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Introduction

What are higher spins (HS)?

@ elementary particles - unitary irep’s of the Poincare group
m # 0,5 = 0 - Higgs boson
m#0,s =1/2 - [neutrinos|
m=0,s =1 - EM, non-abelian YM
m=0,s =3/2 - local SUSY
m=0,s=2-GR

@ higher spins - s > 2

Motivation:
@ QFT in full generality

@ string theory - massless modes + tower of masive HS

Our work:

@ cubic interactions between a single matter superfield and a tower of HS
supermultiplets
[Buchbinder, Gates, Koutrolikos '17] [Koutrolikos, PK, von Unge '17]
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Cubic interactions and matter supermultiplets

Noether's method:

f:;i::rﬁzle(ﬁs } — a perturbative way to find interactions
S[e, h] = Sol@] + Solh] + gSi[g, h] + &°(- )
36 = garld, €] +&°(-..)
5h = bolC] + &(...) ,
050 051 _
Our case:

¢ - a single matter superfield
h - a tower of HS supermultiplets

4D N = 1 superspace: {D,D} = i9, [ d®z= [d*x D’D’
s;,":/dsz¢5 sof:—/dszzf

def Db =0 < duality = def: D°S — 0

eom : D’® =0 eom: DX =0
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Review of higher spin supermultiplets

@ the integer superspin Y = s, propagating spins (s + 1/2,s):

8oV a(s)a(s—1) =—DLagsya(s—1) + ﬁﬁ(as,l/\a(s)a(s—2)) ;
S0 Vols i) = D Lasyats—1) + D™ Lats—1)a(s)
@ the half-integer superspin Y = s + %, (s+1,s+1/2):

transverse theory:

1 17y
doHeu(s)a(s) =51 D(as La(s—1)a(s) = 51D(as La(s)a(s—1)) >
-2
60)((&(5)('\(5 1) = D La(s)d(sfl) + Das+1/\a(s+l)d(sfl) )

longitudinal theory:

S0Has)a() =5 Dies Lats—)ate) = 5D Latsyats—1) »
doXa(s—1)a(s—2) = ﬁOts*lDasLoz(s)a(s—l) + %Dasﬁakll-a(s)a(s—l)
+Deé,_pJa(s—1)a(s—3) -

a(s) - s undotted, symmetric indices: a1, az, ..., as
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'Higher spin’ transformation for ¥

@ the superdiffeomorphism (coupling to SUGRA)
0 = A®DoX + ADeT + iA*“00s T + AT

@ the 'HS’ generalization of the above
5Y = gZ{Aa““)d(“ Da,., D, Day - .- Diy Doy T

a(k)a(k+1) i)
+B (k)a(k+1) de+1Dadek ...DalDdlz
L e(a) D& Day - Dy Doy T

@ 47 has to preserve X : D’ (1X)=0
Aa(kr1)a(k) = —DH okt D)a(ker) + 75D / (kr1)a(k) » k=
Aowyaky = D Bayakrn) + aD laak-1)) » k=1,2,..,
Fr+A=D"B,+Dr/.
@ the correct transformation of \ - Ba(kt1)a(k) = —52& (k1) (k)
motivating by the superdiffeomorphism - 'y (o) = Daark) » kK =1,2,.
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Coupling to higher spin supermultiplets

Cubic interactions with higher spins

supercurrent
e}
—_———
_ 8 a(k+1)a(k+1)
S = /d E { H Ta(k+1)é(k+1)
=0
supertrace

. —
+ Xn(k+l)u(k) Dak+17::z(k)o'¢(k)+c-c-}

—/dszV[]

1 277 1N 2
Ja(k+n)atkr1) = Xa(era(kr1) T ggniPiar D Vaat+1) = gamr Pl D Vaknaw))

where

Tawat) = Ya@at) — 13 Za@ma) + 5253 D Ua(esnya(e) + D g Ua(k))a(kr)

J=-5%
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Minimal higher spin supercurrent multiplet

Minimal supercurrent multiplet
JC;’Z",'ZH) (k1) 7;"(1}?) a(k) = 0 = conformal HS .
How to cancel the supertrace?
@ Ta(k)a(k) is not unique
=2
Tat atl) ~ Tath at) + D@ Gak-1)a00) + D” (Haw atw) -
@ absorb trivial terms by the redefinition ¥ = paus g ﬁ(‘yd
50:—/d82)i§ +g/dsz§” Dai +g/d82y(l¥ B(ig +g2()
@ using the ansatz for Uy(k+1)a(k)
K
Ua(k+1)ak) = Z £, 8P¥ 9Px, £ =Dx
-0
The first three minimal supercurrents: ?
Thi=—£ 06X T+ 4 % 9,4% — 3 DZ DT
gmn =L@y T+ L yo@T -2 0% 0% +{ Dx 9DX - [ DX DT

aBaB” 10
il i 3 5 i 3)§y 9i 2)y 9i 2 S
Jgﬁgdﬁ_ﬁa( LY - L 20T+ & ox 0% — & @)% 9%

3 1 2) DS 9 97 S 3 2)7y S
+2 Dx 9D — £ 0Dx oD% + £ 9@Dx DX .
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Conservation Equation

e.o.m

——
@ invariance of the action + DX = 0:
—
D™ Ja(ksn)atkrt) = Gt D’ Do, Ta(i)eh)
D’7=0
@ minimal supercurrent multiplet:
D g ek =0

@ reality of Jﬂfﬂ)d(kﬂ) and the conservation equation fix ap, b,

s s—1
TBae = a 0P 0" PE + > b, 8”PDx 9P VDL
p=0 p=0

s 2
st =g o () e vees ) v

s+1 p=0
s

2
min —i)® S s—p)ac o s—
ja(s)d?ks) == ((25+)1) (_1)p <P> {8(p)¢ 6( P)q) i (p+llJ
0

s+1
p=

) P Do 8(57[’71)%}
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Chiral-complex linear duality

The parent action (o - an unconstraint superfield, D& = 0, D’y = 0):

Spa=—[d®2z50 + [d®z do + [d®zd5 + g [d®23°2°, Ho‘(s)a.(s)ja"z"s")(is)(a,ﬁ)

YO

integrate out ¢ integrate out o
S=—[d%z5% S=[d*z0 ¢

8 [ P2 HOTIG| e [ ()T T

s+1 ¥

g =(-1)"g
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Chiral-complex linear duality

j=s5+1

v

g’ =(-1Ygr

@ | is odd - attractive and repulsive force
@ jis even - only attractive force
@ the vector multiplet - j =1, g = —g*

@ supergravity - j =2, g® =g*
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Summary

@ Noether's method 4+ 'HS' superdiffeomorphism - cubic interactions
@ cubic interactions - the half-integer superspin supermultiplets
@ for free theories - the minimal HS supercurrent multiplet

@ the duality holds with an interesting twist: g& = (—1)*"gX
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Thank you for your attention!
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ket

Xa(k+1)d(k+1) =—5 |:8(k+1)z e + (_1)k+1 5 8(k+1)f:|

k

k
5 3°(=1)"{*7[D, D]z 9% + 9% 9D, DIx }
n=0
k
—/kZ(—l)"{a‘k*")Dz 8"’ Dx — 9% "Dx aWDf} :
k p—
Za(k)a(k) =—i* Z(—l)" ok=my 5Ny

k—1) k 1—n nw—
Yokyagh) =—i¢ {Z( 1)" DY 9 )Z}
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