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I. Int roduct ion 

Considerable progress hnr r eoen t ly  schieted in F m e r t i ~ t i o n  

of t h e  s t r i n g  dynamics in baokground f i e l d s  corrmpollding t o  the  

f i r s t  l e v e l s  of the  s t r i n g  s p e o t r m  . In t h i s  approach one 

ge t s  a new i n s i g h t  i n t o  the  p roper t i e s  of the s t r i n g  i t s e l f ,  

some i n i a m a t i o n  on the l o c a l  f i e l d s  generated by the  in t e rao t ing  

s t r i n g s  I n  t he  low energy l i m i t  can be obtained. 

The background f i e l d s  corresponding t o  massless s t a t e s  

i n  t h e  s t r i n g  spectrum a r e  of spec ia l  i n t e r e s t  in the  s t r i n g  
1-5 

approach t o  the  p a r t i c l e  physics . It i s  these s t a t e s  t h a t  

should be compared with the  elementary p a r t i c l e s  observed in the 

energy range avai lable  i n  the  experiment now 7'8 . rhe 

Abelian gauge vector f i e l d  (electromagnetic f i e l d )  corresponds 

t o  t h e  massless s t a t e  i n  the  spectrum of open s t r i n g s  . This 
1 

f i e l d  does not a c t  on the  fermionic va r i ab les  of the s t r i n g  , 
and a s  a consequence we can confine ourselves t o  t he  considera- 

t i o n  of a bosonic pa r t  of the  s t r i n g  spectrun. 

A constant homogeneous eledtromagnetic f i e l d  In  the  D-di- 

mensional space-time can be of two types, non-isotropic and 

i so t rop ic .  This corresponds t o  two canonical forms of the  

s t rengthtensor  k- . In the  case of the  four-dimensional space- r'' 
time the  non-isotropic electromagnetic f i e l d  can be cas t  by a 

appropr ia te  Lorentz transfoz%ation i n t o  the  p a r a l l e l  e l e c t r i c  

and magnetic f i e lds .  An i s o t r o p i a  electromagnetic f i e l d  fn an  

a r b i t r a r y  reference  frame descr ibes  e l e c t r i c  dnd magnetic f i e l d s  

which are equal and perpendicular t o  each other. 

The d m i c s  of open s t r i n g s  hea been inves t igated  in a 

non-ieotropio electromagnetic f i e l d  . The s t r i n g  dynamios 

X) To introduce in to  t h e  string theory the  n o n ~ b e l i r n  gauge 

symmetry, one should t o  use the Chan- Paton maohanism . 



turns out t o  be s t a b l e  only i f  a o o m t r e i n t  on the  inva r i an t s  

of t h e  t enso r  F i s  s a t i s f i e d .  I n  a Special  referenoe frame 
r* L' 

this requirement reduces t o  the  oonst ra in t  on the  absolute  value 

of t he  e l e o t r i o  f l e l d .  This r e s u l t  is a d i r e c t  i nd ica t ion  t h a t  the  

vec to r  Abelian gauge f i e l d  generated by i n t e r a c t i n g  s t r i n g s  in 

the  low rnergy l i m i t  should be descr ibed by a nonlinear Lagran- 

g ian  in s t ead  of the biamrell LagrangIan ( fo r  example, by the  

Born - In fe ld  Iagrangian 2,10 ). 

InRef.  1 it  has been shown t h a t  f o r  the i s o t r o p i c  configura- 

t i o n  of an ex te rna l  electromagnetic f i e l d  such a r e s t r i c t i o n  i s  

absent .  This conclusion was based on the  ana lys i s  of the  boundary 

condl t i o n s  without using the s o l u t l  on of the  equations of motion . 
I n  t h e  present  paper, the  inves t iga t ion  of the s t r i n g  

dynamics in a background non-isotropic electromagnetic f i e l d  

ca r r i ed  out  i n  Ref. 1 i s  extended t o  the  case of an i eo t rop ic  

ex te rna l  f i e l d .  %o types of open s t r i n g s  a r e  considered, n e u t r a l  

s t r i n g s  and s t r i n g s  with a ne t  charge. 'Phe generalized l i gh t - l i ke  

gauge i s  introduced, the  general  so lu t ion  of the  equations of 

motion a r e  constructed and the  s t r i n g  mass spectrum i s  analysed. 

h t he  b a s i s  of the  obtained r e s u l t s  one can conclude t h a t  t h e  

s t r i n g  dynamics i n  a background i s o t r o p i c  electromagnetic f i e l d  

i s  s t a b l e  a t  an a r b i t r a r y  value of t he  external  f i e l d  strength.  

The r e s t  of t h i s  paper i s  arranged i n  t h e  following way. 

In t h e  seoond sec t ion ,  the a c t i o n  of an open s t r i n g  in an exter-  

na l  electromagnetic f i e l d  i s  intro@uoed and the equations of mo- 

t i o n  and boundary condl t l  ons a r e  olbtained. Here the  oanonioal 

f o w  of t h e  s t r e n t h  tensor  F f o r  ;he i so t rop io  eleotr-g- 
P V  

m t i o  f i e l d  i r  g i v m  too. 

In t h e  t h i r d  reotion,  t he  m o m  of the  neu t r a l  s t r i n g s  in 

the  imotropio f i e l d  i r  inremtigated. we introduoe the  l ight - l ike  

gauge ooadi t ionr  t h a t  can be used both f o r  n e u t r a l  and chPrged 

2 

s t r i n g s  moving in an i s o t r o p i c  external  f ie ld .  l%e i n d e p e a e n t  

dynamioal v a r i a b l e s  a r e  eeparated ard t he  general  so lu t ions  f o r  - 
them a r e  constructed. on t h i s  b a s i s  t he  s t r i n g  speotrun is  

i w e s t i e a t e d .  In t h e  f o r t h  sec t ion ,  t 5 e  =me i s  done f o r  a 

charged open s t r i n g  i n  an i so t rop ic  background electromagnetic 

f i e ld .  I n  conclusion t h e  obtained r e s u l t s  are s h o r t l y  discussed. 

2. Action funct ional  and equations of motion 

The dynamics of an open bosonic s t r i n g  wi th  charges 9 ,  . * 

and 9, a t  i t s  ends placed i n  an external  electromagnetic f i e l d  

A (X; i s  defined by the a c t i o n  
/' F2 5 r 

2 

' P  
where i s  the s t r i n g  tension,  ( F  6)) p= t ,  . .. , D- 1 

- 0 
a r e  the s t r i n g  soarclinates, - 0 ,  d = f f  fZ dt?f l l d ~ ~ d * .  II 

t j Y  
i J=Qi :  t$=q d - 5 ;  k=8x3 J - ' = d x .  

2 0 

enveloping space-time the  metr ic  with s ignature  (*, - r -, - , . . .) 
i s  used. 

I n  the orthonormal gauge 

the  s t r i n g  i s  described by the  equations of motion 

and boundary condit ions 



F u r t h e r  we suppose t h a t  F does n o t  depend on X and 
b" - 

c o n s i d e r  t h e  i s o t r o p i c  bacGground f i e l d  when m a t r i x  /L PY 
has  t h e  following b l o c k 4 i a g o n a l  form 

where A i s  a (4x4) mtrix of t h e  form 

l o  -F 0 0 1  
snd i s  t h e  block-diagonal  ( ~ - 4 ) x ( 3 4 )  m a t r i x  

I & r e  ; d = 2 , 3 ,  ..-, ( D / z )  - f 
d 

a r e  (2x2) m a t r i c e s  

I we assume f o r  d e f i n i t e n e s s  t h a t  D i s  an even number. 

1 The m a t r i x  A defined In (2.6) m a i n t a i n s  i t s  form I n  an 

a r b i t r a r y  r e f e r e n b e  frame. %e r e s t  p a r t  of t h e  t e n s o r  f can 
A,' 

I be  t ransformed t o  t h e  form (2.7), (2.8) by an appropr ia t / e  r o t a t i o n  
I of t h e  Las t  (~4) space-l ike o o o r d i m t e s .  

3. Neutral  s t r i n g  

1 In t h i s  s e o t i o n  we i m e s t i g a t e  t h e  -10s of t h e  n e u t r a l  

s t r i n g  (e,= -v2 = 9 ) i n  an i s o t r o p l o  baokground e l e o t r o -  

magnetic f i a l d .  1 .  t h e  case  d e r  c o n a i d e r a t i o n  t h e  t o t a l  

canonioal  momentum of t h e  s t r i n g  

i s  conserved and t h e  l i g h t - l i k e  gauge c3n be in t roduced  i n  t h e  

f o l l i w i n g  way 

P 2 where f l  i s  a c o n s t a n t  i s o t r o p i c  v e c t o r  f l  =o . It i s  

convenient  t o  choose t h e  components of t h i s  v e c t o r  so  t h a t  t h e  

gauge c o n d i t i o n s  (3.3) do n o t  depend on t h e  e x t e r n a l  f i e l d .  

P u t t i n g  

we o b t a i n  from (2.5)-(2.8) and (3.3) 

'- - -  p -  
X =a, J=-, 

725 
where @ ~ ~ = a P a ' .  

The boundary c o n d i t i o n s  (2.4) w i t h  al lowance f o r  (3.5) t a k e  

t h e  form ( 6 =  0, .%) 
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Now we can imreatigate the  s t r i n g  mass squared 

By v i r t u e  of eqs. (3.9) and (3.11) we obtain f o r  

5 
P+ 

7L ~- 

Using expansion (3.10) we can calcuia te  M 2straightforwardly 

can be expressed 1.n t e m s  of the  standard creatiaw. and w l h i l a -  

t l o n  operators a s  It i s  done I n  Ref.1. For t h i s  purpose, one has 

t o  i m e r t  t h e  expansions (3.10) and (3.12) representing d 
A 

and f in t e m s  of -T(q6) a n d p ~ 7 , d )  w h i a  have the  u-1 , 
n 

oonrmutrtor 

Then ep. (3.15) beoomee 

2 
where /Y i s  a tachyoaic contr ibut ion due t o  the motion of the  tr 
s t r i n g  a s  a whole i n  transverse d i rec t ions  

The operators GI ' obey the  usual commutation re la t ions  
n 

-. - 
It i s  interesting t o  consider the  s t r i n g  energy i n  a 

ppeclal reference frame where the  component P 3  of the  t o t a l  

womenturn of the s t r r n g  vanishes. The t r a n s i t i o n  to  t h i s  reference 

frame maintains the  i so t rop ic  s t ruc tu re  of the  electromagnetic 

s t rength tensor  ( 2 . 5 )  axxi (2.6). 

% v i r t u e  of (3.14) we obtain  

2 
In contras t  t o  M' I n  (3.17), f is p o ~ i t i v e  d e f l n l t e  a t  

t h e  c l a s s i c a l  level.  I n  quantum theory t h e  eero p i n t  o s o i l l e -  

t ione of t h e  s t z lng  give a beohyonic contr ibut ion i n t o  Ep. 

- and in to  Eq. (3.20) 



%us t h e  a n a l y s i s  of t h e  mass and energy spectrum of t h e  

open n e u t r a l  s t r i n g  does no t  g ive  r e s t r i c t i o n  on t h e  

e x t e r n a l  i s o t r o p i c  e lec t romagnet ic  f i e l d .  The sane r e s u l t  h a s  

been obta ined  i n  Ref. 1 by i n v e s t i g a t i n g  only  t h e  boundary 

condl t i o n s  (2.4). Probably t h e  s t r i n g  dynamics under cons ide r a t i on  

i s  s t a b l e  at a r b i t r a r y  va lue s  of t h e  f i e l d  s t r n g t h  F i n  sq. 

(2.61, wh i l e  i n  t h e  case of a non-isotropic background e l e c t r o -  

magnetic f i e l d  we have t h e  c o n s t r a i n t  

Nevertheless ,  i t  should be noted t h a t  i f  i s  abso lu t e ly  unc l ea r  

what i s  t h e  phys i ca l  imp l i ca t i on  of  t h e  tachyonic  c o n t r i b u t i o n  
2 

- / y  t o  t h e  squared mass of t h e  s t r i n g  (3*17) caused by t h e  fr 
t r a n s l a t i o n  motion of t h e  s t r i n g  a s  a whole i n  t r an sve r se  d i r ec -  

t i ons .  

4. Charged s t r i n g  i n  a background i s o t r o p i c  e lec t romagnet ic  f i e l d  

Taking i n t o  account  Eqs. (2.5) and (2.6) we o b t a i n  

As it was shown i n  Ref. 1, t h e  light-$Ute gauge cannot be  

in t roduced  i n  t h e  theory o f  t h e  open charged s t r i n g s  when t h e  

e x t e r n a l  e l e c t r i o  f i e l d  does n o t  ran leh .  ( s ee  also Ref. 11 ). 

I 
$owever, i n  t h e  oaee of an l s o t r o p i o  baokground f i e l d  t h e  

i i g h t - l i k e  gauge (3.5) can be in t roduoed  f o r  t h e  open s t r i n g s  

r i t h  a m t  oharge. h d e e d  in Jgs.  (3.5) t h e r e  i s  no dependenoe on 

t h e  e x t e r n a l  f i e l d  and as a oonsequenoe t he se  equa t ions  ar9 be 

in agreement with t h e  boundary oondit ions.  In addi t ion ,  t h e  

p r o j r o t i o n  o f  t h e  t o t a l  momentum of t h e  s t r i n g  onto t h e  o o m t a n t  

r e o t o r  M' g iven  by (3.4) i s  conserved. It Is  easy  t o  ahor 

if one t a k e s  t h e  e leo t romagnet ic  p o t e n t i a l  A CX) in t h e  

The d e n s i t y  of  t h e  momentum v a r i a b l e s  i s  given by 

r 

From Bqs. (4.2) ancl (4.3) it fo l l ows  t h a t  

- - . - 
,P C<C-)= / LX c T , G )  

because of A 74 = 0. 

f ox'lll 
f' 

Phe boundary condlt1o:ns i n  t h e  oase under cons l .dera t ion  a r e  

C= 0 6=& 

, 

T X " + G ~ , F ~ - = Q ;  T Z ' ' - ~ ~ ~ ~ F * - = O .  
P m e  bound- oond i t l ons  f o r  t h e  r- oomponsnts o f  Z C7,6J 

a r e  t h e  Mme as i n  t h e  oa s r  of t h e  non-lsotroplo baokgound f i e l d  

( s ee  Lq- (5.2) I n  Ref. 1 1. w i t h  s l l o r a n o e  f o r  t h e  equa t i ons  of 

motion (2.3) anb bounduf oond i t i ons  (4.9) it may be t e r l f i e d  that 



t he  p ro jec t ion  of the  t o t a l  s t r i n g  momentum onto the  vector /i?/ 
2 32 

i s  conserved. ~. 

i 
The boundary conditions f o r  i n  (4.5) are  s impl i f ied  

by v i r t u e  of the  l ight - l ike  gauge condit ions (3.5) 

As i n  t h e  preceding sec t ion  we t r e a t  the  transverse 

s t r i n g  coordinates zJ= x , 3,  J, , . .. a s  the indepe* - f 4 "  
dent dynamical va r i ab les  and the  light-cone coordinates 

X ~ ( Z  f S>/VZ as the  dependent ones. One can e a s i l r  

ver i fy  again t h a t  Eqs. (3.9) represent ing the dependent v a r i a t ~ l e s  

i n  terms of the  indepepdent ones a r e  i n  agreement with the  equa- 

t i o n s  of motion. (2.3) and boundary conditions (4.5) and (4.7). 

Let us go now t o  the const ruct ion of the f ene ra l  so lut ion 
L 

f o r  the  independent s t r i n g  coordinates.  For X (r,d,) we have 

obviously t h e  same expansion a s  i n  (3.10). For the  components 

~ ' ( ' ~1d)  , , . - 1  one can use ,e solut ion 

obtained U e r  considera t ion of the  non-isotropic b a c k ~ o u n d  

f i e l d  (see Bqa. (9.13) and (5.16) i n  Ref. 1 ). d new solut ion 

i s  f o r  ;P ' cT ,~ )  . ~t o o n t a ~ s  nor ~ d i t i o m ~  t e r m s  proportio- 

nsl t o  r 2  and d Z  

v i r t u e  of (4.1)-(4.3) the  densi ty  of the  corresponding 

canonical momentum i s  3 f -  

I 
(4.9) 

The i n t e g r a t i o n  constant  a i n  the expansion (4.8) and 

(4.9) can be w r i t t e n  i n  terms of p ' to ) ,  where 
2 

0 

From (4.9) and (4.10) i t  follows t h a t  

The general solutior? of the  equations of motion enable6 

t o  obta in  f o r  t h e  s t r i n g  mass squared the  same formula a s  i n  
2 

(3.17) d t h  a new expression f o r  M . m y  the f i r s t  t e r n  i n  
fr 

(3.18) should be modified. h'ow i t  can depend on the  evolution 

parameter exact ly  because the t o t a l  energy-momentum vec to r  

of the  s t r i n g  Pfl i s  not  conserved in the  case under coneidera- 

t ion .  

Benor the  s t r u c t u r e  of the  mass a p e c t r m  of the  chsrged 

s t r i n g  in an i s o t r o p i o  baokground electromsgnetic f i e l d  remains 

the  mme a s  in the  case of n e u t r a l  s t r ing .  Any cons t ra in t s  on t h e  

external  f i e l d  do not appear. 



5. Conclusion 

The absence of t h e  c o n s t r a i n t s  on t h e  e x t e r n a l  I s o t r o p i c  

e lec t romagnet ic  f i e l d  i n  t h e  open s t r i n g  theory  can be i n t e r -  

p r e t e d  at f i r s t  s i g h t  as a c o n t r a d i c t i o n  w i t h  t h e  conc lus ion  t h a t  

t h e  e lec t romagnet ic  f i e l d  genera ted  by a n  i n t e r a c t i n g  s t r i n g s  

should be d e s c r i b e d  by t h e  n o n l i n e a r  Born - I n f e l d  ~ ~ r a n ~ i a n ~ * I O ;  

7. M. B. k e e n ,  J. H.Schwarz and E.Witten. S u p e r s t r i n g  Theory, 

v l s  1 , 2  (Cambridge U n i v e r s i t y  P r e s s ,  Cambridge, 19871,. 

8. B.ld. h r b a s h o v ,  V. V. Nesterenbo, Usp. Fie .  Na_uk ( i n  ~ u s s l a n ) ,  

1 5 0  (1986) 489, %v. n y s .  Usp. 29, No 12 (1986) 1077. -. 

9. H.M.Chan and J.Paton, Nucl. Phys. ~ 4 0  (1969) 519. 

IO.~.S.Fradkin and A.A.Tseytlin, Phys. L C .  158B (1985) 516. 

11.H.hnasugi  and H.Okada, Progr. m e o r .  P x s .  79 (1988) 1197. 

As a m a t t e r  of f a c t ,  i t  i s  n o t  so. The c o n s t r a i n t  (3.23) f o r  t h e  

non- i so t rop ic  electromagnet10 f i e l d  i n  t h e  framework of t h e  Born - 
I n f e l d  t h e o r y  i s  a consequence of p o s i t i v i t y  of t h e  radicand i n  

(5.1). For  t h e  i s o t r o p i c  t e n s o r  F t h i s  express ion  equa ls  1, 
/' 

znd as a consequence, t h e r e  a r e  no c o n s t r a i n t s  on f 
i n  t h i s  case. 1' 
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