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Summary

Recentlg there have been moclels 01(: near extremal black holes
(and Possiblg examples of NAdS 2/NCFT 1). r |

Such black holes Hawking radiate. ;
Model for a Probe interacting with such black holes? |

We PT’OPOSC ad class O{: tensor moclels as moclels O]C !Z)IBC‘( I"IOIC

interacting with a Probe.

Non- trivial features:
symmetries of near horizon geometry,

black hole (Partiang) inflicts maximal chaos into the Probe.
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Near-extremal black holeg

A. Pattern of symmetry breaking:

» Near horizon geome’crg of extremal black holes contains a AG‘S__Z factor.

Near horizon geometry of near-extremal black holes contains a near~Ad5~Z

* AdS 2 = Asymptotic symmetries are all reparameterizations of asgmptotic

bounclarg circle, but Ade_ metric preserves onlg a5z subgroup of this.

= SPontaneous Dreaking of reParameterization to SR

» Near AdS 2 => spontaneous and ex licit breaking of reparameterization
B P S

symme’crg.

B. Maximal Chaos:
(Non~ex’crema|) black holes are maxima”g chaotic sgstems.
exPlicit breaking of reParamé’cerization sgmmetrg should be related to maxima

chaos.
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Tengor modelge for near-extremal black holeg

* Certain tensor moclels exhibit the same Pattcm o1c sgmmetrg

brea‘(ing and maximal chaos, in “Iarge N” limit and cleep IR.

° Simplest such tensor model is Carozza-Tanasa-Klebanov-
Tamol:)olsky (CTKT) Model

2pabcwab’ wa’bc 2pa’b’

Hergr = N3 7

%bc is a real fermion.
a,b,c =k N




- Two point function in CTKT Model

St < v

.« Simplest leacling correction to free
propagator ©

* Replace any Propagator bﬂ the above

* diagram

1 cemmme. L a=a Gt 0
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Two point functiong in CTKT model (contd.)

© Schwinger Dgson eqn:
large N = 5(t1,t2) = J2G(t1, 2)3
1
—iw — 2(w)

~deep IR = G(w) =
large N and deep IR = J* /dt Gt Gl — 6 6

° Rel:)arameterization 59mmetr9:

dZitll) dj;(tt;) ‘1/4G(f(t1)7 £(t2))

G(ty, ts) — |

slaontaneouslg broken down to %l)_(Z,R) bg solution
i 1 sgn (¢
G(t) e (47TJ2)1/4 |t|1/2
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Four point functiong in CTKT model
s connected four Point function
75 (W (01 e t2 Y (13 e (1)) = Gt £2)Gt3, 1) + g F i3, 1)

— - 0-00 -

e / K x F, where K ==z> commutes with SL(2,R) gen.

1
1— K
+ K has an eigenvalue I, when evaluated in conformal limit.

Fo

Bl ke Ty

For this eigenspace, K must be evaluated away from conformal

limit, thus reParameterization symmetry is exl:)lici’tl9 broken.
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Spectrum ot primarieg

» K commutes with SL(2,R) generators.
Utilise conformal sgmmetrg:

t1o0
F(tl,tg;tg,bl) — G¢(t12)G¢(t34)F(X), where X = a0

o t13t24
+ In the limit y — 0, F(x) ~ Z ¢z x"tm
m=1
primary of dimension h,, = bulk scalar of mass m2 = h,,(h,, — 1)
s NOT 35 sparse sPec‘trum.
No truncation to SUGRA expectecl.
(see 1712.02725, 1711.098%9 for discussion on hologral:)hic dual)
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A Tensor Model for Black ’ '
Hole Probe .
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(Buesging a probe model

» Had these tensors been matrices, (WhiCl’l tlﬂeg are not),
one would think of the black hole as a bound state of
DO branes and them matrices clescribing strings
stretched between DO branes.

o An external DO brane would be a Probe.
Probes would be described bﬂ vectors.

+ Naive tensor analog: PFO]DCS COUICI ]DC tensors O‘F IOWCT'

rank.
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Degirable properties for the Black Hole Brobe

+ Probe does not attect the black hole

clgnamics to |eacling order.

© ‘.imergent reParameterization sgmmetrg ancl

the Pattem of its breaking should be intact.

non trivial because this sgmmetrg is not visible in the Lagrangian.

» Infliction of maximal chaos.
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° removing an oPen |ine clo not change the N clel:)enclence.

A\

, //A

Net o

S

One can g0 on inser’cing this cliagram in internal Propagators

to get new leacling cliagrams.

+ These diagrams can come from a vertex like

Above method generates all leacling cliagrams

* Suggests the Hamiltonian

H=Hcrrr

g1

N3/2 wabcwa’ b cRab’ Ka’b




o physics intact in large N limit

. Leacling contributions to two and four point

functions can be obtained }39 cutting “melons”.

s Kmelons are subleacling comparecl to Y melons.
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Propagatorg

+ New cliagrams give subleacling contribution to

Y Propagators.
. 1 sgn(t)
SO = gy 7 a2

. O satis% same (uP to constants) Schwinger

Dyson equation as Gy

Gﬁs(t) = %th (t)
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(KKKK)
%<K3ab(tl)’{ab(t2)/{ab(t3)5ab(t4)> = G (t12)Gr(t3a) + %F'{(tht%t&t‘l)

* Diagrams contributing to F*are

_+0-00

Fr=

+ No breakiﬂg OF comcormal sgmme’crg.

JT"KJ(Tl, gD ,7'4) — GKI(7-12)GK/(7-34)FK’(X)

© @)

lime o) — Eﬁlxﬁm
x—0
m=1

» Primaries of ditferent dimensions, but in natural corresl:)onclence with

those of the black hole.
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1
m Z<¢abc(t1)¢abc(t2)/‘{,a/b/ (tg)/{,a/b/ (t4)> — G¢(t17 tQ)GK(tg, t4)
) Y= F b)) Y= ' —1
0 T O
Y = VW= 4 >
f‘?,bm = 290 K 0
31 (1-K)1- 1K) °
f¢5(7-277_277_377.4) ik Wk
G* (7-12)Gw (7'34) = ‘Fconf (X) 52 Fnon—conf (7_17 72,73, 7_4)
‘ YK % e B
iliﬁ) ‘Fconf (X) i — [CmX Cm X }

* Primaries of same dimensions appear.
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Chaog
Semi-classical intuition:

(9@1(?5) At At
e (p(0),q(t)]") ~ e

Replace Position and momenta bg general o!:)erators ancl separate two

commutators along thermal circle.
tr |V(t+ 3t8/4) W(iB/2) V(t+18/4) W(O)]B
This is an Out of Time Order Correlator (OTOQ).

For us case LV —w W —
case 2: V =, W =K
case 3: V =y, W =&
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Chaog continuesq ...

* [or Four Point Functions are cnc the Form

-l
e

corresponding T s maxima”g chaotic.

. fw, f-'wﬁare maxima”g chaotic.

F ¥ turns out to be non-chaotic.
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Some Cougin Modelg

2 Restoring Permutation sgmmetrg

. Aclding vector fields

+ Coloured l:)robe model
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Digordered probe model
(arXiv: 18062227 )




+ Probe fields are nin number.

l<<n<<N.
H ~ Hgy g + j' 9T PrP

s F¥and F¥*are maxima”g chaotic.
rr has Lgal:)unov coeticient. smaller than, but

order of the maximal value, 27T

o Inthe limit ¢ — Z_,]—? ]

o , ,
ALL four Point runctions are maXImaHH ci’iaotic.

Probe Primaries make a copy of the BH Primaries.
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Scorecard

o Our models 5ati51cg the non trivia requirement

of sgmmetrg breaking and Partia |9 fulfl that

of maximal chaos.

+ Probe sPectrum is in natural correspondence with black

l’lOlG sPectrum.

© Signhqcant imProvement for disordered Probe model.
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Future Directions




e & B i SR g 0 B s Ll i S s i i iy il N L LY R S

PN TV T

> LS ST i g el s ol 4

° 5tucl9 thermalisation, i.e. test

< Higher Point functions.
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