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Thermalization in i1solated

thermal state: micro-canonical ensemble

PRI = N7IN | B ) (B E, € [E — AE,E + AE]

unitary evolution for isolated quantum systems

U(t) = U)W,

pure states —> pure states tth



Eigenstate Thermalization Hypothesis

observables
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’ state-operator correspondence:
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state-operator correspondence:

INn 2d CFTs:
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| Eb)

(Ea|Oobs|Ep) o< (Op(0)OopsOq(00))



IN 2d CFTs: state-operator correspondence:
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‘Eb> L = € &

(Ea|Oobs|Ep) o< (Op(0)OopsOq(00))

when (s is asingle primary operator

FTH » constraints on OPE coefficients

N. Lashkari, et al 2016



our interest: Ogps X O (7)OL(0)

bi-local observable O, x O (7)Or(0)
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‘forbidden sinqularities”

radial quantization: £ =1 —e "

(H|Oaps|H) x (OL(0)OL(2)Om(1)On(c0))
conseguence of ETH:

(H|Oops|H) = (Or(17)O0L(0)) g5

\ 4

“forbidden singularities” in f(x)




“forbidden singularities”

ETH

» “emergent” periodicity in T

“thermal images” of OPE singularity:
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fake singularities

true OPE singularity

Tn = NBH r, =1— e "PH
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Block decomposition

Or(2) {1,T,T,8T,dT, ...} Om(1)

for CFTs with large c, sparse spectrum

dominance of the Virasoro vacuum block \:I:‘ <1:

f(z) = V(z)V(Z)



{11 T,T,8T,dT, ...} Or(1)

C C

c— 00, hyg = EEH’ hy = EEL . leading order in €j,

—nBH

T) issi — 4L
V( ) IS singular at T'np, l—e ; L. Fitzpatrick, et al'13

ETH encoded in the Virasoro vacuum blocks!



holographic picture 8

AdS3/CFT2: vacuum block = Dbulk graviton exchange
(H| Black hole
- > C —
®0:.(7) ®0.(")
¥----- X - --
graviton graviton

g0 ® 0.0

< - > ETH via vacuum ( -——
|H) block
Black hole




holograghic Eicture 9

black hole information paradox

pure state |H ) * mixed state | BH )

analytic away from .. : ..
f(x) OPE singularities * additional singularities

“baby version” of the black hole

Information paradox
L. Fitzpatrick, et al’'16



e

go beyond the thermodynamic limit, study
corrections to both sides of ETH

OL OL OL OL
€, X hy/c 1/c

resolving “forbidden singularities”.



Outline

ETH at leading order — “forbidden singularities”
Resolution by “probe” corrections
Resolution by finite ¢ corrections

Real time dynamics

Conclusions/Future directions
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ETH at leading order — “forbidden sinqularities”
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The method of monodromy

O
{OhI?aoh_[)TOhI7 } H(l)

flz) = Z O}fILhIOhI hIVhI( )Vh (Z)
hr,hi

C
compute the virasoro block: Vy,(z) ¢ — 00, h; = 667;

11



~ ETH at leading order — “forbidden singularities” v

The method of monodromy

OL xXr OH
Step 1: @ {OhI780hI7TOhI7“‘} .
solve the complex ODE c -
OL(0) hr o CH O (o)

ZEELJ hH:_

U/ (2) + T(2)¥n(z) = 0

. €r. | €r, | €EH | 2€L pagx(l—x)
T(Z)_zz (z—x)2 (1-2)?2 z(1-2) z(z—2)(1-2)

» two independent solutions {\I!;r(z), U (2)}



ETH at leading order — “forbidden singularities” 12

The method of monodromy

Step 2:

the ODE has regular singularities at z = {0, x, 1, OO}
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The method of monodromy

Step 2:

the ODE has regular singularities at z = {0, x, 1, OO}

“Non-trivial monodromy matrix”

(o )= (w)

12



~ ETH at leading order — “forbidden singularities” v

The method of monodromy

Step 3:

View Mj,as a function MOx(eL, €EH, Pz :13)

Solve the monodromy equation:

trMp, = —2 cos (mAp) , h=—(1-A}) w» piler,€m,x)

Integrate anh(x) = ——/ Pz
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Heavy-Light limit: €g o< hg/c large; €f, < hr,/c small
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Perturbative solution in €y,



~ ETH at leading order — “forbidden singularities” e,

Perturbative solution in €y,

expand in power series:

UE(2) = U (2) + U5 (2) + 25 (2) + ...

_ 2 1
p.’E - ELpgc ELpa':

T(2) = To(2) + €1 Ti(2) + €2 To(2) + ...

€ 1 1 2 Or(l — x

(1—2)2’ 22 (z—2x)2 21—2) z2(z—2x2)(1—2)

pyr(l — )

Tn(z) = 2z —2)(1 = 2)




Perturbative solution in €y,

Monodromy equation for the vacuum block:

trMO:z: (p:z:) = 2

\ 4

er My + €7 My, + e Ma + ...

=0

b

14



~ ETH at leading order — “forbidden singularities”

Perturbative solution in €y,

Solving the monodromy equation order by order:

M(()) ( O) — 0 pg — L. Fitzpatrick, et al’'13
x\Mx
L 0 1y 1 _9 L. Fitzpatrick, et al'16
Ox pa:7pas pa;
M. Beccaria, et al’16
2 O .1 2\ 2 _
MOa:(p:cﬂpatvpa:) =0 pa: _?

Dz = €LPy + €105 + ...

15



11 1 1 1t 3 16

Leading order solution: L. Fitzpatrick, et a'13

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o  tag—14+ 1 —z)*(1+ian)
Pe = T =gy — 1] (- 1) o = Viderr




‘e - - FESN? 16

Leading order solution: L. Fitzpatrick, et a'13

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o  tag—14+ 1 —z)*(1+ian)
Pe = T =gy — 1] (- 1) o = Viderr

2m™n

polesat t=0,1,1—e 5, n €N
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Leading order solution: L. Fitzpatrick, et a'13

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o  tag—14+ 1 —z)*(1+ian) B
Pe = T =gy — 1] (- 1) o = Viderr

_271mn
poles at 932‘@1—6 >, n €N

OPE singularities
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Leading order solution: L. Fitzpatrick, et a'13

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o  tag—14+ 1 —z)*(1+ian) B
Pe = T =gy — 1] (- 1) o = Viderr

2m™n

polesat x =0, 1l —e =, neEN

“forbidden singularities”
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Leading order solution: L. Fitzpatrick, et a'13

16

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o  tag—14+ 1 —z)*(1+ian) B
Pe = T =gy — 1] (- 1) o = Viderr

Y T -



~ ETH at leading order — “forbidden singularities” e

Leading order solution: L. Fitzpatrick, et al'13

Mg, x1—iag+ (z —1)*** (1 +iag) + [(1 —z)"*" — 1] (z — 1)p,

o toag—1+(1—x)*2(1+iay)

Pe = T =gy — 1] (- 1) o = Viderr

> o [R A oo1ode

V(1) =~ B_H sin (WT ) o /-\ OrLQ’/\“'. /\
: on TS ' | | Bu

Bu = - \ / OL.‘\\ ‘:': \_/




ETH at leading orderin ¢ — 00, hy < ¢



ETH at leading orderin ¢ — 00, hy < ¢

“forbidden singularities”






Focus on vacuum block, resolution within block _ |
L. Fitzpatrick, et al’'16



hr

away from the “probe limit”: €7, X — finite
C



hr,

away from the “probe limit”: €7, X — finite
C

“two-step” resolution:



hr,

away from the “probe limit”: €7, X — finite
C

“two-step” resolution:

ETH + O(er) + O(€3) + ...

“back-reacting to geometry”




hr

away from the “probe limit”: €7, X — finite
C

“two-step” resolution:

[ ETH + O(er) + O(€3) + ] + 0> H+0(c?) +...

“guantum loop corrections”

N o

Or Or




Outline

Resolution by “probe” corrections



H ETH + O(er) + O(e7) + ...

O; O, “back-reaction from probe”

<

solving the monodromy equation exactly




Monodromy equation: transcendental equation of P,



2
Dy = FFEL + F€1 + ... . treat Pzas another small parameter



Resolution by “probe” corrections 20

Dy = FE€r, + #6% =+ ... , treat Pgasanother small parameter

double series expansion of the monodromy equation:

Hrer, + #ps + Fe7 + Herpe + #po + ... =0



Resolution by “probe” corrections 20

Dy = F€r, + #e% + ... , treat Pzasanother small parameter

double series expansion of the monodromy equation:

Hrer, + #ps + Fe7 + Herpe + #po + ... =0

away from “forbidden
singularities”




Resolution by “probe” corrections 20

Dy = FE€r, + #6% =+ ... , treat Pgasanother small parameter

double series expansion of the monodromy equation:

#er + #ps + #ei + #Herps + #p7 + ... =0

near “forbidden
singularities”

€7, #e%

2¢;, — (. — Tp)pe + ... =0, Dz & |
N

0 “degenerate” need re-summation

r—x, (rx—x,)2



Resolution by “probe” corrections

re-summation near forbidden singularities: r ~ Ty

Monodromy equation:

2er, — ($ — 33n)pm +..=0 x “degenerate”
—

~ ()



Resolution bx “Erobe” corrections 21

re-summation near forbidden singularities: r ~ Ty

Monodromy equation:

2er, — (33 — SUn)Pm +..=0 x “degenerate”
——

~ ()

* supply the next order term

2er, — (¢ — )Py — bpp> + ... =0




Resolution by “probe” corrections 21

re-summation near forbidden singularities: r ~ Ty

Monodromy equation:

2er, — (SU — $n)pm +..=0 x “degenerate”
—

~ ()

supply the next order term

2er, — (¢ — )Py — bpp> + ... =0

—(SE‘ — :L’n) T \/(SU — :L’n)2 + 8¢, b,
2b, “guadratic resolution”

Pz =~



Resolution by “probe” corrections

“quadratic resolution”

splits up

2

1




Resolution by “probe” corrections

“quadratic resolution”

px%l‘—fl}n IO(G%) Pz ~
k3
___________ ®-----—--—-——-—--
Ln

“forbidden pole”

21

“forbidden branch-cuts”



What are the other branches?



What are the other branches?

C

monodromy eqguation: trMOm = —2cos (mAp) h= 1 (1 — A,Q,,)




Resolution by “probe” corrections 22
What are the other branches?
monodromy equation:  trMp, = —2cos (mAp) h = i (1—-A
OL(z) > < On(1)
Or(0) Vi, O 5 (c0)
V), solve the same monodromy equation for
C
h=0 hn:—gn(n—l—l),neN

vacuum block “additional saddle”

Liam et al’ 16



“additional saddle”

Vi : hnz—gn(n—l—l), n €N

h, <O » “surplus angle” geometry



Re (p X ) becomes



Resolution by “probe” corrections

analytic structure:

I'y
X . :
po( ) : r, I,
o : p2(z) X
X :
I, ‘ x | Ty xy
X
I' r '
v l 2 :FQ F3 Tﬁ, .
pl(ﬂj) 1 1
; I
"""""" o S S Fzr Ty
i X
X ; p3(z)
1 :
T I
' Ty Ty L. ; s M
! X
I I
different sheets sewn together by identifying , Tﬁ, F?’ : F4
. 1

the branch cuts {I'y,1'2,1'5,y, ...}
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Resolution by “probe” corrections

Numerical results: e = 36, €, = 0.005

Monodromies around branch-points

- —@----9---@--  _—@----0---@--
1 ~ 0.41 To = (.65
rE ~ 0.41 + 0.39i zE ~ 0.65 + 0.13i

— Arg(p1(0)/p1(0))

— Arg(po(0)/po(0)) 5
1 1 2 3 4

-1 1 2 3 4

29

- --0----9®--0--

G

r3 ~ 0.79

M

r¥ ~ 0.79 + 0.05

— Arg (p2(0)/p2(0)) 5
1 2 3 ‘



Outline

Resolution by finite ¢ corrections



ETH + O(er) + O(e2) + ...

O~

Or Or

“forbidden branch-cuts”



[ETH + Oler) + O(e7) + ] + 0> H+0(c %) +...

W

“forbidd ch-cuts”



[ETH + Oler) + O(e7) + ] + 0> H+0(c %) +...

\\\ /s

“forbidd ch-cuts” HOW?




Resolution by finite ¢ corrections

opposite question:

For analytic V(c, x), how do branch-cuts emerge in

p(x) x 0;V(c,x)/V(c,x) inthelimit ¢ — 0O ?

31



Resolution by finite ¢ corrections

opposite question:

For analytic V(c, x), how do branch-cuts emerge in

p(x) x 0;V(c,x)/V(c,x) inthelimit ¢ — 0O ?

one common scenario: condensation of poles

31



Resolution by finite c corrections

opposite question:

For analytic V(c, x), how do branch-cuts emerge in

p(x) x 0;V(c,x)/V(c,x) inthelimit ¢ — 0O ?

one common scenario: condensation of poles

zeros of V(c, x)

poles of p(x) x 0;V(c,x)/V(c,x)

31



a natural guess: condensation of zeros for lim V(c, )
C— OO



Resolution by finite c corrections

a natural guess: condensation of zeros for lim V(c, )
C— OO

Analytic checks: very difficult!

32



Resolution by finite c corrections

Numerical checks:

Zamolodchikov’s recursive relation to 1000th order...

32



Resolution by finite ¢ corrections

ZamolodchikoV’s recursive relation:

generates a convergent series expansion
in q(x) for V,(z) at finite c

Vh(z) o< 1+ #q+ #¢° + #¢° + ...

K(1—x)
K ()

q=¢€e"", T=1

33



Resolution by finite ¢ corrections

Numerical results: ¢ = 1000, eg = 36, €, = 0.05

compute Vy,.(x) to 1000th order

near the first forbidden singularity 1 ~ 0.41

200

150

100 -

50 -

0.43

0.44

0.45

3

3




resolution of “forbidden branch-cuts”

K Re p(z) L Re p(x)
Im(x) g Imx) 0-05
0.00 0.00

-0.05

0.45

0.5

C — OO

E Im p(z)

0.05




Resolution by finite ¢ corrections W

Comments:

re-summing probe corrections important intermediate step for
revealing the final picture
strong evidence for Stoke’s phenomena

resolved branch-cuts emerge as anti-Stoke’s curves



Outline

Real time dynamics



Real time dynamics

ETH in different regimes

Euclidean time:

(H|OL(7)OL(0)|H)

L orentzian time:

L

_____________

.

.. T3 L.
------- ) cmemmnnt
______________________________

[T .

- T2 -

------ . _-'--—
..............................

'_-‘ -~.~

el .’7'1 _____ .
— —

w

true OPE singularity

(H|Or(t)Or(0)|H) o exp |[—2nTghyt]

36

“forbidden singularities”

exponential time decay



Real time dynamics

Corrections from finite c effects:

Euclidean time:

(H‘OL (T)OL (0) ‘H) resolving “forbidden singularities”

| orentzian time:

(H|Or(t)Or(0)|H) o exp |[-27Tyht]

exit from exponential decay at later time

36



Are they related?




Real time dynamics

Are they related? Naively no.

r=1—¢"

Euclidean sheet

v physical branch cut

37



Real time dynamics

Are they related? Naively no.

r=1—¢"

1z
forbidden singularity

late time

Euclidean sheet

v physical branch cut

37



Real time dynamics

Are they related? Naively no.

r=1—¢"

late time

Euclidean sheet

——@ “forbidden” branch cut (forward in time)
—ify  “forbidden” branch cut (back in time)

37



plane)

physical branch cut

Numerical results: (on g




Numerical results: ¢ = 30,hyg = 5,hr, = 0.5




Numerical results: ¢ = 30,hyg = 5,hr, = 0.5




Numerical results: ¢ =30, hyg = 5, h;, = 0.5

log V(t)

o V(t) x exp [-27nTght]

-10 -

V(t) o< t—3/2 Liam et al’ 16

o s 10 15 t 20




Real time dynamics 41

Comments:

Similar transitions also observed in spectral form factors |Z (3 + it)| for the SYK

model (Cotler, et al’17) and the BTZ black holes (Dyer et al’17)

For the SYK model, the transition arises from one-loop effect in the Schwarzian
effective action.

For the BTZ black holes, the transition arises from an infinite number of saddle-
switchings (non-perturbative effects).

For the Virasoro vacuum block, the transition arises from a single Stoke’s phenomena

(non-perturbative effect).



Outline

Conclusions/Future directions



Conclusions 42

ETH for Ogps x Or(7)OL(0) : “forbidden singularities”

re-summing “probe” corrections: “forbidden branch-cuts”
—— “additional saddles”

similar change for the micro-canonical ensemble

finite c: condensation of series of zeros, Stoke’s phenomena

related to real-time dynamics, exits from exponential decay



Future directions

understand explicitly the underlying Stoke’s phenomena
“universal behavior” among blocks?
relating to spectral form factor?

bulk (gravitational) interpretation (additional saddle, etc)

Thank you!

42
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The method of monodromy

consider light degenerate operator \IJ A= ——

1 3b°

2 4

c=1+6(b+1/b)?* b1

(O1(21,21)O02(22, 22) ¥ (2, 2)O3(23, 23) O4(24, 24))

satisfies:

5—283

M

(01059 030,)

=0

12



The method of monodrom¥ 13
(O1(21, 21)O2(22, 22)¥ (2, 2) O3(23, 23) O4(24, Z4))

~ Z CroCn Y (20, Ziy 2, 2) Vi (2:) Vi (Z:)
hh

Oy

W), 125 2iy 2, 2) ~ (¥(2,2)) M, 5

U just probes M, 7
Oh,h

no “back-reaction” on My,



The method of monodromy 14

Vh,i_z(z’i) ~e 6 Cl(zi)v \Ijh,i_z(zvz) ™~ O(CO)

leading order in ¢ — OO

Uii(2) + T(2)Pn(2) =0, T(2) = ) | { (

)

€; 6 0;Sci
z—2)% cz—z
conformal symmetry 21 — 0,20 = x,23 = 1,24 — o0

22 (z—1x)2  (1-2)2 2z(1-2) 2(z —x)(1 — 2)

6
Py = ——0;1In )V, (:1:) “accessory parameter”
C



The method of monodrom¥ 15

How do the block info h, h enter?
UY(2) +T(2)¥r(z) =0 , two solutions {\If;l;(z), U (2)}

regular singularities at z = {0, x, 1, 00}

(w )= (5)
v . v




The method of monodromx 15

How do the block info h, h enter?
UY(2) +T(2)¥r(z) =0 , two solutions {\If;:(z), U (2)}

regular singularities at z = {0, x, 1, 00}

(w )= (5)
v . v

tr Mo, = —2cos (TAp)

C
h= o7 (1- A7)




The method of monodrom¥ 15

How do the block info h, h enter?
UY(2) +T(2)¥r(z) =0 , two solutions {\If;:(z), U (2)}

regular singularities at z = {0, x, 1, 00}

(w )= (5)
v . v

vacuum block: h = (0

A

Mo, = 1




ZamolodchikoV’s recursive relation: 36

c—1 c—1 c—1

V(c, hi, hp, ) = (16¢)"7 ™ 20 g55 (1 — ) =

a1, ) 5 T (e, i,y )

gq=¢e"", T 7 K(;L') : 93((]) — n_z_:oo q"
o (169)™" Ry (c, hi)
H(c, hishp,q) =1 H(c, hiy hpmn ’
(¢, his hp,q) =1+ >Z S — (¢, hi, By mn + MmN, q)
m>1,n>1 ’
> [1 Ao+ A — 285 ) (Ao — A — 25 ) (Mg + g — 285 ) (A3 — hg — 228
Rmn(cyhz) _1 Jk:( 2)( 2)( 2)( 2)
2 Ha,,b Aa,b
By (€)= (02 — D) + S (m? — 1)~ — L (mn — 1)

() =1+ (1- e /T -9 o)

tr=—m+1,-m+3,... m—-—3,m—-1;, j=—nn+1,—n+3,....n—3,n—1

—m+1<a<m, n+1<b<n, (a,b) #(0,0),(a,b) # (m,n)

1—c 1
= ht 5 = e {0+ VTt - 0) Vo)



| Stokes'phenomena ¥

How are the “additional saddles” related at finite c?



Stokes’ phenomena

How are the “additional saddles” related at finite c?

One possible structure (speculative!): infinite-order ODE for ()

Z hi(c,z)0%V(x) =0, lim hg(c,z) ~ (E)_k gr ()

C— 00 8
k=0

39



Stokes’ phenomena 39

How are the “additional saddles” related at finite c?

One possible structure (speculative!): infinite-order ODE for ()

Z hi(c,z)0%V(x) =0, lim hg(c,z) ~ (E)_k gr ()

Cc— 00 8
k=0

C T /
WKB solutions: V(;(;) X e 6 J* ()

o0
C — OO Z gn(x)p(x)™ =0 “monodromy equation”

n=0

roots of the equation:  Pg (x),pl (x),pz (z),



Infinitely many WKB solutions:

o5 JTPo@) o= [T P) =8 [ pa(a)

Stoke’s phenomena

“branch point” “ “turning point”



Stokes’ Ehenomena 40

Infinitely many WKB solutions:

e [T po(a) =& [TPi(a) & [T pa(a’)

Stoke’s phenomena

Refmpn(a:’) = Re/mpm(zc')

Stoke’s curve anti-Stoke’s curve

Im/mpn(x')zlm/:cpm(:c’) [ T
turning point




Stokes’ phenomena

Stoke’s phenomena:

C

Vd(il’}) X 6_% fx p_|_(:1:’) > VS(x) x e~ 6 f:v p_(sc’)

> ->

o 2.

Stoke’s curve anti-Stoke’s curve

V) = Vi Vi@) & V()
) Zas (:r;) — V° (:1;)
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—(x—xn) F \/(x —zb)(x — z7)
2b,,

near “forbidden branch-points” p,(z) =




near “forbidden branch-points”: consistency with numerics
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near “forbidden branch-points”: consistency with numerics

0.05}

0.00 |-

—-0.05}

Re Pvac (55')

0.30 0.35 0.40 0.45



near “forbidden branch-points”: consistency with numerics

Vi(z) ~ V3 (z)

.

oscillatory

.

zeros of Vyac(x)

0.05

0.00

—-0.05

Re pvac()

0.30 0.35 0.40 0.45
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V(t) x exp [-2nTght]

V(t) o t73/2

L
. ':.
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Probe effects in Micro-canonical ensemble

ETH:

(OL(1)0L(0)) g = (OL(17)OL(0))micro

in the probe
limit

o ~ .
<- . ‘)II]ICI'O ~~ ( . ->canomcal

“forbidden
singularities”

thermal periodicity
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Probe effects in Micro-canonical ensemble

ETH:
(OL(7)0L(0))r = (OL(7)OL(0))micro
+ finite probe
effects
<--->micr0 % (---)eanonical
“forbidden branch- 5

cuts” -



Probe effects in Micro-canonical ensemble

D(E)(OL(1)OL(0))E e / 4B e#F Z(8)(OL(1)OL(0))5



Resolution by “probe” corrections (optional

Probe effects in Micro-canonical ensemble
P(E)OL(T)OLO) i | 4B P Z(B)(OL(TIOL0))5
r

C — OO : saddle point approximation [3*

31



Resolution bx “Hrobe” corrections ‘ogtional‘ 31

Probe effects in Micro-canonical ensemble
P(E)OL(T)OLO) i | 4B P Z(B)(OL(TIOL0))5
T

C — OO : saddle point approximation [3*

probe limit :

E+ Z'(8%)/Z(8*) = 0 » (...} micro & {-..)canonical



Resolution by “probe” corrections (optional) 31
e ——————————————————————————————————

Probe effects in Micro-canonical ensemble
P(E)OL(T)OLO) i | 4B P Z(B)(OL(TIOL0))5
r

C — OO : saddle point approximation [3*

probe limit :

E + Z,(,B*)/Z(/B*) — () » <--->micr0 ~ <--->canonical

+ finite probe effects :

E+Z7'(8%)/Z(8*) +In" (OL(1)OL(0))g+ =0



Resolution by “probe” corrections (optional 32

Probe effects in Micro-canonical ensemble

E+Z'(8%)/Z(8%) +In' (OL(T)OL(0))s- =0

“switching of dominant saddle”

2001 _
200! _-

saddle-point <"'>micr0 ~ <“'>Can0nical
-400 equation




Resolution by “probe” corrections (optional 32

Probe effects in Micro-canonical ensemble

E+Z'(8%)/Z(8%) +In' (OL(T)OL(0))s- =0

“switching of dominant saddle”

300 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

200 |

100; :
0f — | B ’T':>'[31§

[ >k
-400; {ka :
—200 [ :

: <--->micro % <°-->canonical

~300 | saddle-point
: equation

400




Resolution bx “Erobe” corrections ‘oEtionala 32

Probe effects in Micro-canonical ensemble
E+Z'(B%)/Z(B%) 4+ 1n' (O (1)O0L(0))g- =0
“switching of dominant saddle”

(Or(1)0(0)) V.5 (OL(1)O(0))micro

+ finite probe corrections, similar change in analytic structure
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2:—--I--|- c;nolnicalll { - m
o

L — oo approximation

< micro-canonical

p(x)
N
.

- = micro—-canonical

—4:—— 2nd saddle
_g. — 3rd saddle
— 4th saddle * | ‘oiz‘ h ‘o.lsh - s I ‘017‘ h ci.sx
_8 . | . | ; 1 ; | ] | ] L i i
0.2 0.4 0.6 100 : : l
- [ \ |
X i \ \ \
- \ \ \
0= L R :‘
I - N
= po(x) ‘
10] p1(z)
M r_— 1
eigenstate > :
—20}— p2(x)
E'_' ptherm(x)
-30




