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Outline of the talk

® Constrained N' = 1 superfields: quadratic and cubic constraints
® Constrained N' = 2 superfields:
» quadratic — partial SUSY breaking

» cubic — total SUSY breaking
» quintic — total SUSY breaking

Based on:
YA, Chatrabhuti, Isono, EPJC 81 (2021) 6, 523 [arXiv:2103.11217]
YA, Antoniadis, Chatrabhuti, Isono [arXiv:21xx.xxxxx]

2/19



Constrained N = 1 superfields

Nilpotent chiral superfield $* = 0

Denote the components S = S + \/EQX + 6°F.
Then from §*-component of S = 0 we have [Komargodski, Seiberg ’09]

® F#0 = SUSY necessarily broken
® x = goldstino

® In the simplest case can be related to Volkov-Akulov theory
[Volkov, Akulov *73] as shown by [Kuzenko, Tyler *11]
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Constrained N = 1 superfields

Minimal example with §? = 0

£:/d405§+u (/dZQSJrh.c.)

= SOS — ixa"OmX + p(F + F) + FF ()
FO%
After eliminating F = —p — DX + 3‘IX6;/,X Ox*0x?, the final Lagrangian
becomes
2 2=2
= XX 222
L = —ixo"OmX Ox* Ox°0; 3
ixo"OmX — u+412x 16 X DX (©)

Pure goldstino Lagrangian with non-linear SUSY,

5€XD£ = —U€Eq — ’ﬂ IGo¢o¢6 (XamX) + O(X X )
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Constrained N = 1 superfields

Orthogonal nilpotent superfields

Can be used to eliminate components of a superfield
[Komargodski, Seiberg ’09]:

$ =0, SA=0

- leading component A is eliminated;

- the resulting A satisfies additional constraint A’> = 0.

e E.g. for chiral superfield T impose S(T + T) = 0
- can describe light axion ImT
-ReT,x", F" eliminated in terms of x and F.
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Constrained N = 1 superfields

Cubic constraint

Instead of S*> = 0 consider a weaker constraint invariant under S — S + ic,
(S+5)P =0 ()

Then S* = 0 with S = ’2‘—; becomes a special case, but we find more general
solution:
6°0*-component of (4) reads (for S = ¢ + ig; = axion)

(A+¢0¢) 6 = 1B )
A = 2Ff — 20mpd" 0 — ixo"OmX + iOmxo"X
B = X°F+XF+2x0"X0np

The solution eliminates ¢ (saxion):

B B 5
p=———0OB| — Alpes = 2|F|* — 2000p # 0 6
b= A lb |F] pOp # O

e In [Kuzenko *17] nilpotent tensor (linear) superfield was studied, L* = 0, with

deformed linearity constraint D*L = .
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Constrained N = 1 superfields

Minimal example with (S +S)* = 0

L= /d4es§+u (/dzes-i-h.c.)

= ¢0¢ + ¢O¢ — ixo"0nX + u(F + F) + FF @)

B B’ B B’
(& - &08)0 (& - &0s)
Eliminate F = —p + goldstino terms —-
L= 0o — ixo"Omx — 1° ©)

X’ + px’ = 2x0"XOmep
8(u? — 0pdp)?

4F {,u(?kxﬁkx —+ ,u(?k)_((‘)ki — 20@00;)(01(0[)2} + ...
Now non-linear SUSY transformations also involve Oy,

Sex = €F — 0"€0mp + 5 g <

HFE—Bpag) ([ XOmX +Onpx"On% +he) 4.
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Constrained N = 1 superfields

Cubic vs. orthogonal nilpotent superfields

The same d.o.f. x, ¢ with non-linear SUSY can be described by
® (S+S)> =0 cutoff scale (|F|> — dpdp)'/*;
® C2=C(T+T)=0 cutoffscale |F|"/?;
If under U(1): T — T 4+ i and C — Ce'®, they can combine into
Q = log(C + €") which satisfies
(@Q+Q)’ =0

This property can be used to set Q = S and find non-linear field
transformations
ImS = ImS(ImT, X, F°)
X* = x"(ImT, X, FY)
F® = F°(ImT, X, F°)
* Full transformations can be found in our paper arXiv:2103.11217.

* Implications for gravitino problem in mSUGRA inflation [Terada ’21]
(talk by Terada today)
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Constrained N = 1 superfields

U(1) phase symmetry

® For (global) phase symmetry, Z — Ze'®, redefine S = log Z:
(S+S)’ = (logzZ)’ =0 ©)

® Assuming (S) =0 — (Z) =1.
® Parametrize Z = |Z|eiC, ¢ = axion, and the constraint should eliminate
|Z|.
® Going back to (9) write [Z|* = 1+A =
llog(1+ A=A (1—1A+..) =0 (10)

so the constraint (9) can be expressed as

‘/\3E(|Z\271)3:0‘ (11)

which has consistent solution |Z| = 1 + goldstino terms, and ¢ survives.
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Constrained N = 2 superfields

Constraint for partial breaking N' =2 — N = 1

In A/ = 2, (anti-)chiral superfields can be constructed from N = 1 superfields.

E.g. from chiral ® and vector V with W, = —%DZDQ V:
X =&+ V2i0W + 67 (m— 1D’®) (12)
Here BdX = DaX = 0.
o Consider the constraint X* = 0. Its solution
ITw?
=2 (13)
iD*® —m

describes Born—Infeld theory (provided m # 0) with one linear and one
non-linear SUSY:

:>/d20¢+h.c.~1—\/m )

[Born, Infeld ’34; Cecotti, Ferrara ’87; Bagger, Galperin "96]
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Constrained N = 2 superfields

Cubic constraint for total breaking N' =2 — N =0

As shown in [Dudas, Ferrara, Sagnotti *17], a weaker constraint (DFS
constraint)

X=0 = oW -9’ (%5267m>:0 )
has non-trivial solution other than X* = 0.
Denote ® = {¢, x, F} and V = {\, A, D}; the highest component of (15) is
(o +¢0g)p = B (16)
o= D"+ 2(F+ m)F — 1 FpunF™ — L FpnF™ — 2ix0"OnX — 2iA0" O
B = x*(F + m) + NF — V2i(xAD + ixoc™ \Fn)
The solution has the form ¢ = 3/a + ..., so that a # 0, or at the vacuum
(a) = (D* +2(F + m)F) #0
breaking both supersymmetries because
(dex) = V2er(F) +iea(D) ,  (8eX) = ier(D) + V2iex(F + m)

e After the constraint is solved we are left with x, A, A, + auxiliary.
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Constrained N = 2 superfields

Quintic constraint for total breaking N' =2 — N = 0

There is yet another option to describe total SUSY breaking if we consider real
superfield such as X 4 X. To guess the form of the constraint, assume the scalar
component is eliminated:

d+d~ N+ XN +xA+...+he. =
(64 0) ~ XA+ XN+ XN+ ..., (0+0) ~XNK'N
(6+¢) =0

Going back to X look for solutions to

X+X)P=0 = &} (10,00, +A) —301B+30,. WW =0 (17)

¢i5¢i$
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Constrained N = 2 superfields

Component form of the constraint

The highest component of the quintic constraint (17) is (using Omn = Om0n)

*%@?D2@1+¢)? (P+ 20¢:0¢1 + £0™$10mnh1) + &1 Ur + J3" Omnhi) (18)
A QZ)] (II = lgm‘ mn@]) aF H] aF le’r’”0171n¢)1 )

where ®| = ¢ = @1 + ip, (¢ = axion); The functions P, J, I, H depend on

X5 A, Frny Oz, F, D but not ¢4 (or its derivatives).

e Useful definitions:

Q=D+ 2fF — 1FunF™ — L FunF™ — 20m20" 2 — 2ix0" OmX — 2iAT"Om

f=F+m, Fom=lemuF", Fo= FontiFm

e The functions P, J, I, H:

3P = 1600¢0¢, + 160mn20™ d2 + 40(Q + ix0"OmX + iINT"Om\) — 320, FO™F
— 160mDO™ D + 80" FynpO F*" + 40) FunO* F™ + 4iFp IF™
— 16i0x0"OmX — 16{0AG" O\ — 16i0myx " 0"X — 16i0mAc™ "X + h.c.
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Constrained N = 2 superfields

Ji = 8iQ0¢; + 16Fmn0 F0™ ¢y — 20(x2F + N + x0"XOmb2 + A" AOmeb2)
— 8i0M(2fF — ixo"9yX — iAa"OpN)Oma + 8(xo "X + Ao 0" X)Omnba
+ 8(20™XTnOmX + 20" A0 nOmA — i€ @ "X 0K — i€ @ A*DIX)0" b,
— 80m(x0"G"9nxF) — 80m(AT"G"OnAF) — 4v/2i0™ X" N(NmnD + 2iF; )

+16V2i0mx ™, AD — 4v/2(8™x ™ N — 8™ N B x) (Fih + 2iFmn) + hec. + . . .

S = 4n™(3Q + 40,20 by + |m|? + FgF + ixa*Okx + ixaK O R)

aF 8(7Ik1kaFln — 20" 8" Py — ixa™3"x — ixa™3"N) + h.c.

I = 41Q0% — 16(|m[> + FunF™) 0y 20 G2 — 32F™ Fye 0K 30mep + - . .

= _gpm [Xz(?Jr %) + XA + 2F) + (xo % + Ao*X)a dy — 3v2ixAD + \/Exa“)\F,d]

—8(xo™x + Xa"X)d" ¢, + 16\/5xo'm[)\F1k’qk" +h.c.

Hi = —x*[2fQ + 4mOm$28" $2] — A*[2FQ — 47Om 20" ¢5]
— X" XOmb2 (2D + FyF™ + alf|* — 48,$20"$2) — 4x0™"RO" $2(DFimn + 0" Fri Fir)
— AT NOm b2 (2D + Fu F™ + 4|F|” — 40,$20" 2) — 4X0 " XO" (D + 1 Frnt i)
+ 2V2IUXAD + ixT ™ NFinn) — 8V/2X 0™ A(Fnn Ok $20" 2 + 20X 420 2)

+ 4v2ixc™ 20" ¢, {’?(nmnD — iF) — F(nmnD — iFnjn)] +he +...
H™ = ™A% + 2207 + 207 4+ 257 X%) — 4xa A"
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Constrained N = 2 superfields

General solution

—20i0¢1+¢1 (P + L0101 + L™ $18mmb1) + &1 (h + S5 Omnh1)
+ @1 (ll 4 Ignl1alnn¢l) + Hi + Hglnaml1él =0

Can be solved recursively!

At the leading order in goldstini

H =1l
91 = ==L [19 = 4P + FonF™)0, 620" 62 — BF™ Fud*dadma]  + ... | (19

e H; is at least bilinear in x, \;
e At the vacuum 5
(Q) = (D* + 2(F + m)F) # 0

l.e. both supersymmetries broken;
o Surviving fields ¢,, x, A\, Am + auxiliary.
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Constrained N = 2 superfields

A simple example
Minimal prepotential 7 = 1¢* —>
= é(q)]‘—ty —6?@) = ¢d_>, w = —ém]—} = %md), h=—iFoe =1

Lagrangian:

L= /d“&dﬂa 4 (g /d26¢ + % /dzewawa —|—h.c.) (20)
= ¢ 01 + po0chs — ix0"OmX — iINT"OmA — 2 FanF™ + ImF + 1mF + FF + %DZ

Impose (X + X)> = 0 and eliminate F = —!m+...and D=0+ ...:

1
2

L = ¢00¢p; —ixo" OmX — N O\ — %anFm"— 4—1 \m|2+nonflinear (o, A) (21)

® F-term breaking with equal SUSY scales, |(F)| = |(F + m)| = |m|/2
® Non-linearly realized N/ = 2:

SeX = V261 F + V2i0"&0m [01(X, N) + ida] + i(D + ic™ Fn)é
66)\ = I(D — iO'mnan)€1 —+ \/iﬁz(l_‘_ =+ m) + \[2168,,, [¢1(X, )\) + l¢2]
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Constrained N = 2 superfields

Generalizations

® In the case of U(1) phase rotations ¢ — ¢e
(XX —1)° =0 = |$| = 1+ bilinear
axion = —1 log(¢/¢)
® Can be applied for N = 2 single-tensor multiplet (DY = DY = D*L = 0)
Y = & — \2i6DL + 6° (m — 1D°®)

Components of L are {¢, ¥, Bny} — only F-term breaking.
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Conclusion

® We studied higher-order superfield constraints for N' = 1, 2 superfields;
® N =1 constraint (S +S)° =0 — ReS(x, X, ImS);

® N =2 constraint (X + X)° =0 — Red(x, X, A, \, Im@, A,);

® The latter describes total breaking — N = 0;

® For phase-symmetric models (|S|* — 1)> = 0 and (|X|* — 1)’ = 0

® Future directions:

» Generalize to local abelian symmetries
» Study phenomenology (cosmology, MSSM, ...)
» String constructions?
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Thank you



