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GiVEN ?e.m. , ELECTR(C  FIELD DETERMINED
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Yet RS2 commines
~ H-dim. Gravity on  BrRAVE
AT (ARGE D'STANCES

— PossiBiLiTy ©OF ENERGY FLOWING
Away from BRANE To Y —,
i-e., AppARENT ENERGQY NON- CoNSERVATION
foR BRANE - BASED OBSERVERS, US.
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IS THIS wae? CaN ™MaTTER €scAPe FROM
BRaNE? -

Yee. Qoavtum meen:  K-K' Moves  From
CONTINUYUM & PARTILLES MoviNG 1O aaaa.
CLASSCALLY - TEST MASS is

"ACTUALLY  REPELLED FroM BRANE.

(FRAVITATIONAL  FELD OF

MASS SITTING ON BRANE

AND LEAVING T AT

SOME MOMENT Of TimE.
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o Viewpoint H# 4 5, mucTivimensiona:
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fok SOURCES OUTS(DE BRAANE

Key: cowTivvum of KK gravifons
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. Viewpoint #2 , 8rewe -gaseD

MASS DECAYED INTo CoafoRMAL MATTER

THAT DiSGIPATES ALONG LGHT cowE.

THio CoNFORMAL MATTER (NTERACTS wWiTH
BRANE PARTICLES GRAVITATONALLY ONLY

Ervective Yo pescription oF RS2
IN TERM S OF CONFORMAL MATTER .

ELECTRIC CHARGE NON- CONSERVATION:
SIMLILAR BUT  INTERPRETATION (N TERMS
OF CHPRGED CONFORMAL MATTER QUESTIONABLE.

Q" — NOTHING
CONTRADICTS NOTH!N &.

Woutp BE STRONGEST (NDICATjoN of

EXTRA DimENS/ONS
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STRiING/ D-BRANE PiCTURE
6Ff QUAS: - LOCALIRATION

Few NoTiONS OF STRING  THEORY

« IN @QUANTUM THEORY, STRING HAS
QUANTIZED SPECTRUM OF STATESED PARTICLES.
IN RELATIVISTiC  THEORY, SOME OF THESE

- states (parTicLes)  MAY BE MASSLESS.

. (GAVGE BoSONS , CHARGED PARTICLES  ARE
LowEST STATES OF OpPEN STRINGS.

. Opeu sTrRinGS HAvE ENDS oN D - BRRANES.
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NB : D-BRANES MAY HAVE DIVERSE  DIMENSIONALITIES.
Iv PARTICULAR, DIMENSIONALITY MAY BE THE

SAME AS DM'S OF ENTRE SPACE =
D- RANE FiLtLS WHOLE SPACE .

(Gavae BoOSONS  PROPAGATE ALoNG D -erANES.

Stack of K coincivenT D -BRANES
HAs UCK) GAuGeE Theory ow TS
HYPER SURFACE
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/ _ K* Gavee Bosons,
| 4/:}_ ﬁ ACCORDING 1"0

= of WAYS STRING ENDS
CAN B& ATTACHED To
D- RRANES.
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e D-RRANES OF SMaLLER DiMENSIONALITY q/
MAY SiT wiTHiN D-8BrRANES oF
LARGER DIMENSIONALITY P
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- eTRINGS & BULK GAUGE FIiELDS
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(Avjoint, L)
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P-9 - STRIN GS &E> PRANEWORLD FIELDS ‘
( FUNDAMENTAL Am;mwnm-)

4655 CoNTAIN SCALARS WRT
BRANEWORLD LorenTt GROUP.



TF GAVGE SYMMETRLES ARe

UNBROKEN CHARGED  BRANEWORLD FIELDS,
prANEWORLD U(K) GAvGE BoSonS  CANNOT
ESCAPE iNTO BULK.

EFFECTIVE FiELD THEORY DESCRIPT/ON
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Iway Feom BRANE, | MixinG BRETWEEN
A/,, Sl mamless BRANE MASSIVE BRANEWORLD
GAUGE FELD AND MASSLESS

RULK GAUGE F.ELD.

~ - ~ N

ﬁ'\h
F“( ‘
.« -
f}_.r A €
.
T‘ Vw (
c ’
~

"Decay” wipTH SmaALL

-~

4 / Ap ,
- WM at smaw <>
4 - 4 . 9 4
< . ‘ \ < . SN r N% <¢> " mQ
N / - M MR
¢ o !
N / f‘ " . ] | cR{mcttttS"ic SCG:'Q

Of VNDERLYING THEORY

TNVISIRLE DeCAYS ARE CHARACTERISTIC

70 D-BRANE COWNSTRUCTIONS, -
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SOME Léss UNDERS ToOD 1SSUVES:

{ Viocation oF Lorenta INVARIANCE .

Back To WARPED GEOMETRY.

Imasine 4time av\e\ S(mc,e rAVE
DIFF ERENT WARP FACTORS

How caN TriS EMERGE in NATURAL WAY .

2 S 2 2 | 2
:d(g)di -—g(&)c‘x - o(a
. 57 rgscaa&‘ns + cu\J. ;Z :
a(O) = f(()):i on e drane

No viotaTion OF LoRENTE —iNVARIANCE STRiCTLY
ON THE BRANE. ‘l—oc'm. loreENTZ —iwv.
VIOLATED N RULK.

BRANE PARTICLES KAVE WAVE
FUNCTIONS EXTENDING SLIGHTLY w70 &ULK.?
LORENTR - iINV. SLIGHTLY VIOLATED.

»: SAY, ScALAR  FELD iN BINDING POTENTIAL \/()

b= o twt- -i kX ¢mo (3)

e»ﬁen value eqm . ‘F" «fre%«ewc;:
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wz¢ - _a"y) (y) -Ez + w
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[3 t’mAMS\teﬂse opERATOR
.@AV‘ parh‘cle has w AVE FUNCTION S AT =O;

Stfﬁ = m.,"sé, ; a)(t=o) = My ,'m% maAS.



AT  smare E', TREAT

az(g) En.

as per turfation
| g 2@ )
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w?(k) = My + C* K*

| . a,’-(g) ¢ 2
2 _ gd"(i‘) € 4 NoT uNivERSAL;
Sdf“(a’ | é, "z depends on ¢, .

D pFERENT PARTICLES
HAVE DIFFERENT W (k) -

¢

¢ 0/034 to 4 FoR  NARROW ,é,!z
(sinee al) 1)=> Weak violakion of
€(o) |
4-dim. Lorentz -invariamce .
o QURPRIZING POSSIBILITY
| 2 | ,
w3 = aG) v + HP
6*G)
Suppoze LOWEST E(GEWVALVE IS ZERO, j(¥ <O =
™MASSLESS pAﬂ'riCLE ON RBRANE. Assume

@ _, 0 as tal-——?oo
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ConTiNvum STARTS AT 2ERO ENERGY CJ

EVEN FoR FEiNiTE MOMENTuM K. => woving

~(>ax+tc\es (even wasstess) 9get QuaSi-LocALRED

The ea.rau sPa‘Jt‘\a,Q womehﬁm/ew?}, ‘546
Daraer He ~vidth against encape anto é(,[/{



2. LONG -DiSTANCE MODIFICATION
OF GRAVITY | |

MOT.‘ VATED Y Acc aeen-r;o)u ofF UN iVERSE ’s
EXPANSON TO DAY.

TnsTeaD oF hAviNg TinNYy CoSmOLOGCAL
CONSTANT, MOD:F/ GRAVITY AT
CoSmMOLOGICA(L DiSTANCES.

Gee nAND: wWHY NOT , (F GRAVITON IS
QUAS{ —LOCALI 2ED .
NOT CLEAR  WHETHER THERE EXiSTS
CONSISTENT AND TRACTARLE SET UP.
| BesT canpipATE To mAate - DGP.

3. CosmoLo GieAL CoNSTANT PROBLEM

VAcoOM ENERGY DENSITY OF OUR MATTER
= TENSION OF OUR BRANE.

LLET iT MAKE BULK CURVED , NOT BRANE.

Does moT work.
Appears  HopeLESS.



To SUMMARIRE ;

EXTRA DiMEN SIONS + BRANE WORLD

= OFFER FRAMEWORK TOo ASK

ExoTic QUESTIoNS (enerey /cnARGE
NON- CON S ERVATION , propeRTEs OF
CoNFORMAL MATTER | V/oLATioN OF
NewTon's LAW...)

QUGGEST A VARIETY 0OF EXOTC
PHENOM ENA BOTH AT HIGH
AND LOW ENERGIES

WHETHER ANY OF THOSE Wit BE

FoUND IS A MATTER OF EFFORT
AND LUCK.
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Reviews on VARious AspecTs ofF
EXTRA DIMENS'ONS/ BRANE WORLDS

IncoMPLeTE LiST; PLEASE TELL /F
YoU KwOw OTHERS

INVERSE TEMPORAL ORDER; many
PUBLISHED N JOURNALS /Proceeding s

. R. Maar tens, Brane wordd 8rav£f3
| 3r-a,c/‘0542 059

o €. KirisTis, D-grawnes /v Stavoarn Mooec
BU(LDING , gravity and Cosmoloay, hep-%4/03 10 004

. G. Gaeac/aclee, ICTP Jectures owm éaraae
extra climensions) hep '-p‘\/o 308412

. E. Aale/gerdeg B. Heckel, A.Melson, Tests of
grauiéa.:tcona.ﬁ inverse - sguare law bhep-ph/o30#100

¢ F. Quevedo, Llectures on stn‘.nj/@m.ne,
cosmology , hep -th/02 t0 292

eD. Langlois, Brane cosmology: an
introduction hep-th/02 03 2¢1

« Yu. KugysHiN, Models wiTu exTRA Dimensions
AND THE/R phenomenology hep-ph/o1 41027

. S. ForsTe, Strings, Branes and extr
dimenscons ) hep - th/O'f 10 OSS

. V. ngakov, Zarje and nfencte extea
dimensions, hep-ph/oto4 452

+ & Kachru, lectures on warped compactification: and
stringy 6rane constructions, hep - th/0009 243



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

