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PACSE. 11.30. — Symmetry and conservation laws.

Summary. — We show that an isotopic lifting of the Hilbert space implies a time-
asymmetry for open nuclear reactions, while recovering the time-reversal invariance
for center-of-mass trajectories of the implementation of the system into a elosed form.
The coneeptual, mathematical, and experimental plausibilities of the model are indicated.

Without doubi, the origin of the time asymmetry of our macroscopic world consti-
tubes one of the most intrigning (and fundamental) open problems of contemporary
physies.

At the Newtonian level, the situation is sufficiently (yot incorupletely) understood.
Consider our Earth as seen from an outside observer. Its center-of-mass trajectory
is manifestly time symmeiric. Nevertheless, interior, open (rnonconservabive) systoms
are manifestly time asymmetric. Particularly important for this note is the fact that
the time asymmetry resulés to be ultimately due to the nen-Hamillonian character of
the forces, and to the consequential, noncanonical nature of the time evolution, as
established, say, by & satellite during re-entry. Besides conventional, closed Hamiltonian
systems (e.g. the planetary and atomic systems), Nature clearly exhibits more general
systems of closed non-Hamiltonian type, i.e. gystems verifying conventional conserva-
tion laws of tolal quantities, yet the internal forces are outside the capabilities of Hamil-
tonian mechanics, This novel situation has stimuiated the construction of the so-called
Birkboffian (1) generalization of Hamiltonian mechanics (*) for the exterior closed
treatment, and of the complementary Birkhoff-admissible meehanicd (*) for the interior
apen case.

(*) Supported by the U.S. Department of Enecrgy under contract no, DE-AC02-30ER10651.A002,
(") G. D. BIRKEOY¥F: Dynamical Syslems, Amer. Moth, Soo. Providence, It.I, {1527).

(*) TR M. SANTILLI: Foundations of Theorclical Mechanies, Vol. II: Birkhoffian Gencralization of
Ilgmillonian Mechanics (New York, N.Y. and Heidelberg, 19823,

() B M. SaNpikLL: Lie-ddmissible Approweh to the Hadronic Structure, Yol. IL: Coreréng of the
Galilel and Eiostein Relativities? (Mass,, 1982).
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Ab the stabistical level, fundamental advances in the non-Hamiltonian origin of ir-
reversibility have been made by Pricosing {!) and his group for hoth classical and
quantam-stabistical ensembles. Furthor advances have been made by FRONTEAL.
TRLLE-ARENAS, SArMow, GUrasy, GRMELA, ¢t ol., this time for the nen-Ilamiltonian
origin of irreversibility at the level of each individual constituent of a statistical en-
somnble, as reported at the reeent Orléans Tnternational Conference (7). The unity of
thought of these statistical studies with the Newtonian profile is remarkable. In fact,
the Birkhoffian mechanics is a rather natural analytic counterpart of Prigogine’s sta-
tighios for closed systems, while the Birkhoff-admissible meehanics is the analytic basis
of the statistics advoeatcd by FRONTREAU ef al., for open systeins, with tho understanding
that » deeper unity of mathematical structure exists (33:6),

At the pariicle Ievel, the situation is fundamentally unresolved to this writing.
A primary objective of this note is that of stressing the need for a systematic considera-
tion of all plansible views on the problem, owing to its relevance. In fach, as it has been
ihe case at tho Newbonian and at the statistical level, irreversibility may imply a vevi-
sion of the foundations of particle dynamies, with implications ranging from gongrolled
fusion to solid-state physics, as well as to other branches of sciences, such as theor-
ctical biology. ’

Congiderable difficulties have been recently identified for the ecompatibility betwoen
sonventional Hamiltonian/funitary time evolutions of parficles and the established
irreversibility of the physical world {5). Some of these difficalties are due tio the manifest
problematic aspects of any quantitative attompt to achieve the established noncanonical
time evolution of the Newtonian systewms of our envirenment via a large collection of
unilary time evolutions for its constituents. Other difficulties are of statisticat/ther-
modynamical nature.

The line of study submitted for consideration in this note is the following. There
is no doubt that canonical formulations have a clear applicability in Newtonian and
(classical) statistical meehanies. However, they are unable to represent the tetality of
systems. In faet, whenever particles canunolb be effcctively approximated as being
pointlike, we have the cmnergence of confact inleraetions for which the notion of potential
oncrgy has no physieal basis. Under these condifions, the eonstraction of covering
mechanics hag resulted to be necessary for the trentment of gystoms in the framo of
the observer (*9).

In order to have the prorequisibes for unity of physical shonght, we propose a simitar
approach for particle physies. The arena of unequivocal applicability of theconvenbional
Hamiltonian/unitary time evolution can be identified with physical conditions under
which particles can be effectively approximated as being pointlike. This includes the
virtual totality of the electromagnebic interactions, as well as several aspects of weak
interactions (e.g., semi-leptonic decays). Howcver, wo expect the existence of physical
conditions of massive, extended, particles {such as hadrons) under which pointlike
approximations hecome execssive, and suitable corrections of the Hamilbonionfunibary
sime cvolution must be theoretically identified and experimentally fested. Tor this
purpose, we essentially recommend the same patbern used for the construction of quan-
fum mechanics, but now referred to the generalized context. These gaidelines restrict
possible generalizations of the Hamiltonian/funitary time evolution to forms possessing
1he seme mathematioal structure us thal of their Newlonion and stabistical cownterparts.

4y See I, PriouiNi: Nobel Leclure (1877) and quoted works.
() Proveedings of lhe Pirst Inlernational Conference on Nonpelenfial Inleraclions and Pheir Lie-

adinisgible Treatment, Hadvowic J., 3, no. 2, 3, 4, & (1082),
¢ R M. Sawvienn fadvonde J., 5, 2064 (1982},
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Roecall thal, Hamiltonian tihme evolutions, whether classical or quantum-mechaniond,
arc a realization of Lie's theory. Two progressive generalizations of Lie’s theory (heyond
grading sypersymmetrie extensions) have been recently idenbified by mathematicians
and theoveticians, one called of Lie-isofopic type, and a more general one ealled of Lie-
admissible sype {see hibiiography-index (7) and proceedings (%)), Now, the Birkhofiian
tiine evolution is a realization of the Lie-isotopic theovy {2), while the same conelusion
ean be reached for Prigogine's time evelution owing to its derivation via a nonunitary
transformation of conventional evolutions (%). Similarly, the Birkhoffian-admissible
fimea evolution is a realization of the Lie-admissible theory (*), while the same result ig
known to hold for the time ovolusion advoeated for open stabistical ensembles by
Frow1mAU ef al. (5%).

These results suggest rather naturally the study of a conceivable generalization of
quantum mechanics {here called « atomic mechanies ») inte a covering discipline for
contact interactions among extended particles catled « hadronic mechanics », as originally
proposed in ret. (2) and currently under study by n number of authors {see again ref. {79)).
Hereinafter, we shall consider the branches of hadronic meechanics treating the exterior/
closed/non-Hamiltonian case (?) and the interiorfopen/non-Iamiltonian case (). The
former theory is8 essentially characterized by one, single, left and right isotopie lifting
of the atomic formulations. Let @ be the enveloping associstive algebra of an atomic
model with operators 4, B, ... and convenfional preduct 4B, An isotope B of @ is the
veotor space P cquipped with the new (associative) produet A % B = 4TB, where
where 7' = P(r,p..) is a fixed invertible operator. The unit I = f of @, Id=Al=A,
is now mapped into the operator unit f=7-1 of B, % 4==4 % [=4. The isotope
of the Hilbert space 4 of the atomic model with product (g, o’) is then characterized

.
by the lifting (e, ¢’} = Ha, Ta') == (aT, a')d under suitable topological restrictions
on 7 (Hermiticity, positivity, efe.). For the algebra & fo act linearly on S, the field
of sealars C must he subjected to the Hfting € = {g|¢ == Teiee C}. Al the various
propertics and operalions on a Hilberf space ean then be subjected to an isotopic
generalization (*). We recall here, for example, thal an operator U is isotopic-unitary
when it verifies the rules U U-1= U-'% U = [. in which case it admits the expo-
nentiad form T = I exp [{w# A == cxp [¢4 % w]{, where A is an isotopic.Hermitian
operator (.. » hadronie¢ observable).

The theory characlerizes the following Eie algebra preserving generalizaiion of
HMeisenberg’s equations originally proposed in vef. ()) (p. 752) as an operalor image of
Birkloif’s equations (}):

(H id = [Ad, B = A B—Ba d = ATE—RBTA,

where B is ealled the Birkhoflian operator to emphasize the care needed for its identi-
fication with the total energy owing to novel degrees of freedom. The isobopy permits
a consistent generalization of the main theorems of Lie’s theory, such as Lie’s first,
second and third theorems, the Poincaré-Birkhoff-Witt theorem, cte. (%), Equation {1) is
therefore integrable to the finite form originally identified in wel. (3) (p. 783)

e Aty = §explils B]# A(0) = exp [—iBw#]],

"} M. L. TouMprr of el Hadronde J., 3, 507 (19%7%); 4, 1318, 1444 (3981)
4y T M. Saxtinu: Hadrende J., 1, 374 (1978),

2y I O, AMvose and T M. SANTILLL: Hadronde ., 5, 1277 (1982),

(Y 1T, MyvNe and 16 M. Santinne: Hadrvonde J., 5, 1377 (10842).
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whicly ig a realization of a one-dimensional, eontinuous. ¢ Lie-isotople group » (&7F).

"Fhe conventional Schrédinger’s squation is also eneralized into the isotopie eigenvaine
g L P 2

form studied in rel. () following the original identification by MiGwawN1 ()

(3) By =Ry = bacp = by .

Prodictably, the gencralized Heisenberg's and Schrodinger's equabtions are conneeted
by an isotopic-unibary transformation under cerbain topologieal restrictions (7).

The isotopic branch of the hadronic mechanics is clearly set for the direct representia-
tion of closed non-Hamiltonian systems. Tn fact, the anticommutativity of the product
of eq. (1) permits a formulation of total conservation laws mmeh along conventional
lines (3}. However, the acting forces arc now a combination of potential/Hamilbonian
and eontact/non-Hamiltonian forces. They are represented by the Birkhoffian B and
by the isobopic operator T according to an intriguing freedom of selection called Bir-
kheffian gauges ().

The complementary Lie-admissible branch of the hadronic mechanics is essentially
characterized by two, generally diffevent isotopies, one for the aetion to the right and
one for the action to the left (19), For the objectives of this note we shall call «forward »
(¢ backward ») the action to &he right (left) and denote the isotopies with the symbol
« > » (¢< ), with the understanding that the physical time has only one direction.
We then have the isotopic littings @, 7=, C>, and <@, <, <C with products Adx B =

% N S 4
s ATR and units £ = (M5, I = T%,<T.

This more general theory characterizes the following Lie-admissible gencralization
of Heisenberg's equations:

4 jd = (A, B)=d < B—B> A= A<TB—BT>A
with integrated form
(5) A@) = I7 exp[it > B] > 4(0) < exp {— iB < 1<l

proposed in ref, (%) (p. 741-746) as an operator image of the equations originally coneeived
by Hamrnron, those with external terms, only rewrififen in our Birkhoff-admissible
form for coertain reasons of algebraic consisteney (*). Lquation (5) is » realization of
14 one-dimensional, continuous, « Lie-admissible group » (&75), Note that structure (5)
constitutes a group continuously connected to the identity transformation. Never-
theless, the algebra in the neighborhood of such identity is a non-Iie, Lie-admissible
algebra with product (4, B). Note also that struetures {2) and (5) are modular and
bimodular, respectively. The generalized Schrédinger’s equalions characterized by
eq. (5) are those identified by Mrenant (11), which we write in the form B>w=1"by,
and @b, = p << B.

The Tic-ndmissible branch of hadronic mechanics is naturally set for the dircet
representation of open non-Hamiltonian systems. In fact, the lack of anticommutbativity
of the produet now ensures the highest possible nonconservations of physical character-
isties, as desirved, i.e. in & way compatible with total conservations (7).

The compatibility and unity of coneceptual, theoretieal, and mathematical thonght
among the exterior and interior branches of lLadronic mechsanics and the indieated

() R MuexaNs: Hadronic J., 5, 2185 {1982).
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stabistieal and Newtonian formulations, are remarkable. As an example, Prigogine's
sbabistics ig essentially characterized by nonunitary fransformations of econventional,
Lie, #ime evolutions (*). Bub these transformations produee precisely the Tie-isotopic
time evolutions {[) (see, e.q., vef. (), 225}, This establishes the direct relationship
hetween Prigogine’s statistics and ihe Lie-isotopic branch of hadronic mechanics, o
the point the law (I) can be interpreted as an algebraic reformulation for particles of
Prigogine’s time evolution for statisties] densities. Also, nonunitary transformations
of Mamiltonian time-evolutions are known to heirreversible, to be no longer Hamiltonian,
and to admit the Birekhotfian meehanics as o classical limit (%), This establishes the
non-Hamiltonian character of the irveversibility uader consideration in this letter at
both the operator and the classical lovels. Fully equivalent correspondences oceur for
the eomplementary Lie-isotopic approach (%), and they axe omitted here for brevity.

Despite these (and several obher (%)) attractive features, it should be stressed that
hadronic mechanies is still conjectural at this ime, and in need of a considerable amount
of theoretical and experimental inspections. With the nnderstanding that this task
eannot be aceomplished in one single paper, we ghall limit ourselves here to an initial
confrontation of the intrinsically irreversible character of hadronic mechanics with
available esperimental data on time asymmetry in nuclear physics.

To avoid a major misrepresentation of our worlk, it should be stressed that the time-
asyminetry is admitted only for epen (nonconservative) sysiems under the condition that
they recover time-symmetric conter-of-mags trajectories for their closed implementa-
fiong, exactly as it oceurs in our macroscopic realify. The virtual totality of contemporary
lhigh-energy experiments is then excluded from a divect applicability o our model
for a numher of reasons, such as the fact that they are traditionaily formulated for the
closed case, the data are elaborated via the potential seattering theory (rather than
Mignani’s nonpotential generalization (11)), ote.

Consider an open treatment of the Teaction at-A —h+B constituted by a polar-
ined beam of nucleons a in interactions with external nucled A of w fimed target, which
are unpolarized and of spin s,, and a corresponding open treatment of the backward
reaction b4-B — a-+A. Under these conditions, eontact/non-Hamiltonian effects are
expeeted to be small. We shall theretore approximate the isofopie operators hereon
with scalar quantities. Under long-range electromagnetic interactions, nucleons can
Dbe effectively approximated as being poinlike and their spin can be exaclly represented
via the familiax 87, form |5y = {Is> = [$le). When the nueleons enter the infense
fields in the vicinity of nuclei A, their peintlike approximation becomes excessive. In
the hope of representing the simplest possible corrections due to the extended character
of nucleons, we, therefore, consider the forward Lie-isotopic hadronie spin as charvacter-
ized by the eigenvalue equations

6 () 8> =D, s> = xiled, 9 =P =P

with eorresponding algebra, group struchure, basic invariant, ebe. here omitted for
brevity (sec Chap. 5 of ref. ). One can sec that the conventional, atomie, magnibude
and third component of spin are preserved wnder scalar isotopy, as originally identified
by EpER (}%). However, & number of new effects are now representable, such as a de-
formation of the eharge distribution, the anomalous behaviour of the magnetic moment,
ote. (7512), The backward Lie-isofopic spin iy then charscterized by the isotopic-time-
revorsal operator <r = <[z, where 7 is the atomic form. It is an instructive exercise

(**) €. BoeEr: Hadronic .f , 4, 634, 2018 (1981); 5, 750 (1932)
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for the rescarcher interested in learning the new Lechniques bo prove that, uuder the
assumpbions identified and the methods of ref. (%), we have the following manifestly
irreversible, hadronic gencralizulion of the alomie principle of detailed balancing:

(T} (74 2Py > A7) Ul ) 228+ 1) X3, = (S1+ 2By S A g ey 228y 4 1) <Xy

3

where we have preserved couventional symbois, e-g., according to vel. (18), and only
added the time charvacter. Additional, tedious, hus simple caleulations then yield the
result A7/<P, = I>/<I, that is the ratio between the analyzing power A% of the vpen, for-
ward inleraetions of nucleons a with swternal nuclei A and the polarization <P; of the open,
backward inleractions of hadrons b with ewternal nuclei T is equal to the ratio of the cor-
responding forward and backward units of their respective algebras of operators,

A few comments are in order. As desired, the time asymmetry ceases o exisé in
the closed treatment of reactions a-A == h+B, trivially, bocause in this case the fors
ward and backward identities are equal. Note bhat atomic mechanics is a particular
caso of the hadronie one by eonstruction. Thus, the time asyminetry also ceases to exist
when the hadronic units recover the atomic one. Recall that an infinite number of dif-
ferent Hamiltonians are possible for atomic mechanies, ovidently, because of the endless
possibilities of potential forees. By the same token, an infinite number of different
hadronic units are possible, because of the endless possibilities, this time, of nonpotential
forees. Also, atomic mechanics is unable to identify uniguely the Hamiltonian without
experimental information on the sysitem. By the same token, the ratio I= /<1 wmust be
identified via experiments; it is expected to vary from reaction to reaction; and, per
each given reackion, ik is expected to vary with physical conditions {e.g., energy of tle
collisions). Finally, hadronic meehanies establishes the the symanetrics of the Hamilton-
nwiaw wre not necessurily the symanelries of the system, irivinlly, beenuse the Hauniltoninn
represonts only part of the system. In fact, the fime asynnnebry (7) holds for time By -
metric Hamiltonians.

A direeb experimental information on the fime asymmetry of open nuclear reactions
is provided by the measures by SLomorDIAN, CoNZETT, ¢f al. (*) which shows clear dif-
ferences between polarization and analyzing power. Fven though the data are for
the difference (47 — <P}, they can be reformulated for the ratio Az (<P, thus providing
a lirst idontification of the dependence of the ratio I7/<I on 4., . The hadronic prodic-
tion of asymmetry variation from reaction fo reaction appears to be confirmed by the
two independent reactions and their inverses considered in experiments (1), Finally,
no relevant oxperimental information is currently available, to my best knowledge,
on the additional hadronic predietion of asymmotry variation, per cach reaction, with
energy, and other physical data. Unfortunately, an independent vorification of the polar-
ization measurements of one reaction by HarPEROPF, VEESER, ¢f al. (18), does not con-
firm guantifatively asymmetries (). The experimental situation is, therefore, unsettled
at this moment.

An important, additional, experimental information favoring the fine asymunetry

(**} R. T. Stomoprian: Hadronic J., 4, 1258 {1981).

(1Y) R. F. Swomopriaw, C. Rioux, R, oy, H. §. CONZETT, P. vON RogsiyN and ¥. [TINTEREERGER:
Phys. Rev. Letl., 47, 1803 (1981); H, I, Coxzrrr: in Palarization Phenomena in Nuclear Physics,
ATP Conf. Proc., 69, Paxt 2, 1422 (1881) and Hadronic Jey 5, T14 (1982); R. T. SroBoDnrian: Ha-
dronde J., 5, 679 (1982). ¥For the mosé recent measuzes following those of rvef. (%), see (54 TLotux
R. Rovy, R. J. SLOBODBRIAN aad H. B. CoNZRTT: Nuel. Phys. o, 394, 438 (1083),

) R. A, Hawpuxorr, 1. W, KraroN, P. W. lisowsxr and L. E. VERSRR
1090 (1982).

Plas. Ree. €, 25,
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{again, Tor tle open caso only) is given by the measures by Rauci et al. (1) of an apparent
detormation of the charge distribution of nueleons in the external field of nuelei, which
is intrizuingly close to the hadronio prediction (1% deformation for neubrons in the field
of Mu-metal nuslei (%)), In facs, the timo-reversal operator Lras an essential dependence
on spin. A deformation of the charge dHstribution of nucleons then neeessarity implies
+ form of time asymmetry. In taot, oxperiments (') identify quite clearly the origin
of the asymmetry in the spin component of the nuclear forces. Studies are varrently
in progress o compute the ainount of time-agymmetry (as well as of spuce asymmetry)
which is characgerized by Ranch’s measures of rotational asymmetry. The results
will then be eompared witl daba (429 as well as others.

fowever, Rauch's measures too are preliminary ab £hig momens. I is, thezefore,
ovident that a signilleant number of additional, different experiments are needed for
a quantitative resolution of the problem of the origin of TETescopic irreversibility.
The understanding is that the plansibility of a sufliciently small time asymmetry i
ous of question, as anticipated by DIRAC, since 1949 (in his celebrated paper in Tee.
Mod. Phys.).

In §aeb, open mnuclear reactions have been hystorieally treated via non-Hermition
Hamiltonians with sonsequential nonunitery time evoluttons. Taw {(5) merely provides
their reformulation according to the rules

A(f) == exp [#H]A(0) exp [— #HT] = exp [it51>1.4{0) exp {—i<dB] =
(8) = I> exp [iB > 1] > A(U) < exp [-—if < BI<I,
11{ _ BTy Hi=<1B; H#H'; B= Bt <= 1>

with infinitesimal versions
(% idafdL = AR —HA = ATE — B4 = A w B—B> 4,

where the {Hermitian) Birkhoitian operator I can represent the noncenserved snergy.

Reformulations (8) and (9) are warrantod by the fact that conventional nonunitary
time evolutions do nob admit a econsistent algebra in their infinitesimal hehaviour,
grivially, because the « product » would be trilinear {(being dependent on A, H, and BY).
while our Tic-admissible reformulation admits a consistent bilinear product. In burn,
this permits advances that do not appear to be readily achievable via time evolutions
with inconsistent algebraic structures, as one can see for the cage of ime asymmetry {7 IR

The point is that the general irreversibilily of nowunilary time cvolutions for open
nuclear regotions is o incontroveriible physical truth. We can, therefore, argue on the
amownt of the irroversibility for one given open nuciear reaction, or on is most effective
thooretical treatment, but the oxistence of the irreversibility is out of question.

The same results can be reached in a number of alternative ways. For instance,
wlen nueleons are approximated as being pointlike, they do uot admit deformations,
and their convenbional (unitary ox antiunilary) space-time symmetries cannol he brolen.
The conventional atomic principie of detailed balancing then foilows, with ils exact
time reversal symimetry.

(%) II. TAUCH, A, YuIENGER, G BADUREK, A. WILFING, 1. Bauspirss and 17, Dowsm: Phis.
Lett. A, 54, 425 (1976); G. BaADURYK, 1I. Ravci, A, ABITANGELR, W. Bavsrinss and U. RBongn: Phys.
Fev, Ih, 14, 1177 {10T06); 1. RAvct, A, WILFING, W. Bavsrisss and 1. Borsk: z, Phys. B, 29,
281 (107%); and 3. ILaMMRRSCIIMERD, . RAUCH, 16 Crere and U, KiScnKko! . Phys, A, 302, 323
(1081}, For the jafeat menpsures jndicabing o rotational nsymmebry of nucleons in bhe micust fielidg
of nueclel see IL Rauven: HTadronic, . 5. 729 (1984
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However, when nucleons are represented as they actually are in the physical reality,
extended charge distributions, they admit {(small) deformations under sufficient Impacts .
and interactions with other nucleons. In this case the sphere ww -+ yy 42 =1 is
deformed into the ellipsoids wa~2x 4 yb2y + z¢~2z = 1 with consequential, manifest,
rotational asymmetry. A corresponding time-nsymmetry then follows, as Indicatied
earlier. Again, we can argue on the amownt of the deformation of nuecleons under given
external Gelds, or on the time asymmetry characterized by a given rotational-
asymmetry. But the existonce of the time asymmelry is, again, out of question under
the eonditions considered.

Affer all, she belief that hadrons have a perfectly rigid charge distribution has no
seientific ground.

R. M. SANTILLI
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