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1. Introduction

Induced-gravity inflation (1GI) [1] is a subclass of non-minimal inflationary models in which in-
flation is driven in the presence of a non-minimal coupling function between the inflaton field and the
Ricci scalar curvature and the Planck mass is determined by the vacuum expectation value (v.e.v) of the
inflaton at the end of the slow roll. As a consequence, IGI not only is attained even for subplanckian val-
ues of the inflaton — thanks to the strong enough aforementioned coupling — but also the corresponding
effective theory remains valid up to the Planck scale [2,3]. In this talk we focus on the implementation
of IGI within Supergravity (SUGRA) [4, 5] revising and updating the findings of Ref. [4] in the light of
the recent joint analysis [6,7] of Planck and BiCEP2/Keck Array results.

Below, in Sec. @, we describe the generic formulation of IGI in SUGRA. The emergent inflationary
models are analyzed in Secs. B and B respectively. The ultraviolet (UV) behavior of these models is
analyzed in Sec. BH. Our conclusions are summarized in Sec. B. Throughout the text, the subscript , ¥
denotes derivation with respect to (w.r.t) the field x; charge conjugation is denoted by a star, and we use
units where the reduced Planck scale mp = 2.435 - 10'® GeV is set equal to unity.

2. Embedding IGI in SUGRA

According to the scheme proposed in Ref. [4], the implementation of IGI in SUGRA requires at
least two singlet superfields, i.e., z* = ®, S, with ® (o = 1) and S (o = 2) being the inflaton and a
stabilized field respectively. The superpotential W of the model has the form

A (&)
W="—8Qu—1/2) with Qu(®)=cgd*+ Y 1%, 2.1)
CR k=1

which is (i) invariant under the action of a global Z; discrete symmetry, i.e.,
W— W for & - —® and S—S (2.2)
and (i) consistent with a continuous R symmetry under which
W — &°W for § — ¢S and Qy — Qp. (2.3)

Confining ourselves to @ < 1 and assuming relatively low A;’s we hereafter neglect the second term
in the definition of Qg in Eq. (Z01). The Jordan frame (JF) F-term scalar potential obtained from W in
Eq. (ED) is

V=2%Qu—1/2] /ck + A%[SQu0|*/ch, (2.4)

where the complex scalar components of ® and S are denoted by the same symbol. From Eq. (Z4), we
find that the SUSY vacuum lies at the direction

(S)=0 and (Qy)=1/2, (2.5)

where we take into account that the phase of @, arg®, is stabilized to zero during and after IGI. If Qg
is the holomorphic part of the frame function € and dominates it, Eq. (Z3) assures a transition to the
conventional Einstein gravity realizing, thereby, the idea of induced gravity [1].
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To combine this idea with an inflationary setting we have to define a suitable relation between
Q and the Kihler potential K so as the scalar potential far away from the SUSY vacuum to admit
inflationary solutions. To this end, we focus on Einstein frame (EF) action for z*’s within SUGRA [8]

S= /d4xx/ <—R+K gV 9%y P — v) (2.6)

where V is the F~term SUGRA scalar potential given below, summation is taken over the scalar fields

which is written as

z%, Kyg =K o5 With Kﬁo‘Kay = 5? , 9 is the determinant of the EF metric g,. If we perform a
conformal transformatlon defining the JF metric g,y through the relation

2

= 3(1
; { =gt V/8 and @Y= e,
Suv =

Suv = 30 +n) 2.7

R= -0t (R OInQ + 3¢V 9,00,Q/202)
where 7 is a dimensionless (small in our approach) parameter which quantifies the deviation from the
standard set-up [8], S is written in the JF as follows

S:/d4x\/jg< QR Q9,Q0MQ 1

6(1+n)+ 4(1+n)  (1+n)

QK 50,22 P — V) (2.8)

with V = Q2V /9(1 +n)? being the JF potential in Eq. (L&). If we specify the following relation
between Q and K,

—Q/3(14n) = K30+ o K = _3(14+n)In(—Q/3(1+n)), (2.9)

and employ the definition [8] of the purely bosonic part of the on-shell value of the auxiliary field

Ay =i (Kgduz® — K5 duz*®) /6, (2.10)
we arrive at the following action
OR ”QaQB s Qo oM
S:/d4 V= ——7— Q 7——— | ¥t P -y, 2.11
* g<6(1+n)+( ap (1+n)Q) WO T () 1D

where <7, in Eq. (Z10) takes the form
dy = —i(14n) (Qaduz* — Qaduz™®) /29 (2.12)

It is clear from Eq. (1) that S exhibits non-minimal couplings of the z%’s to R. However, Q also
enters the kinetic terms of the z%’s. To separate the two contributions we split Q into two parts

—Q/3(1+n) = Qu(®) + Qu* (P*) — Qx (|@*,|S]*) /3(1+n), (2.13a)
where Qg is a dimensionless real function including the kinetic terms for the z*’s and takes the form
Qk (|@%,|S1?) = kns|®@|* + |S|* — 2 (ks|S|* + koo | ®[* + kso |S|*| D) (2.13b)

with coefficients kns, ks, ke and ksgp of order unity. The fourth order term for S is included to cure
the problem of a tachyonic instability occurring along this direction [8], and the remaining terms of



IGI in SUGRA Confronted with Planck 2015 & BICEP2/Keck Array C. Pallis

the same order are considered for consistency — the factors of 2 are added just for convenience. On the
other hand, Qp in Eq. (I34) is a dimensionless holomorphic function which, for Qg > Qg, represents
the non-minimal coupling to gravity — note that € B is independent of Qp since QH’Z%*B =0. If arg®
is stabilized to zero, then Qy = ; and from Eqs. (1) and (Z134) we deduce that Eq. (Z3) recovers
the conventional term of the Einstein gravity at the SUSY vacuum implementing thereby the idea of
induced gravity. The choice n # 0, although not standard, is perfectly consistent with the set-up of non-
minimal inflation [8] since the only difference occurring for n = 0 is that the z%*’s do not have canonical
kinetic terms in the JF due to the term proportional to Q4 B # 0, B in Eq. (Z1). This fact does not
cause any problem since the canonical normalization of ® keeps its strong dependence on cg, whereas
S becomes heavy enough during IGI and so it does not affect the dynamics — see Sec. Bl
In conclusion, through Eq. (Z9) the resulting Kéhler potential is

ISP A kns || ks[S|* 4 ko | P + kso| SIP| P
3(1+n) 3(1+n)

K=-3(1+n)ln <cR (P* +@*?) ) . (214

We set kns = 1 throughout, except for the case of no-scale SUGRA which is defined as follows:
n:0, kN5=0 and k5q>:kcp:0. (2.15)

This arrangement, inspired by the early models of soft SUSY breaking [2,9], corresponds to the Kihler
manifold SU(2,1)/SU(2) x Ur(1) x Z, with constant curvature equal to —2/3. In practice, these
choices highly simplify the realization of IGI, rendering it more predictive thanks to a lower number of
the remaining free parameters.

3. Inflationary Set-up

In this section we describe — in Sec. Bl — the derivation of the inflationary potential of our model
and then — in Sec. — we exhibit a number of observational and theoretical constraints imposed.

3.1 Inflationary Potential

The EF F-term (tree level) SUGRA scalar potential V, encountered in Eq. (I8), is obtained from
W and K in Egs. (I01) and (EZI4) respectively by applying (for z% = ®, S) the well-known formula

V=eF (KO‘BDOCWDEW* - 3|W|2) with DgW = Wa + K . W. 3.1)
Along the inflationary track determined by the constraints

S=®-® =0,0r s=5=6=0 (3.2)

if we express ® and S according to the standard parametrization

®=¢e%/V2 and S= (s+i5)/V2, (3.3)
the only surviving term in Eq. (B) is
s s . A?2Qy — 1|2
Vico =V (0 = s =5=0) = KK \Ws\zzi‘z i z+3L : (3.4)
4CRfS<I> R
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Here we take into account that

=2 and K5 = fr/ foa, (3.52)
where the functions fr and fs¢ are defined along the direction in Eq. (B2) as follows:

kns¢? — koo
6(1+n)

Q
3(1+n)

fo=~— = cr¢? — and fso = Qs = 1 —ksod . (3.5b)
Given that fsgp < fr >~ 2Qy with cg > 1, Vigo in Eq. (B3) is roughly proportional to ¢ —3"". Therefore
an inflationary plateau emerges for n = 0 and a chaotic-type potential (bounded from below) is gener-
ated for n < 0. More specifically, Vigo and the corresponding EF Hubble parameter, Hig, can be cast in

the following form:

—6n - n —6n 1/2 —3n

oA fe foo \ BT A2mbp~° Vo Ao
1G0 = 2 4 CR — 2130 and HI 14302 (36)

4cg9* fso 6(1+n)  4fsecy V3 23 secy

where we introduce the functions fyy =1 — kp¢? and fiy = 1 —cgr¢?.
The stability of the configuration in Eq. (B22) can be checked verifying the validity of the conditions

IV/9Z* =0 and 7ite >0 with x*=80,s,5 (3.7)

where rﬁia are the eigenvalues of the mass matrix with elements ]\/Jé p= 92V /07%97%P and hat denotes
the EF canonically normalized fields defined by the kinetic terms in Eq. (£-8) as follows

K52 = <¢ +0) ;(§2+f), (3.82)

where the dot denotes derivation w.r.t the JF cosmic time and the hatted fields read

do/do =Ko =J ~/6(1+n)/¢, 6=760¢ and (5,3) = Kss(s,5), (3.8b)

where Kgg+ ~ 1/ CR¢2 — cf. Egs. (B334) and (B3H). The spinors Yo and ys associated with S and &

are normalized similarly, i.e., Ys = v/Kss: Ws and Yo = /Koo Wo. Integrating the first equation in
Eq. (B28H) we can identify the EF field as

0 =e+/6(1+m)In(9/(9)) with (§)=1/\/cg, (3.9)

where $C is a constant of integration and we make use of Eqs. (1) and (Z3).

Upon diagonalization of Méﬁ, we construct the mass spectrum of the theory along the path of
Eq. (B2). Taking advantage of the fact that cg > 1 and the limits k¢ — 0 and ksp — O we find the
expressions of the relevant masses squared, arranged in Table @, which approach rather well the quite
lengthy, exact expressions taken into account in our numerical computation. We have numerically
verified that the various masses remain greater than Hig during the last 50 e-foldings of inflation, and
so any inflationary perturbations of the fields other than the inflaton are safely eliminated. They enter a
phase of oscillations about zero with reducing amplitude and so the ¢ dependence in their normalization
— see Eq. (B=8H) — does not affect their dynamics. As usually — cf. Ref. [2, 10] — the lighter eignestate
of MéB is m2 which here can become positive and heavy enough for kg > 0.05 — see Sec. E2.
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FIELDS EINGESTATES MASSES SQUARED
1 real scalar ) my ~ A% (2 —2cr9? fw +3nf3)
/6(1 +n)ci+3n¢2(2+3n) ~ 4ﬁ12G
2 real scalars 55 m:=A%(2—6n—crp?+ 12ks(1+n) fy)
/6(1 —I—I’l) 3(1+n) (PZ 1+3n)
2 Weyl spinors | ¥y = % Mgy ~ A*(243nfw)*/12(1+n) 3N g2

Table 1: Mass spectrum along the inflationary trajectory in Eg. (4.2).

Inserting, finally, the mass spectrum of the model in the well-known Coleman-Weinberg formula,
we calculate the one-loop corrected inflationary potential

R N 1 Az 2 m%?
+
Vio = Viao+ gy s M35 + 20 In 5 — 4, In |

where A is a renormalization-group mass scale. We determine it by requiring [10] AV (¢,) = 0 with

(3.10)

AV = \71(; — ‘71G0 the radiative corrections (RCs) to ‘71G0. To reduce the possible dependence of our
results on the choice of A, we confine ourselves to A’s and kg’s which do not enhance the RCs. Under
these circumstances, our results can be exclusively reproduced by using Vigo.

3.2 Inflationary Requirements

Based on Vig in Eq. (B10) we can proceed to the analysis of IGI in the EF [1], employing the
standard slow-roll approximation. We have just to convert the derivations and integrations w.r.t (5 to the
corresponding ones w.r.t ¢ keeping in mind the dependence of (]3 on ¢, Eq. (B280). In our analysis we
take into account the following observational and theoretical requirements:

3.2.1 The number of e-foldings, ]/\\7*, that the scale k, = 0.05/Mpc suffers during IGI has to be ade-
quate to resolve the horizon and flatness problems of standard big bang, i.e., [2,6]

%
d¢ 0 —2 ~61.7+In
¢f ‘/IG,Q) ‘/IG

Vig(¢)'/ llnTrthll Jr(9:)

Ny = o)1/3 3 2 fR(¢f)1/3

(3.11)

where ¢, [d) | is the value of ¢ [q)] when k, crosses outside the inflationary horizon and ¢ [(/b\f] is the
value of ¢ [q)] at the end of IGI, which can be found from the condition

-~ 2
R R 1 { Vs V,
max{Z(¢), |7 ()|} = 1, where e:2<iG7¢> and 7j — 999 (3.12)

Vic Vi

are the well-known slow-roll parameters and Ty, is the reheat temperature after IGI, which is taken
Ty =4.1-10710 throughout.
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3.2.2 The amplitude A of the power spectrum of the curvature perturbation generated by ¢ at k, has
to be consistent with data [6]

V()2 _ 1 [Via(9:)

= S~ 4627107, (3.13)
Zﬁﬂ | IG¢( 0| 27 6¢,

S_

where the variables with subscript x are evaluated at ¢ = ¢,.

3.2.3 The remaining inflationary observables (the spectral index ng, its running as, and the tensor-to-
scalar ratio r) — estimated through the relations:

(@ ng = 1—6& + 27, (b)as=2 (417 — (ns—1)?) /3-2&, and (c) r= 168, (3.14)

with é VIG d)VIG 399 ~/ \A/IZG — have to be consistent with the data [6], i.e.,

(@) ns = 0.968 £0.009 and (b) r < 0.12, (3.15)

at 95% confidence level (c.l.) — pertaining to the ACDM+r framework with |as| < 0.01. Although
compatible with Eq. (BXI3b) the present combined Planck and BiCEP2/Keck Array results [7] seem to
favor those with r’s of order 0.01 since r = 0.048 % 8%; at 68% c.l. has been reported.

3.2.4 Since SUGRA is an effective theory below mp = 1 the existence of higher-order terms in W and
K, Egs. () and (ZT4), appears to be unavoidable. Therefore, the stability of our inflationary solutions
can be assured if we entail

a) Vig(¢.)/4 <1 and (0) 9. < 1, (3.16)

where the UV cutoff scale of the effective theory for the present models is mp = 1, as shown in Sec. B.

The structure of Vigo as a function of ¢ for various n’s is displayed in Fig. [, where we depict Vi
versus ¢ imposing ¢, = 1. The selected values of A,ksp and n, shown in Fig. 0, yield ny = 0.968
and r = 0.0048,0.061,0.11 for increasing |n|’s — gray, light gray and black line. The corresponding
cg values are (0.078,1.8,5.6) - 103. We remark that a gap of about one order of magnitude emerges
between Vigo (9, ) — and (¢) — for |n| of order 0.01 and n = 0 due to the larger A and cg values employed
for n < 0; actually, in the former case, ‘7110/(? (¢+) — and (@) — approaches the SUSY grand-unification
scale, 8.2-1073 — cf. Ref. [11]. This fact together with the steeper slope that \7160 acquires close to
¢ = ¢, for n < 0 is expected to have an imprint in elevating € in Eq. (B12) and, via Eq. (301dc), on r.

4. Results

Confronting our inflationary scenario with the requirements above we can find its allowed param-
eter space. We here present our results for the two radically different cases: taking n = 0 in Sec. Bl
and n < 0 in Sec. E2.

4.1 n =0 Case

We focus first on the form of Kihler potential induced by Eq. (E14) with n = 0. Our analysis
in Sec. BT presents some approximate expressions which assist us to interpret the numerical results
exhibited in Sec. ET.
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Figure 1: The inflationary potential \7100 (gray, light gray and black line) as a function of ¢ for n =
0,—1/25,—1/20, A =0.0013,0.11,0.34 and kgsp ~= 0.0045,—0.018,—0.013. Values corresponding to ¢, and
¢r are also depicted.

4.1.1 Analytic Results

Upon substitution of Eqgs. (B8) and (B=B) into Eq. (BI2), we can extract the slow-roll parameters
which determine the strength of the inflationary stage. Performing expansions about ¢ ~ 0, we can
achieve approximate expressions which assist us to interpret the numerical results presented below.
Namely, we find

2+ kspcr9*)? =~ 1
% and 7 = — (44 ksaocg9® +2crksod® —1). @
3fw 3w

As it may be numerically verified, the termination of IGI is triggered by the violation of the € criterion

€=

at ¢ = ¢r, which does not decline a lot from its value for ks = 0. Namely we get

E(o)=1= ¢r=1/1+2/V3/ck. (4.2)

In the same approximation and given that ¢y < ¢, N, can be calculated via Eq. (B1) with result

N.~3cg (92— ¢7) /4 = ¢, ~2/N../3ck. (4.3a)
Obviously, IGI with subplanckian @’s can be achieved if
6. <1 = cg>4N,/3~76 (4.3b)

for N, ~ 52. Therefore we need relatively large cg’s.
Replacing Vigo from Eq. (B18) in Eq. (B13) we obtain

2017 3 8ksoN,

AV? = : fiv(9:) = A ~2m\/2Ak [ = + 25 ). (4.4)
8V2mck 92 (2 + kswcr?) N, 3cr

Inserting finally Eq. (B34) into Eq. (BT4a) and (c) we can provide expressions for ng and r. These are

5 53 2 2
ng~1— i 2N, 32kso + 27/, 27/N; and r~ 2 + 64 741{3‘1’2]\]*
N2 9ck

N, 3cg 12 Z
Therefore, a clear dependence of ng and r on ksg arises, with the first one being much more efficient.
This depedence does not exist within no-scale SUGRA since ks¢ vanishes by definition — see Eq. (Z13).

4.5)
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Figure 2: Allowed (hatched) regions in the A — cg plane (a) and A — ksg plane (b) for ks = ke = 0.5. The
conventions adopted for the various lines are also shown.

4.1.2 Numerical Results

With fixed kys and Ty, — see Secs @ and B2 — this inflationary scenario depends on the parameters:
A,, CR, ks, ksq;., and kq;.. (46)

Our results are independent of kg, provided that 7% > 0 — see in Table . The same is also valid for
ko ~ 1 < cg — see Eq. (B3H). We therefore set ks = k¢ = 0.5. Besides these values, in our numerical
code, we use as input parameters cg, ks and ¢.. For every chosen cg > 1, we restrict A and ¢,
so that the conditions Eqs. (B1l), (B313) and (B1A) are satisfied. By adjusting ksp we can achieve
ng’s in the range of Eq. (B13). Our results are displayed in Fig. D-(a) and (b) where we delineate the
hatched regions allowed by the restrictions of Sec. B2 in the A — cg [A — ks ] plane. The conventions
adopted for the various lines are also shown. In particular, the dashed [dot-dashed] lines correspond
to ng = 0.977 [ng = 0.959], whereas the solid (thick) lines are obtained by fixing ny = 0.968 — see
Eq. (B13). Along the thin line, which provides the lower bound for the regions presented in Fig. D,
the constraint of Eq. (BI8b) is saturated. At the other end, the allowed regions terminate along the
dotted line where |ksp| = 3, since we expect ksq values of order unity to be natural. From Fig. B-(a)
we see that cg remains almost proportional to A and for constant A, cg increases as ng decreases. From
Fig. D-(b) we remark that kge is confined close to zero for ny = 0.968 and A < 0.16 or ¢, > 0.1 — see
Eq. (B33). Therefore, a degree of tuning (of the order of 1072) is needed in order to reproduce the
experimental data of Eq. (313a). On the other hand, for A > 0.16 (or ¢, < 0.1), ksg takes quite natural
(of order one) negative values — consistently with Eq. (E3).
More explicitly, for ng = 0.968 and N, ~ 52 we find:

78 <cgp <10° with 1.9-1073 <A <2.35 and 0.005 < kso < 3. 4.7

Note that the former data dictated ksp < O since the central ng was lower [4]. Also we obtain —7.8 <
as/ 1074 < —T74andr~44. 10~3 which lie within the allowed ranges of Eq. (B313). On the other
hand, the results within no-scale SUGRA are much more robust since the kse (and ke) dependence
collapses — see Eq. (ZZI3). Indeed, no-scale SUGRA predicts identically ng ~ 0.963, a3 = —6.5-10*
and r = 4 - 10~ which are perfectly compatible with the data [6,7] although with low enough r.
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4.2 n <0 Case

Following the strategy of the previous section, we present below first some analytic results in
Sec. BT, which provides a taste of the numerical findings exhibited in Sec. B2
4.2.1 Analytic Results

Plugging Eqgs. (B8) and (B=X0) into Eq. (B12) and taking k¢ ~ 0, we obtain the following approx-
imate expressions for the slow-roll parameters

. (243n—3ncgd? + (1 +3n)ksocrd?)? ~ 1

€= 3(1+0) 2o and = S

X 2 [‘Pz (ksq> (¢ (6¢cr + c9* +kspcro?) —11) — 20R> +9n° fon fi

+ 44 6nfsafi (2+ks¢¢2(cR¢2—3))}. (4.8)

Taking the limit of the expressions above for ksp ~ 0 we can analytically solve the condition in
Eq. (BX) w.r.t ¢. The results are

¢]f:\/3(1—n)+2,/3(1+n) - ¢2f:\/1—9n+\/16+21n(3n—1) wo)

3(1+n)cx 3(1+n)cx '

The end of IGI mostly occurs at ¢r = @¢ because this is mainly the maximal value of the two solutions
above. Since ¢r < @,, we can estimate N, through Eq. (B-T) neglecting ¢. Our result is

3nIn g, +1n (2+3n—3cgne?)
|n|(2+3n)

N, ~ (14n) (4.10a)

Ignoring the first term in the last equality and solving w.r.t ¢, we extract ¢, as follows — cf. Ref. [4,10]:

0. ~/(2—e,)/3ncg with e, = 230N/ (1) (4.10b)

Although a radically different dependence of ¢, on N, arises compared to the model of Sec. Bl — cf.
Eq. (E3B) — ¢, can again remain subplanckian for large cg’s. Indeed,

0. <1 = cg>(2—e,)/3n. (4.10c)
On the other hand, (5* remains transplanckian, since plugging Eq. (B-T08) into Eq. (B9) we find
0.~ —/3(11n)/2 (4(2+3n)ﬁ*/(1 +n) +1n3|n|) , @.11)

which gives ¢, =7 — 10 for . = 0 and n = —(0.03 —0.05) — independently of cg. Despite this fact,
our construction remains stable under possible corrections from non-renormalizable terms in Qg since
these are expressed in terms of initial field ®, and can be harmless for |®| < 1.

Upon substitution of Eq. (B108) into Eq. (B-13) we end up with

_ Any/2epAsen (en —2) (kso (1 +3n) (e — 2)> + 9nPcren)

4.12
31| 37172\ /(1 + n) (ks (en — 2) — 3ncr “1

10
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We remark that A depends not only on cg and kse as in Eq. (E4) but also on n. Inserting Eq. (E210H)
into Eq. (B8), employing then Eq. (BT4a) and expanding for cg > 1 we find

(en—2)%+n(e, —2) (e, +12) —6ne? en(4—(143m)e,) —4

= 4k : 4.13
s (1+n)(e,+3n—2)? T Akswen 9n(1+n)(e,+3n—2)%cg (4.13a)
Following the same steps, from Eq. (BIdc) we find
3ne? 4+ (e, —3ne, —4)e,
=16 1 2k . 4.13b
: <(1+n)(e,,+3n—2)2 * S“’e"3(1+n)(e,,+3n—2)2cR) (4.130)

From the above expressions we see that primarily |n| # 0 and secondarily n < 0 help to sizably increase
r. Given that e, > 1, ny is close to unity as can be infered by the first ratio in the right-hand side of
Eq. (B13d). Any increase of ng due to the existence |n| # 0 can be balanced by a choise of kg < 0.
Note that the second term in Eq. (B-133) is less suppressed w.r.t the second term in Eq. (B13H) since
cr > 1 is multiplied by n < 1.

4.2.2 Numerical Results

Besides the free parameters shown in Eq. (B)) we also have n which is constrained to negative
values. Using the reasoning explained in Sec. -T2 we set kg = 0.5. On the other hand, /7> can become
positive with kg lower than the value used in Sec. BT since positive contributions from n < 0 arises
here — see Table . Moreover, if kg takes a value of order unity 77> grows more efficiently than in the
case with n = 0, rendering thereby the RCs in Eq. (B11) sizeable for very large cg values (~ 10°). To
avoid such dependence of the model predictions on the RCs, we use kg values to lower than those used
in Sec. BT. Thus, we set ks = 0.05 throughout. As in the previous case, Eqs. (B11), (B13) and (B18)
assist us to restrict A (or cg > 1) and ¢,. By adjusting n and kse we can achieve not only ng,as and r

values in the range of Eq. (BZ13) but also r’s close to the central value reported in Ref. [7].

Confronting the parameters with Eqs. (B), (B313), (B13a, b) and (B18) we depict the allowed
(hatched) regions in the A — cg, A —kso, A —r and A — a5 planes for n = —1/30 (gray lines and hatched
regions), n = —1/25 (light gray lines and hatched regions), n = —1/20 (black lines and hatched re-
gions) in Fig. B-(a), (b), (c) and (d) respectively. Note that the conventions adopted for the various
lines are identical with those used in Fig. O - i.e., the dashed, solid (thick) and dot-dashed lines corre-
spond to ng = 0.977,0.968 and 0.959 respectively, whereas along the thin (solid) lines the constraint of
Eq. (Bd8b) is saturated. The perturbative bound on A limits the various regions at the other end.

From Fig. B-(a) we remark that cg remains almost proportional to A but the dependence on ksg is
stronger than that shown in Fig. B-(a). Also, as |n| increases, the allowed areas are displaced to larger
A and cg values in agreement with Eq. (B10d) — cf. Fig. D. Similarly, the allowed ks ’s move to larger
values as |n| and/or ng increases. For fixed n, increasing cg entails a decrease of kse in accordance with
Eq. (B134). Finally, from Fig. B-(c) and (d) we conclude that employing |n| 2 0.01, r and as increase
w.r.t their values for n = 0 — see results below Eq. (BZ2). As a consequence, for n ~ —(0.03 —0.05), r
enters the observable region. On the other hand, as although one order larger than its value for n = 0
remains sufficiently low; it is thus consistent with the fitting of data with the standard ACDM+r model
—see Eq. (B13). As anticipated below Eq. (B130), the resulting r’s depend only on the input n and kse
(or ng), and are independent of A (or cg). The same behavior is also true for as. It is worth noticing that
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Figure 3: Allowed (hatched) regions in the A —cg (), A —ksep (0), A —r (¢), A —as (d) plane for ks = 0.1,
ke = 0.5 and n = —0.033 (gray lines and hatched regions), n = —0.04 (light gray lines and hatched regions),
n = —0.05 (black lines and hatched regions). The conventions adopted for the type and color of the various lines
are also shown in the label of panel (a).

the existence of ks¢ 7# 0 is imperative for the viability of our scheme. More explicitly, for ng = 0.968
and N, ~ 55— 57 we find:

k
0.09 < 10—54 <6.9 with 0.045<21<3.5 and 0.18 < —OS—T <104 (n=-0.033); (4.14a)
CR : kso _ '
0195 15 $6.7 with 011 A <35 and 0.8 -1 <63 (n=-004):  (4.14p)
CR , kso _
056 < 15y 6.1 with 034<2 <35 and 0135 T S145 (1=-005). (4140
In these regions we obtain
L —0.4,06,1.05 and —=_ —1,13,14 for —— =33,4,5 (4.15)

0.1 0.001 0.01

respectively. It is impressive that the observable r’s above are achieved with subplanckian ¢’s. How-
ever, this fact does not contradict to the Lyth bound [12], since this is applied to the (totally auxiliary)
EF inflaton ¢ which remains transplanckian— see Eq. (E1T).

12
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5. Effective Cut-off Scale

An outstanding trademark of 1G inflation is that it is unitarity-safe [2—4], despite the fact that its
implementation with subplanckian ¢’s — see Eqs. (BE38) and (B10d) — requires relatively large cg’s.
To show this we below extract the UV cut-off scale, Ayy, of the effective theory first in the JF — see
Sec. Bl - and then in the EF — see Sec. B2

5.1 Jordan Frame Computation

If we expand g, about the flat spacetime metric 1,y and ¢ about its v.e.v as follows

guv > Muy+hyy and ¢ = (9)+ 8¢ with () =1/\/cg (5.1)

— where A"V is the graviton —, the lagrangian corresponding to the two first terms in the right-hand side
of S in Eq. (L) for o = & takes the form — cf. Ref. [13]:

52 = -1 R 1)+ 519,809160 + (eg) 50+ 3 Uis)30% + ) Fi
— —%FEH (R*) + %au%a#%+/\5¢%2 Oh, (5.2)
where the functions Fgy and F related to the the linearized Einstein-Hilbert part of the lagrangian, read
Fgu (W) = "Y' Ohyy — hOh+20,h*P 0V hyy —20yh*Y dyh and  Fi (B*Y) = Oh—dudyh"Y  (5.3)
with h = hﬁ. Also Fx along the trajectory in Eq. (B2) is calculated to be

nQepQqe+ ks
Fe = Qwar — -
K=Y "0 4nQ  1+n

+ 6ncg - 5.4

Moreover l_zuv and 8¢ are the JF canonically normalized fields defined by the relations

S _ . ] ;
0¢ = éjfillzi 0¢ and hyy = mhuv + f;%nuvﬁ(]) with fp = Fxfr+ Eféq) . (5.5)

Finally Ayy in Eq. (B22) is the JE UV cut-off scale since it controls the strength of the § ¢ — § ¢ scattering
process via s-channel A*" exchange. It is determined via the relation

2(i) 6(1-+n)
Auy = ~ : (5.6)
U V) ee) 1 e

For the estimations above we make use of Eqs. (B1) and (84)). Since the dangerous factor clgl included
in (fg ¢¢) is eliminated in Eq. (B8), the theory can be characterized as unitarity-safe.

5.2 Einstein Frame Computation

Alternatively, Ayy can be determined in EF, following the systematic approach of Ref. [14]. At
the SUSY vacuum in Eq. (E3), the EF (canonically normalized) inflaton is found via Eq. (B9) to be

56 = (J)8¢ with (J) ~/6(1 +n)cx. (5.7)
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The fact that g(\j) does not coincide with 8¢ at the vacuum of the theory — contrary to the standard Higgs
non-minimal inflation [15] — ensures that our models are valid up to mp = 1. To show it, we write S in
Eq. (E8) along the path of Eq. (B2) as follows

= 1~ 1 ,. ~
S:/d4x\/—g (—2R+212¢2—VIG()+'-'>, (5.8)

where the ellipsis represents terms irrelevant for our analysis; J and Vigo are given by Eqs. (B=¥H) and
(BB) respectively. We first expand J>¢> about (¢) in terms of §¢ in Eq. (E2) and we arrive at the
following result
2 56 2 8¢
722 =|1- 5¢ Y ..
¢ 30m 2 T 2 T\ 3 ar 3

=2
|80 . (5.9a)

The expansion corresponding to \71G0 in Eq. (B18) with ks ~ 0 and k¢ ~ 0 includes the terms:

—~2 — —2
- 2259 5¢ 8¢
Vieg = ——— ...
G0 = aian | T 6(1+m)? T 2a1mp

(5.9b)

From Egs. (8594d) and (B59H) we conclude that Ayy = 1, in agreement with our analysis in Sec. Bl.

6. Conclusions

We updated the analysis of IGI introduced in Ref. [4], in the view of the combined recent analysis
of the Planck and BICEP2/Keck Array results [6,7]. These inflationary models are tied to a superpo-
tential, which realizes easily the idea of induced gravity, and a logarithmic Kéhler potential, which
includes all the allowed terms up to the fourth order in powers of the various fields — see Eq. (-14). We
also allowed for deviations from the prefactor (—3) multiplying the logarithm of the Kihler potential,
parameterizing it by a factor (1 + n). The models are totally defined imposing two global symmetries
— a continuous R and a discrete Z, symmetry — in conjunction with the requirement that the original
inflaton takes subplanckian values.

In the case of no-scale SUGRA, thanks to the underlying symmetries, the inflaton is not mixed
with the accompanying non-inflaton field in the Kihler potential. As a consequence, the model pre-
dicts ng >~ 0.963, a; >~ —0.00065 and r ~ 0.004, in excellent agreement with the current Planck data.
Beyond no-scale SUGRA, for n = 0, we showed that ng spans the entire allowed range in Eq. (BE13a)
by conveniently adjusting the coefficient kse. In addition, for n ~ —(0.03 — 0.05), r becomes compat-
ible with the 1-6 domain of the joint analysis of Planck and BiCEP2/Keck Array data and accessible
to the ongoing measurements with negligibly small as. In this last case a mild tuning of ks to values
of order 0.05 is adequate so that the one-loop RCs remain subdominant. Moreover, in all cases, the
corresponding effective theory is valid up to the Planck scale.
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