G AUGEE INMVARIAMT CURVAZUKS PERTucEaz,
S —————— ﬂ
A C “% /h‘e wﬂi!{’,”k f.%; \lf ”‘l’d[{ /, (‘ﬂ \% /64 'ﬁuﬂi

FuAern ff,‘g.éyz ,
K(;l ¢) = — ¢ O, €) — "{./6} /(;‘ erL/VC fﬁ/e/ta,

-

Cvrvate M P e

ZAHESE FlulrvaAZro~rs [ARovwp T4 Frw € Com6Erky
/IRE RESPowligce oF 72m= Cre PANST 7RAOP ray
Aw~vD T E .S5Ss,

CAVEE I~ VAR (A7
T PerEwTIRL
Vw2

UR)e) = —pee, Kex, e
2= acy L€,
~
_ y +
(4,¢) = o<g (4
Cr€ e dga, {/a /»ﬁ.ﬁ»e.féﬁ;’/g&. £ o N e ’!‘QP,S

74s. ‘M°‘a Foae I NIV oZe 9
f!-z ¢ A d‘zzu _
A[dqz +’4 —-—2—'- ’J,“"(‘S\K(ﬁ’?} - O
/5 = Coa 7(””“‘“? Fime ds®= an)(tr’- 5-'7
€ > cosmmic fat  dyedif, = €? —atos



THAE J10DE FUNCTrowS OF FLUCTIAT/0wS O &>
A ScHRE Oras CFR —L /) XS5 CQUA7104J Wi Zet Poravm

af” R e f
| ¥ Iz: S
4 4 2-2. y { b
'—' S chr4 ' e
W(")) = adqt /
a
e V.
bs ? ) ?;; g j:; T e 7 H g “oag
/\//’9) =0 CuRiwv e Stow —Koee
7~A§7 MLoLL

o~ - .’\//
VQ—.: % i'?c.y—-7r —ru(—;‘} ) Vrgf_-f-s',-fa(;l‘/
€ H(: Ve, 2 / 2 @
T = e dTeG) s P LY
vié) vrE) V/

Dy RINE CLow Lrer !

S'(i’,q) = A/L) Yvlb.n) + @/tj ‘)(y/‘.«'!/

\H-J- (1) :
,V(‘ 7/ —i— J‘W? /L/ ('(»’/ , ;f_(l.,/:-e““ﬁ

v , ‘
_— [t~ A
o btk fome b & " F)
[V(‘:“/: 3;/(44}*‘ ,
RuwvcH PANES (~VZ7ch Cond) 7von s *
P"G‘l”

/4((/ =/

For ’W/‘:}‘:o TS ITTPLIES
Rek)= O



A NOy—- 2 EXop /}/}7/ fﬁo-"u(@f

, Gow e F IV FedZeoas

Q =

Atk) = 4+« [ 9%04) Vi) Sra,, 7
1

B(¢) = jj.,mg/ Vi) Sea s s
" G ECLarpor b GF [ o P s e
140!410‘9.%'5 to a one- A imen 5,0 m f S(‘-?(?‘Cr’('n.}
Fredlemm ¢~ Che (2)_axrs.

Powee S eCeC7mvm C Scatgx MAwp 7‘e~_ro‘)
Pe) = £° . |2 o
Zas o| ( ..__3‘?/ (0> P(e} [4+D/vj

’Ps;é _ % l Mg | Sr | 2
5 / ﬂs (Z> by ?1/()=Ar [)"'r
\ ~

S 7A~VDPARYD SLOU—ROLL PO wER §CEc7py
T RANVS F“f“ﬁ? Fuounc7zron DL ):

Dlas =218w|° _ 3 R A, @) )
F ek Y':o/ B:a/ Az = Dy = o

?A.r7 Racd NOD/F/EJ 7—#5

Fo WEK SCEc7aU QY THe FTAC7oc
4+D(‘\ P P 4+Dr/41 P



CHAM¢E 2

Bty

Sr
(,f_ = Cz +A(.¢_

W= 2o e

)(c o= X [feaml®

Xﬂ'rfl

OvE 7o ”ﬂ/?j

= J Dlex) e s

,_£ 7[6601-&

Fe = Splecicl
e.e:.nl fva.c /I«.



R
i

Po7 eEnTIAL /:55( RY  THE
SCA%@K FUCTUAT ons
<= H*
Vir) <=

0
2 - Stow
- Rolt
REGIMm E

2
Vr(M)/H;

-10

lll‘ll!]llllNlTI

lllllllllllllllllJlIII!IIIll_._.llilll,

-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1

Hin

-12

§
o

/ o
%/«») IS A77RAc7tv £

Ve <O



Po7en7tAL FEL7 B> THE

75’\/‘on FL067U'47/ouj

it AR

Vie) <cne
v

0.0
i L

0.2 — S

B R S P L O b\/
sl FAS?

-0.6

Rore
KEGin T

2
Vr(m)/H;

-0.8

-1.0

-1.2

_1_4illllllt:!iil\|11]11i111|||1|
-0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2

Hin

VT /(7) 21 A77RAc77ve T7Too [

[L{[ = //UIMI /urfn.,a) J'Z"w/‘of»( (\"\J‘/e ‘6001
IL/,_' P ym

- (
HO WEv e ?Q-r(u*/—g’“ %

& MoV C _ 3
i Mvcn  cracien Fo/R TENSIR

CERTUR BAT) y p/s



Rorwv A\"Pﬁomnnfﬁon//foﬁ ’M/E d(‘e

b st

SrvaCe //(r‘)} (s Qui7e Shace  we

C A~ USE BoRaN APPEox; mATOA
M E g éﬁﬁﬁwgﬁ gm
S.(4m) = 3—/4.1) /-
iﬁfff&‘@%-{ Jé{ﬁ_gl @?é,«

lxl«..f)'

"he Erens flr' acvmc b resvil+s :

{,J,g(ke(le aJ...'».;f' Cxeact So bo

(W)= 2 Jh%ﬂj?m(za/[,:‘).(___ c‘,("/ﬁ%
_?o
Gnet € hen 5
_C_?; - SD("*)‘{t(ud,

n o "~
i ‘S“‘ T j‘d‘? /)//"'/ Yiexx)
) »f;(x)dx 4.

¢ (x) S0 frn < O
A77R4CT/VE‘ "7”(,9} < 0O :::>[AC < O

———
Wuapo Ruvo ce S‘u(rveewo,./
W G envERAL AC e f



(25
‘]L(;o (S Aw 0D9 Furac7r/on/ = Clx= ~ jf/w)

0.09 T T T T T

Y(r) vs. x —

0.07 B

0.06 | Et (x) > O _
0.05 + FoR .
0.04 | ¥ < © .

0.03 —

0.02 |- B

0.0t .

i

0 i e 1 1 1
-4 -3.5 -3 2.5 -2 -1.5 -1 -0.5 0

FIG. I: The odd function ¥(x) vs. & for negative r [see €q.(5.20)]. This function convoluted with the potential V(n) yields
the change on the quadrupole A(—()l [sce eq.(5.19)].

. 2
$oo = 3J:§;2 sz(JJl [(‘)2’;{:)%("’*9) + %2 @ (25

e

[P(x)(afx)B I’J["}l/" (== | 4+ = — A3 4

AoSx? “foSx 126

+ 22x3  __ 2x7T
408 =2

2
wo Arere p o= AO xS +30xT £ 33 T4 4T x " £ I+

]

! (
%(xyf.’f +O(x’/ ) %‘9\'77——*"“"’ f('o(;;

P
>0 X = §ox



ACY/C)

0.2

For A& C,

ChwveoT a3 € S EEA Lol T H
7 HE FRESEN]  F£ATA



0.0

-0.5

LJSADE Y FO B

AC,/C»

P PAESS on

1.0 415 2.0 2.5 3.0

a'f: ao(‘/o ‘L/t

5 3 T = /[/:/41,& ﬂéwu/'?

DO G Fui w1y
Su PP RESS 0 H ¢

/ﬁ ~ A, Ho = Qsr H¢ .2:( = s~
Q = 4 A
N
) Qs «tl',‘:C,
THE QUAPRVPILE hnooES S#HovLDb EX/7T Tuye

HortioN [ F el UL AF7ER  FAS7  KoiL STorr
[M O.T" efolt AF7ER Slow Loltl € GCras/



QUARTIC Coullive : L= Gy /H &
— rZ k—r,{)

N = /o? A (eno IV ELAT) )

@ (H“D(t 6)0’)7‘)

(A Luwnvs Ll H<€ .2 FouKk P, reaSlenA/l

S Rou ¥ AT eveLL® sar’
Rewsk mavizazion  SRUE W X Siace
Conwd EC7vET S FeATr0n (5 FovEL)w &
" /S VEFEFRAAREO

NEAR A TRIVIAL Gﬂl/f-f,/{n/

POiNVvT .

Stow Rorvt N F B TIvA A THOS

En~vTo Y UaN YV EXSALITY /ﬁo/arrrf'ﬁ_r

—__

) BoyamsvsS K, H.J. PE //6&/,) N. C SAncCue,

a/a/é\‘-v-wpl./OS‘ °c 55 5 . Phys. R D3
Y D2300% (100¢)
CLAR|EBY IV ¢ [ FLATIoN Mo OECS . '

Clow-Rep As AN TxPANSIOn o 1//),(’
Ao NoO TFlwg T Uwnl~ G, ?




o

[+H E SCALT oF /U?CA71<:~{

L e

G'ra./\\o( UM('OC{Cw & o I“*’-— ( GUT)

>Kf"/0 RNALLEATiow Gﬂou/’ KVMUIA/G-

0F ELETKoMA cwETIC , WEAL  MS~oO

C7Rho~ ¢ CoJ PLrvw 65 S ows 7 A4
T#he ’l_e_?.l AT M \ ~ 10 Ger

) NeuTRivo  frassES (trom. V 05 CiteaTsams)

1fe EX Plaives Y 7t e SETE-S A/ NECHALS
A/Vhy' N— wF(PA‘,‘ hF-en»-o( ~ 2 Sd Ce o
M (et Cmferec £

~ 0. o5 eV ‘L/ e i © A"“/

) WE Saw THAT 7THc NCla T, 1‘90764/7/4
| ¢

B <V
N Nee
ay 1)
hg (f < 6-e4/
teEncC E ~a10'€ -
) My 10 Ce v mM = ”3 - AG 4y,
T T Sey
h(.e Sao

1;@301/5,(/ mo,ow,{' PeTENTiALs ALS
(me.c. VO /& vm . ’—'—'—-“) ("‘J"”) = Peyr



T He GEsme 710 ) e (1 77ex € I

]

A/)L:: 2’_ —1 ~
C Hm)? [ ’(’7 o 5 Jé'- 5(/’53(]{ /
[ VAL AT |
bvkine N~ €Co efulus J S Cum e iy Ting
= FLUCTVATI s S PEC7 AU m SEHLe (AVAR(BeT Too
UF 70 .-'-\-/(-. caofrrec 'f'[om;
e w8 S
[N FLa Tol {d‘t‘aM"'/G'E
Vd) = ~wn?al g J L X 2eqy
Ja Ppe k’ﬁ"(c/!
Meouii | pamexTimLS
y
Msesy o ( ¢ )
Mre
7 Lessedle (A fle Fan porfc~dids o
-~ ( <
Msusy = A = /o Ge L
FIRST OBS ERVATOY  Le  Susy

/N NMATUR E D



=

ot 4
7THeE GEsme 70T (5 0t 1770« S

/

i 2 ’
At —— Lan's us] 2 SCAce
VALl At !
PURING N~ Co efulus ) S lemPelmar 7/ng
ELUCTVAT oS S PEC7/U Sehce (AVARAT Too
U¥f 7o L correc .
) OMm

W P

(N Fea 7o (a7 BT

s AN

vV (¢) = /\/hyzw'( g ) /““’(7‘/"0(()
Jov Ppe k=o(«/»
Mopuit PoTen7/aL S
Mopwet L -

/”‘fvs;; u( _f )

Myre
7HEy  Ressemlle (A fletua  FrEemdids o
Msusy = A = /0(‘ Ge
F(RST OBS ERVAT Y= Sos vy

I MATURE D



o 7

I 4. QueSTiows  ASouT //VFZA?“/'OA/

_._-a._—-r_?//

7&, IA/FLA 7o~ /a?€m7/;4(

U

Q‘ W AHexe plo 7THS FULC7ron/ Corm & FrRonm ?

As (7 /5 An EFFecr/veE  Pyrca7rrse

06‘5‘(‘/(/@,«
S A AR Cé~ DE~VYSA7E (/4\ (A G/JV‘S‘ﬂwCK»(AJOALu)
(v A Gou? T4 EoR Y
> red7 7
Q. wHY (s 7H ForEenTISL ° )

A. OBeEcsesE /7T 1s A EYu Ziow OF /WMP{
{
fow mom don o) € folds ~ SO .

e T T = ST R e i s - -
e
v e

¢ - Wwhy e 7we TFrELo S7AZ A7 THE

CHo ST N ?/(o) ?

4e /{u) i CHosE~N (& EACH /1roO&C S
TH AT ~UuE sariAC EVELSTY IS A7 T e

GuT SCALE,

O i o e

s e e

Q. How Do Wt COA/P&ICT 7HE Fieeo EATLGY

v A

CompPeLETECS /v 7o PAAXTIC te S ?

TT Ny A NOAN PERTu R BAr/vE oU7 o CAJI & (3 X1 v

7HA 7 HAS Sces ExPlice7 Compv7Zép |



S URNARY

ey

(N FLAT 0/ Ar EFFrTcr/vE T E> R Y

Fue (wELATON  FIELD A STAL 4

CowDENV SATE Dofat AT /v & TH#E CAEL ¢

o 7#AE QOWIivERSE
Oty Scaean Convewsa7El Afe | 5e TRGC Pl
F"UA/QAI"IGA/fﬁL 77—/£’o(_y - @/(A?u’_p UI//F/C‘D

- - ?

CAvGe TH#E2LY  SULE)  o(re)

GewSBUR ¢ - LANOAY  APFPROAC 7o

-

/N’FLA'7DI/ oL eECS

(Jo Fenzon rroee 7o G 7T
/s

/ St S rAa /T o© EL - o X <H .

[

SThvcToRE  OF THE InFian.

T T e

=Aw'Chww) =0
\JA/ Np.e
N = Ny bee 'j cfolss ~ 5 o

) bers R (p oF Frv e T o O
S A(X) amd Bl (75 PARKMET ERS Are O(y

gscau—ﬂazl, (SU},_7__1\4/.F7/5,,5,( ‘R oceSs

(67 Stow—Rotr 45 R SYS7E/mA7/c ACa) Ex P ArSIOA .
116 CHAVEE 1o & ey S pmsrr cepmce op 07E)

V(@/ - N M YN(_I ) w(hMiv) =

Gu -
CAc¢c e



For ALl SLOW Rotl EFFEcrie &

Jroo EL S o F //VF<A7'?:9~/ T4 ERE (S

CENvER| Catey A TFAST /o Le S7Acc

T T
tpltio WED BY Stow ARKRore

AN W Po7 en7/47 -
s GENVvERAZ7EL Onr 7THE SCALHr
AND T epsonr PERTUREATIoars
OyR/IN ¢  FAS7 RKolLce.

I'HE K neoes EXT 7T/Ve 7#s
HoRlZon VERY fSsen/ AF7TER
7 HE BE GCratw ¢ O F Stow Roc L
ser PART AL Sverne

2 U & Ser 6)’%/

Ty742

4 EXITS HofkiRoy
Qtfq_.( | o -
20/"3 CuprRESion

’FA$7 1 T‘I D THe QUACLsPIL R
Y _ 4;;’& »
A RotL
»’3;’3&"*‘"’”5* /WFLAT ep/

e FAST @Qoti Aew 1 é cJ—guv af'ﬁlf' b‘a‘\w‘.’\f



MAIN KEFEREw Ces

3). Go}“""’"‘ KD/ k J de ‘/?Jt/ N G- -farn.cfg P
CLlars 7[9 c'/h), ['A.ﬂdn Ao« /»\oa(e/; : S‘Iow f'o«lp oo o
Ex pamsion, a 4//\/¢f.{.(_9‘ P/).r.&/. D#3 053@?0’“{

'D, C:rc;,@;«.‘ / H J Ae VIJL‘-, "/IS*’;C'({),
:‘Qar"-ﬁa l'l‘\) M o L ‘ . 7‘A LPreces—

l))‘- Ker. ODIF; 10358 (2005-/
————'/ ®

(. J. de V‘-J‘t , V. 6. Sc’mczca/ S (my Le Feel L
:jh}[as'l":on-, Mede £ s 4?(0«/&.( o ﬁu/&.( av-f.

b? ‘H\C ('Aw ?l.d‘: W MnAr J.—I, p‘;;_ Ke. . D?’, 063!’”1.‘
/CZ—U‘S'J

), Bb)amoms«; p H— J~ JQ VCJ", N. 6. J‘;.Acls&)_
C 8 Quo. Jﬁd’fo I{ gur,r{t‘&‘a'aa’

i- Jm.‘}"ﬂ'i (‘*o‘h",'t.a'\.f 4 /AJ[Q-/—,‘JA.,,-? PG" frrda "“"V
arbe —¢h/0Ce} SO

Yo €ar~,€; Fast Rl S*%a-e.
a:*ra«(l./ogo'} V’?“'

(ASE TRANVNSITIoNS /N THE ZARCLY AwD 7w FRESEN”
NIV ERST | hep-P4/ 0602602 , Awa/. Rev. PART.
| WVCL. PHYS (106€). D.BoYANWSKY, i 3.PE VESA, D. 7. S(HWAR?



