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1.Cosmological correlators 2.Cosmological correlators
probe extremely high energy physics probe symmetries of universe
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Cosmological collider [see Zhong-Zhi Xianyu'’s talk] PO correlators [see Xi Tong’s talk]
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Calculation of Cosmological Correlators
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Analytical Calculation of cosmological correlators

Boundary o)
7]0 /

K(ki,m)<—

17 (1 \ ( 1o p2ET kl
K(k,n) ~ (1 —ikn)e T M2
Vertex V(nl) V(772)
(G Ciea GiegGra) = / dm / dnaV (m)V (112) (ki ) (ko ) I (o) K () Too difficult to solve analytically!
(1) Nested Time integral (2) Mode functions are complicate

G D 0(m — n2)vk(m)ve(n2) + 0(n2 — n1)vg(n)ve(n2) Ui N or



Inflation
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Future boundary

Inflation ends / /: /
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« Symmetry is powerful




dS Bootstrap

[see Hayden Lee’s talk]

/ 5 —dn? + dx>? \
dS Symmetry: ds° = i
Tlme End of inflation

(Future boundary) Translation: Pz — 6)7,
Rotation: Jij = «l“z‘aj — -’Bjav;
Inflation
(quasi-ds) Dilation: D = —ndy— 0

Interactions

dS boosts: K; = 2xn0, + (2:1;jxi + (n* — m2)5g> 0;

N Y,

P~ (Y

[u2(1 —u?)? — 2030, + pu* + ﬂ F = g? ul_fv Boundary conditions

fix the correlators
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Cosmological bootstrap
beyond dS lamppost

« Much larger signals

e Richer phenomenology

less symmetries

!

more
difficult !




BOOSt-Breaking [Qin, Renaux-Petel, Tong, Werth, YHZ 2506.01555]

fmassive fields in dS: \

0° 20 5  m?
[a—waw(k *H%y?)]"(k’")—”

J
Y

\ Dispersion relation ((k, n) )

Beost: v’ =m? + ik + Kk

J KChemical potential

< ~
Sound speed > S(t)FE
« |ow speed collider « enhanced particle
. new shapes | | production
g T L e TH 6—7r(,u—/<;)
[Pimentel, Wang, 2022] _ .
[Jazayeri, Renaux-Petel e.g. [Qin, Xianyu, 2022]
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Boost-Breaking

Boest EoM: [(77283 — 20, + 2 k*n® £ 2k kn+m?) o~ = o]

N\
2 ¥ o /d77 62k12n 8?7 0'(8, 77) ) &7 — K12

/dﬁei’“”"w(sm) 7= Ok,
W/

0
dn
f3 :/ = M (s,n)

0o N

0 dn -
/ 2 e"*12" [BoastEoM | 0(s, 1) = ()
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Boost-Breaking

Boest EoM: [(77283 — 20, + 2 k*n® £ 2k kn+m?) o~ = o]

\; Boundary differential

equation:
1 1 uv
Aj:,u =+ ,LL2 + = F =
%, ©w P © 4 2Uu+v—uv
% s Ay =u*(1—u)d. — [(1xixk)u?] O,
cskia + s csksy + 5
o Boundary conditions
0 / > Folded limit
dndn’ —
P [ B9 s g e N
—co N1 > Total-energy limit

v soft limit



Boost-Breaking Phenomenology

[(77232 — 20, + c2k*n® £ 2k kn+ m2) ot = ()]

(D Large PO trispectrum 2 New cosmological collider signal
10’ //, |'Cr’_ol|05 o e k_L (o k_L
8 104 S ,Ll' ks S k,S
i "] - 10
1 c, = 0.1 [10 cos(- - - ) oscillation instead of cos(log - - -)

. ) . See [2506.01555] for other applications
“relatively simple physical template
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Scale-Breaking [Jazayeri, Tong, YHZ 2511.00152]

w2:m2(t)+c§(t)kg—l—-~

e.g. from axion monodromy inflation

m?(t) = md |1 +(g2 cosw(t — tO)D

¥ Y @ Y 1 “” e

e |(2) ()
Scale
o
0 / ;
F= /_oo %% e*127 G(s,1, 1) ek / dn €12 g o(s,n) 1= Ok
/dn ™12 ' o (s5,m) ’)
o

Fractional derivatives!



Scale-Breaking
Integro-differential Bootstrap

Memory Kernel

Fractional derivatives A 1 >
A1 F(ki2,ksq,8) = . / dq K(q) F(ki2 + q, k34, 5)
0

n e e~ % /Oo dg iw _iqn
— = . — (—qMNo) €
(770) F(W) o 9 ( )

/dn 121 i 5 (s, m)

4

/dq dn pi(k12+a)n K(q)o(s,n)




Scale-Breaking
Integro-differential Bootstrap

. 1 0
Aig F(ki2, k34,5) = o / dg K(q) F(ki2 + q, k34, s)
0
Numerical Analytical Approximate
0 Perturbatively e
v Boundary WEKB-
? Bulk B e, 5 type ?

CosmoFlow
[Pinol, Renaux-Petel, Werth, 2023 2024] . . .
\/ Treat 1t as interaction
\ 4

“mass insertion”

g° cos(wt)o?



Scale-Breaking Phenomenology

Cosmological collider signals at (9( g2)

=95
B(ky, ko, k
(k1, k2, k3) w=13 —w=18 — w =23
ks K i
~ {IAl(u,w)ICOS (= ) oB(2) + wlog(—kam) + ()| | | £ 00
A
ks <
+ [ A2(p, w)| cos Mlog(zkl) + wlog(—ksmno) + V2 (p, w) oo}
5
<
-0.02F
Two types of oscillations LS - - e -
. . k1/ks
Frequency Signal size
p—w Ay ~e 8

Coefficients have a pole around (y ~ 21
M As ~ O(1) Resonance!




Scale-Breaking Phenomenology

« IR limit, drop the redshifted momentum

Mathieu equation
02 .
wuy /2 52 +u? (1+g° cos(wt))] (a®?0(s,t)) =~ 0
. Mode grows exponentially
wIRJ/Q a:3/20-(t) 0.6 €>\nt
. Scaling exponent is altered

k’12 —1/24+X 1 %ip
F(klz, S) ~ (—)
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AQpI'OXimation Melthod Qin, Renaux-Petel, Tong, Werth, YHZ [2506.01555]

Difficulty: complicated mode functions and time integrals

2+ ws)] oo, =0

Time dependence.. vy, ~ H;, or Wy, i),

Super-adiabatic WKB Saddle point method
* —~ 0 dn’ i klzﬂ'if:./ dnw(n)
o(s,n) = af(n)+Bf(n) B _W\/W{e( 1 )1
: 1 . N
with  f(n) = e=t S wn)dn "
2w(m) din’ <k1277/ :F/ dnc«J(n)) =0
B is related to production amount I B
Squeeze Parameter
kr/ks
5
~ 6—71'/1,
Saddle Point Lifetime of

—00 7’]* T] Te massive particle



MXima“Qn MQ‘“‘I@ Qin, Renaux-Petel, Tong, Werth, YHZ [2506.01555]

Simplified: cos[ulog(kr /ks)]

20 7
1 AV = ~
Refined: cos|u arccosh(kg/ky)] g =
% —— Simplified Refined === Exact
O - . .
TOG w=10
Eo o==y
[
. e
o Good way to understand physics o | | | |
0.0 0.2 0.4 0.6 0.8
kr/ks
° Perfect ha_l_am between T —

precision, efficiency

We provide nice templates for
upcoming cosmological surveys
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Cosmological bootstrap
beyond dS lamppost




Scale-Breaking Phenomenology

UV resonance
1.5
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« Enhanced (resonant) cosmological
collider signals when w > my



