é\)mw\&{v‘ 9@ MA(MQ We  Cnow aloow%dtark ma\irtr:

G how muda it 1e CCMB) Sec [er Lﬂbhmc;) re\ahive to

Q. and (O (mosk preeise Hung we )
a\Sob &%\\‘\‘ K&L‘- D:‘V\E%\J + &Xfavf\‘m \'\ASWS \‘ ﬁ [L/I/I/Q\'L) >

L) \/008\\\'] ) PDMN sz'l CJ@V/(/MB \)0} L rors DQ ~0-( G(N/Crv?

L lower bound on Wetine (T dge ot Universe)
DM was pPresent well before recombinahon k.

L \/()QM bound o0 Wkerachon Mates Cor W woltlel hawe
<00N W\W&Q\*DAS)

L upper bound on DM velociiy / frex S\eaming
diston e of small halos gex erased

L weper lbound on Mass, Mypss< observeah DM hjle
M asies
G lowrer bound on masg

5 bosons — OLL%(D%L\‘(_ wa\ﬁeuﬂﬁ% st Gt ngidee
Smallest DM halos, m |15 e oy s,

La :@umx‘oms ~ Panli excldsion can't me\{— o

ex\shen e 0@ smalles i > hals ZU\)%/\CJA%M

\(M(W S oo \/<\J‘UL>) M 2 kx,\/ (Twma\'VUL'

. Gunwn)
\W PZ}M?IL 0 @o@s\bw mass&sj 40 0o

=W , -
22 QT W g 00\ eN 0"~ 10 ‘Mo
o eN Qass Sinds \ | \L Primordcal El%%k
R ' x 777\ winday
/ LAY, A — \\)L,M‘I ¥ l[
pMHhreemal windew ! Mass ~ o
DM as cold NS < 4%\ 2
Wrralioyk e Lomposite mpact
RACRULS 2 dacc mater  OLecko
Swaws  (fremawe )



fow o aggwac)/\ \f\uobﬁ, Lpas ob- possibilt es?
G fokal ana{dny /agalr\m/ (no thanks )
L very phenomino 104 cal (400d wien we have a lot
ok oaka)
L ij Yo Q)(P\am g/v\oma\/y (* Impwlanwe dnas{ns‘)
) {m) Yo mawe DM pack of SolwmonN o oHaer
KAOWN (S30ES | Standard moded (hiergrchy
QV‘D\o\w\) 8%(\6— C® gm\oUw‘) MAND MASS etc. )
5 focus on explaining aings e lnow, especcally
abund.anwe Q.
J
E)Cws oC/ Jcodv&’f Q"PL&““““@ DM abundante {vowx
Harmal pWwsics in axpandin 4 Universe @ carly fmes

Node: T wor in vays Waee W=C= kBt 1 \

Q\)\?POSQ, D has 5 n\)m\oer—d/\avwﬁm@ onwis‘ Yo
W0erane DN PM— X et X (5 in O™

o 15 inktcadkion oSS seckhon (S 2o numbec of DM

P&CHCLQ/S IS OQASJFS.(H”J ﬂBMa?: st —0\4(“ ag):o

3 5 N N OHT 1A

= 0N .
§%f3aﬂé§:0 > +3Hn =0

okt
° W we duen pn annilitation  we have to
Lok Lo 2 meve ferms & oLwahon
3 prodockion D€ DM



0 ‘a . ﬁ\..a V . ‘/VOVU m

L, T T, Y Parh‘cfcvcwm

— " +afqa— Faroet?
B MS(M (A |

nv s QA J\(\%X i\"_,
artax hwme
T gek 8 rar of ‘Wi’ mulkply by an ares
0, “Cross $eehon” Jelig Jou ﬂ)m\oab\‘lf{v) {or particles
o ik danmek ?N% (liee ¥hawing clarts
to do Monte (gl ke aion )

50 tkerackon rake s nov. Tn geneal
0(v)* (onsr- MMM oN Parhide plsics
YV\)OOLL\) So We do "W rmal &\r@rngg” ner
disH i bukon o Q&PH(/ULS' %WJ so Yt
(A% 15 NKTVS e Narmsl W'géb/‘-'

VP
MLrmal inferaction vave

\u/ dark. matec, Jou don't hae 4L +9”3J"4
oW howte 3 au/ns{)nj ol +amav¥s

o v, © 2, , scales ag
e o "’%e" 2

) L o 0 9 = ﬂ



. 2
so N+3Hn= - N<EVr+ X <ovd
I has Nant %ndcpeqd“
APlehon i) f | '
of ko, 06 1, accounfz for

PM prodwchion
e Can £~3m~c out what x 1S ug\yw) dibai\eel
balance = in equilibnium  deplepon produchon
Snowld  Cane\ %o Mure s no Nk Change +o l\fBM
0 N\ Q%WM\QY‘(‘UM) <O'V>()(-—\(]L>:‘/O = N <

N
Ty e
. Z R‘
WQ} \04—3Hr\ = -—<5‘\/>U\ —\nl>\ O\Aﬂ%&a\
eﬂ\ Qqu&h‘on

& DN s Pv’od)uz,ad %\lmm’mcaw N ?mwu'
avhparhda pairs i+ has zew c,mmq'(,atvmjm@a\

%/ o
SO '(\ep\/v g (JmT) Ze, /T) mbMBBT LandBHxh‘Shb)

ng VY\DM<<T‘ (re(ahWshc
(%u.rc BT MMy Variahons on DM pmdndfon that
Vo \ate Hms
To solve for DM #olasihy in Closedl foom i
ot possible bot We Can Understend
ﬂua\ﬁah\ra e aviovs~ IN fwo V\MKI‘WS



® N Loy & H = expansion commnates
*DM ear"n‘d,u nave 3 hard Himae Binels
each oW 1o (nteract as vniverse 2 ads”

= N~ ‘/33
@ N <D‘\I> >>H = N %lbows ez)w‘labﬁum
ous*ﬁ\o\mm) any dwiahon drnives n’*'ﬂcq
DN RUS ol ealvxg«h‘on
DM m%uadm@ 5 ot % mca/(/\«ka{/\,‘nﬁ equililonum'

Crossove OCuts when nZev> = H and L
DM was in equilibnom e Sar s S wlhan
W ) /

o bezes ouk (16 DM was never
Cguiioriym  and n s Lar Lem Neq, W
Sy Aalk makter “Qrepzes 0™

at %—eﬂ/%e—o\/\‘r) —(:w) for T T

M T3y o ngg T (iguanng done-deptaden 5,
A T; ’\D CAQS( muﬂ‘)\d -QS\‘WHQ&QS)

Two (ases 4o Coteiolel’ ®Ti>> My
@)T1;<< My



® T:f.>> M on (freetrout e relakivig “‘\‘c—>

3 2 3
gy ~ N N N
Neae’ 't N~ Nyt (@ T alter

\ |
(s i< J\)S’\' Wee Matinos! Se Videys \ec’rvms->
\Q GFDM NTCMB ‘H/\L(\ \083@_@\ 6N 7: nb Nnb _q
N

-~ |0
¥ MNpm
i “om Mom ™ 5 “‘omb = Mg ~ kO-Sm)ON |0eV

(cinuz_, QDMN 5_@_\03

im0 § dicoupled while velohushic
wl Vo™ Vomg YA W Make 4po MOUA DM

bt W] Mpe< 0 e F Ve (%—g bmfg

Cask Mmoving DM Yok DMY) s el Wiy
b\1 %\Y\JC/{'UJ’C ‘QU\MQ‘BDO (silac o naukrino

L/OOQ\/\OkL/ what \Q Ty‘w# TC/MB d&oou?\\‘nq) at hcgw

W tnan G
N WO\/V\L\UD(‘VLJ Show (2= Mam xlx("w
Ml 4 \7,

“Warm dark meker QrEnt stvructyee Cormahion
ConStracnts e M 2 5 e

%* ~ LD}" 1@4
(Srandack Wodal oy 1as e~ 10")



@N’\J\'\”&)r Q\OOU\*T:p K W\DM(2 @\wuu%e ok wlle
V\A)nr&lé)hwg%c)

\ 2 hot DM
N »\« /W%"W‘k
Cqbtlibn‘u\m/ - lmmagmﬂ

\\

T v, W ho \forj L3 ross
What value of Lev2 gyves obsecyed DV Abund snce$
Tp eckimare. nove thok € Mater fadahen

Quality - Pm= B D mynng (T, D~ T

5 MRE
2 Mpm 0 HQ ~ e e o T
T Mo
but algo @ Tj@) v\%q<o’\l>~ H~ _Til, \(a\*:ﬁ\\gﬁ?‘ﬁ
SO V; T M?\ radj;;:ah“)

3 —_— » < >
A T =, 6N
P <6'\/> :F mD[ \ %3 IHF\ x

P\/Uo)iﬂ M?lNLO GC\/ T‘WREM | eV ) (o'v>~\o 27 3

TM?.E



in wnils where N=¢=1  mMass has units of enarsy
ond U&MX\M has ymk of mass | SO

<o) = mass™ i <ov) doesn't diepend on
\I‘QJWC«‘\U (Vs-wave") Hhen 19\1 invien siona |
CLZIVEDN r5 ~ oL «— (,ouloh'ﬂﬂ ok

i, V> T e B m@
Diva

N elechoweak theony | o~ 1o o0 to gek
LoV LO'Z:LC/MZ/g = My~ Sew x 100 GeN

G scale ok weaw
u | \Nerachon

YW AMP mitacle (Huge windidency )

& =2 (maximum for pectur batviby )
fun My ~ (00 TN “ummwt«) bound "
WIMPs  have M< 100 Ten

atkecks entropy Wring Boy g since we've
Measured BN ik aqees w) S Tl

My 2 L M for Hurmal frecze put



