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Abstract: The modern understanding of quantum field theory underlines its effective nature: it describes only those properties of a system relevant
above a certain scale. A detailed understanding of the nature of the neglected information is essential for a full application of quantum
information-theoretic tools to continuum theories.

| will present an operationally motivated method for deriving an effective field theory from any microscopic description of a state. The approach is
based on dimensional reduction relative to a quantum distinguishability metric. It relies on a microscopic description of experimental limitations,
such as a finite spatial resolution. In this picture, the emergent field observables represent cotangent vectors on the manifold of states, and are not
necessarily endowed with the full semantic of standard quantum observables.

Pirsa: 15050092 Page 1/82



Information-theoretical foundations
for
quantum field theory

Cédric Bény
joint work with Tobias Osborne

arXiv:1402.4949

irsa: 15050092 Page 2/82



I

Pirsa: 15050092 Page 3/82



QFT

local quantum theory in the continuum
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02p(x) + mp(x) = 0
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finite resolution
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arbitrary
finite resolution
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continuum theory

resolution =g effective theory
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T1,%o,... € Q s Cauchy if

Ve >0 dN suchthat Vi,j > N, ||z; — x| <e
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A= Yr s “Cauchy” if

Vo,e JAg such that VA, A" > Ag, do(p,Vp) < €

N\

experimental resolution

effectively indistinguishable
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renormalisation

/

A= Yr s “Cauchy” if
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Pirsa: 15050092 Page 15/82



d(p,p) = S Tr(A(p —p'))
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d(p,p) = S Tr(A(p —p'))
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d(p,p))= max Tr(A(p—p"))

only some A
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d(p,p))= max Tr(A(p—p"))
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(lp = 2|l
S |lp)
F(p,p')

k . o »

d(p,p') = {
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do(p, p') = dNs(p), No(p"))
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do(p, p') = dNs(p), No(p"))
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information geometry
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Riemannian metric on states

d(p+ eX,p)
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Riemannian metric on states

d(/) + eX, /’) = €2<-\—~ -\y>.~
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Riemannian metric on states

(Z(/)—]—(X’/)) o~ 62<.\r..\,>;, :(CZHXH[Z)
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Riemannian metric on states
dip+eX,p) ~ (X, X), = 62||X||?,

p+eX X=X TrX=0

Z
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dip+eX,p) ~ (X, X), :62HX||;‘2)
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dip+eX,p) ~ (X, X), = X]3

AN (p+eX),N(p) ~ N(X),N(X))n

= € N (X) 7 ()
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Information metrics

IN(X) vy < 11X

Pirsa: 15050092 Page 35/82



Information metrics

IN(X) vy < 11X

Classically

— (X,Y), =Tr(XpY)

Fisher information metric
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Bures metric

(X,Y), =Tr(XQ ' (Y))

1
(2,(A) = 5({)/—1 + Ap)
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Bures metric

(X,Y), =Tr(XQ ' (Y))

1
(2,(A) = 5({)/—1 + Ap)

quantum Cramér-Rao bound
If Tr(ppA) =10
o 1
Tl‘(/)(.)A ) 2 d >
||m[)9||p()
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dimensionality reduction
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Alice’s states
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T

Alice’s states Bob’s states
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pancakes of equivalent effective states

Alice’s states Bob’s states
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contraction ratio of direction X

| AN XD v
1) = "],
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principal contraction directions

NN (Xy)) =i X,
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principal contraction directions

NN (Xy)) =i X,
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principal contraction directions

NN (Xy)) =i X,
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p+ X and p + X' effectively indistinguishable if
(Ai)prx = (Ai) p+-x7 for all 7, n; > €

. -1
A = QS H(X)

Ny M) (A) = ni A
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effective states
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p = e 1

relevant observables A?;
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p = e H

relevant observables A,;

pick p' minimising S(p'||p) on given class
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QFT from spin system
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)N 1oL
J\/‘my = D,zf o0e2?
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)N 1oL
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)N 1oL
J\/‘my = D,zf o0e2?

Dy(p) =y 'p+ (1 —y ")iI
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N RN , 5 T E-
Ny = D;" oe>2

Dy(p) =y 'p+ (1 —y )51
L(p) =Y (Ui;pU}; = p)
\

(i7)
swap

Pirsa: 15050092 Page 55/82



Pirsa: 15050092

N RN , 5 T E-
Ny = D;" oe>2

Dy(p) =y 'p+ (1 —y )51

L(p) =Y (Ui;pU}; = p)
(i)

1,2p _ i ;I“)
e? (A;) ~ E e 22 A

Page 56/82



Pirsa: 15050092

N RN , 5 T E-
Ny = D;" oe>2

Dy(p) =y 'p+ (1 —y )51

L(p) =Y (Ui;pU}; = p)
(i)

1,2p _ i ;I“)
e? (A;) ~ E e 22 A

Page 57/82



IVl
X1,

n(X)
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IV v

n(X)
| X1[,

n(X) =0 unless X = A|Q)(Q + [Q2)(02]|A
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IV v

n(X)
| X1[,

N(Xa) =0 unless X,y =Q,(A)

(Xa,XB), =4Re (QAB|)
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[f A acts on at least n sites then n(X4) < O(y™")
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[f A acts on at least n sites then (X 4) < O(y™")

1

most “relevant” observables n=1 k< —
g

O = \/% Z [CUS(A?.Y.)(T;::)j - Si“(kj)(ﬂ;).j]

e — \/% > [sin(hks) (72); + cos(ki) (7,);

e =Yy e
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1

most “relevant” observables n < oo k< —
g

(,!)!\71 (/i)]\l e (j);‘-‘u.
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most “relevant” observables n < oo k< —
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(,!)!\71 (/i)]\l e (j);‘-‘u.
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1
most “relevant” observables n < oo k< —
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renormalisation group
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renormalisation group
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AP—>[)A
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A= pa is “Cauchy” if
Vo,e dAg such that VA > Ay,

N .
Tr(AA (I(_ApA) =0 Vi n > ¢
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effective theories
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RG trajectory a(A)

effective theories
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RG trajectory a(A)

effective theories
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perturbative QFT
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D=

NT ((3':':([’(./.)) — e 5 (.flayf)(2'1:([)(/‘(_/')

X(f)p,m) = f(Ny* ¢, Ny x )

Y(f)(p,7) = flys o, yzm)

Pirsa: 15050092 Page 77/82



D=

NT ((3':':([’(./.)) — e 5 (.flayf)(2'1:([)(/‘(_/')

X(f)p,m) = f(Ny* ¢, Ny x )

Y(f)(p,7) = flys o, yzm)

Pirsa: 15050092 Page 78/82



Pirsa: 15050092

D=

NT ((3':':([’(./.)) — e 5 (.flayf)(2'1:([)(/‘(_/')

X(f)(@,7) = F(Nayx 6, Ny x)

spatial imprecision

Y (f)(¢.7) = FGLpl2m)

field value imprecisions
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¢K, T are principal with relevance

, (;'IJ ~ l
IIL? - fBw } ,w;\ + ﬁwzf 2 A 252
B kY
- 1
mn,. =
& Buk coth Y% 4 By2 ek?o?
2 Iy

YopYr > 1
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renormalisation group equations

Vo dAp such that VA > Ay,

d : 1
M(d)kl e (/)AT“>A — () V n, E,Aff < ﬁ

Pirsa: 15050092 Page 81/82



that’s all for now
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