Ph. de Forcrand, with O. Akerlund, A. Georges & P. Werner

DMFT for Lattice QFT ??

Crucial difference:

Lattice spacing (I is physical in Condensed Matter

!

Must take continuum limit a — 0, i.e. = — oo in Quantum Field Theory
a

—> Need accurate approximation near 2nd order phase transition

Impossible for a single-site approximation “by construction” ?
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—> Need accurate approximation near 2nd order phase transition

Impossible for a single-site approximation “by construction™ ?

NQO: DMFT - knows about free [massless] case

- provides self-consistent, approximate self-energy

1
K2 Fw?+m2+ Bk, w)

——> Potentially accurate 2-point function G(k,w)

Simplest benchmark case: ¢*in d dimensions, ¢(x,t) € R

arXiv: 1305.7136
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Simplest benchmark case: ¢*in d dimensions, ¢(x,t) € R

arXiv: 1305.7136

1 1
Continuum: Lp[¢(2)] = 50,6(2)d6() + Smo*$(w)” + 1 ()’
Lattice: 0T d(x) = V2kpy; (amgy)? = ! _1{2)\ 2d; a* gy = i—;\

— Sp=)_ (2%2 Prip Pz + 95+ M — 1)2)

T 0

Zo global symmetry: @, — —@, Vx

Spontaneous Symmetry Breaking —> 2nd-order PT. —> Continuum limit

V(9) V(9)
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DMFT treatment of Sp = Z —2/12 Pzin Po T 02+ M2 —1)°

Consider single site in “heatbath”: Simp = Z Pt K ip ot =1 )01 + X Z )> —h Z P
£t ¢
Remember: G(k, w) 1 Gl () !
emember: W) = =— _ imp (W) = = _
Gt (k) + 2(k. ) T Kipe(@) + Sinp(w)

..........
- o
- ~ o
e’ =
.*

~ ~ ~ 1
2. Take X (k,w) ~ 3, (w), and obtain: G, (w) = _ -
(I, ) () ) ; Gyt k,w) + Z(k,w)
3. Since Gyp(w) = Gimp(), obtain Kb (w)]new = Gk (@) — Sinp ()
Iterate to fixed point | single site = Gimp(w) = Gaz(w) < full system

(same with 1 < @Qext, until (©)s,., = dext )
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DMFT treatment of Sp = Z —2/12 Pzin Po T 02+ M2 —1)°

Consider single site in “heatbath”: Simp = Z Pt K i o (E =)o + A Z(SO% —1)*—h Z Pt

- 1 -
Remember: G(k,w) = = _ Gipp (W) = —= _
( ) Gal(k, w) + X (k, w) p () Ki;nlp,c(w) + Dimp(w)

- -
__________
- ~ o
e’ =
.*
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~ ~y
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2. Take 3 k,w) ~ X, (w), and obtain: G, (w) = = "=
2) () ) = Gy (k,w) +E(i,w)
3. Since Glu(w) = Gimp(w), obtain l?i?nlpﬁ(wﬂnew = ~i_mlp(w) — iimp (w)

~

Iterate to fixed point | single site = Gimp(w) = Gaz(w) < full system

(same with 1 < @Qext, until (©)s,., = dext )
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DMFT treatment of Sp = Z —2/12 Pzin Po T 02+ M2 —1)°

Consider single site in “heatbath”: Simp = Z Pt K i o (E =)o + A Z(SO% —1)*—h Z Pt

£t/ { {
Remember: G(k, w) 1 Gl () !
emember: W) = = _ imp (W) = —=—— .
Gt (k,w) + 3k, w) T Ko o(@) + Bimp (@)
~ BCa T A _
|. Given Kinmp,c,compute by Monte Carlo: i (w) = Gi_mlp (w) — Ki;nlpjc(w)
—~ —~ . e L PO 1. _
2. Take Y (k,w) =~ Xjnp(w), and obtain: G, (w) = _ sy

~
i

~ ~

3. Since Gup(w) = Gimp(w), obtain Ki?nlp7c(w)|new — imp(w) — Yimp(w)

~

Iterate to fixed point | single site = Gimp(w) = Gaz(w) < full system

(same with 1 < @Qext, until (©)s,., = dext )
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DMFT treatment of Sp = Z —2/12 Pzin Po T 02+ M2 —1)°

Consider single site in “heatbath”: Simp = Z Pt K ip ot =1 )01 + X Z )? — hz P
£t/ ‘
Remember: G(k, w) 1 Gl () !
emember: W) = =— . imp (W) = = .
Go ' (k,w) + S(k. ) T K (@) + Bimp ()
R T A -
|. Given Kimp,c, compute by Monte Carlo: i (w) = Gi_mlp (W) — Ki;nlpjc(w)
........ 7
2. Take f](k,w) ~ f]lmp(w), and obtain: G, (w) = ,~4_'i:=‘:..1'":-
-~ G (k,w) + X(k,w)
5 _ ~ i .\'ZA_l ~
3. Since Gup(w) = Gimp(w), obtain Ky (w)|new = Gipyp (W) — Yimp (w)

Iterate to fixed point | single site = Gimp(w) = Gaz(w) < full system

(same with 1 < @Qext, until (©)s,., = dext )
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Some results

0.125
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DMFT prefers weak interactions (self-energy), high dimension (mean field):

In d = 2,3 ,DMFT finds a weak first-order transition

In d = 4, DMFT finds critical coupling with 2-3 digits, crit. exponents with -2 digits

Compare with ordinary mean-field, and with EMFT
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EMFT: “extended” mean-field theory

0.3 | | |
d=2 —— s
%
0.25 ~ d=3 %B%%%%%
%
%
%
v o02b d=4 x- $%%
S -
S 0.15 i
N 47
! +
¢ 0.1 +
3 +F
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N I + - %%%%%%% X
< 0.05 b IR \ —
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Self-energy depends weakly on frequency, esp. in high dimension: Z(w)

Drop W- dependence in DMFT: single-site “EMFT” approximation

and for <gp>

~ 1
Gkw) = =— =
G,y (kw)+ X

Solve self-consistently for Gmx — <902> — <90>2

Non-trivial 2-pt function:

Wn = 21/ 75

~

~ X(0)
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p1 phase diagram in (A, %) plane
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DMFT extremely good, EMFT almost as good

A
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Summary

DMFT: - cheap, very good approximation

- info on 2pt-function —> masses, finite temperature, finite size

EMFT: - even cheaper

- no Monte Carlo: no jitter at phase transition, no sign problem!

-3 (Oscar
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