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Outline of the talk

e Dynamical gauge fields during inflation — interesting
cosmological signatures

e Non-Gaussian correlations — novel consistency
relations

e Cross-correlations with primordial curvature
perturbations

e Cross-correlations with gravitons

e Conclusions
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Non-Gaussian imprints of primordial
gauge fields

 |f gauge field are produced during inflation, they must be correlated with
inflationary scalar and tensor perturbations.

e Such cross-correlations will be non-Gaussian in nature — could be large
also.

e An interesting scenario for inflationary magnetogenesis is

Ao, R)F,,, FH

A model-independent calculation can not be done as these correlations
depend on the coupling function.

(C(k1)B(k2).B(k3)) (v(k1)B(k2).B(k3))
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Semi-classical estimate in the
squeezed limit

o Squeezed limit: k; < ky ~ k;
e Consider {Ck, Ck.Cka) in the squeezed limiti.e. k1 — 0 ks ks

* The long wavelength mode rescales the background
for short wavelength modes
ds® = —dt? + a*(t) e dx?
e Jaylor expand in the rescaled background

. o 0
<(.JE\_1C;!1:,>(:I — <CL_J(|L > _I_ (.l

o Chen )+
Ye (ChoChes )

(Chy Chiy Chis ) ¢, R <CL-1 <CL=-_;CA-;:,>CI> (Cky Chy >/wr— (Ch Chs)
(Chs o Chis ) ~ — (s — 1) (Chy Gy ) (G i)

local

vL = —(ns —1) Maldacena, JHEP 0305, 013 (2002)
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Non-Gaussian cross-correlation

* Define the cross-correlation bispectrum of the
curvature perturbation with magnetic fields as

(C(k1)B(ka) - B(ks)) = (2m)*6® (k1 + ko + k3) Bepp(ki, ko, k3)

Bepp(ki, ko, k3) = by P (k1) Pp(k2)

e Jocal resemblance between fx; and by

C=C9 4 2l (¢@)

1
B = B(@) 4 55%63%(@)]3(@)

RKJ & Sloth, Phys. Rev. D 86, 123528 (2012)
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A novel magnetic consistency relation

e Using Maldacena’s approach, the cross-correlation

becomes
(((17,k1)B(77,k2) - B(77, k3))
1\

_ _EX(QW)?’(S(?’)(kl + ky + k3) Py (k1) Pg(ks)

o With the coupling X¢(r) = Ai(r/m)~*" , we obtain

|bNL:nB_4

» For scale-invariant magnetic field spectrum, ng = 0 and
therefore,
bnp = —4

RKJ & Sloth, Phys. Rev. D 86, 123528 (2012)
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A novel magnetic consistency relation

* |Inthe squeezed limit ki < k2, k3 =k, we obtain a
new magnetic consistency relation

(C(k1)B(k2) - B(ks)) = (np — 4)(2m)"0" (ky + ka + ka) P (k1) P (k)

with sl = (g — 4)

 Compare with Maldacena’s consistency relation

(GG (ko) (k3)) = — (s — 1)(2m)*8) (ky + kg + k) Pe (ky) Pe (k)

W|th ]1\(;%&1 = —(ns — 1)

RKJ & Sloth, Phys. Rev. D 86, 123528 (2012)
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Full in-in calculation

 One has to cross-check the consistency relation by
doing a complete in-in calculation.

e The final result is

1\
(€ k) B (77 ko) Blrr, ks)) = =2 30(2m)%00 (ka + o ) G () P 435 () AR ()]

 ka)3 ) L
X Kk2~k3+ (ko - ko) )kgkgzglwz(kz.kg)?z?g?) .

* The two integrals can be solved exactly for different
values of n.

RKJ & Sloth, JCAP 1302, 003 (2013)
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Full in-in calculation

* The flattened shape: In this [imit, k1 = 2ky = 2k3, the cross-
correlation becomes

<C(7‘[, kl)B(TI, kg) . B(T[, k3)> ~ 906 ln(—ktT[>PC(k1)PB(k2)

* For the largest observable scale today, In(—k;m;) ~ —60,

lat
ofi5¢| ~ 5760

* The squeezed limit: In this limit, k&, — 0 and

1\

(C(71,k1)B(77,k2) - B(711,k3)) = —E)\—I(QW)S(S(S)(kl + ko + ki) P (k1) Pp(k2)
. 1A\ . . . .
with byz = _E)\_j =np —4 In agreement with the consistency relation.

RKJ & Sloth, JCAP 1302, 003 (2013)
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Cross-correlations with gravitons

)AGs) Alks)) . ((k)Blka) Blks)) . (v(ki)B(ks) - E(ks)) N
ds* = —dt* + a*(t) [e’y]ijdajidxj ~ —dt* + a*(t) 05 + ij] dx'dx’ ;

In the squeezed [imit

. 1 keoikeos
lim (y(r7, k1) B, (17, ko) B (71, ks)) = (27)36®) (ki + kg + k3) [ n— = ) es5— 229 P, (k1) Pp(ks)
2

k:l —0

lim (v(r7, k1) E, (17, ko) E* (17, k3)) = —(27)%63) (k1 + ko +k3) (n + 5) €ij =12 (k1) PE(k2)

kl —0

1 koiko
b}y\,L — (n—§>€¢j ]22‘7, TL>—1/2
2
1 koiko
ey = —(n+§>eij ;2], n<1/2
2

RKJ, Sai & Sloth, JCAP 03, 054 (2022)
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Cross-correlations with gravitons
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Conclusions

 Dynamical gauge ftields during inflation lead to a very

'ich phenomenology with interesting cosmological
imprints.

* |nteresting cross-correlations with curvature and
tensor perturbations — new consistency relations —
large contributions in specific shapes.

e Such correlations will also induce observable imprints
in the CMB — need to explore turther.

Thank you.
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