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1. Introduction 

The theor,y of superstr1ngs w1th the Pl.no~ dimens10n per.mits
 

probably to un1fy all the fundamental interactions [1-3] • The
 

characteristio peouliarit1es of the atring dynamios ahould be
 

displayed on the Panok soalea. In the energy region aooessible to 

exper1ment now and in the nearest future, the atring theor,y is 

reduoed to an infinite aet of the looal rields, the mass of the 

corresponding quanta rising from zero to infinity. It is this field

-theoretic oontent of the string theoriee that ia interesting 

first of all for the oontemporary elementary partiole phys10s. 

lor the investigation of the local fielde whioh arise in the low 

energy limit in the intereoting string field theor,y the background

-field method appears to be oonvenient [ 4.5] • In partioular, i t 

has been shown that the requirement of the oonformal 1nvarianoe 

in quantum theor,y of the string propagatin~ in external fields 

results in proper equations of motion for these fielda ( 5 J • 
It 'turns out that the investigation or the olaBaical dynamios 

of the string in baokground fields enablea one to obtain some 

re.ults on the looal fields ge~erated by interaoting stringa. 

The relativistio string in external eleotromagnetic field as 

the model for hadrona has been oonsidered in [ 6-10J. Reoently 

the i~terest in thia problem has arisen again on the basie of the 

modem string approaoh the unifioation of all the fundamental in

teraotions in the elementary partiole physioi [11, 12]. 

~~"hCBhii~ijj-l~n i{HCnrryi, 
ga~}t3idX UCC .~~l1DllilUd . •
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This paper is devoted to th. olaa.ical and quantum thlory 

of an open boaonic atring propagating in the conatant homoglne

ous electromagnetic field in D-d1mlnaional apace-timl. Opln 

stringa of two typea are conaidered: neutral atrings with chargea 

at the enda obeying thl relation IJ + q, == O and oharged 
1'( l 

stringa fo.r which O + 9. I: O • Thia paper ia orga
J"f l. 

nized as followa. In th. next section it ia ahown in a generar 

way that thl strenbth of an external electric tield muat bl lea8 

than its critical value in ordlr to pre ••n~ th. suporlight 

vllocitils of the charges at thl string Ind. (SI I .q.(2.12». 

The third .Iction ia dlvoted to th. glneralization ot thl 11ght. 

-likl gaugl in the frle atring theor,y to thl caDO of a nlutral 

atring (ljt + q,~:::: O) propagating in an ez:tlrnal eleotromagJle


tic filld. In the fourth aeotion thl dynamioa ot tho noutral
 

atring in the external eleotromagnltio filld 1n investigated.
 

Independent physical variablls aro Dingled oull (tho ~ran.v.rl'
 
, l 

string coordinatl~) and th. squar.d masl of th. Itr1ng ~ 1. 

exprleeld in terms of them. It thl atrongth ot th. oxtornal el.ot

rio.filld dOia not exoeed ita oritioal valul, thl etring 010111a

tiooa give a posi tive contr1bution to 11 ~ . 'lhe d1.tanoo bet.lln 

equidiatant levels of the oplrator M 2.. ie "malllr by • taollor 

(1- e 
~ 
') than that of a fr'l atr1ng. Horl e 1s a dimlnI10nll•• 

strength of the Ilectric fie14 ('Ie Iq.(~.6». Thl magnetio ti.1d 

doe. not aftlot t~o d1atancI blt.eln maas levele. I~ 1. 1.'ln1l1al 

that thl aquarld mass of the _tring ha. a tac~onio oontribution 

at thl olassioal llvll also dUI tO,thl motion of thl string ai 

a who11 in tran~ver.e d1reotions. Th1. oontr1bution dlpends on 

the ellotr1c and magnetic fielda Clq.(4.)))). Th. taobJonio tlrm 
"" 

disapplars if one considera. instl.d of ,AI1 th. string InerQ 

2 

f 

in a special reference frame where the projection of th. total 

canonical momentum of the etring onto the electric field )J1 
vanishee. In the fifth eection the open atring with a net charge 

(O + Cf =F O) propagating in a backgz-ound magnetic field is inves
1'( 2 

tig,tld using the light-like gauge conditiona from the free string 

theor,y. In thi8 ca8. the longitudinal components of the total 

momen'tum of the atring are only conserved, Therefore t the strinL 
I· • 

energy 1n the reference frame t where P=O i8 cons í.dered 
.IIA 2.

inatlad of/o, • At the clsssical level
J 

thia enerLY is stricktly 

poaitive. But in quantum theor,y the zero point fluctuations of the 
, . 

etring oscillations give riae to a tachyonic contribution to it. 

This tachyonic t.rro in the strin~ enlrgy dlpends on th. dim.nsion 

of the spacl-time aa usual and on tho strength of the background 

màgnetio filld as well. The frequenciea of strinL oscillations 

in this case are not integer and depend on th. magnetio field 

(sle eq.(5.1l». Thia results in the corresponding modific~tion 

of the energy apectrum in comparison with the free string thlor,y 

(eqs.(5.l7) and (5.21». In thl sixth soction the aolution of 

the Iquations of motion for thl chargld string in external Ilectric 

and magnltio fillda ls conatructld. In this caa. there are no' 

conslrved quantitiea analo~oua to ~l or the string Inergy. 

Thl Varasoro operators arl obtained and the constant of('O) is 

calculated. In conclusion the obtained reaults are ahortly dis

oU8eed and thl unaolved problema are noted. 

2. A critical value of thl external electric field 

Thl world sheet swept out by the atring in the D-dimensional· 

apaee-timl ia described by string coordinatea J:.fI(« ~ ti J 

3 
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o I ./.r" l?, (, ." ) ])- I; ti = r , tt = o . Th. re para

metr1zat1on-1nvariant act10n for the open bODon1c string propaga

t1ng 1n a background electromagnet1c f1eld ~ ttj 1e 
/

f~ Ó{Z') 
~ z . 

s=- '[JdrfckVlii9tj~X!'~:r.r.-1 jJ.xv AéxJ,(2.1l 
f 6(0 a=(~ 
J 1 a 

whoro 7 1. tho .trlng tonslon, i !Í(uJ 1. tho 

aux1l1ary metr10 f1eld. The trajeotor1es of the etr1nL enda on 

the (z: 6) -plane are labelled by L:,? tr;:, /» Z • They are 

epec1f1ed by two funot1one 6 ('1) Cf= 1'~ 2. • In the embed-a.' , 
ding epace-t1me the metr1c w1th s1gnature (+ ~ -. -, ... ) 1. u"ed. 

Accord1ng to (2.1) w1th the eleotromagnet10 f1eld there 1nteraot 

only the etring ende the eleotr10 charge. of wh10h are a and 
. y./. 

~ ~ reepectively. Ae a coneequenoe, the external eleotromag
1 . , 

net1c field altere only the boundary oond1t10ns 1n the "tr1ng 

dynam1c8. 

Ae in the free etr1ng caee one can ohooee the orthonormal 

gauge 

!v.M = I'{ V'.e 'P') ;;y'=ct''fI ( f , - f). 
(2.) ) 

In th1e caee the equat10ns of mot10n for the métr10 f1eld 

j/iI) Ss/8Jy= O glv. • 

• I 2. • . / (2.4 )• ( .~1$)==(J) X.=:t?~) X=~f . 

4'" t· 

The atring coordinatea obey th. equat10n 
• ~ 1I 
~/- X/.:= tJ /J(=- (J. ~ .lJ- f...A' , / _ I 1,. ,. ) (2.5 ) 

and the boundary cond1t10ns 

/ If.)J · /: Iv •
.IM + .x -t (X/U + ..1") 6=0, 6:= 6(r)
r-;Uv / ~v t '
 

IG
I r: ~JJ • i IJJ:) ;,;..z0 - .x f (eX - eX ) o =:-0 o-=-6 (r) (2.6),
/"i /' LI /" '/IV ',2 ~ 
~ . ,J .,

I/"lJ=:{!fa/7> ~Y' C(=: I,~., ;;'v~:tAJI-~~' 
Th. var1ation or functions 6 (r), cr= I, t! 1n act10n (2.1)

a 
'does not give new equat10ns as çompared w1th (2.4)-(2.6). There

fore w1thout loss of genera11ty 'one can put"as 1n the free etr1ng 

clee, ~ = O) <52. == .7i- • ~h1e essentially e1mpl1f1es th. boun

dary cond1t1ons (2.6)& 

I r t >» / ~. y
 
~ -t ~JlX -=:~ 6==~ ~-f .r -=~ 6=-.7J., (2.7)
/ /fV 

But aa it will be shown further, it 1s conven1ent to uee the 

boundary cond1tions 1n the form (2.6) when we are look1ng for the 

light-11ke gauge wh10h should be cons1stent w1th the boundary 

oonditione. 

In addit10n to eqe. (2.4), (2.5) and (2.7) the follow1ng 

oondit10n ahould be alt18f1.d at· any p01nt of atr1ng world aurfao•• 
• j1 "i 

toe vlotor X must be time-like X > (J and by v1rtue
 
'jA I~
 

cf (2.4) the veotor X muat ll' apaoe-11ke ~ <. O • It 

meanl ~hat in the hyperbo110 boundary problem (2.5), (2.4) and(2.7) 

<C 1a the evolut10nary parameter and <5 1a the apace-l1k. 
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param.ter whieh 1abe1es the po1nts a10ng the string. The fuI

11lment of these eond1tions quarantees the abaenee of Buper11ght 

ve10ei t1es 1n the theory [13] • 
, • )1 

W1 th the O(J J J) - 1) -tranaformat1on the matr1x ;:;C'" ean 

be put 1n the b10ek d1agonal form1) 
(f) cu (t~) 

. diag (r: F, ... '] F ) ~ if' D 18 even, 
.v ~f: == (f) a) . (4 ) 

{ if 18 odd. (2.8),IA"dias o; F) .. , )1"', o) ZJ 
('A) 

Here cI 18 an integer of (Z;/ti) and F) A.= r.e..: J 01 are 

the (2x2)-matr1ees 

(f) (O E) (f+ot) (li) cl-I. r= E O ' r =t -~ I~« ,d=f,Z,..., (2.9) 

o< 

Further wo put for def1n1tnesa that~ 1) ie an even number.
 

Let us define the matr1x ~ 2 with the e1ementa
 

'/F 2) . Y:=;:,"jJ .J1 

l/ ~. t/./'4' (2.10) 

Prom (2.8) one geta 

2 /.. l .t e ~..t .t ~ 
F = dictj(E E -li -/-I. -)/. -)-1- ....-fi _/()(2.11) 

, , 1,J I, 2' 1, )i) j • 

1I(-1 ~-I 

l)We do not eonsider apeeia1 eonf1gurat1ons of the e1eetromagnetie 
.,. fieId whieh eannot be tranaformed into the forro (2.8). This case 

2.t -- [(p. - fi = O, E H =O) for ])= Lt 1e 1nveatigated 1n 6-9]. 

6 
.. 

t, 

It ia eaay to ahow now that the boundary eond1tiona (2.7)
 

immed1ate1y 1ead to the fo11owing restr1et1on on the externa1
 

e1ectr1c fie1d
 

Z 

(~a F) L i, Cf:= f, 2 . 

(2.12 ) 

Rea11y, from the boundary eondit1ons (2.7) it.fol1owa that 

xJ~:::_(fjt()ZF FI"",i.f.i . (2.13 ) 
"jA 7 /~ )J 

In (2.13) on,e ahou1d put ~ =: O if Cf'.= f and ~=:-$
 
/.1.


1f Cf == 2 • In the 1eft-hand l!Iide of (2.13) Jean be
 

l!Iubst1tuded aeeord1ng (2.4) by -X• R.
 

~ v (~a)~c F/VJ -r: [ 0I' - T!J.t/ X ~V == O) ()(= I,J.(2.14) 

Taking 1nto aeeount (2.11) we obtain 

[1-( ia E)][(.i°/-(,il/J 
ri '~ . (2.15) 

)' [ ('ta H ] [ .. ol Z •d+" l=1:t i + T .J (X) + (a ) J, a= i,e. 

As it .as noted above et any point of the atring world sheet ine

Iuding the boundaries the eondition 

. ~ 

X'>O (2.16 ) 

.ot .f2
shou1d be satisf1ed. Therefore (2 ) - (.:r ) >' O. ~s a result, 

we get trom (2.15) the restrictión (2.12). H.nee the eonsiatent 
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c1assica1 theory of the open bosonic string without supor 1ight 

velocities can be formu1ated on1y in the case when the externa1 

e1ectric fie1d obeys the condition (2.12). It shou1d be noted 

that this resu1t 1a obtained w1thout any assumption apout the 

background fie1,d ~ JJ (X) . 

3. The 1ight-1ike gauge 

It is we11 known that on1y using the 

can solve the orthonorma1 gauge conditions 

11gbt-1ike gauge one 

(2.4) in such a way 

that the dependent string coordinates wi11 be expressed as squa

red functions of the 1ndependent (transverse) variab1es [13] • 

In particular the positivity of the squared mass 'in the free 

etring theo~ can be shown a1so in \he 1ight-1ike gauge , It turne

out that in thepresence of an externa1 e1ectric fie1d the 1ight

-like gauge cannot be 1mpoaed in a way similar to the free string 

theory 

· Jt'; »; ctJlt1l-1:O, ~:r~=O, 
~ 0.1) 

where ~ ~ is a constant 1ight-1ike vector 

() ( ,l.J .lJ-/ ' 
12;u 11 /"=:: tJ~ )1 :::ft .= f., /l =- H = ... == h =c?0.2) 

Indeed, ueing (2.7) and (3.1) one gets 
.t 

-I • li ft~ • J! ' 
It /'fi

~ 
X =tJ 6=0 It ~JI ar tl.,.=7 

/" JI ' ~ 

• Eq~ation~(3.3) by virtue of (2.8) and (3.2) give 

8 
~... 

t

~ ~.1/.. 
(,).3) 

• I. • t?
eX =: -X , 6~O, $, 

It meana that the vector J 
"/IC?; 6). 

(3.4) 

on the boundary is 

not time-1ike but is space-1ike. Hence the Cauge conditions 

(3.1) cannot be used in the presence of an externa1 e1ectric
 

fie1d.
 

If tbe charges at the string ends obey the condition
 

~ = - ~ =~' tben the 1ight-1ike gauge can De cenera1ised
 
L ~ 

consietent1y to tbe case when tbe externa1 e1ectric fie1d is dif

ferent from zero. The action of such a string propabating in a 

background e1ectromagnetic fie1d can be written as 

7' tf -l. --. ij / ri jZ ,. .JU- JJr 

5=-0- JJltly!q/Q iJ..:x ô~+CJJJau~x F (.x). 
,., .2 (J tf "f. J / 2' '. / v (3.5) 

An open bosonio string witb charges at the ends obeying the con

di tion ~ + 9-2, = O wi11 be ca11ed tbe neutra1 string. In tbe 

oppoai te case when 9- + () ::f: O we sha11 say that tbe etring 
.1 ",(


ia charged.
 

The boundary cond1tions (2.6) for the neutra1 string take
 

th. torm
 

~ +~.il"'+ (~+ 1r)/')6~o, 
(,).6)

tf6= 6 (1'), ((~ I, 2 ; .L = -;:r F ' 
~ ~JI I ~v 

In order to get oonsistent light-1ike gauge conditions tor 

the neutra1 string in an externa1 e1ectromagnetic tie1d .e project 
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the,boundary conditiona (3.6) on a constant light-like v.otorn~ 

/ti+. If, fi- + (1t-.i'+1tj})5=tJ, 6= 6 (r), tl=: f, s, 
ti (3.1)· 

Hor aimpliclty the Lor.ntz indicee are suppreased., Now w. choose 

tbe gauge imposing the following conditiona 

/ /"11/;,r + ;f TX;: O, li'; f- /t1./;= /I p j{T.7i) ~ 0.8) 

where p,l' ia. .the total oanonical momentum of the string 
Jt , 

pr:: }16;/'a;6),	 0.9) 
O 

jJl'rf;6)= - fo!' = T(.i.!"'+ fl"'~ ). 0.10) 
~.JU	 ' 

H.r. cl ia the Lagrangian deneity for th. action (3.5).
 

Now W8 assume that ~ (Jr) • const. In thle case )7~ in
 
~v 

(3.9) i8 a conaerved Noether invariant correeponding to th. 

eymmetry of the act10n (3.5) by tho booeta 

x JU~X ,,.lU+ fix ~ S.r;t';: aJ~ ( 
0.11 ) 

It should be noted that euch 8 coneerved vIctor exista only ~n 

the theory of the neutral atring ( O. + o = tJ ). If the . rJ. -V2.
 
otr1ng hae a net charge ( t} -+ O =I: O ). then tbe aotion
 

1. 1"'2
(2.1) ia not invariant under th. transformatibns (3.11). 

It ia 68ey to show that the drawebsck diacussed above 

does not appear in the L8Ug. (3.8).,Purthermore. it folloW8

• from 0.1) that 6 (Z')= o, «= s .e , when It'p-# O. 
..	 a ' '" 

10 

'. .e. 

It wa& shown in (1) that impossing thl gauge oondi tions ,0.8) 

ie equivalent to the tranaition to new parameters by tho 

formula 

TIl = ~(7:±6). 
0.12 ) 

4.	 The neutral atrin~ dynamics in light-like g8uge in an 

externsl constant homoLeneoua electromagnetio field 

In this case the string dynamics ia determined by the 

equations of motion 

.. " ,rJ'f-X ft;: () .fH' = o, ~I .J) - f :I... ~ (4.1)" 
th. orthonormal gsuge conditlons 

/ • I t

(X.ÍX) ==(J,
 

(4.2) 

and by the li~ht-lik' gauge condi tiona 

11"' YjJ. 
~~ "tltyf ~=O? I'fj.ilf. //"I ~= ~ p/'.I' 7'..7i) 

ti.3 21-1.11 (J I #	 =-H .=-~ .. =/t .='(). (4.3)11 »:=- tl /I =-/t .s: l'/' »• ~ 

In additlon, the atrlng coordlnatle muet obey the boundary 

oondi'tion& 

I i· JI .r -f T .r =- () 6= fJ, $. (4.4 )/'" ,.;ttJl ' 

]] 
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Let us introduce new variablee 

:t:. X °ÍX I 

.x = ff ' (4.5) 
oc olot '<d+ I 

$ =X -t-l..r eX= I) 2] ''') cI-I-==Cl)/~)-f. 

The light-llke gauge conditlone (4.3) now take the forro 

/ - ./ P
Y-=:ex , -+ - ) e=.!!-'T E (4.6 ).r =ex 'T.7i . 

The boundar,y conditione (4.4) can be written as 

1+ .. -I
,x-::!:eX-'=o, 

(4.7)
lo<. • o( 

~ -i{ ~ ==0: 
801= f) 1. ) ... , (ZJ/-<').-- f, ~= :I-fx, 6=0,.4.(4. ) 

In (4.8) thers ls no summation over oC • 
Ths l1ght-like ~auLe (4.6) enables ons to solve sq.(4.2) 

"3; l:;t 
for X ' and .:r 
. + T.7I ~.t -'~ ~ -!) p- ,

.r := p'p- (X..L +Xj -Ze~X..L , .x = .(' 
'h1(f-e ") (4.9) 

I + T.5í r ..::..z .t • I /: e p- ,I 

X ==-2P- Le (eÃJ. +~)-'<~~J, ..x.= '/. e~)7.7l, t> 

where ~(~~) are transverse coordinatea of the atring 

- .e J 1)-( 
(4.10).xJ =: (.:;fj , .Ã..L ... .. ,.x ) . 

~ Equatione (4.9) are in agreement with toe equationa of motion 

12 
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~ 

(4.1) and with the boundar,y conditlons (4.7), (4.8) in the 
-... 

following aenee s if the tranaveree componente ..x'J. (r, 6) 
obey eq. (4.1) and boundar,y conditione (4.8), then the longitu

• .::t I -r -=. 
dinal componente.:r and.:r - expreesed ln terme of ~ 

-' and..X'..L according (4.9) satiefy eqa.(4.l) and the boundary : 

conditiona (4.7). To pro1e tbis, it ahould be taken into account 
~ --.. 

that the product J(1 Jr~ vaniehes on th~ boundaries du• 

to (4.0). This enab1es us to consider the traneyerse componente 

~ r?; &) 8S independent dynamical v.riablee and longitu

dinal coordinatea aa dependent onea. 

The equatlons of motion (4~1) and the edge conditions . ~ 

(4.8) for the independent variablee ..:r..L /r; 6 ) represent 

tt'- f independent boundary eigenvalue problema. To obtain 

the whole solution, it i8 enough to consider only one of these 

problem8 1/ 

$= - } =O) 5" =: ~(Z;Ó), 
(4.11)~.cr-<t+003, ()~6~.7i-,. 

I r : 
}~in$~(J, 6 -=-~Jt. (4.12) 

Por simplicity th. index ~ ie Buppreeeed. It follow8 trom 

(4.11) that 

~(7;6)=:-t(y-+6')+ 5_(r-6). 
(4.13 ) 

The boundar,y conditi~ns (4.12) at e?~t/ give: 

I I 
5+(7j(f~d)=}J'i)(i+{jJ. (4.14 ) 

13 
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To aatiafy (4.14), it ia auffiolent to put 

/
~.=t{r)== úY('[)(t:t,'Á,). (4.15) 

After substltuting (4.15) into the boundar,y conditions (4.12) 

at 6.= $ we obta1n 

W(r--r7t)= w('l'-.7Z). 
(4.16) 

Therefore, the function CU (r) 1s per10dic with 

period 2',yj, • It a110ws one to expand CU cr) 1n the 

li'ourier series and to get for ~ cr)6) the f0110w1ng rep

resentation 

'J(r,6)= err-+ t'Áa 6 + C + 
• .,.. 00 I -llt?"§: · 

+ -"- 'L [J ---!1 (ClJ11f6-f- /~h ,,'), (4.17) 

YSi7t 11::_ Qo It 

where a') C and 511 are comp1ex quant1t1es._ It shou1d 

be noted that here there is no usual relation ~ ==.$ , 
~ -~ 

where the bar denotes the complex conjugat10n. The prime of 

the sum symbol in (4.17) that the term w1th n= O 1s absent. 

Let us introduoe tho momentum var1ablea in a w~ analogous 

to (4.5) 
o<. ~d .R.o(-f- f

1. ctt,6)==jJ + rjO ~ c;{=:~)~, ... ) t:/- r, 
Z.3 .l)-f ~ (4.18) 

Here (jJ,?, ... ,~ ) -=,!J.J. are transverse components 

of the canon1cal momentum density (3.10). Subet1tut1ng (3.10) 

and (4.17) lnto (4.18) w, obtain 

ot. • g( / lo( ol /21(~6)= 'T (~ -t'lta( 5 ) == 'Ta (1t-1t) 7i) 

14 
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, +"""0 . 
til .,R ,-tl1r 

+ (I+hp() y-! Z e 5"
o(. 

ú1l1)t 6 . (4.19) 
.7t /2=- OQ
 

Prom (4.19) 1t foll~~s that~ott-t
I~ 

, I ot p -tlP a :=: 42 , of== -f, 2."") (.J)/2)-~ (4.20)\~ YlT(ff .) 
~ 

(p 2 p3 li (o( p~
where , , .•• , p -) =.L are transverse compo

nente of the total mom.ntum of the string (3.9). 

Now we def1ne the squared mass of the str1ng in the usual 

way 
2. T - -~2. 

/VI = Ij,P""=2P I! -~ , 
(4.21 ) 

where ;CI;I1 is the conserved total momentum of the string 

(3.9). Us1ng (3.9) and (3.10) we o~tain the following expression 

for )lf in terms of the 1ndependent transverse variables 
-+ T1..7i .2:Tt .;. ~ ..!,. .2 .P = 2P_(f-eJj(X-l -r x .1 ) ri6= 
e :li (lJ/2) - f ...:. cf • .c .-!. o< IP( 

= 7'::!(1-(/')116 Z ($ 5+ ~ .5 ). (4.22) 

2P O 0(=1 

The subst1tut10n of (4.17) and (4~22).into (4.21) gives 

I) (jJ/2)-f ~ / 2 -t-~ ÚJ/J)-f ...:.. 
~ ~ e + 11 -?Z R. I Il o( o<.

11=-L., J/ Rx +7':Jt{i-e)L, L(1+h)5 $ 
ci=f (+ o( U 11=-ood=f it 17'(4.23) 

"->2. KoI~ R.d-t-f Z 
"here f!x.J.== (P ) -+- (p ). 

1/ 

~ 
irom (4.23) one immed1atelly gets two peculiar1t1es of 

)/ the masa spectrum of the neutral open str1ng 1n an external 
~
 

~
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electromagnetic fieldl l 

i) if the electric f1eld exceeds the critical value e > f, 
then M l~ 0, 

ii) the motion of the str1ng as a whole in the transverse 

d1rection gives the tachyonio contribution to /VI Z (the 

first term in the righ-hand side of (4.2)). 

In [7,8] an attempt has been made to redefine the mas8 

of the string in the external electromagnetic field in the 

following way 

}/~ p/~,' 
(4.24) 

I .t -I 
where P =: (1- f) P .It allowed one to remove the 

tachyonic contribution from the motion of the string as • whole 

in the transverse directions. But the pbysical basis for this 

definition of the string mass has not been 'found. Therefore 
( 

we 8hall further use eqs. (4.21) and (4.2). 

Let us compare (4.2) with the squared mass speetrum of the 

free open b080nie string [1~] 

/VI ~ = 2Jl TZZ~ Cte .
I: ~ If' (4. 25)

tee r'-f,,= f 

. -' (\ij~ 
t J = - r: o d . '_iC ' C.,. } 11 ffl ) 1,.J- ~ 2) ... ) ]) - 2 , (4.26)

H 

where { .•• , ; •• } a;e the Poisson brackeis. lor thia purp~e, 
we introduce, in (4.2) new lourier amplitudes ins:ead of !;n . 
These new amplitudes should obey the same Poisson brackets as

• in (4.26). The expansions (4.27) and (4.19) can be inverted 

:Jf 
01. ;t in'!' t { I.. í) I/~ oi.. ~5 =f )d6~1t6 (':i-i:),,;; [$a:6) + 

:til- o 

1'1.t 
~ 1 (.Jl) ot . } 

+JCr,- 6)J+ 51 Cf + ~o<2) T ~ (f, 6) , »> O. (4.27) 

The variables ~ (í';6') and " 1~r, 6) obey the u8ual 

Poisson.brackets 
()t p. I o/. A o(; P I {_oI._p'

{~(6), ~ (6)}= f~ (6),~ {6$} = { ~ (6), ~ (6) J= ~(6),~ (6~}1 
- ot. ~ /l { ~ - P- / C" ~ Ii }(6),~ (6) f = 'f (6), q (6}]-=2. 0o/pM6-6>. (4.28) 

The argument 2: which is the same in all the functions in 

(4.28) ie dropped for simplicity. From (4.27) and (4.28) it 

follows that 

c<. J3 (" 21'VJ~ to== O) 5 ~ - iÓ 
d (4.29) , -t- fim 

{ ::t 11 ' c3: 111 ,. ys 1+ h 2) 
117?11~O. o< 

Let us introduco new amplitudes 

/2 t/2. o<
(J o<.:=; (1+ 110() .5 , 

H 2.n -; li 

(4.30) 

(lJ/2)- i+oi / .t. I/tfl - oG a, =: ( 1+ 110{ ) 5 
11 JIt -;f :> 

It>o', or=:/)~) ... ) (:IJ/Z)-t 
:
\ 
~ with the Poisson brackets 
.li. 

ãJli { () ~. } =-t.'S.,Ó 1.:/=1;2).,,)1>-2.(4.)1),(. 
11' In tJ ftm' .:I . 
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Substituting (4.30) into (4.23) one obtains 
z-« 

~ ~ ~ ao -l'
N = - /J1t 't + .(.7t/(I-e) L, 2 fl a a t :I 

n=f 1.'=1 /t H 
(4.32) 

ei 
c:

L. .=
() 

m/:-<
- .7l/( f-é' '). 

.J)-rf(,_. 
fel (4.36) 

where 

Thus, 

..2 ~/~-f a? I rt 
e + h. -ol

ft0t '"' Z h~ Pof-l 
ol=f 1 + o( 

the distancee between masa levele decreas8 

(4.33) 

(1'- e-l) 

5. The energy spectrum of the string' with 

external magnetic field. 

a net charge in an 

times as oompared with the free atring caoe. 

Now WI consider the referenoe frame in which the total cano

nical momentum of the atring haa a vanishing projection onto 

the c.ectric field 

In this secti,on we consider the open bosonic string with 

a nei charge (tf
t 

+ q,~::f:. t') propagatine in 8 background 

electromagnetic field. In this oase the action {2.l) ia not 

f
p=O. 

(4.34 ) 

invariant with reapect to the transformations (3.11). As a con

aequence, ~he total canonical momentum of the st~ing pjf is 

not conserved. Henc., the aquared mass of the string ;iJ1Z ia 

In th1e reference frame 

to be 

the energy of the string jJ,." turne out not conserved too. In addition, it i8 not known in which way 

the light-like gauge conditions in the free atring theory 

~{ 

Poli 

1 -t ~oI."

(iJPJ- f 

r: o.t -l{\p) =(t-e) 2 
01= f 

co J)-2 
+ ~7iTZ L nã'c, f}.(4.35) 

M_(' "Jf ,, f:"f 

should be generalized when the chareed strinL propagates in 

external electric field. 

Therefore let ua conaider as • background field a conatant 

homogeneous magnetic field. Without lQss of Lenerality one can 

ahooe. a g~uge for the electroma~netic potential ~(~) such 

i' 

ThuB, in the olassic.l theory when e ol ~ 1. the energy of the 

neutral string in an external constant homogeneoua eleotromag

netic field ia striotly positive. 

In quantum theory in eq.(4.35) the tachyonic contribution 

appears which ia caused by ~ero point fluotuations of the 

h.rmo~ic oaoillators 

'Il 

that Jlo (:K):::./I; (:r):::: O. In this case the components 
O Jf)7 and)? 9f the total canonical momentum of th. 

atring are obviously conserved.lnatead oí the aquared ma8a of 

the string we ohall consider the total energy of the etring 

in the reference frame where jJ ~ o. 
Thus' we tO now to the co~aideration of the baaic equations 

in the problem under consideration. The equations of motion 

(4.1) and the orthonormal gauge conditions (4.2) remain unchanged. 

]8 
]9 
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The boundary cond1tione (2.7) are wr1tten 8S 

I o I f 
X =x == O, 6:-0,.71, 

(5.1) 

lo<. / .0(5- - t'~o( ~ .=-t?) 6;:CJ,	 (5.2) 

/0( / -o(

$ + z'l1l o( ~ == O) 6=$, 

o{= (, s, .. ,? (1)/'<)- f, J -= o. ~!7} '- ; /} !L ~(5.3) 
t~ 7j	 '.201 ~ fi( li . 

In (5.2) and (5.3) there 19 no summat10n over 0(, 

The 11ght-11ke gauge 1B def1ned 1n the sema way. as 1n the 

free-etr1ng case 

ljujfi=O, ~Xfi=:/'}J}'/rr.7l), 
(5.4)

."tt 
where ~ ,/J. 1s project1on of the total canon1cal momen

tum of the string onto the const~nt 11Lbt-like veotor ~~: 
t? f .t.J ZJ-f 

11ft11 /f; tJ) ,If:=#.;: 1
7 

'.11=/( = .i,»: It :ao: O. As 1t was 

noted above, th1s projeotion 18 conserved in the oaee under 

oons1derat1on. The gauge cond1tions (5.4) are wr1tten in terms 

of 11gbt-front var1ableB as fol1ows 

I . __ ~- ('.5?::r --=- tJ, ..;r - 'T.7t 

The solution of the orthonormal gauge cond1t1ons (4.2) 

w1th the help of (5.5) g1ves 

I') · + 'T.7t. ..=..t. -!. ,2 /+ T.7i...:.-:' 
.:t =:;p- (7.J. -+ X.1 ) , f =p_ t~.7..L . ('.6) 

, 20 

t 

It is easy to show in the 8ame way as in the preceding sect10n 

that eqs.(5.6) are oons1stent witb the equations of motion 

(4.1) and boundary cond1t1ons (5.1). Therefore the transverse 
--.,. 

ooordinates of the strine; .T..L (f;6) can again be cons1dered 

as 1ndependentdynam1ca1 variables. 

To find the solution of boundary conditions (5.2), (5.3) 

w.	 put 
t'Af 

~rr,6)=:e (CC01)Ó+ÇftifJ,6J,
f	 (5.7) 

where ~ and ~ are constante. Subst1tution of (5.7) 

into (5.2) and (5.3) resulte 1~ the relation between the 

constantB C;, C :z 

C =-i CJ. f.1 
(5.8) 

and in the equation def1n1ng the string frequenc1es 

ft/! (). + ê ).7í=- ,o, 
(5.9) 

whera 

tg .7fé = It, +Á~ 
~ f-i j

f ..t 
, 

1
lé 1 L I:' 

(5.10 ) 

From (5.9) one gets 

J == /1- é) H::: c?, + f) .::t ~) .., • (5.11)
h 

Thus, the e1genfunctions of the boundary value problem under 

cons1deration are proport1onal to the following expreBBion 

2] 

li 



z'{;f-é )le cos[(It- é )6+ tI]) n = o, :Í r, ... :) 
(5.12 ) 

whoro	 ry é '.t= ~ • 
Por ~ (t'.. 6) we have the expansion;>	 , ~ 

. +00 -c(/I-é) r ç(" 
oi, ot t .~ a ~ r; ot .) oi 

'$('1;6)= (p -t - 6 L .. 5"110( ClJ~L{It-é Jo+é J. 
t.7i7'11=-0-0 n--é f 

(5.13 ) 

Uain'g Iq. (4.22) with e= o we obtain in the reflrenoe frame 

where p ~O . 
~ .7t (J;p)~ f .:.. 01 • o{ _ /0( /0( 

(P; = '7~Jclóz (~ 5 + ~ 5 ). (5.14> 
() d=f 

The substitution of (5.13) 1~to (5.14) gives 
J. -t 00 (JJ/J)-f- o( c:( 

(P0) =: T:JtL L ~ ~ 
(5.15)11=-00 oe=f h 11 

Tbus. at	 the clasaical level the s~uared energy of the lItring 

in	 tbe obosen reference frame 18 'etrictly poa1tive. 
~~	 .

No. we'introduce instead ot ~h in (5.15) new amplitu

des [11J witb tbe following nonvaniahing Po1sllon braoketll 

J	 01. -13 .S' S' 
1Q" , Qhl }==-t oIp nn/' 

(5.16)J	 Oli( õ.. P ~ __ (' ~ ~ 1 O ., O ,- ol8 /1IIIf')
m m I I 

~f.= 1)2., .. " {lJ/ti)-t; /1,11::(,,1, .,.; H1)HI.::"~ 'f)'/J"'. 

Equat10n	 (5L1S) turDS out to be . 

2 00 (D/~)-1.g{ _ 0/ o/. o(, -" ri. 
l) 

{P'=~~,*,{(It-é )(ã:c(+ g.. 8)+lt l&o&)c5.17l 

22 
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In quantum theor,y zero point fluctuations have to be takln into
 

account in (5.17). Their contribution E ~ to (5.17) is.
o 
_ .t ~/tl)-f CQ 01 1to(f 

L ;: 7Jt ~ [L (11- é ) + T J. . 
O d=1 11:'1	 (5 __18) 

The regularimed eum in (5.18) can be obtained with the help of
 

the Rieman zeta-function (14)
 

. ~ -1 
.$"(:f)q,)=L] (q,-t-I1) . (5.19)

/t:O 
Taking into account tbat 

$ C-1·) q, ) =: ).1 9- (1- Cf ) - fi( 
(5.20) 

we	 glt for (5.18) (í./ )_ f
 
. :L 1)/ ~ o( o( o(


Eo	 =_ J)-~ + 12' [é (I-é)+ lé IJ· (5.21 ) 
'T.7i R" R. 0/ <= f 

6.	 Tbe charged strinc in background ele~tric and magnetio
 

fielda
 

As was	 notld .bove. tbe light-like gauge from tbe free 
. *)str1ng tblory cannot bl ceneralizld to thi8 caee • Therefore. 

we	 may hlrl devllop a tormal1sm analogous to the covariant 

approach	 in tbl frei .trinL theor,y [13 ] • 

*)
It should be noted that in the tbeory of a free clo8ed boaon10 

.tr1ng therl 18 no oomplltl l1ght-l1kl gaugl wh10h enabllS one 
to 111m1natl all the unphyaical dlgrles of frledom. Thl oond1tion 
of 1nv,riance with reapect to tbe global transl,tions of thl pa
ramlter ~ cannot be Bo1ved as the .lgebr.ic equation. 
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-- -------------------------------....----------------------------------_.-----

Por thia purpose one haa to constract ~he .ol~tion of th.	 .z 
Thus f (r) 6) can be expanded in the forro
 

equations of motion (2.5), whioh ob.ys the boundary cond1tions
 
+ 00 t'{It:;:tjJ) .+. . 

(2.7) and then to demand the tulfilment of the orthonormal gauge	 x.1:(rÓ)= (fl:J: + 1: e UI" -;:e t (lt+tjJJ6 ./1-z(H+r.'o)6 
,	 ~l e "J)\ (6.5)

conditions (2.4), i.e. to cons~ruct the Virasoro operators. 11=-0.. J1+t.jJ 1- • 

In this slction we consider how these operators ar. modi- Due to the imaginary part of ..í\ 11 this solution increas.s 

fied in the theory of a charged open bosonic string exponentially when r--..;:t 00 • 

propagating in background electrio and magnetio fields. The Varal!!loro operators ~ can b. def1ned 1n th. 
n 

The aoLut Lon for the tranl!!lverse variablel!!l ~ (z: 6) usual "ay 
-+ CQ tlt(P";'6)obtained in the previous section remains obviously without 

+ .
 
changea , For the longi tudinal oomponents .r-(f, 6) we have th.
 (X:-.J/'= ~ i" e 
following boundary cond1tionl!!l	 1/= - Co (6.•6 ) 

/z . + Por ~ we have the stand.rd b1linear exprel!!ls1ons.x ;;t e X -.= O~ J1i 6=O~ (6.1) 

l:r . .x	 (:1J/,,2)-!.. o( o( 
.x 1= e.e.x =a; 6-=.%, . L = - ! .2 (UI + zé) - +2 ~} ) l1=l~:t () ... • 

J1 ~ n li-IH m d=f 11-", ~ ) (6. 7)
(6.2)eq =- CJ,-()( é-/ r J cr.=' 1');'.	 The differ.nce from th. free-string cas. consista in the un

usual Poí.aecn brackets for amplitudes Ui'-
+

S.parating the variables we put 11
 

r 

+ ,')2" -z:'j 6 - c'.). 6 
X {i,6)=:(? (Çe + Se). (6.3)	 JU9:t , ZO 7' } -= -r t" S J r/1;:r~) ;) 

} ~H.ÍIH I? m t + e o? 
Th. frequenc1el!!l- Jt in this casl app.ar to b. oompl.x

Jt, n, H!>O, (6.8) 
-valued: In quantum theory in Lo the normal .ordering of thl ~perators 

J1 =)t-'./J? li::: O,.:r f, :r 2 J' ", should be postulated. This resulta in the appearance of aJf 

. /J /+r?q	 constant in L which is analogous to áttJ) in th• 
~ + .fJ~	 otJ =: e;, ) Cf.=: f) l (6.4)jJ==	 fr.e l!!Itring theory. This constant turns out to b.27t J a 1- e 

. Q	 (11/J)- f 
. o( ot o(Th. oonl!!ltants c:. and c;. satil!!lfy th. relation	 .J)-,l 

+ / Z [t (1- é ) + Ié \J. 
c=e~c.	 2:4 (6.9)

;~	 0/=(g, J 

24 
,,. 25 

t 



7. Conolue10n 

The tmportant pbya1cal reeult obtained here 18 the constra

1nt on the etrenBth o~ the background electr1c f1eld. It ehould 

be noted that th1s conclus1on hae been drown 1n the moet glneral 

way, w1thout us1ng any solut10ns of thl equat10ne pf mot10n. 

It meane that the abe11an gauge f1eld glnerated 1n the low

-enlrgy l1m1t 1n thl 1nteraot1ng .tr1ng theor,y hae aleo to obey 

th1. oonstra1nt. Th18 constra1nt should rlsult 1n the mod1f1ca

t10ne of thl correspond1ng abl11an gaugl f1eld theor,y. Por 

Ixample, the nature of the ultrav101et d1vergences 1n such a 

theor,y máy be changed. 

It 1e 1ntere8t1~E to explore further thl role of the 

tacbyon1c contr1but10n to ;1f2 due to the transverse mot10ne 

of thl str1ng ae'8 who~ Probably 1t 1e 1mpoes1ble to conclude 

on th18 ba.1e that the clase1cal dynam1ce ot an open neutral 

boson1c str1ng 1e unatabll at any valuls of extlrnal Illotr1c 

and magnet1c f1elds. The pos1t1v1t,y of thl etr1ng enlrgy 1n 

à epec1al reflrenee frame aupports th1s eoncius10n. 
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HecTepeHKO B.B. 1 E2-87-420 
0TKpwTaR 6o30HHaR CTpyHa 8 ~HOBOM 3neKTpOMarHHTHOM none 

HccneAOBaHa KnacCH4eCKaA H K8aHT08aA AHHaMHKa OTKPWTOH 6o30HHOH CTPYHW 
B noCTORHHOM OAHOPOAHOM 3neKTpOMarHHTHOM none B 0-MepHOM npOCTpaHCT8e•8peMe• 
HH. PaccMaTpH8aGTCA OTKPWTWe CTPYHW ABYX THnOB. HeHTpanbHWe CTPYHW, y KOTO· 
pWX 3aPAAiol q l H q1 Ha KOH~ax YAOBneTBOp.RIOT ycnOBHIO q1 + q II • 0, H 3apA*eHHWe 
CTPYHW I y KOTopwx q1 + q 1 .;. 0. Cornaco8aHHoc Tb Teop1111 Tpe5yeT, 4To6w ~Hoaoe 
3nBKTPH~ecKoe none He npe8wwano HeKOTopoe KPHTH4ecKoe 3Ha4eHHe. PaccTORHHA 
Me*AY MaCCOBWMH yp08HAMH HeHTpanbHOH OTKP~TOH CTpyHW YMeHbWaiOTCA 8 (1-e~ pa31 
rAe e-6e3pa3MepHaA HanpA*eHHOCTb 3neKTpl14eCKOro non.Rj MarHHTHOe none He BOHR· 
eT Ha 3TO paCCTORHHe. noKa3aH0 1 4TO Y*e Ha KnaCCI14eCKOM ypOBHe 8 MaCC080M 
cneKTpe HeHTpanbHOH OTKPWTOH CTpyHW, ecTb TaXHOHH~H &KnaA 1 o6ycnoeneHHWH 
TpaHCnA~HOHHWM ABH*eHHeM CTPYHW KaK ~enoro B nonepe4HWX Hanpa8neHHRX, 3TOT 
BKnaA OTCyTCT8yeT, ecnH BMeCTO M2 paccMaTpHBdTb 3HeprHG CTpyHW B cne~HanbHOH 
CHCTeMe OTC4eTa, 8 KOTOPOH npoeK~HR nonHero HMnynbca CTPYHW Ha HanpaaneHHe 
3neKTpH4eCKOrO nonA pa&Ha HyniO, HaHAeH BKnaA B 3HepreTH4eCKHH cneKTp H B one
paTOPW 8Hpacopo HyneBWX KOne6aHHH HeHTpanbHOH 11 aapR*eHHOH CTpyH, Ba*HWM MO· 
MeHTOM HCCneAO&aHHR A&nReTCA HCnOnb30BaHHe o6o6~eHHOH CBeTOnOA06HOH,KanH6poa
KH, 

Pa6oTa awnonHeHa a fla6opaTOPHH TeopeTH4ecKoH $H3HKH OHRH. 

npenpiDIT 06loeJI.IDIIIIHOrD IUICTHT)'TB RAepHbiX HCCneAOB8JiltJI. ,lly6H& 1987 

Nesterenko V.V. E2-87-420 
Open Bosonic String In Background Electromeqnetlc Field 

The classical and quantum dynamics of an open bosonic string propagating 
In the D-dlmenslonal space•tlme In the presence of a background electromag• 
netic field Is Investigated. An Important point In this consideration Is 
the use of the gener~llzed llght·l Ike gauge. There are considered the strings 
of two types; the neutral strings with charges at their ends obeying the con· 
dltlon q

1
+ q1 • 0 and the char!led strings having a net charge q 1+q .;. o. 

The consistency of theory demands that the background electric field ~oes not 
exceed Its critical value. The distance between the mass levels of the neut· 
ral open string decreases (1 -.el) times In comparison with the free string, 
where e Is the dimensionless strength of the electric field. The magnetic 
field does not affect this distance. It Is shown that at a classical level 
the squared mass of the neutral open string has a tachyonlc contribution due 
to the motion of the string as a whole In transverse directions. The tachyo
nlc term disappears If one considers, Instead of M2 , the string energy In 
a special reference frame where the projection of the tot~l canonical momen• 
tum of the string onto the electric field vanishes. The contributions due 
to zero point fluctu~tlons to the energy spectrum of the neutral string and 
to the Vlrasoro operators (n the theory of charged string are found. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JiNR. . 
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