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Abstract: <span>This talk aimsto review the obstacles met in QFT to

reach an appropriate definition for such a basic concept aslocalization. The
anti-local character of the square root of the "- Laplace-Beltrami +

mass"2" operator prevents the existence of localized states with afinite
number of quanta. (Bosonic) quantum fields describe elementary excitations of
an extended system whose ground state is the vacuum. No wonder, thereisa
complicated relationship between the cardinal

(quantal) and continuous (spatial) sides of the theory.

We will also analyze theroles (if any) played in RQI by the localized
excitations of the vacuum.</span>
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mechanical localization

if it is not there.... it is zero
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Hegerfeldt Theorem

~

Pa(t) = (Ye|Alpe) A>0

) — ,—i1Ht, 3
W = € o H >c¢ { Either P4(t) # OVt € R

or Pa(t) =0Vt e R.

R Paley 5
nd N Wle her T heofemx
l

Take | A = fv lz)(xz|| VBorelsetinR? |x> position eigenstate

Either v is in V forever (Py(t) #0Vt € R)

or ¢ is never in V (Py(t) =0Vt € R)

Strict localization of a system with H bounded from below incompatible with causality

Page 5/24




Pirsa: 12060044

Hegerfeldt Theorem

~

o —iHt,
Yr =€ o H > { Either P4(t) # OVt € R

~

Pa(t) = (| Alpy) A > or Pa(t) =0Vt e R

R Paley 5
nd N W:e nNerT heofemx
I

Take | A = fv lz)(xz|| VBorelsetinR? |x>position eigenstate

Either v is in V forever (Py(t) #0Vt € R)

or ¢ is never in V (Py(t) =0Vt € R)

Strict localization of a system with H bounded from below incompatible with causality

Page 6/24




Pirsa: 12060044

Causality
Detection of spontaneous emission A* — A +~v

Excited atom [1) No photons  Detector | Do)

I Cime

Final state atom [¢);)  n photons Excited detector |D.)

When the detector clicks?

®.

Pclick(t) = <wtloclick|wt> Oclick = 2 e [De){Del
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Causality
Detection of spontaneous emission A* — A +~v

Excited atom |v) No photons  Detector | Do)

Final state atom [¢;)  n photons  Excited detector |D,)
When the detector clicks?

-

Pclick(t) = <wtloclick|w£> Oclick = Zp |De)(D|
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CAatienl alalnll- nAce v o ri 11 I / 21
Causality problem posed by Fermi in RMP 1931

Solved perturbatively by Power, Thirunamachandran PRA 1997

Solved non-perturbatively by Sabin et al PRL 2011
(circuit QED exp proposal

\
\

Pick () = for 1< R/c
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Causality problem posed by Fermi in RMP 1931

Solved perturbatively by Power, Thirunamachandran PRA 1997

Solved non-perturbatively by Sabin et al PRL 201

(circuit QED exp pr

Paick (T) = for < R/c
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Causality problem posed by Fermi in RMP 1931
red perturbatively by Power, Thirunamachandran PRA 1997

./

non-perturbatively by Sabin et al PRL
(circu

Poick () = for < R/c
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What if the particle is strictly localized at t=0? Prigogine et al PRA 2000

1
Latt=0  ®pp(0)=_ Ob—|z—zo)) _ DN

2b X~-b X~+b

1 > —iw kT
ii. is a particle,w >0 P (z,t) = ;/ dkopy (k)e kt gtka

27 J— oo

iii. be it a massless boson (

If this describe a particle, one would expect

@ =0 for |[x=x0| >b+ct

d, ®(x,0) # 0 “everywhere”

Pirsa: 12060044

Page 13/24




Best localized photon wave packets in the market

f(k,A)
1) =Y [ k7 Nal (e, )0

Z/d‘&k 1f(k,M\)|? =1
A

f(ij))IUfOFWk<U

flz,t)=Z(t+x/c)+ Z(t — ;}:/(:)

lim Z(7) 2 e AT A>0,7<1

|7|—00

Bialynicki-Birula PRL 97,
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field localization:

If it is not there...... there is the vacuum!
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StateW localized outside G =2 (W, AW)=(Q, AQ) forall Ain R(G)

W partial isometry in R'(G) | W*W=1
W = WQ strictly localized outside G

In general WW*=P#1

W strictly localized operator 2 (W®, AWOD, )=(D,, AD,)

Iff W*W=1 and W in R(G’)

W strictly localized operator = WQ strictly localized state

Pirsa: 12060044 Page 18/24



All strictly localized states are of the form W =W Q

W is unique in R'(G)

but other operators can create W from the vacuum

example: P, projector on the vacuum = WP, Q = ¥

but if WP, =W > P, =W*W=1 !l

Forany P in R(G) and any W in H
there is an eigenstate of P equivalentto y in G’
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Localized states do not form a vector space

O, =W,Q O,=W,0

W =0a O+p O localized

iff W,*W, =(QW,*W,Q) =r

W, = r*W,+ (1-|r|2)2U

U*W=0, U*U=1 ..... P, =W,W,*, P, = UU* > PP =0

U strictly localized outside G and orthogonal to W,
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A state|V) of a field ©(7) is localized in the region U/ if

I

/] Huq,,-_,) s (Jfl_[u(.f‘,) ). n 1.2..... 0, ¢ U
; =1

Generic solution

W) = exp(i:R)|0)

/I, r/., 1 / :/‘I i{i,f V(.1 )

Knight JMP 1961 } / / dridraq(xry. ro)o(ry)o(ry) 4

Licht JMP 1963

JU

Localized in the diamond of A
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Ree-Schlieder theorem N Cim 1961

Q) is strongly non-local

O ula) 3: A/Or; (~ () (Df(xr)/Or;)) +alx)flx)

]

If / and [ vanishinaset U C D then

f = 0 almost evervwhere inD

This is the version after Masuda and Murata,
Arbitrary space dimensions,
Static spacetime

1. The vacuum is cyclic vector
2. The vacuum is separating vector
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The following are equivalent:

I. Qisstrongly non-local on B

ii. No states with finite number of quanta
are strictly local excitations of the vacuum
with supportin B
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| 1ph) = / &k fi(k)at(k)|0) - / k£ (K)bT(K)|0)

H,(r.t) = (Iph| : FT(r.r) - F(r.1) : [Iph) = [F, @.0))> + |[F_(r.0)]

Incoherent sum = Hegerfeldt (Paley-Wiener) prevent localization

|coh) = N expli / dk 1 (K)a' (k) + / d':/\./' 1|\')/)T(I\')}|())

H..n(r.t) = (coh| : FT(r,7) - F(r.t) : |coh) = IF,(r.t) + F* (r.0)|°

Coherent sum =2 interferences defeat Hegerfeldt

No obstacle to the localization of coherent states
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