Double field inflation from high
energy theory

MAN Ping Kwan
Waseda University
20t Feb 2020 (Thu) KEK-PH 2020



Today’s Agenda

A Short review of inflation }

Superstring inflation with a GVW term}

Numerical Results }




Inflation is adopted to solve
flatness problem, horizon problem
and monopole problem.

Inflaton contributes to the dynamics of
inflation of our universe, and its fluctuations

lead to power spectrum.

Verification: by evaluating slow-roll parameters,
spectral index, its running and tensor-to-scalar
ratio and comparing them with the observation

Starobinsky model: best prediction (so far)
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Fig. 8. Marginalized joint 68 % and 95 % CL regions for n and r at k = 0.002Mpc~' from Planck alone and in combination with
BK14 or BK14 plus BAO data, compared to the theoretical predictions of selected inflationary models. Note that the marginalized
joint 68 % and 95 % CL regions assume dng/d Ink = 0.
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Motivations of Superstring for inflation

* High energy theory is required for describing the initial process of
inflation.

* Superstring theory is the most promising model for describing
high energy physics.
* Moduli stabilization (since the universe is relatively stable after

inflation): e.g. KKLT scenario Phys. Rev. D 68 (2003)
. . 046005,
 String swampland constraints support 207 0az0n hep-th/0309187,
. . . . ' hep-th/0511160,
multi-field inflation 1903.06239 hep-th/0512232,
0707.2671

hep-th/0606095



The target of this talk

* We propose an inflation model in Type IIB orienti-folds,
which consists of a non-perturbative term and a Gukov-Vafa-
Witten (GVW) super-potential.

* It gives a significant turning of the inflation trajectory, which
can be one of the fingerprints to verify the correct inflation
dynamics.



Basic setups and assumptions: GVW

* We consider the type IIB orientifolds, where Gukov-Vafa-Witten (GVW)
super-potential defined in a 6 dimensional internal CY space X6 is

S: dilaton field

1 — (Lo Ay — Fo—iSH) A Q. Omega3: holomorphic 3 form
GVW . T3 3 = ( 3 ";) 3 H3: NSNS 3 form field strength
i U F3: RR 3 form field strength

e complex structure moduli are much heavier than dilaton S and Kahler

modulus T such that they are stabilized at their corresponding VEVs. Hence,
GVW term becomes ) _ _
H-'(;\_.-'u-* (S) = + BS.

where B and C are constants with respectto Sand T.

hep-th/9906070,
hep-th/0611039
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Basic setups and assumptions: NP term and Kahler

 Also, non-perturbative (NP) terms (e.g. gaugino condensation and
instanton effects) are present. For simplicity, we consider one non-

perturbative term . Ao~ (aT+bS) Tilde WO, A: constants w.r.t. Sand T
H NP 1 () + € . a, b: constants
* Hence, the total super-potential becomes Wy = Wy +C
W ] = — W, Np + W, GV = — W, o+ BS n Ae™ nT—|—E:r‘:~j| WO, B: constants w.r.t.Sand T
K S+ S _ T+T hep-th/0512232,
* Kahler potential: T _1“( VI ) - 31“( v ) 0707.2671
pl P ol hep-th/0606095
* F term potential: i a(TrT)(555) 1411.4768
Ve (T, S) = - f’l_f ——{a*AA(T+ 1)’
N ‘_i 3(S+S)(T+T)
= e (ff”D,,n'DJﬁ’ .1}2“1-2) --> +3a (T +T) {4 (BS +Wp) T+ + A[(BS + W) "5 + 244]]
i pl
+3 | (Wo — SB) ™5 + A(bS +bS + 1) | [(Wo — BS) "™ + AbS + AbS + A] |



Further simplification of F term

M2 _.f—a(f+T)—b(5‘+.‘:‘] -
Vi (T, S) = pf — - {GZAA (T+T)°
3(S+9)(T+1T)

+3a (T +T) [A(BS +Wp) e + A[(BS + Wp) e*+5 1 24]|

+3 [(ﬂ — SB) eoT+bS 4 A4 ( bS + bS + 1)] [( Wy — BS’) e TS L ApS + AbS + 4]}
e Spread T and S into real and imaginary parts

A= Ar+1A;, B = Br+iBr, Wy =Wgr+iW;
* Reduce the argumentsintoSand T --> Al=BI=WI=0
* Final F term:

V:r {TH T;. Srﬁ*. Srj') —

o—2(aTr+bSR) Tf?
48M,,1 SR ;’U’gl

—3/2
) {ﬁARE""TR%""Tﬁ lcos (aTy + bSy) [BrSg (2aTk — 2bSk — 1)

+Wg (2aTg + 2bSg + 1)] — BrSt (2aTg + 2bSk + 1)sin (aTy + bS;)] + A% [(2aTk + 3)°
+12bSg (bSk + 1) — 6] + 3> Tr>+50) [B2 (S7 + S}) — 2BrSpWr+ WE] } .



E.O.M.s

. . "nurjl - i -7
* Bosonic part of SUGRA Lagrangian: £=+v—gLsvcra = V¢ 2‘“ R— K;v,0'VFi¢) =V
* Original kineticterm: M3 o
K5V ,0'VHie! = vV, VT + —F—v,S5V"S 219
| (T +T) (S + 5) /
VE M2 v ="Fterm
_ _ﬂgl (V TrVH*TR + v, T;V*Ty) + 45—‘31 (V,SrV*Sk + V,S;V"S;). rho =3
R R

* We consider the imaginary parts of S and T contribute to inflation and we

fix TR and SR to some values. S Ve A2
. . I{ﬁv;a@?v“{:}? = 4T§IV“TIVHT} + ﬁv“ﬁ;v“ﬂfﬁ
* Hence, kinetic term becomes R 7R
: . : 272 - 272
° - : - Rb y- 2 [ " - i y
E.O.M.s: _ (ij —+ -.iHij) — p V2 L’Tj |b = (), H? Ty + (3 —¢) TH___} + ,f_}-?\j'?; V|, =0,
Ly pl - S pl
; : 252 ? el 3—¢) S ] L 25y g,
— (Su+3HSp ) - R V|, =0, o MRV
4 pl

prime: e-folding derivative
(For observation comparison)

dot: time derivative,
slash b: evaluated at the bk values



Numerical

p | Ninitia | Ar/Mpy | Br/My | Wi/My | T'g (N) | T/ (N =0) | S'"g(N) | ST (N =0)
resylts 31 0 0 0 0 0 10 0 107
TR Trini Sk SIini Trend Sfend Vini n/ﬂ{{‘CL Aﬂ/ﬂfpl BR/A4-]J1 Wﬂ/ﬂ{[pl a/ﬂ{[;;l b/ﬂ"{;;l Nend
0.7825 | 21 5 42 | 30.0419 | 2.15291 x 10~ | 1.31976 x 107" | 3.61 x 107> |5 x 107" | 10.11 x 107> | 27/20 | 27 /58 | 54.461
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Numerical Results

Ratio of turning rate
to Hubble scale
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For the definition of turning rate, please refer to arXiv: 1310.8285.



Conclusions and future work

e We study double field (Tl and SI) inflation dynamics of superstring theory with
a GVW term and non-perturbative term.

* There exists a significant turning in the inflation trajectory such that the ratio
of turning rate to Hubble is of scale O(1).

* |Investigation of effective mass of entropic perturbation, which is the probe to
show the change of curvature of the potential.

* Check of other possible parameters to realize successful inflation.

* We hope that turning rate per Hubble can be one of the observables so as to
verify the correct inflation model.



