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MOTIVATION



DINE-SEIBERG PROBLEM . . .

[F. Quevedo, 2022]

e Region I: out of the domain of parametric control of the EFT (small 7'/strong g,).
e Region II: requires extra ingredients in the compactification to get a minimum.

e Region lll: runaway region which is the only one fully trustable in the EFT.

If the scalar potential has a minimum, it is generically at s ~ 7 ~ O(1).
(Two accidental approximate scale symmetries with s and 7 as pseudo Goldstone bosons)
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IIB MODULI STABILISATION

Non-Kahler moduli stabilised a la GKP with fluxes: V = eK(Ka_ElDaWDEW) > 0.

Quantum corrections alter the scalar potential: 0V ~ W35K+ WooW.
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no dS minimum

[Figures: A. Hebecker, 2020]

dS minimum
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e KKLT: non-perturbative corrections OW ~ e™" ~ W, < 1. IKKIT 2003]
e LVS: competition of corrections 6K ~ 1/7" ~ W, 6W.  sBqc, 2005]
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1-PROBLEM

The Kahler potential very generally depends on both 7 and ¢:
K=-3In[t—k(¢,p)+ ...] where k(¢h,p) ~ ¢+ ... (Kinciictermoi )

Once 7 is fixed by adding

— Y

. % V, 3 V
V=e"V,~ _ 0 ~—2 1+ ¢¢+... 2—0[1+$¢+...],
t—¢gp+...)° 1 T 73

where ‘A/O contains small warp factors and depends so weakly on ¢ that inflation can
be possible. Moreover, when the energy density is dominated by V:

v V3 V
H12 ~— o~ . and therefore q% ~—D 12
Mz M M
2 2
- MV,  my
=> 1N = ~ '
V Hj;
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RG-INDUGED MODULUS STABILISATION




RG-INDUGED MODULI STABILISATION

[C. Burguess and F. Quevedo 2022]

Consider 1IB string theory compactified in a CY three-fold with the complex structure

1
moduli stabilised as in GKP with W = @, independent of T = E(T + ia).

Two accidental symmetries broken by @’ and loop corrections to the EFT action:
e @’ expansion becomes an expansion in inverse powers of 7" := T2,

e String loop corrections become an expansion in powers of Re(8)™! = e?.

In the regime where 7 > 1 the following expansion is valid:

—KI3 _ _ _ h L . ko h
e =7 +—+... =>2>2KT,T)=-3InPL, with L =r1]l +— 4.
and where k = k(Inz) and i = h(Inz), more explicitly, for a, ~ e << 1: [ o0 37 " 5 2007
k2 , dag , [Welga3nd et al., 2019]
> k k0+k1ag+?ag + ... and TE = p(a,) = bjay + ba; + ...
o0
ag(f) = d for some integration constant @,g = @,(7 = 1).
| —bja,plnz
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RG-INDUGED MODULI STABILISATION

The corresponding dominant term in the scalar potential is given by

B 3(k'—= k") N U(Inz)

4 4

Y

~ 2 3 4
where U~ Uja; — Uya, + Usa, + ...

=y In(zy) =~ O(1).

Dine-Seiberg argument implies a minimum at exponentially large volume:

1
TO ~ @e > 1
Moreover, by tuning U; we can obtain AdS or dS without requiring an uplift:
"4
= - T
[C. Burguess and F. Quevedo 2022]
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BRANE -ANTIBRANE INFLATION




WARPED GOMPAGTIFIGATIONS

Type 1IB string theory flux compactification on a conformal Calabi-Yau threefold

with metric given by:
~1/2 1/2

Agf 49
ds? = 14— ds? + [ 14— ds
9213 4 9213
where highly warped regions in the throat are defined by
6451 > %2/3.

e (Space-filling) D3 brane moves within the CY space
e Anti-D3-brane sits at the tip of the throat

At the tip of the warped throat:

(Minimal warp factor) eﬂtip = 64'0 = eSﬂK/(3gSM).

The brane tension is given by
po 1w
T 8n3g.a? 472
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NON-LINEAR SUSY

We can describe the brane-antibrane scenario by implementing non-linear SUSY:

e Chiral superfield T related to the Kahler modulus.
e Nilpotent chiral superfield X* = 0 (SUSY breaking sector).
e Chiral superfield ® involving the inflaton field ¢ (distance separation).

To incorporate these fields into a supersymmetric framework with accidental
approximate scale invariance:

h
e KB =1 k4+—+ ...,
T

but now, k = k(®, ®,In7) + (X + X) ky(P, D, In7) + XX kg3 (D, D, In 7).
The most general superpotential is given by

W =~ wy(®) + Xw (D, D).
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SGALAR POTENTIAL

The corresponding scalar potential is given by

_ Alle ZRG(BW_XW()) n C|W0|2

v P2 93 g4
Il o B xx C XX 23
where A ~ —k " ~ K"Ky and 7 ~ — 3(Kpp — K™ KpgKyr) and P ~ 747,
A local can be found at:
— = D:=6D, if —AC< B < AC,
e@ | 0)0| 9
where
3B OB> A | wy |
D=—+ — and o6 = .
4C 16C%2 2C | @y |

2
€
To stay in the parametric supergravity regime: & ~ — > 1 and therefore § < €?.
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EFT ANALYSIS



INFLATIONARY REQUIREMENTS

To capture the antibrane tension and the separation-dependent Coulomb interaction
we use the following superpotential:

W = wo(®@) + X wy(®, D) with () = t — —

s
with t? ~ g ~ ™% with p parameterising the warping. With this choice the leading
term in the scalar potential then is
KX w2 | 2Re(tg)
= t=— + ...,
39572 39572 P*

with the following EFT and slow-roll conditions:

0K 62 Supergravity regime
e’ s P Warped string scale < KK scale

y < @_1/2 Inter-brane distance < extra dim size

y > @_3/4 Inter-brane separation > string scale
P < 64’0 Slow-roll inflation (e < || < 1)
m3/2 5 MKK Gravitino mass < KK mass scale
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SUMMARY AND GONGLUSIONS



GONGLUSIONS

« RG-induced modulus stabilisation is a novel alternative to KKLT and LVS motivated

by the Dine-Seiberg argument and logarithmic corrections.

. In this scheme, inflation does not suffer the #-problem, which is present in other

brane-antibrane inflation models.

. Inflation seems to take place in the domain of validity of the EFT and therefore in

the region of parametric control.

« We still need to study carefully if the end of inflation can be realised within the

regime of control of the EFT.
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EXTRA GREDITS

One more option to choose:

-
.

-~ “@

o
Y-

»

~dS solution?

A: KKLT

- -
e —

Perturbative Stabilization ’,- ‘ Swampland says hi

[A. Rakin, 2023 (Twitter)]
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THANK YOU!

“The invisible and the non-existent look very much alike.”
-S. Weinberg.

Mario Ramos Hamud
Email: mr895@cam.ac.uk
DAMTP | University of Cambridge
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TYPENIB REALISATION

Bosonic action in [IB 10D supergravity:

2 |G’ 1
— 10 ~ > | 0S | | (3) ~n ~
Sbulk = Jd Xv/—8 {R — (Reé’)Z — RoS — F(S)} + "_Recsj (4) A\ G(3) A G(3)

Two symmetries are present:
e SL(2,R) symmetry
ad —ib G

> — and Gy — -
icS +d icS +d

When b =c=0anda = 1/d:
gMN —> gMN’ S - ach), G(3) —> ClG(3), and F(S) —> F(S)

for ad — bc = 1.

e Approximate accidental scale invariance
~ ~ —~ Va
SMN — ﬂ‘gMN’ S - CS), B(z) — /IB(z), C(z) —> /1C(2), and C(4) — A C(4),

With the tree-level action S, — A*S, ... Upon compactification: 7" — A1°%".
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INFLATIONARY REGIME

Inflationary range

8000.02

Figure: 3D potential in the inflationary regime. The field rolls down towards small ¢

and inflation eventually stops as the potential becomes steeper. This was calculated
for 100 efolds.
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