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Aim of the project

e Embed FI into consistent Calabi Yau orientifolds with D-branes and fluxes

e Get full moduli stabilisation

o Realise a chiral visible sector
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Requirements:

h11 = 4, Volume form V = a1 /717273 — aars’ 2 [Cicoli,Muia,Shukla]

Orientifold involution + D3/ D7-brane setup + tadpole cancellation
@ World volume fluxes turned on, chiral matter on D7

@ Freed-Witten anomaly cancellation + just one Fl term

No chiral intersection between visible sector and del Pezzo divisor

Moduli stabilisation and inflation inside the Kahler cone

EFT under control (Hierarchy of scales)
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Toric Data:

Z1 Z2 Z3 L4 Z5 Z6 7 Z8
4 0 0 0 1 1 0 0 2
4 0 0 1 0 0 1 0 2
4 0 1 0 0 0 0 1 2
8 1 0 0 1 0 1 1 4
dP7 NdPy; NdP;; K3 NdP;; K3 K3 SD

@ SR1 = {z124, 2176, 127, T2T7, T3T6, T4T5T8, T2TIT5LS}

@ Intersection polynomial : I3 = 2D4DgD7 — 2D§

3 3/2
@ Volume form: V= 2t4tetr + %1 = \/T‘\‘}T -
@ Kéhlercone: 1 <0; t1+ty>0; t1+ta>0; t1+t6>0
@ Second Chern class:

Topological quantities:
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Intersection curves and volumes:

Dy Do D3 Dy Ds Dg | D7 | Dsg
D, Cs T? T2 1] T? 1] 1] Cs
Do T2 | Prup! | PLyuPt | T2 | PLuPt | T2 0 Cs
D3 T2 | Pup! | PLuPt | T2 | PLuP! 0 T2 | C3

Dy 0 T? T? 0 0 T2 | T2 | Co

Ds || T | PtuPpt | PruP! | ¢ | PruPt | T2 [ T2 | Cs

Dg 0 T2 1] T2 T2 1] T2 Co

Dy 0 0 T2 T2 T2 ™ | 0 | Co

Dg C3 C3 Cs Coy Cs Cog | Co | Cs1

D, D, Ds Da D5 Do D7 Dg

Dr || 2t ESTY =20 0 ET 0 0 o
Dy || -2t 2t 2(t1 + t4) 2t 2(t1 + te) 2ty 0 At1 + ta +tg)
Ds || —2t1 2(t1 + ta) 2t 27 2(ty +t7) 0 2ty Aty +ta +tr)
Dy 0 2t 27 0 0 27 216 A(te + t7)
Ds —211 2(t1 + te) Aty + t7) 0 2t 217 2t Aty +te + t7)
Dg 0 2ty 0 247 247 0 2ty Aty +t7)
D7 0 0 24 2t 2t 214 0 4(ta + o)
Ds || —4t1 | Aty +ta+te) | 4(t1+ta+tr) | 4d(te +t7) | 4(ti+te +17) | 4A(ta+t7) | 4(ta+ts) | 8(t1 +2(ta +t6 +t7))
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Orientifold involution:

o o7 o3 Noz | x(O7) | Xes

r1 — —x1 D1 {D2D3D4, D2D4D¢, D2 D5 De, 14 10 -184
D3 Dy D7, D3 D5 D7,
D4Dg D7, DsDg D7}

To — —XT2 Do LI D7 D1D3Ds 2 38 -192
Tro — —I3 D3 U Dg D1Ds D5 2 38 -192
T4 —> —XT4 Dy U Dsg D1D2D3 2 38 -192
x5 — —I5 D4 U Ds D1D2 D3 2 38 -192
T — —T6 D3 U Dg D1D2Ds 2 38 -192
7T — —X7 Do U D D1D3Ds 2 38 -192
rg — —Ig Dg 1] 0 208 -28

@ Focuson: zg — —xg = no O3-plane, 1 O7-plane in Dg

@ Xerr = X(X)+2 [ [OT] A[O7] A[OT] [Minasian, Pugh, Savelli]
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Brane setup:

@ Focus on brane setup which gives rise to winding corrections

Stacks of branes around D4, Dg and Dy = D7 — Dy

DT tadpole cancellation:  8[O7] = 8([Dsg]) = 16([D2] + [D4] + [Ds])

D3 tadpole cancellation:

N N,
Npy + =2 4 Ngauge = 03 + X(O7) +3, Na(X(DZE)i+X(D a) _ 38

—  Room for gauge and background three-form fluxes

@ D3-brane instanton on D1

h
o Fluxes: F; =3 ;1) L fiiDj — 2e1(Dy) — tp, B fi €L
1 1 o
B:5D1+5D2 = Fi=F1=Fc=0; ]:2=Zf2,ij750
=1
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Brane setup:

@ Fo 75 0

I Sp(16) — U(8) = SU(8) x U(1)

g2 = [x D;i A Do A Fo; q12 = —2f21; qa2 =2f26; qe2 = 2f24; qr2 =0
Re(f2) = % =7 — Re(S)A(F2)  h(F2) = 3(f21q12 + f2aq42 + fo6q62)

h
£ = oy 2,01 @jats = s (@12t1 + qazta + geate)

I$ = 2q12 — qa2 — ge2 I§ = qu2 + g62

@ No chiral intersection between D7 on D9 and the instantonon Dy:  Is1 = q12 =0

__ 962

@ D-term constraint: ty = atg; o=—19
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Inflationary potential:

@ D-term constraint: ts = ate; V= \/%1/7776 - %713/2
lisation: o ar(r) 5)/?
@ LVS stabilisation: (V) = Ta Ay (r1) € (r1) = <7>
—_ w wg oV .
@ Winding 1-loop: Vgs = —QI{W > # [Berg, Haack, Kors], [Berg, Haack, Pajer]
[Cicoli, Conlon, Quevedo]
’ 4 Kes
o HD o/3F%:  Vyu = #g@% St k= Sc29: [Ciupke, Louis, Westphal]

2
Ving = VW + Vpa = n 38 (&2 - 22 4 2477 4 B0

3 AW

: 1 N
Ay =220 Ay =y - Cwirn) By = (\"}‘2%>A1; By = |cWV| = Sy ()

cWw N oW -1
CW:\/ﬁ(CYVJrig ); Cw (m7) = laj—l; %(17 (avi?) /(:%))

. cv L BN ow A
ewrn =S (14 T e 1+ /5 T

+

&‘

V2a V 2
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Single-field inflation - Requirements:

° Volg/4>>\/a’ — eTi:WIQSTi<<1
2a<7-1><7'7<% a>1
@ Dynamics inside KC: 9 Sk
5(7'1><T7<7m a<l1
. 1 1 Vend
@ Number of e-folds: Ne =57+ g In(rsVs) — 5ln (T—h)
Tpp = 0.1my, / % [Cicoli, Piovano]
3
@ Amplitude of density perturbation matches COBE: ‘Y,*z ~2.6x10"7
@ Check o’ expansion: % <1
. i . i _ 7mMp
@ EFT under control: My < H <mgp < My < Mg < Mp; M}, = &

A%

@ Single field approximation: 5= miv ~o e S
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Single-field inflation - Parameters:

KR——— (Cds + ce_k‘z; —e

ko k A
2

o

c =

[Grimm, Mayer, Weissenbacher]

3
2

3
2
2 w1 ry =

(Icd1-Cw (D) (7
Cw—-Cw() V

, 3 A wg
m(Cw —Cw (77)) J9s{T7)

~ O(1);

Case1: |\ =1073, xerr(X) Case 2: |\ =107, x(X)
a=1, g.=0114, V=10% W, =80, a=1, gs=0.25 V=4500, W, = 150,
(r1) = 1.91, £ =0.067 (r1) =3.10, & =0.456
¥ =Cy" =15, [C5] =0.013, cW =l =0.034, |CF|=10"%,
cl =18, O =Cg" =5 W] =0.068, CVV =cY = —0.048
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Case1: [\ =10"3, xerf(X) Case 2: |\ =10"7, x(X)
v v
2.x107" -
8.x107" |-
1.5x107"" |- sxtb [
1.x107" 4x101
5.x10 2.%10("
z 3 s 0 TrR— P : 5 s m w ?
2K Y 25e10° ] Y
15%10"° v Jox10® Vi
M g
1.0x10"° |- —M,(gﬂ 1ExT0" —Mﬁz
- S s S A 505101 . . . .
r~1073, ng,=0.983, AN.s;=0.39, r ~0.0014, ns=10.963, ANy =0
Nmae ~ 60, mg ~4-1013 GeV, Nmaz =58, mg =~ 1.8-1013 GeV,
Ty, ~18-1019GeV, Ne=52, 6~16 | Tpp ~52-10°GeV, N, =51, §~0.05
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Multi-field inflation - Equations of motion:

@ Kintetic Lagrangian:

1 V2o Ve 312 rThT 42
‘Ckin = 5 -

V2 V77 47'72 2V 717 4Vv/m1

@ Potential:
_ W, _ 3c W32
V= [3214?”2 \/TTTG . —8mA it e SR 4925/2 T+
W (A A BiV77 |, Bort Su
R R S A
e EOM: 5
"o . /) 0.V /o
¢+ T8 6+ 3+ Lyin) [97 A + 67 =0
77, v
H? = (5)" = 3+ Lrin
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Multi-field inflation - Parameters and Results:

Case1: |\ =10"3, x(X) Case2: [\ =10"6, x(X)

a=1, gs=025 W,=1, a=1, g,=0.25 W,=>50,
£ =0.456, A, =1-10%, £ =0.456, A, =6-10°,

eV =c¥ =005 [CJV|=10"", clV =c¥ =005 |CV|=10"%,

lclV] =01, ¥ =c¥ =-0.05 [ci¥1=01, o =cl =-0.05

Min: VvV ~3221, 77 ~64, 7 =3.18 Min:  V ~ 2690, 77 ~6.5, 7 =3.18

IC: VYV ~4436, 77 ~2456, 71 =3.23 IC: VYV ~3670, 77 ~2036, 71 =3.22

ns ~ 0.967, r ~0.002, maz = 58 ns ~ 0.97, r ~0.002, maz =~ 69

VP~2.-1007 vs +/Poopr~2-1075 | vVP~1-10"% vs ~/Pcopr ~2-10"°
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Multi-field inflation - Plots
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Conclusions:

@ First explicit realisation of Fl in concrete type IIB CY
@ Inflationary parameters in good accordance with Planck results
@ Observable tensor modes

@ Kahler cone conditions strongly constrain the dynamics —  hard to match COBE

Further investigations are needed:

@ Compute x.ss and X in full detail
@ Determination of the actual CY Kahler cone —  Shukla’s Talk!
@ Find a mechanism to realise dS vacuum

@ Generate density perturbations through curvaton mechanism? —  Pedro’s Talk!

Thank you for your attention
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