam-MH-Jevichi-Peng, 2022)

Evaporatione



99
Large. A limit

=and Quantization ( Banks-Fischlen-shenben-Sussknd
1996

↳nitrein Maldasena-type duality

large BH.

"In M. Millin 11/1...
small BH

&
vacuum is also naturally described.Y

=G =0

4dSYM -> AdS Vacum

Matrix model -> BPS O-brane,
or its uplift to M (neartheriginal


