Sub-millimeter fests of the
q:fauifa‘hbna{ Yrr g

Erie Aclelberger
University of  Warhington

outline

e motryations

+ history

. prEHMFn‘l(ﬂ/ fech nigues
« ECF-Umth *+—
* Lolomde
. Stanford

- resulfs
. (onClusions



Jht, Hﬂiutniﬁg of Wﬂ.l‘ﬁfnﬂ?‘ﬂn

£iT- wasH® Grour
In {yperimintad Qmvrtaop

faculty
I — Eni Adelberger
i = Qlayne Hecke|
Jtng burd lach & €f
prolessional staff
Enle Swansin

Qost docs
Jtth Hoed!
It — CO Hoyle
Sttphan Schlammingtr & €f
Qlod Stud ents
K-y Choi <« EP
W 2 Teol Cook
U wep DA KoM
Frank Marco line
Undevarads

— Logan larr loleh Holch kige




Qutstions dbout M ( the Lot {urdamiptal ’fﬂr{f!

Urdltr o] by Newhon ~300 grs ago | are again at
the frontier of phyries!  Why ?
o have very Juctesfnl Atory of Gravity
Einslerne Otnerad 1indivity
. have very Jupoald Fheory o aif Hhe Other Yorees
Guantum 16l Theory
that hase paned ol Lgpovimentad erfs.
What, then, i He ﬂ!i?éft’h ?
#he fwo fheorits are ntwaictont Gutkh ad other

- Quantum Held Hheory Cant dlesiibe Grmorty
~ Qtnnd Wlatiiity Ganf Aesoribe Hy Comlr of Blogk hols

Jime Motivedtons 1or pteeicion fesds of o familmr /aus
04 Juyity
* diseorny of limi AlCeltvadion — Lxpantion X v erst
s dgparontly Joeeling up!
o (Andiplate -ﬁsfarg {or anifﬁrﬁg {muﬁy with the st of
Phiiics Owboolits Fundamtndally Wi Teatutes
— N particles € EP and Yt g,
— [l dimengbns & Dt AW

o there are vadl unoslored 1egions v Grvity



T FAMOUS PROGLEMS Wwiru ERANTY

o WHY IS BRAVITY S0 LIAK 7

Lomparison 0f efectrirad € Qravitational attactions
OF Cand P OFf 4 Gin Hparabion

:."'L qq" M,
¢ Uy, ‘%*T @:5??
e

f=2#m3q

5 A

o WHY IS THE (0oL OGIAL (OVSANT SO SHMALL?
« Einstens  biggest blunder ?
- Cliscovery of Cosmic aceeltration ( Type 1A supernovat )
. parkiele-phagics predictions for A (Vacuum tnergy )
~ 10" Jonger Han obwored valne !

WAV IAN

0% i (UptlSymmefty 5 Jud aranel

orntr
o WHAT I3 THE DARK MATTER ?

we knowo hat wor of e “Gravitational ' efects
In the tnisene are pot orodutsd by normad  madite




The h:érarghﬂ 0rob [em

. Mass Scale of Gravity

mm A mm
Vy(’)’ﬁp}_' ﬁ;?‘

> My by, o po* el

o Mags scake of paricle phyiics

‘ ;Mgﬂmzﬁv

o Avkani- Hamed et al. solufion 1o +the problem
Phys. keft. B 429 (145¢ ) 243

Afuwe thetf:

o gmuity propagates m all of He F e
climensions of Sty +heory

« SH partichs art tonfined fo a Y-dim “brane

some of the 7 tedo cimensons are lame
While the remaindey are “Cwrieof up® af Mo

Planck Seate R,z Yhhlca = [ 6x1o " em



Arkani- Hamed ¢f al. sOlution to | & hitrarchy problew
Phys. Lett. B 424 (1948) 263
o gravity actually isnt 5o weak,
We just +Hhink ¥ is
o their argument
» Suppose Some of he ¥ Lxtra dimensions of shing
theory are not turie up at #he Planck fen 4

Rp 2 VEE;’;* v (67 e
but have a ‘large sire”  R* > Rp

* Juppose only Qravity (an Presd out (h Hhe tefra
dimingions, everything elre ( parfiele physics ety )
K tonfined fo a 3t/ dimersional * brape

¢ +htn Qrﬂuﬁy an be Just as Strong as W‘? ﬂ:m,-*
Ouf we Woulon? know i unhil we Can meanue

the shenglh of Qmocy a5 Separadiont s <R *



< -

Cxtra dimentinn
ow brave’
V Qraviton; ha ho
/ e tndy, hot stuik
fo brane
O
I|
|

I#'.fmian.f,. Glupns, PhoOAS, Ltak. bomw, et<
Stuck #o brane






can make gravity the same Strength
ds the other 3 forees

D=3+ F“'—"}L? j*'fﬂ”m
De 3+, Fed — §~03mm
D= 343 ,E'.;}L,‘, §a0m
b= 3% R Fety s~ 3u0"m
nawbty of siae of e
e O et Ly
climEndIDNS

ol imtnaons



Why might gravify get weak af
Separations ess than 01 wm 7

« tht Npulsive "grﬂuffq " Qeduted fom
wmamﬂfm! dafo  ipditates that {mpfy jpace

hat an twergy oF 0= 440/,

* this corresponds fo a Wngh Scake

}{‘-']/HFILI/O A O mm

+ Sundram’s  Suggeshion: the guavifon Shring
has a gige of O.mwm. +his presents ff
from “secing” He short-clitance physics
Fhak products mast of the predieted
Vacyum Lnergy

v prediction:  gmvity 9¢ls vy wink
Q“{ffﬂﬁfﬁﬁﬂm fﬂﬂ' than O.[ mm



PREDICTIONS FOR > LAW BREAKDOWNS

0%t
—— Newton
“F - -
= ¥ — ADD O OltntnGioas
=8
S — Sundrum
>
=
= \0D
I
)
f‘ |
=
- ln't—
-"'|'| i 1
10
0 1 2L 3
r[mm]

< ynexplored  region >



MOTIUATION FOR TESTIVE F* LAw AT
SHORTEST POSSIBLE LEMGTH SCALES

* Modl-Incleptveltut probe of Hs Ytometry of e
Univtrse

— Wguire  Sensittinly af Giavrindional shrngHh
A=

— Qmd Fheorhiad intergst in Lo ity

v vty Sentive fo lchange fonty Fom bchange
of hew Scodaw v oetor particlys

- ﬁtf.\;@ ﬁfdly oredickt 1ofs of Fhn, !

* Untegesled Airavety of “daik eneryy ©
Spaktd intorat tn Testing Gravity af fngll
Seale Oomiporolrng fo A (~ 0./ mm )

s May Lrfiet rons for Nﬁa/ﬂffﬂnﬂﬂj ¢lfeofy
bl oMy GAtle ooty



Parameteriiing breakdowns of Wt law

o 0/d- fashioned way
My M4
Jr(h' : m

T
no theoreti cad  dasis

¢ modern way
Filr): 5-’"—;?[” m(hfjﬂi%‘]

T

. Erdmnﬁt of boon Wi~ m -7

. Ixtro. dimendiong SCENArD
whtn R L




Any Qiven test of the ' law &
sepsitive fo & resiricted ramge of fengih Seales

. Neeol many ditferent appoaches fo Cover
A wile rawge of lenglh Sekes



lal

107
1072
107

107 |-

107
107
107
1078
107
1 U—lﬂ

95 Condidence [imite

. U 1T %

I

excluded
region
geophysical |
laboratory
= Earth-LAGEQS =
LAGEQS-Lunar
LLR——*
s planetary _|
N Y [N D [ [N (N VI N (N (N S N N O
102 10° 10* 10¢ 105 10® 10" 10" 10"

L [m]



lal

10
10
108
104

102

10° F

10°%

10¢

95% confidence exclusion plot

amoreaux

_ EXCLUDED REGION
2

L Moscow
moduli \\

a S
- dildton SR
[ \ ~\ Irvine

E radiun!;\
= |
| dark energy scale ——
E L o LjJ_ | L | | I | | 1 | [ ] ] 4 80} | |
5 2 g 2 5
0% ° > o5 ° 10 107®

A [m]



The WUC Truvine

fest of Y2 lav

Hosking et al., Phys. Rev. D 3L (195 J,' 7084

¥OCUUM NCiosure
Thermal ond
mognetic shielding

1l6 5. 5.
"-c]rlinhr

calibralion
ring

nof ¢ Heds 3

v

cylindar
""- i son

carf

."I
-
-,
-

55 cylinder —
, et N

:
| Bem,

irgrapert |
Ll = bt Lait ]

Top View of
apparalus

=rimg Tramspod!

L] II-F
i

52¢m

-'; L
e o |

ma
@

' x
Tormian FO181 b

LR

copper
— cakbralian ring



it Washingfon  Shor-range  (nstrument
Hoyle ¢t ad. , Phys. Row. Leff: 86, 1/ 2001)

tovsion percdidum

wpper atiraclor
N il e 1.96pm
3 j i
< P 1,33 pam
/ - —
towtr ctiractor e — aftraddor rotedes at
ﬁfﬂ]umcﬂ {~J

o +he 10 holes In the lowev athador e
“oud of phate” with +he holes 1 +he

uppv  GEtrACtOr .

. His  caneels  Mewlonay anurﬁj torque
by o foctor of ~ 20, buf has Diftle
ofect on torque Froms  short-ramge {orce

« measure 2-cleperdence of forque Sigrals
at Ote, 00 ard 00

U0 B e L nomiEsrmER LY ] ACHCV OV UL sl



HOT LEVEL,
CAPACITANCE
CHANGES UNDER
ROTATION

1L 1

DIFFERENTIAL CAPACITOR FLATES
(NOT NECESSARILY LEVIEL)

LEVEL,
CAPACTTARCE
UHCEAMNGED UFDIER
ROTATION




acitance [bits]

2000

Before Leveling




peur gz >

uawubiesiw
wnjnpuad

-I010BI)E [B10)

||

o [PR10.0I) J13
0y 00Z O E_m- 00Y- 009- 008

.-
I 7
T F
—-.
-
F—F= T —=
1

: <1 001

(sywn ‘qJe] 'de)

smemedde
jo s3a| Surjand] im parsnipe

[ 1|

‘aoueoe
pedes premys-umnpuad Sursn pamseaul

L npn
inpuad o1 ppaysaoEmy

JuowIugIy



thetalmillirad]

0.015

0.010

0.005

0.000

-0.005

-0.010

-0.015

Torque Calibration

|||||||||

i

l : I !y |

YRIRIRTRY V

SHERTERTARTAR AR YA

o g g
phildegrees]

Aldw) = [1.553 ¢ 0.010 umd



1010213p

yanos ‘Ao[je wniijopen B s paiaaod gosnw eando

JOJBUWIIO)

snaYinzny Q10) -uLlmn Hi
AN3AIYIOXT  (90ISoH “qY3RTI0I9H Yol LYY T18003UY



23] 55299 S

[wr] 8218 YIS

o€ sz 02 St 0 §

1540 /
UgIfIneR)
L2103 /e

/
/ :
/

.

N

valay22d x)
|931850]2

[;-8] @381 JUNOD

(zooz ‘ejep Aseulwijaid) 8zIS }I|S "SA UOISSIWISURI |




brant - world effects 1
Uhra-high ntrgy ColISIons

!

i

v

4

protoy, Jrofon

bedore
af#r







CONCL USION S

. o firm widemee et for a breakdown of Yt law

. tntirely possible Hof we hug on a 3ti dinengonal

brant

. e tepprimends g probing mteresting Kgime

these feds sensifie o Sttnarios  wrik
Vhrging  humber of “lame" bt dime sions

hints of ﬂnﬂmmﬁkf are firfn'gufng

specalations  AbounoA

&periments  hof ga‘ fimited bg fundmintal
onsidtmdions

i 4 vy toding Fime /



Experimental  Citattons

o £.0. Hoyle, ef al., PRL §6 , g (1001).
oV A!esu}fshewkg et al., Vature 415, 293( 2002).
»J. (. Long tfal, Matarc 41,921 (2003)

o I Chyavering LFal, PRL 90, (5tol (2003).

* CO Hoyle ttol, PRD 30, 041004 (2004)

Revitw s

* £L. Adefberger, 8.2, Hecke/ § A.€ NMelson
Ann. Rev. Muel. Part. $ai. (2003) p.77
hep-ph/ 2303284 (2003)
o J. Hewrdt ¢ M. Spiropu lu.
Amn. Rev. Wogl. Part. Sci . [2002) §2 397

R, Surdrum
hep-th [ 0306 106 (2003)
P&Dgﬁ} 044014 (2004)



R T 3§nﬂ'i-lﬂrﬁll IT dwM Al




'S80UB]SIp
1ebie) 10} seoyNns 101BIPU|
"SBOUBISIP Loys 1. Algeyes

USa1os 0} souRISIp SN SiIgl D

'SaOUBISIP

Hoys je z u Ajurepasun
wr | AQ pelBUIWOR SIBq 10T

‘uofenojed juBswse
|juyy 0} pasedwod Z 'SA D

wirl} -/+ 0} Jno peas z°A'X

3uruonIsod

t

[4d] aoueyioede)

8

ooy

[4d] 31j-B)Eep



(N-N) [fN-m)

N [fN-m]

Hoyle ¢t al.  10-hole  Uatn

— 0w forfut
R /s ¥ ¥ farquﬂ
vasss Jhss f'orquf




Z-Micrometer Reading (mm)

10.0

6.0

4.0

20

0.0

&
o
¥

slope = 1.02300.0002,

2 4 6 8
Actual Distance (mm)

10






Distribufion of +he Tnolividual Torue
Measure mepts

P r T, [ran) - Tlrun)
e ; AT rup)

Fid

(number of cuts)/100







Hi Eric,

The brochure we have bpeen making had 2 month long delay due
Lo a bureaucratic problem getting the purchase order written.
During that time we have been showing the brochure té Lhe
non-physicist public. The most common complaint has concerned
the long-bearded student in the photo of your apparatus. This

pheto appears in a very prominent place, andqpaqy people found
it very distraccing. '

AS a person with a beard, I am guite enbarrassed to raise
this matter with you, Nonetheless our group would like to
find a solution. There are several possibilities:
1) The artist can make the beard much shorter in Fhotoshop.
2) You can take a new photo with a new person (perhaps a woman) .
3) The artist can insert another perscn.
To be honest, solution 2 is the preferred sclution.

1 know this is an unpleasant matter, but T am appealing for
your help. This brochure is intended ta sell physics (at a
time of crisis in funding). Under any other circumstances I
wouldn’'t think of changing the photo, but we have ro deal with
the public reaction we have actually cbserved,
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SUMMARY

o 10 probe the true Geometry of the Universe
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