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Background

The standard model of electroweak and sfrong
inferactions (SM) is very successful but...
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& Background
"

The standard model of electroweak and sfrong
inferactions (SM) is very successful but...

There are about 20 free parameters in the standard
model (SM)

coupling constants
Masses

Mmixing angles

Noft fixed by any first principle in the SM. Need some-
thing in addifion!
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Background

!

String theorists like fo employ the anthropic
principle:

Fundamental constants are different in
various parts of the universe (string
landscape) and we just happen to live in a
part where they are such that life could

evolve and we are there to observe things...
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Background

String theorists like fo employ the anthropic
principle:

Fundamental constants are different in
various parts of the universe (string
landscape) and we just happen to live in a
part where they are such that life could

evolve and we are there to observe things...

Do you redlly believe that...?
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4 Background
e

In string theory/M-theory fundamental pa-
rameters correspond to so-called mod-
uli filelds to approach minima of therr
potentials—but nobody knows what these
potentials are and how they are generated.
One needs an additional (so far unknown
sector) that fixes the fundamental parame-
ters,
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Background

In this tfalk we consftruct such an addifional sector,
starting from a generadlization of the stochastic quanti-

zation method: so-cadlled chaotic guantization.
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Background

In this talk we construct such an additional secftor,
starting from a generadlization of the stochastic quanti-
zation method: so-called chaotfic guantization. Main
idea: Gaussian white noise (in fictitious fime) of Parisi-
Wi approach of stochastic quantization replaced by
suitable deterministic chaotic dynamics, a coupled

noise network on a microscopic scale
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Background

In this talk we construct such an additional secftor,
starting from a generadlization of the stochastic quanti-
zation method: so-called chaotfic guantization. Main
idea: Gaussian white noise (in fictitious fime) of Parisi-
Wi approach of stochastic quantization replaced by
suitable deterministic chaotic dynamics, a coupled
noise netfwork on a microscopic scale This leads to
complexity at a fundamental level: nontrivial correla-
tions In quantization noise network will distinguish fun-

damental parameters
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Sfochastic quantization

To 2nd quantize classical field eq. 55 — 0 infroduce
fictitfious fime variable s and con3|der Langevin

eqguation
0 0S

5 o(x,s) = 5 —(x,8) + L(x, s)
L(x,s): spafio-tfemporal Gaussian white noise, i.e.
(L(z,s)) =0
(L(x,s)L(x',s") =20(x — 2")d(s — &)
Quantum mechanical expectations can be
calculated as stochastic expectations with respect to
this Langevin eq.
PH Damgaard, H. Hueffel, Stochastic quantization, Word Scientific (1988))
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4' Chaotic quantization

T

Basic idea is to generate ‘noise’ by smooth
deterministic chaotic map T

If T"is strongly mixing then a functional Central
Limit Theorem for weakly dependent events
guaranties convergence or rescaled sum of
iterates to Wiener process

INn ofther words, uncoupled deterministic chaotic
maps looked at ‘from far away’ generate
Gaussian white noise in a suitable scaling limit

C. Beck, G. Roepstorff, Physica A 145, 1 (1987)

application to stochastic quantization c. Beck,
Nonlinearity 8, 423 (1995) PArficular coupled chaotic
noise model: ‘chaofic string’
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i What is a chaotic string?
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* Chaotic noise network with . ..

* ... | fictifious space dimension ¢
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* What is a chaotic string?

* Chaotic noise network with . ..
* ... | fictifious space dimension ¢

* ... | fictitious fime parameter n
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ﬁ What is a chaotic string?

Chaotic noise network with . ..
... | fictitious space dimension i

... | fictifious fime parameter n

described by iteration
i i a i— i
1 = (1= a)Ty(®)) + s (TR(®) + T3 (27))

with TY.(®) = @, T\ () = T (P), where Ty (®) is N-th

order Chebychev polynomial, s = +1.
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i Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)
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i Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)
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i Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)

To(®) = 20° — 1
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i Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)

T3(®) = 49° — 3P
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ﬁ Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)
T3(®) = 49° — 3P

For N > 1, D, = TN((I)n) IS ...

... semi-conjugated to a Bernoulli shift
with N symbols (shift of information)
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ﬁ Chebyshev polynomials

Defined by T (®) = cos(N arccos ®)

T3(®) = 4®° — 30
ForN >1,®,,1 =Tn(P,)Is...

... semi-conjugated to a Bernoulli shift
with N symbols (shift of information)

. ergodic, strongly mixing, distinguished
by minimum skeleton of higher-order
correlations (c. Beck, Nonlinearity 4, 1131 (1991))
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J' Chebyshev polynomials
! W

Defined by T (®) = cos(N arccos ®)

T3(®) = 4®° — 30
ForN >1,®,,1 =Tn(P,)Is...

... semi-conjugated to a Bernoulli shift
with N symbols (shift of information)

. ergodic, strongly mixing, distinguished
by minimum skeleton of higher-order
correlations (c. Beck, Nonlinearity 4, 1131 (1991))

invariant density po(®) = ——
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Invariant density
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Generaiizea Sraristical me-

ﬁ chanics

Invariant density is ¢-Gaussians with ¢ = 3 (or
g = —1Is escort formalism Is used) c. Beck, F. Schioeg|,

Thermodynamics of Chaotic Systems, Cambridge University Press (1993)

E = 1mv?, v =10, m= 0" kind of ¢ = 3 Tsallis

statistics with complex momenta

You can obtain such a deformed statistical
mechanics from a ‘superstatistics” where the
iInverse femperature g is distributed according fo
a y*-distribution f(3) of degree 1.

JdBf(B)e " = po(®)

Formally this system maximizes more general
entropies relevant for superstatistical systems (r.

HOnel' S Thurner' M. Ge”_MOnn' PNAS (201 O)> C. Beck, Chaotically quantized field theories - p.11/4:



ﬁ Symmeftry and classification

Laplacian coupling of the chaotic string

i i a - i
By = (1 )T (@) + 55 (TH(@)) + Th(@i™)
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ﬁ Symmeftry and classification

Laplacian coupling of the chaotic string
i i ¢ i— i
(I)n—H — (1 o a)TN((I)n) + 35 (T]Zif(q)n 1) + T]%((I)n+1))

NAsting b =1, s =+1, Ty (P) = T (D))
diffusive forward coupling (24, 34, ...)
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Laplacian coupling of the chaotic string
i i ¢ i— i
(I)n—H — (1 o a)TN((I)n) + Si (T]Zif(q)n 1) + T]Zif(q)n+1))

NAsting b =1, s =+1, Ty (P) = T (D))
diffusive forward coupling (24, 34, ...)

NBstring (0 =0,s=+1, TH(®) = P)
diffusive backward coupling 2B, 3B, ...)
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ﬁ Symmeftry and classification

Laplacian coupling of the chaotic string
i i ¢ i— i
(I)n—H — (1 o a)TN((I)n) + Si (T]Zif(q)n 1) + T][if(q)n+1))
NAsting b =1, s =+1, Ty (P) = T (D))

diffusive forward coupling (24, 34, ...)

NBstring (0 =0,s=+1, TH(®) = P)
diffusive backward coupling 2B, 3B, ...)

NA-/NB~ string (s = —1, only for even N)
antidiffusive coupling 2A~,2B~,...)
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The coupling a

a > 0: deviation from py(P)
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The coupling a

a > 0: deviation from py(P)
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The coupling a

a > 0: deviatfion from py(®) = p.(P)
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—— numerically
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= scaling behavior of olbservables (f(P))

S. Groote, C. Beck, Phys. Rev. E74 (2006) 046216; Dyn. Sys. 22(2) (2007) 219
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The coupling a

a > 0: deviatfion from py(®) = p.(P)
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¢ ¢

= scaling behavior of olbservables (f(P))
S. Groote, C. Beck, Phys. Rev. E74 (2006) 046216; Dyn. Sys. 22(2) (2007) 219

What are suitable observables for this chaotic
noise network?
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ﬁ Self energy

Dynamics of ®,, .1 = +Tx(®,,) described by
“potentials” (V(®) := &2 — (d?))

V(@) = + (=203 + @) + LV(d)
V:E3>(q)) — T (—(I)4 + %(I)z) + %V((I)

=
N
=
|
L
M

)
(—20° + 203 — @) + 1V(D)
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% Self energy

Dynamics of ®,, .1 = +Tx(®,,) described by
“potentials” (V(®) := &2 — (d?))

V(@) = + (=203 + @) + LV(d)
ngg)(q)) — T (—(I)4 + %(I)Z) + %V((D

S
N
~
=
|
|
1

)
(—20° + 203 — @) + 1V(D)

Observable: self energy (VI (®))
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Self energy

Dynamics of ®,, .1 = +Tx(®,,) described by
“potentials” (V(®) := &2 — (d?))

V(@) = + (=203 + @) + LV(d)
ngg)(q)) — T (—(I)4 + %(I)Z) + %V((D

)
(—20° + 203 — @) + 1V(D)

=
=
VR
=
|
L
M

Observable: self energy (VI (®))
Self energy can also be regarded as a generalized

thermodynamic pofential
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ﬁ Interaction energy

Dynamics of

(I)/?L'”L—I—l — (I);,ZL -+ ;L (::(I)Z_l — QCI)Z T (I)Z+1)

(" = £Tv(P!)) described by “potentials”

Wi(®!, &) =

(@7, £ ©,7)" = ((2,)%) = ((®,)%))

|
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ﬁ Interaction energy

Dynamics of

a

O, =P+ - (2D, — 20, £ )

(@ = -

2

Wy (P, @

=T (91)) described by “potentials”

(@7, £ ©,7)" = ((2,)%) = ((®,)%))

|

1):

Observable: interaction energy (W, (®!, ®-1))
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ﬁ Interaction energy

Dynamics of

a

O, =P+ - (2D, — 20, £ )

(@ = -

2

Wy (P, @

=T (91)) described by “potentials”

(@7, £ ©,7)" = ((2,)%) = ((®,)%))

|

1):

Observable: interaction energy (W, (®!, ®-1))
W(a) ~ (@, @)
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{ Stable zeros

o

Principal idea: A priori any coupling a
possible.
But distinguished states given by those a

where W (a) = 0 (coupled chaofic noise
network as random as possible!)

Need also consider stabllity: If

0
250 "™ Wia)

then only zeros with negative slope are
stable (moduli field dynamics)

C. Beck, Chaotically quantized field the

ories - p.16/4°
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3A Inferaction energy
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ﬁ 3A interaction energy

a*Y = 0.0008164(8)
a8 = 0.0073038(17)

Numerical observation:

1 1
agBA) ~ o (34) — (g

el ~ 1—377 a’l 9

It turns out that the zeros are equal 1o the electromag-
netic coupling for a particle of charge +e (aéSA), e.g.

electron), or of charge +e/3 (a\*", e.g. down-quark)
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Running coupling

Due to the renormalization group equation the
coupling runs with the energy. Using the 1-st order

QED formula

ca(B) = aa@f1+ 2240502

x /01 d(1— 2)In (1 + i;x(l - x)) d:z:}

where the sum runs over dll charged elementary
particle flavors with charges @, and masses m;, the
est fit is obtained for

1
@ (3me) = 0.007303, S (3ma) = 0.0008165
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Some comment on Masses

While leptons are free particles and, therefore, their
mMasses can be measured, quarks are confined and
thelr masses are not measurable.
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mMasses can be measured, quarks are confined and
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different quark mass concepts ...

C. Beck, Chaotically guantized field theories — p.21/4;



Some comment on Masses

While leptons are free particles and, therefore, their
mMasses can be measured, quarks are confined and
thelr masses are not measurable.

different quark mass concepts ...

... which, however, are related
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Some comment on Masses

While leptons are free particles and, therefore, their
mMasses can be measured, quarks are confined and
thelr masses are not measurable.

different quark mass concepts ...
... which, however, are related

we use “free” masses, i.e.
MS mass m,(E) at fixed E = 1GeV for light flavors

MS mass m,(m,) for heavy flavors
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Some comment on Masses

While leptons are free particles and, therefore, their
mMasses can be measured, quarks are confined and
thelr masses are not measurable.

different quark mass concepts ...
... which, however, are related

we use “free” masses, i.e.
MS mass m,(E) at fixed E = 1GeV for light flavors

MS mass m,(m,) for heavy flavors

Vice versa, we can use the zeros 1o determine

MASSeSs.
met = (8.7 £2.1) MeV

COinCideS WiTh md ( 1 Ge\/) (PDG) C. Beck, Chaotically quantized field theories — p.21/4.



3B Inferaction energy
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3B Inferaction energy
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i 3B interaction energy

a*? = 0.0018012(4)
a$*P) = 0.017550(1)
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ﬁ 3B interaction energy

(3B)

a*® = 0.0018012(4)
a$*P) = 0.017550(1)

For symmetry reasons

* ... would also expect to see v, u
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% 3B interaction energy

(3B)

a*® = 0.0018012(4)
a$*P) = 0.017550(1)

For symmetry reasons
.. would also expect to see v, u

. and other interactions such as weak
iNnferaction
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ﬁ 3B interaction energy

a*® = 0.0018012(4)

a$*P) = 0.017550(1)

For symmetry reasons
. would also expect to see v, u

. and other interactions such as weak
iNnferaction

Indeed, for the B string one olbserves

)

ag?’B = aq(3mg, ) + ok (3my,)
(3B)
%)

weak

— Oéel(gmeR) T (X\lz/vléak(ngeL)

C. Beck, Chaotically quantized field theories — p.24/4;



Elecfroweak coupling

We use
f (T]‘? — Qf Sin2 Qw)2
sin? @y cos? Oy,

where T}?’ s the weak isospin of the fermion and @) its
charge (in unifs of ), and the fact that leff handed
and right handed particles cannot interact.
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Elecfroweak coupling

We use
f (T]‘? — Qf Sin2 Qw)2
sin? @y cos? Oy,

where TJE?’ s the weak isospin of the fermion and @) its
charge (in unifs of ), and the fact that leff handed
and right handed particles cannot interact. Result:

Qo1 (3myg, ) + ok (3m,,) = 0.001801
Qo1 (3Mey,) + ank  (3m, ) = 0.01755

which is a 4-digit coincidence with the zeros of 3B
string.
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Elecfroweak coupling

We use
f (T]‘? — Qf Sin2 Qw)2
sin? @y cos? Oy,

where TJ%?’ s the weak isospin of the fermion and @) its
charge (in unifs of ), and the fact that leff handed
and right handed particles cannot interact. Result:

Qo1 (3myg, ) + ok (3m,,) = 0.001801
Qo1 (3Mey,) + ank  (3m, ) = 0.01755

which is a 4-digit coincidence with the zeros of 3B
string.
mass estimate:

mu p— (7 ]_ :l: 3 . O) M ev Beck, Chaotically quantized field theories — p.25/4.



Elecfroweak parameters

Vice versa, knowing aq(F = 3m.), we determine

a0 = ()1~ 221 5t

x/old(l—a:)ln (HS»; (1—:1:)) daz}

as aq(0) = 1/137.03(3), to be compared with 1/137.036.

INn The same manner,

, 1 1 (0)
20 =~ [1—= [1— °l — 0.23177(7
sin” Ow = ( P (7

2

perfectly agrees with measurements in (PDG)
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2A Inferaction energy
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% 24 interaction energy
"

The only zero
a* = 0.120093(3)

numerically appears fo coincide with the strong
coupling constant «, at the W boson mass scale,
again in excellent agreement with measurements.

Observe symmetry: N = 3 strings fix electroweak cou-
plings at lightest fermion mass scales, N = 2 strings
sfrong couplings at lightest bosonic mass scales. B-
coupling form describes spinless states, A-coupling

states with spin.
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2B~ Inferaction energy
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ﬁ 2B~ interaction energy

The first stable zero of the 2B~ dynamics
provides a prediction for the Higgs mass:
mpyg = (154.4 T 2) GeV

(2B7)

a; = 0.095370(1) inferpreted as
ang_) = a4(F) with E = mpy + 2my

Discrefe symmmetry transformations for
chaotic strings studied in detail iN m. schoefer,

C. Beck, Dyn. Syst. 25, 2563 (2010)
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& Relevant energy scales

T

Lots of other coincidences with standard
model couplings for local minima of self
energy

relevant energy scales £ always given by
E = (mB -+ me)

Factor N/2 can be understood from
superstatistical generalized statistical
mechanics approach (formally
v2-distributed inverse local femperature
and complex momenta)
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% Feynman webs
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Fig. 5.1 T'eynman web interpretation of the coupled map dynamics.
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* 2 A self energy
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ﬁ 2 A self energy

ai?M = 0.1848(1) « a,(2my) = 0.1848

obtained for m, = 4.23 GeV
a* =0.03369(2) — as(my + 2my) = 0.03369(1)
with as(E) the SU(2) part of the elecfroweak coupling

a*Y =0.00755(3) < aa(2m,)
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2B self energy
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i. More deftails

A detailed description of all numerical coincidences
observed (lboth for interaction energy and self
energy), can be found in

C. Beck, Spatio-temporal Chaos and Vacuum
Fluctuations of Quantized Fields, World Scientfific
(2002)

These results have also been published in
C. Beck, Chaofic strings and standard model
parameters, Physica D 171, 72 (2002)

Connection with dark energy:
C. Beck, Phys. Rev. D 69, 123515 (2004)
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Grand unification

Energy dependence of the three SM couplings
given by the second-order formula

1 —ﬁoln<El> 1 b1 <1/04z‘(E/)+51/50>

a;(E’) L ai(E) o 1/ai(E) + B1/Bo

_1 b, b
Bo 2T ( + ]z#:z 477%( )) ’ b 72

4/3 1/10
(22/3) + Np <4/3> + Ny < 1/6 >
—11 4/3 0

0 19/15 3/5 44/15 9/50 9/10 0
(bij) = (0 —136/3 > (1/5 49/3 4 >+NH <3/10 13/6 0)
0 0 —102 11/30 3/2 76/3 0 0 0

U. Amaldi, W. de Boer, H. FUrstenau, Phys. Lett. B260 (1991) 447
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Grand unification

Three Standard Model (SM) couplings

2

g1 €
- S 4= U1
4 A1’ 91 cos Oy (1)
9
9o €
= == — SU(2
2 a7 s Oy 2)
2
g = ﬁ = SU(3)

Ng: number of active families

Ny: number of active Higgs bosons (SM: 0 or 1)

For a quick and systematical overview see e.g.

Gordon Kane, "Modern Elementary Particle Physics”, Addison-Wesley 1993
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i. Grand unification

Observed local minima of the self energy of
chaofic strings do not provide evidence for
supersymmetric particles. They do provide,
however, evidence for a grand unification
energy scale near 10! GeV (based on non-
supersymmetric energy dependence of the
running coupling constants).
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% Grand unification scenario
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Fig. 10.1 Grand unification scenario based on non-supersymmetric beta functions.
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& Dark energy

T

Parisi-Wu approach for stochastic quantization
applied to self-interacting scalar field ¢
of the Robertson-Walker metric

%gb — o+ 3Ho+ V' (¢) + L(s,t)

L(s,t): Gaussian white noise
H: Hubble constant
V' potential under consideration

Discretization s = nr, t = 0, ¢! = pnx®’ under the
assumption that a := 27/§% remains finite leads to

oL, = (1—a)T(@;)+§a5H(¢;—¢;—1)+g(@;—1+<1>;+1)+Txnmse
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Dark energy

Connection between V'(¢) and T'(®):

1 —
V() = —{=0 + PuaxT (D)}
or integrated over ¢
Vig) = > b {-%@2 4 /T(cb)dcb} e

For T(®) =T 3(®) = —49° 4+ 3® and a suitable choice
for C' we obtain

3 2
(VI () = =

where (A) = [ A(P)po(D)dP.
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& Dark energy
"

The chaotic N = 3 field with a = 0 generates dark
energy given by (V¥ (¢)) = max

Current observational estimate of dark energy density
S ps = (294 0.3) x 1074 GeV".

All fields with coupling ¢ > 0 have an equation of state
w = p/p > —1 and their energy density rapidly decays
during the expansion of the universe as p ~ R~3(1+w)

(R: scale factor of RW metric)

C. Beck, Phys. Rev. D69 (2004) 123515
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SO0 what is really going on?

* Inifially everything is a Bernoulli shift of information
(D,,.1 = Tn(D,)) In fictitious time n
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SO0 what is really going on?

Inifially everything is a Bernoulli shift of information
(D,,.1 = Tn(D,)) In fictitious time n

This initial shift of information then coupled in one
(fictitious) space-coordinate, described by
generadlized statistical mechanics (g = 3)
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SO0 what is really going on?

Inifially everything is a Bernoulli shift of information
(P,1 =Tn(D,)) In fictifious fime n

This initial shift of information then coupled in one
(fictitious) space-coordinate, described by
generadlized statistical mechanics (g = 3)

Coupling parameters move to zeros of
iInteraction energy, local minima of self energy.
and are fixed for the fufure universe
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% S0 what is really going on?
I W

Inifially everything is a Bernoulli shift of information
(P,1 =Tn(D,)) In fictifious fime n

This initial shift of information then coupled in one
(fictitious) space-coordinate, described by
generadlized statistical mechanics (g = 3)

Coupling parameters move to zeros of
iInteraction energy, local minima of self energy.
and are fixed for the fufure universe

Then physical space-fime is created.
Fundamental constants of SM fixed by chaofic
strings (which generate moduli potentials)
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Brief history of the universe

* Chaotic string dynamics can now be
re-interpreted as a (singular) scalar field in a
Robertson-Walker metric, eq. of state w = —1 for
a = 0 only.
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Brief history of the universe

Chaotic string dynamics can now be
re-interpreted as a (singular) scalar field in a
Robertson-Walker metric, eq. of state w = —1 for
a = 0 only.

All chaotic scalar fields with couplings a # 0 thin
out immediately, only a = 0 fields remain with
constant density and generate dark energy
(cosmological constant).
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J' Brief history of the universe
L W

Chaotic string dynamics can now be
re-interpreted as a (singular) scalar field in a
Robertson-Walker metric, eq. of state w = —1 for
a = 0 only.

All chaotic scalar fields with couplings a # 0 thin
out immediately, only a = 0 fields remain with
constant density and generate dark energy
(cosmological constant).

Chaotic uncoupled fields may serve as perfect
noise source for Parisi-Wu approach of
quantization, there is equivalence with stochastic
quantization.
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{ Conclusion 1

o

Chaoftic quantization approach gives physical
mMmeaning and complex structure to the noise of
the Parisi-Wu approach.

In the chaotic noise space things are discrete,
nonlinear, chaotic, coupled and complex. This is
complexity science at a fundamental level.

The most relevant concept in the chaotic noise
space is information (and a shift of symlol
sequences). Generalized statistical mechanics
methods come in as useful fools.
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ﬁ Conclusion 2

Anthropic principle is wrong —there is good
reason why SM parameters have the values they
actually have.

SM parameters are chosen in an optimum way
—they minimize the interaction energy/self
energy of chaotic strings. For zero correlation
function they look as random as possible.

Fictitious tfime has physical meaning. Before
creation of space-time the universe may start out
of a Bernoulli shiff of information in fictitious time,
later this becomes stochastic quantization noise.
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