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@ Introduction
Strings, fermionic zero modes & vortons

@® D-term hybrid inflation in global SUSY
One of zero modes is goldstino

©® D-term hybrid inflation in SUGRA
Zero mode absent due to super Higgs effect

@ Conclusions

R. JEANNEROT & MP (’04)
BECKER, BECKER, STROMINGER ('95)
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Kibble mechanism

Phase transition in the early universe

ly =H twithH = a/a = p/3m3
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Fermionic zero modes

Lg = i’lﬁiO'”Du’lZi — )\(}S’lﬁi’lﬁj + h.c.
my = A¢  with ¢ = 0 in string core, ¢ = v outside

01

zero mode solution:
m=0.1
c=1 .
¢ = zm __ ik(t—z
P = &(r, 0)etk(=2)
JACKIW & ROSSI
4 6!
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Index theorems

Ly = —Aghih — Al xix; + h.c. with Higgs ¢ = vf(r)e"’

Index theorem

There are n left-moving zero modes for each coupling to ¢, and n
rigth-moving zero modes for each coupling to 1.

E.WEINBERG
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\ortons

String loop stabilized by angular momentum of the fermion current

R.L. DAVIS, SHELLARD

e chiral strings
e CDM: constraints

A.C. DAvIs, TRODDEN,
BRANDENBERGER, CARTER

R. JEANNEROT & MP, JHEP 0412:032,2004
R. JEANNEROT & MP, JHEP 0412:043,2004
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D-term inflation — global SUSY

Inflation

e Flterm <« U(1)
o W =kS¢ o

V = k2 (ISPRIgs 2+ ISPl 12 + 164216 [2) + (g 2 — |2 — £)?

Vacuum
lps| = VE
IS|=[¢_[=0
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D-term inflation — global SUSY

Cosmic strings

Vo = L([g, 2 — €)2

string: ¢, = Ef(r)en?
Ay = —ga(r)
with f(0) = a(0) = 0 and f(o0) = a(o0) =1
BoGomMOLNY

po= /rdrd0 (\DH¢+\2+%F2+%D2>

= /rdrda ((Dr ¥ :—D9)¢|2 + %|F12 F D|2> + 27né
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D-term inflation — global SUSY

Cosmic strings

= (1642 - 67
string: ¢ = /&f(r)en? f' = niz2f
Ag = —2a(r) n& =g2¢(1-1?)
with f(0) = a(0) = 0 and f(o0) = a(o0) =1

BoGomOLNY

1 1
rdrde (\Du¢+\2+ “F2 4 5D )

- /rdrd0 ( D F FD9)¢|2 + z|F12 ¥ D|2> + 27n¢
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D-term inflation — global SUSY

Cosmic strings

Vo = L([g, 2 — €)2

string: ¢ = /&f(r)en? f' = niz2f
Ag = —2a(r) n& =g2¢(1-1?)
with f(0) = a(0) =0 and f(cc) = a(oc) =1
BPS
6t = V2(e_F4 +iD, ¢ 0tE_) =0
§A = —(iD + 20#5"Fu)e. =0

with 0%3%y = +e. = ¢ = ((1))
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D-term inflation — global SUSY

Zero modes

Ly = —igV2pl A — kprps 9 +hee.

Index theorem:

¢ n left-moving zero modes (14, \)

e n right-moving zero modes (s, )
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D-term inflation — global SUSY

Zero modes
Susy trafo with o%3%e, = +e; = ey = (5)
[ ] [Q’ H] = O
¢ satisfy eq. of motion DAVIS,DAVIS, TRODDEN
ON(r,0) = —i2g9€(1—f2)ey

S (r,0) = iZﬁ\/E?(l—a)fé(”‘l)”ei

zero mode:
Yam(t,2,1,6) = a(t,2) (6X(1,0) + 50+.(1,0)

(0% — 0%0,] a(t,2) =0 = af(t,z) = e*k(t+2)
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D-term inflation — global SUSY

Zero modes
zero mode is goldstino

e SUSY broken in string:
¢+ = VE(r)e"’

Ay = —ga(r)
D =gé(1—1(r)?) with f(0) =0 & f(o0) =1

e Goldstino transforms non-linearly:
81 = V2(eyFy +iDug otEy)
6A = —(iD + 305" F )€
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D-term inflation — SUGRA
Infltion

Fl-term in SUGRA BARBIERI, FERRARA, NANOPOULOS, STELLE

STELLE, WEST; FREEDMAN
Ue(1) = Uy (1) ® Ur(1)

BINETRUY,DVALI,KALLOSH,VAN PROEYEN

K=Y |¢i[? V=Ve+ G (qulgs P+ g lp P &)
W= K‘S¢+¢i vacuum:
fop =1 $-=S=0, ¢ =¢/Ar
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D-term inflation — SUGRA
Strings

BINETRY,DVALI,KALLOSH,VAN PROEYEN

Vo = L(|g: 2 — €)2

string: ¢, = /&f(r)en?
Ay = —ga(r)

ds? = dt? — dz? — dr? — C(r)?ds?
Sy = V2(e_Fy +iDyp ahd ) =0 BPS
§A = —(iD + 30#5"F,,)e_ =0
0pu = 2(0u + FWioap + 3IAR)E. =0

with €/, = ei%mei and 0%3¢; = +e,
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D-term inflation — SUGRA
Strings

BINETRY,DVALI,KALLOSH,VAN PROEYEN

Vo = L(|g: 2 - €)2

string: ¢ = /&f(r)en? f' = niz2f
Ag = —ga(r) n& =g2¢(1-1?)
ds? = dt? — dz? — dr2 — C(r)?ds? (1-C") =AB(C,a)

§p = V2(e_Fy +iD,piote ) =0 BPS

6A = —(iD + 30#5"F,,)e_ =0
§hp = 2(8p + W20 + 3iIAB) =0

. 1:
with €, = et21%, and 0%3ey = +e.
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D-term inflation — SUGRA
Strings

BINETRY,DVALI,KALLOSH,VAN PROEYEN

Vo = L(|p4[? — &)

string: ¢, = Ef(r)en? f' = niz2f
Ao = —a(r) n& = g2¢(1-12?)
ds? = dt? — dz? — dr2 — C(r)?ds? (1—-C')=A§(C,a)

Asymptotic solutions:
r—+0: f=0, a=0 D=g¢ AE=0, C=r
rso0: f=y€ a=1 D=0, AB=1"¢ C:r(l—”—f)

m2
Mg
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D-term inflation — SUGRA
Zero modes

SUSY trafo with ¢, = e+3?(?)

X = —i2g€(1 —f2)e,
5¢+ — IZ\/_\/_C( ) fd(n—1)f, /*

. 0 (r—0) _
0g = 2iIA; = n§ (r = o) Non-renormalizable!

Super-Higgs effect:
e Lmix = 3Dy + JsDP (6 + 59..)

= {DF,04,
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D-term inflation — SUGRA
Zero modes

e gravitino not confined — no equivalent of SUSY goldstino zero
mode

mz,, = D = g¢ in core and m3,, = 0 outside

e n right-moving zero modes (s, %)
Ly = —k¢1ps P + h.c.
m = 0 in core and m = k+/£ outside
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Conclusions

Cosmic strings break SUSY in their core

global SUSY
e n independent zero modes for each breaking — goldstinos

e possible additional zero modes from superpotential
SUGRA

e goldstino zero modes eaten in super-Higgs effect, absent
¢ additional zero modes from superpotential unaffected

SUGRA D term inflation: n zero modes
SUGRA F term inflation: no zero modes

= Implications for vorton formation
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Confusion about number of zero modes
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F -term inflation

string: SUSY broken, non BPS
¢1 = oL = envf

—_n
Ay = ga

Fo = Iﬁ)Vz(l — f2)

W = kS($s ¢ — V?)

Global SUSY: two goldstinos from SUSY trafo with e

index theorem:
Ly =igV2¢L i A — kdytp_ths —igV24L X — kp_1y1hs
~ —¢p_(s + A) — "4 (s — A)

SUGRA: no zero modes
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F -term inflation

Chiral strings

Chiral strings possible via Majorana term:

W =heix%)

NB. RH neutrino zero mode decays at EW phase transition
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D-term inflation — global SUSY
Zero modes

Susy trafo with ¢%%¢, = +¢;, = €, = ((1’)
L] [Q’ H] = O
e satisfy eq. of motion DAVIS,DAVIS, TRODDEN
oA(r,0) = —i2g€&(1 —f?)e,

S (r,0) = izﬁ\/gg(l—a)fei(”_l)aei

How aboutn > 17

Lagrangian invariant under trafo with ¢(x) with 3#09,{(x) =0
since 6L = 9,(j* = ..(39,()... =0

SUSY trafo with ¢, = (M=1fr(0—-1)¢_



D-term inflation — SUGRA
Fl term

BARBIERI, FERRARA, NANOPOULOS, STELLE
STELLE, WEST; FREEDMAN

global SUSY SUGRA
Fl-term ,
[ d*xd*ocv [ d*xd*E gtV /M
VsV 4s(A-A) V=V 4+ A-A)
E - Ee™t™

R-symmetry: [Q,R] =
el & §— e'O‘H

VoV, o)

_ _ em — el 4, —
¢_>e|ra¢, ¢_)e|(rfl)a,¢ s H # H
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