N = 2 half-integer higher spins

Nikita Zaigraev

Bogoliubov Laboratory of Theoretical Physics, JINR
Moscow Institute of Physics and Technology

Moscow, February 18, 2025

arxiv:2412.14822, accepted in Physics Letters B
work in progress with E.A. lvanov

CECCUA-KOH®EPEHUMS
CEKLVW SAEPHON ®U3UKKU
O®H PAH,
NOCBSIEHHAS
70-NETHIO

AKOB/

Zaigraev Nikita 2 half-integer higher spins



06 aBTOpE

| | B.A.Py6akos

|| KNACCHUECKHE
KANHGPOBOUHDIE

MonA [ =N

Zaigraev Nikita N = 2 half-integer higher spins



o

27. dicmayiouue nons 27

Vi (2.31) o%eBHIHO, wTO XoNTerioHponaTs Claraewoe ¢ 0, MO0, A0Gasis
K Oy cnaraenoe Tuna pA. Tak Mt IDYXOZUM K BLPIKEHHIO

Dy = dup [CA @.33)

Diy BeNHHHY HASHIBAIOT KODADHARTHON MPOWSBOMHON Mo . Tiponepme
cooTHoMICHKE (2 32). Mmeen

(Dup) = 0 —iedyy =

=00 + Cpid,a — ied,ep — ie-0,aep = “Dyp.

e

Tans obpmao, coomonteme (2.3) wnoieno, i (D) Dup saeres
5 mqmm HHBAPHAHTOM.

ot 12.30), sb;ﬁepeu B Bz

g= / d'z [ 3FwFw +v(D,w)’DW L mzw'lp] (2.34)

(MoxH0 GBUIO 651 eme KioGaByTH camoftelicrare cxaspHoro mom Vr(y'p)).
Hemmamciimic (CTETICY , BHIme BTODOM N0 TOMAM) CTATAEMSIe B OTOM Aei-
CTRMI BOIRTKAIOT M3-32 WIcHa A,@ B Dy M MMCIOT CIDYKTYDY Aup' 0,0
AN Y.

Bapsupys aeiicTave (2.34) mo momo Ay, monydiy ypashere (2.26)
¢ TokoM.

Ju==i(¢"8up — 0up"p) — 2e 40’0,

KOTODHIE MOXeT GhITS SAIIVICAH B SIBHO KATIGPOBOYHO MHBAPHAHTHOM BHIC

Ja= —i[«p'DN* (Dup)'el- (233)

Onvenny, uro ec Tone v, To a1 Hero T
npoussonas Gyner umets nix Dyp* = (8, + ied,)p’ (anax mepen ied,
mkryerés: Tpedobamiem (Dyp") = ¢ *Dyg’ W 5AKOHOM npeoGpasopa
(230)), uro copnanaer ¢ (Dyp)*. Ml iie Oyliem B mansHeiuien paxiniaTh
(Dw) 11 Dyyp" (TIOCKOILKY STO OO 1 TO Xe)

Haiiziem Teneph ypaBHCHHE CKaJISPHOTO nons. Baphupys, KaK 0GHINHO,
10 ", umeens

DyDyp+mip = (2.36)
Tz, p: 8, Dy Dy BroHe (2.33):

DDy = (B, ~ iedu) (O — iedy)p.
Tiponepinn, wro npw yuere ypasierus (2.36) 10K (2.35) coxparercs. Mees

By = ~1[0,9" Dy + 9 0,Dup — (D) Oup — 0,D,0"0]

nons 61

« KoTopoii TETKHE KNapKH 0GpasyioT Tpurzer

(2)

Tepeyio # B10pYI0 SU(3) o6osnasaior SU(3). u SU(3)r, coornercraentio. Toynna
SU(3)r — W TONIIAS: MACCOBHIE WICHHI, & TAKKE STEKTDOMATTINTHBC it CIaBHIE B3aH-
‘MoReHCTBHS HE WHBADUAHTHEL OTHOGHTEIILHO Heo.

Ka HOCTH
H KaymopoBounbie noas: rpymma SU(2)

‘Haua 1em; — 0GOGITITS KOHCTPYKLIMI0, HITOKCHHYI0 B pasterte 2.7 st

cxanEpHOI MEXTPOAMHAMIKH ¢ KAIMGPOBOUHOli Tpymmoit U (1) Ha cryuai

Heabenepolt XanuGposouroli rpymsi (S5, Minnc, 1954). PaccMoTpin cHOBa
TeOPYIO /BYX KOMITEKCHHIX CKATSIDHBIX 1O, OGPA3yRONIX CTOTGEN

_(&
b (Wz) ¢
NATPAHDKHMAH KOTOPO HMeeT BHJL
£ =8,0'0,0 - moly - Nplp). (4.17)

4.2.

Bror
w3 rpymmst SU(2),

o(2) > ¢(a) = wpl(e), weSUQ),

NIpHYEM  He 3aBUCHT OT TOYKM NPOCTPAHCTEA-BPEMEHH.
(417 ek, o on sm
2),

(4.18)
(.19
(H; T CRamMpHOIt
oMo X s B oBLuHOi 2 xonap
W0, Bup — (8 — iedn)p.) A CTATTGNE (nocacwe naa
Claraemux B (4.17)) (4.18),
Ho eit-

e
Crhutensio, npu npeoGpasonanih (4.18) npomnmlmsu o epexoaHT B

O (z) = (@) - Qup(e) + (@) - p(z) (4.20)
0Bk u3BABHTHCSH OT STUX

(4.17) OGHAYI0 TIPOHIBOHYIO HA KOBAPH-
A, ST0GbI 11pH NpeOGpazoBariix (4.18) ona

i “"!"muxmne L(¢) vosmaior wienn © 0w

'IEHOB, 3aMeHUM B JIATPAHXHAHE
'“"«m Bup = Dy, 1 n0TPEGYE




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

HR4+2\8 RMS % 52 _ {Xaa eal eal ,i}

Introduction of harmonic coordinates lead to the presence of a new supersymmetric invariant
superspace — analytic superspace, with coordinates ( = {x3%,07*, 67 4}, where analytic
coordinates defined as

XX‘O" = x4 4i9a(’-0_d‘j)u‘.+uj7, 0T = 00"-ui+7 e = H_é‘iufr.
One can also define harmonic derivatives ¥+ = y= &%f' which in the analytical basis take

the form: . .
DEE = 9FF — 4i9°E0F 0,4 + 0FOF.
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++a(s—1)d(s—1), h++a(s—1)o}(s—2)+’ h++a(s—2)d(s—1)+’ h++a(s—2)d(s—2)} .

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

These higher-spin prepotentials covariantize harmonic derivative with respect to the
higher-spin N' = 2 supersymmetry:

Dt o ptt 4 Ks h++oc(s 2)a(s— 2)M8M8 )(J)P(s

a(s—2)a(s—2

and so naturally interact with the hypermultiplet.

Zaigraev Nikita half-integer higher spins



N = 4 vector multiplet [(1),4(%),6(0)} in the N = 2 harmonic superspace is described by
the action:

SN=4 = %/d“xdsedu vity—— — /d( gD gt

Here g*2 = (47, g*) is the hypermutiplet [2(1),4(0)] superfield:
gt =flul + 0T + 01 +4i0 0 Y0 f U + .

The analytic superfield V*+ with gauge freedom 6( )V ++ = D++ ) describes V' = 2 vector
multiplet [(1),2 (2),2(0)]:
Vit =i(04)2¢ — i(0F)%¢ — 4i6720 Ay
+ (@20l 4+ (07)20 0 u (0+)*pti uru

The V™~ superfield is defined as the solution of the zero curvature equation

DtV =D - vtt,
The action is manifestly invariant under N’ = 2 supersymmetry (e =é. ui)
sVt =0, Seqt =0,
which is realized on coordinates as:
bexan = —4i (GO + 057, ), 005 =<, 0.0% =7
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Hidden supersymmetry

1 1
SN=4 = . / d*xd®0du VIHv—— — 5 / d¢=gtapttqt,

@ This action is invariant under global transformations

5V = (£9%0) + E207Y)q]
1 _ .
beqf = 5 (D) (505 +Eaal )V ]

with rigid fermionic parameters €2 and £%% = 2. These transformations corresponds to
extra (hidden) supersymmetries.

o Corresponding analytic N' = 2 supercurrent:
++a 1 +\4 (4 tap—\/—— 1 +ap+y2 (g— 1 +apy+

satisfy conservation equation:
++ 7Hta
DI = 0.
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Hidden R symmetries

1 1
SN=4 = a /d4xd89du vity—— - 5/olc(*“’q*“’D**qi.

@ There is another class of global symmetries [Buchbinder, Ivanov, Ivanovskiy 2020]:
SVt =2(r72(07)2 + 72(61)?) qf,
1 _ _ _ —_ = _
603 = =5 (D) [{r(67) — 207 (6707) + FH (072 — 27 (7767 fv ]

with rigid parameters rt2 = raiu?:. These transformations corresponds to hidden
R-symmetries and extend the R—symmetry group from SU(2)g x SU(2)pg to SU(4).

o Corresponding analytic A = 2 supercurrent
+a 1 N4 (4tap—)\2\/ —— 1+a 1+a—a+
T =D (P07 V)~ oaTW At 2qT 0 D W

satisfy conservation equation:

D++J+a ~ 29+oc‘:7046r+a7 (D++)2j+a ~ 0.
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Hidden higher-spin supersymmetry

1 1
SN=4 = 2 / d*xd®0du Vtv—— — 5 / d¢(=9gtapttqrt,

@ Higher-spin supersymmetry:
8V = (~1)°03, (ya >[(a‘*(s“)d‘s)aez SRR SEH B
1
+ +14 [ c(st+1)é(s) g— a(s)a(s+1) ——
0eq; —*E(D ) [(53 04 05)0%s)a(s)V ]

with rigid fermionic parameters.

o Corresponding analytic NV = 2 higher-spin supercurrent:
1 1
++a +14 (4t - + 55
TiEae = 3P (400 %0spa V) ~ 1697 DiaPiisas W

satisfy conservation equation:

++ 7+ ~
DT s+1)a( ) =0
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Hidden higher-spin R symmetries

1 1
SN=4 = a /d4xd80du vitv—— — E/dc(_“)q“l)*"*'qj'.

o Higher-spin R-symmetries:
BV = (“1F0% g4 [2 (7DD 72072 4 P24 g |
4 e (s)+(§_)2 _ 2F§‘(S)d(s)7(6—+§_)}az(s)d(s)V__]

with rigid parameters r‘f(z)d(s) = r;i(s)d(s) u,.i.

o Corresponding analytic ' = 2 higher-spin supercurrent
TI2 o = 2D (4707208 a Vo
a(s)a(s) 2 a(s)a(s)

1 _
~ A +aa;(s)a( )W-i- §q+39 D‘DZ@Z(S)MS)W
satisfy conservation equation:

D++‘7;s)a (s) ~ 20 OL‘7Jr(#s>j,—1)oa (s)? (D++) "7;5)& (s) ~ 0.
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Analytic N' = 2 gravitino prepotentials

@ We introduce unconstrained analytic prepotentials h1™® and h** with gauge
transformations:

5)\ ha++oz — D++ /\g + 29+a )‘a+7 5 h+++ D++ )\+
@ One can construct the cubic interaction
Sint = 7,.@/(/(—4 [h+++aj; f e gt (> conj)].

@ Requirement of invariance under rigid N' = 2 supersymmetry lead to supersymmetry
transformations of analytic prepotentials:

J+ — D@ aa , 55‘7:;— =0 = 5Eh++aa — _2€—ah+++a’ 6€h+++a =0.

o Full action SN=% + S, is gauge invariant in the first order on coupling constant k.

@ Due to the gauge invariance (in zero order in ) of N' = 2 supercurrents
1
6&O)J§+a _ §(D+)4 (q+a9;D——>\) =0, J+ _ 2(D+) (g +a(6‘)2D__>\) -0

we obtain cubic (%, 1, %) coupling, consistent in the leading order.
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Wess-Zumino type gauge

e Using gauge freedom
5 ptta — pttye 4 20+a)\+’ Sx pttt = Dttt
one can impose the Wess-Zumino type gauge:
b = (FF)29 — aigTPGHe we, +8i(ot )20+5 Cglur
+ (BP0 Flur + (020 F) ur + (01) DDy
iyt = (07)0"py —4(67)20 kg + (07)* Cuy .
@ In this gauge residual gauge freedom spanned by parameters:
AY = e* + 294“0‘c"uf7
AT = c’u,.+ =+ 2i9_+ﬁ7_]ﬁ + 4i9+p§+98ppc’ui_.
o Residual gauge transformations acts on fields in the WZ gauge as:
ONChy=0g5¢,  OCT=20c", WG, =0u4¢" + 877y, Samp = il

[e3

Obtained transformations law means that CAB is the doublet of spin 1 gauge fields, \UBB is

the conformal gravitino field.
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Other fields with non-trivial gauge transformations can be redefined in terms of WZ‘B and

Céﬁ. fields and corresponds to auxiliary fields.

For the bosonic field C' the redefinition is given by
i _ 19BB i i
C' =40 CBB + G

so we extract the auxiliary field G'.
For conformal gravitino, using parameter 7 (which can be interpreted as parameter of local
conformal supersymmetry) one can impose symmetric gauge for spin % field W(,g)5. In this

gauge:
1

6 (B‘“‘\VWQEX) + Xxp-

Wapya = aatp) =  Kp=

As the result, we obtain off-shell content of the conformal spin % supermultiplet:

@

Non-gauge sector:  ta, pa, Xas G, F1, F(A)i, Do),

Gauge sector: V(aB)as Cha

Total in the multiplet there are 32g + 32¢ off-shell degrees of freedom.

We fix the canonical dimension for the gravitino field [\U(aﬁ)d] = %, then the vector field has
non-canonical dimension [C! .] = 2. From here we obtain prepotential dimensions
[AT+e] = 1, [ht+*+] = 1 and coupling constant dimension [x] = —1.
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Conformal gravitino action

@ Thus, from the dimensional analysis, it can be expected that the free A/ = 2 conformal

gravitino action in components contain conformal gravitino action with three derivatives and
standard Maxwell action for doublet of vector fields.

o Desired gauge-invariant action for conformal gravitino can be constructed in terms of
gauge-invariant strengths:

._ B a . ap
C(aaw) = 3&% Vs Clas = 9 Vs
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Supersymmetry invariant superfields and zero curvature equations

o Analytic prepotential ™+ have nontrivial transformation law under rigid supersymmetry.
One can introduce supersymmetry invariant superfields:

G++a — ptto + 207Déh+++ G+++ — ptt+t
, .
o Corresponding gauge transformations are
5}\ G++o¢ — pDttpae (5)\ G+++ — DHAT
) )
were gauge parameters are defined as
A® = XY 4207\ T, AT =T,
@ As the solutions of zero curvature equations one can construct set of negatively charged
potentials:
D++ G =D~ G++O‘,
ptHtg——t = D__G+++,
DG =6""".

@ Zero curvature equations are invariant under gauge transformations, accompanied by gauge
transformation laws of negatively charged potentials:

§\GTTY =D A,
0\GT Tt =D AT —AT,
556G~ =D AT,

where parameter A~ satisfy equation DTTA~ = AT,
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N = 2 gravitino supercurvatures

@ Using negatively charged potentials one can construct two gauge-invariant superfield
strengths:
Wao = (D)6 ~, W =(DM)?H; .
@ Second superstrength have interesting geometric structure, analogous to structure of
linearized N = 2 super Weyl tensor [lvanov, N.Z. 2024]. We start with composite object,
which satisfy " half-analyticity” condition:

_ — . i — _, -
HIT = 006G + ED; G+, D;W—Lz* =0.
Using zero curvature equation, one construct 7-_15_
DRI =D HIT = HL =0.aG %+ ép; G- épgéﬁﬁ

e Harmonic independence:

DR, =0, DEH, =0

o Chirality:

Zaigraev Nikita half-integer higher spins



N = 2 superfield action

o Since dimensions of superfield strength [W,] = 2 [W ] = 3 we obtain component

2’
composition in the gauge sector:
A _ N —\2 i 29— i —
Wa ~ 0YF0~N gy + (07 V0P Fygyul + (070 P Fl pyur + ..,
Wa ~ 00 Fl pyum =07 PFl gyuf + 070007 Clpy) +

@ Since W% and W, are chiral superstrengths, we can construct invariant action in chiral
superspace:

S = /d4xd49 VAVaVTJa + c.c.
In gauge sector, this action gives (up to numerical coefficients):
4 (e (aB)
s= /d COBNE ) + FD F ) ) + cic.

@ The action can be presented in a different form — as the integral over full harmonic
superspace:

S= /d4xd80du [GHredn ™ = Girn4].
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Supertwistors and harmonic geometry

@ We introduce auxiliary coordinates W and w:

o 1o} 1o}

++ — ptt o ptt ot o+ ~ coni

Dgrawtmo D +h a(C) v +h (C) St — 20" % wa + conj..

@ Gauge transformations can be generated using analytic differential operator, which generate
auxiliary coordinate translations:

- 9 .

_ o«
AN=2X 8\U0‘+)\ o

+ 7 conj.
Then in full analogy with N' = 2 higher spins [Buchbinder, lvanov, N.Z. 2022] :

. d e}
5D =[DTT, Al = DAY —— 4+ DTFAT — 4 20T\t —
A = ] Jwa + o 1

gravrt/no

ove’

o Rigid N = 2 supersymmetry transformations can be obtained if we require supersymmetry
transformation laws for auxiliary coordinates:

S W = —2e Yt Sewt =0
and require supersymmetry invariance of harmonic derivative:
++ _
5 Qgravmno =0

o These additional coordinates can be interpreted as supertwistors [Ferber 1977].
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©® Conformal compensators and non-conformal half-integer N = 2 higher spins

© Massive N = 4 vector multiplet in the harmonic superspace and higher-spin supercurrents
@ N =2 AdS supermultiplets in harmonic superspace (talk by E. lvanov)

@ Massive N = 2 higher spins (Stueckelberg mechanism)

Thank you for your attention!

Zaigraev Nikita half-integer higher spins



	title

