@q/

ADD: COSMOLDG}/ AD ASTROPHYSICS
OFren MAKES THINGS pﬂosz.'éMATc'c‘
(Cf %O‘é kif[/S). |

e LosmoLogy: K-K gravifons (= suek
GRAViITONS) pRoduced w EARLY UWiverse.
SHoULD NOT DOMINATE | NuCLEOSYNTHESI(S
EpPOLH Expangion AT

= /3 ™ iy

OrobucTion RATE/UNIT VOLUME AT TEMPERATURE |

cfnﬂm\, 4'_“ _,_/w-é
dt Y Rl

ProbucTion) OF ENERGY DENSITY N BULK GRAVITONS
d?%mv 4 Tu+¥
at  mwe2

HugeLe ExpPAnSion RATE H(™)- -I—
(RAD . ation DOMC?\&{Q&) MP ,{04866\/



EnerGy TRANSEERRED INTo RBULK
GRAV/ITONS N Hucprte TimE :
* -
AH"‘1 ngnmv " Mpe N+5S
T
dt M2
ler T.. . = maximum %emperai'ur,e of Universe

‘max T
(e(g veheat fem?era%ure after u‘nﬂaﬂ’on)-

Maximum /orco(uct‘bw at T~ Tnax -

A >*
?gmv <T?’"“") MN”' T'Max

MPz enhancza(: Sfow exeanséim
: H 4 “ lz

+ universe MPZ

Then fgm‘, decreares due o ,ex‘oanszon of Uwiverse

At Best As T4 (i f all gravitons Jecadem‘o,
, - Scmeﬂing 'masg_less. I-(: net,

. ? "‘Tz = S{ronger Q\W\\-k>

AT wucteosynTHESIS  ((Tus ~ 4 MeV)
- N N+l 4
M T,
T ~ ‘PC . ( Max) 'T
S’Gnav( NS) ™ M NS

MusT BE SMALLER THAN Tt

U

¥ 1
e (Tm)m <4

(EnveERGY DENSITY
OF STANDARD pnk'n'c:.e
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Bound oN  T,a (2

4
Toax < M ( ,_M_; )AJH
7 Mpe
703@e\/ &10"5-

N=2 = T < 410 MeV

max

NG = Toax S 10 GeV

No DiRecT CoNTRADICTion : DATA on €aRly
Unviverse  pr T~ 1MeV oncy (yer!)

ST:'LL NOT VERY PLAUSIBLE:
— BArRYoGeNESIS  DiFFculT
— DARK MATTER GENERATION DiFFICULT

NB: 'F we Kkwew WHAT ARE DARK MATTER

PARTLCLES, WE WouwLD RuULE OouT
Low Tmax
(sTawpARD SCENAR(O : DAk MATTER

GENERATED AT | = 4oo Ge\/)



&7

SN 198Fa : NEUTRINOS EMITTED AT COLLAFSE

Central  core heated o T =(a few)- 10 MeV/
zfor time At :(a ffw)° 10 8. EneRgy N ‘)_’5

e AsTROPHYSCE

éuck 3rmn‘,£ons SHoOWLD NOT TAKRE Away
mL enerGy (Leave Geod PART To V'S)

df%mv 1 N+F
4 "~ — T
dt Mﬂ‘fl
[T \N+2 | — 4 4
~ | — ¢ T 'L' ¢ T < :
?%cow (M) ( a ) ;T-

| _euergga ’JCuS{‘l'a
J‘yi— | awn R VRS
M> T.(Tat) "™

fmv N fo2?

N=32 = ™M >40 TeV (more AccuraTe >30T

NB: N=3 = M >4 TeV, not restRicTive.

N=2 : M3z 30 TeV, quite & BT UiGHER
THAN Mew
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A DD : o I'nferes-l'ina Co?&‘/er .ctyna,?.‘uees

To suvmmarie:

e DeviATion From Newton's tAw
at RELATIVELY (ARGE DISTANCES

. N=2 : 3ram:-£3 ScALE M,?beTe\/
Dc‘ffo‘ca&‘ fbr VY/4 ex,oen‘meds

o CosmoLoGgY PROBLEMATIC

DOES NoT MNEED SUSY, BvT NoT
ivconsisTenT witH  SUSY.
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Exameee  #J4:
WARPED EXTRA DtMENQcON RS

Unt:l now : BRANE WITHOUT ENERGY DENSITY
ASSOCLATED To T

NoT VERY REALIST/C.

WHAT HAPPENS  WHEN BRANE CARRES EWNERQY

pensity (Tewsion) ?

Introd ucd'nj gro.he tension :

Y Dim's: VACUUM (N FLAT SPACE-TiME
;S LORENTZ - INVARIANT.
ENERGY ~MOMENTUM of VACUUM & Jorents - invariance

T = 0 o
N minkowskz tensSor
Consfan‘t'-

Vacuum enev%a T COSMOLO GrCAC Cang-!awf

N62 ),)T/AV" (] P ) = VACUUM P"?

FLUID \
denddy  PressuRe

Tn CURVED SPACE -TiME

T/:v 5,6‘3/0 FoR VAWM.



| 4o
Branve N ExTRA DiMENSiONS
If 4-dim. LorenTe SYMMETRY 1S NOT ViOLATED

Too(213) 59 5

\ \1 brane
constant: METRIC ON THICKNESS iS

frane tension, BRAVE, negligi€ly
energy per unit aree IVDUCED FROM 5408
BULK

BRANE OF FiINiTE TENSION pRODUCES
3\ra\li‘tat£onqe :fcd'cl an  bulk & Se'f— gravitates.

Is THERE IwDEED A SOLUTIOA) W iTh FLAT
(lorewTr -invariant) srave 7 |

5 pim's (owve exTrA)
- Neeo Cosmoro GicAt eonsTANT N\
v BuLKk |
— Fcﬂne—ﬂl:um:nj o{ A and &
o Einstein €as. N 5 pim's:
, GVAﬂej

(S) 4 (5) (5) (5)
R% 2 Jas R = &n G5(A'§?Ais ¥ lae

MNon - 2evo components

ISR (TN

T =64y dly)

[ in CooRpinates WiTH
brane SiTTNG Argzo)

Z/—ofm. Zoee,vrz -/NV. SolUTIoN EXi(STS FoR
a1 2
/\ =T 5 Gs -6

'Fiwe-'tuniwg, Sc‘milM -l'o -«f«.‘ne—i’am'nﬁ o)('
cosmoloGical| constant dn 4-dim. THeories.



SOLUT:'OA/ | @L
de“= a (y,) 7/4\) dcdx¥ - olaz

7\'WA RP FACTOR

4

BRANE PoSiTION

A/B '63 a(aj °" 8(2’) &> T

NB: BULK METRIC S PART OF ac(Qs
= inveRse “radius”’ of adSg

brane

oC S‘(SL}

NB: AQ!” = PHYSRCAL DISTANCE |, TiME INTERVAL |
| AT THE BRANE ONLY
AwAY FROM @BRANE  PHYSICAL DISTANCE
A = 'a,(g)’-A'z",, Smaller tan ax”
S L '
SoLuTIoN To FiELD EQS. iN RS BACKGROUND wilt
CONTAIN FACTOR

»p/,‘
P)‘ physical Qm“omen;tum at drave onZd AwaY FeomiT
PhysS i

P = a&)- P ‘HArpeR THAN P .



GRAVITON PERTURBATIONS (42
ABOUT RS  BACKGROUND:
| = . Gange choice

WRiTe PeRTURBED mMETRIC
2 2, - 7y y
ds* = [ Qa (3).71‘“’ + ‘g'w fx,:}]afx’dx - o(glz

Z" k ’g ’ N%xaui-émﬂo—nae
perturfotiony

Pruc  inTo SE nsTeiv €Qs.,  rinenRize

\U/ Choosing  gauge , oM ITTING
INDICES N My

- az[g) ?; h + 7/‘“’%9‘,A + 4k’a® h -;Zkgé)/L:O

From fRom ‘ brame

Ecnslein temsoR A (a-l',rw . A/w) T./.nl =0 g(a )@t’?/.\ vt l’/‘“"]

Sow'rio:_vs: k = eefﬂ“ﬂ hm '(3)5 P/‘f’ﬂ —m?
‘u' Eijenvai‘ue efm-f:éom:’
- aty) 3 hw +[4K2a*G) - 2k8GI]hn s mhe
e NormarizaTion Q 51@ ™ ,z 4&

« UpTo SOMEWHAT UNUSUAL DERIVATIVE TERM
SCHRODINGER EQUAT ION
™~ PO T ENTIAL

Uly) = 4k*a™Gg) - 2k84)
' _=4L"e'“3/ -2k 3(y)
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V

o Zero Mope: mM=0
MassLess &-oim. GRAVI Tow,
DESCR/BES OUR GRAVITY.

£o=aa(g)= e—.‘lk"a’

o OrueR MODES: DAMPED NEAR BRANE
AT wme k
OsciltaTe away from BRAWE,

kmeccos('fekB‘) , 4L

How cAN owE USE —Tuis SeT uP
TO CONSTRUCT (NTEREST NG
BRANE - WORLD MODELS 7
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RS4:  CompAcT ExXTRA  DimensioNs,
EXPONENTIALLY EASIER  TwiSTED
HiERARCHY  PROBLEM.

Put anotuer, NEGATIVE TENSION BRANE AT y=Y..

weird | BuT HAS
STRING TWEORY
mterprc,{:wl:éon/

ds* a*Gy) o dotdx? = dy®

-k (13’ ’yc) CoORDinates X_F
| rescaled fer conveniene,
measure  phyrical
distances e
neqaTive te nsionn RRANE

a@)=e

AssuME oyR MATTER LIVES ON
NEGATIVE TENSON BRANE.

a = ekjc’/.‘r
aly)
=0 . gz‘dc lé
éeame | Our (O erANE

N@: WAVE FUNCTiOoN OF 2ERO MODE GRAVITON
(CAQeyl'A/G 4-cim. gram’ﬁ)

2
4@0 & a,[g) DECAYS TowWARDS oOuR
éerane .



Y-dm. Newton constant .

_ 1 d 4
S"-ﬂ' 17 G _g ’a—%) dx @/“K)
/ (4)

Y‘ecn,/@ meabure tn P\.:a (a)°£(x)

‘h.a—rmaﬁc%afcon o..F ;
%(ra\h.‘l‘on Mmodhes

()
[ § a‘( m Gk co

cw GS “Je | J [ ]
\ L

v \ 2 ky
A 4 de_ 4
46“2‘64‘ K <e )
e %;(5

Gs-k
g2 e 4

’q}e FOR Ye 2 ""4:_ >} G(' GMJ Gsk
exeonen{w.lﬂj A\-S{ersevd:

3
2 M Zkac | | |
MPCI = — € | lcjc>ﬂ

Exponential dwisT ©of WNIERARCHY PROBLEM !
For M, k v TeV RANGE
correct M pg = 101¢ TeV 'S OBTAINED ToR
' | 3° ~ 35 k-i
Stee: Why Yo 7S quite a l:t &rger Than <Te\,/}
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Key PROPERTY : WAVE FUNCTiON
oF GRAViTonw (2eRo MODE) S
€x’00nen‘tia»z€a Smaller '.oy\ our
drane ' on @ane.

”o—

K-K GRrAviToa/  MODES

Am v Cos(v.‘_:.. e‘t(lgl’gc))
at far&e e%-:aujl\ 'y{

o Dounvopry cownpiTions AT our BRANE, Y=Y
RELATE %km ond kh,,
«> discReTe SpeECTRUM
m -k

/t» £-mte%er

Teust €irsT K-K MoODES FoR l<<M:
Tor k~TeV, wmasses inTeV RanGe.

o Wave ruwcrions ofF K-K cravitows
Do NoOT DECREASE _‘T'OWA@ﬂS OVUR BRANE

W

K-K grav&tonS intevact with
SM par‘{:«;‘cles at sStrengti

(Te\/ scace interactiom)



o K-K GRAVITONS = RESONANCES ; €.9. n
pp — Graviton —»/.(*/4', e*e‘ -
PP Graviton — d’e;l’ +Je,'f
cha
DIiFFERENT FROM OTHER NEW PARTICLES, Sinc

o K-K %rowi-éons = TENSOR  PARTICLES
ANGULAR DiSTRiBUTION of LEPTON
PAIRS, JETS ~ WRT BEAM virecton

+ - | )
g% G- 0 - 1-conb
7§ - @ 270 4;— 3¢5’ + 4 cen’B
é’f. 1+ cos® @ 7[0r- vecler veSonance.
const fOr SCa/a,r.

e UNIVERSAL CoUPLING & ALL

QM PARTICLES
« SERIES OF RESONANCES



m"-s'é KK Qraui\‘:m\ = 4.5 TeV

,efe-',sculrs at LHC

l1|'lll|llll'llllllllllllll

Wik i

o

o
_— k=0.2 M

do/AadM (pb/GeV)

W

lo-‘°Illllllllljllllllllllll,lé:ﬁ

1 -k=0.058M

1000 2000 00 4000 M 0

by (GeY)

Figure 13: Drell-Yang production of the KK graviton with M, = 1500 GeV
and its subsequent tower states at the LHC for = 1,0.5,0.1,0.05,0.2, and
0.01, respectively, from top to bottom [72}.

Davou aﬁ)ca.SQ) Hewett, Rizzo
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o (osmoLoGY MucH EASIER  THAN
N ADD: maximum —Eempercuture

of UNIVERSE  JusT BELOW k s

accowed.
e No ASTROPHYSICAL
k~ TeV.
RS 4  iN Some SENSE MoRE SiMiLAR
 Kawuza - KLew  wiTH (TeV)™ size
of €exTRA Dimension (s).  ExceeT Cor

CoNSTRAINTS FOR

WERARCHY  RELATION
. ~2kye
AGA‘ G‘s',“ e "

To SUMMARIZE:
e WITH CoMpPACT EXTRA DIimEN SIONS,

Suno\amen*l:aﬂ graui{j seale

may de in TeV range
(aLSO MODELS YiTH Won) ~CoMp ACT
exTRA Dim's)

Quantum 8racﬁ.‘€3 may Ce

wiﬂxin, <ea C



o UNiFicATION ©0F COUPLINGS
v Y-oim. SUSY AT GUT scate
/'S AN ACCIDENT



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

