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Thoughts on duality and fundamental constants

J.A. Nieto*, L. Ruiz, and J. Silvas
Facultad de Ciencias Bico-Matenaticas, Universidad Ad@noma de Sinaloa,
80000, Culiaén, Sinaloa, Mxico,
*e-mail: nieto@uas.uasnet.mx

Recibido el 13 de septiembre de 2006; aceptado el 18 de enero de 2007

We consider some fundamental constants from the point of view of the duality symmetry. Our analysis of duality is focused on thi
issues: the maximum radiated power of gravitational waves, the cosmological constant, and the magnetic monopole mass. We show
the maximum radiated power of gravitational waves implies that the Planck time is a minimal time. Furthermore, we prove that dual
implies a guantization of the cosmological constant. Finally, by using one of the Euler series for the aymieeshow that the Dirac
electric-magnetic charge quantization implies a mass for the magnetic monopole (or neutrino) of the tidértbé mass of the electron.

Keywords:Fundamental constants; gravitational waves; cosmological constant; duality.

Consideramos algunas constantes fundamentales desde el punto de vista deitadsrdetlidad. Nuestro alisis de dualidad se enfoca en
tres temas: la potenciaarima radiada de ondas gravitacionales, la constante cogivaly la masa del monopolo magito. Demostramos
que la potencia @xima radiada de ondas gravitacionales implica que el tiempo de Planck corresponde a un tieimumo mlas aun,
probamos que la dualidad implica una cuanti@aaile la constante cosndgjica. Finalmente, usando una de las series de Euler para el
nimeron, demostramos que la cuantizacide la carga éktrica-magética de Dirac implica una masa para el monopolo rééiga (o
neutrino) del orden d&0~° la masa del elechn.

Descriptores:Constantes fundamentales; ondas gravitacionales; constante égaraptiualidad.

PACS: 04.60.-m; 04.30.-w; 6.20.Jr; 98.80.-k

1. Introduction magnetic monopole, namely of the order of GeVs. Thus, we
find that duality seems to imply a deep connection between
Because the problem of the number of fundamental conthe neutrinaz, and the magnetic monopole.
stants [1] and their possible time variability [2] is of per-  Moreover, we explain that the three different types of re-
manent interest in physics, any consistent new idea on thisyits mentioned above can be written in a dimensionless con-
subject must be welcome. In this context, it has been emphastant context. This suggests that the underlying theory must
sized [3] that one should only consider as physically meanpe invariant under the duality of the dimensionless fundamen-
ingful the variability of dimensionless constants rather thang| constants rather than a duality of dimensional constants.
dimensional constants [2]. This claim is not shared, howeverThis result is in agreement with Dirac’s older idea [3] (see
by some physicists (see Ref. 2 for details), and therefore newgef. 2 for a recent discussion of this problem) that dimen-
routes for approaching the subject seem to be needed.  sjonless constants are more important than dimensional ones.
One of our aims in this paper is to shed some light on therrom this perspective, one may conclude from our results that
above controversy by applying the duality concept to somen fact what matters is the variability of dimensionless funda-
fundamental constants. Specifically, in this work, we anamental constants, as Duff has emphasized [2], rather than the
lyze some fundamental constants from the point of view ofvariability of dimensional fundamental constants.
a duality symmetry, including the Planck time, the cosmo-  This article is organized as follows. In Sec. 2, using the
logical constant, and the magnetic monopole mass. We shojaximum radiated power of gravitational waves, we prove
that by applying the duality concept to the maximum radiatedhat the Planck time is a minimal time. In Sec. 3, we discuss
power of gravitational waves one obtains the result that thenhe cosmological constant duality, and in Sec. 4 we analyze

Planck time must be a minimal time. Furthermore, using thehe magnetic monopole mass from a duality perspective. Fi-
S -duality concept for the cosmological constant, obtained imally, in Sec. 5, we make some latter remarks.

the linearized gravity development [4], and relaying on anal-

ogy of the Dirac’s quantization of the electric and magnetic . . )
monopole charges, we argue that duality implies a quantié- Duality between the maximum radiated
zation of the cosmological constant. Finally, by using one power and Planck time

of the Euler series for the number we demonstrate that the ) o

Dirac duality concept for the electric charge implies a relationCONSIder a source of gravitational waves of magand ra-
between the electron mass, and the magnetic monopole dlus_r. I_t is known that an estimate of the radiated power of
massm,,. Such a relation leads to a value foy, of the order ~ 9ravitational waves is given by

of the neutrino mass- 10~ m,, which is too low in com-

. . T'Sch 5
parison with the expected standard value for the mass of the P~ Ly ( , ) 5 (1)
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where 5 Under the transformation
C
LO B 5’ (2) 5Auaﬁ = au/\aﬁv (9)
and aM the curvature tensor
TSch = 62 . (3) B B aB
Eol = 0,A07 — 0, A7 (10)

Here, ¢ is the “light” velocity (or spacetime structure con-
stant in the terminology of Ref. 5) an@ is the Newton is invariant. This means that the tensﬁﬁ’f can be identified
gravitational constant. In order to avoid the collapse of thewith an abelian field strength.
object into a black hole, it is necessary to hayg, < r and Consider the extended curvature
therefore from formula (1) we see that the maximum radiated

g 5 ] }“aﬁ — Faﬁ + Qaﬁ
power of any object id.,. Conversely, if we assume thag ny my nvs
is the maximum radiated power, then from (1) we obtain theyhere
relationrg., < R, which is linked to the relation < ¢,
wherev is the velocity of the source. Q) = 60hl] — 67 1hg — 60 hl + )RS (12)

Let us now introduce the Planck time

(11)

In Ref. 4 it was shown that the action

Gh\'/? 1
tp = 4 - = 4, . _pvaf T\ op
P (05 ) ; 4) S T6A /d L N A
i i i 29 rvo T g
\év:ereh is the Planck constant. This formula can be written + 5 dAzet ﬁ}-ugfagémgp, (13)
g < = L. (5) where A and © are constants, permits a dual action.
tp G From (13) we observe that the cosmological constaris

Therefore, by fixings, we obtain the interesting dual prop- playing the role of a gauge coupling constafitand tha® is
erty: Lo is the maximum radiated power if and onlytif is  playing the role of & constant in the usual abelian Maxwell
a minimal time. Of course, whenis setting, one has that theory. Thus, we find that the analogue of the gauge coupling

minimal timet p implies that the Planck length constant dualityy? — 1/¢? in the case of linearized gravity
corresponds to the cosmological constant duality transforma-
I — ctp — Gh 1/2 tion A — 1/A (see Ref. 4 for details).
P=CP =12 In this section we are interested in a deeper understand-

. o ) _ ing of the relation (6). For this purpose let us recall how the
is a minimum length in nature (see Ref. 6). Although, thise|ation (7) arises in Abelian gauge field theory. It turns out

result seems to be in agreement with the idea that a fundgnat the origin of (7) is Dirac’s electric charge quantization
mental length arose in the string theory (see Ref. 7), its classondition, namely

sical derivation presented here contrasts with the same result _ nhc 14
obtained from quantum gravity (see Refs. 8 to 11, and refer- ge =5 (14)
ences therein). whereg is the magnetic monopole charge. The key point is

that the source-free Maxwell field equations are invariant un-

3. Cosmological constant duality der the transformation

. . . . FE—B B —FE. 15
In Ref. 4 it was proved that linearized gravity la - - (15)

MacDowell-Mansouri implies a cosmological constant dual-While in the case of nonsource-free Maxwell equations the
ity symmetry transformation (9) needs to be extended and accompanied by
A < l’ (6) the transformation
A g < e. (16)
which can be thought of as the analogue of the charge duali%

in an Abelian gauge field theory, ue to (14), one sees that (16) is equivalent to (7).

In general, the cosmological constantan be written in
9 1 terms of a fundamental lengthin the form
ef - —. (7
A7jE(D—1)(D—2)
In order to clarify this analogy, let us briefly describe the main N 2[2

result of Ref. 4. Let us introduce the ‘gauge’ field of lin- where D is the dimension of the spacetime of an arbitrary
earized gravity, signature. Therefore, the duality relation (6) is equivalent to

; (17)

1
Apap = 5(8ahuﬁ — Oghua) = —Ausa- (8) % - (18)

ﬁ.
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We observe that (18) establishes the analogy between (@9 invariant under transformations (23) and (24). Thus, the
and (7) in a clearer context. Thus, following this analogy,constants in (25) must be fundamental, dimensionless, and
one should expect (18) to be a consequence of the quantizahould not be related to any property of the system. On the

tion relation other hand, it is known that not only the fine structure con-

Ll = "ZPR, (19) stanta = e?/hic can be related to the numbervia the

2 Weyler heuristic formula
wherel,, is the Planck lengthi is the radius of the universe s\ 14
and L is the dual length associated with In turn, this re- o= 9 (77> (26)
sult implies a quantization df and therefore a quantization 8t \ 245! ’
of the cosmological constant via the relation (17). In fact, bypyt also all masses of fundamental particles via the hyperdia-
writing A; = A and mon lattices based on Clifford algebras (see Ref. 13, and ref-
(D —1)(D - 2) erences therein). This suggests than (25) could, in prin-
Ap = iT’ (20)  ciple, be related to the numbet Let us choose one of the

simplest possibilities for such a constant, namgly ar?,

we discover that (19) implies the formula wherea is a numerical factor independent ofto be deter-

(D —1)%(D — 2)? mined below. Thus expression (25) becomes
Achy = 22 (21) myg?
P 97 = an”. (27)
Me€

Of course, the caseD = 1 andD = 2 are exceptional, i )
as can be seen even from (17). So, out of these two caseédSing (14) and the fine structure constant= e?/hc, for-
one may be interested in an understanding of the meaningula (27) yields

of (19) and (21). First of all, if\; # 0, we discover that, my = damea’n?. (28)
should be quantized. Second, assunting R/2, we observe
from (19) that = nl, and thereforé, is a minimal length, in
agreement with our discussion in Sec. 3. Finally, from (19) mgc2 = dam.c?a’m>. (29)
we see that, taking ~1,/2, one obtaing = nR, and there-
fore from (17) or (21) we find that

It turns out to be convenient to multiply this expressiorchy

On the other hand, there exists a famous numerical series
due to Euler for determining the numbernamely

(D-1)(D-2) o )

A=t LTS (22) 1

2n2R2 Z ﬁ = F, (30)

For n=1, D=4 and R~10%®cm we getA;~10"%%cm2, ) o=t ) o
which is a very small value but nevertheless different from"hich can be used in Eq. (29) to obtain the intriguing result
zero. It is not difficult to see that these results can be du- ) > mecta? 1
alized, that is, wher\; is small, A, is large and vice versa. Mmgc = Z 5 2’ (31)
For historical reasons the attempt to make zero the cosmolog- n=1

ical constant is called “the cosmological constant problem” provided we set, = 1/2(4!). Therefore, we have shown that
From (21) we observe that fd» # 1 andD # 2, this type of  using (14) the invariant formula (25) with= 72 /2(4!) leads
problem has no a solution free of singularities. In fact, (21)to (31). We recognize in the expression

implies that ifA; — 0, thenA; — oo and vice versa. mec2a? 1
E,=- — (32)
2 n
4. The magnetic monopole mass duality the well known formula for the eigenvalues of the energy for
the hydrogen atom. From (31) we find that the valuergf
Consider the duality transformations is of the order of the neutrino mass,, ~ 10~°m,, but
1 too low in comparison with the expected standard value for
9> — = (23)  the magnetic monopole mass, which is of the order of GeVs.
One may try to understand this result by considering the well-
and 1 known neutron decay
my —— . (24) B
Me n—p+e+ . (33)

Observe that (23) is a consequence of (14). In (24)refers A hydrogen atom is made out of a protgnand an elec-

to the mass of the magnetic monopole. Moreover, we a%rone. Thus, the transition (33) suggests that the total energy

assuming that 'Fhere exists the analogue of formula (24) fc’f)btained by the eigenvalues of the energy according to (32)
mass quantization, as Zee [12] has suggested for any MasSi¥fould determine the mass of the neutrino However, re-

system. It is not difficult to see that the relation lation (32) suggests identifying,, with m,, and therefore,
myg? we may conclude that duality seems to imply a deep connec-
=0, (25)  tion between the neutring. and the magnetic monopole.

mee?
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5. Final remarks string theories leading to the so-called M-theory [14]. Thus,

. ] one may say that M-theory is the final goal of a duality prin-
In this work we have shown that duality at the level of funda-cjple. The fine point is that this idea may require a new and

mental constants leads to some interesting and intriguing comexpected mathematical framework for its realization. In a
clusions: the Planck time is a minimal time, the cosmologi-series of works [15]-[22], it has become more evident that a
cal constant is quantized and the magnetic monopole mass égngidate for such a mathematical framework is the oriented
related to the neutrino mass. One should expect similar obnatroid theory [23]. Hence, one of our aims for further re-
servations if the duality concept is applied to other physicakegarch is to use the oriented matroid theory as a mathematical

scenarios. _ _ _ tool in order to have a better understanding of the duality of
A question arises whether this duality of the fundamen-,ndamental constants.

tal constants might shed some light on the controversy about  The main idea of the present work was to link duality
the variability of fundamental constants. Let us write for- symmetry with various fundamental constants. In this re-

mula (19) (forn = 1) as spect, it is worth mentioning that a relation between the cos-
r 1 mological constant and atomic units was established a long
RL " % (34)  time ago [24]. In fact, this relation seems to present some

P

kind of duality between the cosmological constant, similar
We observe that this is a duality relation between two dimento the present discussion. Therefore, it may be interesting
sionless constant§/R andi/l,. Similarly, considering the for further research to analyze the ideas of Ref. 24 from the
ratiosm,/m. andg?/e?, one sees that (25) is a duality ex- point of view of the present work. Furthermore, there will be
pression between two dimensionless constants. Of courseffects of duality symmetry in connection with fundamental
exactly the same conclusion can be obtained from Dirac’sonstants, and in particular with the cosmological constant,
guantization condition (14), since in that case one may writevhich we might hope be able to measure. In this sense the

(forn=1) cosmic geophysical observations discussed in Ref. 25 may be
ﬁi _ 1 (35) a guide, and this is something we hope to consider in the near
hche 4 future.

These observations mean that, from the point of view of du- From the present work the following natural questions
ality symmetry what seems to be essential are the dimensiofnay emerge:

less constants rather than the dimensional ones, in agreement

with Dirac’s argument [3] and Duff’s reply [2]. In fact, itis () The Expression (1) for the radiated power of gravita-

easy to see that duality in terms of fundamental dimensional ~ tional waves is calculated in linearized GRE,, for
constants does not make sense. For instance, let us assume a Weak gravitational fields. What sense does it make then
duality for the light velocityc of the form to bring it into context with the Planck time which gov-
erns extremely strong gravity?
1
2
c < o2 (36) (i) What does it mean to quantize a fundamental constant,

as motivated by some formal analogy for the cosmo-
logical constant? Wouldn't it be a proposal against the
spirit of such a constant?

If we setc = 1, then this symmetry is lost. Thus, in order
to maintain the duality symmetry of an underlying theory, it
is necessary to express it in terms of dimensionless constants.
In turn, this implies that what matters is the variability of such (jii) Is there any physical meaning of the sum over all infi-
dimensionless constants, rather than dimensional constants.  nite energy levels of the hydrogen atom?
Considering this observation, we discover that (34) and (35)
establish that time variability of a dimensionless fundamentalt is clear that, although these questions are interesting, their
constant implies a time variability of its corresponding dual. answer might not be so simple. Nevertheless, it is tempting to
Now, one should expect that the duality of the dimension-4ry to give a possible answer. Let us first discuss question (i).
less fundamental constants is reestablished in a duality at tHeturns out that exactly the same question can arise in the case
level of fundamental field theory. Maxwell field theory, with of weak/strong coupling duality of linearized gravity [4,26].
both electric and magnetic sources, offers an excellent exani-he answer in this case may rely on the assumption of dual
ple of this remark. Therefore, one should be interested inphases’ of M-theory, one which describes weak gravity and
applying the ideas discussed in this paper in a correspondinttpe other, strong gravity. And each one would have its own
field theory in which duality may play a fundamental role. In field theory limit. But the idea is that M-theory itself be-
fact, the duality for linearized gravity used in Sec. 3 as startcomes invariant under a weak-strong duality transformation.
ing point in connection with the duality of the cosmological From this perspective, it seems surprising that one may touch
constant is a good example of this idea. However, one mathis idea of dual phases of M-theory by simply considering
still be more ambitious and ask for a theory in which dualitythe duality between the maximum radiated power of gravi-
acts as a fundamental principle. In a sense, this is the prirtational waves and Planck time. A similar argument can be
ciple suggested by the interconnection between the variouspplied in the case of question (ii). M-theory should have
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two dual phases each one with small/large cosmological coratom. From this perspective, one has obtained the surprising
stant. So, the traditional spirit of the cosmological constantesult that the quantum energy formula for the hydrogen atom
comes from just one of these dual phases; but as soon as oisea consequence of the dual phases of M-theory.

realizes the possibility of the other dual gravitational phase, Although the above explanations in terms of M-theory
then the quantization of the cosmological constant becomeseem reasonable, one can still have the feeling that the ques-
as a consequence. It is worth mentioning that the idea of thons above require further discussion. For instance, M-
guantum cosmological constant has already appeared in oth#reory does not give an answer to the question: What is the
contexts [27,28]. At first sight it seems that the question (iii)strong gravitational coupling phase? Attempts to answer this
should correspond to a different scenario. However, sincguestion have been given by Nieto [4] and Hull [26]. In
we have assumed in Sec. 4 the weak/strong coupling duaparticular, Hull's idea is to construct a theory from the dual
ity for an Abelian gauge theory, which is presumably partgauge fields

of M-theory, we find that a possible answer might also be Dyvra = ewmhﬁ (37)
found in the concept of dual phases of M-theory. In fact,gnd
suppose that we have a system in which in one phase can be

PP y P C,uya'ypcr = epuaﬁ@ypo)\hﬁ)\v (38)

described by the associated constantsande and in the
other bym, andg, respectively. In order for this description which are duals of the gravitational fluctuatibn Although

to make sense, something must remain constant. Accordinpese ideas have generated some motivation (see Ref. 29,
to formula (25) this is provided by the combinations, g* and references therein), complete dual gravitational theory is
andm.e?. Thus, such a constant must be fundamental, distill a mystery. Thus, since the strong gravitational coupling
mensionless, and should not be related to any property of theghase is an open problem, one cannot expect to give a gen-
system itself. What better than the numhér It just hap-  eral answer at the present to the above questions in terms of
pens that, as the Weyler heuristic formula, and formula (27M-theory.

indicates, such a constant should be proportionaftather
than itself. Now, from (27), one may obtain (29). The next A
step is simply to apply the famous numerical series (30) due

to Euler for determining the number. What we obtain is This work was Supported in part by the UAS under the pro-
the energy formula (31), which can be related to the hydrogegram PROFAPI-2006.
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