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Entropy & matter anomalies

Recall Loschmidt’s paradox:

Evolving “upwards” in time:
— entropy increases.

Consider a gas with N, T, P, & V known,
in @ container that has a leak.

Evolving “downwards” in time:
— entropy increases.

Symmetry is due to time symmetric dynamical laws.

We take entropy increase as evidence of the “direction of time evolution”
or “direction of time"” for short.
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Empirical evidence:

all space and time has a consistent direction of entropy increase:

Distant galaxy

direction
of
entropy
increase

effects

direction
of

time
evolution

causes

Experimental test
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From Loschmidt’s paradox, expect symmetry in time:

high entropy? low entropy high entropyI

—t time evolution? 0 time evolution [

Similarly, expect symmetry in matter and antimatter:

antimatter? radiation
— ¢ 0 [ I

There is no external reference for the direction of time.
So the universe must be time symmetric overall.

These are the entropy and matter-antimatter anomalies.

Proposed resolutions:
entropy

2004 Carrol & Chen — high low

—

2011 Vaccaro S 0
x

2014 Barbour, Koslowski & Mercati antimatter radiation
C——>
/ —1 0 t

2018 Boyle, Finn & Turok
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T violation anomaly
Recall the discrete symmetries:
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C charge conjugation P parity in\)/Cersion ) T time reversal

o
particle <> antiparticle S [ & -1

History:

P violation Lee & Yang 1956 B~ decay in 6°Co | I

CP violation Cronin & Fitch 1964

H spin
+ observed not observed

T ’ i
o , , Wu’'s experiment

0
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T violation BarBar, SLAC 2012

B° decay —T —

B ->B_  + B_-RBY
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T violation in B? system weak Interaction

Experiment: BarBar Collaboration, SLAC, Stanford University
J. P. Lees et al., Phys. Rev. Lett. 109, 211801 (2012).
Detailed description:

Bernabeu et al, JETP Lett. 2012, 64 (2012).
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T violation implies 2 Hamiltonians and 2 dynamics — one for each direction of time.
Physical theory needs to account for both Hamiltonians.

Conventional physical theories have a single version of the Hamiltonian and the

time evolution it describes (into the future, by default). Phil. Tras. A376. 20170316

This is the T violation anomaly A The quantum theory of time,
the block universe, and human

Proposed resolution: S TOReGE UG g experience

The quantum theory Of tlme o Joan A. Vaccaro
(pinion piece a o

Xi 1605.0196 r Cenitre for Quartum Dynamics, Griffith University, Nathan 4111,
Chapter 15 arXiv. 5. 5 Aistralia
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A7 30e ourselves. Right at the core of all modem thinking
about the universe is the assumption that dynamics
is an elemental featime that exists without quesHon.
However, ongoing resaarch into the guantum nature
. of Hme is challenging this wview: my recenty
. . Abstract The Hemillonian defines the dynamical properties of the universa. - m.&:tng introduced quantum theory of Hme suggests that
Invited Chapter in book: Evidence from partick physics shows that there is a different version of the Hamil- M mechanics and dynamics may be a phenomenological consequence of
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and one in which their differences are epiphenomenal rather than elemental.
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Space-time background itself: of particle

- space and time are essentially interconvertible /
ds? = dt? — dx? — dy? — dz*
= dt’ — dx° — dy* — d7°

X

> X
Things on space-time background: \

Dynamics (relativistic, guantum, classical):

- defines translations over time but not space.
treat as a

Conservation laws (energy, momentum, lepton #,...): phenomenological

- apply over time but not over space.

e.g. Quantum Mechanics:
wave function over space wave function over time
/
P(x)

()] X |
/\ / /\ {why not this?
mass not

conserved
> X >t
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The idea is this:

fundamental level phenomenological

P(x,t)1 P(x,t)’

phenomenological
details

no dynamics dynamics emerge

Need to look at phenomenology of generators of translations in space and time:

- the Hamiltonian generates translations in time C.P.T discrete
r* 7

AT C——— symmetries are
Ag,t

violated by the

« the momentum operator generates translations in space Hamiltonian onIy!

—iPx
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Four principles Vaccaro, Phil. Trans. Roy. Soc. A 376, 20170316 (2018).

1. States have same construction in
time and space

Retain the symmetry of the space time background

2. Time evolution is directional
e—tHp6t  “forwards”

piHpot “backwards”

time evolution
physical dynamics

“backwards” elHpot e tHFOL “forwards”
« # >
. ~ t
e_lHBSt v elHF6t
mathematical inverses = rewind

= causality
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3. Fundamental resolution limit
E.g. Planck scale, or other limit (the actual limit is not important)

4. A state is reoresented bv a guantum path with step
sizes bel

Space: e 2 I,D(x t)

~

+iPx

e—LPx

.
.e; 3

b 3
. f
3 3

5

1 -

15 random paths » -
fi;

N J
%

<&
5 _‘_é‘--.‘_ random patk
i*;.

e { i step size —>||<— St
step size —>||<— Sx

Aserved, no dynamics




Entropy & matter T violation anomaly Quantum theory of time Sources of T violation Experimental test
T violation [H g H F] = A

Get interference between different paths to the same point in time.

_iﬁ_,\‘i-\N
T violation Hgp # Hp

p(x, £)4

== destructive interference

lations

¢ —iHp [, ()

dynamics | e -0
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SOU rces Of T Violation Croucher & Vaccaro, in preparation (2019)

Many particles
—> group contraction

: . [ > a
- harmonic oscillator: ] At e o)B°
oo A
Arecchi et al Phys Rev A 6 2211 (197 H —
SN B _
) Jz R ® o/Ro
T AN N Pal ']
Ju = 0 =1 Branco, Silva & Lavoura CP Violation (1999)
u u xrJy V4
" —

Mesons K° K0 RO RO
Particle and antiparticle mixing: | 2 — B0 HF =

weak interaction

A" =wata +VNaa + VNa*at

= watd + VNa*a + VNaa'
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Neutrinos N EE i e e LR e L)) In rotated Flavour basis:
' —~ 2D subspace

Suspected of violating CP and T symmetries . !
is just like mesons

Flavour mixing: (1)

d Ve Ve HF

— V| = HD |v, _ [g™ gan ~ i Nlal21
dt |, v, [ BB ]N>>1 o

Ao

-

Higgs-like scalar field

Spontaneous symmetry breaking:

CP & T violation arises in 2 or more doublet models
Explicit symmetry breaking in scalar field:

T A T 2 T T A

H =72+ (V) + m2p? + ad + bft

zero = ma d, + ady + a*a;

momentum + +
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Experimental test Vaccaro, in preparation (2019)

Spatial distribution — T symmetry case

iHo

HZ s (HA +HB +ﬁc)2

independent quctuatioSz
but no interactions
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U T P B S
Hj+H§+H§=§(HA+HB+HC)2+§(HA—HB)2+§(HB—HC)2+§(HA—HC)2

N N

i5Hat+ )0 iz(lat )0 i3(Aa—Hp)o i5(Aa-Hp)o iz(Ag—Hc)o i(
e VN te VN e VN  +te VN e VN +te
2 2 2
allows interactions allows independent fluctuations

L One last thing....

The value of 0 needs to adjust locally

I to maintain minimum uncertainty in
inglep(_andent fIL_Jctuations, eEergy/ thus . R R

with interactions \/ (HA 4+ ﬁB 4+ ﬁc)G — HAO'A + Hgog + Heo
17 1 20

X
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N N

1 = =
lg(HBO'B—H60'+

1 N RPN 1 = = N PPN -
iz(Hpop+) iz(Hpog+) iz(Hpo4—Hpop) iz(Hqo4—Hpop)

e VN +te VN VN +e VN
2

T violation case

independent fluctuations,
with interactions and local effects
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B 2N

Cc

Experimental test

Local variation in T violation ‘ local variation in clock time ¢

Antineutrinos
0,y = l( [HB'ﬁF] )

1
OC1+A—2
T

A is the ratio of the strengths of the T
violation due to the reactor neutrinos

and the background processes at 1 m _ 1
density X 2

"& - =

quantum clock dys-schronisation:
t.(r) =y, t.(1) Wwhere
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Proc. Roy. Soc. A472, 20150670 (2016)

ConCI USion arXiv: 1605.01965 (book chapter)
Phil. Tras. A 376, 20170316 (2018).

® Violations of discrete symmetries P, C & T are yet to be fully appreciated
® Generator of translations in time violates P, CPand T
® Proposed here as the origin of dynamics and conservation laws

leaves
— on
= ground on
— this side
of tree

Rare opportunity:
To formulate a well-posed question for Nature
the answer of which could necessitate a revision of how we treat Time in physics
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Lorentz covariant extension

QFT: Recall the Klein-Gordon equation for massive scalar field p(x)  (+,—,—,—)
2
92 P(x) = —m?yY(x) mass shell: wﬁ — k2 4+ m?
U

Feynman'’s off mass shell theory for virtual (exchange) particle described by ¢ (x, 1)

0 0?2 Feynman, Phys. Rev. 80, 440 (1950) App. A
ia o(x,7) =— F) o(x, 1) See also Fanchi, Found. Phys. 23, 487 (1993)

where t is “proper time” of the particle. Recover y(x) by projection:

Y(x) = j eXp(—imZT)qb(x, T) picks out one mass component
L/ (frequency)
—00

Here: ¢'(x, 1) creates single particle from vacuum centred on point x = (z,a, b, c) .

T symmetry T violation
peak at Xog = T peaks at Xo = Ty, Ty, ... coarse graining fixes mass

(¢79) Xo (¢T¢) . o (¢T¢)
e ‘1 coarse
graining
a X4 a X1 a X1




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

