[ests of Newtons Ihwm-squart Law
Probing the True geometry of fe Universe

Eric 6. Adelberger
{jm-f). OIP WﬂJ‘h{ﬂ@fﬂh

Outling
= Jub-millimefer fegts
- Motivatibn

* techmigues
o TCSults

~ long-range $¢5S
+ LLR, #echmgut q“ Nsults

= Jummary of (ondtraints on

Yukawa. (nttractions [ 1hcluding
Equivalenee Principle fed rgulfs )



Qutstions Gbout ﬂw ( the {ost {urdamental force )
Urdltr Hoocf by Newton 300 gry ago | an Again af
e frontiey of physics!  Why ?
o have very Saceesind AAeory of gty
Ethsfetne  Qtnerad Rlnd ity
. have very Sugbddlud theory o all e ofhu Yorcts
Guantam T1eld/ mepry
tat have paged all Leoevimentad HCils.

Whad, then, & e froblw 7
fhe fwo theorits are intpncistent ek ad. other
- Guantum F1eld heory Cawt dltsiribe Ymurty
= Qtnend Nty Cnt dtscride o Coipy of Gl hole

Jome Motivadions 1or pieeision fesds of Ko familiar lavs
04 Juuite
L digeootry of Uimig ACCeltimdron — Dpantion o cniverse
Is aparendiy Joeeling wo!
o (ndiciute Hheory Ao i¥yimg Guvity with fre st of
ﬂﬁqm ombool 1t fa'm/ﬁmfnh/'@ Ao fdﬂfﬂffj

— Pew partieles < EP gud W g,
— I dmengons e * law

© thtre an vast unoplore/ Ngions im gmvity



Y hawa, farm from b ogon excﬁmge

,-r/Z
*'1 mbc
D

Vivlates EP Violates ’/r'l Jorce (A

Ef/;h Lannot he (denticad Yov  Afberent materals J;
thic Gives In Effecd m EP fesks

n"‘ 'qc{; .
Hll (] ﬂﬁl M

A

REASON :
VECTOD  Inftractiohs

s % Consevveof 9,, f Jy &% — ﬁ?,,

* Dinding tnevgy hos 4,0 f &£ have ogposite G s

* tasy fo Compute Guty, Hor a Given vectsr internchdn
Using Mtassreof Ghom; MAsLeS

Scalar mteractions

e 5. not tonserved  Gc=[isd™ = §G;
 binding tntmy how Ge#0 £ F have sume G s
o dibficalt To Comute Och, v 0 Given Scolar

Intemotion . but in Qthtyad tyect vaviadions of
Orofty 10 7’ [ Oivliigy norgy Apterenses )




T FAMOUS PROGLEHS WwiTH GRANTY

o WHY IS RRAVITY (0 WEAK ?

(omparizon 0f electrical ¢ gravitafional athactions
M ¢ and P of & Gin Hparmdion .

L1 9% fe> b M My
r'l

o WHYy IS THE (OTHMOL OGICAL COVSANT S0 SMALL?

. Einsteins  biggest blunder ¢

© Arstovery of Losmic aLeeltradion ( Type 1A Iupefmvaf}

. parkcle-phygics predictions for A (Vacuum tntrgy )
210" Jarger Han Obieroed Valne !

AMWWVYWA

0 0% i cpmgmmebty i judd amand

orntr
o WHAT I3 THE DARK MATTER ?

we know that Wod of the “Guavitwhoral * effecls
in the dnivene are pot foroduted by normd - matttr




ﬂrkam‘- Hamed efal. solutionto | & hfi'rdrcﬁg Droblem
Phys. Left. 8 4 (1998) 363

o gravity actually Isnt so weak,
W just Fhink iF 1

o their armument

» Suppose some of #he 7 extra imensions of String
anorg are not Carled up at #he Planck /fng#

!Qp= mc'*‘ v 1675w
but have a “large Size”  R* > Rp

* Suppofe ﬁhlﬂ cgwifg {an WW ih the tafra
dimengions, evergthing elre ( parfiele physics , thc )
IS lontinedd fo a St dimensional © brane ”

o thtn muity can be just as Strong as Cvtmgihng ¢lie,
Outf we Wouldnd know of unbil we Can meamne

the Jﬁfng«#. of qmu}:‘q as Separations s <R ’



Only qravity pPropagates m all the spact

chimengions
Qmuiwlon 5 O
closes| I’mi\t‘
C}éj
o
standlavdl  model  pavhitles
/ are Open strings Stuck. fo
‘l"‘w.l[]llﬂllw..a'lr
341 climtnsiond brane’ . Guarks
Cmbedded n 1041 © [¢ptons

. Oanac bosdps
Chimengions] SpACL fans



Arkani- Hamed,  Dimopoul; & Qvaly

From 4 ugust 2000 Seunhitic Americon  arich
& The L{n;’um'ffj ﬁ(ﬂ..rf'fh thﬂmbﬂs




can  make gravity the Same Strongth
(s the other 3 forees iF

D=3+ Fﬂa’-f-g ¢ o 10"
D= 3+1 Fe ry § ~ 0.3 mm
D= 3+3 Feys Sa 107w
D 3+ F* 1 s~ 3u0"w
i T A
Nawbey o 'Si%tl of the
g O v xhm,

dt‘mimfum O[l}nfnst'ﬂ NS



Why might gravity gt weak at
Separations  1tss than 01 wm ?

- +ht Npulsive " gravity " Geduced fom
cosmological dator  ipdlitates that tmpty space

hat Gn twirgy OF =44tV

o this corresponds fo g Hng#h (cake
of =-’l7zﬂ///o ~ O

* Sundvam's supgeshion : the gmviton Shing
has a cizge of O./mm. +his prevents [t

from “seeing” the Short-citance physics
that products most of tr predlicted
Vacuum Lnergy
o prediction: gty 9el viry wak
ot stpardiond (250 than O mm



Paramefcrf'.ffng bl"fﬂk(/ﬂwm of I /&'LJ

o 0ld-fathioned way
Efe) v F ity

e

!
no theoreti el Dasis

o modern way

Flr)- gmmz[” a(“# “"/1]

T

: QIw%a of bolon whh ™ - D

. Ot dimendions SCENAYID
wWhen 1R *




Any given test of the % law
Sensitive fo @ restricted 1ame of length Geales

> precession of peigee, 7

v heed many different approaches to cover
A wide ravge of lenglh ekt



2 PHENOMENOLOGICAL DESCRIPTION OF NON-NEWTONIAN GRAVITY
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LLR Science

Gravitational Physics:

e The best test available of the strong equivalence principle (EP)
e A leading test of the weak (composition-dependent) EP

e T[he best test of time-variation of Newton’s constant, &G

e [he best test of gravitomagnetism (cos D term)

e Currently the best probe of relativistic geodetic precession

e The most sensitive test of 1 /12 law
By-products:

e Lunar interior
e Coordinate systems

e Geophysics
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“I had a better grasp of things when physics dealt mostly with falling bodies."
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