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. ... '0 article in a space time with Jeficit angle Icads to a modifkation
Thc application of Ihe Casimir effect to lhe held sun',oundmg:.J. sPlOru g p. , ,<. tl',p spcctn of "'pinning particles in the f¡eld of both

" .' I J h f 110wmgwc dlscuss cOffectlons to SPlllo ., , .
of the magnetlc moment ot lhe partlc c. n t e o d" . l' 1 b' 1slr"'lgs ¡'rool g"lU(Jestrings. Spin flip speetra can aIso be used to probe. S h .t e'm be used (o IstmgUls 1 g o ,1 . . , e-
glohal ;.mdg<.lugestTlllgS.. ue spec raB, O' k" _ \. higher curvnlUre terms, ns wcll as othcr modificntiollS of gravitalional theory.
for modifkatiolls of gravlty dlle to ti mns IC e sca .Ir.

Keywf/I"l!s: Spin llip; cosmic strings

El uso del efecto Casimir al cnmpo que rodea a una partícula que gira en el espaci~Hiempo con dell~ienda ~~lg~lar co~:~~e :n~~~~~~~:c~~~
1'\ ll1 Hnento ma nético de la partícula. A conlinunción discutimos las correcciones al espectro e cam 10 e espl ,
~~rac~ un campo gde cuerdas globales o de norrnn, Este espectro se puede usa~ ~ara. distinguir entre cuerdas .globales y cuerd.as de nor~a. El
~spcctro de c<unbio de espín también puede ser usado COIllO sondeo a la: m(xllllc~clO.nes de la gravedad debidas al escalar de Brans D1Ckc. a
términos de curvalura superior así como olras modiflcaciones de la leOfla de grn\'ltaClón

lJescrifltorl'.C Camhio de espín; cuerdas cósmicas
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1. lntroduction

Onc ol"the great triumphs 01' spontaneously hroken gauge Ihe-
ories is Ihal they predict lopologically stable eonfiguralions
sueh as S1rings (1), mOllopoles [2j aod domaio walls [31. Do-
main walls have Ihc unpleasanl fenture that they have an en-
ergy dcnsily variation wilh the scale faclor thal is in contlict
with astrophysical data [4]_ Strings however can he accom-
modaled wilhin the preserH limits of cosmoJogical data and
rrovide us wilh an alternate candidate for how large scale
slructure forms [51. The signalures ofcosmic strings include
the production of wakcs in the malter Jistrihulioll surround-
ing a slring (G], double imagcs of galaxies due lo Ihe exis-
tence al' a defkil angle 171 and the exislence ol' discontinuilics
in the CMB 18] duc lo the mOlion of the string Ihrough Ihc
cosmic hnckground I"ramc. Anther distincl fealUre 01"cosmic
slrings is Ihat lhey will produce sharp irnages of objecls 10-
c¡¡led hehind lhe string [Ojo Because ofthe recenl experimen-
lal observiJlions 01' how galaxics are distributed in a wch-Iike
strueture with alternating lilarnenls and voids, eosmic strings
have becolTIe a \'cry allractive candidale in cxplaining thesc
lilafTlcolry sltuetures [10, 11].

If wc Iry lo cJassify strings we l¡nd that lhey have a nUIll-
bcr nf delinile propertics according to whethcr thcy are global
ur gaugc slrings. superconducling, and whclhcr or nol Ihey
~lre Abelian or non-AbeHan in group rhcorelic struclure. The
gravilalional f1cld of a string can also he drastieally ehanged
hy modifications 01' Einstein gravity. these modifications in-
elude Brans Dicke Iheory [12}, higher-order eorreclions to
Einstein gravity 113] and the addilion 01"spin generaled lor-
sion rO!. Ihe case nI' spinning slrings [14]. In addition to the

cosmological signalures ol' strings menlioned in Rel's. 6-8 in
the following \I,:ediscuss possible ways of detecling the pres-
encc of slrings through atomic spcctral shifts coming fmm
11-[ alld H-Il regioos in Ihe oearhy vieinily 01' a slring Ihat
ma)' exisl in the cpoehs following rccombination, In a prcvi-
OllS note 1l5J we discussed the speclral shifts ¡nduced by the
Casimir elTeet 01' an electron spin J1ip in the tlcld of a slring
with dctkil nngle S. In that particular case wc considercd a
G.U.T. slring wilh conslant deflcit anglc. In Ihe following wc
elucidale further on the possibility of a defkil anglc varying
with distance from Ihe slring and also varying wilh certain
paramclers such as Ihe Brans Dicke constanl, the cocfficient
01' the higher curvature corrcclions to gravity, as well as Ihe
seale 01' symmetry brcaking aod the possible spin densily 01'
the slring. Though at prescnt Ihefe docsn'l seem to be any
conclusive cvidcnce for Ihe presence 01' a cosmic slring in
a cosrnological sctling, prohing for thcir presence through
induced spin spectrnI shifts in nearby 11-1 and U-II rcgions
scellls to he a very direct window Ihrough which rnany 01' lhe
properties 01"cosrnic strings may be observeo.

2. Induced spectral shift~ in the field of a cosmic
string

As menlioned carlier in Re£. 15. an eleclron (or any chargcd
particle) will experience a eorreetion to Ihe spin-flip (Zcernan
cffcct) energy in a magnctic field in the background of a cos-
mic slring due to Ihe modification 01' the magnetic moment of
lhe electron induccd by the Casimir effecl in Ihe non-trivial
topological spacc-lime uf thc string [lG, 17]. The corrrcrion
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gravila.lional tlel~ 01"lhe slring is lo nole fhar ir gravily grows
strong III a dom<I1Il ol"lhe universe [221 ,1GJl/C2 can oe made
cl~)sc lo leven rol' strings Icss massivc lhan GUT strings, in
[hls case Eg. (4) rcads approximately

2JrmC2 [ (~ - l)e2h]
,\= --- 1 +---~- 5eB 4S1T2m2,.'C3 ' ( )

since (1'2 = (1 - 4GII/C'!.)'2, as Gll/C'!. approaches 1, lhe
second term in Eq. (5) hecomes comparahlc lO Ihe first lerm.
Thus in lhis case an appreciahle fraclional shift of the normal
Zeeman ¡¡ne in lhe z componcnt magnetic field will he a sig.
nature 01"lhe presence of a gauge string in the background of
strong gravity.

Anolher approach lo prohing for a global slring is to in-
sert

lo lhe .ll1agnclic moment of lhe electron (magnitude of 1110-
/llenO IS

61 = _IIO(~ - 1)e2h eh
/ 4S1T'",'r'C3' (/lO = 2mC)' (1)

(1' = distancc from string). Befe a is found fromlhc metric

( 15)' .,., , ., = C-dl- - dI' - dz' - r'a'(dO)',

where a(21T) = 21T '+' ,\(,\ = dihedral angle). 11''\ is neg-
allve Jl IS ealled the defieil angle. For a gauge string [IS) the
IIlctnc can he wrillen far from the string eore as

,
(I )., C.'., , , 2 ( 4G/L)l.' - = -<11- - dI' - dz - r 1 - C' (dO)2,

here IL = mass per unit lenglh and a = I - 4G/./C'. The
limil on Gll/C' is G/l/C' < 2 X 10-6 from the string in-
duced C.M.B. anisotropy [19). For the Zceman energy 01' an
elcctroo in a magnclic ficld B (z component ficld) we have
using Eq. (1):

{[=

into Eq. (5) giving

8G" l'
1- -o-IIle-

C- "0

(riS)' = (Ctll + kdO)' - dr' - dz2 - D'(dO)2, (8)

In Eg. (6) we tlntl a characleristic varialion of ,\ with r, for
SG/t/C' < 1, we find

(7)

(6),\ = _21TmC' [1 +
eB

a characlcristic ¡ncrease 01' ,\ with lne(7./ro)/r2 in Zeeman-
Iike spin flips would signal the presence of glohal cosmic
strings.

So far we have confined out altention lo a gauge slring in
lhe fm llcld region and a global string c10se lo lhe coreo Lel
us now consider a Slalionary slring with spin. Krisch [23] has
shown that Ihe Illclric reads

(2)

For Ihe corrcclioll tcrm in Eg. (2) lo he 10-4 01' lhe normal
Zccman cncrgy we have fUf a ~ 1-10-6• l' ::::: 10-13 cm
which is no longcr in lhe far ficld region of lhe string. How-
cver thefe are two ways of circurnvcnting this obstaclc, (he
first is lo considcr a global string with mctric [20}

, ( 4G/1 l' ) ." " 2(dS)' = 1 - -C' lo, - (C-dl - dz-) - dI'
- 1'0

- (1 - SG,/l In, !:-) r'(dO)'; (3)
C ro

here ,,2 = 1 - (SG/l/C') 1n,(r/ro) and Eq. (3) applies in a
region nol too t~lr fmm Ihe string coreo

Also 11 = effective mass per unil length of string ano
"0 is a function 01' lhe string paramclers. We nole at 1 -
(SGIL/C2) In, ("/"0) = O 121J, the defieit angle heenllles 2".
and" -+ O, ffom Eq. (2) the wavelength 01' photons for a spin
Ilip is E+ - E_ = hC /,\ giving

,\ = [2".mC
2

] ,
( 1 _ 1) e' h

eB 1- -~----
4S".2m'r'C3

(4 )

here

CSo ( J81TG)" )k = -_- 1 - (OS --r
,\ C"

thus as wc approach 7' = roe2/80/. wc tlnd Ihat the wave-
lcnglh 01"a Zecman spin llip increases, or lhe spcclrum will
fade out of lhe ooservable window. Thus a plot ol' wavelength
versus distance will show the transition from the X ray spec-
trum toward the infrarcd as spin llips further from lhe slring
are ooscrvcd. This of coursc also nccessilales Ihe presence 01'
a z componenl cosmic magnctic field B along the string axis.
The second way 01' observing lhe spin lIip shifls t1ue to the

also So = conslanl of dimensions of spin density, e = spccd
01' light, )" = cnergy densily 01' slring and

r; =~.
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From Eq. (5) we find for lhe Zceman spin llip in lhe ficld
of such a string

( 15)
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For lhe = compone nI magnelie lield we have
f-or lhe quantity el wc have

( 10)

Por lhe IIlclric 1'01'largc r we have

For lhis case Eg. (5) would read

( 17)

( 18)

.\=

or

where again JI. = effcclive mass per unit length of gauge
slrings (" = 1 - 4G'l/C2). From Eg, (5) we have for Zce-
lIlan spin tlip in the lield of Ihe gauge string

+{¡2C' (4ali(1!7T)2 - (b - a)')] '/2
4aú(li-a)' (19)

In Eq. (1H) an increase in}. wilh l' according to re(r¡r2) and a
varialion in }.with r due 10 the lopologicallerm would signal
the presence 01'electromagnelic gauge strings in a cosl11olog.
ical seuillg. If anolher U( 1) group dcfincd lhe group slructure
01'lhe slring, (hen Ihe corresponding U(I) magnelic momenl
01'the parlicle in lhe surrounding field would have lo be lIscd
in Zccman likc spin tlip lransilions.

The lasl prohe to a gauge slring lhat is rnotivaled by a pa-
per hy Bezerra er al. [271 is lhal of lhe speelral shifls in transi-
liolls 01'a scalar particle moving in lhe field of a string under
the inlluence 01' an inlinite squarc well potcnlial hetween a
and b (fl. < r < b), here lhe particle is furbidden lo move
olltside lhe region. Thc eigenvalues calculated hy Bezefra el
al, [27[ are

[ '
2c" 2

E -_ 'c" ¡2C" ,,'2 1 -/m- + t -,.,; + ---
abn2

here k = wavc nUl11her in z direclion, t!l/a = z COI11.
ponent angular 1ll0lllenlum in :; direction, (l = integer),,,2 = ! _4G,,/c'-

The wave function is

(1 1)

( 13)
hC 2

Ao = - (1 - e-c/c,)
el'

2 SG",. SG,,(Gñ) .
(l = 1 - C2 lIle ro - C2(31T),.2'

From Eq. (12) \Ve may pro be for any higher curvalure term
in Ihe lagrangian 01'gravity by looking for an additional vari-
ation of .\ wilh 1/,-" whieh would modify the 1/,-2 iI'c(1/,-o)
dcpcndem:e already prcsent rOf <l glohal slring.

Thcrc arc lwo other pro bes lo cosmic strings lhat wc
would like lo discuss here, fhstly 1'ora gauge string far from
lhe core (electromagnetic gauge string) the vector potential
looks like [2G)

here fi has dimensions 01' (Iength)2 and is Ihe coeflkicnl 01'
lhe R2 in the gravitalionallagrangian.

C' ., r-:
lG7TG(R+ñR-)v-g.

Sincc D and k dcpcnd 011 lhe cncrgy dCllsity and spin den-
sity of the string \Ve 11lay probc for spinning strings using
El]. (10). Hcrc lhe parliclc that cxpericnces lhe spin Ilip ac-
lllally Hes within the houndarics of lhe spinning string COIl-
liguralion. To probc ror scalar tensor cffects in lhe licld of
a string M.E.X. Guimárncs [241 has discusscd slring solu-
t¡ons in llraos Dicke thcory, as ahove such sulutions could
he lIscd lO calculatc the dependen ce 01' lhe quanlity (l on lhe
Brans Dickc scalar which in 1um will determine corrcctions
lo Ihe spin-flip frcqucncics lhrough I11odifications 01'a. Also
J. Yuanfang el nI.. [25]. Has discussed lhc corrections induccd
in the field 01'a global string by higher curvature corrections
lo Einstein gravity, lhe quanlity (12 in Ihis thcory is

(14 )

where 1'2 depends on lhe vacuum expectation value of the
Higgs tick! (J/V?), The Higgs lield is

'1' = .!!.- (1 - e-c/c,) eiO

V?
(N= I = winding nUlllher of Higgs f¡eld),

where R(a) = R(b) = O, and the metrie is

(/5)" C"" ., ., ( 4G,,)2( - = -dl- - d,.- - ciz- - 1 - C2 ,.2dB2,

(20)

(21 )
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11 = mass per unir h:ngth 01' string. We sec from Eq. (19) thal
any quantulll jumps specilieJ hy

(22)

\ViII oe:scnsitivc lo (t and thus if thcse spectral shifts can he
ooscrved Ihey can he used lo prohc for lhe prcscnce o •.gaugc
string through Ihe dcpcndencc 01'), on Q:' through Eq. (19) ami
Eq. (22).

3. Couc!usion

Tile ahoye discussion has indicatcd that bolh global slrings
and gaugc slrings can he studicd ir lhe r dcpcndcncc 01'
lhe 7Á'cman spin slip has a variation consistenl wilh any
of lhe ahovc Illodcls. Also fol' an clcctromagnclic gaugc
slring El]. (18) wouh.l givc LIS a spccific signalurc 01'.\ l'S.

,. Iba! would signal U( J) strings in a cosmological sctting.
The prohlcm with all Ihe ahoye rnodcls is lo Iry lo observe
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