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GUTENRERG

Motivation: test of CPT Invariance
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Bluhm, Kostelecky, Russell; Phys. Rev. D, 57, 3932
Figure of merit for CPT violation:
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v Introduction WEE

The magnetic moment of the proton/antiproton is defined by:

with: 1,: magnetic moment

d,: g-factor =5.585 694 67 (3)

S: spin

ty: Nuclear magneton = e h / 4rwm;

: : _ _ 27 A2
Comparing with electron: EN B g 2752 51856))((11824 :rrnnz ——>  Three orders of magnitude smaller !!
B - .

The magnetic dipole moment of the proton P is 658 times smaller than that of the electron !!
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AN Definition of the goals WEE

| g

We have to measure the spin state of the proton

In a magnetic Bottle, spinflip jump:

B,
Dn, = Jo M\
4
4p2myn, =°
Axial Frequency: 92 Ring Voltage; should be >1 Volt
* We will set U, = 1 Volt for all following simulations
1 o
— Mp > Cp = 1 Curvature of Potential [1/mm?]

N, = 2Uy 172

2D

It is a function only of the geometry of the trap
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GUTENRRAS How to increase B,

First possibility : Decrease the trap radius
B [1/mm?]
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This graph is calculated for |, = 2.0 mm
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GUTENRRAS How to increase B,

Second possibility : Increase the ring length

B2 [1/mm2]
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This graph is calculated for R; = 2.8 mm

We will have to use a combination of both: reduce radius, increase length
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GUTENHERG. Two Possible Traps

Cylindrical Trap
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GSI Darmstadt 12/11/ 2004 For both traps: gap between electrodes = 0.14 mm



Gdﬁﬂm AT Two Possible Traps !r"*

Cylindrical Trap Hybrid Trap (toroidal Ring)
ﬁ
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GUTENRFASr Analytical Calculation of the Potential F Eﬁ

Using Green‘s Function Method

2ytinger (T2 T iicos(k z) cos(k, z)%(l (k,Ry) Ko (k) — 15 (k.. ) K, (K, Ry))

G

I_

K = 2n+Drx
n L !

GTorus(F F :i\/s T- \/S -7 Z&' COS(nU)COS(nU) - 1/22 ;{ n 1/2(S )Qn 1/2(S ) 1/2(S )Qn 1/2(S )}

s, =cosh(v, ),z =cos(u),z'=cos(u’)
s. =cosh(v.)
s'=cosh(v')
S, = cosh(v,)

The electrical Potential is calculated ANALYTICALLY !
The same can be done for a general elliptic ring (including hyperbolical case)
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E=0
SUTEMRRRS Analytical Calculation of the Potential ﬁE \

Potential of a torus:

) . k___,.-’.} [|-||-."_-'_ 1 — 03F i{f. -~ Q.. _1 ralcosho) ) . .
(o) = U : E f — P, 19 (coshv)cos (nu) .

T B paleosh g

nt=(l

Potential of a cylindrical trap:

or, z) = Z 5 . — SIn ’“—;“F S1 ”‘""“‘_‘;H"' S os
l " ({ " Ilif”;_‘_ " [[][l{-;n(l-}] - -

m

T ke (d+1) by (2d4+1 41 ) \
+ 2 Tr«im( . 'f.;r . ") COS (%ﬂ Iy(kp,r) vns[lsmz)}

For the hybrid trap the potential is a linear combination of both base functions:
Legendre and Bessel.

The coefficients of the linear combination are calculated numerically.



CUTTS<  Orthogonality of the trap: d, WEE

The toroidal trap can be made orthogonal

d2 [1/mm2]
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With L =20.96 mm, I =1.0mm, R, =2.0 mm

Orthogonal trap !
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CUTEAS«  Harmonicity of the trap: c, WEE

| g

The potential of the hybrid trap can be compensated

ca [1/mm#]

0.001 |

0.9

1.1 1.2 1e
~0.0002 | //////ﬁ

Optimal Tuning Ratio = 1. 282 013 ..
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GUTENRERG,,  Comparison hybrid - cylindrical trap ﬁ'ﬁﬁ
'f'_"./

Representation of the Potential on the z-Axis:

Comparison Parabel - Potential

04! Comparison Parabel - Potential
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The Volume of harmonicity is ~ 8 mm?

The Harmonicity Range of the toroidal trap is essentially smaller than the cylindrical one
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GUTENRERG,,  Comparison hybrid - cylindrical trap = EQ

— Cylindrical

—— Toroidal
Disadvantages of the toroidal trap:
1) Smaller harmonicity region

2) Mechanically a little more complicated than the cylindrical one

For the rest, both traps are electrically essentially identical
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GUTE I FE n
W% Some mathematical remarks 5!5

The useful ,,c, d* coefficients can be calculated trivially

- O, E UL T
Curvature €2=- |2 2p a?
+1% 1 I'Q-ETI 2 mm
+ +
n "2p agt n 6n“+9 n-1

All can be calculated in less than 1 second.

Anharmonicity c¢,= =

Orthogonality d,=
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GUTENRRAS A Curvature of the electric Potential c, ?E'EE

o [1/mm?]
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GUTENREAS - Frequency jump due to a spin-flip ',E’EE

Spinflip [mHz]
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Spin-flip at least 3 times bigger
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GUTENREBS::  Frequency-fluctuations due to ring voltage instabilities WEE

Our biggest enemy:

DU, 2 U,

[Hz/mVolt]
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At least a factor 4 bigger fluctuations than with old trap !!
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GUTENRRES  The cost of not orhogonality ﬁﬁﬁ

|- P

- - B - Dnz nz d2
Frequency fluctuations due to correction Voltage (Uy) instabilities =
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Maybe it is worth to sacrifize orthogonality ?
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GUTENRERG Conclusion and Outlook f'ﬂ EE

We have presented an extension of the cylindrical trap
The potential wirhin the trap has been calculated analytically

Application to the g-factor of the proton/antiproton
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