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The analytic continuation problem
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Simplest approach : exact fitting
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H. J. Vidberg and J. W. Serene, J. Low Temp. Phys. 29, 179 (1977).
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Pade approximant : example
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Regression using spectral

representation
Can we invert G(iw,) = / o _A(w) .
Jao 2T W, — W
o G(r) _/dw e “TA(w) ”
2m 1 £ e Pw

—> Problem: discrete approximation G = KA is

ill-conditioned : 19All can be large, even if oG

. | A |G
IS small.

—> Regularization required (constraints)




Maximum entropy

P(G|A)P(A)
P(G)

Bayes rule:  P(A[G) =

Likelihood: P(G\A) x e %

= (G — KA/ C (G -KA)
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D(w) : default model



Maximum entropy
= P(A|G) x 5T

%
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Why entropy S as regularization?
1) Does not induce false correlations.
2) Imposes  A(w) > 0

Other advantages of MaxEnt:

- high tolerance to noise
- easy inclusion of constraints (Bayesian)

M. Jarrell and J. Gubernatis, Phys. Rep. 269, 133 (1996).



Maximum entropy: choosing «

Old method : Bayesian inference

P(x) us— 1
= P@|G)x — /DAe z

Log (%2)
A

New method :

Default model

Information-fitting

Noise-fitting

> Log (o)



Maximum entropy . example
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Stochastic analytic continuation

Use Monte Carlo sampling to compute

(A) = % / DAe WAl 7= / D Ae~X1A)/a
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S. Fuchs, T. Pruschke, M. Jarrell, Phys. Rev. E 81, 056701 2010

- A. W. Sandvik, Phys. Rev. B 57, 10287 (1998).
- K. Beach (2004), cond-mat/0403055.



Non positive spectral functions
Cap(T) = — (17 A(T)B)

Fermions :  Im[C% ;i (w)] < 0

— MaxEnt

Bosons:  Im[C%,;(w)]

)

< 0

In general, Im[C%,(w)] &£ 0 (f), ]m[CAB( ) £ 0 (b)

—> Direct MaxEnt not possible

Solution : auxiliary Green functions



MaxEntAux

O=A+ BT,

P=A-+ivBT

R(7) = Coot (1) — Cyat (1) — 1i2Cpi (1)
= 1 [Cap(T) + Cprai (7))

S(1) = Cppi (1) — Cusi (T) — 2 Cpip(T)
= —iv [Cap(T) — Cpiai(7)] ,

111 1
R { _ — | — R ) — R (
Chp(w) ; ﬂ’R (w)+zI/S (w)

RP(w) = Clop () — Cltyy () — 12CR, ()

SR(w) = CRpi (W) — CRyy (W) — V2CE ()




MaxEntAux
1

Im[CHg(w)] = 5 #[m[RR( w)| + > R{[SR( N 7?2

l. Compute Cap(7), Cpiai(7), Caat(7) and Cpip(7)

(G

. Define p and v and compute Cpot(7), Cppt(T)

(o)

. Use MaxEnt to compute Im[Ck,; (w)], Im[CHp: (w)], Im[CE ,+ (w)] and Im[Ch; 5 (w)].
then Im[R%(w)]

4. Use Kramers-Kronig to obtain Re[Cppt(w)], Re[C 4t (w)] and Re[Cpt g(w)], then
Re[S™(w)
- A. Reymbaut, D. Bergeron, and A.-M. S. Tremblay. Phys. Rev. B, 92:060509, Aug 2015.

- A. Reymbaut, A.-M. Gagnon, D. Bergeron, and A.-M. S. Tremblay. Phys. Rev. B, 95:121104, Mar 2017
- OmegaMaxEnt User Guide. https://www.physique.usherbrooke.ca/MaxEnt/index.php/User_Guide



MaxEntAux: Thermoelectric

response
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- QMaxEnt
nput :

. G(iw,) or G(7)
. Fermionic ( A(@) > 0 ) or bosonic ( A(w)/® >0)
- Diagonal or general covariance matrix

« User can modify most parameters

Optimizations:
« Adapted (v and W,, grids
. Spline model for A(w) and analytical integration
. Computation complexity weakly dependant on T and

spectrum shape
« Robust method of choosing ¢

-http://www.physique.usherbrooke.ca/MaxEnt
-D. Bergeron and A.-M. S. Tremblay, Phys. Rev. E 94, 023303 (2016)
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