-]~

[MPLACATIONG Q¥ A ERAMS DELENDENT DARKR ENEALY

P [
FiA_TNE (ORCETIME METAle AND NOGELE TENS|oN

Stophen L. Adle

vash‘}wlf. ‘fy }Q N v ce/ (-l u,d)/ a.olltv a ;')_:. e,Ju.
ar¥s [705. 082128

ODUTL ) NE

o STANDAAD VS WEYL o NotAT|oN(

INYRaIANT DRARR ENgAeY
o METAC PERTVAEATWN ANALY S

¢ MoTIUNTIONY o conngeTion To RSV VUM tescatmgr
¢ NeW JALLERTC ON

obb FAOBLCNJ o RELULTL PoA (ATE TINE Cof Mol O&Y
o IMAL\CATIgNS EOM » fU6LBsTION FIA FoATREr WEAK

CorMoLOgY ~ GENELAL



.,

STANDRRD Versedt WEYL fLRLINL [NVARIANT DANK ENEA 6Y AcTiop

CTANDARY (0/MOLOLILAL AcTioOpY

th
S, = -A [& o FOIA- [IRCE 6EPEAAL CooRbInArg
Corn, 26 I NVA AL RET
A= 34 n, ®"VAcLoM ENEAG" _ pu RIELM
ConTAl 2UTE

ALTEANAT (VE DaRKR ENEMLY ACTLON

A e ,n -2 T = Nicsf
fw = A rane ° N Fw wiTt =1, Mi
" 916 f » CJ) Cf‘")

\r Lodw

6 TRREE -SPALE (ENERAL (ool )AATL
| Nv AL ]
& WEYL (CALING /NVAMIANT
FRANE PERERY) G T LNYNLC 5ﬁw"'\3pv
I{ AowWE) - CuB Difbes g @ FRAMG )hEWgNYENT
Pltke R PrE¥ELAEY) FRAMG



e

PUENOMOMOLOLY To DIST)p6U/A BETWEER THNEM

In= 04)@,,,44,(1,#.,../[/“(5) [1-

£4 {LQO)‘]
'F L oLy ‘(Cblh
£ ony  Jops
Fod. FrRW S =1 £ DRoKC DOT

£ ONU EwtEpc AT LEUEL of METaie PEATOABATISNS



—f

MoT VaTilong

P _P\ri'oa.\cm,

WEYL PRoPofeh INVRAIANCE 3;~(7‘)""\U\ §ow O

NG > COFEoRMAL FALTOIL
CALLED TRIS A " GALVGE TRANCFaAMATIOR |  (CALE

A (VCAL  PROPERTY OF wMeTHL

o LELENT ForLLoy-U e

hep-M/03031 FOREEA & ROMEA - DETAILED FIELD THEW ANAL Y

%10, 667¢ T HODFT - GAAVITRTIO AL ESFAY  ADOCATING  WEYL
[NUﬂle f\"\l(\f} N.‘ ”TUE N]S“”ﬂ 6- IYMHé-r&»l



-S-

v MY INVOLVEMENT

130¢, 040 LLA - "lucaaﬁoRATlmc GRAVITY 1T TARACE DYINANMICS?
b))
TNE 1NDOCEh) GARAVITATIONAL ACTION

QAflc 1dEA: GUANTyM FleLd TREdy AL THEA MO )YNAMICL

CANSRILAL  ENFENABLE RVERALE 0F UNDEALYIME DYNAM (¢
_ % _ ? B\l - ¢
£« N ; SF P T T4

+ HAMLTONAN B 5 paame  peseNbence
o TURESE - (PAct £ENerml  CopndiNaTe INVARANT

o FIA MALCLEr UNDERUY 1M PIELOL |, T,° GLOBRL WEYL INVARANT

=y [NDUCED [ARNTTATIONAL ACT(oN [NHER\TC -TRNESE PROPEATIES

TO Eaeth  OADER N DERWATIVES (! oe/alf,e (“’j)"‘(juf"'

TR r ALfe LOCAL  WeEYL INVRALANT



-6~

NEW NOIEHTS ap gLD Prod L ems

TUE  (oemoLo§)cAL (aNTANT  fRO8LEN h=c=]

‘(Corm INTERPRETS /AN AL vAcwum  ENERGY  DENCITY

A A =
/ = E— . ® 3 V M
vAL Pﬂ 6' (’1 2 lo ¢ .)

JLRNCL CCALe  26p0  pol)T ENERSIGE CORRECPOND o

QM 9 4
Ao M:fL (B R eV)

So /v/;c, A ) 133 TREMENDOUC FINE TUNING FDA ﬂnmns\w
/,%‘ VALUWM ENERGILr —To CANCEL Dowl To 4
o SUPross  UNDBALYING _epysicy RESVIseL  C[5) T 48 WEYC
§ChLInG 10UNIAN] Seorn K‘fd&(“})fl» ic NoT

3 AN EXAC (UM BULE RESLAAL \ALuom  ENGR&Er o fym T6 0

th- .~V
SN 50 0 mows | gor o NST vAcom GNEREY
A ot SRAW, BT AD akgE beNoMITen My, R CoMpARE VT TTO



— ]~

¢ THe gLALk HoLE INFORMATIon "parAvoy”

® wuaT  HArENC To  INFURMATION TNAT  FALLC THROUEY 8L ACL
NELE WOk 1dN WREN ABLACKL HOLE  EVARoaATES VIR NAWKING LRDIATION?)

ls\cafm -l-‘rél}:!r-.gem = [cHWaRIrLdity NE Lirrep SLae  Nole
-Wngsar
CTIL NG MNERL  GUENT  [okl3 N

o WRAT  AB00r (e 4 [enstern 7
- NIL8EAT *

{304, |a4-¢ L LR & FETMI RAMAIAND €W

ANRLYTIL AN NBMEN AL ooy oF (BHERICAWY Y MMEGTAY
VACUBN  [OLUTONS = No Homimow Joo =h0  Foh >0

[N 1SoTedl  (o0aDINATE(, (otUsnN If (MU To  v=0 (inéyupanrry

-7

—_— )

Mg
DUTANCE] foLotN  CLors 0 LEOUWRAILCLY  LO%wUTIN ) £° 6roger

ye -1 CormolLeg 1AL

AT marmined UNRuTERgy.  WART AR0oT (N FORMRTION  pARAY MY 7



- §-

IMPLY caTioNd Folk COrMoLO gyY -  GENERAL jQos. p P21y Li R

o HOpogEpNEILS j’fﬂTLop[Q}}ng SPANAL COAVAORE LINE GLEMNENT wITH
PaYerce  INVARIANT  UNMEQ -TNRGE (PAw GENEAL  CUCR Y\ NRTE >TRAKL Fop.MATor

Jg-y_: dml’adi\’/\bl(ﬁ)dqz_r jabl'*-‘ ‘[‘jl{dxfdxj

e
¢ L30 CACE CANNTT BE REpye6d To =0 &Y REDEFINMG

ThRe TIM8 YA AB8Le

) £
VEFINE  PRONGR TING U Y gy = pdad ) e/ du ol
é

3 de" = dar_ A I WRgag '(0(;6(@))5 Al2)

!\f
F()l- D(LQ ) 4(‘9 dorp ﬂd‘/rr“e) (q\"j),: X{ﬁ) /YJR (’e 3

§a= - 2 f,u P aw ) [1- 16 4i5*] = -/' /Aw’w[ﬂ [i- “;wfﬂ i



-..q-

e )iv (704, 00310} LA

WORkS OUT TRE £ copgal8otioh o meTalc PELTURBAT tolr
AZgonth  UNFoart FAW fRcy (R0JIUD

WITH ‘(;{o T NO SCALAL  PLOARG pT ik CRANTTQTIONAL WAY ES

——\i‘
FRAME  DERENdENCE  oF £ TeaM oSS  6wa T

§ 3

To {6t Fuw -r;*" IMPYE  (ONARWANT  CONE AVATIGN

. mny
D, " =o
* QLACK fotE WITh  (PREAVCAL (yMMGTRY : ALEEE& AL [4NbTIYN

* Frw  PEATURBATING = OADINARY  DrfggagTiAL £ BUAT 10WS

» GENGAA. METQC ¢ PARTIAL  DIFEgre PTIAL  ESUATIONS



-—lb -

NOTATIeNS

ntaosvee G, Ub, T

Adl%) = |+ Q)
NiD= Alh G (D /619 ah= AN g2y AW,
ath = \ - L EXoARItN  FacTy

Foa, MATTEL-DEMINATEY GARR

alf =~ E‘:_g)“b (f\“\k(x))‘”:" D= 1= N1,

A

X = %ﬁ; “o;l' D IMENSIDNLELr TIME VARIAGLE
Paerent €rpA Ald) =l S ¥, = N’C“"‘ﬂﬁ} = L1
Nw

D Heto= G H/AG = 0-6% fop= 0471 = 0. 30

Wikt cee LoT6e T [, = (9 Ny



~f1-

’ HudaiLs PARANETER “(,(;) DEFINED AY (TAMIARY ol I

N= ded/ 4t - i
) A %)
= NedO) cllo = W [ft.“(lu):‘*n,‘]”" 143= L

* Husste  saaRmiToR.  ARCING  Frrt {40 MO)FIE)

RYNaAMILCE \£

Upe [} = da(0)/dt _ H‘m (4) = WD /4t
Ad82 <0 Y@




~ -
METAC  PERTYRBATION ANALYS(C

* MATTER DOMNATED ERA: = (p=o0 [r 0o

TARE LINEAR, COMBINATIN 0F  PEATUIRBATION EADATIONS
TRAT  ELIMINRTES 0 TO  §E€T

$ N 5 £=o ¢
@ + + é Y ALE ['J
[y L (1% 3 -5—):{ = 2MN¢T ("lvk&nmv “TsLy
d'lp
¢ STEKK 0 ANALYIE -TNE ESUATION
0 CHANEE To DIMENSWPLEL VRARIRBLE X To  &é7

L S 4
Tt 5 o g, t (260 7

@ LAadgs X  BEWAVlog coll ) = |

fos = B[as frat]




-3~
CRoLsOVEL IN BERNIOR AT  f=th

fecl  BeTA ExpomghTS NECATWE

i OMNE ErpoRENT POt g @-\"’ At ¥X=» ¥

4

D bor  f=] , THE A€ gF SOILE INVARIANT DARL ENERSY
AcToN > MeTae PERTUABATNIN 6w Wi  T/HE

@ Smav ¥ Behaviep,

RS Y=>a, LEFT NPND )& DIMINATES, ry EBYANION
\f RPPRLO Y MATED 4y

o_‘::f_ + 2 5'__1 = 6
a3 X Az
Jorv ép Ay

-5t
Fmy= Cot Cux °

Jo 667 A UM&US (ortrion AY REEVWIAING AGEVLARITY AT ¥=zo,

ANd  ENING Tl |, THE  foLE  pAaaNETBA gF THE MoMEL




.-—‘4"'

B NOMEBZ\ L a,  SfolvTlop

W-2) INTELRAL EGUATION

N
DEFINE  NORMALALEN PEATUReATION J e B /Els)

04€Y ¢
X - o 1ES
ﬁ'hqe 4+ 3: (z€-1 fdu (J‘m\‘(w)}&’ j dwn (.rm\ (n.\} é‘(u)
0 d

A
ITOARTE  (1ALTING FlaM INOAL  REOMIT, N qTH=1

&) Foarwaey ST60P1N

C&UATION 1 INVAL.ANT YNbdGa X @-X, 0 RECVL AL, faL0T)0N

Witk wRvE Jg\
_Ajt A=a

weeTs Badetion ar 1= 6(80)=-fcAwd, ‘%.'(lﬁ-t)’i

O STAMNC Frok GVEN Tl Bly=o

NAND  [TEPWRLE [TEQRATE
g (i) = B (L) A & (Fl,T0) ax

gl = D + Ty ox
{OLVT 0N EVEN RNy D pussle QGVIATIONT WL Bg  QURPeaTiL |» Xy,




-\~

CoNNECTION To N:", ReSCALINES

A
8 NOUMERICQL JounbTion Fea ¢(x) |f WEWL AL22M0NMATEN &Y

o= V2T (R) C= 0. 1%4

{INCE ’(n;cvomu‘ o 3.6*) RT ANy 4QeFere DECOVPLING
&

”
- T)T = Ty To Hiep AecvldAcY
Fly 1 THE ONF  PARANETER OF TTNE MODEL

Y RE(CALIREL To (oaMNECT To /’MNCILJ WMAP FITC

* RELALL 4 = L) It — &) d3™
® AT ARND BEFFRE pEcov PLINE

A= 14 8D « ot(o) = 14 B9
o PROZER TING A = L4 TuiT R (CoNrTANT ABSCAL NG OF 4
o XA=FH To PRt AR 3 B z1- Ml < =T > - TH = G9
o A4[*) = a(h 9“")/9(07 > A(4) = d-{""/ol(o))



~(-
® LINE GLEMENT Foa PLANCK ANAWAL [ JEL0Ty opdTn) U
dere de” - = dv - £(™ute) %"

P
» fo AEAT(IN ABTWEEN N,,(‘

RE JcALne  BY o([q
:L = No/ oll® TIRT 1 N'pb'g = No#

R’Jb No ¥ TUfT A

o fiMmwunny | l" = Q0 OF UMUER/E  MERIeEd BV pLAawncl

i reLatsy To A, B Tz Ao w9 AT IS B= Rk,

CEFECT oF QECALINGS 1€ T Maps PUYSicar [reéCelrét

L I\ -
DEVEND ob i) - Elo= c ) < C B, (0 (F G e
2fap TUEKRE WoULD 4C No APhysicaL EFFgCTS

T \( ELERTIAL BeCAU(E  wrth (<0 THE AGLATIN gerwGER
(o0 RpINATE TIME £ ANY paorst T)ME % 1 A COmTANT
AELLALING A R CRNG (AN ONITE N Wlliclh -Tine 1€ MBAIVAE)
Shootdb NAve M EFFECr 0N PUWYAAL CONIESUENCEL gF -TRE EQUATILON(



-7 -

_RESUL‘VS For LATE -TiME (ofMol 0GY

o EFFECTIVE  NpBBLE (onsTANT

o Hegeth= d¥B/I - dlonatd)lat -
£ W) Al

L[dth 6
—— — 4
1D 6ld Al) AH)LA® gy

= L H-2B  wme w)op o
19

. 3(,4)::5(0)[!4651 2 Ty = g1+
° Uy = 2 9o C 4

o W 40= Ro= o) " L = =Ty = -89 (119
o 1£4)

Neg @a= (1 -2 -3C) N, - 2 9y Cl4,
~ HO’L - g('hc ( ho + 'J-/fa] UsINg (l_'f(o)]po.-; u:’b

Reet (9 -~ glye (x> = =80T 12 LXOVEN
FL
W % |- (9 0.7¢



.-]P.-

RIEL ”“utu =0+ .03 Fit gy B= -0.133+ d.o3)
o

o RShuctienw [N Ngs  OF  UNIVEASE

REE Y 0F UMIVERCE Fiygy N gua ModeL BY A4L) =I

[ ntRwe oF Frw My =)

F1ND
- el = ?(@C( l+ 2% ) > L3 BT
e A Y
(o]
e

w oL
T, =13.6 Gy, L - W =40 v, T(d= —0.133 2 0.03|

/]
“:" 0.9%¢
= """'Zf.‘pt = ~0.62304 (o

e Mobel \f LAA(GL TRAR  £A0 [vBBLE PRRAMETER AT 2204
ARY | T .4  fTANDARY  DEVIRTIoNS




~19-

SU66EST johg KA Fiatuea  WoORS

)
9(x) pRoLc FRoM L1244 RS 2= g9 -T2 (2 AT g 0.3¢

p

DVIDE N, MERSURENENTE 1Ntb: SMALL 3 3 < 0.7¢
* ¢ page 3 3> 013

e  MBEAN Anp  (TAN)ae)p  Dfuiatwun  FiX EMN (o @

WRAT 1 (TACLAL SEMEARCE  0F (1, jpae = Wb cans 9
o (]
} -

3

o  EXUTBWCE FROOF GF  (OPERVING  COMPLET(ON  OF '1;"3
Foa, 6GENGAAL  MET AL ?

3 ]
o  4LALL Holg - Now I¢ INFoRMATIOY PARADax  Mobdl Fisd?

° REPERT  BR6, COMBAI)g¢g Gaovp (LEMOS €T AL) pNALFSE
WrTh  QURDZATIC  PARANMCTER1IATION  [ueéssT6d 8 My Mopel



...Q—o,-
s [ONg LIWWED STARC - Now Doslt “ MErTpuc6LAR  FTAR"

RNALYSI  CRAh¢ET

e LENIING DICREPANY N (CMB - Dob¢ Fpagtea  (QTE TINE

EXPANIIN  WAUE Ay BFeGcr ?

» UTHNER AT/ NU THWAT (guld) 4BE ALTELLY Q¢

ACLELELAT Gy  LATE TIME  BAPANL (ol ?



