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Confronting modified gravity
with experiments

B Gravity modification persists in Newtonian and post-
Newtonian (PN) regimes, which has been tightly constrained

by experiments.

B Efficient screening of “fifth force” or
constraints on theory parameters.

B Complementary to cosmological tests.

Post-Newtonian tests Cosmological tests

- Dark energy

v
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Scalar-tensor theory space

2 tensor + 1 scalar DOFs, ghost-free

U-DHOST

De Felice et al. ‘18

DHOST (class la) DHOST (class lla)

Horndeski

Langlois, Noui '16
Horndeski '74 Crisostomi, Koyama, Tasinato ‘16

[talk by D. Langlois]
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Horndeski 74

H orn d es k| th eo ry Deffayet, Gao, Steer, Zahariade ‘11

TK, Yamaguchi, Yokoyama 11

B Ostrogradsky’s theorem: Higher-order EOMSs lead to ghost
instability (if Lagrangian is non-degenerate).

B The most general scalar-tensor theory with second-order field
equations (=> ghost-free):

L = Gy($, X) — Ga(¢p, X)O¢ + Ga(¢, X)R + Gu x [(08)? — ]
+ GG,y — éG5,X [(Og)® +...].

Notations
Gp =V, o
Puv =V, V, ¢

X = —¢*9,/2
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DHOST theories Kby

B Degenerate Higher-Order Scalar-Tensor theories:
Field equations are of higher-order, but their combination results in
second-order equations because the system is degenerate (for
any field configurations).

b o [ M 4
—=> 2 tensor + 1 scalar DOFs, ghost-free ang oy, Noull J¢

Crisostomi, Koyama, Tasinato "16

] Quadl'atiC DHOST Lagrangian: (Extension to cubic order: Ben Achour et al. '16)

I=1

5
{ L =Gy — G306+ f(¢,X)R+ Y Ar(¢, X)Lr, ]

A set of degeneracy condtions must be satisfied. T e
(class la/class lla) Céss | C!\ass I

where (all possible terms of the form {g"*"*, ¢"1¢"*} X ¢y, Ppows )

(Ll = ¢ud*, Ly =(0¢)°, Ls=(09)¢"¢"bu, Lsi=¢'¢ur¢"¢,, Ls= (¢”¢”¢uu)2']
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U-DHOST theories perdlce 00}

m  U(nitary)-degenerate theories:
Degeneracy conditions are satisfied when restricted to the unitary

gauge, ¢ = ¢(t).

B The apparent extra mode obeys an elliptic equation if ¢, is
timelike, and hence does not propagate.

—> 2 tensor + 1 scalar DOFs, ghost-free

B Degeneracy condtions are less restrictive than in fully
degenerate theories.

(Quadratic) U-DHOST

(Q) DHOST (class la) (Q) DHOST (class lla)

(Q) Homdeski
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Effective field theory of dark
energy (EFTofDE)

B General description of perturbations of scalar-tensor theories
around flat FLRW in the unitary gauge.

B [Efficient way of testing dark energy/modified gravity models with
cosmological observations.

B Time-dependent EFT coefficients (in the a-basis):

= 5 B
G f dtd%ﬁMT{(l + N) [51{351{; — (1 - §QL> 51{2] + (14 ar)R® + H?2axdN?

+4HapdNSK + (1 + ag)dNR® + 48,6 K8V + 20V? + Bsa;a’

- av15N5Kf5K; 4 aV26N5K2 +... },

where K] =KI - Hé], SN=N-1, 6V="2- 720N, a=""

ADM variables
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Physical significance of (some
of) EFTofDE coefficients

( ) B
S = / dtdS:c\/fyMT{(l +6N) {51{3’5}(;1 - (1 + gaL) 6K2] + (1 +ap)R® + H?2ax6N?

+4HapbNSK + (1+ ag)dNR® + 46,6 K8V + B26V? + Baa;a’

— ay16NSK]SK} + ay26NSK? + ... }

B Gravitational waves: cgiyhij — VZhij ~ 167GawTy;
with cadw =1+ar, 81Ggw = 1/ciwM?>.

Speed of GWs  Effective gravitational coupling for GWs

B o :detuning of K;;K¥ and K?. ar # 0 in khronometric theory
and the low-energy limit of Horava-Lifshitz gravity.

ay, # 0: “Lorentz-violating theories”

Pirsa: 24070046 Page 9/40



Mapping to Horndeski/
(U-)DHOST functions

B EFT coefficients are given in terms of functions in the action of
scalar-tensor theories (explicit expressions are not important):

M? =2(f +2XA,), M?*(1+ar)=2f M*(1+ag)=2(f-2Xfx),

M?ap = —6X(A; + As), M?B, =2[Xfx — X(A; — XA3)],

M?By =4X [A1 + A2 — 2X (A3 + Ay) +4X%A5], M*B3 = —8[Xfx + X (A1 — XAg)],
M?ayi =4X [fx +2(A1 + X A1 x)], M2ays=4X[fx —2(A2+ XAz x)],

2 = .
S= /dtdgxﬁ% {(1 +4N) [5;{35;{; - (1 + gaL) 5}{2] 4+ (14 ar)R® + H?ardN?
+4HapdNSK + (1 + ag)dNR®) + 486KV + 26V + Braa’

— av1ONSKISK! + av2dNSK? + ... }

I=1

L L=Gy— G306+ f(¢, X)R+ > As(¢, X)Ly
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EFTofDE and classification of
scalar-tensor theories Langlofs sttt

‘:QLZOJ [aL#OJ

U-DHOST

. ﬂz =
667
(ﬁg——H%
S 0

)/

DHOST (class la) DHOST (class lla)
2l | N Ty

ngndesli ______ B; ; 2(1 + al;)anT
tOfH=aL=ﬁi=0J & 1+or
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Cosmological constraints on
EFTofDE coefficients

B Numerical codes for Horndeski/DHOST/EFTofDE

Huang '12, Hu et al. "14, Zumalacdrregui et al. "17, Hiramatsu, Yamauchi 20

Hiramatsu, Yamauchi ‘20, Hiramatsu 22

6000 = ) . /\-
LCDM g
Bio=0012 — N
5000 0.024 |\ - o 1ot |
0.048 — I | T ke
. 0.096 {1 o (- ) \
El‘j, 4000 / | 1 ~ -
O 3000 /P - - T i #
= ﬁ 1 (spegific to DHOST) S o ALY
/ AW o e f I | ]
<2000 \ /\ /) | O 1N ]
= : \/ V| ST TR N .
A \ A P 1 1 I
1000 i W : - i AN }\
ol etmat s il e - Leeeen e )
10 100 1000 :""""“""j"'_'_‘:’:'j
4 £ EEER R
Y10 B g h b

See also: Raveri et al. "14, Bellini et al. "16, Kreisch, Komatsu '18,
Brando et al. 19, Noller, Nicola 20, Ye, Silvestri '24 ...
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Vainshtein mechanism

Il

b 1 B erms with the higherst number of
2 ( ) 2A3 ( ) Mp;

derivatives per field are improtant.

. “Vainshtein regime Linear regime .

10r

10001 B

10f s
3/2 :
r 3
0.100f  ~ (_V) (v
¥ (5

(N @) 0.001r
A3

1071 still in weak-field regime, ¢/Mp < 1

2 1 3 1 1 1 L L
A~ (MPIHO) / 0.01 0.10 1 10 100

r/ry

N 1/3 _ _ _ |
ry = ( igs h) : Vainshtein radius (typically, ~ 100 pc for the Sun)
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Weak gravitational fields

& e

-0 £

U-DHOST 9 9

N []
This work This work

DHOST (class 18) Tk watanabe, Yamauchi‘1s§ DHOST (class lla)

Crisostomi, Koyama "18
Dima, Vernizzi ‘18
Langlois et al. ‘18
Horndeski V Langlois et al. "17
Kimura, TK, Yamamoto 12
Narikawa et al. 13
Koyama, Niz, Tasinato "13
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Class la DHOST theories

B Metric and scalar field:
ds? = —[1 + 2®(t, T)] dt® + a?(t) [1 — 2¥(t, T)] dF?,
¢ = ¢po(t) +n(t,©), &,¥,7/Mp;= Oe).
B Quasi-static approximation:
b~ Hy® < VO,
B Orders of magnitude:
bo = O(Mp Hy), M =0OMp), o, SO(1).

B Linear regime:

/ ! visd 2
¢~ U~ =(’)(rsch/'r ),

Pl
S -V~
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Class la DHOST theories

corrections to
standard gravity

B Vainshtein regime (7 < rv):
_______________________________________________ v
GyM: .
P — N2 d (am + B1) Gy M
r2 : 2(am +261) :
' - Crisostomi, Koyama "18
lI;’ — GNME_+_Q GNM’ — ’Bl(aH +’81)G MH . Dima, Vernizzi ‘18
r2 H r Q(QH + 251) X Langlois et al. 18

_______________________________________________

B 1 _ 8nGaw
where 8rGy = M2(1—ag-3B1) 1-oay-35

M(r) = 4x /OT p(z)z*dz. (ar (=c&w —1) =0 for simplicity)

B Horndeski (ex =81 =0): efficient screening in the Vainshtein regime.
Kimura, TK, Yamamoto "12

Class la DHOST: efficient screening outside matter/breaking of
—> Many tests have been proposed.

Koyama, Sakstein '15
Sakstein ‘15 Jain et al. '16 ......

screening inside matter.
TK, Watanabe, Yamauchi '15

(Separate treatment needed for class lla)

Page 16/40
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Class la DHOST theories

104 L
10|
0.01r

108

R ()

T

(outside of matter)

Vainshtein regime

o ~ U~ /M

Linear regimk :

0.01

0.10

|
/vy

10 100
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Hirano, TK, Yamauchi 19

S p e C I a | C a S e Crisostomi, Lewandowski, Vernizzi '19

_GvM _ (an +51)’ Vainshtein mechanism operates

o’ - G ;
e o2 differently for ag +28; =0
' GNM GNM’_ﬁl(aH+ﬁl) " -
i 2 2(ay +2B1) i

B Different Gn outside and inside

B Qutside of matter (screening occurs provided that ap + 61 +---=0))
/gy = GNouM _ 1 _ 8rGow
=0 =—"p—, sarGN,out_Mz(l_ﬁl)_ T

B [nside of matter

GN,out

_ GN,inM
1-pB1

2 b

@’ U=(1-261)®, GNin=

r

B Physically most interesting case —
no graviton decay into dark energy if ar = ag + 28, = 0. Creminellietal. 18
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Summary of previous results

e By /e

arp =0 | L ar #0 J

N = N .
U-DHOST

[ []

DHOST (class la) DHOST (class lla)

Breaking of Vainshtein

screening inside matter V Gy =0 Langlois et al. 17
Llopreeak Poisson eq. not recovered

(to be explained later)

“ Efficient screening
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TK, Hiramatsu Phys.Rev.D 109 (2024) 6, 064091[2310.11041]

Weak fields in U-DHOST theories
Lo #0

B Now we have a new term in the perturbative expansion of the

Lagrangian:
M? 207, ,
L="- [(---)<I>V27r+ (.)UV2r 4. — 2O (22
2 305

) (Vw1 } — Dp.

Nonlinear derivative interactions
[Highest number of derivatives per field. J
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TK, Hiramatsu Phys.Rev.D 109 (2024) 6, 064091[2310.11041]

Linear regime

ppN _ 1+ am |

7 R o
1+ apy M
25 _ _ ) ir =
Ve® = 4nGprp, VY = (l_l_aT)(I), .(2] ar Vit = O(Gnp)
2(1+ ar) ] 1 2(1 + ar)? ]
8GN = = 8rGgw - :
N [2<1+ag>2 (A +ar)Bs| M2~ TV 2T Fan)? — (Lt ar)Bs

B No Vainshtein regime. Linear analysis is sufficient.

107fT
M® MY’ (frv)3
A3r’ A3r

1000.0

0.1r1
', Tsch 2 (T_v)B
{AB‘T (Ao T

- T
105 f ]
< 1 in weak-field regime
109 .
0.01 0.10 1 10 100 T/Tv
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The case of class lla DHOST

1 M
V20 = 4nGyp, U= (I:Z”) ®, > -aLVim=0(Gnp)
T 0

2(1 + ar) ] 1
21 +ag)? — (L +ar)bs| M2~ 06w

8GN = l

2(1 +OET)2 ]
21+ ag)?—(1+ar)Bs]’

B (Class lla degeneracy condition (which is not imposed in U-DHOST
theories):

2(1+ an)?

Pa = 1+ ar

GN:OO.

Poisson equation is not recovered. Langlois et al. 17
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TK, Hiramatsu Phys.Rev.D 109 (2024) 6, 064091[2310.11041]

Linear regime

ppN _ 1+ am |

7 N 1+ ar
1+ agy M
2% _ - . 4o —
V® = 4nGpnp, ¥ = (1 +aT) d, .(2] arVir = O(Gnp)
2(1+ ar) ] 1 2(1 + ar)? ]
TGN = = 8rGgew - .
TN l2(1+aH)2(1+aT)63 M2~ WY 90 Y an)2 — (1 +ar)fs

B No Vainshtein regime. Linear analysis is sufficient.

10
M® MY (frv)3
A3r’ A3r

1000.0

4 3
()]

_ A3r r
10-5} ]
< 1 in weak-field regime
1077} 1
0.01 0.10 1 10 100 T/Ty
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TK, Hiramatsu Phys.Rev.D 109 (2024) 6, 064091[2310.11041]

Weak fields in U-DHOST theories

‘OJLZO

.-

b

V2m/A® can be as large as 1. Nonlinear derivative interactions are
important. Technically much more involved.

B EOMs are of third order for ® and W, and of fourth order for .

Screening is not efficient even in the matter exterior:

_ GaM

?"2

_ GaM

®’ 1+ Ag(r)], ¥ a1+ Aw(r)], (r<ry)

where Ap = C17"t + Cor™, Ag = C3r™t + Cyr™-.

1 1 ! / n+ = n4(omg, P, B3)

determined from boundary conditions
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Summary so far

~

/
‘OZLZO
= ————

_/

-

\CIL#OJ

-

U-DHOST

Screening is not efficient
even outside matter.
(complicated...)

TK, Hiramatsu ‘24

TK, Hiramatsu 24

V No Vainshtein screening

1+ ar

9 Other PPN parameters?

[ | Saito, Yao, TK '24

DHOST (class la)

Breaking of Vainshtein
screening inside matter

Horndeski

“ Efficient screening

DHOST (class lla)

, G N =00
Poisson eq. not recovered
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PPN

B Parametrized post-Newtonian (PPN) parameters characterize
the metric in the PN limit and its deviations from GR.

B Stringent experimental constraints in terms of PPN parameters.

Clifford M. Will
THEORY and
EXPERIMENT in
GRAVITATIONAL
PHYSICS

Second Edition
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PPN and EFTofDE

B Parametrized post-Newtonian (PPN) parameters characterize
the metric in the PN limit and its deviations from GR.

B Stringent experimental constraints in terms of PPN parameters.

B Connecting PPN parameters and EFTofDE coefficients would
be useful for constraining modified gravity!

PPN parameters EFTofDE coefficients

PPN PPN PPN
) aﬁ 7£ P aLaaH)aT1517°"
LTests of PN gravity } LCosmological tests ]

Similar spirit with Lombriser 18 and
Renevey, Kennedy, Lombriser 20

Page 27/40



Pirsa: 24070046

PN expansion

B Field equations (with shift symmetry)
g,uv i— pry e KRR f,XR‘;b,uqu RIS = Alguvd)p)\qﬁp,\ ey
=Ty pressure
e
Perfect fluid: T** = (p + pII + p) u*u” + pg"”
1 N

rest-mass density ~ €nergy density/rest-mass density
B PN bookkeeping

B Small quantity in PN expansion: v = O(e), 08 = O(e0;)

B Newtonian gravitational potential:

* t,
Ut,3) =Gy [ @]

Yl

Then, U ~v? ~p/p~TL = O(e).

) & AU = —4nGnp*. (ph= \/—gpuo)
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a bit technical details... (1/4)

Potentials
X=GN/d3yp*(t,@|f—ﬂa 20(62)
Vil o /ds p jxy_v?ﬂt y) = O(e%)
3 p*(t, Y)v*(t,7)
21 =G /d M—yl ’
5. P (L, HUE, 9)
02 =G [P,
T — (Gl /d3 p* jmy)_ﬂ_('r,y)’
5 = /d3 p(t,9) =9
4= yl..__.|=
5 =Gy [ty y)[lit;y*zﬂg(*—y*)]{

Z-9) [G-2) (-2
-9 Llz-21 |§-7]

Py =Gy / d*yd’®zp*(t, 7)p* (t, 2) 7=
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a bit technical details... (2/4)

PN metric and PPN parameters

B Metric in the standard PPN gauge:

goo = —1 42U + 2 (¢ — BEENU?) + O(<f),

= () = 0(eY)
e PPN oy N 1 PPN PPN PPN\ 9. 1% 5
goi =— |2(1+~4"FN) + 5| Vi 2(1+a2 TN+ 26PPN) 9, X + O(e°),

= O(e)
gi; = (1+2/°PNU +2C) 6 + Dyj + O(e),
= O(? = O(¢*
@) 8 PPN parameters
where

1
,‘/) = 5 (2,},PPN oL T Q:I;PN H ({’PN _ 2£PPN) ‘I)I e (1 . ﬁPPN e C2PPN +£PPN) @2

+ (1 + CEPN) @5 + (39PN + 3¢FPN — 26PPN) g, — % (EEPY — 4EPPN) by {(EPPN By,
C:= dUUU2 +dwPw +d1 D1 + do®s + d3P3 + dy Py + degPs + d,rX
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a bit technical details... (3/4)

Scalar field

b= q(t+7NX) +O().
/ — O()

Constant determined by / . %
X=G d ¢ e
O(€°) part of field equations. N yp*(t, 9)|Z — 4]

B No O(?) piece: ™ =¢ —qt < MU = O(e?)
B % " cannot be measured by experiments.

B One can instead work in the unitary gauge, but then the metric no
longer takes the standard PPN form. In either gauge, one arrives
at the same results.
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a bit technical details... (4/4)

Calculations of PPN parameters

To determine the metric in the PN limit, solve at each order

Eoo =Y +EER +EEE, |
g()z' — 8(513)63 + ... = TI-‘-V
gij = gz(j.o) +8’i(j2)€2 +8i(;)€4 + ...
d l 5
RN PPN
q Bisat ol el T
PRI
)/ ) GN
all:’PN
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Saito, Yao, TK, JCAP06(2024)040 [2402.10459]

PPN in terms of EFTofDE

Parameter GR Higher-order scalar-tensor theories Constraints
2(1 + ar)? } e
G G G 0.995 < G G < 1.00 [57]*
N GwW [2(1 Fan)? — (1+ar)Bs GW S Gow/Greow S [57]
chw 1 1+ ar -3 x107"% < cgw — 1 < 7 x 1071¢ [58, 59]
yeEN 1 Tﬂ APPN _ 1= (2.1£2.3) x 10~° [60]
ar @l
4~FPPN [c2 APPN (1 + ,YPPN) i 251] —Bs (3 +,YPPN) — 26,
PPN GW PPN —5 o
— 1= (0. : 61
B 1 1220 (PP — Ba] B 1=(0.242.5) x 107° [61]
PPN 0 0 v
aPPN 0 4 [QCQGW(,YPPN)z S RN O 53] oFPN = _0.4+37 x 105 [62]
a5t 0 Eq. (70) la5FN| < 1.6 x 107° [63]
a5t 0 0 N . v
complicated...
1534 0 0 v
P N N/A Eq. (72) N/A

% The scalar gravitational radiation is ignored.
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Saito, Yao, TK, JCAP06(2024)040 [2402.10459]

PPN in terms of EFTofDE

Parameter GR Higher-order scalar-tensor theories Constraints
2(1 + G:T)2 < < E~la
Gn Gew [2(1 a1+ CrT)ﬁJ Gew 0.995 < Gew/Gnecow < 1.00 [57)
How much nonlinearity in 1+ar ~3x 107" < cow — 1 < 7 x 10726 [58, 59]
superposition of gravity?
7\ /[ | Lot i PPN _ 1= (2.1£2.3) x 10~° [60]
1+ ar
4TPPN [C‘é\v’}/PPN (1 + 'YPPN + 261] o BJ (3 + TPPN) o, 252 .

bl 1 PPN _1=(0.24+2.5) x 107° [61
2 122 (PPN — 2 (PRt <10 08
&PPN Or \ v

Need new parameters in addition to the
oftN 0 e e PN = —0.4737 x 107° [62]
existing ones characterizing linear cosmology: 2

R 0 afPN| < 1.6 x 107 [63

2 M28, = 2X(f — 2Xf.x) x, S o

PPN
e 9 M252 = —8X [X(f,x F Al e XA4)] X * i

Y, 0 Y, ;
T N N/A Eq. (72) N/A

@ The scalar gravitational radiation is ignored.
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Saito, Yao, TK, JCAP06(2024)040 [2402.10459]

PPN in terms of EFTofDE

Parameter GR Higher-order scalar-tensor theories Constraints
2(1 + ar)? } e
G G G 0.995 < G Gne < 1.00 [57]*
N GW [2(1 el a5, GW < Gow/Gneow S [57]
chw 1 1+ ar -3 x107"% < cgw — 1 < 7 x 1071¢ [58, 59]
1+ay - .
Fh 1 - = PPN _1=(21+2. 10~° [60
¥ T or ¥ (21+2.3) x 107" [60]

97 [wr™™ (1477™) +261] = B3 (3+977) ~ 25

PPN PPN _ L
2 ! 4[2¢2w (YPPN)Z — B3] B —1=(0.2+£25) x 107" [61]
&PPN 0 0 y

2
ai N oFPN — 3[2 (vFPN + B1) — 2w (YFFN)? — B3] (i + 1) Lt g (PPYY2 468, — Bs
B PPN~ B = 2
+ B2 — 687 — 128147
o 2cgw(YPPN)2 = Bs
1254 0 0 -
T NJA Eq. (72) N/A

@ The scalar gravitational radiation is ignored.
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Example:
khronometric theory

M?2
S = T* /d4m\/—g [’R + c1V,u, VEuY + cg(V#u‘“)2 + c3V,u, VVu# + C4u“u”V“uAVyu)‘] ;
Whel’e T = _¢ /' /2X Blas, Pujolas, Sibiryakov ‘09
= "Pu .

B EFTofDE coefficients

3y +cs C4
Mzzl M2 — = — €3 :—72 — :0 = 5:(5 :0
(1+c3)M,, ar=ay TTre X 5116’ Pr=p2=0, B3 T1e 1%
| PPN parametel’s Blas, Sanctuary "11

1 PPN ppN _ _ 4(2c3 +c4)
= - =1 =1 O, T R i

8GN = Gz s 2=l oy 1 es
PPN _ 4 2c, 3(2—3ce—c3) (1 —2co—c3)eq

Qs = -2 =

l+c3 cates  3cotez—cq (1+e3)(ca+c3)’

a:F;PN — CFPN — ‘;-gPN — C:?PN — Cc{)PN — EPPN =0.

Previous results in the literature can be reproduced.
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Application 1: EXperimental constraints

on theories with cow =1

20
2
ar (=c —1)=0
- ( i ) OAPPN —1=(214+23)x107°
@ | TN = —0.4137 % 1073
107
’YPPN =1 S amg, ‘:E
X
allPPN = [2(7PPN)2 - ,YPPN _1— 53] le
Il
@ O_
Constraints on EF TofDE
(aHJ ﬁ?)) ' s
-4 —3 0 2 4 6
ay x 10°
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Application 2: A model with no
deviation from GR in the PN limit
B All PPN parameters = GR values, caw = 1, Gy = Ggw

—> ar =oayg =1 =02=0F3=0,

but «@r, is completely arbitrary (as long as ar # 0).

o Mlgl Od(X) ¢”¢’uv¢v :
1= 9 R 32X Oo + 92X + P(X)
—> ar(t) = alrLrw ~ K K9 — [1 i %a(N)} K2+ R®

‘ 2,
®  Cosmological tests" cf. Blas, Pujolas, Sibiryakov "11

Ongoing work with T. Hiramatsu and Z. Yao
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Summary

B No Vainshtein screening in Lorentz-violating (ar # 0) U-
DHOST theories.

B All PPN parameters are obtained in terms of EFTofDE
coefficients (+ some new parameters).

B Experimental constraints on PPN parameters can be
translated to constraints on EFTofDE coefficients.

B A model with no deviation from GR in the PN limit.
B Cosmological tests?

B  Gravitational radiation?

Thank you!
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Summary of our new results

4
[ oy, — 0 1 ‘ (84 8 75 0 J
A, o
g TK, Hiramatsu 24
U-DHOST : ! : :
: No Vainshtein screening
Screening is not efficient All PPN parameters are
even outside matter. : V determined.
(complicated...)
Saito, Yao, TK '24
TK, Hiramatsu ‘24
DHOST (class la) DHOST (class lla)
Breaking of Vainshtein
v screening inside matter
Horndeski V Poisson eq. not recovered
Ck/// Efficient screening
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