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@ Von Neumann detector

© Many von Neumann detector

© Von Neumann detector in space-time

@ Many von Neumann detectors in space-time
© Elimination of the detector variables

@ Covariant form of D's outcome (single D)

@ Covariant form of D's outcome, many D's

© Lesson for RGRW
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Von Neumann detector

S+D initial state |in)|D)

measured S observable /2\, measured value A;

von Neumann Detector [§, p] = i, Hp = 0; pointer p

von Neumann coupling: H(t) = —6(t)§A = S = exp[igA]

pr=S1p'S=p"+A
If (W|p/|W) =0, (W|(p')2|W) = o2 then A= p + 0.
w(A) = (V[5(A - p")|W)

D’s initial wave function: (p|D) = C x exp[—p?/40?]
Key mechanism: (p|S|D) = C x exp[—(p — A)?/40?]
Outcome distribution without D variables:

w(A) = C2(in| expl—(p — A2/207]|in)
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Many von Neumann detector

Many von Neumann detectors

S+D initial state |in)|D)

measured S observables 2\1, /A42, .. ./A4N, at different times
measured values Ay, Ay, ..., Ay

N separate von Neumann Detectors

Outcome distribution without D variables:

w(A) = (out; Alout; A)

N
lout; Ay = T [ | Cwexp[—(An — A,)*/402]|in)
n=1
T =time-ordering of A,’s.
Advantage of this form: valid relativistically too.

Same math as GRW, where 0,=10"5cm, A,= any constituent
position taken (hit) at rate \=10""Hz.
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Von Neumann detector in space-time

Von Neumann detector in space-time

space—time points x=(t,r)
relativistic quantum field </I\>(x)

future light cone

measured observable A
R= [ e dodk

local coupling g(x) N
von Neumann Detector [q.pl=i, H;=0

initial/final value of pointer f)‘i/ f

von Neumann coupling:
~ ~ P 3
Ho== fg(x) B)d’r
~ ~ 3
dpidi= il p1= [e00 BCdT

past light cone
M ~
pi=pl +A

If <@ Piw>=0, <W|(P)?|¥>=c2 then A=pf:c

w(A) = <¥| §(A -ph)1w>
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Many von Neumann detectors in space-time

Many von Neumann detectors in space-time

07

g(x)#0

Ro= [ g0 md%

ﬁ(t): —i/qnﬁgn(x) </I\>(x)d3r

BE=Ph+An

WA LA, A = <Y S(Al-Aplf )S(Az—ﬁzf) S(AN—fgI s>
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Elimination of the detector variables

Composite initial state (N = 1): |V) = |in)|D)
Interaction, observable:

A(t) = a [ g(x)d(x)dr, A= [g(x)d(x)d*x

D’s initial wave functions: (p|D) = C x exp(—p?/45?)
S-matrix:

S5=Texp (—if H(t)dt) T exp (—,qu 3(x)d*x )
Outcome distribution: X X

w(A) = (V]§(A — p")|W) = (in|(D|ST6(A — p)S|D)]in)

Key mechanism: (p|S|D) = CT exp[—(p — A)?/40?]

Otcome distribution without the detector variables:

w(A) = C(in|T exp[—(A — A)2/402]T exp|—(A — A)?/40?]|in)
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Covariant form of D’s outcome (single D)

Covariant form of D's outcome (single D)

future light cone space—time points Xx=(t, r)
relativistic quantum field &(x)

measured observable A
~ o~ 4
A= f g(x) D(x)d’x
It <¥| Pi > =0, <¥| (P12 [W>=c2

w(A)= <¥| §(A -pf)|¥>

past light cone .
Covariant result:

=9l +A w(A)=<out;Alout;A>

lout:A>= T Cexp[—(A-A)? /402 ]lin>
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Covariant form of D's outcome, many D's

Covariant form of D's outcome, many D'’s

WA LA, A = <Y S(Al—]slf )S(Az—ﬁz’f )... B(AN—f}fI s>

Ro=[ g0de0d%

Covariant form of D’s outcome:

w(A)=<out;Alout;A>

lout:A>=7TI AP /462 i
out;A>=T EICHGXP[_(AH_AH /4o Nlin>
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Lesson for RGRW

Localized measurements of A; = [ g1(x)p(x)d*x, Ay = ...

General covariant form of outcome statistics:

w(A1, A2, ...) = (out; A, Ay, ... | out; Ay, Ag, .. )

lout; A = T T, Cnexp[—(A, — A,)?/40?]|in)

Non-relativistically: g,(x)~d(t), T[] As = ... AA;. Then “sudden
collapses” also make sense:

|].; A1> = Cl exp[—(A1 — A1)2A/402]|in>

|2; A]_, A2> = C2 exp[—(A2 — A2)2/40'2]|1; A1>

lout; A, Az, ..., An) = [N; Ay, Az, Ap)
Exactly like GRW!

In relativistic case “sudden collapse” is nonsense.
RGRW might respect/exploit field theory.
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