Aligned Inflation near the
Conifold

Florian Wolt

Max Planck Institute for Physics, Munich

Ap-Doz 41

Max-Planck-Institut fiir Physik

(Werner-Heisenberg-Institut)

Workshop on Geometry and Physics
at Castle Ringberg on November 20, 2016



Large-Field Inflation in String Theory

Experiments [RICEP2 ‘14, Planck '15] motivated to study large-field inflation.
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Large-Field Inflation in String Theory

Experiments [RICEP2 ‘14, Planck '15] motivated to study large-field inflation.

» axions with shift symmetry prevent UV corrections J pomectons
» axions arise naturally in String Theory as moduli

- consider interplay between inflation and moduli stabilisation in String Theory

Aligned Inflation [Kim, Nilles, Peloso '057:

» 2 axionic moduli with sub-Planckian decay constants for controlled string compactification

» effective decay constant feg trans-Planckian to realise large-field inflation

Difficulty: control all effective theories by correct mass hierarchy!

M@ < Hinf < Mmod ~ Minf < MKK < Ms < MP]
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Based on [JHEP 1608 (2016) 110 by Blumenhagen, Herschmann, FW]
— for more information see talk by Daniela Herschmann

Mirror manifold of Calabi-Yau threefold [P1129¢ [12] (similar [Conlon, Quevedo '041):

_ 12 12 , .6, 6 2 6 .6
P=2{"42"+23 +2,+25 — 129 21 290 23 24 25 — 20 27 24

/

complex structure moduli

—> conifold locus at 864¢)° + ¢ = 1

Derive basis of periods solving Picard-Fuchs equations from fundamental period
[Candelas, De La Ossa, Font, Katz, Morrison '94]

& T(R) (126 u g (0)
P10 = G L Ty e (- ) T - B

with u_n (¢) a polynomial series.
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2 Complex Structure Moduli at Conifold Locus

—> transform to symplectic basis and introduce new inhomogeneous
coordinates {¥, ¢} — {Z,Y}

Final periods for P11226(12] 1 F =27,
1

X1:—gfzmgz+gnwwmzy—14%2+”.,
T

Kéhler potential: Ko = —log [—i (X Fy — X" F)]
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2 Complex Structure Moduli at Conifold Locus

—> transform to symplectic basis and introduce new inhomogeneous
coordinates {¥, ¢} — {Z,Y}

Final periods for P11226[12] :

Kahler potential:

Kes = — log

= — log

=7,
1

X1 = —TZlogZ+O.18—O.42Y— 1431 7 + ...,
T

—i (XMFy — XMFy)]

1
%12\2 log (|Z]*) + A+ ReY + B(ReY)? +C|Z|*...

» can change (e.g. linear term in Z) due to possible Sp(6;Z) transf. of periods

» obeys shift symmetries:
Im(Y) - Im(Y) + ¢
7 —eYZ

[Etxebarria, Grimm, Valenzuela '14]

axionic sym.

broken by higher orders to discrete sym. 68 — 6 + 27
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Turn on fluxes to generate a superpotential of the form
(similar [Giddings, Kachru, Polchinski '01])
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General flux-induced superpotential [Gukov, Vafa, Witten '99]

Wevw = — (fAXA _ %AFA) +iS (hAXA _ EAFA)
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Turn on fluxes to generate a superpotential of the form
(similar [Giddings, Kachru, Polchinski '01])

erf( 2LZlogZ}H)H% 0.42Y — 1.43:4 + . )
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Moduli Stabilisation |

Conic modulus Z is stabilised via F-term condition £z = 0:

7 ~ exp <—2—”<h5 4 f’){))

v

axio-dilaton complex structure modulus
Integrating out heavy conic modulus Z yields effective superpotential

Weg ~i(f + 1S+ f'Y) +>Z<+

—> t{ree-level superpotential

» assume Kahler potential Keg = —2logV —log(S + 5) —log (A + kReY — (ReY)?)

Minkowski minimum:

» axion X = f’cj — h'Cy and saxions stabilised by fluxes

» axionic moduli combination © = f’C — hC'y remains unstabilised
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Aligned Inflation

» use unfixed axion © for large-field inflation

» consider subdominant term to stabilise ©

Wegg = z'oz(f—l—h’S—l—f’Y) —I—% exp(— QTW(hS—I—fY))I

— instanton-like term

» backreaction of the inflaton shifts minimum slightly

The inflaton potential in the regime f/f'>1 h/h'>1 and x=0 reads

41Z)2 fh2

Vg ~ R (1—COS(277T@))

Canonical normalisation gives the axion decay constant
fom ot
onvVA hf' — W f

—> alignment mechanism for (hf' — h'f) < b/
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Mass Hierarchy
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Summary of moduli masses and scales:
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Summary of moduli masses and scales:
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» assume Kahler moduli are stabilised via LVS

Summary of moduli masses and scales:

Scale (Mass)? in M3,
trin le M?2 1
string scale M: 772y
1
Kaluza-Klein scale Mz YIVE
. f
conic c.s. modulus M32
Z V2|Z|2 M2 f2
f1/2‘Z| mod

inflationary mass scale M3, ~—>1
L MZ T ZP

other moduli M2 _, %

o . 2
gravitino mass M3 /2 -

5/2
large Kahler modulus M2 o easy to arrange: Mé < Mmod
inflaton M é }Z]L? -

13



Mass Hierarchy

» assume Kahler moduli are stabilised via LVS

Summary of moduli masses and scales:

(Mass)? in M3,

Scale
tri le M2 L
string scale M: 772y
1
Kaluza-Klein scale Mz YIVE
. f
conic c.s. modulus M%
V2| Z|? 2 9
7172 ] Mg V|Z

VERE

inflationary mass scale M3,

other moduli M2 _,

o . 2
gravitino mass M3 /2

large Kihler modulus M2 difficult to arrange: Mg < M-,

inflaton M é
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Mass Hierarchy

» assume Kahler moduli are stabilised via LVS

Summary of moduli masses and scales:

Scale (Mass)? in M3,
1
. 0 1
string scale M Ay
Kaluza-Klein scale Mz Vi N
conic c.s. modulus M% V2|fZ|2
1/2 . . . .
nflationary mass scale M2, | L V\Zl correct h/erarchy In principle
f possible!
other moduli M2 _, >z
gravitino mass M2 o %
f5/2
large Kahler modulus M2 CA—
: 2 Z]?
inflaton M 5 2
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Open Issues

» proper inclusion of K&ahler moduli
» order of integrating out unclear

» LVS minimum needs dS uplift [Quevedo, Cicoli, Valandro, Kallosh, Wrase, ...]

» suppression of Y - polynomial terms in Weg

-~

. / r/ f
eg. Wer =ia(f+hS+fY) /+ >— exp <__
V
'||| 0.0035 - IIIB = 0.01 \“ 00035
'.| 0.0030 ! \‘ 0.0030
I 0.0025 : ‘\\ 0.0025
'|| 0.0020 ," “\ 0.0020
|“ 0.0015 ," ‘\‘ 0.0015
|‘\\ / /\\\ 0010 I/’ \\\ "' B - 0 “\‘0.0010
“\ 'l 0.4005 \\_,'I (\)\(20052,
e N z 1
Inflation works ¢/ Inflation works not X
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[Brown, Cottrell, Shiu, Soler ‘15, Hebecker, Mangat, Rompineve, Witkowski '15]
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Comment on WGC

Do instanton-like terms in Weg satisfy the weak gravity conjecture (WGC)?

WGC for instantons: Sinst * Jinst < 1
instanton action axion decay constant

Loop-Hole to fulfill mild WGC:

[Brown, Cottrell, Shiu, Soler 15, Hebecker, Mangat, Rompineve, Wi‘rkow(ski '15]
. , 2

» add second instanton Si(fs)t (e.g. D(-1)) with Sinst < Sins?t

dominant term sub-Planckian decay constant for proper k

large-field inflation satisfies WGC
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Conclusion

summary:

» integrating out conic modulus mimics instanton-like term in
the superpotential

» ignoring Kahler moduli can lead to aligned inflation

» exponential hierarchies give control over eftective theories

Open guestions:
» construction of a realistic model with concrete flux choice
» further analysis of conifold locus [Bizet, Loaiza-Brito, Zavala '16]
» other special points in moduli space: Gepner point,
colliding conifolds [curio, Klemm, Liist, Theisen '01]

Thank you!
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