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Form fields with kinetic couplings

B In higher dimensional theories, scalar sectors are naturally coupled to
gauge sectors (form fields):

LOI(p)*F, F", I(p)°H,,,H""

F,, =90,A,—0,A, : vector field (1-form field)

H/WP — (9MB,,p + 8,,BW —+ 6pB/W : antisymmetric tensor field (2-form field)

- axions

B Time variation of the kinetic function could trigger the particle production
of form fields during inflation
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Rich cosmological phenomena

I?FF model

Ratra (1992); Martin, Yokoyama (2008);

> : : . .
Generation of primordial magnetic fields Fujita, Mukohyama (2012);... (a lot)

» Anisotropic inflation models = Watanabe, Kanno, Soda (2009)...; Ito, Soda (2015);

Fujita, 10, Tanaka, Yokoyama (2018);

> Statistically-anisotropic primordial GWs
Y picp Hiramatsu, Murai, 10, Yokoyama (2020);

» Generation of primordial BHs & GWs Kawasaki, Nakatsuka, 10 (2019)

> HH model

> Anisotropic inflation models  Ohashi, Tsujikawa, Soda (2013)...; Ito, Soda (2015);

» Statistically-anisotropic primordial GWs 10, Fujita (2018);

» Generation of Primordial BHs & GWs Fujita, Nakatsuka, 10, Young (2022); , /13



Inflation with form field (setup)

B Consider the vector field model:

I I I y
L= §M53 - §(au90)2 —Vi(p) — EI(SD)ZFWF“
FLRW Metric: ~ ds® = —dt* + a(t)*dx® = a(7)*(—d7* + dz?)
Gauge conditions: Ao — O, az'AZ- =0

B Consider the operator expansion in Fourier space:

dk - ~
k) 1k-x
s=X,Y
= Ajaj + Az*as*k 0!, %] = (2m)%67125(k + k')

M find a solution of mode function 4713



Solution of mode function (1)

B EOM for the mode function: V, = [ A}

2
O2Vy (kQ—aT>vk_o

I

W Define the following index: 7= 7 = I(o(1)) o< a(T)”

m/hen n = ng (const.), EOM leads to \

|
D2V, + (k2 _ molno + )) V. =0

2

-
i(no+)m/2 [ 1
. _ € TRT 7r(1) _
then, we obtain [V (7) = T 5 Hn0+1/2( k)

\ (Banch-Davies initial condition is chosen) J
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Solution of mode function (2)

B The solution of the mode functions of electromagnetic field:

L d (VB inetyepe HE (kT )
Ek_a2d7(1>_e V2k3 2 Hy 21 (=h7)
. k‘Vk _ _i(n+1)mw/2 H2 7T(—]{77')5 (1)
Be =7 =¢ VT2 k)

B Then, using the following asymptotic form in the super-horizon limit:

H@) =i EE (2) 0 @),

we obtain
: ., H?2 T(:—n) |
_ _—i(n+1)m/2 7. L \NH2 :
Eyx=e Joms o (—kT) (|kT| — 0) ,

2 -
—i(n+1)mw/2 = I 2 n")(_k,}.)n+3 (n< =1, |kr| = 0).

Br=¢ :
k € /—21113 271—{—1\/% 6 /13
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Solution of mode function (3)

Thus, the magnitude of electromagnetic fields evolves as

Ey(a)| =

By(a)| =

g

H2 F(% — no) (
V2k3  2M0\/T
H2 F(—% — ’n())

a

g

NI A

(

a

)n0+2

)no—|—3

B Electric (magnetic) field is amplified when

o

(ap = k/H < a)

on super-horizon scales

ng < —2 (no < —3)

B This expression holds when the index “n” is a constant value

However,

The index “n” generically depends on the configuration of kinetic function
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The problem is...

B In most cases, the index n is not a constant but a dynamical value (except for)

Ex) consider the simplest configuration

I(p) = Iyexp (%) > n= HA # const.

Since the speed of scalar field naturally increases in time,
we need to solve the EOM with dynamical “n”:

T (N I GEal) ey

72

—> No analytical solution. Numerical analysis has been developed

Kawasaki, Nakatsuka, 10 (2019); Fujita, Nakatsuka, 10, Young (2022);
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New discovery???

B Once we define the following

the following expression fits well the evolution on super-horizon scales:

i H? W(—k7'>5 (1)
\Ekpp(r)\ = @\/ > ‘Hn(k,T)—l/Q(_kT)

H? I'(1/2 —n(k, 7)) (_k,T)ﬁ(k’,T)+2 (1 — 0)

Voi3  2alkn)gl/2
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Toy model (1)

M? 1 1
L = TPR + Lint — 5(6’M0)2 — V(o) — EI(O-)QFIU/FMV o : spectator field

dI/dN  do/dN
Kinetic function: [(0) = Ipexp (i) > n= /[ ~ 0/(
1

Aq

R = (1) Atinitial time (CMB scales), the
— . .
(1) velocity speed monotonically
increases.
E\? (2) At a certain time, the scalar field

S crosses the inflection point and the
(2) velocity gets maximized.

(3) After that, the speed turns to
T T T Y decrease towards the minimum of
5 potential

g = i
:(_T_E_QZA_Z 10/ 13




N2 k3 |E|/H?
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Toy model (2)

Time evolution of “n”

ey ¥

i =) !

:exact solution i i

= — — — :slow-roll solution {2 |
: (2) :

o} =20) . o

' 0.0 0.5 1.0 1.5 2.0 2.5 |

__________________________________________

:exact solution
— — — :approximate

Evolutions of electric mode function on super-horizon regime
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Toy model (3)

P, rIH

10

0.001

Power spectrum of vector field at several e-folds
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Questions...

vV 2k3 2
H? Bl 2—nilT) n(k,7)+2
- /913 2n(kT)1/2 O (7= 0)

n H? w(—=kT)° 1
|Ekzpp(7')| = \/ ( ) )Hé(zm)_l/g(—kﬂ)
)

* How exactly to prove this? Is it already known?
* How universal does this hold? e.g. 2-form field model

* Application to the cosmological scenarios?

Nakai, Namba, 10; in progress
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