Unstable oscillator and the tachyon field

G.V. Efimov (JINR, Dubna)

27 masa 2012 r.

G.V. Efimov (JINR, Dubna)

Unstable oscillator and the tachyon field



Motivation

G.V. Efimov (JINR, Dubna)

stable oscillator and the tachyon field



Motivation

* Instability of quantum systems with conservative Hamiltonians.

Oscillator and string (field)

G.V. Efimov (JINR, Dubna)

Unstable oscillator and the tachyon field



Motivation

* Instability of quantum systems with conservative Hamiltonians.
Oscillator and string (field)
* Tachyon

Faster — than — light particles = neutrino (?)
Physics of black hole

G.V. Efimov (JINR, Dubna)

Unstable oscillator and the tachyon field



Motivation

* Instability of quantum systems with conservative Hamiltonians.
Oscillator and string (field)
* Tachyon

Faster — than — light particles = neutrino (?)
Physics of black hole

* Quantization = S — matrix

(1) Asymptotic states for t — +oo.

(2) Causal Green function (propagator).
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Classical dynamics

Stable Unstable
L= 30" - ’¢®) L =30+ 2*¢%)
d(t) + w?q(t) =0 d(t) — Q%q(t) =0

q(t) — cleiwt + c2e—iwt q(t) — Cle—Qt + Czth

H=1(p? + w?q?) H = 3(p? — 229%)

Quantization ?
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Hamiltonian and instability

=3 [72(k) + (K2 + p?)@?(k)] “ —=" Hg + Hun

/ (72(k) + P (K)$2(R)] ;w3 (k) = (& — m2) > 0

w \

I\) \

k2>m?2
/ [2(k) — Q2(K)P3(K)],  Q2(K) = (K2 — m?) > 0
k2<m

[¢(k), w(k")] = id(k — k')
U

H=% - 2q - 2(p? —¢?) = instability
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Unstable

Stable
H=%2(p>+q?) =w(ata+3) H=%2(p*—q’)=w(-BA-1)
a* = T, [a,at] =1 A=9F B=%2 [AB]=i
Ha"We = (E — nw)a"We HA"®: = (E + i nQ)A g
(E — nw) —» —oo e HtANDE — e EHUANDL — o0
aly=0 = Wy(q) =e 37 € L2 || Adg =0 = ®g(q) = €39 ¢ L2
+)n n
v, = &l w, o, = Blo,
HY, =w (n+ 1) W, Ho, = —iQ (n + ) &,
e—ﬂ(n"r%)tq)

e~ )ty || o, (t) = e~ Mto, =

W, (t) = e—Htw, =
®,(t) = O(e)

En >0 [« = —iQ]
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Unstable states

. L2 . .
V(q) = /ds F(s)e*Bdy(q) = /ds F(s)e'Te'Sq‘/ﬁe'%qz € L2

(v, w) = /ds F?(s) < oo, F(s) € L2
The time dependence

Wi(a) = e "W(q) = e~ / ds F(s)ei%e ™ ghae " vVagigd

|Wi(q)|?> — const e, t — oco.

Average values of the coordinate and its square

—Qt
(@) = —f@ / ds sF%(s),

1
(@) = 5 [ ds [P (F(5))? +e27?F(s)] = O(*).
Uncertainty of the location of the particle grows exponentially.
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Matrix elements

w 1d w
w dq

1d w2 w2
=/qu q+ —— |e 29 .e" 29
wdq

= (F(a)Wo, Wo) = F(0)(Wo, Wo)-

o

[ o= © ]

. i d\ .
(o, F(a+)ll-'0):>/dq e?e . F (q _ flld) €79 = (&, F(B)®y)

- /dq F (q + d> 0. 29 = (F(A)®y, ®g) = F(0)(®, Dp).

(o, F(B)®g) = (F(A)®g, ®g) = F(0)(Po, ®p)

(F(B)®g, ®g) = (Pg, F(A)P) = F(0)(Po, Do)
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Coherence states

The macroscopic stable oscillation :

Wf = e%'ﬁd)o, Wf(t) =e 'Ht\Uf = e\f/a+e—-wtw0
— (W®,awi) _ f
(a®) = wrowe) = v cos(«t)
The macroscopic unstable motion :
. . . —Qt
& = e_l\%Bqu, ¢f(t) = e_'th)f = ‘53_%%3_'%8e (O 1)

(q(t)) (Pr(t),q®e(t)) __ _f et

= (@05 0) — V2t
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®o,T(a(t)a(t))® i —Qt—t
Dc(t—t')= W = ;g€ Qlt—t|

i - "norm"” of the unstable state

J at a0
(D[), T < e ¢() 4
1 JJ dtdt” J(t)Dc(t—t")J(t")
to

=e
(P, ®o)
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Stable and unstable oscillators

1 1
= E(P2 +w?q®) + E(Pz — 2°Q%) + hqQ — qJ.

(1) + () + hQ = J
Q(t) — 2°Q(t) + ha(t) = 0

a() = [ de(e - ¥)I(),

Gt—t)= o e T 0
2n E2—w2+|0+Ez+Qz
~ e—iwlt—t] _ hiz . Le—9|t—t'|, h < Qw < w?
2w wt 2Q

G.V. Efimov (JINR, Dubna)

Unstable oscillator and the tachyon field



- ____________________________________________________
Tachyon field in QFT

L) = 5 [ 0 [(BE 0 — (Vo(t,0)? + mig?(t, )

x) = dk i(kx) (x) = dk o —i(kx)
66) = [ Grg@e®, () = [ K e

[¢(k), w(k)] = i6(k — k).
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- ____________________________________________________
Tachyon field in QFT

L) = 5 [ 0 [(BE 0 — (Vo(t,0)? + mig?(t, )

x) = dk i(kx) (x) = dk o —i(kx)
66) = [ Grg@e®, () = [ K e

[¢(k), w(k)] = i6(k — k).

1
H=2 /dk [72(k) + (k? — m?)¢?(k)] = Hs + Hun
Ho= o [ dk[r209 + (¢ — m?)e2()]
k2>m?

Huin = = / dk [m%(k) — (m? — k?)¢*(k)] .
k2 <m?
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Stable region k? > m?

¢st(t7 X) =

(ak e—iwkt+ikx + a:— eiwkt—ikx)

/ dk
- (27)3 /2w

[a, af ] = d(k — k), wk=Vk?—m?

Unstable region k* < m?

(Ak e—th+ikx + Bk eﬂkt—ikx)

dk
w0~ | v

[Ak, ka] = |6(k — k/), Qk =V m2 — k2
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The tachyon field

d)(ta X) = d)st(ta X) + ¢un(t7 X), |0> = w0¢0-

1 e—iwkt+ikx

x)a; = —
<0|¢(t’ )ak |0> (277)%\/2_(41!( H

(0] (t, x)By|0) = R

(2m)} /2%,
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Commutator

[o(t,x), d(t',x")] = e(t — t')D(t — t',x — X’),

d3k i t inh(Qt .
D(t,x) = —i [ —— {gkz_mzsm(wk) + gmz_kzsm(k)] elkx
(271')3 Wk Qk
T s sin(vs2 —m?t) .
= —— ds e*Xl=0 for |x| > |t
i i x| >

/i2 2
Dy‘(t’x) = % |f§(t2 _ x2) — uZO(tZ _ xz).llz(:j:\/fxg)]

p——im
—

2i [5(8 )+ mla(e — ) mVE X)) xz)] :

2mVE — 2
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Propagator of the tachyon

T(o(t, X)¢)(t,a X,)) = D¢(t — t,x — X,) + ¢7(t7 X)({b(t,a X,))E9

d3k e—lwk|t| .
D.(t,x) = - [sz_mzw +i0p2_jo—— el

d4k e—ikx

- . R k? = k2 — k2.
(2m)%  (—k2 — m2 —i0) 0
Cc

Cc={ko: —0o < kg < oo}
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Causality

|. Lorenz transformation

X = x"—vt’
Vi@ N V_V’+v V<e = V' <g
— Y-B%¢ _1+V¥" V>c = V >c
1-p32
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[I. The Cauchy problem

() = () #ren e

The character of the equation is defined by the differential operator and

does not depend on the sign of the constant term £m?.

The Cauchy problem is correctly formulated for any sign of £m?,

~eTim  41m?2  stable oscillations

u(t, x) = 0(c’t> — x?)

~etm  _m2, unstable movement
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Bogoliubov causality

0 0 xg < y (X _ y)2 > 0.
S .St =0 f 0 0, y
dg(x) <5g(Y) le] [g]> o { x~y, (x—y)*<0.
This requirement is equivalent to
_y) = xo < yo, (x—y)>>0;
Dl =) =0 for { x~y, (x—y)?<0.
1o J1(uV'x?)
Die = —0(t) |6(x?) — (P )2 ———=2] . 2 =22,
(00 = 500) |367) — 60 = T x r
n — —im
1 [ I1(m\/x_2)
Dre = —0(t 0 2 0 2 22V 77 .
¢(x) 27r()_(X)+ (x*)m P~

The tachyon field does not break the causa
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Conclusion

I. Asymptotic tachyon = only stable components ¢as(t, X) = ¢Ps(t, x)

1
(27)} v/ 2an

(0|9(t,x)al|0) = e it Hikx w2 =k>—-m?>0.

The unstable tachyon components contribute to propagator

d4q efiqx

J (2m)% ' q2 +m2 +i0’

9’ =q} —

D.(t,x) =

The S-matrix = sum of Feynman diagrams.

G.V. Efimov (JINR, Dubna)

Unstable oscillator and the tachyon field



II. Quantization: electro-magnetic field [ physical (transverse) and two
nonphysical (longitudinal and time) components].
The nonphysical components = causal propagator.

[I1. Instability of the world with tachyon

¢ = 2Tl’achyon

Conservation of energy in the rest system of the particle ® with mass M:

M2
—2\/k2—m2:>k_\/ +m2>m

Any massive particles with mass M are unstable
or
the tachyon should have special quantum numbers.

G.V. Efimov (JINR, Dubna)
Unstable oscillator and the tachyon field




