THERMAC HL T (\eemure 2) @

\_/—’_—\_/""__/_\

e A 2

DAQW MAMITER COEBIRQ) loew)  Wwo w2

NESR Wy FRERE ouT \ NV \ ¢ \o'*®

VE e NSO EOSKIT™ME S § Gl MV R Mmwp \od
MATY ER - LAD\ANON TRUMYTY \ eV oy (o
RECHMBINANGN O\ ot \o% wp <
EWsT SYAR S C(Se K e G
RE oA NON NS K Lewdd v (G
MMSTR ~¢ (. B euAumy U\ W oy
Now 2726 K \2d (X O

—

I
CoxSOER M SPECEY ofF PAXDILE LWISE QOCUOATAN NomBerR AN

EACH QMQN—;N"NN\ INN)  STATE S N RANDgM VAR (AN U,
E G M IMNTUE I THEWAL BEQoiBRivM Yoo AY QHeTyN§
LT A BOACKBRIN DASTRIRUTIeN  (WE Uil Mg Qs R
NoN-THRRA D\s'r&i\w\\w‘sy LET T(3,4) 8E DAE MEAN
CCROPATEN  NUMBER.  Tol A ThgomAt D STR BTN b VT
TEAPEANRE T i S Ruen BX

3,0, e M

R Bo SN
N - oD ',_,QE(
M&l - .Z;\Ju:o e A
\ N
“NE(T
jnco Ne ! ?EKMU)'J
ek —
A\ - NE/
jﬁ:«) € /I
\ LWOWMERE THpovewr e THE QNLE

A Gilea QWG — Boson
4 y 2+ Cower sved = ERRUGN



N NodR Sem ovER (MeknErTuM (g?\ﬂ) ST ARES @
Chs DE AWNRex o TED

dB
z — B“ U Y 35
MNos€ S
e WEQNES N = UOWUME
Bt A of oAl STATES (FQ 3:1 e ?Hcﬁ)/\)\

CxAmP R EREReY DENSTY OF THENUAL PARTI( U=

TIUS (NTE ChaL CANA BRE DanE ARACITH ALy ){ [ @Bt@?
FACE  ANAURIC TS W THE  RELATINTIC (157 ARD

NN RECADAYUASNC Limavg,

(T w)
M LN T\’) k‘ 3 BQJQN
N WHERE =
P RIS 37 ne 3" %c:) FEMLAA
— 7 3
e NGNS
(\) ..._.3M SM 7T}> e /

(DETAILS «F CALCutNV (EFT AS (\:\UERQ\SE‘\

—,

oL
CsEnaA IRES RUACUReDY  CAST ¢ e Do fe PHoTN

QN\J\'SS =Sy Rosoh) T 3 Y 7\>

\5



LIREGASE THE NuMBER DENSITY Aup &)
Rocssebe oF A TO-LEpuaL SRECAES CAn RE  WuTren

Ps o ANTECIALS And SIMpLORIED W THE REVATW ST
AN NeNReWTiy e LM\

\
oAy
A=) Gap o5
A BeSuN
275 60 63 N Vo * J

13 F oM

\
P - OLQ, L = (-
J)Gep 32 3
___L\?:%. _:: i&guﬂ‘w&m PARTVA\E vAS W= -lg‘j
Teem A U*"N AL PARDULE OREXC

IDEAL GAS Lt |

WE NEXY Dscoss THE & TIME Guolgneh of Q(P )

Fes5n CeNS DER NeN-INTERACTING CASE . WE YAUR A SATH
OF PARDCLES Lo ™ 3QPATRIN  NUMRER *‘@.*J AND

ML PARTILES TREETREAM Te (ATRR T\ME 1y WRAT
S S !

o \/c\ | GHMETHER. TUMEBUKE @ LILEHTLWE

. o S ( (0 aliy) \FrEEcTR EAM W
TREREFoE SYKQ »‘*1\ = QK\? NEW \+ ‘7 (]*SI’E



€ QU WWANUE NS U @

NS MQQ\ 'S A FONCTON oF DM ACenR

'Y Q2 \ Q
(\)"" a\ub?
9 (Q\QM*'LQJ\)\U\\\F okrm\bu

CENEQMNUIATN T WTERACTY MO (pod - FREESTRE A M\MG—\
CasE - DetizpMAaNN BCOAMWN

Qﬁ ~ Y %@-ﬁ)% . K\C&L\\s(mm‘m C@;?\

k\:J’\\SSWQM ~ ARSRPTWRIN )

CxmmelE - SRPESE § 18 THE VTN PASTRAB G TR
AR W HAUE AN ANSRRACTWING gy ) e Z/,\

G
OGS
\ N
PYSSSNINY ARSI N
7
0 DN g T\M’_ \Q’\\\ﬂg A \
R = R RSN T W i

et £ 2, - Vou)
« O 561 Ig, 26, )
X \MR?,@;,@A\ \1



Ls nERE M: \\&ENTl WU UN NS N\QL\'N?LE. @
\ Y Q ~ QRost- CANSTE (Y @V&ANQ—EN\F—NY LM

\- Q - Aaoly ek G TERM

NSTE 5 Vs Ney WARD T Srtow THENY e pLL KEQLES

AVE TAEDMAL Wy Comman TENPERMORE A=Y

e §= s NT) TR THE Rris 0T THE Bl TUMANN
EQuNDoN S WERe Fog AnX QT 6F \NTEAMTIND LiH\CH|
ConSERUE ENERGY A»p ARE TN E~ QEVEASAL ANV ARVAAT
(or QP WIARANTY

S CEERML THE BoliUMANN & CAN RE N TERPAS TR P
A A Com@ENTUA RETWESEN FREESTREAMING - (LKS)
Axo  THEQMALVATDIA  (RH])

CORESTREAMING s A f (T e
AT s L E T

AL INTRRACTRNS
wngee V=

PALTLE W PROPER T ME

7 CRows EASTER e M TEMDERS s
Trde 1 (Mot = WAERESAS U« K \RAST ‘T3>

Se PARDLES STAMT cout N TRELAAL EEOLLRR LM

AND SFRERlE oyt R THER S TERAC

WATE ORee S HElo-e THE HeR B\E  QATE (?V«EEST&EAM\M
THEEAFTER )



C C. NEcTRNe TREEDE0T QNS wHER @
U~
o o~ W
? " ,_1/ ~ _t J~1
Y \C)(_’\ ) ~ "\ /U\?\ \» VELE C\F WO GV

\ 2y~ 3 Wi e o]
TLEAEATTER THE NEaRmwe DITRIBLUTON @ CREE TREMM
) \

LX) - N

_ A
@QKQ &V 2—:——\—9 / Tg\&q,&w\\ o

*Q(‘Q,("&Q@ AV

=S
NeT A THERMAL O wsT™guDon \& My >0 !

L HASE b AN vex” Nav EQ\

Bt 7 16 ConNsENNENAL T DEFNE A NEWQ NG

Nl { ~ H N o q '
S TMANT
\ " \
= k N1 —( ')
QKQ\\\) = Q?/\V 4\ Q'E(‘N»r \

NAWE THAT T et Vo B REFIN TSN



AFTEN  NEOTRIWNG TREEEQS, THE NewTRiNeS @
DE Ceop ' TReM TUE Ve THERMAL PLASAA
WEG CUENS: 0 e g PAwRs ANNIHUWAGE T \’\r{\,’\oNS
LEMING REHIND N CUACHA o PHATURS i,

A &Ew
LEFTONERY 7 [ Qpeven ASTMMETE ‘nx

AT HAPEDS TB TEAERATOURE T\S Do NG FHAS

AN HIATDIGN N ENT Y TIHERE ARE SEVERAL WIANS

ML CALCULATE \A Ry THE CASIESYT (ST «sE ENTRPT

ConscRuADTN .  BECAGSE THE ANNIIADor PROCESS

TAKES DACE AN THepAaA L EQBRABRLGA <(\\3U\P¢A‘\‘C\

ENTReOY S (oNs&PoRD
S ) \M p )
T
WY 6 TR THE CotRe QG VELIITWN ? REWOCR
€Wy v o\&e\ﬂ = VAS — ?o\\} \S SATSFARD
(SrERC gE) vttt \NRUiE g
PRecEgg

AS = 0 T AeA BATC

Nerere @@ ARNEHIWBIeR

'——"‘“1 \ Tt ~ K
S = T\ %u%* -3—?%03J\

[

£




ACTER evem ANNIKVATAN @

~ Lt Y
N . tzt)*\ AR

Qs

R
- i L’)) \,‘3\’
| 4
SETTING ENTRVNES EQuhl Axd Nemi@ N o L3

| P =
{. 1 vy 2 - l v 8 T T o — ()3 "’%
K S ) \yefyre = LN

G\
3 \DQ,Q‘QV& Q’Q‘\‘{(‘ O\C‘J#&U\
\ . €
' ’\(g
W\
Tt ™ %T Nhotore
S\ hefve

AU WM (WES AT ‘T\‘ o TXEP TRA

)

‘ - o ' \[3
TN S (BN S Aosy 8 K\\B DuNe ele~ ANNIWHIADNIN

Ny
SE—=
SANCE T, oM e ALuANS | THIS MEARS TEAT
(3
9 ~—~
= |\ \
TV \\\ 5

Fae ML TURES AETER @Y™ ANNUHIUMN

) PREHCT TXUSTENCE of s N&E oTRW 6

W

‘ g . < - \(%/\ R
RI@hes ND - Wil Y = \\} Vo T LS K



NE OTR W REMC ABOADAN G @

\
o2 , —_— , -~
o, - 2 g My &?1*0\1 X7 WHERE T, = (85 K
v D ) = 0\ eV
/2.‘_‘1 “
S ™M, < \o
_ G Ty \
el e __— -
"‘:‘\)_M‘VTV \r My ? \\z

N ORSEQVENS yALAR RS

7 A — .
S vlTT g, T

S

AN

M ™D T

O\"( eV v
FTHLE (5 Foll A S E NEWTRWNG STERED

‘ i ~  SUM ovER ALl CPECES
(W

NoTE TN ?N\V 2, 0.6k eV BN NpyThiNy SSOUATRA
CXRELMAENTS 56 NNRECAT VST AQ 00 e LAY LN

AV e

Can REVTRWes BE THE DARK MATERT Nb | Fov
TBAE Follvwine VENSEN, 7 B GET
ST W w00y W€ weold  NEED Ten, = & e\

<

WL WMRLLES A e Distetsior T, ~ &y \v
: o M\J
~ oo Wm st WG s e (aeace (e oaa

(,\I\A‘\‘TQQ") To & ConNg sgENTY uﬂ‘v( ORSEQUANME



\
Q@QW&N 0f Boo NP STAUCTORES ™ R Q)

vEL e < oy Um ¢ wsold BF SoNREWED

{‘5\3.‘. Sy ik gmucNNSS AQ\E DngQ“ &D>

4 oSE Max DETRILED

SAACE THIS  ARGUNERT D1ON
WU MAN ARPPEAN

OQBQEfLﬁES G(\: ’n—‘\e NE\X‘-\\\\\NQ(
TO Sriewe THAT THE DAL MFTTER CANY BRE A
TSR L DEL CL HowBCER TMERE S A Conleb e

€ MRotENT ACTUAMLUL ARTLE) To AN SREQRS

LAH CREEZ2EY GLY WHILE ST REWWTIWSTVC
o A spruEes wrier &ees NONRE(ATWISTC e
REENE FREEWEQNT WAL VALE (TS NOMRER
Densew  SIRRESSED B g‘“/ﬂm‘wﬁ? CAR QET

LROEQ-anE Slc'\'\fL O &A ComBINING  SMALL \REAY™WE
To avd @Rb‘”\bt\si) M NUMBRER DENS Y AN (ARQGE

NASS,  THRE LARGE MASS VEEPS THE NEARCITY
MSPER S 1A SMALL BNebEH T SHNSHE OBIERUATIIN AL

\\
Lol STRQAWS £ cued QARNL MATYR :12"



DARE. MATER CREELE OUT G‘b

MASS My CovPUNG XY < SM W[ (Ress sEETWN o~

CamdiTRAN TeR Cetvd DELC {@ ST WLN THERMAL
ST QUAWLARQIOMN O EN N\~ MK\ \

0T > H WHEN  Me
<
Tog > ~—
Mg
o O \ = ,————\

TP’\\ msv\g'\

VEOTENS S SADSTARD | FREERE ¢ aeluRs AN
Ny R QE T ETIC %Q\ME’ wWEN

no ~ H

kw\ \ 33(1 QAMX Al o~ l
LY M‘

\ .
he X @~ —— URERE = /]

LARQ‘\ﬁ \E .Qr-.. G~ \&'8 CFQ:\\'.I /\\ND A~ \ TQ\.! Q(‘\\\Eg

v B0



DHRK ANNTTER. AROROAN UE TYOAY @

rg
N
A - ‘QCQ E w b
G‘\\WA’*{ &My Oku-uw} K ” B

~ (V\
Ww NS
~ (\,\ & Q\"({Eég\/\' \ &{V\&

’ T‘(;VUZ’LQ;» Ay

\QN\G
(TN\‘\

A

\ 9 UORSERGRRS VARCVARWE §

sp\q (K ' \Qr—"\b G\Q\)~)
Q. Lo o

Ty CRATERIAN Tel ORSEpUED ARUNDANCE Y
T~ Q‘Q\\:L L NG CGeNSTRAWRY oN M

X

ACREARAN CE OF ElLECTRewEAL SCALE Lot @Qu*‘)
1S SOMEMNES  AULED THE VLWl BRACE "

CUECESTS DM 1 NEW STARE VAR (E T\
CootUNES To THE STANARY ade( M T\
BT wEAK SCALE Q\

NeTE REUC ARONOAN & VS INTERSALY P2 tRT™ANA L

(

(PMEEL Wit \NRERGT THE € j\Q\\_‘*\‘B



TrE CANCECLAT RN QF Ny N K,Slc\f) @

MEANS TRAT WE QAT \NFER THE  DARR MATSER

RARTICLE MASS FRoM Lesmaliox  So1 TAERE ARE

SaME GENTRAL ARGUMERRS o BRu N (T

\E CovtUiNG TO STANDARD MaDEL SANSFIES ¢ ~ CSMXL'
b G < Q\( To MDD NEWw Fe &S RELWW Thag

CALEQCTRL WEA SME VYUl HAVEN Y RERN  OBRSERUED

o
ORTAUIT QEQoRES T R Uwmy Wney

AUES |y € s T

MOEC DM DETE DN TXRER IME NTS TPV A (LM
CoNERInOATE on Ty MASS  RANCE



