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Minimal Supergravity Inflation

» Orthogonal nilpotent superfields X and A:
X°=XA+A)=0

Stabilizer superfield X = )( \/5«9)()( OOF*
inflaton superfield A = A"+ \/59)/ + 6gF"

* The only independent dynamical degrees of freedom are

¥y (stabilizino) and Im A (inflaton).

The physical spectrum:

(real) inflaton, (massive) gravitino, and graviton.




Minimal Supergravity Inflation

» Orthogonal nilpotent superfields X and A:

X°=XA+A)=0

Stabilizer superfield X = )(

V20,

OOF*

inflaton superfield A = A"+ \/59)(‘4 + 0gF"

* The only independent dynamical degrees of freedom are

¥~ (stabilizino) and Im A (inflaton).

 The model is specified by

_ _ _ 1 _
KA,A X, X) =XX + E(A + A)?

W(A, X) = f(A)X + g(A),

* The scalar potential is
V(A) = | flA) | = 3| gA)|”.

Note that there is no dg/0A term
because of the constraint.
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Catastrophic Production of Slow Gravitinos

1 — R e

Varying propagation speed (“sound speed”)

~ _ Psp~Y7 OPW — 3Hpy + mj3), (pSB T 319813)
€32 = M3 =
PsB 2psB
psp = p + 3ms5,M; Psg = P — 3m3,Mp pw = 2115 ,M3 3 <0 C3p > 0 <0

For simplicity, we are assuming py, = 0 so that c¢5, is real.

(neglecting backreaction; m;,, — 0 limit)

| s Fn(k D)

Fun(k 1) = o (1 + sgn(c; (1)) 1




Catastrophic Production of Slow Gravitinos

Longitudinal gravitino Lagrangian

1 — R e
3=—51//<70607" V)+am3,2)y/

Varying propagation speed (“sound speed”)

. _Pss—7'pw __ 3Hpy+myp (psg + 3psp)
Cap = map =
PSB 2psB

Psg = P + 3m32/2M§ Psg =P — 3m32/2M1% Pw = 2’””l3/2M1%

Phase-space distribution (neglecting backreaction; m;,, — 0 limit)

s Fn(k D)

— ]
fin(k, 1) = 5 (1 + sgn(csp(D)) 1

Independent of momentum

Inflaton potential & gravitino sound speed

Vig)

For simplicity, we are assuming py, = 0 so that c¢5, is real.



Catastrophic Production of Slow Gravitinos

Longitudinal gravitino Lagrangian

1_ — A
3=—?//<70007° V)+am3,2)y/f

Varying propagation speed (“sound speed”)

. _Pss—7'pw __ 3Hpy+myp (psg + 3psp)
C3p = msp =

PSB 2psB

PsB =P — 3m32/2M1% Pw = 2’”"”l3/2]‘41%

Phase-space distribution (neglecting backreaction; m;,, — 0 limit)

s Fn(k D)

— 1
fin(k, 1) = 5 (1 + sgn(csp(D)) 1

Independent of momentum

Inflaton potential & gravitino sound speed

Vi) /

Cyn <0 Cyn > 0 Cyn <0

For simplicity, we are assuming py, = 0 so that c5, is real.

Catastrophic gravitino production

A A k>

A Napy ~ ZJ dk
3/2 ; (27)}

... or breakdown of the effective theory.



Catastrophic Production of Slow Gravitinos

What is the essence of the anomalous/catastrophic production?

In the standard case without constraints, the fermion gradient terms can be diagonalized:

1 — —_— — f
- _\ (= 1/ N ,
L grad = — b <l// UJ_) <W° k) G (%) For multi-(super)fields, | c3,2\2 #* 1, in general.
2 3/2
32 511 ae _27’091' 0 T -27%9. Oi]

A

The whole matrix satisfies | €5, |* = 1 and can be diagonalized into the unit matrix.

The anomalous/catastrophic gravitino production can be interpreted as
the brute-force intervention to the diagonalization process by the constraints.
— [nflatino (or other relevant fermions) should not be removed from the spectrum.



Alternative Superfield with Same D.O.F

X = X + /207 + 00FX
D =D +1/20¢® + 0OF®
A =A+1/260y" + 00F"

X°=XA+A)=0 (@ + D)’ =0

This also implies (A + A)° = 0.




Alternative Superfield with Same D.O.F

X =/+ \/ 207X + 00FX
A =/A’¥ ﬁe/( + HH%{

® = &'+ /267 + 60F®

X°=XA+A)=0 (@ + D)’ =0

This also implies (A + A)° = 0.




Minimal Supergravity Inflation w/o Slow Gravitinos

e.g.) shift-symmetric Kahler potential
_ | _
K(®, D) = 5((1) + d)?

with the constraint (® + ®)° = 0.

There are several methods to construct
inflation potentials in supergravity with
a single chiral superfield.




Minimal Supergravity Inflation w/o Slow Gravitinos

Inflation

e.g.) shift-symmetric Kahler potential
_ 1 _
K(®, D) = 5((1) + d)?

with the constraint (® + ®)° = 0.

There are several methods to construct
inflation potentials in supergravity with
a single chiral superfield.

Gravitino property

1 — N (s = -
3=—51//<7an— 63/2<7” V) +am3/2>y/

~ _ PsB—V Pw — 3Hpy, + my), (PSB + 317313)

C3pp = ms;, =
PSB 2psp

Psp =P T 3m32/2M1% Psg =P — 3m32/2MI% Pw = 2’7.73/21‘41%

In our model, ~ o ) 2 2
| Capl™ = (pSB "‘pw)/pSB = 1.

Gravitino is not slow.
No catastrophic production.



UV completion?



From UV to IR: Nilpotent Superfield

_ _ 1 _
K(S,S) =SS . (SS)?,  W(S) =fS.
S = S +1/20y + 00F

<L = K (—6’"5%5 —% <)(6”Dﬂ)2 — DM)(G”)Z> + FF)

1 B 1 1 __
+ ( (WS — EKSgg;(;(> F - EWSS)()() +h.c.+ 2 Kesssaax

I 1 _
SFF = EF;()( —i0, (xo"7S) - 55 (S%) + iSyc"d, 7 + O(A®)

AX 2
— nontrivial solution: S = E This is equivalent to S — O



From UV to IR: "Axion Superfield

UV model: _ | _ 1 _
e K(@®,®) = —(® + D) (@ + D)* | |
2 41A2 Superfield expansion:
® = O +1/20y + 0OF
1 .
Equation of motion for ¢: ; (P + ip)

1 _ l ) )
\/Eq/) (——&’“‘go @+ FF — > <)(0”dﬂ)( — dﬂ((f’";())

F F__ 1 ) 1, 1
==+ xo'j0,@ ¢-[1¢ 2(/50’“‘615(3,,,(/5

2R AN

Solution:

i P " i This is equivalent to
= —xx+—ji+—=yo'0,p | + - i
VA (= oun) (2’“ 7 ﬁ’“’””> (P + D)’ =

A SUSY breaking by axion kinetic energy



From UV to IR: “Stabilizer” Inflation Models

UV model:

2(SS)2 12 (SS)(D + D)’ : (D + d)*

1 _ 1
K =—(® + ®d)* +SS
2 42 2A3, 4173

Shift symmetry, R-symmetry, and Z, symmetry ensure this form.

1 L . ~ ~ 1 . ; - _
0=——3 (FSFS - % (XS a9,x° + Xsﬁﬂa,txs)) ~ Az’ (F¢F¢ N % (X%"f?u)’cq’ + 92@6#6“"@) >

12 R, 4 Equations of motion for S and ¢ are long.
_ Aﬁ(ﬁ ( PP - L (oo + ,—Cét—,ua#XS)) + <_A%¢2 - Al_Qgs) 0s — A@sd:@ _ . . : .
> . 1 v " They have all possible combinations of fermion bilinear terms.
- A—gsaﬂsaus — @wﬂsau¢ — ESB%E)MI)
- A_??Xs*gu)zéu‘)wS’T A_?%X'S'.U“'Xéauq’ - A_gipx%ufaus | ()((D)((D, )((D)(S, )(S)(S, )((I)G'M)?(D, )((DGIM)?S, )(SGIM)?S, and the| r COnj UgateS)
~ ST X) = 500,00 R) — S0 x)
n 2&% PS5 4 211\_§FSXSXS + A%QSF@X@XS’ (21)

V2 _s 5, B V2 s i 5. 5.
0=~ g0 (FF* 5 (oo +boran®) ) — 1o (PP 5 (o’ + 500
4 ¢

1 _s 1 = 5 1 _ _ - ] _ _
i (PP =5 (ot o)) 8 (P (e + o))

_ W
1 1 _
- \/§A§¢(aﬂ¢aﬂ¢ — 0"p0,up) — m3“¢3u(55)
) - _ 1 _
- o*p(S0,8 — S0,5) — o*S9,S + 0*S9,S
\/§A§¢ ‘P( © H ) \/§A§¢¢( po + p )

1 {1 . 1 1 _ _
—— | -85+ =¢% | Op — 508 + 508
73 (Aﬁgo - Ag¢) ¢ \/§A§¢¢( - )

1 1,—_ ]. qJ L—:’ 'l, L—S‘ Z o l.—- -
+ qu)a' X" 0, + \/ETX‘SU’ X 0, — %YDU’ X 0uS + %X‘sa' X*0,8
¢ S¢ :

1 . 1
L (Fq>>—(«1>>-<q> n F‘I’X@X@) n I
S¢

stgp'{i’ + P_’gxsxq’ ) (22)
T ( )



From UV to IR: “Stabilizer” Inflation Models

UV model:

1 _ _ 1 1 _ 1 .
K =—(® + ®)* +SS (SS)? (SS) (D + P)? (D + d)*
2 42 2A3, 4173

_ . [Kawasaki, Yamaguchi, Yanagida, hep-ph/004243; hep-ph/0011104],
Shift symmetry, R-symmetry, and Z, symmetry ensure this form. [Kallosh, Linde, 1008.3375], [Kallosh, Linde, Rube, 1011.5945]

1

SES_ L (S uy o5 o Soug S 1 et SN O SN S SN : .
0= 5g8 (PP -3 [ +x'an) ) - s (R - (eont +x'0x’) ) Equations of motion for S and ¢ are long.

V2 s i & & 1 1 . V2
Ve (psEr -l (Xsauauf + X¢U”auXS) + [ —5-¢* - 555 )| 0S5 — S-5¢00 _ : : : ops
Af¢ ( ;ﬁ 1 ) ( fo- A ) Ao They have all possible combinations of fermion bilinear terms.
_ A_?ggaﬂsaﬂg — EM“SGMQ - A—&)Sa“@a#(b
- A_%XsauxéauS— A—?%Xiauiéaﬂ - A_?%X%n%éays ()((D)((D,)((D)(S, )(S)(S, )((I)G'M)?(D,)((DGM)?S, )(SGM)?S, and the|r COnJugateS)
~ ST X) = 500,00 R) — S0 x)
N @stézé + mlx_gpsxsxs + A%gﬁp@x@xs’ (21)

This implies a bunch of quintic constraints as follows.

(D + D) = (P + P)*S = (D + D)’S? = (P + DP)’SS = (D + D)°S’ = (P + P)’S°S
= (@ +D)S*"=(P+D)SS=(P+P)S*S* =S =8'S=5S"=0

(X + X)°> = 0in ./ = 2 SUSY [Aldabergenov, Antoniadis, Chatrabhuti, and Isono, 2111.02205]



From UV to IR: “Stabilizer” Inflation Models

UV model: 1 -5 - | | = 5 1 -
K=—(®+®P)"+SS (SS) (SS)(P + D) (P + D)
2 4N? 2A§¢ 4!A?b
W =S (D)
Without the 1/A%, term, S = L)(S)(S + - and ¢ = : )(CDG”)Z&)@ p+-. = S°=0 and (®+ D)’ =0.
T OFS — 0“0, g

When A2 = A%, = A2, the denominators are regular, @, S — .
> >0 » 2F5F> — 0r0

A SUSY breaking by inflaton kinetic energy

(D + D) = (P + P)*S = (D + D)’S’ = (P + DP)’SS = (D + D)°S’ = (P + P)’S°S
= (P +D)S*"=(P+DP)SS=(P+P)S*S* =S =8'S=5S"=0
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/ Py A
/ > @
_ Inflation, SUSY breaking in vacuum Inflaton oscillation, preheating,
quintessence, dark energy axion misalignment, curvaton

Cosmological Applications

'

LV v v
\/\\/\,w B \/\\\//-\ q)

axion kinetic misalignment Kination cosmological relaxation



Cosmological Implications

2 A2 _ A2
ForAS—AS¢—A¢,

1 1

gb S ~ Effective mass & coupling constants oscillates less.

YVFSFS — aﬂgﬁaﬂQD P Preheating (non-adiabatic particle production) suppressed?

2 A2 2
For Ag, AS¢ < Mg,

, PSP 1 (1 o2 :
Mg = IV —56 o+ |F~|" )| >H The stabilizer can be consistently decoupled.
S S¢

My, =Wx$§ >0 Gravitino production significantly suppressed?



Conclusion

e Starting from UV setups with positive Kahler curvature and shift symmetry,
we derived constrained superfields valid also in dynamical/cosmological
backgrounds.
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Conclusion

e Starting from UV setups with positive Kahler curvature and shift symmetry,

we derived constrained superfields valid also in dynamical/cosmological
backgrounds.

 Examples:
 Cubic constraint for an “axion”-like superfield
* Quintic constraints for inflation models with a stabilizer field

 The same method can apply to a wide variety of cosmological scenarios.






Equivalence

|
Orthogonal nilpotent superfields X and A can be packaged into @ = log <7X -+ €A>.
2

1 _ 1 _ )
K=5(¢+(I>)2=E(A+A)2+XX

1
W(d) = W(A) + XW/(A)e™A
V2 e

where we have used X? = X(A + A) = 0, which implies (A + A)® = (® + ®)* = 0.

The specific structure of the superpotential ensures that the gravitino speed is equal to the speed of light.



Gauge Field/D-term

sze By (DP)WAW?

The gauge kinetic function can be linear in the inflaton, A(®) ~ 1 + ®/M, which breaks the shift symmetry only non-perturbatively.

i A .
This can lead to a new contribution, ¢ ~ AG?'D A+ AG"'D A ) + ---.
mq% M H H

The quadratic term, A(S) ~ 1 + SZ/M2, leads to a holomorphic mass term, which cannot be a dominant contribution.

Anyway, new contributions are subdominant unless M S A( < Mp).



Supergravity

0 =Kx;; (—% (x o"(8, — iA)X’ + X’ 5"(D, + zAM)x) + FFJ) + Kx,0®" + K ,;;,0"®'0, 9’

; |k 0 STV 1 iciok 1 [~ 1 inJokl
+iK gi5x 0 X 0,9" + Qszﬁ (X'o"X’) = 5Kxigi XX = SExiinFX X" + 7 KximaxX XXX
_ 1
-+ (eK/2D;W) F— 5m—-)-(x x
_ 1 . 1 R
+ 3€KWDX'W - §minX2XJ -+ (GK/zDzW)X F' — 4M2 KszK'ZXZXJXkXZ
K_ 7 j 7 1 T o] 1 k k H J
2M2X o X' K %,0,9" — WKﬁKX@# (X olx ) — 4M2 (Kﬁkau(l) 750 d ) X oMY
4M2 K 5,0,® (¢ gl g Up]¢ — 1, oltg? Up]¢p) 8M2 K 50" (w FlgY 0”]¢ — Y, oltg? Up]¢ )
1 - 1 - s
- 2M2 K)Z'm3/2¢y0.”y¢u - 6K/2 (WX' + §KXW) ¢M0-M "pv
2 2
\f ( wawﬂa’“’ 19,d7 + K)m?p#a’“’ /O <I>") - \—f 50, (wﬂa’“’ z)
Mp MP
\/ﬁMp%ﬁM ((eK/zDz-W) X +zKXZ] 0, Py )
) 1

i
+
V2 Mp

KXZJ (

Yo ((eK/2D3W) X — iKx,;570,% xi) +

\/ﬁMp X (¢;L X )

U 1 oo v T 5= i 1z _3 i

——e letP ("puo'u"pp + %%%) XJUUX - —%XW“X ) (67)
16 2

Genuine supergravity effects

There are new contributions at the fermion quartic order.
We do not find new contributions at the quadratic order.



