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Overview I

e up to 4PN: from 1938 (1PN final) — 2014 (4PN first)
e the order 5PN: the years 2019 — 2022
e beyond 5PN: 5.5PN and 6PN: 2020 — 2022
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PN: (3)" ~ () (%), 1+m=n

nPM: G" ~ (GM)n
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Applied methods for conservative dynamics'

e perturbation series: PN, PM/MPM, GSF

e bound-state and scattering-state calculations

e point particles (BHs) [extended bodies through 2PN]
e dimensional regularization |analytic reg. through 2PN]
e ADM-canonical formalism through 4PN

e EOB tool through 6PN

e Fokker-action formalism through 4PN
e EFT formalism through 6PN
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harmonic gauge: /—gg"* = n** — h*", 0,h*" =0

ADM metric variables (N, N, v;;) and gauge conditions:

N = (—900)_1/27 N' = Viija Ni = goi,  Vij = Gij
ds® = g drtdr’ = —(Ndax®)?+;(de'+N'dz") (dx’ + N7 dx®)
V=g=N7, =0 ="K, Ky = -NIY,

/Vz'j — @D(Sw -+ h;z;T ath;T — @hgT — 0, h;l;T — O
7Tij — ﬁ'ij + 7TijTT, ﬁij — &LVJ + @VZ — §5z]3kvk, 77'“ =0

T o 1 . 0;0
A" = PijnAw,  Piji = PPy — 5P Pay, P = 0 — =



Binary-Black-Hole(BBH) Spacetime'

Isolated BH

2
1 — Gm G 4 L
ds* = — e ) cPdt? + (1 + ”;) 0ijda’ da’
1+ 5= 2rc
2
1 — Gm Gm 4 ‘ .
2r/ c? 2 742 e g/
- c?dt —|—<1—|— ) 5Zd$ dx'’
(1 + 2 ) 21! c? ’
symmetry transformation (inversion): r'r = (%?)2

7“/2 — x/zx/z’ 7“2 — ZCZCE’L
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Brill/Lindquist, JMP 1963
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§31.6. DYNAMICS OF THE SCHWARZSCHILD GEOMETRY 839

Spacelike slices History History
A-B-C-D-E-F-G A-W-X-D-Y-Z-G

Misner/Thorne/Wheeler Gravitation 1973
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Fi16. 1. A two-dimensional analog of the Schwarzschild-K ruskal
manifold is shown isometrically imbedded in flat three-space. The
figure shows the curvature and topology of the metric

dst= (14-m/2r)4 (dr*+4-r2deP).

The sheets at the top and bottom of the funnel continue to infinity

and represent the asymptotically flat regions of the manifold
(r—0, r— ),

BBH: Brill/Lindquist, JMP 1963
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Fr6. 2. A two-dimensional analog of the hypersurface of time
mmetry of a manifold containing two “throats” is shown iso-
getrica.lg imbedded in flat three-space. The ﬁgure_llluslfratea the
curvature and topology for a system of two “particles” of equal
mass m, and separation large compared to m, described by the

metric
ds?*= (1 +ﬂlf2f1+ﬂ!/2ﬂ}‘d¥p’.
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Surface integrals of the shown BBH vacuum solution result in
its proper masses m; and my as well as

its total (proper masses plus binding) energy Hpy,.
Point particles as sources of our complete 3-manifold

The formal positions of m, are located in euclidean coordinate space,

obtained via conformal transformation of our 3-metric, with densities

maéég) = m,03) (x — x,), | ma5é3) B =m,.
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Brill-Lindquist BBH metric: an initial-value metric

dﬁ:—-l_éx2&ﬁ%k1+1¢4@?
1+ £¢ 8

Point Particles in Hamilton Constraint (h;" = 0, pe; = 0):

1 167G
—(L+§¢)A¢:—J;—(mﬁftkmﬁfo 777

C
4G 0] 87%))
C T ()

My + Mp cr b My + Mp Mg — My 2
— o a a 1 a a L 1
Ga = Ma 2 + G + ra/G + (202rab/G)

Hpr, = (a1 + ag) ¢ = (m1 +mg) ¢ — G 222
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Our 3-metric in d-dimensional space:

d—2 \72 o
Yij = (1 + A Cb) 5¢jd£€zd£ﬂj

(d—1)
A G(D) P(dEZ) o s A—15(d) _ I'((d—2)/2) 1
¢ = 2 - rf_Q + rg—Q 7 - - Amd/2 rd—2

d— 2 167G
: _ (d)
HamCon: — (1 + Hd—1) ¢) Ap = > ga M0,

)) ¥ oudt9 = ms

: GD(d—-2DT((d-2)/2) [ o o
T 2(d — 1)7T(d—2)/2 Til_2 + Tg—z
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<1+ G (d —2)T((d - 2)/2) ( o >) N ——

2(d — 1)x(d=2)/2 ,ril—Q Tg—z

dimensional regularization through |1 <d < 21:

(d)(d — _
<1+ G (d - 2)0((d = 2)/2) )aléﬁd) I

2(d — N)r(d-2/2  pd-2
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Near-Zone local-in-time PN-expansion (|x — x'|w/c << 1):

S(t— =2y & (—)re o dBe on
3,/ c _ _ n___
/dw ctlx — x/| —nzzo ctn! |X—X\[IX x| ot™ S,

Far-Zone local-in-time PN-expansion (r >> 1’ r’'w/c << 1):

_Ix X/ c™ m ’l“
/dgajls(t Z /d3x’[(xl-n) 0 —S5(t — = x')] + O(r—2

ctlx — X’\ cAmlr ot™m

m=0

x — x| = r\/l +72/r2 = 2(x'-n)/r=r— (X' n)+ 0O}

Problems with non-compact support of S and with locality in time!
Analytic Regularization: Multiplication of source with (r’/s)? before
expansion; at the end B — 0 with droping poles 1/B but keeping the

remaining s/c = a.
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Multipole expansion of far-zone field (e.g., L. Blanchet in LRR)

1—2

G Pz--km(n) > 1 z 4 l T «

2
[=2

T

(1) o 2
+ (C—Q) I+ 1) €pa(k Sm)pig...il (t - ?) Mg NZS---’H} +0O(1/r%)
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showing tail term and physical light-cone correction:

MO — QP (1- 1)

C C

+ Qi;M /Ooodv ln( )Q(4)( %* )+O<Cl4>

Qij =1 I10i54, [Pz 0. x'a?
P.P 1
72 /d3 d _~_BU.O:U
v O+ 4G



Near-zone 2.5PN reaction and 4PN tail field, and conservative near-zone Hamiltonian

reac/tail(« 4G 3 AMG 5
amyesrte) - 38|00 + E [T avm (L) off ¢t —v)

Htail(a) _ 1

8
« is left-over scale from B-regularization in the far zone (ca = s).

TT\tail (o (2)
(LT Qf

nz Q{/ ocC 2 G M 3 3 T12
H4P1(\I )_HAILPI\(I)—i_ E o8 Q( )Q( 'In (ca )

o/ is left-over scale from B-regularization in the near zone (ca’ = s').

total Hamiltonian: Htail(a) 4 HZPZ%O‘ )
e.g., GS & P. Jaranowski in LRR
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Damour/Jaranowski/GS 2014 [Jaranowski/GS 2015] (Hamiltonian)

connection of a and o’ by refering to GSF(gravitational self-force)
calculations in Schwarzschild spacetime

Bernard /Blanchet /Bohé /Faye /Marsat 2017
Marchand /Bernard /Blanchet /Faye 2018| (Fokker action, harm. coord.)

connection of v and o’ through r'” regulator in near-zone expansion
within MPM algorithm and dimensional regularization

Foffa/Porto/Rothstein /Sturani 2019 (EFT, harm. coord.)

connection of & and o’ by pure dimensional regularization

Bliimlein /Maier /Marquard/GS 2020 (EFT, harm. coord.)

connection of & and o’ by pure dimensional regularization
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4PN Binary BH Conservative Dynamics'

Nonlocal-in-time action for the fourth post-Newtonian conservative

dynamics of two-body systems

T. Damour, P. Jaranowski, GS
Phys. Rev. D 89:064058 (2014)
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1
H(t) = mic® +mac® + Hy + C—QH[1PN]

1 1
+ C_4H[2PN] + C_5H[2.5PN] ()

1 1
- C_6H[3PN] + C_7H[3.5PN] (2)

1
+ C_SH[4PN] + ...
ﬁ:(H—MCQ)/Ma p=mimsa/M, M =mq + my
v=pu/M, 0<v<1/4
test-body case: v =0, equal-mass case: v =1/4

CMF: p1+p2=0, p=pi/p, pr=(0-p)
q=(x1 —x2)/GM, n=q/lq, t=t/GM
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1
— (1 — 5v + 5v2)p°

16

p—

—_= OO

N}

1
(5 — 200 — 3v%)p* — 20°p2p” — 3vPpy] =
q

1 1 1
(5 + 8v)p* + 3up2]q—2 _ Z<1 + 3”)q_3
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1
Hipny = 155(=5+ 350 = T00% 4 350%)p°

1
+ el(T 420 =530 = 50%)p° + (2= 30 plp’

1
+ 3(1—v)’prp® — 5v°p)] -
q

1 2y, 4, L 292

+ [ (=27 + 136 +1090%)p" + — (17 + 30v)vprp

1 4 1
+ E(5+43V)Vpr]q_2

o 2% (1, 335 23 .\
- - _—— vV — —UV

s " \6a™ T 43 gV )P

N 8 3 , 7 2]1H1Jr 109 21 ,
—— — — 7 — —v | vpil—= + = —

16 64 47)"Prips T 12 32"
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3PN | the starting of dimensional regularization

Jaranowski/GS (’98,’99)[in part], Damour/Jaranowski/GS (’01)

Blanchet /Faye (°01)[in part], Blanchet/Damour/Esposito-Farese (’04)

lharmonic gauge, point masses]

[toh/Futamase (’03), Itoh(’04) | EIH surface-integral method,

harmonic gauge, point singularities]

Foffa/Sturani (’11) [EFT, harmonic gauge, point masses|
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4PN

Hispn
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105 , 553 4, 225 , , 381 ,\ |1
- C C _Tee 4 oY _ 22 —
39 p + 41V + 42V + ( 128p 64 PP 128pr 4 qg
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. 380189 2749 5\ (63347 1059 L\ ,

p— — T - T

4 19200  8192" ) ¥ 1600 1024 )PP
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4PN analytical

Jaranowski/GS (’12,’13,’15) [in part], Damour/Jaranowski/GS (’14)

Bini/Damour (’13) [in part] [GSF, EOB], Foffa/Sturani (’13) [in part] [EFT]

28



Hygx " P lxa,pa] =  Hi[Xa, Pal
2 (;QJV{ (3)\2 192
+ 5 8 (Qij >1 Spx
d
_G as Va
+ — GlXa, Pl
ailsym (s 1 G2M (3)
Hipy™" (1) = — 5= Q7 ()

+00
X / dv In (ﬂ) Qg?) (t —v)
00 28fz
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Matching GSF-results by Bini/Damour for perturbed Schwarzschild

metric from particle in circular motion yields In (sy./sp.) = — 1052
- 1 G? M T do
tailsym 3
™ (1) = —5 T QPO Pl [ 720D —0)

Classical gravitational “Lamb Shift” (orbital average):

G GM (3) /+ dv _(3)
AFE = - dt t) Pt t—
5C5 CBP 0 [Q ( ) 27‘12/6 |'U‘ Q’L] ( 'U)
E 1
< Cil—t > = —5%? i dt [Q(S)( )Q(?’)( )] (Einstein’s quad. formula)
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4PN

41
30

EFT, Foffa/Sturani (2013) [Galley/Leibovich/Porto/Ross (2016)]

: GM > dr
ail,nonloc spli
H5% = ——5Pfy, /e / — FPE (A7)

c o 17177

split G 1

M) = 2205 (0Q (t)

i GM 41
ail,loc spli
HZPN - C3 ?)Of ; t(t t)

— % famous numerical constant in Lamb-shift formula

lerrors by Feynman and Schwinger, cf., L.S. Brown, arXiv:physics/9911056]
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5PN |EFT, h = 1,

particles, no anti-particles, gravitons = anti-gravitons

in-out formalism:

W = <0,0ut|0,in >; = (0]U;(c0, —0)|0)

- oW < 0,o0ut|¢(t, z)[0,in >
< t Zin—out = =0 — :
ou(t ) ‘ 6J(t, x) =0 < 0,0ut|0,in >

— QB(tv :Ij)

(O[T (00, )61 (1, )0 (1, ~o0)[0)
(010 (+00, —o0)[0)
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eVl — /ng exp {ZS[QS] —I—i/de J qb}

effective action : I'[¢p] = W[J] — /dDSE J &= Seyrld)

in-in formalism:

eiW[JhJQ] = (O‘ﬁJZ(—OO,OO)Ujl (007 —OO)|O)
A ow
< ¢}-I(t7 QL’) >in—in = 5J1 (t .CI?) ‘le.]g:O
A ow

< é}—[(t:x) Zin—in—< é%—[(tax) Zin—in=< O,in|¢EH(t,x)|O,in >= (E(t,ﬂ?)
= (0|U (=00, t)¢r(t, x)U (t, —00)|0)
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ciWIJ1,J2] /D¢1 D¢a exp {iS[¢1] — 1S[¢p2] +i/dDiU J1 ¢1 —’i/de J2 ¢2}
boundary conditions: ¢1 = ¢9 at t = o0
Clp1, d2) = WJi, Jo] —/dDilf J1 Q_51—/dD$ Jo ¢2 = Sesrlor, 9ol

In our case:

Jl — jala J,Lwla J2 — ja27 J,ul/2

PN PN
¢1 — Xal; hl ) ¢2 — Xa2; h2



i/deJlgbl—i/dDajqubg —

U Z /dt(jal - Xq1 — Ja2 - Xa2) +i/de(Juv1]~1§W - Juv?ﬁgy)

a=1,2

F[< )A(al >, < }A(a2 >, J,uula J,uu2] — W[jalaja% J/.Ll/l) J,LU/Q]

N Z /dt(jal' < fcal > = ja2' < )A(a'Q >)

a=1,2

= Seff[< Xa1 >, < Xq2 >, J/~W17 ‘]FWQ]
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Keldysh representation: J_ = J; — Jo, Jy = %(Jl + Jo)

Equations of motion in the classical limit:

0 — <5F(}_(a:|:a J/ﬂ/:l:)

5% ) |()_(a— — O, }_(a-l— = Xq, J,LW:I: — O)
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The gravitational point-particle action reads, in harmonic gauge,
S = Sgr + Spp, with

Sar = 2A* /dD;U vV—g (R — %rﬂru) , Spp = — zzjma/dfra,
a=1
where A = *u§//32nGy  and T* =T% ;g°F.
Ansatz: \/—gg"’ = — RV, R = L(HMW 4 hHY).
H*": potential (near-zone) modes, h*¥: ultrasoft (radiation) modes
exp{iSpot[Xa, 2]} = /DHeXp{iS}.
Hamiltonian: H = Hyot + Hiail = Hioe + Hp
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Free-field generating functional for the radiation gravitons:

2ol Juwa) = [ DI DR exp { i@ ] = 8@ fia] +1 [ aPr(un By — Jyahs”) |

2

2
W L dozo T Jva] _ / HDxaleazexp{iZ(Spp(xal)—spp(xw))
a=1

a=1
2
—I—iz /dt (a1 " Xa1 — a2 - Xa2)
a=1

0
0Jas1

. )
] - ZS]Dot [Xa2a —Z5Jaﬁ2] }ZO[JMV17 JMVQ]

—I'iSpot [Xala —1
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Keldysh representation:

1
Zo[J+] = exp {—5 /dD:c/dDa:’JagA(x)Dj%w(x — ZC’)JWsB(:C/)}
where A, B = +.
Dfﬁfyé(a: —z') = 0, Dj‘_ﬁ_wa(:ﬁ — ') = —iD°°
Dz —a') = —iDX° DY (g —a) = 0.

ret

The last zero holds because of the final classical limit.

Galley, Tiglio, PRD 79 124027 (2009) arXiv:0903.1122
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[luminating EXAMPLE for in-in (or closed-time) formalism

The forced-damped-harmonic-oscillator equation of motion reads
Mi(t) + Rx(t) + kx(t) = f(¢)

Making use of
5(M5&—|—Rx'—|—/€x—f):/73yexp [%/dty(—M:’é—Rx’—kx—kf) ,

we find the Lagrangian

R
L=y (~Mi—Ri—ka+f) = Mij+ o (25— y&) —key+ fy + TTD

resulting in the equations of motion

d oL L
L% %20 & Mi+ Ri+kr =
dt 9y oy — MivRethr =/,

40



doL 9L _ i R0
Gor 0w 0 My-Rythky=0

The replacement in L of y with x and taking 1/2 of the quadratic

terms we get

1 1
L:ime—§m¥+fx

which is just the conservative part of our original dynamics.

The transition to the in-in formalism is given by the substitutions

1
Yy=xq1 —T9 = T_, 33:§<£U1—|—332>:$_|_,

where 1 and x5 are our forward and backward in time going position

variables, respectively.
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In the classical limit

y=xz_ =0 — x1 = 29, T =Ty =T1 = T3
hold.
In the new variables, our in-in Lagrangian reads
M . . k R . :
L = o5 (&7 — 45) — 5 (7 — 23) + b (T172 — B2x1) + [ (21 — 22)

The corresponding Hamiltonian is given by

1 R \° 1 R \° k
H = m (Pl — 5332) —m (pz + 551?1) +§ (x%—a:%)—f (161—332)

With even a stochastic force < f(¢)f(t') >noise = 2kTR 6(t —t'),

1 R \° 1 R \? k kTR
H p m (pl — 53}'2) —m (pZ + Eﬂfl) —|—§ (LU%—I'%)—Z h (371_332)2.
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For k = 0 see, Blasone et al., Phase Coherence in Quantum Brownian
Motion, Ann. Phys. (N.Y.) 267, 61 (1998) |arXiv:quant-ph/9707048]
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EOB Formalism (without spin for simplicity) I

Damour, arXiv:1312.3505
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Standard representation

Heff H2 — m%c‘l — m%c4 HNR 1 vV (HNR>2
2

= =1
e 2mimac? i (c? e

. H,
Hyp = H - M, Heg= -5
e

= Mc2\/1 Y (ﬁeﬁ _ 1)

EOB representation with modified Schwarzschild metric

ghi PP, + Qu(P;) = —p°c?, HEPE = —Pye

HEC® = Nugey/ 12 + b PPy + Qu(P)
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Canonical transformation to connect:

HeEffOB(Xv P) — Heﬂ"(xap)

HEOB MC2\/1 + 2u (ﬁEﬁOB — 1)

(X, P) — (z,p):

TEOB — /A1 + ADn2p2 4+ n2(p? — p2) + Q)
(n=1/c)
6

A=1+ Zak(u)n%uk, as =0 (1PN),
k=1
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5

D=1+ Z di (V)n*Fu”,
k=2

Q = 77419;‘f [(142(V)774u2 + Q43(V)776u3 - 6144(”)778“4] - 77619? [Q62(V)774U2

+ao3(v)n°u’] + 1" plgse (v)u’

2PN: dy = 6v, a3 =2v,
3PN: quo = 8v — 617, ds =52v—607, as= (% — 57m°) v,
APN: g = —2v — 2% + 607, quz = 20v — 8302 4+ 1007,

d4 — (1679 . 237617T2) U (—260 e 1237T2)V2

9, 1530
(221 | 412\ .2
a5 = ( 6 T 327 ) v
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SPN:

EFT

Foffa et al. (2019), Bliimlein, Maier, Marquard (2020)

Tutti-Frutti | Bini, Damour, Geralico (2019):

post-Newtonian (PN) expansion: - (G,v?), G ~ v?

(virial-theorem-based expansion)

post-Minkowskian (PM) expansion: G

multipolar post-Minkowskian (MPM) expansion (in part PN type)
effective field-theory (EFT)

gravitational self-force (GSF) [test body gets gravitating]

effective one-body (EOB) [gener’zed. strong-field test-body dynamics]

Delaunay averaging (DA) |averaging under action-angle variables].

From

TF

BDG (2020):
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q82:_y_|_18 2+24 3 _ gyl

%3_%%u——¢ﬂ+1mu-amy
1580641 __ 93031 2 9367 . 31633 2\ .2
( 3150 1536 © )V+ ( 5 T H2 T )V

+ (640 — §27%) v

qi4 =

/331054 63707 2 y 1069 205 2\ .3
d_(175 51277)V+d (3 167T)V
_ (_ 1026301 | 246367 2
a6 = (— 575 + Sorz ) v+ ag +4v°

From | EFT | Bliimlein, Maier, Marquard, GS (2021):
o2 306545 5 a2 25911 ,

™ v —
de ¥ = VT, ag T = T

512 256
From | EFT | BMMS (2022) arXiv:2110.13822

7 31244704_+ 306545 5\ 2 1750163_+ 25911 ,\
= | — ™ |V a — L
g 4725 512 ’ 1575 256

6 —

qa4 =

1580641 _ 93031 2 532676 | 31633 2 6152\ .3
( 3150 1536 )’/+( 675 T 510 )V +(640_ 7T>V
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0.00

|
Equal mass :I:.':IE-E

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Binding Energy for circular orbits (BMMS (2022), arXiv:2110.13822)
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K,

=]

0O -

Periastron Advance for circular orbits (BMMS (2022), arXiv:2110.13822)
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EFT | Foffa, Sturani (2020)

ail,n G(E 02 > dr spli
LT N o S

c? oo I7]

- G 1 1
) = S5 (15500

16
¢ 2 \ 189 z'a‘f~c<t)0(4)(t’)+—,J.@’)(t)(]@)(t’))

ijk A5 i ij

- C(E/P) (82 e at0? 197 o et s?
ail,loc split, M O split,M J
H;PN -~ T 3 35]:151\1 (t,t) + EfllF)’N (t,t)

TF | BDG (2021) arXiv:2107.08896

TF _ pFS _ pBMMS __ 82
Roct,e T Roct,e T Roct,e ~ 350

TF _ 147 _ 147 pFS _ pBMMS
unad,m - 60 127unad,m _ unad,m‘
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Entering of the current-type quadrupole J;; in most delicate form:

1
iROiabeabj Jij, Jij = Jji.

d-dimensional generalization via its avatar J;|qs:
€abjJii = Jbjiary  Jijab = —Jbjais  Jijab T Jappi + Jpjia = 0.
Thus, BDG (2021), also see Almeida, Foffa, Sturani (2021),

1
J@ 50 1e 56

9 “tlab” ilab’
with
Jijab = v(ma — m1)[(z'z® — %5“‘)% — (z%® — % @by

r-v

_d — (xiéab . xbéia)]'

Henry, Faye, Blanchet, arXiv:2105.10876
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Additionally, BDG arXiv:2107.08896 with confirming BMMS in part,

2
g = 224107 + 1V2Rog(Roct,er Rquad,m: Coors Cooo. Cooao.)

2
dy” = 3295857212 1 2Ry (Roet.er Rquadms Coor, Cooays Cooo,)

Soar = CoqrG? [ dtQ5 Q') e Li

Memory terms:

500, = Coq.G” [ dtQ(4)Q(4)Qij
500q, = CQQQ2G2 / dtQ(S)Q QY

BMMS
Coor = —15 = Cgar
Cooo, = —15 =8 C550" (without contact graph = 3 C555°)
_ __4 _ 4 ~BMMS
Coa0. = ~15 = 3 Caou:
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Feynman graphs for memory terms with three @);;-sources.
The second graph is a contact graph, identified for the first time.

BMMS (2022) arXiv:2110.13822 and (2022) arXiv:2208.04552
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BDG (2021): constraint from scattering xS>"¥"F — ot = 0.
2973 69 253 89
0= 20 _ Yo iify 20
s50 g veer T g teeer T 5 e

depending on qu4.

Fulfilled by neither F'S nor BMMS.
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TF | BDG (2021) arXiv:2107.08896:

Missing conservative quadratic radiation reaction (anti-symmetric)?
terms, possibly leading to, see BMMS (2022) arXiv:2110.13822,

4
2
5H§;zac) —q (7]5)2 VZ];_Z
60801
G
QzﬁMMS — CIELD ; — 1350
Gret — G'sym + %Greaca Gsym — %(Gret + Gadv)a
Gadv = Gsym %Greaca Greac = Gret — Gadv-



5.0PN and 6PN

TF | BDG (2020)

ail®,n 107G2(E/C2)2 odr spli spli
HSeR = =500~ / S e (e R (R )

— OO0

: G 1
G (¢, 1) = 22 Q4 (DQy (1)

- G(E/c2) © dr o
ail,nl split
HéPN - Pf2T12/C / f2E’N (t7 t+ T)

c? oo I7]

- G 1 1 1
spli 5% 5% 4 4
A = S (G S OISLE) + SR 0I))
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The not yet approved (at 5PN) or calculated (at 6PN)
EOB numerical constants:

2 2 2
. 3 t t 9 t t Y t t
3 rational parts at 5PN: qg P de PR gl TP

1/2 2

8 parts (non-rational & rational) at 6PN: a?Q, a?g, £y s
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