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Gauge fields

0Spin0(9) = Secar = [ d'x{0160,6 — mPe2 — V(9) }
——

interactions

e Spin1 (A,) — Gauge principle: compact Lie algebra
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Symmetry incorporates Yang-Mills theory + matter. Non-dynamical spacetime!
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e Spin 2 (g(u)) — Gauge principle: non-compact Lie algebra
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SEinstein = /d4X\/ —8g (R + 2/\), R ~ 62g +...

Ricci scalar

Incorporates Gravity + Yang-Mills + matter. Dynamical spacetime!

diffeo

=>

mor-
phism|

o Spin 3 (h(up)) — 277

[Berends, Burgers, van Dam 1985], [Bekaert, Boulanger, Leclercq 2010]

Such theories suffers incurable obstruction in quartic order!
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Higher-spin theory

o Gauge Principle: Higher-spin gauge theories « infinite-dimensional nonabelian gauge
algebras containing the spacetime isometry algebra as maximal finite-dimensional subalgebra.
Gravity is a subsector.

o Unification of fundamental interactions. Fields with arbitrarily high spin most probably
necessary for consistency, as in string theory.

@ Vasiliev's unfolding: Geometric approach to field theory. Manifest differomorphism
covariance. Gauge invariance is a consequence of Cartan'’s integrability.

@ String theory first appeared as a model reproducing the Regge trajectories of massive
hadronic resonances with increasing spin. Veneziano amplitudes: extremely soft UV
behaviour thanks to the exchange of infinitely many massive HS states!

‘ String (field) theory «~ broken phase of higher-spin gauge theory?

spin £

symmetric
3 my=my =my=0
S broken symmetry
mass level / my,myz #= 0

s=ao'm extra WW,Z polarization value of Higgs field

energy stored
in Higgs field
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Supersymmetry and superstrings

o Supersymmetry (SUSY) is a theoretical framework in physics that proposes a symmetry
between fermions (matter particles with half-integer spin) and bosons (force carrier particles

with integer spin).
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Supersymmetry and harmonic superspace

@ Supersymmetric theorise naturally can be naturally formulated in the superspace — which is
the extension of Minkowski space-time:

R* = {x"} — R = {xm 027 g3
o Superfields collect and unify ordinary fields:
®(x,0,0) = ¢(x) + V204 (x) + 6*F(x)
_ i = 1
+ 100708, 6(x) + —=02008,p(x) — ~0*0p(x).
W) + 00 0,() — 30°TR()
@ Supergravity in superspace:
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Ssugra = 5 / d¢(=4 gtapttqt — iz / d*xd®0du E HTSH~ 5.

@ Supergravity in components:
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For theories with extended supersymmetry (N > 2) ordinary is not adequate! (no-go
“theorems” for extended supersymmetry)

Harmonic superspace [Galperin, Ivanov, Kalitsyn, Ogievetsky, Sokatchev 1984] is the
universal method to deal with off-shell A" = 2 supersymmetry theories:

HRA+218 — R4I8 §2 — {Xaa 00” 00”, ui}

Introduction of harmonic coordinates lead to the presence of a new supersymmetrlc invariant
superspace — analytic superspace, with coordinates ( = {xj‘a gre gt u; } where analytic
coordinates defined as

XQE = xS 4i9°‘("§d‘j)ui+uj7, oo = Baiufr, G+e = G_diu?r.
One can also define harmonic derivatives 6+ = ui_2_ which in the analytical basis take

BuTT!
the form: » : .
D = 9FF —4ig2E09E 0,4 + 0F0F.
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N = 2 higher-spin theories

o N = 2 higher-spin theories (see talk by E.lvanov) have natural geometric formulation in
terms of unconstrained analytical prepotentials [Buchbinder, Ivanov, N.Z. 2021]:

{h++o¢(s—1)d(s—1)’ h++a(s—1)o’¢(s—2)+7 h++a(s—2)d(s—1)+7 h++a(s—2)d(s—2)} .

o These prepotentials are the higher-spin generalization of linearized (over flat A/ = 2
harmonic superspace) A’ =2 “minimal” Einstein supergravity (s = 2 case).

@ Analytic prepotentials are defined up to gauge transformations:
5y h++a(sfl)o'¢(571) — 'D++)\a(sfl)d(571)

+4i |:>\+a(571)(d(572)9_+d) + 9+(a5\a(572))d(571)1| ,

6>\h++a(571)d(572)+ — D++A+a(sfl)d(572)’
@ These higher-spin prepotentials covariantize harmonic derivative with respect to the
higher-spin N/ = 2 supersymmetry:

A D+++”5h++a(S_Q)d(s_2)M8M8;?s2—2)d(s—2)(J)P(s)7

and so naturally interact with the hypermultiplet.
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@ In the Wess-Zumino type gauge

rals—a(s—1) _ _4[.923»ggo(u(s—l)ﬁ)(d(sfl)ﬂ) o (5 - 1>2 oo GG pols—2)a(s—2) |
s

ral—2)a(s—2) _ _4I-GEégc(a(s—Z)B)(d(sfﬂﬁ) o (5 - 2>2 oo gH(e cals—3)a(s—3) |
s—1

we obtain content of A = 2 higher-spin off-shell supermultiplet:

+ auxiliary fields

1
s 2><(5—5) ~ s—1

@ These fields corresponds to the Fronsdal higher-spin fields:

5B — plalégals=1)a=1) g, gals=al-2) _ g slals=2A)e(s-2)8),

o Totally there are 8(s? + (s — 1)?)g + 8(s? + (s — 1)?)F off-shell degrees of freedom.
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N = 2 higher-spin theories

o Rigid N' = 2 supersymmetry transformations have non-standard form:

S htrals=1a(s=1) — _g4; [h++a(sf1)(a(572)+gfa) _ ef(ah++a(572))d(sfl)i| ,

@ To construct the invariant action one need to introduce supersymmetry-invariant superfields:

)

G++a(sfl)o'c(571) — h++a(sfl)d(sfl) +4i |:h++oc(s—1)(d(572)+§fd) _ h++(o¢(572) (571)+9—o<):|
Grral—2a(s=2) _ ptals—2)a(s=2) _ o; |:h++(a(s—2)6)o'¢(s—2)+0§ 7 h++(a(s—2)(d(s—2)ﬁ)+§;] )

@ Invariant action have universal form for any spin!:

S = (~1)H / dixd9dy [GHrel-DateNgT s
—2)é&(s—2 -
+ 4G Htals=2a(s )Ga(s—z)d(s—2)]'

@ Where G~ -superfields are defined as the solutions of zero-curvature equations:

pDHtG—— =D~ G+t

@ In component fields, these action leads to Fronsdal action for spins s, s — 1 and
Fang-Fronsdal action for doublet of s — 1/2 spins.
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Thank you for your attention!
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