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ABSTRACT

Details of calculations for The CGF' dark matter fluid.
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1 Introduction

Numbers from PDG, NIST (¢ = 1, no error bars)

h
by = = 5.2614864632102925 x 107" s
mHiggs
po = m;;ggs = 5.682491786274899 x 10%® kg/m?
0
1 I
(= — MMeinck _ 15 30380190962883 cm
Gp(] m%—liggs
4
M, = e 2 po = 1.042510314426683 x 10~* M,
g mPlanck 17
Wo = — = = 0.9759312573158477 x 10
60 mHiggs
4
P=— 2 — 0.4111966909854108
sin” Oy
g*>m?,
N2 = = e = 0.2490112919526795
4 my,
Jm kg 1 1
[G] = K ol =3 [(GP) 20} =m [(GP) G 163] = kg

G =6.67430 x 10~ "' m3kg 152
¢=2.99792458 x 10% m/s
h=1.054571817 x 10734Js

lev =1.602176634 x 10719]
M = 1.988409870698051 x 10°* kg
Hy=67.4 (km/s)/Mpc = 2.184 x 1071871
pe = 2 853 x 10~ 2"kg/m?
h__ — \/Gh=>5.391247 x 10~*5

MPlanck

2
o= Z; = 1/137.035999139(31)
m

my = 80.379(12) GeV my = 91.1876(21) GeV Migiges = 125.10(14) GeV
mw

—— = cos Oy = 0.88147(13) sin? Ay = 0.2230106391
mz

2 Standard Model action

See numbers above.

(1.2)

(1.3)

(1.4)



3 SU(2) structure on space-time spinors

3.1 Equivalence to a 4-velocity field u®(x)
The Dirac algebra

i Vpo
WV + WV = 20w V= g€ NN 25 =1 (3.1)

has a standard representation on C*.

(G D) 6,

g = diag(—1,1,1,1)
where o; are the 2x2 Pauli matrices,
0,05 = 6,5]' + iEiijk O'Z]L = 0; (33)

The chiral spinors are the eigenspace 5 = 1. The generators of Spin(1,3) are

1 1o 0 Lo o 0
Luu = 1[%“ %] Lox = (20k 1Uk) ij = (4[ ]() k] (3-4)

-3 —3loj, ol

Adjoints with respect to the standard hermitian form on C* are
W=—n A=v Li=Lu L=-L; (3.5)

The L;; are generators of SU(2), as are the iLo. Associate this SU(2) structure with the
4-velocity uff = (1,0,0,0). The Spin(1,3) action then associates to every 4-velocity u* an
SU(2) structure on the spinors such that

guutu’ = —1 u’ >0 Pg =65 +uug (3.6)
uyl = —uva  P§yL = P§ya
W= W+ 200 e = =y + 2P 4 (3.7)
wLY, =u"La,  PMPYLI, =—PtP{L,,
This identifies the space of SU(2) structures with the space of 4-velocities,
SL(2,C)/SU(2) = SO(1,3)/SO(3) = {u®: u“uq = —1, u® > 0} (3.8)

because the little group SU(2) preserves the SU(2) structure associated to uj.

3.2 A natural SU(2) spin connection

The local Dirac matrices v,(x) act on the spinors at x, the fiber S,. The local Lorentz
generators are

1
L/W(‘T) = Z[%ﬂ V] [LMV? Yol = Yeva — TWwYpa (3.9)

The boost operators relative to u(x) are

L,=u"L,, u'L,=0 Li=1L, (3.10)



In a spin-rest frame, u* = (1,0,0,0), g, = diag(—1,1,1,1) and the v,(z) take the form
(3.5) giving
1o 0
— R
Lo=0 L, < S (3.11)

The local SU(2) generators are the operators iL, or, equivalently, the operators [L,,, L,]|.
The L, satisfy identities that can be derived in a spin-rest frame.

[Lw P)/O'] = uuﬁ)/ugr/a — UsYy
1

1
L,L,=-P,, +=u%€y.,,°V5iLs
p g g e (3.12)

[Lua sz] = up€puug'75i[/a
L,, =L, — Lyu,+[L,, L,

tr(L,) =0
1
tr(LMLV) = §PW
i (3.13)
tr ([L,Lu LI/]LP) - §ua€a,uup
1
tr (_[Lw LVHLH'J LV’]) = 5 (PW’ v P#V'PVH'>
The traces are over the two-dimensional vector space of chiral spinors (S+)$.
From the above,
[L”, [Lu, L) = rL,L,-r’rL,L,—-L,L,L"+ L,L,L"
=2L"(L,L, + LVLH) —4L"L, L,
(3.14)
=L"P,, —3L,
= -2L,

Parallel transport of orthonormal frames lifts to parallel transport of spin frames,
since SL(1,3) and Spin(1,3) have the same infinitesimal generators. Therefore the metric
covariant derivative V, acts on spinors such that

V. =0 (3.15)

Its curvature form

Fitie = [V, V] (3.16)

satisfies
Vo (075) = (Vo) VuVu(0Pys) = (V. Vo )y

[F™, vPy5] = ViV (vP5) = R vy = R0 Ya (3.17)
[F/ILIll/etric7 /76] — Raﬁ;w%y

which has a unique solution since only the identity matrix commutes with all the vz and
V,, is an SO(1,3) connection on the spinor bundle.

o 1
Fut = SR Lag (3.18)

4



The symplectic structure on S, depends only on the space-time metric, but the posi-
tive hermitian form on S, depends on both the metric and on the 4-velocity. The metric
connection does not preserve the hermitian structure.

Vb = Vil + 2uu®ya) = 2V, (u,u®)ya # 0 (3.19)
The modified covariant derivative
D) =V, —V,u’L, (3.20)
It is a natural SO(1,3) connection.
V.L, =V, u"L,,
DL, =V,L, —V,u’[Ly, L,

(3.21)
=V, u“Log — V,u’(Lyy — Louw, + Lyuy,)
= V,u’u, L,
SO Dg preserves the hermitian structure,
DY (L}) = (D) L,) (3.22)
SO Dg is an SU(2) connection. Its curvature form is
Fiy = D DY) = [V = Vi Loy Vi = Viu’ L]
= PR — (V,V, = V.,V )u'Lg — V,u’V,Ls + V,u’V, Ls
+ Vuuavuuﬂ[La, L,B]
1
= éRaﬂwLaﬁ — RP L u®Ls — V,uPV u® Lag + V0’V u* Lag
+ V,u*V,u’ Ly, L) (3.23)

1
- (53%,, — VPV 0 + VPV u®)([La, L] + Laus — Lgug)
— RP u®Ls + V,uV ,u’ [ Lo, Lg)

1
— (5}%@5”” — vuuavyzﬁ) (Lo, Lg)

4 Form of the CGF

5 Equations of motion

Scalar field equations of motion The scalar field action written in terms of the

dimensionless scalar field gzg,
(TN
= — 5-1
¢ \@cb (5.1)



is
1
ﬁSscalar:/[ 2DM¢TD'M¢+ )\2 (¢T¢ ) ] 64\/ d4
i '6_2)\2”2 )\4 4

)\2
1 [0724,2 0"

:/F Dbl D + o (¢>T )} My —gde
1[1

5 [P D+ 5 (9-1) |ty

D,é' Do + (qﬁ —1) } =g d'e

and
D,¢' D¢ = (D)) + B,)¢' (D™ + B")¢

— D?LQETDO’%% _ QETBMDO%B + ng?)TBqu _ QBTBMB“qu)
but B,B*" is a multiple of the identity,

B, B" =g BB, L,L. = g‘“’B"B;4P

SO 1
B.B" = Str(B,B")
A A n A A A a A 1A~
D61 D6 = D)3 D6 + tr | BH(4DLS! — $1D)| — 561t (B,BY)

Assume ¢(x) is smooth and B, = O(wy). Then to leading order in wy

1 N N 1an B, B*
—D,¢' D' = —é—lezswr( = )

2
2wj 0

1 1 [1.n B, B* 1 /an 2
_ — |2t _ K = At 4 4
thcalar /)\2 [4925 gbtr( 2 ) + S ((]5 10) 1> } wov—gd'z

For the CGF,
B# = wOboiLH

B, B" 3
tr (— - ):tr(L“Lu)bgzﬁbg

2
wo

1

1
ﬁSscalar = /ﬁ

o | @92 +3 (- 3) o] v

{2&%%3 (bﬁ—%)} =0

1~,~3 1/~ - 2
{ZM b+ (910 -1) } wiv/=gd'

with equation of motion

$=0 (bg) > 2
Plo=1—2(3) (B2)<?

(5.2)

(5.3)

(5.5)

(5.6)

(5.7)

(5.8)

(5.9)

(5.10)

(5.11)



Gauge field equations of motion Vary the gauge action and the leading order scalar

action wrt the gauge field.

1 1
ﬁSgauge = / 2—92tr (—€_4FM,,FMV) €4\/ —g d4$

1 1 Ny A B. B A 2
- _ - T _ T 4 /4
thcalar / ]2 |:2¢ (btr ( wg ) + (¢ ¢ 1) :| Wov gd z

0F,, = D,0B, — D,8B,

2
0Sgauge = h/?tl"(—fB“D”Fpu) V—gd'z

2
WH AL~
8Sscalar = B / 2—)?2¢T¢tr(—5B“BM) V—gdiz

2
5Sgauge + 5Ssca1ar = h/ ?tr

wyv/—gd's

Wo wi 402w

o <DF et @)

so the leading order gauge field equation of motion is

_ DYF,, ‘*%92&(5&

0
wi 402wy

For the CGF,
BH = ZbLH b = wOb()(C) C = WOT(Z‘)

The curvature form is
Fuy =Dy, D)) = [D}, +ibL,, D)) +ibL,]
=F,, +ib([D), L) — [Dy, L)) 4+ i0,bL, — id,bL,, — b*[L,, L,]
= wp (iwg 'dubo Ly — iwy '0,bo Ly — b3 Ly, Ly]) + O(wo)

db
— wg ( Oa[“TLV] — bg[LH, Ly]) + O(wo)

'l—dc_
1 dby . _
w_gF“” = d—Ca[#TzL,,] — b3[Ly, L] + Olwg )
dby d*by
b/ _ 7 b// _ v
0 dC 0 dC2

wy DY F,, = iby0" T, TLy,
— 2bobo0" T[L,, L) + ibo [LY, ib(0,, T Ly — b3 Ly, L,]]
= iby(0"T9,TL, — 0"T9,TL,)
— 2bob0" T Ly, L) + boby[L”, 0,TL,| — ib3[L”, [L,, L]
Identity (3.14) gives
wy*D"F,, = —by0"Td,TiL, + b,0,T0"TiL, — 3bobyd"T|L,, L,| + 2b3iL,
= (=040"TO,T + 2b3) iL, + by0,TI"TiL, — 3bobyd"T[Ly,, L,

7
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(5.13)

(5.14)

(5.15)

(5.16)

(5.17)

(5.18)

(5.19)
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The equation of motion is

2712
0= <—8”T8,,Tbg + %bo + 2bg> iL, + b0, TO"TiL, — 3bobyd"T[L,, L,]  (5.21)
Now contract with u*.
0 = bl(u*d,T)0"TiL, (5.22)
But bf, ©"90,T # 0 so 0TL, =0 so
1 1
u, = —a0, T w0, T=—  0T0T=—-— (5.23)

The last two summands in (5.21) vanish since u#L,, = 0. The equation of motion becomes

1 d?b, g%T(bA
= — + + 203 24
0 af d¢? ( 42 bo % (5:24)

which is an anharmonic oscillator with conserved energy
11 (db\> 1 [(g%fo),, 1,
H=—-—=|(— = by + =D, 5.25
2a§(d() +2<4)\2 0t 3% (5:25)

6 Solution of the equations of motion

References for elliptic function identities are given in [1].

The Jacobi Elliptic function cn(z, k)
en(z + 4K, k) = cen(z, k) cn'? = (1 —cen?) (k" + k% en?) (6.1)

f(z, k) =ken(z, k)

2
() == P =ra-@ree-np-r o
2
(Z—];) + (=282 + L=k (1 - )
The function F((, k)
_ken(z, k) f(z,k) _ 2r ) 2w
PR =—5—==0~ (=1 (=g 69
F(¢(+2m)=F(C)
df  ,dF
PR3
14 dF ? 2\ ~12 102 14 14 2 2
¢ (d_c> (1= 2K 4 PR = K2 (1 - ) (6.4)
1 (dF\® (1—2k?) 1., k(-8
() =



The solution

bo(¢) = %KF(C, K)

(6.5)
2(1 _ 1.2 2 _ 912
2¢" 2\ d¢ 2¢"? 2
1 (dbh\? ?dfo, 1,
= | = — 6.6
2a§<dg> T ot gh (6.6)
dF 2¢T¢a 1
H o 4 F2 _F4
(dg) T U T
Ly ROk g?4idar 11—
a,H = =
2C/4 {)\2 2€/2
) , (6.7)
~on AN =2k
¢T¢ T2 2,2
g C a;
In the unbroken phase gg =0
1 1
k* = 5 B ayH (6.8)
Averaging over a period
1/, E 9 1 9 E
(cn?) = kQ(k_1+K) <F):E<k—1+?)
. . i (6.9)
)= S(F?*) = B —1+—
()= 5P =z (K -1+ )
In the broken phase
o 3 3 1 E
fp=1-2(R)=1-= k2 —14 — 1
§o=1- 28 =1- S (P14 (6.10)
4\ 1 31 E
1=—"-(1-2%° = -1+ —
92 ( )<’2a? + 202@% ( + K)
Y ; . (6.11)
2 2 2 2

7 Energy-momentum tensor

scalar field energy-momentum tensor

2
LT = 2 (DR, + D6 D6 — 34D, D7) - (M - %2)
11 1

= D ( "6t D, + D¢t DFp — 61D quD”qs) (q%— 1) (7.1)
11

ﬁ
- A {4 (D"61D,6+ D6 D46 — 81D, D°3) — ot (616 —1)]

_4
&

9



Use
1
B,B,+ B,B, = BZBZ(LULT + L. L,) = B"BT P, = tr(BHBV)

Y2
to get
DuéTDuﬂg = (D2 + Bu)ﬁ“(DB + BV)QB
= D%'DY6 — ¢'B, D + DY6'B,é — ¢' B, B, ¢
N of P 04104 _ Af 0.4 04t B &
Dud' Dy + Dyl Db = (D26 DY6 — 6B, DL + DY Bud) + o v
—6'(B,B, + B,B.)o

_ (ngﬁpgé — $'B,D% + Dgéfoé) Yoy

— ¢'¢ tr (B,B,)
so, to leading order,
4 N . N a2 i
7 (D“(ﬁTD,,qb + D,étDRG — 64D, 4D ¢> — ' 5 (-2B"By + 8,55
1 1 1 [~ 2 N 2
Sron— — ~ |Gtdtr S (—2BMB, + 6" B,B°) — 5#( té — 1)
FL v gé 8)\2 ¢ ¢ rwg ( + v ) v ¢ ¢

For the CGF, with B,, = wobytL,,

2
tr— (—=2B"B, + 6/!B,B") = b tr (AL"L, — 26//L, L) = b§ (2P} — 6/ P7)
Wo
= b (2P} — 30})

SO

it s o551
0
I S b2 (3u” P ot 2 PH
= Gy |91 Buu, - P+ (616 —1) (u'u, - PL)

gauge field energy-momentum tensor

1 auge 1 g 1 7
th & Iﬁj — £4—t1‘ (—ZF“UFV + 565Fpan )
121 1
= ———t _FNO'FUU _5MF O_FPU
[l r( + 10t >
1 _db
F OG[HTZLV] by olLys L]

wg M dC

10



1 , dbo ...
w—étr (_F,uUFV ) = tr |:— (d—ca[uTng] - b(%[L/u LO])
db T O o
(d—é)@[VTzL | —®L,, L ])]

2
= (—) tr (0,7 L0, TL7Y) — botr ([Ly, Lo][Ly, L))

2

0) tr[(8,T L, — 0,TL,)(d,TL" — &°TL,)]

]. ! ’
4 bé§ <ijgoa Pao" - chr P#UPVU,) (710)

dbo 21 o o o
- (d_() 5 [0.10,TP] - 0,T0,TP] - 0,T0,TF,

+ 0,TO°TP,,] + by Py

2
1 .
_ (_) 5 (30,T9,T + 0, TOTF,,) + bo P

1 [dby\?
= 2—0% (d_C) <3U#UV — P/“,) -+ bépuy

1 o1 : 1 (db\’ 3 3
—4tr <—F#0—Fy + ZQ#VFPO'FP ) 2—(13 (d_g) (3uuuy + Zg#y — P’uy + Z—lgw>
3
+ bé (P;,LV - _guy>
4
1 [dby\’ 3 3
= 27@% <d_C) (Suuuu + Zg;u/ - P, + ZQ;w)
3
+ bé (P;w - _gul/)
4
1 [dby\?
0
= 47“? <d_C) (6upuy + 3(—upuy + Pu) — 2F,)

3
+ by (PW — Z(—u#uy + PW))

11 [db)\?
=1 [a_f (d_CO) + by | (Buuu, + Pu)

(7.11)
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1 11 |1 [db\®
—peanger — — | (2 bl (3utu, + P"
R €é2g2lai<d<)”(““+”)

11 201 ¢
Ll goe
05 g? 82

bg (Bupu, + Pu)

combined energy-momentum tensor

TH — Teauger | T¢u

L, 90
= pPo [(?H — @b%) (3uuu,, -+ P/“/)

density and pressure

T = putu, + pP¥

P_ B b (s

00 2H+8)\2<¢¢ 1)

b 1 Cb%b?) 1 40 2

po g> 4\2 82 (¢¢ 1>

1, () 1 i N2
-~ pe g (99-1)

in the broken phase

. 3

¢T¢=1—§<bg>
o 3 9 5 p 1 o'd 9
L _2pg b P g 2%y _
gl et = ) — 55

equivalence with the cosmological equation of state
See section 10 below.
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8 Irrotationality
Consider the first order differential operators
Sy = P, =0, + u,u’0, (8.1)
Calculate the commutators
[Sus S| = [PR0,, PJO,] = (P0,P] — PJ0,P])0s
= (PJ0,P] — PJO,P])(P; — u"u,)0: (8.2)
= (PP0,P] — Py0,P;)Sy + (P0,P] — PJ0,P7)(—u"u,)0:

Sy, S = T5,85 = Ayu™d, TS, = (PPO,PS — PLO,P?) (8.3)

A = —(PO,P] — PYO,PT)u, = P"P 10pus = PP]0pu, (8.4)
By taking a linear frame at z in which u* = 0 and u; = 0 we see that
Aw =0 & updu,y =0 (8.5)
So u*(x) irrotational implies that the operators S, are holonomic,
(S Su] = T3,S, =0 (8.6)
which in turn implies that there exists a nonzero holonomic function, i.e. a solution of

ST =0T+ u,u’0,T =0 (8.7)

So irrotationality implies the existence of a time coordinate T'(x).

9 Adiabatic time evolution implies a continuity equation

1 o1 (db .
w_étr (—Fuo b)) = ( dc > (3uptty, — Poy) + bg P, + O(wg )
. (9.1)
—tr (= F o F") = —— | == 3b, + O
wo (e ) a?(@) 3+ 0k
1 1 V
i—isgauge = / 2—g2t1" (-F/WFM ) vV —g d4$
(9.2)

V—gdtz + O(wg)

3wt |1 [dbo\? .,
2% [7 () +
1
ﬁsscalar:/8>\2 [3¢T¢62 (¢T _1):| vV d4$+0(w0) (93)

In the CGF rest frame,

ds® = (g, da"ds”  g,datds” = a(x)? [—(dT)2 + ggj) (z)dx'da?

d¢ d?
\/—g:az}\/detgi(f) d*z = dT &z = (d'z ¢ =wTl

)

(9.4)

13



and

bo(¢) = alf(@ k) (9.5)

1 4 1 2 2 2t 2 ot 1)2

g2 2a2 \ d¢ 8)\2 2 24)\2
] , (9.6)
3wy 1 /dF 2¢T¢aé 2 ((b ¢—1) V=9 .
— [0 (2 F? 4 Lp
7 (dg‘) o PP T a e
1
ﬁSCGF =

3 2 2 7t _
/dC /dgx\/detgg’) 39% [—% (Z—Ig) + ?;ﬁaz F* + 2F4 - 54)\21) ] (07)

At leading order in wy each small volume element d®z of the fluid is an independent
anharmonic oscillator decoupled from the rest of the fluid (ultralocality). The coupling
constants of each anharmonic oscillator vary slowly in time compared to the period of
oscillation. In such an adiabatic time evolution, the adiabatic invariant § pdg stays
constant in time, where ¢ is the oscillator degree of freedom, p its canonical conjugate,
and the integral is over one period of oscillation. Measured in quanta, the adiabatic
invariant is

1 1 [ dq
onh PP =00 | P (98)
Taking g = F,
1 3wl dF
P = d*x \/det gi(]?’) _QOd_( (9.9)
1
5 P pda = d’z\[det g N()
e
(9.10)
3wd 1 [ (dF\?
N(z) = —=2— — | d
) ="2 o, (d() ‘
and )
1 aF (_ 1 4Kik_2 den ¢'dz
27 Jo ac 2 Jo (272 \ dz
1 [ /den\?
- — / 2 (ﬂ) dz
2’3 Jy dz (9.11)
11
= K23 [(1-K)K + (2k* — 1)E]
1 E
=37 [1 — k(2K — 1)?]
SO 5 ) 9
3wd 1 (% (dF
v =" [ ()
; (9.12)
_ Y 2 2 E
~ 4[]

14



and the adiabatic invariance condition is

0= aaT [ det g\ N(x )} ;; [\/?CLEUON(:E)} =0, {%%)63@6“\/—_9} (9.13)

ay;

which is the continuity equation for the number density

_ N(x)
n(x) = (Tar)?

O Jh =0 JMx) =n(x) Pu(z)/—gd'z (9.15)

(9.14)

10 Summary of the parametrization

1
C) = 5k;2(1 —k) COy=1-2k

E E 2 (10.1)
_ 1.2 - e 1.2 2 - r_ = .
Cy=k -1+  Ci=(|1-k+@2 -1 (=
a=(a

goFOA-F) _ G

2¢"a] at
Folo  1-2% Gy
42 (a2 a2

Jg= O

g2 a2

(10.2)

E 1 C
2\ 2 %
<b0>— (k _1_"}) C/QG?_E

% - gi 8A2 (qw_ 1)

30, 1 [4X2C, 2
“ea el e !

P 1
%—? 4)\2¢T¢< 0) — 2 <¢T¢—1>

2 2 2
101 14N 0203 1 (4)\ Co ) (10.3)

2
at AN g2 a2 az 8\ g% a?

s
11 1 [4X\2C, 2

1 1
24‘/2

lon =

[1 — K 4 (2K* — 1)%
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unbroken phase

1 1 1 F 1 2m
2—— _ — ey = —— R :—/ /:—
k =3 C 3 Cy=0 Cs 2+K Cy 2{ ¢ 1K
C 2 3
2\ _ 3 ~2
<b0>—§2§ a§503
p 13 1
po  G*8g2 82
p 11 1
po  at8¢g2  8\2
11
égn:A?)ECzl
broken phase
242 3 ~ 3 4N2Cy 304
—(b3 fo+=(bg) =1 =1
¢¢ 2< 0> ¢¢+2< 0> 92 ag 2(12
. 4)\2 3
? =—0C 503

9
Lo (20 +—=C2
po at (g T )

1 (1 9
P {—2(01 — CyCy) — —Og}

po  atlyg 322
11

PBn=——

o’ a3 g2 "

Comparison with CGF cosmological construction

unbroken phase (cosmology on left, fluid on right)

tHiggszeo
_h(3 1 A3 1
Pear =41 \8g2at ' 8N2 =i \s2ar T s
Ch (11 1 Chf11 1
Poer =51\ 820t~ 8N b= 820t~ 8x2
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(10.5)

(10.6)

(10.7)

(10.8)

(10.9)



broken phase

FE
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Peor = 2751 T 3002 4 P
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g* a g> a 32\ 00
K gQA
2—;;%3 =1k + 2k -1 7 S03n
('z (2
z~z+ 4K« ~ + — T~T4+ —
Qawo (670%)s}

Higgs

1 S
dS = t2 d <—d22 + E—QgidedeE])

~ 2 2
42 20[ a C,dZ C gzg i
tnggs 0 §/2 [_ (awo _|_ @2w062d dx]
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11 Low density

G&R 8.113-4, DLMF 19.5.1-2, 19.12.1

T k2 9k4 8
k—0 K(k‘)—a(l—i-z—Fa)—i—O(k‘)
s k?  3k* 6
L I 11.1
E(k) 2(1 . 64>+0(/<;) (11.1)
E K2k .
K-l oW
12 2
Cy = k(1 — k?)
2
02:1—2k'2
E 1 2
_ 1.2 _:_2 _ 6
Cy =k —1+ ==k (1 8>+O(k:)
, 27 k2 4
(= o=1-"7+O0k
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K 2
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p_1(30 9 2\ (LY 3 opy (12
po_d4<g Cit 5550 ) = (1o 922/% + O(k*)
_ 39 k2 + O(kY) = 0.600 k2 + O(k*)
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p 1|1 9
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equation of state

P 9¢g*
£o 256)\4 2

>\
4\ = - —
A (92 W)

1 17/322p\°
256)\4 28X 392 po
P2 12 (8N — g% p?

S =y

Po

N
“ A2 (8\2 —
p= @l XY -g) —9) _ 990
2 po g
density of quanta
1 3g 2_13932/\4p_2/\ p p

T BI6M T B16M 3¢ py g M. My
present dark matter density and (k?),ow
3H2

81G
{ peont Ynow = Qepape = 0.27 - 8.53 x 10~ *"kg/m* = 2.3 x 10~*"kg/m?

pe = = 8.53 x 10~ *kg/m?

m —4.1x 1096
Po
2)\4 V] now
(K Yo = ; (Peonhnow _ 4 7. 4.1 % 1076 — 7 10°

39 Po

TOYV stability and central density
From Dark matter stars [2], the maximum CGF star mass is

Mpax = 9.145 X 107°My  pmax = 0.799p0 k2. = 0.341

max

(11.3)

(11.4)

(11.5)

(11.6)

(11.7)

The last two numbers are from the numerical solutions in Sagemath. The entire star is

in the broken phase. The core is not in the low density regime.
The unit of mass in [2] is

my = (47) 7= = 2.94 x 10 "M,

Ql~

Here the unit of mass is /
M, = e 1.04 x 107* Mg,

The TOV equation is exactly solvable with the low density equation of state
p=—— cq = 0.99248

In the low density regime, [2, (5.1), (2.2)] give

M Pcentral
= 7703/2—

a
mp Po
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(11.8)

(11.9)

(11.10)

(11.11)



which is 3o
M 1/2 a centra. centra.
= T To Peenmal _ ) grgopLecntral
M, 2 £o Po

The parametrization by k? is

3 2
£ _ 3—2%18 — 0.599698 k>
Lo

SO
mt/ 202/2 3 g° § -
2 @FMekzentral = 54782 x 10 5M®kzentral

The microlensing limit M = 10~ M, corresponds to

M =

2 10 11M,,

= =1.825x 1077
central = 54789 5 10-5M,, .

12 Possibilities of detection and verification?

The metric in the rest frame is
ds® = (g, da"dz” = (Pay(z)? [—(dT)2 + gg’)(x)dxid:cj]

In the low density regime a, = 4)\?/g*.

4)\2 3 D
ds® = eﬂ? [—(dT)2 + 0% (2)dz dxf]
so proper time ¢ is given by
2\
t=(—T
)
The CGF oscillation period is
2
T~T+"
Wo
so the period in proper time is
2m 2\ 2\ 2\ 2mh
bt 052 — o omly ™ =t 22— T
WO g g mHiggs g mW
The proper time frequency is
mw
Wproper = ~3
prop h
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