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Horndeski theory:
L =+ G(¢,X) — Gs3(¢, X)0¢ + Ga(¢, X)R + Gux [(04)® — ¢,u™]

G
+ G5(9, X)G" ¢ 65X [( ¢)3 — 30, 0" + 2¢W¢M¢ﬁ]




Fab Four
Horndeski theory:

L =+ Go(¢, X) — G3(¢, X)O¢ + Ga(p, X)R + Gax [(O$) — ¢
Gs(6, X)G"9)- “2X[(00)° — 3T668,u0" + 20,086,




Fab Four
Horndeski theory: 1, —+ G, (¢, X) — Gs(¢, X)0¢ + Ga(¢, X)R + Gux [(0¢)? — ¢ ™

G
+ G3(6, )G g — Z¢X [(08)° — 300000 + 209”8}

Limitations from GW170817: FabFour is cancelled
Bx10 P <eaw<7x107%=...G-=0



Fab Four
Horndeski theory: 1 —+ G,(¢, X) — G3(¢, X)O¢ + Gu(¢, X)R + Gux [(O8)* — ¢,u0""]

+ Gs5(p, X)G" b, — ng [(O¢)° — 30¢¢,,¢"" + 2¢,,¢" ¢4 |

Limitations from GW170817: FabFour is cancelled
Modified FabFour™:
s= | \/—[ (5 +ad® )Rt 26G10,00,6 — 39" 0,00,6 — A6 — 130"

C.w lies inside experimental constraints
3 x 1071 < 2568 (7G$) < 7x 10710

* B.Latosh, EPJ C 78, 991 (2018)



Field equations
Klein-Gordon: —%)\qﬁz - %ggbf‘ + 0O¢ + 2a¢R — 26°BG*'V ,V ,¢ = 0.

Einstein:

B 1
N ].67TGeff
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gp,v Gp,v — (V/,w — guum)a¢2 - Evuqbvuﬁb - Eg/w (E(Vﬁb)z + §A¢3 + Eg¢4)

1 1
—K?ﬁ( — VAV, 0V V.6 + V, V,00¢ + RapsViVPh — 5 [Vﬂqu,,,\VAqb + v,,qu“,\qub] -3 [vﬂquy,\V/\qb

1 1

PRV + 2CuV OVab + g [RPVabV s — (08 + 5 (Vasd)? ) = 5 T



Cosmology
FRW Metric: ds* = dt* — a*(t)(dz* + dy* + dz°)

Klein-Gordon: é = 12a¢(% + a_) — Bk’ (Z_zﬁb + 2%%9{5 T d3

a? a

1 .1 1
¢) ~3=¢+ AP + —g¢* = 0
a 2 6

Einstein:

d2

2 5 a, . 1., 9 ,a*., 1 _ .. 1_,
— 3= Zbd— —d? — Zpr2— — — ot =
Goo 3a2 (52 —|—aqb)+6aa¢>qb 4¢ 26& a2¢ + 3 o + 489¢ 0,

Q| &

.5 . . . .9
Gii = (2 + 22 ) (jz + a¢2) +20 (&2 + ¢+ 2%@3) J&q&z — BK? (%& + 2%&&5 + %%qﬁ) +1—12A¢3 + 41—89& =0



In Early universe regime model contains:

1. Bounce* A >0,a>0=¢>0,0<0, A<0,a>0=¢<0,0>0
] ] 1 §2 1 g?
2. Galileon Genesis** 0 < a < 2 e a > FRV:

3. Inflation** (including source terms forit) —a > 3k?p,
Bounce + genesis & inflation are realized

* S.A., A.Nemtinova, O.Zenin, A.Baiderin, JETP 167, 45 (2025)
** 0.Zenin, R.Stamov, S.Kuzmin, SA, EPJ C 86, 471 (2026)



Wilczec model
Wilczec model: £w = s € eascor Fig Vy¢© Vs ¢"
where vyfp = 0,¢° + AS¢"  SO(4,1)

no torsionT;, = %gpﬁ(aggva + 8,80~ Dol Fig = 0aAg" —0pA)" + faomrAs Af

fA_ELMPQ _ ,BL AP MQ AL, BP . MO

7?7?7? —nonon

AM BP L0

SO(3,1) connections ﬂ’f’, tetrad Eﬁ e S
Potential: £, = «, (1,,6"¢" - +*)"
minimum: gb‘“‘ = 0 or when ‘q_‘)| = ¢ =38

. . . 1
Einstein-Hilbert Sw =1 jd‘*xﬁ(ﬂ—m)

Si = ﬁ jd X Eabed (R;‘iiffé o~ j; ¢ ¢ ¢ €§) CK spontaneus symmetry breaking
L, =10 - w)

where Where ;= e ¢ pons 659,46 Vod?V, 6V 1"

R b =0, m“b —-d, w“b + m; . mf,fb - w,, mf, e Kii;j;i:;;i?;;;i;:;E;E

TS = D ef — D ;,
L = K3V eﬁﬁ?‘seﬂbcd[( E3‘:4&:""?"" Bﬁw + ﬂd@cmtxw ) Ae“‘eb]e

= x5 ¥° €y 4 [P‘”’ Ae“eb]e

A.Addazi,P.Chen,F.Fabrocini,C.Fields,E.Greco,M.Lulli,A.Marciano,P.Pasechnik, Front. Astron. Space Sci., 8, 563450 (2021)



Gauss-Bonnet with non-minimal coupling generation (1)
BF theory for 4D space-time and Lorentz Lie algebra SO(3,1)

Spr = /M tr(BA F) = /M B® A F e

Equations of motion:dsB =0, F=0

Adding constraints: S = ‘/ tr(BA F) + %aabchab A B 1 1 H(6)

H(0) = alog’g + a9€apedf™? = B=aeNe+ Bx (e Ae) no torsion B=0

E.Pluzshnikov, SA, submitted to EPJ C



Gauss-Bonnet with non-minimal coupling generation (1)
BF theory for 4D space-time and Lorentz Lie algebra SO(3,1)

Spr = /M tr(BA F) = /M B® A F e

Equations of motion:dsB =0, F=0

Adding constraints: S = ‘/ tr(BA F) + %aabchab A B 1 1 H(6)

H(0) = alag’g + a9€apedf™? = B=aeNe+ Bx (e Ae) no torsion B=0

String-inspired action (after moduli compactification and supersymmetry
breaking):

Ssr = [ d'oy/=g[€(6. )R +n(é, X)G + (6, )

where X = —%g”’”(vﬂqb)(vucﬁ)

E.Pluzshnikov, SA, submitted to EPJ C



Gauss-Bonnet with non-minimal coupling generation (1)
BF theory for 4D space-time and Lorentz Lie algebra SO(3,1)

Spr = /M tr(BA F) = /M B® A F e

Equations of motion:dsB =0, F=0

Adding constraints: S = ‘/ tr(BA F) + %aabchab A B 1 1 H(6)

H(0) = alag’g + a9€apedf™? = B=aeNe+ Bx (e Ae) no torsion B=0

String-inspired action (after moduli compactification and supersymmetry
breaking): ssr — [ d'ey/=g[e(é, )R + (6, X)6 + (9, X)] Where X =—2¢"(7,6)(V.0

Typical BF action: S = STQFT[B, F| + 8¢°mstr(\;, B, F] + §Pv [ 4]
STRFTIB Fl = BA F,

2nd: constraints depending on Lagrange multipliers A,,

3rd: generates the dynamics of other fields

E.Pluzshnikov, SA, submitted to EPJ C



Gauss-Bonnet with non-minimal coupling generation (2)
S = STOFT[B F| + S|\, B, F] + ST [A]

1. The action is effective. Thus, the two fields of BF theory are considered on-
shell. The on-shell consideration can be proceeded by adding the constraints
from the parent theory

2. The action describes an interaction between B and F mediated by a scalar
field and has a BF theory over BF theory form.

3. The result should represent the most general well-defined mixing for fields B
and F analogously to mixing matrices of Standard Model. Therefore a linear
operator acting on a doublet (B, F) should appear. Such transformation is
natural in supergravity.



Gauss-Bonnet with non-minimal coupling generation (3)
Effective action s = %/tr [B/\ F—NUYB,F)|pr + wVie, X, )\i)}

here U'=BAF, U?=BAxB, U?=BAF, U*=%xFAF

Assume: Vi(¢, X, \) = \; — fi(¢, X)

A nonlinearity in dependence v =vi(¢, X, ) With 9%vi/ax2 « orelates A; to ¢ by
few multiple branches.

The aim is to obtain a single well-defined scalar-tensor theory the linear
ansatz is the minimal choice.

The equationsdu; : A\; = fi(¢, X) ==> A+ Ao x B,

= A3B+ Ay % F.

6B : F
SF : B

==>
5A1:B/\F:[.L1, 6)\3:B/\p:/,l,3, 5)\2:3/\*3211,2, 5)\4: *F/\F:/,M.



Gauss-Bonnet with non-minimal coupling generation (4)
p1 = f3(¢, X)BAF + fa(¢, X) x FAF,
= f3(¢d, X)BA*B + f4(¢p, X) x F A xB,
us = f1($, X)BAF + fa(¢, X)BA%B,
:fl(¢,X)*F/\F—|—fg(qﬁ,X)*F/\*B.

. L [ a s -
the action reduces to S = 3 /tr(B ANF + fi(p, X)u'")

The resulting effective theory is equivalent to one obtained by applying the
following transformation of the on-shell forms B and F

Guv 2 (I)(gba X)gm/ =+ \Il(gba X)Vu¢vv¢

B— B=9,(¢, X)B + ®,(¢, X)xF,

A

F s F = ®,5(¢, X)F + ¥y(¢, X)*B.

The effective action transforms as:



Gauss-Bonnet with non-minimal coupling generation (5)

Son_sheu:/tr[B/\F} — Sz/tr[B/\ﬁ’}

\ ¢

S = / tI‘(B /N\ ﬁ') / tr ((\Ile -+ (I)l*F) N ((I)QF —+ ‘I’Q*B))

M

/ tr(<I>1<I>2F A*F 4 (0,85 — ®,95)BAF + BA *B).
M



Gauss-Bonnet with non-minimal coupling generation (6)
Consider the following mixing functions:

1 _1FV1I-2%(9)(X +V(9))

¢, = —— b, =1 |\
1 2X(¢), ; 1 > :

v, LE V1=2x(0)(X +V(9))
? X ()

==> G = /tr(B/\ﬁ’)
1
- / ("N AR — (X +V)e" Ae’ Aef Ae? — —xR™ A R™)|€aped

2
— /d4m\/—_g (R +X —V(¢) - %x(qb)g),

where
G = RosR"™ —4R,,R" + R?



Gauss-Bonnet with non-minimal coupling generation (7)
s— [dev/=g (R4 X~ V(0) - 3x(0)9)

M 2
1. V() = - Jr('zig)b) = ng = 0.973871,r = 0.0112445, |c5 — 1| = 9.12899 x 10 %, P;(k.) = 2.196 x 10’
2. V(¢) =M1 - %)2 = ng = 0.975688, 7 = 0.00130174, |c2 — 1| = 1.05845 x 10~ 7, P¢(k,) = 2.19599 x 10~°
3
3. V(¢) = B i 1 3 = ng = 0.973503, 7 = 0.0287288, nr = 0.0442981, P.(k) = 2.19 x 10~
K;V v ’YK/

compatible with ACT data



How to catch
1. Gravitati07al Wave Astronomy*: m2é?

d4x\/—_g[R — V,0VHg + 5 + Lmatter} = (D — m2)¢ =T

+ additional scalar mode ==> 3 polarizations.

S = const

The situation in Horndeski (including FabFour) is the same.

2. Black hole shadows & accetion disks & black hole mergers (to be fulfilled)

3. Turnaround radius (to be fulfilled)

*S.A., S.Kuzmin, E.Plyzshnikov, R.Stamov, I.Chekh, accepted to UFN (2026)
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