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Abrikosov string in /=2 supersymmetric QED
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We study the Abrikosov-Nielsen-Olesen string M=2 supersymmetric QED with '=2)-preserving
superpotential, in which case the Abrikosov string is found to be 1/2-BPS saturated. Adding a quadratic small
perturbation in the superpotential breaks=2 supersymmetry t&V=1 supersymmetry. Then the Abrikosov
string is no longer BPS saturated. The difference between the string tensions for the non-BPS and BPS
saturated situation is found to be negative to first order of the perturbation parameter.
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[. INTRODUCTION with opposite electric charge. In summary, the field content
The simplest theory where saturated strings exist in th@f each superfield is as follows:
weak coupling regime is supersymmetric electrodynamics ®- a " =
with the Fayet-lliopoulos ternil]. Topologically stable so- : ’ '

lutions in this model and its modifications were considered W, A, A\, D
more than once in the pakt—4]. If we consider theN'=2 M: M, ¢y, Fu
supersymmetric Yang-Mills theory softly broken near the _ _

monopole or dyon singularities, Abrikosov strings develop M: M, ¥n., Fu-

[5]. They have been discussed in the literatife9| previ-
ously. We can see them in the effective Lagrangians near t
singularities[ 3], where the superpotential for the monopoles
(or dyong can be written as

h‘ghe renormalizabléV'=2 invariant Lagrangian is described
In an /=1 language by canonical kinetic terms and minimal
gauge couplings for all the fields as well as a superpotential

W= pu(ap)+2MapM, 1) W= 2OMR - p; @
here we replace thap in Eq. (1) by ® for simplicity.
whereM is the monopole field. Minimization of the potential ~ The Lagrangian in component fields is given by
yields the monopole condensation; as a result, the standard 1
Abrikosov-Nielsen-Olesen stringANO string) appears with __ - PRy I T T
a tension proportional to the mass of the=1 chiral field u. L= 4 FuF*+otad,atina®o N +1datd, g
We can expand tha(ap) term in Eqg.(1) as _ — _
+D, MD#M+D, MD*M+i¢yo"D iy
pu(ap)=—pap+nag+- -, , — : —
+igmo D gm+ (V2igyAM +H.c.)
where the zeroth-order approximation corresponds to the lin-

ear term inap which preservesV=2 supersymmetry7]. +(—\2iygAM +H.c) + (V2aMFg — 2ayy v
Our task is to find the correction due to the quadratic term in ~ ~ ~

ap . In Sec. Il we investigate supersymmetric electrodynam- * \/EaFMM - \/E'/"/’W/IM - \/E‘/’wMM +2FMM

ics (SQED with only a linear term inap. The Abrikosov 1 . —

strings in this case are found to be 1/2 Bogomol’'nyi-Prasad- —uF+H.c)+FF+ §D2+ D(MM—-MM)
Sommerfield(BPS saturated. In Sec. lll, we consider the

additional quadratic term in the superpotential which de- +FMEM+FK/|E|\7|- ®)

stroys the BPS property. And the correction in the string
tension in this case is calculated numerically to the first ordeHere we set the coupling constat 1 for the convenience,

of the perturbation parameter. which is not important in our later results. We stick to this
convention in what followgsee the discussion in Sec.)lV
Il. 1-BPS SATURATED ABRIKOSOV STRINGS HereF, F, Fy, andD are the auxiliary fields which are
iven b
ConsiderN'=2 supersymmetric electrodynamics. The J Y o
“photon” A, is accompanied by itsV=2 superpartners F=u—2MM,
(photinog—two neutral Weyl spinora. and ¢, and a com- .
plex neutral scalaa. They form an irreducibleV'=2 repre- Fu=—+2aM,
sentation that can be decomposed as a sum of Afwol
representationsa and ¢ are in a chiral representatiot, Fiu=—+2aM,
while A, and\ are in a vector representatidid, . The mat- o
ter sector consists of twa/=1 chiral multipletsM and M D=—(MM—-MM). (4)
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HereM,M are the lowest components of the correspondingVhich reduces the number of supersymmetries from 8 to 4.

Superﬁe|dS, respective|y, with the electric Charge-’s, e.g., The Abrikosov-Nielsen-Olesen Stl’ing is 1/2-BPS saturated.

The ansatz which goes through E§) is
DM=9,M—-iA,M, D,M=3,M+iA,M.

The scalar potential is minimized at

F=Fy=F%=0, D=0, (5)
which occurs when
a=0, MM=-‘, and|M|=|f|. ©6)
NA

Then the supersymmetric transformations which preserv
=2 supersymmetry are given by

da=\2en+ 28y,

SY=1ED—i£a""F ,,+\2eF +\2io*ed,a,

SF=—\2iéat g N+ 2id,pote,
OA,=—ita h+ipo,E—iea N +iNo e,

ON=\2¢F+\2i0* €5, a+De+io"'F ¢,

OD =0, Yot E+ £GP, P+ I NoFe+ea I N,
SM=2¢ i+ 207,

SN =2&gn+2e gy,
Sym=2eFy+ 2i #eD ;M + 20+ £D ,M — 2iaéM,
S =20 €D M+ 2i oD ,M + \2e F 3 — 2iaéM,
SF\=\2iD iy ote — 2ENM —2iaéiy
SF 1= 2D ,yigote —26NM —2ia &y, )
where the spinorial indices are suppressed.

Without loss of generality, we can assume that the Abri-

kosov string axis lies along theaxis, while the string profile
depends only orx,y. Then we obtain the saturation equa-

tions by requiring the fermionic field transformations in Eqs.
(7) to vanish as follows:

F1o= \/E(\/E'\Wﬁ_ﬂ),
(D;+iD,)M=0, (8)
(D1~iDy)M=0,

with the constraint determining the parameter of the residual
supersymmetry,

12

M= e'%f(r),

1/2
M= % e 19f(r), (10)
A¢:_2$,

fith the boundary conditions

f(0)=g(0)=0,
limf(r)=1,

r—o

_ 1
I|mg(r)=—§.

r—o

The profile functiond(r) andg(r) satisfy the first-order

differential equations

f
f'=—(1+29),

g’=%r(1—f2)ﬁn, (1)

where a prime denotes differentiation over

One can calculate the string tension as follows:
, |1, — — =
7= ] d°x §F12+D1MD1M+D2MD2M+D1MD1M
+DoMD,M + (= V2MM) (1~ 2M i)
1 — =
+ E(MM_MM)Z]
=fdﬁ

XM(D;+iDy)M+(D;—iD)M(D,—iD,)M

2
+(D1+iDy)

1 —=
EFlz_(\/EMM_M)

1 — = R
+5 (MM = MM)?— V2uF 1,-i[9:(MD;M)

_52('\7D1M)]+i[ﬁl(ﬁDzm)_az(ﬁDlm)]

(12

Applying Eg. (8) and neglecting the total derivative terms,

9

iT3é=¢,

we get
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— N — 2
e ﬁ“f o Fpy. 13 W=\20MM - u® + 7d?, (14

where 7 is a real small perturbation parameter.
Then we can go over the analysis in Sec. Il in a similar
way. But the small perturbation will break'=2 supersym-
We can add a small perturbation in the superpotential, Egmetry and the resultant Abrikosov string is no longer BPS
2, saturated which can be seen clearly in the string tension

IIl. SMALL PERTURBATION IN THE SUPERPOTENTIAL

1 — — = ~ =~ ~ —= — ~
Tzf d2x[§F§2+ D;MD;M +D,MD,M+D;MD;M+D,MD,M+ (u—2MM —27a)(n— V2MM — 2 a)

1 = — _ =
+E(MM—MM)2+ala&1a+a2aa2a+2aaMM+2aaMM

2
1 — = — ~- ~
=f d?x EFlz—(ﬁMM—M) +(D1+iD,)M(D1+iD,)M+(D;—iD,)M(D;—iD,)M
j— = — — ——— — _
+ 5 (MM = MWM)? = V2uF 1,=1[1(MD,M) = d,(MD1M)1+i[ 31(MD,M) — 9,(MD 1 M) 1+ d1 (adsa)
+ d5(ad,8) ~ 2pap—2ZMM) { (15
|
where we have used the equation of motion for field 1
X— ————X
- o = 2 1277
— #%a—d2a=27n(u—2MM—275a)—2aMM—2aMM. (V2u)
16)
1
To the first order ofp, we can still use the ansatz0) for = (\/flu)lfzy'
the fieldsM, M, andA,,. After applying ansat410), Eq.
(16) becomes, to first order in, a—na. (20)
Pa+dra=—2npu(l—f2)+2\2uaf?, (177  Then we get
Then the string tension turns out to be AT=— \/EnZJ a(1—1f2)d?x, (21)
T=| d®x{(= V2 uF.)—2 _ 2,\7,\7 (18 wherea, f, andx here are dimensionless.
f X \/—'u 1)~ 2nalu \/_ BENNCS We can solve Eq€11),(17), and calculat&\ 7in Eq. (21).
The result is
Then from Eqgs(13),(18), we can find the difference of
the string tensions between non-BPS and BPS saturated situ- AT=—2\275%0.68<0. (22
ation to be

IV. CONCLUSIONS

- 2 iV
AT—] d*x{—27a(u— VM M)} We investigated the Abrikosov-Nielsen-Olesen string so-
lution in N'=2 supersymmetric electrodynamics with some

_ 2 2 (N=2)-preserving superpotential. The string solution is due
B _Zn’uj d™xa(1-f9, (19 to the superpotential rather than due to the Fayet-lliopoulos
term. The Abrikosov string was found to be 1/2-BPS satu-
where we have used the ansétp). rated which follows directly from the/=2 supersymmetric
To see Eq(19) more clearly, one can switch to dimen- transformations. After thé&/=2 supersymmetry is broken to
sionless quantities N=1 by the perturbation in the superpotential, the Abriko-
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sov string is no longer BPS saturated. And the string tensiofliggs boson mass in the effective Abelian Higgs model is
in this case was found to be less than that of the BPS caskss than the photon magk0], which means that the theory
Here, we only investigate the ANO string with winding num- has type | superconductivity. In a type | superconductor, the
bern equal to 1. For winding number>1, the whole pro- tension of the vortex with winding numbaeris less than the
cess is almost the same just with the ansa@ modified by ~ sum of the tensions of vortices with winding numben
12 =1. Therefore, the vortices with>1 are stable.
enof(r) As we mentioned before, we have set the coupling con-
' stante=1 for convenience, which is not important for our
result(22). However, if we increase the perturbation param-
v2 eter », the strings with winding number>1 can be broken
e M%f(r), by W-boson production at larg®. Furthermore, at largey,
the N=2 supersymmetric QED at hand enters the strong
coupling regime and is no longer under control. In this case,
Ay= —2nw. the monopoles which play the role of matter fields can hardly
r be considered as local degrees of freedom and the effective
N=2 supersymmetric QED description breaks dddl].

ve| ~

For example, fon=2, we get finally

AT, _p=—22m9?X7.35. 23
ho2=—2\2my (23 ACKNOWLEDGMENTS
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