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Abstract

We consider a general framework of shift symmetric tensor gauge theories in 4D N=1 supergravity by using conformal
superspace formalism. The Chern-Simons actions of tensors are expressed in a manifestly supersymmetric way.

1 Introduction

Shift symmetric tensor gauge theory in 4D N=1 SUGRA?

Gauged shift symmetry and p-form gauge fields

- Related to cancellation of U(1) gauge anomaly d0¢g = gy dA; = dbg

- Generalized to p-form: Abelian tensor hierarchy (ATH)
0B, 1 =k\—1 00, =d)\p_1
Chern-Simons actions

- Constructed by wedge products of gauge fields and field strengths
Oo s N\ Fo By N F5

- Application: shift symmetric axion mass —21(dCs)* + gpodCs

4D N=1 Supergravity (SUGRA)
Beyond SM, Einstein gravity, string effective theory

Construction of Chern-Simons actions of ATH in SUGRA
- ATH: express gauge transf. laws, field strengths and actions in SUGRA

- SUGRA: use conformal superspace formalism to reduce SUGRA complexity

PodC'3

[Kaloper & Sorbo (2009)]

2 Abelian tensor hierarchy in 4D global SUSY

Shift symmetric Abelian tensor gauge theory
2.1 Bosonic case

Gauge transf. laws & field strengths shifted

[de Wit & Samtleben (2005)]

Field strengths

Hg — dBQ
shift M

F2 — dAl — QBQ

d : constant

Gauge transf. laws
2-form 532 - d)\l
shift M
1-form 5141 — d(90 -+ C])\l

2.2 4D N=1 global SUSY case
SUSY manifest: superfields & spinor derivatives

[Becker et al. (2016)]

Gauge transf. laws Field strengths

3 Conformal superspace
Reduce SUGRA complexity & SUSY manifest

[Butter (2010)]

V. superconformally covariant spinor derivative

Replace spinor derivative: D, = V/,

Conformal SUGRA [Kaku & Townsend (1978)]

conformal
- Gauge theory of superconformal symmetry

/DOincaré/

+ Larger symmetry than Poincaré SUGRA

- Gravitational complexity reduced

[de Wit & Samtleben (2005)]

4 ATH in conformal superspace

Natural extension of global SUSY case
4.1 Gauge transf. laws & field strengths

Shift deformation extended

Gauge transf. laws Field strengths

= Q%L.(vazq — Vg 2%)
shift

Bosonic gauge fields and field strengths are expressed by superfields:

Bay = 2((0a0)a’VoEs — (7a)*3VaE?)|  Hape = 2€anea(0?)* [V, VL]
Aq = —5(02)*[Va, V4] V]|

4.2 Chern-Simons action

Constructed by gauge fields and field strengths

BCYAlAHg_I_OZBQ/\FQ

(v : real constant, [, : superspace density, £: chiral density
4.3 Superconformal & shift invariances of the CS action

Superconformal invariance
Satisfied by the Weyl weights of the superfields (for scale invariance)

e.g. Counting the Weyl weight : Weyl weights of superfields
of LV term Hape = Leabea(@)*P[V5, Vo]L| E < d*xd*0:

: 1/2 1/2+2 -2 4 +2
/ d*xd*0Ea LV (60) [V, Val V]
-2 +2 0 : 1/2 1/2 0 5

Shift invariance

Satisfied by the relation between the coefficients
Invariance is the same as bosonic case:
d(aBy N\ Fo + aA1 N Hz) = adA\ A Fy + aghy N Hs

5 Summary
« ATH is introduced into 4D N=1 SUGRA by using

conformal superspace.

Gauge transf. laws and field strengths are expressed
in terms of the superfields.

Shift invariant CS actions are constructed.

Future work: application to phenmomenology

e.g. inflation, anomaly cancellation in 4D,...

Appendix ATH in conformal superspace (all rank tensor & multicomponent case)

gauge transf. laws

form | type | prepotentials | gauge parameters form

field strengths form bosonic gauge fields

Sl — (q(O) . @)Io

O-form | chiral dlo Oh 0-form

o= (PP — ploy) — (q© . V) O-form gl = (DT 4 plo))|

1-form | real Vi S 1-form ovh

1(6h —6h) + (¢ - ©)n

19V, U — (¢@ - 3,)h Lform | AL — —1(g,)%[V,, Va]VT|

2-form | chiral >l O 2-form 0%

—iViV,0"%2 + (¢? - ©,)"

(Voxl -V, 5R8) — (¢@ . X)P 2-form | By = 5:((0w)a’VoEF — (6a)*3VaZ")

1 a/b:2_?,

3-form | real X1s CiE 3-form | 6 X% = (VOB — V,05%) + (¢ - ©)% Is — _1g2x1s _ (gB).T)0s 3-form

=-1 Cade = €abed(09)*[Vq, Vo] X 5|

4-form | chiral [ — 4-form

ST = — 120k

— 4-form

Dc{,?)cd _ %Eabcd(v2FI4 . vQI_WI4)|

q(p) .

I,+1 — I,: matrix for internal d.o.f. satisfying ¢® - ¢»*) = ( (gauge invariance of field strengths)




