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Resonance EDM riny.
J'% ~10"2% e.om
Sdp'\' :d“.’ ~1028e.cm



The final choice arameters

needs comprehensive investiq ations
Wt Be not changed :

mc*= 1875.6/134 MeV
a=(9-2)/2 =-0.1429873
<p= (PB)/RE)) =1
D(5)=0 in one of 8iq straight sections
S¢i€l under investigations:
p=1+1.5 GeV/e
R~2.5m , B~2T
n:~R(aB/aR)/.B=i or n<d
fo~ 8 MHz
fa=ayfe~ 1.5 MHz

Toee =Py fe ~ 400 MHz

Fara =ho et Vot 3 =¥
h,=h [2,0r h[4, ...

Voeq ™~ 15+20 MV/furn

Veea € Vae




(a) (b)

Fig. 3.1a,b. Classical vector model of a spin-1/2 system precessing in a magnetic
field. (a) A static field is applied along the z axis, and an oscillating field can
be applied along the y axis. (b) The oscillating field can be represented as two

counter-rotating fields

EDM resonance cdeq:
In the d - case, resomant oseillations
of E in the rest frame come mostt

from the deuteron [e&ci# osciblations,

E=y¥xB= r{%xB + aV@)xB }
AT ()= 4T} cos(w, )

If d +o0, then, on the average, we
wi® observe a stow spin rotation in <he
vertical p&ne (in addvtion 4o ¢the usual
§-2) rotations in the xy /)&M&)
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THE VELOCITY OF EVERY PARTICLE IS A
CLASSICAL SUPERPOSITION:
v=v,+(Av),_ cos(at +a,)+(Av), cos(at+@,).

AS FOR THE SPIN,
s, =s,,cos(awt+¢ )(WHERE o, #®,'s).

THUS, THE VELOCITY PARTIALLY OSCILLATES IN
RESONANCE WITH THE s, IN THE PRESENCE OF EDM,

SO:
ds, eB, ‘ : ,
— =@, =—N—5,,co8(@,1+@,) [(Av), cos(@w,t+ @, )+ (Av), cos(w,t+a, )+ v ]
di 2me ;
eB,
= -174—m-*;s,,_(Av) » + NON-RESONANCE TERMS,
THUS,

eB,
Sy =Sy = —r]a!;_s“(mr)pt L

(IN THE DEUTERON EDM RING, (Av), /v, ~ 0.01; B, = 2T;
p~15GeV/e; R~25m.THE GOALIS &, ~ 107, dp~2x107".)

d6, /al-é ~ /o“’/.rul/ s

This is the first basic idea of the resonance method.

THE EXISTENCE OF SUCH RESONANCE HAS BEEN
CONFIRMED BY SIMULATIONS (Y.S.).



Formir? coherent s?nchraz‘rfm
osci®lations of av/v- 8y using
strong nmonbinearities +a resonance .
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FIG. 3: Voltage amplitudes versus time with k; = 50 and hg + Q. = 25.1788
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FIG. 4: Phase space plots on a single turn for two adjacent bunches.
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5'8"’" d?_vg mies astemaz‘ics

1. The usual spin resonances, with
no reletions to our EDM resonance .

T Roser. BNL

& ThomeMT cquation with azimuthal coordi-
nate ¢ as independent variable and the ficlds ex.
- préessed in terms of the particle coordinates:

Fiom L e G e e
- d6 2| ~& -Gy | ¥ R

& .é § = ;" (1 +Gv)

JOUTAN [ : 3y o (¥\°
—H A+ Gy - p(l+ @) (E)}

~ whete pis the bending radius. Reso nance strength
is [1] |

L it S “g-% f ¢ exp (~i K@) de @
K is a combination of frequencies
possessed by vertical osesbllations, y{a}
Q spin resonance happens when ay=K.
' The most part of these res’s must e
avocded. With which accuracy? what

exactly means "most” e —>INVESTIGATE
" Control funches with NO EDM.




B
Alternate bunches can have different velocities

(for controlling systematic errors)
Different controf Qunches
@ Deuteron bunch have different phase
differences Betiween spin
and av/v osei€lations.

EDM effect: .
, How many different 89S
® Spin Up are needed 22
@ Spin Down

@® No EDM effect

Spin directionl ; o
A ‘Qa o ]

2
Velocity directionl ® re| @
T g




Spin dgnarm'c.s Sgsfematics

2. High modes of -fa_ d kf“, in the
(9-2) Fourier spectrum.

AL-/L =°(/° AP/P (83 de;fo'n:'éo‘on)
Then

g e
“a={7zaB) =g afw, = anma Tt

IV _p _fR lrapfe
L

L L, f+alL

w, does not depend on P, )=, ,
onby cf al/L=ap/p, ¢.e. otp=1.

In our experiment, ap/p oscitlares
wWith that very , frequency, so,
¢F a(,,-',t 1, then
sinct=sineg, ¢ gg sinfkey #42)
>l

= many oolelitional
=> Spn l’e$onances




{0

oo=1, Conseq uences.
If n=t, vhen D'max~ 15 m . If 3—}’&»/}‘{’
then 8pJp =y avr ~2Y , arne then
Xmax = Doy 8P/P ~ 30 em —w olipobe

po(’a at that enel 7must e >60cm w:’c/e.'
WQ need a smoaller n I

Put then we wi® have Smalber

S’haiflvf Sections + we cwilé€ losse

the MUant‘a;&s df n=/
a—dvmfa;es afﬁ:l:

() <8),<B,) oo not elepend
on apfp osciblations.
@) I is eascer to cancel spin
olecoherence.
QL this means that we nuut 7‘nuesz4ﬂ'¢&
2-3 versions, Say, N=/, n=0,5", N=0.2,

Glro, what is tolerance foo S(e,—1) 22
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Spin a!‘w_ra.ml'&s systematics

2. x-y coupling
Example: a skew guadrupote effeet
tn the area D #O0.
Our avfv- eoseillations, P= _fu , P=4=>
x - oscllations, x=Dap/p, £=f, , P=¢=>
gvnc,- lotions, y:.DJ'AP/P » #-’--ﬁa 5 ?:'&
(only in presence of any x-y coupbing ).
Now ¢n the Courant formula for the
Spin resonance S{'I‘Gn,tﬁ) we }vave
¢he term with K=£_/£=a]:
The toleramce for the retation avge, €£ !
of fl»e’,uadru,oofe et D=D, .,
'y 02 .
Our ¢00és (to be further jnvestigated

tnebiede edm Spin resonan
T. Corrections q{ fa?:e rsc‘?m(s Basee!

on oéservaxions of spin rtself.




1%

Examp&: d.D= 10" ¥e.cm corresponds +o
aS ~ 107%/s. [ we alread;
-26
knov that dD</0 , then cu?

oBserved 45 > 10°%/5 cam €e
h&dz’, corrected , with some
errors, [n the zero-method

deseribed lelow, there ave no
olifference between ‘natiral”

andl these, wrcluced errors.

e Tools :

Il . Introduction of very 3fow osccllations
of Courant’s p-functions, pep +ap cosft,
Say, -,e=/03Hz . ap =4}3(S) oepends on
where amd hoew you perturéd DB/2x.
Different, mwtuaeldq Tneependlent (in a
certasn sense) ap=dRs) wiel oscelate with
different £'s. Then we Fowrrer-amafyse the
Sigral , with respect to the chosen Fs .



Howo this hefps.

~N
Signa =Gt *g.an 6n >
t ¥}

6edm =(J5v/‘“)u~ > 0;‘ = (6;.}-# I'a:"cwm-*...
6. ¢S contribution from v‘mpufec'hm *n.

Owur main conecern Js a constomnt In +'me

(En)- .
a,,=am+4agm,§é, :
sav is known from Caktice and from Sow
n o] 1
we produce perturfations o5cf elating w‘:‘
‘ . I now ot Some time T,
gy Tt
5= ﬁts’""ét =0, J=63 ="

/]
thean N

S aa; {6,) + some derms Yo b invatyple =(
If a:w-unmt ﬂ‘intO for hifferent sent
o s, o, Uan, ot bhris time 5
{s,)=0, ‘nzl,...)A/

ond 6(¢)=C_
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Hoew fo Ibroaluc.e Such a}; s

We may trg 4o wie o’neg berses, not ary
dipole seetions (ﬂwu?h ¢t 'S m—i‘
frebidoten). Th ersSinee than: § Lenses
in Fo'3~ S . There are 25— =3/ com&na-
tons ofz‘hem, m'n;&—s) pe<s, 'lw'pebﬁ,
puadruplen, omel atl five, which can fe
useol for 3/ Liffereat freguencies.
towever, we wankt not €o disturd

Cetotron tunes. This condrtron
decreses the num ber af com &r narons.

Equations:
54-C

0= cos2my, —cor 2y, = 353y, f B aKeds;
anol similar for V,, amols fr ﬁa .

B e 5 (g pL5) b depl- 2
Ko< ?B/fox .



Sein é/ﬁamo’cs 5gstem~tz‘cs

4. CCW «-—CW

Imitation of time reversaf:

¢t—>-t v—-v, B—-B, E—>F
The accuracy af the Js.'meﬁwd dlepends
on aa,{/a,,, , which /s & , Se the aolels'ty-
onal canceloXion 47 cw-Cccw mvk
Neecles!. [¢ will work, since our maun
concern is & constant 1n time <6;).

@"W‘out&;, all thys ‘vobs
Mnees! Yo Fe f«rﬂnr ‘thGSl";"td.



Qb _spin coherence +me
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In $hes exam/o&, the sertupote
benrse changes the average radius
of ¢he particle, individua ee; :
4R =- & x2,

Therefore, ¢t corrects the average
B, - frebd met 3; this pParticle.
(The prcture i's more copmpicated
cue €0 Thvoluvemenit of &yﬂcéro tron
osu'eeau‘:'ons.)



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


