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< QP # PQ (i.e. [Q,P]= QP — PQ #0)
Randomness is inherent

If x=aie; + ... + ape,, then measurement “reduces” the possibilities
of the state

Axiom 1: ||x|| = 1 for x € H (seperable)
Axiom 2: Measurement = Projection Operator
Axiom 3: Observables = Self-adjoint Operators
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PT-Symmetry and Quantum Mechanics|[1]

T _ P 11082 (7¢)\0
o Important element: iX e.g. H= 5 + 5kX* (iX)
o Eigenenergies E = Ya,0" (is E < o07)
@ PT-Symmetry is broken if § < —2
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PT-Symmetry and Quantum Mechanics|[1]

e H= % + %10?2 (i%)° has real eigenvalues for all § > 0 (note: H is
PT-symmetric but not Hermitian for 6 # 0)

[H,PT] =0= 3¢, : Hpp = E¢, and
PT bp = App = (797')2 On = |)\|2 Onp = A\ = e’?. We can choose 6§ = 0.
NOW, H¢n = E¢n e E¢n = E*¢n[3] D

° Z(_l)n¢n(x)¢n(Y) = 5(X_Y)
@ Can we now have a new condition: H = Hp7 instead of H = H*?
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o If PT-Symmetry is not broken, then is |Hprf|| = Hf”"
o (f.g)pr=(f,PTg)=[f"(x)PTg(x)dt = [f*(x)g*(—x)dt

o = do,: <¢na¢n>79’7’ = - (Hd)HPT = ’) and
(bm> dn)pr = (=1)" Opm (in fact,=> SU (n, n), not SU (2n))

@ Aim: Define C such that C represents measurement of signature of

(o ) pr
o Choice: C = e®®P)P such that Q (8, p) = —Q (—%, —p) and
[C,H] = 0. Then, C2 =1, [C,P] # 0 but [C,PT] = 0 so that

[9llepr =1
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Abstract

During the recent developments of quantum theory it has been claried that
the observable quantities (like energy or position) may be represented by
operators A (with real spectra) which are manifestly non-Hermitian in a
preselected “friendly” Hilbert space H¥). The consistency of these models
is known to require an upgrade of the inner product, i.e., mathematically
speaking, a transition HF) — H(S) to another, “standard” Hilbert space.
We prove that whenever we are given more than one candidate for an
observable (i.e., say, two operators Ag and A;) in advance, such an
upgrade need not exist in general.
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Introduction
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called irreducible sets of the candidates A; for the observables and the
role played by these sets in the removal of the well known ambiguity
of the assignment of the ... Hilbert space H¥) to a single observable
No"

@ Entirely generic observables Ag and A; are incompatible, if they do
not commute.

@ General approach: H = © 1H*O for © = Q*Q where
Q: HY) — H(T) and © = © (A, A1) is the Tensor Metric, not
assumed to be trivial.

e Find Q so that (f, g) » = (Qf,Qg) = (f,Og)

o Natural restriction: ©; = Uij U; where U; is an orthogonal matrix in
the basis of the eigenvectors of an A;

@ When is ©; = ©;7 Obvious: [©;,0;] = 0. Another possibility:

Ai©j = OjN;
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Main Result

@ Past approaches: let X — X, pr— P such that
5=L(+ip)— L (X+iP) and
ot =L (x—ip)— \% ()A( — /.‘5) conditional to
a4t — qata = [a,a ]q: l. Letg=1—¢.
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Main Result

@ Past approaches: let X — X, pr— P such that
=L (8+ip)— L (>“<+i/5) and

2 V2
a _L o a i "_." .
at= 5 (x /p)n—)\ﬁ(X /P) conditional to
55" —qsla= (54" =1 Leg=1—c
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Main Result

@ Past approaches: let X — X, pr— P such that

a= %(x+iﬁ)r—>% ()A<+//5) and
ar = 12 (X —ip) — \% ()A( — /.‘5) conditional to

aaT—anéz[é,é‘]q—l. letg=1—c¢
oThen,)?:f<+%eX1+(9( 2) with

X1 =3 —RP2+iR2+iR2p — R+ ip3 + pRPp + P?K et.c
o Also, Hq:ﬁ2+f<2_p + %2 +86H1 with

Hy = 28*% — 22 4+ 3p° — 3 + 2i%3p + 2ixp> + 282p® — 8ixkp.
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Main Result

@ Past approaches: let X — X, pr— P such that
5=L(+ip)— L (X+iP) and
a=—=>(R—ip)r— \% ()A( — /.‘5) conditional to

a4t — qata = [a,a ]q: l. Letg=1—¢.

o Then, X = % + 2eXy + O (¢?) with

Xi =83 —Rp2+ iR2 +iR2p — R+ ip> + PRP + p3K et.c

o Also, Hg = P? + X2 = p? + %% + }eHy with
Hy = 28*% — 22 4+ 3p° — 3 + 2i%3p + 2ixp> + 282p® — 8ixkp.

o Hy # Hi and X; # X;
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