(roo\s

- Undetand su\a.m\ deems how u.rb
Constvadn  Lyoe enemy u\30. AN Ay [ee-um a

= (Wi W) Drserbe Yoo fo deduiled
co\eudodiony

“univene pm\u..s coan

oo R el o
ofler sowred)

I O annhilodes oc MJ: r SM Pau"\\“c.\e,s' SMJ
m~ DM—D S™  over all cosmic k.‘x-]-oa.

‘\"R(.k\v. ‘& Ry .@u

Lo us eShenate  dhe wnpoek A s enmy Sremnsfes
4"\00 ane\edrie 0 / A"“’j (AR e var e;@?e—éﬂ; (@-om
o \alions).

scu%\-'—?\fb,

Case 1 s-uave antiloNon, OM % o Hermad relic

—~——

Reviews: =vno w\cdb At?em’\ma;. N LoV ,(’M_.
aneohlolRon

asS c}ﬁ;cu\ssd e,as'\\e,(" ) »?cec.Zecw\\' occud

Den N (VTP ~ P~ T el

APer s Yhe DY\ number densiy dlukes with
Yo Uxpansien of ¥ universe, N o< Vo3
ahlales over

= o © 'DV\ ‘\'\\ oX 0N
\'L* A.Szaﬁﬂ - ]C'A&\'\\" Q * a H\A\:\a\g '&\"Mﬂ-

-\
= n (G’VQD \-\\/’*Hu\p\o\a e
Ll N o f&ﬁ;&\&

P(‘b\>a\=§‘\\\¥:> sg mt\i\'\\r\'\\c\\\“on ‘% N Ny
eC LU
= ndeve) ? w '

% L2 Lone) W ofer {eezeost

m:\"q.’h‘ot\ deminakien
NY
(3Y

W\ O:Z Au»h‘l\s
*xo~¥e " mMatre s
" daclk era@y

x a°



= ‘SZ“““":' A ot feezeowt, -?ur- Lo~y P onshany we hae

= 5 < o~ (d. Aom\J 0:\'5 (nodvesr deomn .\Jq'-s (pE Aom)

Nove: well oe{;\-u‘ «@ze%e.ou*/ )an <<
We expect Theeseod 2 | MV do aved BBN lmity

MeMer —dicrlon eiua\i-b (\"\KE) T~ 1 eV

=) wnwve e e,m‘aanc\.s \::3 26 odens °€ VM@V\.\\‘M lc
o Hfecezeoutr R WMRE 7(’“,\,\ A®F§ \::3 the sane -@»dm"

Then ‘Ffbm MRE +u ‘\'bém:j (mo;\—b meaee O\O‘“MO\‘\\MJ
LxpeNsion \33 a fmcs\'br o‘f 3000)/ )ca,m A“’\“ Eﬂ
anMec fRckor o ~\0°
=1 weﬁx\on.s o‘F cosm b\o\s‘m\ aveqe o\ens\b , Q,x‘nd
faﬂn < \o® *\"bAo:B |
— Vo Werding depleien effect on D™ density
UneSS O\ex\b‘ab 'S e,n\\anQA\ ~\\ orers ch
“\’3@'\?—4\‘\3 %M‘yc,) C—AP‘\'M& \\r\/ efowvn M‘\(\F‘\d'
~ S
o\g)w—s (e-:) o\u\;\bw Barth s ~Lx\0
\/\\:t)\uf Yan wsmo\o\s\m\ Od'cﬁ’ﬁﬁj.
Se D“\j a ‘\\\\3 -QM*\\QC\ o? N aenhiates .>\bmﬁ“cwf\_j
‘pbs\'z{feezeow\' — bu¥ Ye gy Yonsfer —@"’m Fhek
OO ‘\\a\\h\or\ con RN\ TS SB‘\‘Q: ank.
EV\IJBS \\umk}\ \35 04\(\'\\\.-\&.\45(\ L%(— o “\A m\\\‘\ ~ 5:“?5
(ol mess n DR ~ SF 62N o (4 of bagyens)

tem -, v\ N (S .



D) Bvey pes kogon ~ \D &N ){, & per Mwokle Tve
. -y
St Aucmn 3 oloRoA o\om}(\ oNon ‘gu\n ~ _W

W§E X:ezm\g:e,r'aé«w:, N -Qr:«e%e!w\‘\') . = At oRNen Myeds
S‘“'\{)T oe®y peC \w«bcn per A A A

= Yer "T} ~ S eV (mbﬂ ~\00 Grc\DJ L\f\ous\\

ower Yo double the kWhere eracpy) o‘e lao\@gné

— WenN  Mmore  powee -@r O\ Md ,p“%e's ook \oker
(Nede. ¥his fond wha¥ happens \n pachia, 08 Yhe L”Qj"“
%l‘\@{,m*w% 'S ﬁb\\-}b oou?\eA Yo the MDD \)un‘ouzﬁure
o & 2=\80-200 - CAB ads as 6 hear sihke)
so eg ok BBN, T~ M\, fr 100 GV DM with T ~5
GeN  we ore Myechwng ~ | PN of energy per nudeen Leomve arolble
o n-p mass splivtng, O L.»\A.\Ascm,@:ﬂ —povenmiol Yo offec

“3\\\' demank abunadoncs.
Ay (MBS e,?oc.\r\ L.S\'\o&‘\'\d O\'Qk\‘ Mmedresr- @diaNon ew\§‘\3l
wse ruc\. dom. sco.\\\o\b -@r e,!:\\\\r\en\exl T~ 0-2.@\//
eneryyy . \eched perT \°°'®°" ~ (S GeN) (QA_“_'%)
pec whbo\le me Y
~ 20102 % 1O eV %S GN/TF)
3
~lenizolNon 2ene®y

S GeN (o0 GeN Macmel “‘d\\‘), e«(\ous\r\ ‘oowo.r Yo lonze

5 fr 5~
ightess DM (lowes T5) has o bigger eftect

\-7.0/00f o\ \A&M&Q{\ ;

~The (MR onhony odm oz RNon M'\Q /NQ'\-&P e combinalton
~ Stnsitve d\anses o% 0(\0°3) N Ya onizaNon
N \ \ . .. _ 1 . N



Jacon O\Mr\rm Yo covmic darkk ages atrec \
< recom '\\'\6\*{\«
=) \Q \00"/, o£ \\lge«&'\'e-A ecw'e? wenr o \&Otc\t&\\\éf\,

Wwe S»\O\A\k ‘e ﬂk\&- oo lesk mrs:) N\S&L’n\m§ oe

~ \O? e\//\oqsml\—\v\¥‘a\e. AN & “Vt~0.2 L\l
Ei M\\\j s @ &K 1S Grc\I\‘Slmn , we Shou\d be e o
ey £~ Q0 o TR~ 100 GreV

e “c’;\\\‘b ;nor o\ power aoes o tonzalien, L uwe have

C)\VDPM sevesm\  ohher O(V) «ﬁ\c\m& , 5o {he actud\
Senditiy IS Weoleer,

" Deing Hese colomlodions  carellly reguires o detolded

caladaon of wure e power does (e.j fomzaNon Vblﬂu\‘\wb\
Lbud Wwhen Mais s done, Yhae (MR excludes Hhe s\\ma;lc.s(-

Hermal relic scenane £ mpm < 10 GV, froll e™
“—\\\\o.\ Soles U;‘LeP\- ne o S

W
Me \oaQym&. ?\w\'bn \-em@m‘\we-s are

- Poove 22— \50-2001 : \QA e
© * s A}S‘\'Y:A A A,MO‘\J

)h\\s\?f\‘\j OD\A?\LA 5 \r\sﬂ-M hae "

Maﬁ\s » P\\o\'bns (more abundock L:) a —e\ -

s(?cc.\c,s/ P O-\°>
0'(( yr\ , \f\: ‘o%bn—\'b-wh\-nn ceho = 6%\

= &\m\& . \.g..‘,zm-\mre o{l Yhe \o\-\oht\—)o«@on -Sz[un‘A
ed L - u;mPareA o bt
5 SuppresS "y & “\ )
AT § oy Ve oopypndy are haes
(For Yhe same reasen, disndRens o Be enerd) 6@e¢:\*v\m
o{: Yhe MBS ‘Pbm non-exnded BN annilation models

we Yypically oF tha Ol \6'©) \evel)




One Y (MB A matter lempemtures deconple, t is
?%sg\e_ -\-., \nu:(\' 1\—\\.; matrer Ck\orw.— mudw "ore "()C‘\éix)‘ﬁ
o Seg o ‘B"\O\\.
Tle \ooﬁom Xc«vgm-\-un:, coc\s as () o:T af’k(\
n\tu \1\03 , 0‘\°\ emmans cooler than He CMB wahi)
\'tA Eb sh& o‘u&nj '\'Lw. * Lcsm?c qun" e‘ooc.‘q.

Photons flom shars Lot heat & mf\‘o\b onize e
wevery e — ‘\veioni‘zcéﬁ‘on”, ~ um?\g,%-c,)\ \aj 2~6

Ew\:- naweSe ‘\-W ww«un\gg_
- Lﬁmm—o& %ref;)r'- nAb\\\Q-\«\ Lb-—ot A\:sst“o\\\on \‘\M.s

e\ ws obout the dishibuion + %emfzm&we o€ nasda\
"\3 3\"{3&(\ douds u—F‘-er reieneahen, 2~ 2° €
olered lempermiwes ore O (IONK~ 1oV

(MBS MMM ~ lo"?’ e\
[gonfiomed” nacdial 2\
~In Yhe {\w\vre ,/\ok.swm*\\or\.s 0{3 a prmecel e

m\a&c-go’n“om \\M r,ou\\a\ meadSe He 66\: ]-u\nf,
p‘&'ve\\owTI:t\\‘\\on - ooux\A e A [ow as O(\O')K

~10"3 eN.
(e-j Suppost ckecoup\(\lﬂ /Qmm (MR occun o
2~ 15 o/ Yen L’j Z2~1S  walef W\ be a —?osd'b(‘ ,{3

\O oo\er han He (MB. TeHR (2=18)~ S0 K, so mpu.\'
mo,\'\&—t‘ -\-ﬁmpm’ﬂo\l‘e NSK)



- Lekx ws yuess we o dedeck o DU\ w\n\\r{\\o:\\‘ot\/o\e&:&j

M dued *e«\ozw&we c\’\m\se_ of He same Mccjv\]‘\-uclg
as Yhe basedime km‘a&rbr\'ure, over a Huddle +vne
- Op\ﬂm35\'\cm\\3, Swppose o\ trefmy  Aoes Mo Mabece

he adn
‘TL&-\ we LO\A\A A&\ec\' o) lT‘\‘ ‘fa(w\ ~ \Q\I ¢€’bﬂ\ LS:Zl

SN fuan~ 102 &N fhm 2\ cm.

Summo é‘h\\s . epeck Yo fest emmyy h\jec‘n& /Baﬁo.\

over & Wullle dime o8 the lod of ~ 1072 &N fam CHB [2~boo)
r~ \&V %\M L:j.o( (%,- 2—6)1 ~ \0'3 g_\l —P'gm 2‘ cn (%~\D"’3°).

123 MMS DM\, eremy wectd /\aagcn sver o Hubble dwa

-\
~ S GeN
(S ) ‘/&")—”DM mas S
%&i&\‘f\ ‘tjbﬂ / b&sst\ "
>0 10 .S)-S(IQ-\IN\OZSS

A ~otrs it T2 Ty

(MR-
-~ 6
Lyman- = = 1 '—10'%s D et T= 0 5\ X\ISGC\‘rv\o?‘ss
e
2\ Cenn (‘9")“"3 \)S—\N \D\s L2 -\e.s\' T= \_Q\SSxS Ge\ ~\D7_‘+
\g3eN S

Nb\{, Sim\or \\%\\M bounds °€ \02—*'2%5 can\

Le seX \::3 Avect  (non-) observaions 070 de ) B:roAud}
P-bm reaons oe }\\3\\ DM c)\er\;'\b.

\'\uc we cere o:\b abouY \’b)ﬂ’\\ enuiy o N\BQ,CA\\Q(\ -
(an olso onstan A 6ub Component f DM Au@ma,
ol too\r\'\‘a\ o\ew\:j (es \aM\orA\‘a\ bladke heles ol&cadahd
\na \l‘\mk\\«‘\ﬂ odioNon),



