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Wess-Zumino model

Chiral superfield in C42, D,® = 0:
® = C(y)+V20x(y) +00F (y), {y™ =x"+ i0c™F; 0"}

General Lagrangian:

L:/d29d2§K(<D,<T>,D(”)¢, D" ®) + [/ d29vv(¢)+h.c}

Salam-Strathdee Lagrangian:
i 1 1
L= /d29d29¢¢ + [/ d?0 (kCD + 5m<1>2 + 3g¢3> + h.c}

Wess-Zumino Lagrangian:

L = i9,x6"x + COC + FF + [m (CF — ;xx) +

+g (CCF — xxC) + kF + h.c]
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Unfolded equation

e Unfolded equations:

dWS(x) + GH(W(x)) = 0,

GIWT) = P W W,

n=1
o Consistency condition:

4]

P =0=@=0,Q=6" W)z

e Gauge symmetries:

Q0  _rIGH(W)

Q _
oW = de € W
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Unfolded action

o Unfolded action of the system dW* + G?(W) = 0:

5=4£WW-

e Space of nontrivial gauge-invariant Lagrangians:

o
SwT”

L=H(Q), Q=G" (W)
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SUSY-vacuum

e D=4N =1 SUSY 1-form connection:

1 .
Qo = P, + 5wé'vb/\//ab + ¢*Qu + Q.

e Flat SUSY-background dQp + Q€2 = 0:

Dle? +2i¢®¢% (07) 4 = 0,

(e}

D*¢* =0, D'w®” =0, D*¢s =0.

Lorentz-covariant derivative DL = d + w.
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Flat superspace

o Transition to superspace x™ — zM = {x™ g1 gi1.

&2 (x)dx™ — Efy(z)dz™,  wiP(x)dx™ — Q3(z)dz,

P (x)dx™ — E&(z)dzM, gf_f.“m(x)dxm — Eﬁ(z)dzm.
e Flat superspace:

DE? + 2iE“E% (67), . =0,

ax

DQ*b =0, DE* =0, DE, = 0.
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Unfolded scalar and spinor

e Massless scalar field:
DEcak) 4 g, c2K)b — g
e Space of unfolded fields (fixing en® = 6m?; w?? = 0):

Ca-a = (—1)k 9793 C.
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Unfolded scalar and spinor

e Massless scalar field:
DEcak) 4 g, c2K)b — g
e Space of unfolded fields (fixing en® = 6m?; w?? = 0):

Ca-a = (—1)k 9793 C.

e Traslessness leads to KG equation:

0?0°C = C** - 0OC =0.
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Unfolded scalar and spinor

e Massless scalar field:
DEck) 4 g,c2)b — .
e Massless spinor field:

DExEM + epxd® =0,

(55)% 2DP — g,
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Scalar supermultiplet

On-shell scalar supermultiplet (Ponomarev, Vasiliev, 2012,

arXiv:1012.2903):

DLCa) 4 g, Cakb — /292 =g,

DL a(k) + epxa a(k)b \@IQZ)” (O-b)(\(y Ca(k) =0.
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Scalar supermultiplet in superspace

On-shell scalar supermultiplet (Ponomarev, Vasiliev, 2012,

arXiv:1012.2903):

DC(K) (2) + E,C20b (7) — /2E2 2K (2) = 0,

DX (2) + Epxd” (2) — V2IE¥ (0h) 4 C2H° (2)

=0.

Lagrangians



Wess-Zumino model Unfolded formulation Unfolded scalar supermultiplet Lagrangians

Off-shell formulation

o Off-shell scalar supermultiplet:

DCa(k)+E ce (k)b _ \fEa a( —

D3 4 Epy 2P — V2IES (ap),,, C2WP — V2E,Fa(K) — 0,

pDFa(k) + E,F? (k)b _ \fIE (— ) (k)b —0.

e “Dynamical” equations:

DsCc?®) =0, D,F*) =0.
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Operator Q

e General structure
Q = QQ + Qv

Qa = 270t

dQab
Q = 2iE* (0?),,, E®

0
OE?

+ E.G% + V2E, 8% + V2E;q%

+ Qa,bEb

+ ...,

0
OE?
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Operator Q
e General structure
Q = QQ + év
Q — Q*°Q ,b 0 Qa’bE 0
Q=R e T FgEs T
A e - 0 pNeY - 2a
Q = 2iE® (07) E8E3+Ea ? 1 V2E,§% + V2E4G%,

e Unfolded 'superderivatives’ on the space of 0-form

0 0 0
~b a(k)b a(k)b a(k)b
o= g T e T g e
o _ (yayak) 9 a0
s (oanalk) 0 sak) O
qa = ( ) oCalk) + 6)23(/()

&
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4-superform Lagrangian

e General solution:

V2

L= EkE (_ab) EdEBL + = € BB EcEa (74)™ Gol +
gE E E. EdGQdeaaaaL + h.c.

L=L(Cmt Fmk)), [ =L (Cmt) Fmk) and L # §af2.
e \Wess-Zumino Lagrangian:

L:i2f2(Cﬁ+kC+gC2+%C3).
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Integral form Lagrangian

e Integral form solution:
S = /eadeEaEbECEd(Sz (Ea) 6% (Ea) K +
+ [/ 52 (Ey) € E,E,E.LE4W (C’”("), ﬁ'"(“) + h.c.}
K # §%fy + h.c., W # §°g,.
e Salam-Strathdee Lagrangian:

K=CC, W:kC+gC2+%C3.
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Conclusion

©® Superspace off-shell formulation of Wess-Zumino model is
built starting from KG and Weyl equations.

@® All superLagrangians in the form of superform and integral
form are found.

© Application to maximal SYM and SUGRA?
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