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1. Introduction 

The recent development of superstring theory has led to 

reconsidering basic ideas on the quantization of relativistic 

particle theories and even to reformulating classical ones. In the 

modern approach (see Refs . [1,2]) one starts from a gauge-like 

formulation of the relativistic particle theory3,4 in which 

Z constraints, such as pZ + m = 0, p . { = 0, etc ., playa role of 

(super)gauge symmetry generators.' In the hamiltonian formalism, 

which is equivalent to the first-order lagrangian one, the 

constraints are introduced by use of Lagrange multipliers , and the 

Hamiltonian for one particle is a linear combination of the 

constraints . 

!for example, the Lagrangian describing relativistic spinless 

1particles may be written as 

IJ ' I Z 2 
La P q" - il(t)(p + m), (1) 

where t is an evolut ion parameter, O,st,sl, the dot denotes the 

parameter derivative, lI' q" ;: q"(t) (qO,q', .. ,qCO- I» are the 
t' 

D- dimensional Hinkowski space coordinates of the particle, P" are 

the conjugate momenta, and l et) is the Lagrange multiplier . This 

Lagrangian is equivalent t o the reparametrization invariant one,3 
I . 2 2 

L i (q / 1 - 1m ), 

from which one obtains the usual Lagrangian L _m(_ci.z)l/z. All 

three Lagrangians give the equivalent equations of motion . 

In our nota tion Greek / Latin characters are used for Fermi / Bo se 

variables; q"(t) are the coordinates; p"(t), momenta, {"(t) are 

anticommuting space-time vectors; " = 0,1, ... ,(D-1), and we 

usually suppress these space-time indices . 

-..-; 
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becauseHowever, the first one is the simplest to quantize, 


powerful methods for quantization of systems with constraints in 


extended phase spaces are available (see,e.g.,Refs.[l,2,4,5]). 


Instead of reparametrization symmetry this Lagrangian has a . 

gauge-like symmetry 

6p 0, 6q f(t)p, 61 f(t), (2) 

where the transformation of 	the canonical variables is generated 

2
by the constraint g = 	 (p2 + m ), 

(3)6p = (f(t)g,P].B = 0, 6q = (f(t)g,q].B f(t)p. 

fixed t, this defines the one-dimensional (translation)For 

subgroup, T., of the linear canonical group which preserves 

Lorentz invariance and leaves g unchanged . The transformation of 

in 6L
l(t) is of different nature, it compensates the terms a 

resulting from the t-depedence of f . Thus, it is natural to view 

OStS1 . As thean abe 1ian gauge potent ia lover the base 

base is one-dimensional there is no corresponding gauge field but 
2 

l(t) as 

there exists a natural gauge invariant. As 6La = i( f(p" - m )]., 

the action corresponding to the Lagrangian (1) is invariant if 

f(O)= f(l)= O. It followB that the integral 

(4)10 :; f dt l(t) 
o 

is invariant (1 is obviously the proper-time interval betwen the
0 

Thusfinal and initial positions of the particle, q(l) and q(O». 

orbitsthe abelian gauge group T. is subdivided into gauge 

enumerated by the parameter 10 , 

To completely specify the dynamics one has to add a proper 

gauge-fixing condition. For example one may identify the parameter 

t with the time coordinate of the particle, qO = t, or choose the 

Fradkin-VilkoviSKy5 gauge condition, 0. In the fir-st gauge all 

variables are physical but the Lorentz invariance is lost; in the 

second one, ghost variables should be added allowing for

compensat.1ng unphysical variables while preserving manifest 

Lorentz invariance. 1 - 5 

For massless particles one 	 can easily re.... rite the Lagrangian 

(1) 	 in a manifestly gauge for-m,6 

L .!",TC (" - A)¥', ( 5)
a 2 J..J l 

",T [p, q J, C iO', A l(t)O', 0' i(0"-"'2)' 
~ ~ ~ 2 

"",here T means tr-ansposi tion, and !Y . are the Pauli matrices. In 
1 

Eq.(5) we have dr-opped the ter-m ~(pq)', which does not influence 

the equations of motion. It determines only the boundary coditions 

f(O)= 0, f(l) = 0, and inc luding them in the definition of the 

gauge group we may 1eave it aside. Now the gauge transforma tion 

(3) can be written in 	 the standard form 

6'" F"', 6A F + [F,AJ = F + FA - AF, (6) 

where the matrix F is obtained from A by simply substituting f (t) 

for- let). Due to the abelian na~ur-e of the gauge gr-oup T. the ter-m 

EF,A], in this ~imple model, is zero and is written for later use. 

Having a gauge theory, it is natural to ask what is its ungauged 

version. In this case the answer is very simple: take the 

Lagrangian (we will call it "rudimentary").. . 
.!",TC (" H)'" -(pq 	- qp) - ;p , ( 7)L • . ,. 

• 2 

2 l 

.... here H• = and 	 find its rigid linear symmetries. The5e(7 , 

obviously are given by 

CF + FTC 0, [F ,H.J 0, (B)6'" F"'; 

and so the matrix F coincides with the matrix of the gauQe 

transformation considered above. Now the general procedure of 

2 3 



gauging can be applied. 

thi s new matrix A. and 

Absorbing the constant 

(A + H.)~ A, on~ obtains 

In 	 constructing gauge 

One substitutes I(t) for fIt ) in F. ca II 

substitutes (" - A) for in Eq. (7).• ". 
matri)( H into A by r.di?fining A. a 

the gauge Lagranian (5)~ 

theories by using the gauging procedure 

we usually have some freedom one 

Lagrangian some gaugE' in v ariant terms. 

-iICt)mz can be added to the Lagrangian 

invariant term -;l m2 in the action. 
o 

may add to the gauged 

In this mod@l the term 

(5) 	 as it gives the gauge 

A more el~g.nt way of 

introducing the mass term consists in adding one more .uc I idean 

dimension to the phase space. Constructing the Lagrangian (5) in 

(0+1) dimensions and performing the dimensional reduction simply 

setting q ,< D..-" ° 
pCD.t) == m ....e obtain the 

The final Question 

Lagrangian? With the 

by one observ es that -C D..-U
P 

o. Denoting 

massi v e theory (1). 

is; what is the meaning of th~ ung.uged 

Minkowsk i metric it has no reasonable 

physical interpretation, at least at the Quantum level. Ho.....ver. 

if .... e reduce the phase space to the euc I idean one by set ting 

QO 0, po 0 the resulting Lagrangian will make sensp . It is the 

Lagrangian of the m nonrelatitivistic particl~ .... ith the 

coordinates Qn and momenta pn, n ~ 1, .•. ,0-1. 

The crucial observation of Ref.6 is that the .boVE? rE?asoning 

relating the gauge Lagrangian to the nonrelati v istic one, 

. n t n 
L PnQ - zP Pn' 

can be re versed to construct the relati vi stic par-tic Ie Lagrangian 

cor responding to a gi v en nonr-elati vi stic Lagrangian. One starts 

with the galilean in v ariant Lagr-angian .><tends th.. 

Na 

LN.' 

nonrelativistic phase-spac e coordinates Qn,p to the r-elativistic 
n 

4 

II 

ones, q~,p , and writes the rudimentar y Lagrangian L which is the 
~ 	 a 

Poincare invariant extension of 	 L Then a ll linear canonicalNa 
(Lorentz invariant) symmetries of L. c an easily be found by using 

Eq. (8). and the gauge potential A can be constructed. The 

usefulness of this observ ation consists in the possibility of 

performing 

has been 

theories 

fermionic 

all these steps for- more compli c ated theories. As it 

demonstrated in Refs.[7-9], this way one can obtain 

of spinning relatiVistic parti c les3 ,4, bosonic a n d 

strings, as well as some other relativistic theories, 

starting from corresponding nonrelativistic theor-ies 10 
and then 

applying the described procedure. 

2. 	 Gauging Canonical Transformations 

Here we present a general formulation of our appro.ch to 

gauging linear canonical s y mmetries. We start from some reasonable 

nonrelati v istic Lagrangian for N par-ticles with cartesian 

c oordinates Q~ ( t) movin g in the (0-1)-dimen s ional euclidean space 

(n 1 •..• (0-1 ) ; i 1 ••..•N). 

To describe the spin degrees of freedom of the par tic les .... e 

folio .... the ideas of Ref.10 and introduce some Grassmann variables, 

~a(t). We onl y treat here the Grassmann v ariables transforming as 

v e c tors and scalars under rotations; the relati v ization of 

theories with Gr assmann spinors is a more com p lic ated matter. Thus 

consider a co llection 

~a 

.... here n is the 

one-particle case 

the particle. For 

.partic Ie with sp1n i ; to describe a massive particle one ~calar 

5 

{( . ~ 	 ). r 1, ... ,R; s 1, ... ,5,. 
vec tor inde><, and ~g are scalars. In th. 

the numbers Rand S specify the spin cont.nt of 

e~ample , R 1, 5 o 	corresponds to a massless 
l 

http:appro.ch


--------- - ----------- - ------------- ------- - --------- --- - - --- ----- -

I I 

va~iable has to be added (R 1. S 1).10 In what follows we only 

use the vecto~ G~a~smann va~iables {no NotR that in the N-pa~ticl. 
r 

case the spin variables ar-e not attached to individual par-ticles, 

this i s similar to the description of spin on strings. 

Now we wr-ite a nonrelativistic Lagr-angian 

n· in· 
LN. = Piqin - i{ r{rn - 111'.( P.q.{) 

(9) 

which is gal i lean invariant and bilinear in dynamical variables p, 

to the D-dimensional Minkowski 
q. {.2 Extending the var-iabills 

space ~e immediatly obtain the Poincare invar-iant rudimentar-y 

Lagrangian 

L. P~q iiJ - ~{~iriJ - 1II'.(P.q.{)· 
(10) 

Note that the meaning of the pa~amete~ t is essentially diffe~ent 

for-	 these t~o Lagr-angians. In the nonr-elativistic theory, one can 

t as the galilean time va~iable while in Eq.(10) eachint..~p~et 

particle has its o~n " time", q~, and t is some ar-bitr-ar-ily cho~en, 
evolution pa~amet"~. Recall that we always take O~t~l 50 that 

the initial and a~e(P . (1).q . (l).{ (1))(P . (O).q (O).{ (0» and , r , , r 


final positions of the system in the supe~space , , r
(P . • q . • { ). 

HavinQ a bilinear Hamiltonian ~. it is not difficult to r-.~r-ite 

L. in the mat~ix fo~m (7). One only has to ext.nd the definitions 

of ~ and C 	 in Eq.(5 ) . 

-i0"2	 (11 ) 
D ~]

",T [P o.q . • { ]. C 
, , r [ o -iD 

th. r--indices.inis the unit matr-i~wh..~e D ~	 .. 6 . . 
LJ LJ, 

11 
2 To t~eat pa~ticl .. s and st~inQs in a backg~ound field on .. has 

to r-Illax the last requirement. We hope to di5CU&S the 

cor-r-esponding e~tension of our- appr-oach in futur-e. 

Per-for-ming 	 straightfor-war-d calculations one c.n then derive tho. 

supermatri~ 	H. cor-r-esponding to any given bilinear super-form ~•. 

To obtain all super-symmetries of the Lagrangian L. we may use 

Eq. (8). remember-ing the standar-d rule fo~ tr-ansposing 

supermatr-ices. Denoting the independent parameters of the obtained 

symmetry transformation matri~ F by and 9 (bosonic and 
o" 

fer-mionic, 	 r-esp.), the matrix of the gauge potential, A, is 

obtained by substituting and >- fo~ and into A. Ou~ 
o "0 

fo~mulation of the theo~y is completed by w~iting the gauge 

Lag~angian 	 i n the fo~m (5). 

Any theory obtained in this way is Poincare in v ariant by 

construction and can b~ quantized by applying one of the standard 

methods. However, its physics inter-pr-etation requir-es studying the 

struc tur-e of its gauge gr-oup, whic h depends on 111'. To ha v e a• 
bette~ insight into this matte~ we p~esent anothe~ method of 

constructing the gauge Lagrangian cor-r-e s ponding to La-

All linear canonical symmetr-ies of La can be obtained by using 

the generating function of super-canonical tr-ansfor-matio'ns, 

6X (G.X]sP.' G E fQgQ + E "oYo' (12) 

wh,,~e SPB means the supe~-Poisson b~ackets and g I " is theQ 0 

complete set of bosonic / fermionic bilinear Poin c ar-@ invariant 

pr-oducts of 	 the dynamical variables p,q,~, 

go. PiPj, Pi (qi- q j )' ({ {) ••••• " ~ P . • {(q .-q .).···
r. r	 a. r L r \. J 

z 

Tho. (super-)canonical symmetries of L., whi ch co~~espond to Eq.(8 ) . 

are r-epr-esented here in the form 

6p -~ I c7q. 6q 86 / ",p. 6{ i "LGI "I; • 6ge ( G .ge ]SPB O. (13)
R R 

where L means the left derivative with re s pect to the grassmanian 

va~iable {. The last condition in Eq. ( 1 3) defines a subg~oup of 



the linear (super)canonical group depending on our choice of ~•. 

The gauging procedure starts wi th considering time-dependen t 

parametIPrs, f(t), ,,(t), of this symmetry subgroup_ The variation 

of La under the localized transformation (12) is ea5Y to calculat. 

(remember that in our notation" is the total t-derivative)
l 

1 L
6L• " pr)G/ltp + -{It G/"{ - G 1r)G/"f + j,r)G/"", (14 )] +l [ 2 

The first tRrm determines the boundary conditions for f(t) ,,,(t) 

and other terms can be cancelled if we add to the linearL • 
combination of the generators, 

I: la(t)ga(p,Q,n - I: l\a(tlya(p,Q,O - i'l'TC A 'I' , (15 ) 

.... here '" and C are defined in Eq. (11). The transformation law for 

the gauge potentials I, ~ can be found .... ithout using the matrix 

representation of A; one simply requires that the variation of Lo' 

IfrrIIhich is L. plus (15), is zero. The transformations obtained in 

this .... ay are identical to (6), and both constructions of the gauge 

theory are completely equivalent. As the theory is Poincare 

invariant 	the evolution of the centre-of-mass coordin~tes 

Q ~I:Q"P LP, ( 16) 

is defined by EQ.(I), the gauge g..-oup being T • The r@lative 
1 

motions are described by completely decoupled equations depending 

on N-l relative coordinates, and Grassmann variables. 

The simplest re I a t i vis tic gauge theories correspond to 

nonrelativistic interactions .... hich a"-e velocity- and 

spin-independent. Then there exist at least N mutually commuting 

bosonic generators (this is sholfrrlln in the next section) and R 

mutually commuting fermionic generators, e.g. "r P~T (they also 

commute with bosonic ones; "commuting" is defined thro u g h S P B in 

classical theory and through graded commutators in quantum 

theory). Adding N+R mutually commuting gauge-fixing conditions one 

o can in principle eliminate unphysical quantities t, Yk' {~ and 

o express the time components of momenta, p;., in terms of p~. All, 
models of free particles and strings treated in Refs.[6-9] are of 

this sort, and here ""'Ie hold to this simplifying restriction _ 

To understand it better consider the gauge formulation for N 

free spinless relativistic particles. Then we have exactly N 

2constraints, Pi' generating the gauge group UN and corresponding
1 

to independent reparametrizations of the individual ..... orld-line 

trajectories. For N coupled particles, N mutually commuting 

generators play the role of these reparametrizations but they are 

imbedded in the full gauge group as its Cartan subgroup_ 

3. Gauge Theory of N Harmonically Coupled Particles 

Now ....e apply our general approach to constructing relativistic 

gauge models for N particles coupled by harmonic forces. To 

simplify the presentation we mainly treat here only spinless 

particles. Then the natural rudimentary Lagrangian is 

• 1 2 
( 17)l Piq .. - iP;.Pi. - ;V;'j(q;.-qj) ; y .. v., vi.;' :::: 0 .. 

R 	 lj J\.: 

The most general Lorentz invariant linear canonical transformation 

is defined by the generating function 

G ~a . . pp. + b .p .Q . + 	 ~c ..Q. Q . (18)= i~T[:T:]~'2 lJ \. J lJ \. J 2 lJ 1. 	 J 

io'IIhere c .. c .. a,b,c are the NxN mat..-ices of thea lj 'J J' 

corresponding parameters. The rudiment~ry lagrangian is invariant 

under the canonical transformations generated by G, 

6Pi " , 

a j i ' 

-r)G/"'=I . , 6Q . r)G/"p.; or, 6'1' C-1"LG//t'lI, (19 ) 

if 6~. o. This conditio~ is to the linear 

8 

equivalent equations 

9 



------------------------- - ----------------------------------------

for the parameter matrices 

[V,a] 0, [V,b] 0, bT=_b, c =-Va, (20) 

~here V" is equal to v " for i~j and -V.. is the sum of i - th ro ... 
I.J I.J l.L 

of v. The equations (20) leave in G not less than N mutually 

commuting generators as can be readily seen. 

The physics content of the gauge Lagrangian, ~hich can no~ be 

constructed by applying our general procedure, crucially depends 

on the coupling constants v , , " If v v for a II i, j , the 
'J ij 0 

non relativistic version of L describes the system of N identical 
a 

particles ~ith pair harmonic couplings. The gauge group in that 

case is T x U x SU This can be shown with the .. id of th.. 
1 N-1 

general formulae (18), (20). Ho..ever, as far as ..e ar .. going to 

gauge all linear canonical symmetries of the rudimentary 

Lagrangian, ... e are free to use any canonical coordinates related 

to the original ones by any linear canonical transformation. It is 

obviously convenient to use the centre-of-mass coordinates defined 

in the nonrelativistic N-particle problem. Thus we introduce the 

centre- of-mass coordinates a,y , and momenta P, z , , :II:: 1, ... ,N, so, , 
as to diagonalize La: 

, ,PQ _ !p2 + 
a Z l. I. 2 l. I. 2 l. l. 

L z ,y , - -z , z , - -y ,y " (21 ) 

~herll? "'£1' set Vo 1, for brevity. 

Applying no.. our general recipe for gauging one can obtain, 

after straightfor~ard but tedious calculation, that 

. i. 2 2 pZ _ mZ) _L = PQ + z , y , - - I (P + M ) !I (z , z , + y , y , 
a l. l. 2 0 2 1 I. I. I. I. 

+ y ,y,J - !1<1 ,(z , y , - z ,y , ), (22)21, -ij( zi. Z j 
I. J 2 l.J I. J J I. 

N-' 
1

8 _1<1I~ . , I: I- 0. 1<1 
ij J' . l.1. l.J J\ 

l. =i. 

Here the constraint coupled to 10 generates Tit the one coupled to 

11 generates U , and the oth.. rs giv .. the algebra of SU The 
1 N-' 

10 

constraints coupled to 1~ . generate its Cartan suba1gebra; 

" 
together with two abelian costraints related to T, and U, they 

form N mutually commuting generators of the full gauge group. In 

Z 2 
~riting (22) we have used the freedom to add parameters M and m 

to the abe I ian generators; like.... ise, the term p2 in the 

ui-generator, commuting ~ith all constraints can be removed or 

multiplied b y an arbitrary number . If the pair couplings ..er~ not 

identical, i. e. v ,, depended on i, j , th.. SU symmetry would b .. 
'J N-' 

broken." Note that the gauge group for t ..o particl ..s is T, )( U,' 

To obtain th.. corresponding Lagrangian from (22) one simply has to 

0, i~, and keep the first two constraints.set Z Yi 

Spinning particles can be treated similarly. Here "'£1' only write 

the gauge Lagrangian for two particles with spin on.. half 

L PQ + pq _ ! (( -! I pZ ! I (pZ + q Z ) _ 
a 2 rl"' 20 21 

(23)- A,(P(,) - AZ(P(z) - ilz(,(z ' 

~here the notation for the relative coordinates has b&en changed, 

This is ....ritten for massless particles and zero 
p '" z,' q '" Yo' 


total mass. To includ.. mass dependence one should use the trick of 


dimensional reduction explained in Introduction. One may notice 

that the relative motion is completely decoupl ..d from 6pin d ..gr....s 

of freedom .. This fact is a consequence of our gimplifying 

assumptions on the rudimentary Hamiltonian .. Any ...ay, the mod .. l (23) 

is too simpl .. to be applied to int.. resting physics ..hich r.quires 

inclusion of velocity- dependent (spin-orbit) forces a5 w@ll as 

!I ... hich def inesFor the choic .. 6 - ., + 6 iN6 j , + 6 i ,6jN ,v ij Ii jl 

a closed IIdiscrete string", the gauge group is, for even N, 

T, )( U, x (U, )( SUz)n, wh.. re n i(N-2).B 

11 



spi n-dependent (spin-spin) forces. Suc h morEl genera 1 mode 1scan 

also be treated by our method. 

A most natural approach to quantizing the gaugtp theories of 

coupled particles suggested above is the covariant BRST ml!thod. 

Ne vertheless, for physics applications, noncovariant gauges might 

pro ve preferable. For two spinless particles (Eq.(23) with ~ = 0) 

one may choose the following gauge-fixing conditions 

QO = t, qO cos(t) _ pO sin(t) = O. 

By 	 sol vi ng the equations of motion in this gauge one can find 

that it is t-independent if 

o Cpnpn)-l/z, I • 1. 

Then the system is descrIbed in terms of the space compon~nts of 

the coordinates and momenta and the e vo lution parameter is 

identified with the centre-of-mass time. The quantization may 

proceed in the standard way, and the spectrum of the internal 

motions is simply that of the (D-l)-dimensional oscillator. 

4. 	 Discussion 

Finally we will briefly summarize the motivation and results of 

this letter as well as some problems for future In vestigations 

besides those mentioned above. The principal point is our proposal 

to derive relativistic particle Lagrangian from nonreiativistic 

ones by first extending the usual phase space to the relativistic 

phase space and then gauging the rigid canonical s y mmetries of the 

obtained (formally relati v istI C) rudimentary Lagrangian. 

This approach has been proposed in Ref.6 using the e xample of 

one particle with some hInts that it can be of more general 

nature. In Ref. 7 it has been demonstrated to produce, in a direct 

and clear manner, known reparametrization invariant relativistic 

12 

theories of frEe particles as ...ell as bosonic and fermic-nic 

strings. These results ...ere preSEnted in some detail and revie·...ed 

in Ref.9. In addition, the gau.l;;le Lagranl;;lian for t ...o and thrt!e 

8
particle systems coupled by linear forces has been proposed. Many 

previous attempts to construct a consistent and tractable model 

for coupled relativistic particles failed, and there is a 

wide-spread belief that it is even impossible to do ("no-go 

theorems"). This can partly be explained by complexity of 

candidate reparametrisation in v ariant Lagrangians which we avoid 

by using gauged canonical symmetries. But the main source of 

difficulties certainly is the interaction potElntial. Most of the 

previous attempts were addressed to arbitrary potentials. 

Note that it is not advisable to eliminate the au~iliary 

variables p.l from our gauge Lagrangian. If one tried to do that 

onEl would obtain a highly nonlinear Lagrangian L(q,q) which would 

be e~tremely difficult to work with, even for three-particle cast!. 

Thus the conceptual and practical advantages of our approach 

are clear enough to motivate an attempt to apply it to N particles 

which was first presented in our preprints, Refs.8,9. In this 

letter we have tried to give a concise presentation of the 

approach and to clarify some conceptual points. We have 

constructed the classical Lagrangians for spinless particles and 

demonstrated how the spin variables could be included. The 

available choice of gauge - fixing conditions allows one in 

principle to quantize all constructed models. Up to now the author 

has completed the first quantization for two and three particles 

but presenting the results would require rather lenghty and 

technical considerations. A very interesting unsolved problem is 

13 



the 	ex tenson of our theory to nontrivial background fields, which 


would allow to 
 treat interactions of the bound states. However, 


even first-quantized theory in the trivial background might have 


inte,.-e .. ting appl ications to bound states of 
 light qua,.-ks. 

Developing such ideas require a careful investigation of gauge 


fixing and quantization of our model which is now in progress. 
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<I>HnHnnou A.T. E2-88-553 
KIl11H6poDOIIJlUfi MOACnb, OnHCLlDaIOlUafl N pcnflTHUHCTCKHX 
IIaC11fU, CUll3UIIIILIX nHHCHIlLIMH CHnaMH 

fIoCTllOOJla ponflTHDHCTCKUfI MOHOm, N tIUCTHU, CDfl3U1IJ1LIX nH
HCI\IILIMH CHnUMH, OCIIOlJallHIl1I lIa nOKunH311l\HH nHIICHIfLIX KaHOI/H
IICCKHX CHMMeTpHH npoCToro (pynHMcHTaplloro) HepenfITHDHCTCKoro 
narprunKHnua, CPOPMMbllO paCWHpolllloro Ha penRTHDHCTCKoe cpa30
DOC npoCTpaHCTUO. HODLII\ (KunH6poD04I1LIH) narpamKHall HlmapH
aHTCH OTHOCHTenLHO npeo6pa30BaHHH fIyauKape, raMHnbTolIHall IIDnH
eTCR nHHeHHOH KOM6HHSUHeH CBfl3eH nepBoro pOAa, 3aMKuYThiX 
OTHOCHTenbHO CKo60K fIyaccoHa H nOpO)f(J:IEUOlUHX nOKaIlH30BaHHbie 
KaHOHHlleCKHe CHMMeTpHH. narpamKeBbl MHO)l<HTenH 3THX CDR3CH 
HHTepnpeTHpYIOTCR KaK "KaJlH6poB04Hble nOTeHUHaJlbl". KpaTKO 
o6CY)l<naeTCR CPHKCSUHR KaJlH6poBKH H KBaHTOBaHHe. 

Pa60Ta BbInOnHeHa B na6opaTopHH TeopeTH4eCKoH CPH3HKH 
Ol1fU:r. 
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Filippov A.T. E2-88-553 
A Gauge Model Describing N Relativistic Particles 
Bound by Linear Forces 

A relativistic model of N particles bound by linear forces is ob
,tained by applying the gauging procedure to the linear carJonical 
symmetries of a simple (rudimentary) nonrelativistic N-particIe Lag
rarJgian extended to relativistic phase space. The new (gauged) Lag
rangiarJ is formally Poincare invariant, the Hamiltonian is a linear com
bination of first-class constraints which are closed with respect to 
Poisson brackets and generate the localized canonical symmetries . 
The , "gauge potentials" appear as the La~ange multipliers of the 
constraints. Gauge fixing and quantization of the model are ulso briefly 
discussed. 

The investigation has been performed at the Laboratory of Theo
retical Physics, JINR. 

Preprlnt ot the Joint In.mute tor Nuclear Rel4larch. Dubna 1988 

mailto:V.V.N@st@renko

