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Wess-Zumino model
Wess-Zumino model
o Chiral superfield in C42, D,® = 0:

® = C(y) +V20x(y) +00F (y), {y™ = x" + io™8; 6"}

o General Lagrangian:

L:/d2ed2§K(¢,&>,D(">¢, D" ®) + [/ d?0W(d) + h.c.

@ Salam-Strathdee Lagrangian:

_ 1 ]
L= /d29d29¢¢ + U d%0 <k¢ + 5mq>2 + ;g¢3> + h.c.

@ Wess-Zumino Lagrangian:
= = 1
L = i0,x0"x + COC+ FF + [m (CF — 2xx> +

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

@ Unfolded equations:
dW*(x) + G(W(x)) = 0,

GIWT) = P W W,
n=1

o Consistency condition:

o
Wt

’=0=@*=0, Q=G (W)
o Gauge symmetries:

Q0  _riGH(W)

Q _
oW = de € W



Unfolded formulation
Unfolded action

o For system dW< + G(W) = 0 unfolded action is:

széc(vv).



Unfolded formulation
Unfolded action

o For system dW* + G(W) = 0 unfolded action is:

széc(vv).

@ Nontrivial invariant Lagrangians:

J

_ pd _ T
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Unfolded scalar supermultiplet
SUSY-vacuum

e D=4N =1 SUSY 1-form connection:
1 - .
Qo = 7P, + 5Wé'vb/\/lab + % Qo + 96 Q.
@ Flat SUSY-background dQg + Q009 = 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 — {xm, oL, 53}:

em(x)dx™ — E&(z)dZM, wzb(x)dxm — QQM’b(z)dzM,

z(x)dxm — E&(z)dzM, gE’j‘m(x)dxm — Eﬁ(z)dzM.



Unfolded scalar supermultiplet
Flat superspace

o Transition to superspace x™ — zM — {xm, oL, 53}:
em(x)dx™ — E&(z)dZM, wzb(x)dxm — Qi},b(z)dzM,
m(x)dx™ — E&(z)dzM, gE’j‘m(x)dxm — Eﬁ(z)dzM.

o Flat superspace:

DE® + 2iE“E® (07) 4, =

(e}

0
DQ?P =0, DE® =0, DE; = 0.
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Unfolded scalar supermultiplet
Unfolded scalar and spinor

o Unfolded massless scalar field:
DEcak) 4 g, 2P — g,

@ Unfolded massless spinor field:

DExEM + epxd® =0,

(55)% 2D — g,
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On-shell scalar supermultiplet (Ponomarev, Vasiliev,
arXiv:1012.2903):
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Unfolded scalar supermultiplet
Scalar supermultiplet in superspace

On-shell scalar supermultiplet (Ponomarev, Vasiliev,
arXiv:1012.2903):

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

D) (2) + Epx 2P (2) = V2iE% (o)., C? WP (2) = 0.



Unfolded scalar supermultiplet
Off-shell formulation

o Off-shell scalar supermultiplet:

Dca(k) + Ebca(k)b o ﬂEan(k) — 0,

Da®) 4 EpxaWP — VV2IES (o), C2 WP — V2E,FAK) =0,

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



Unfolded scalar supermultiplet
Off-shell formulation

o Off-shell scalar supermultiplet:

Dca(k)+E ce (k)b _ \[Ea a( —

Dxa™) + By — \2iE% (), C2P — V2E,F2K) = g,

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

@ “Dynamical” equations:

D,c?¥) =0, D,F*) =0.
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Operator Q
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Lagrangians

Operator Q
4 Q = QQ + ou
o
0 0
_ a,c ,b a,b
Qo = QP s+ QB

Q = 2E“(0%),, E® 0 + E26% + V2E 6% + V2E,§°

OE?



Lagrangians

Operator Q

4 Q = QQ + ou
o
Qo = QQ’CQC’ba§Qb+Qa’bEba(Z_a + .
. _. 9 _
Q = 2E"(07)os B + B2 + V2E, 6% + V2EG%
o
0 0
~b k)b k)b k)b
e T G DR R
o (yayatk) 9 a0
q (X ) o Calk) F 8X?¥(k)
5 — — (-a)a(k)i_i_,:—a(k)i _

863(/() axa(k)

«



Lagrangians
4-superform Lagrangian

@ General solution:

_ 2 _ .
L=EE, (-ab) dE-L~|—\geadeEaEbEcEd(6d)o‘aaaL+

’16[5 E,E.E e?bd6,6%L + h.c.

L=L(cmk), Fmk)) [ =L (Cmk) Fmk)) and L # §,f2.



Lagrangians
4-superform Lagrangian

@ General solution:

- 2 _ .
L= E. (") EdEBL+ieabchaEbEcEd(c'rd)"‘“aau

6
’\6[5 E,E.E ebd6,6%L + h.c.

L=1L(cmk), Fmk)) [ =L (Cmk) Fmk)) and L # §,f2.

@ Wess-Zumino Lagrangian:

L= i2y2 (CF‘+kC+gC2+§C3>



Lagrangians
Integral form Lagrangian

@ Integral form solution:
S = / P E, B E Eq6? (En) 6 (Ba) K +
[/ 52 (E,) el E,Ey E.E4W (cm<’<), ﬁm(“) n h.c}

K # §%fa+ hc, W # §%g,



Lagrangians
Integral form Lagrangian

@ Integral form solution:
S = / P LB E Eq6? (En) 6 (Ba) K +
[/ 52 (E,) el E,Ey E.E4W (cm<’<), ﬁm(“) n h.c}

K # §%fo + h.c., W # §g,
@ Salam-Strathdee action: K = CC, W = kC + g(;z + §C3.



Conclusion

Lagrangians

© Superspace off-shell formulation of Wess-Zumino model is
built starting from the space-time on-shell formulation.

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

© Application to maximal SYM and SUGRA?
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