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Overview

Supersymmetric theories on an orbifold

e the supersymmetry in 5D with boundaries

e the Fayet-Iliopoulos tadpoles

Localization of charge bulk fields

e the zero mode shapes

e the fate of massive excitations

Anomalies in orbifold models

e five dimensional gauge invariance

e localization of chiral modes

Conclusions




Supersymmetric orbifolds in D = 5

The orbifold S*/Z, is defined as / \
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One half of the supersymmetries are broken on the orbifold

0A, = i+ YA+,

OAy = TF"™yuny — 3iDsny,

But with: D3 = D3 — 8y(I)' Mirabelli,Peskin’98




Fayet-Iliopoulos terms in 5D

For an abelian vector multiplet in 4D the Fayet,lliopoulos’74
term: Lpr = £D is supersymmetric and gauge invariant.

e At one-loop this FI-term is quadratically divergent if

D
Z fffffff Q ® Z Y ?é 0, Fischler,Nilles,Polchinski,Raby,Susskind’81

e But then a mixed gauge-gravitational anomaly arises!

In 5 dimensions there are tadpoles for ¢+ ¢- Y
D3 Ghilencea,GN,Nilles’01, due to scalar loops Q

Scrucca,Serone,Silvestrini,Zwirner’01, and for & ‘
due to fermion loops GN,Nilles,Olechowski’02: Dy o

A calculation in modes gives
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The last part of £4 can also be written as: <%8y<1>(y)>




Fayet-Iliopoulos terms in 5D

The divergent part of the momentum integral is given by

d*py 1 1 5
A% — —1 A
/ (2m)* pj — n?/R? < . )

~ 1672 R
So that in terms of a coordinate space representation of the
divergent tadpoles read
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The total FI parameter is therefore given by
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Supersymmetric background solutions

A supersymmetric background is giving by

0, = gs5(¢) qd+— ad_)+ > d(y—IR)gsdrardr+E(y),
I1=0,7

Dy=0,0, &ly)=> (=& +&/32)o(y - IR)

e not (D3) but (D3 — d,®) is decides on susy,

e integrability of equation for (®) with /(1) unbroken
(¢a) = 0

TR
0= /0 dy 0y (®) =&+ & = tr(q) +tr(qo) +tr(gr) =0

Localization due to (tree-level d-like) Fl-terms has been
studied before Kaplan,Tait’01, Arkani-Hamed,Gregoire,Wacker’01.
We take the tadpole induced FI-terms as starting point:

Oy b0+ — g5qp(P) P+ =0

for the zero mode ¢g1 with (®) the solution of the equation
above with no spontaneous gauge symmetry (¢,) = 0.




Shape of the zero mode

The solution of the zero mode with charge ¢, equation reads
y y 0 ,
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using that /(1) is unbroken.
Pictorially the solutions take the form:
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Five dimensional local gauge anomalies

In a 5D theory there are no local anomalies
oAT(A) = 273 / dQ(A; ) =0,
S5

using the Wess-Zumino consistency conditions, unless the
space has boundaries

5\T(A) = mi /M (6(y) + 6(y — 7 R)) Q4 (A4; \)dy,

since we have the same orbifold projection on both branes
Horava,Witten'96. A similar conclusion is reached using a per-
turbative calculation of the anomaly. Arkani-Hamed,Cohen,Georgi’01

Scrucca,Serone,Silvestrini,Zwirner'01, Pilo,Riotto’02, Barbieri, et al.’02.

Local 5D anomaly cancelation can be achieved by adding
an appropriate Chern-Simons term

FC’S — 71'2/95(14),
which transforms as

Tos(4) = mi [ (~3(y) + 8y - 7R) 2}(4; A)dy.




Localization and anomalies

Consider a simple orbifold model with one hyper multi-
plet in the bulk, and one chiral multiplet with the opposite
charge on the 0-brane.

anomaly anomaly variation
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Localization of the zero mode cannot change the shape of
the bulk anomaly: the anomaly is independent on the com-
plete set of modes used. Arkani-Hamed,Cohen,Georgi’01

brane bulk Chern-Simons

The bulk anomaly splits up into the zero mode and the
massive modes:
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Thus zero-mode anomalies and “massive” anomalies (with
CS variations) cancel separately.
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The parity anomaly on S*!

How is the orbifold model M* x S/Zsy constructed?
e mod out the discrete Zy symmetry: y — —y on S!

B A (—y) = +Au(y),
¥(—y) = i’ (y), As(—y) = —As(y)

Parity anomaly: what if the fermion determinant

e T(A) = /D¢D¢ e, S§= —/dxwl)(A)w.

is not parity invariant?
Add the parity anomaly counter term Alvarez-Gaume,Della Pietra,Moore’85

Crac(d) = =wi [ 0s(4).
S4xS1

But this breaks gauge invariance GN Nilles,Olechowski’02 if:
The gauge group contains either

e an SU(n) factor, with n > 3,

e or a [/(1) factor (and a simple Lie group factor).
the fermionic content consists of

e an odd number fundamental representations,

e charges that add up to an odd number.
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Conclusions

5 dimensional Fayet-Iliopoulos terms were calculated

e tadpole D3 (scalars) and tadpole 9,® (fermions)

e localized on branes as § and ¢ contributions
The profile of ® leads to localization of bulk zero modes

e the ¢”-FI tadpole often gives delta-like localization

e 3 types of localization (for A — 00): at a brane, near
a brane, and on both branes.

Anomalies of orbifold models were investigated

o the S! parity anomaly can make orbifold ill-defined,

e localization changes the appearance of anomalies.
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