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KEFI e SBI: Overview o
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* sombrero hat potential: V(¢) = A\(¢? — v?)?

® among first proposals for new inflation (i.e. slow-roll)

- Albrecht et al., PRD 31 (1985) 1225
- Moss, PLB 154 (1985) 120-124

® also used as a completion of hilltop models
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e sombrero hat potential: V(¢) = A(¢? - v?)?
® two regions available for inflation

B ¢ <v: small field
B ¢ > v: large field
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* sombrero hat potential: V(¢) = A\(¢? — v2)?
® two regions available for inflation

B ¢ <v: small field

B ¢ > v: large field

® strongly ruled out by Planck+BICEP data
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* sombrero hat potential: V(¢) = A\(¢? — v2)?
® two regions available for inflation

m ¢ <v: small field - not OK with £¢?R
B ¢>v: large field > OK! with £¢°R [1...00] ®

® strongly ruled out by Planck+BICEP data
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e sombrero hat potential: V(¢) = A\(¢? - v?)?
® two regions available for inflation
B ¢ <v: small field - OK! with £¢?R (MAG)
B ¢>v: large field > OK! with £¢°R [1... 0] ®

® strongly ruled out by Planck+BICEP data

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g,

e the affine connection: Aéﬂ
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MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g, — distance

e the affine connection: Aéﬂ
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MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g, — distance

® the affine connection: Aéﬁ — parallel transport
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KBF « Gravity preliminaries «

MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g, — distance

® the affine connection: Agﬁ — parallel transport
If Einsteinian gravity

1 . . .
{auu} = §ga>\(g)\1/,u + 8uAy gl“/’)\) (LeVI—CIVIta)

ra,uu = {a,uu}

curvature
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KBF « Gravity preliminaries «

MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g, — distance

® the affine connection: Agﬁ — parallel transport
If non-minimal theory of gravity:

« 1 (0} . o o
{ ;w} = Eg A(é-’!,\u,# + 8y~ gu,,,,\) (Levi-Civita)
ram,= {O‘W}+K°‘W+LQW unless K = 0,L =0 by hand

T
} Qapw

curvature non-metricity torsion
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KBF « Gravity preliminaries «

MAG: spacetime described by (e.g. Koivisto & al 0509422,1903.06830):

® the metric tensor: g, — distance

® the affine connection: Aéﬁ — parallel transport
If non-minimal theory of gravity:

1 . - .
{auu} = §ga>\(g)\1/,u + 8ury ~ gw/’)\) (LeVI—CIVIta)

») 6
raﬂy = {aﬂy} + Ka‘uy + Laﬂy — R = ga#EAU‘IB’Y R&ﬁ,yé

} Qapw

curvature non-metricity torsion

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFI

e MAG SBI action e

NICPB
® starting Jordan frame action with Qq,,., TO;W +0
. 0y O
sopr= [ d/ T [a(@IR, + )R- 2L v(e)]

V(9)=2 (6 -2
M2 o h2
80) = (3 + 5
P
_ M3 ¢*
a(¢) = DY (1 +§M/23)

Antonio Racioppi Helsinki,

March 13th

, 2025

Raﬂvé 5 87ra66 o 85rawﬁ + ravuruéﬁ

R = Raﬁaﬂ: curvature scalar

7?[ = gaﬂ 6M575 RQB’Y

_ro‘5

rl"

woAB

5. Holst-invariant

SB inflation in non-minimal MAG
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e MAG SBI action e

® starting Jordan frame action with Qq,,., TO;W +0

Somn = [ g [a(0)R, + Blo)Rs - 2288 v(o)]

V(9)=2 (6 -2

R%ys = %55 = 05T + ravuruéﬁ i raéuruwﬁ
2 2

Mp (2 ¢ —pob .
/8(¢)— 2 (55"’5 2) R=R" af’

curvature scalar
M2

o(4) = "2 (1 e ) R = gy R"

¥ Holst-invariant

® no other terms — most general minimal setup without

- new physical dof’s in addition to h,.,, ¢
- (9¢)* terms

Antonio Racioppi

Helsinki, March 13th, 2025
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1. integrate out the R term

2. move to the Einstein frame so that Quu = T9,, =0 and
minimally coupled gravity

Oux 0*x
2

dy _ 1 12(a/B+ap’)?

2 = Mpy [k [1+ 2R

14
U0 = M agbet

M2
Sepr = / d*x\/~ge [TPRE =

U(x)]

® the former effects of Qu, T, # 0 are now moved to (9x)?
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KBFl « MAG sBI action
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1. integrate out the R term

2. move to the Einstein frame so that Quu = T9,, =0 and
minimally coupled gravity

M2 a,,x O*
SSBI=/d4X\/_gE|:TPRE “X 2 - U(x )]

dx _ 24E242 M2,
today only dé = 1 —Mé+4£2¢4
£=63=0

U(x) = V(e(x))

® the former effects of Qu, T, # 0 are now moved to (9x)?

* N.B.symmetry: £ »—-¢( = £>0
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(600)% - v?)?

ﬂ 2_ B 24_52(?2/\/1"2D
( ) _k(¢)_1+Mf;,+452¢4
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KBFl « MAG sBI potential «

U0 =5 (6002 - 2

ﬂ 2_ B 211_5'2(?2/\/"‘2D
( ) _k(¢)_1+M,‘g+452¢4

°* p->0=>k—-1
* p>o0=>k—>1

* k(¢) peaked
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KBFl « MAG sBI potential «

U0 =5 (6002 - 2

ﬂ 2_ B 211_5'2(?2/\/"‘2D
( ) _k(¢)_1+M,‘g+452¢4

°* p>0=>k—-1
* p>o0=>k—>1

* k(¢) peaked

M2 -~
(b?nax, k= 2_5 k(d)max, k) =1+6¢
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KBFl « MAG sBI potential «

U0 =5 (6002 - 2

ﬂ 2_ B 211_5'2(?2/\/"‘2D
( ) _k(¢)_1+M,‘g+452¢4

°* p>0=>k—-1
* p>o0=>k—>1
* k(¢) peaked

~ M2
e ¢max,k=V=>£v=ﬁ

M2 -~
(b?nax, k= 2_5 k(d)max, k) =1+6¢
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A
— U = 1 (6(x)* - v2)2
(d¢) =k(g)=1+ M,‘})+452¢4
---- k(¢) ) |
N ¢max,k:Vz>§v:éng
* [€] <&, = large field
¢
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(600)% - v?)?

ﬂ 2_ B 24_52(?2/\/1"2D
( ) _k(¢)_1+Mf;,+452¢4

~ M?2
N ¢max,k:V=>£v:ﬁ

o |§| < &, = large field

! ¢max, k = ¢f|ex
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(600)% - v?)?

ﬂ 2_ B 24_52(?2/\/1"2D
( ) _k(¢)_1+Mf;,+452¢4

----- k() t
N ¢max,k:V=>§v:ﬁ
* |€]> &, = small field
?
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A
> U() = 5 (600 -v2)°
ﬂ 2 ) 211_5'2(?2/\/"‘2D
(d¢) - k(¢) B Mﬁ +4§2¢4
U(x)
----- k()

X

~ M?2
N ¢max,k:V=>£v:ﬁ

o |€]> £, = small field

® ¢max, k= ¢f|ex

small field SBI saved by MAG induced inflection point!!!

Helsinki, March 13th, 2025

Antonio Racioppi

SB inflation in non-minimal MAG



KBFl « MAG sBI potential «
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A 2 1 NG 2
- U(X):Z((ﬁ(X)z—V2) N Z)\‘/4(1_6 \/;X/MP)
2 248242 M2 e BM2
(ﬂ) =k(¢)=1+ 4§¢~2P £ 2P
d¢ MP + 48204 O<p<v<Mp 4

~ M?2
N ¢max,k:V=>£v:ﬁ

o |€]> £, = small field

® ¢max, k= ¢f|ex

X

small field SBI saved by MAG induced inflection point!!!

= ~ pole inflation ~ R? inflation
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® numerical computations: HSR approximation

e1=-dInH/AN, ex=dIne/dN, e3=dlney/dN,

e Observables (at k, = 0.05 Mpc™) :
AL = H?/(8m2M3€e}) ~2.1x107° scalar amplitude

r =16€] tensor-to-scalar ratio

ns=1-2¢] —¢€ scalar spectral index
* _* * _x P

Qs = —2€1€5 — €563 running of ns

® instantaneous reheating

1
N, =665~ In[k./(a0Ho)] + 7 In [9H:/(Pena)]
- 0 - today
- end — end of inflation
- pend = 3U(Hena)/2: energy density at the end of inflation

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFI « inflationary computations «

® interpretation: PSR approximation

M3 (U'<x>)2_ M3 (U'(¢>)2
2 \U(x)) " 2k(e) \ U(9)
L U"(0) _ e (KU (@)
TU) T K (e)U(e)

1\ THen
N, f d
Mp Xend S U,(X)

r = 16ey(xn)

ng = 1+2ny(xn) —6eu(xn)
1 Ulxw)
247‘(‘2/\/];; GU(XN)

€U

n = M
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ﬁ%ﬁFl e small field, 03 =0: zoom out e

107" B Planck 10 > - — large
[ Planck 20 . == small
[ e i W
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mi=0
3L, . ]
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104k et i
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TLS

2
nu(¢p < MP):—4% [1 (1+48§ Mz)%]+(9(¢4)

® p-problem at small v's for small field SBI

e when £ - 0, we have |[ny(0)| ~4~£ > 1 when v < 2Mp < the
line for € = 0 for v = 0.1Mp not V|S|ble because out of SR
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ﬁ%ﬁFl e small field, 03 =0: zoom out e

107 B Planck 10 E — large
[ Planck 20 .4 - = small
[\ Ry a R F. .| R
-------- < A - -
______ - | =
- . m (=0
3L, . ]
r 107°F - Pt
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nS

2

nu(¢p < MP):*4A‘:I; [1 (1+48§ Mz)%]+o(¢4)

* validity of SR by increasing &
® [ny(0)| > 1 = |ny| decreases very fast = «; too large
e OK with data with v < Mp when £ ~ 103
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KBF « Summary & Conclusions «

® SBI strongly disfavored after Planck-+BICEP 2018 data

e MAG & allow for torsion

- new nmc: 3(¢)R
- inflection point inflation setup
- (small field) predictions compatible with data at 1o

x 85=0,v<Mp, £210°
* v« Mp, |§]| - 0o = R? inflation

® More combinations available:
- 05+0,£20(¢=0)
- large field inflation
- more info in arXiv:2412.17738 or Q & A

® More studies coming for £ # 0

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



Grazie! - Thank you! - Aitah!
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BACKUP SLIDES
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® Levi-Civita tensor: €,gys5 = \/~8€ap~s

® Levi-Civita symbol: Soaﬂ,y(; with €913 =1

o P10 = Sign(g)gaﬁ'yé = _EOaB'yé
(eq. for the components, not tensorial!!!)

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG
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® non-metricity: Qauv = Va&uw
® torsion: T, =21},
e Levi-Civita connection: {lfl‘,} = %ga’\(gkl,’u oy P = gw,)\)
® generic connection: %, = {u‘lu} wkP, 1 LY

P a _ 1T« «a
® contortion: K%, =5T¢, + T(u 3

* disformation: L%, =3Q%,, - Q(#a,,)

e distortion: K, + L%,

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI action
NICPB

* starting Jordan frame action with Qu, T4, #0

S = [ a5/ [a(@R, + foR, - 2220 vig))

® it is possible to integrate out the R term

® obtain an equivalent theory with Q,,, # 0, TO;W =0

/ N2 "
e foncalpe B

® the effect of T¢,, # 0 is moved to the inflaton kinetic term

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI action
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® starting Jordan frame action with @, # 0, T‘;‘W =0

12(a/B + aﬁ')2 Oup O* v
a(a? +452) 2

Sspr = f d4X\/—gJ [aRJ - [1 +

® move to the Einstein frame so that Qu. = T‘;‘w =0

Oux 0*x

M2
Sspr = / d*x\/~ge [7PRE T Al T U(X)]

{QMP\/i[1+M]

do a(a?+432)
%
U0 = Mb aiess
* the former effects of Quyu, T, # 0 are now moved to (0x)?

°* N.B. symmetry: > -3 = 5[232()' f%O

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI action
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® starting Jordan frame action with @, # 0, T‘;‘W =0

/ N2 0. b OH
SSBI:fd4X\/—gJ[aRJ—[1+1205(.;(?:4?262)) ] “¢2 ¢—V:|

® move to the Einstein frame so that Qu. = T‘;‘w =0

M?2 0, x O*
SSBI=/d4X\/—gE[7PRE “X X - U(x )]

24M2(8)?
swtwyonty | 53 =1+ G
with 0| y(x) = V(6(x))

* the former effects of Quyu, T, # 0 are now moved to (0x)?

°* N.B. symmetry: > -3 = 5[232()' f%O

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI potential «
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A
U(x) =7 (600 - V2’
2 &2 12 p g2
(S) k() =1+ —
ge M+ 4 (53M3 + 2
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A
U(x) =7 (600 - v?)?
2 £2 12 p g2
e(ﬂ) = k(p) =1+ 24£¢M”~ .
ge M+ 4 (53M3 + 2

*p->0=>k—-1
®* p>o0=>k—>1

* k(¢) peaked
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A
U(x) =7 (600 - v?)?
2 £2 12 p g2
e(ﬂ) = k(p) =1+ 24£¢M”~ .
ge M+ 4 (53M3 + 2

*p->0=>k—-1
®* p>o0=>k—>1

* k(¢) peaked
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KBFl « MAG sBI potential «

NICPB
A
U(x) =7 (600 - v?)?
2 £2 12 p g2
e(ﬂ) = k(p) =1+ 24£¢M”~ .
ge M+ 4 (53M3 + 2

*p->0=>k—-1
®* p>o0=>k—>1

* k(¢) peaked

.¢max,k:VZ>§v:T )

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI potential «

NICPB
A
- U0 =7 () - v?)?

dx\? 2422 M3
= =k =l
(@) o= M+ 4 (53M3 + E2)

V(¢)

.¢max,k=V=>£v—7 3

o |€] <&, = large field

o

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI potential «

NICPB
A
- U0 =7 () - v?)?

dx\? 2422 M3
= =k =l
(@) o= M+ 4 (53M3 + E2)

7
~ | MI% . /1+45B

.¢max,k:V:>§v—7 2
o |€] <&, = large field

e d)max, k= ¢ﬂex

Antonio Racioppi Helsinki, March 13th, 2025 SB inflation in non-minimal MAG



KBFl « MAG sBI potential «

NICPB
A
- U0 =7 () - v?)?
2 £2 12 p g2
(S) k() =1+ —
ge M+ 4 (53M3 + 2
----- K#)

09 M2\/m

.Qsmax,k:Vz){v:? 3

e |€]> &, = small field

o
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KBFl « MAG sBI potential «

NICPB
- U(x) = % CO
() - k=10 205
M} + 4 (03M2 + £¢°)
UG
----- K00

7
~ | MI% . /1+45B

.¢max,k:V:>§v_7 2
o |€] > £, = small field

e d)max, k= ¢ﬂex

small field SBI saved by MAG induced inflection point!!!
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KBF1 « Inflationary observables «

NICPB
® PSR parameters M2 (U i
U//
weo = M
U Ul//
&) = ’\/’4%@
® observables
1 AU
Ne = d
Mp -/Xend XU’(X)
r = 16ey(xn)
ns = 1+2nu(xn) - 6eu(xn)
as=dns/dInk = 16€U(XN)77U(XN)*24E%/(XN)*in(XN)
A - 1 Ulw)

2412 M} eu(xn)
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ﬁ%ﬁFl e small field, ¢, £>0: zoom out e

10~'F M Planck 10 > 4 — large
[ Planck 20 57 - - small
1072 IS E
---------------------- -..-.—---:——"-"-'-'-'-'--- - -
Tl UL e E mic=0
R = v=01Mp
4l . ]
10 ' '," | m v=6Mp
10-5,»" 4 m v=15Mp
| | | | ¥ . g — 00
0.8 0.85 0.9 0.95
nS

® n-problem at small v's for small field SBI

® the smaller v, the smaller is ¢.

M2 &2 V2 2
nu(6 << Mp) = ~4—2 [1—(1+ﬁ )ﬁ‘i

2 O(*
1ragt) M3 )2 |7 ()

~ 2
® when £ — 0, we have |ny(0)| ~ 4% >1 when v < 2Mp <= the line for
£ =0 for v =0.1Mp not visible because out of SR
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KBFI « smali field, 05 = 16, £ <0: zoom in e

NICPB

(354 €U

|€] > &

¢

v v

Figure: ey vs. ¢ for 3(¢) # 0 with |€] > €, (blue) and |€] < &, (red).
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@ lKBFI e large field, 65 =0: zoom in e
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[KBFI e large field, 05 =0, f< 0: zoom in e
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