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FIG. 1. Neutralino codensity as a function of the mass-to-temperature ratio y = m, /T for three different values of the
kination parameter. For ns = 0, we recover the standard radiation dominated cosmology whereas for ne = 0.01 and ne =1,
the expansion rate H is significantly increased. This leads to an earlier decoupling and to a much larger asymptotic value for
the neutralino codensity.
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FIG. 2. The age of the universe {y as well as the typical time scales 7, and 1. are featured as a function of the
mass-to-temperature ratio y = my/T. The frecze—out occurs at yr = 22.7 when 7o overcomes 7.,. The standard radi-
ation dominated cosmology is assumed here with ne = 0 so that ¢y evolves like (#.



LR %’Z”CDIL?U/VGS ?ROBLedﬁb

Joxmov ?:?ERE
. ~ BRAWS -'mcece '_



S 2 C LS

ST Hhewics of gravily bsr: ., Ao .u:f@
)a.n-ou.r P P a‘ov

nRago, as, Wa

ngv ) Gy (g, W

| i‘ﬂ’

54" ,[.T[cp Rﬁ’w(cﬁ )33, -2V

7
‘Sam“er = hdhr [ ‘%‘ 3’ 9]
couple] ouP f, e metese fems
el l

R Rlal S't.a-Ql-V Cth{'tuchA rtolu 'Me H‘7$¢'¢t Wetaic

“l‘ §T *'&t? u\h"; :ul {‘f(¢)

' el by 1 50

IW‘lu Fieer- Brus \.bctg - W(#) -w const
N V@) -0

- pV
T = SS is comserved,  Wasses e

F fj v NOpN-GCRAVT, &n’.eaugs are

sie ‘t\we Iw-lt. endent, non-0ts
’K‘N'*}.n V:!“:LZS "\"' s Q‘M h.tt. U-\.ua.l -eom



Lvr €qs. OI w:‘"on ate cumLer:nm /' J;fv/u
fuwc as m‘t; e X s/..‘..-? n..,;{ s};..-D
it ) o ¥ AP IR
f’!a.\n(. ¢ s .A- (?() 6;
V(6)= A7) V¥)

buliug o) = i (4* o3

’ :-.stu‘-. fn.m- v
S Ev =4 Si‘i \F_}—[R-Z;' a‘f’r:
i {n G* e V{‘{)

Lu\’ oW thu_t( CO\‘\la.t‘us ‘.Qc,, 'I‘Eg Sealafr FeQ.
Sl 2
"‘!vu-u:t( [ lh ! A(‘f 3’417

_ !
Augpsse, A.HJ ’lon'JZ‘.V. Cou P, CO“S‘ aL2€
ﬁgpl“le}enleu{' / 6; /"oue-f’nle/eun{eu% «.-,,

ﬁ&(e/s. have a }'c'u-}-';pe /o ri.




l .
ENHANCENEALT o E H s Al

‘N § T "”l_(: C AT ".f ;""-"‘" Fy é 7}1“2.‘*“[-

EXCLU Ded Br
BBN CowsSTRAINT

Damour- Vrchoy

0 50 100 150 20

FORNENGO, EATENR, kK., TIETRONI, ROSAT



pH !
J)E > BARYoNS ?

TRACKING ) Raniaton ¢
k NEUTRING
/

Soaex = > Jbe

FﬂRpoa}' NELSON, WEINER
FNW TroPoSAL,

j; ""f,: wi‘“«fn a, ch{'ﬂ' ’ (03
15 NOT a coi«cia(cnce = L}i— o re -Ch}.mSL‘,

tloea(.'vxg oVer Q._ e orb:w P
e Lishwy 7[ ¥ Uu:?’/er&{z. ﬁ

ex. ,.m‘nfi::e»ee



in the mon-r af{vcsl‘fc fivi b o Jozm,n,

V(W\y(@) = m,(b)w, + \L(W(@)

/ SCALAR FPOTENTIN

THERMA L BACKGROVAND NEVTRINSS
AcT AS A gouvrce DPRIVING my

winrzep For LARGE W, T

Assume V,(”‘,(‘ﬂ) is Mt

ﬁcont’eﬂﬂou seTweenN Wypn, aut Vo
[

| M‘lﬂ\\M\L\M li. awn ?V\'\‘trmca\tge valuwe v

Vial verae lx‘-.uus;‘gn # v c‘.eas‘-\:] ,L =) Ssvuree
“'erl "'="> wv :5 Af:f!n “9 eo.raer' V'l-euts

Assume 5»:« , Le. Wm) g L TmTloA @Ry
wrt. veradions in M,
V'(\M,) = Ny+ V; (wn,) =0

& comservation of enerqy ! § = ~3H (J*’ )

wz etk wed = -0-9 = M, N
e =S = 2y @7y
Stk Syedly  wyn, Vo(w)



M, S o o\)ma.wn'ca.P ﬁca

1 4

_fu\\e"hn or o SQLPLP FGPJ ¢
w, ($)

Ex.: _L ..LL.’._-
myxN Mo
H(e) =h
A NN
H l-(

> M oy
H($)

i H@® =hd  or M@)o AT
ot

N 4 \
Ze g yN e H{E MU ehes A by (14 MG
s> Lo = CYLIOIRAD thoe + A G5 (@)



L Jj+ L + Ymggiv
¢ PN
o
]1)

Vi

CouFQ, 3 - cr;;‘n 1Lesseq¢c Viy
V weess teru
7B Ulp) ’

FNW DE HOBELS ARE SPECIFIEd BY THE Ford

V(&) , wm(d) ‘_
51 g aotion a? + 'l' 3H1>+j4__v‘ 4'%1'\':5
JV' o wele)

wa My & E\
N £
/tELﬂT‘V‘ST’C Y . AJ%I vu-, Su} T 131

\ - D -v DPéEcouvTLE

NoN-RELRTISTIC )
Vep () = Vo (@) e m,mie)



ENERCY Pon cACH CoMTenEdT DS
NOT ContERVE

; Por $Hgy = dm g
So + 345 (“wqb)“""gﬁgi‘:
> ( Joe3Hp, (e )5

/_ j{» + 3Hy¢ [ 4+ w;#):o

Bi, Fe"ﬁl Li, EL‘M?S/



NORER

1.0

o8l }
06l i
04} i
02 .
0.0 _'

1.5F

1.0
05F
0.0F
05E
-1.0E
15E

-2.0¢

log a

B;fBE -{\(na’ Ll, Zl‘laﬂ\}



FBI" Hwa, Ll‘[ ZI?U‘!}



LIMITS ONM THE HMAsSS oOFf 4>

@ recteine souree ferw ,@r{: sfd.'d% eonsh . F

= ¢ does wi nway on distinees O(v-v shecies)
~ Ofw'eV) = m+ < 407 eV

@ oliabitic evfibia 9P $ simce BBN

= 'W\+> H ~ 40-|‘¢V

B8N

TR°BL€K: S'h\.L'ne:a-;}:‘?M Q‘r ¢ uL‘l- Tl"g WP et Uy

i) ",F 'H’te }w\rtut'ta.? Le_fing BR AN
L) Lul‘ f'ecw W, n, Sw?"c'«e; oM

\\N b J’ua.t'o.u ee me YAl st e o 4.+ ‘ee

¢

3
Correc,{' t\ value V(w;) A T;; u.(f ~J>e ~ (ZK(O e



m, ¢

vnyx._’_ + Lﬁul' Df % cpu.shn‘n}/
w\ntw 'Y Lecowes hon-nﬁla‘v,

= Vs C@:Shl", i.e. atd.w'l'/ fuf&.
Sowme l'mf'a ex:s c‘nf .DH Iv.u(oa_s

X ’W\.’.-:O-CcV/ 2 = I_'f T -".."2 O
C—*’é:‘( 7; det

Y cPu-sl':n‘n} }o.oa(uu:. an 0vera(euy,'l? 9%’ ~ 30
i Hu &up guu};

o
"My Y 062 i L O15eY
iy sur vi‘c‘.ullfr 30
m‘:,) " O‘ X 23 ~ S—QV
ou{"ﬁ‘lc anu'.(r. L)W > -08

Lauv:l 'irv\'mas



1+ W

?owes- {Aw 701'éwnm. V(w,)« W, Wo

. w,:-O.S
° ’ °)_ 0O
myn, =04 5 . V(m,) =03 Pdrt,
SL& :0'?\)?&
-— o o )
]@: mﬂ/my my = 39’ aV
PECCE)
0.1
0.01
0.001 E'
0 20 a0 Y
2= - 1



Tower- LAW  PoTENTIAL

k
(w s Tt

'd

|

O,
N

20 40 &0 8o

Teece



?MN&R‘ (Aw ?DT?NT 1AL

pe /P

-~

L

GO
100000. | . | oA

~
\

78

‘o
i

1000

10 |

0.1 ¢

Feee €t



cl) - MATTER INTERACTLIONS

| z \_v/ 2 e v €
wrru\'iws l‘}dvi AN + q_‘l’ O (GF w:\ - 1w
Ml-mt w:"« l«tuwﬁ-\‘] .;[ 33 /Cuu} : eﬁ.c?"oﬂ V(é)
Cow).a.'u-\oet t }0.3.\7 OL l-Q..‘. CoSu-lec ¥V LA.CLJ“‘.-”)\

Ka.})Pav\ - N}.Eson - wtiﬂet."

E{ N &f‘akr m;. Hw > ,ﬁu“ﬂr Yulfar a2 o 7[’
O(G’: M:'(ﬂ) =2 vzrf Yw.u@ CorrecYioms

NOoN-RENOR M. OTZR. OCoutLtné DE To NKRATTER
h, bée R PP hupni
/ / -

/
l\¢ W AP&; xﬂ -
[ Hr Hp



Jtv?a\:ons ow | -
F =D Anp A0 Lo gy, 107%Y

v s ;L. ;v\'tt,
fo aﬂ Y A.{e“er’u; Hec‘.t& f/ee!on

'lftSl's of 'l’&c ezx:ueencc

2 8
’.u‘nd}ee = Ang XP< 10 ]Ppr MGPZ 1D ev

Suel'a.e. ; S..,:\-ﬂ et ke-

VAR'ATION  OF ¥HC FUNDAMENTAL CouPlLivl CowsSTmw

V)
I
¢'(9)
?ossllee fCCOM:()s'LL‘ou 9]C ‘f&e Loou ow ‘9« varta ke,

vr.c f,.,w. N 267.- B wordl nucleaz zenchor
o Bl Wil siwe  laiu of ‘wezeare -f.e

L7 . Bu\':u ~ 107F yiuce a-elsl,.:f!- J"‘“‘\’“ R, 0.
D terrotel value f v ol be ~ Lush

bu.\' ¥ ﬂtl‘ﬁlc oug J’;P&t] Cen\lr‘ Couol Le S‘&JR"‘%
Va..‘l.‘]i‘uy = Variaine '!& Ull’& u“_\l-"- léuv\'l! ?

AT Ia!



CONCLUSIONS
{. DARK ENERCY : “DYNAHICRL. VACVUM
ENERCY —=>» MINIHUH OF THE PoTENTIAL

OF SOHE RoLtING JCALAR FIELD - QuinTessEn

2. COINCIDENCE TROBLEN => QUINTESSENCE

TRACKS 5or{6 HATTER ConPouswT (fx, P, f

-’)\/eﬂo an_“ + MATTER SouRcE TERMS

3 QuinTéssencE TRACKS  NELTRINOS

= A (Pny, €S

L oLk e ‘“"y

SW\&R)\'!C‘&S ﬁ Gpe) £LNn.3¢a\¢ & Suee(ner %‘ﬂ

A VARYWG NEuTUINO HASS

=> Tc:rauuf INPLIcATIONS !



