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Abstract

The ground state hyperfine transition frequency of hydrogen is known to a very high precision and
therefore the measurement of this transition frequency in antihydrogen is offering one of the most accurate
tests of CPT symmetry. The ASACUSA collaboration at CERN will run an experiment designed to produce
ground state antihydrogen atoms in a cusp trap. These antihydrogen atoms will pass with a low rate in the
order of 1 per second through a spin-flip cavity where they get excited depending on their polarization by a
1.42 GHz magnetic field. Due to the small amount of antihydrogen atoms that will be available the
requirement of good field homogeneity is imposed in order to obtain an interaction with as many
antihydrogen atoms as possible. This leads to a requirement of an RF field deviation of less than £10%
transverse to the beam direction over a beam aperture with 10 cm diameter. All design aspects of this new
spin-flip cavity, including the required field homogeneity and vacuum aspects, are discussed.
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The ground state hyperfine transition frequency of hy- SE § } sookers
drogen is known to a very high precision and therefore the op
measurement of this transition frequency in antihydrogen 0 0%
is offering one of the most accurate tests of CPT symmetry. 9 %%
The ASACUSA collaboration at CERN will run an experi- T 05k
ment designed to produce ground state antihydrogen atoms 1O . s 44 e
in a cusp trap. These antihydrogen atoms will pass with a il B sonkers
low rate in the order of 1 per second through a spin-flip cav- I T K 4

ity where they get excited depending on their polarization BM
by a1.42 GHz magnetic field. Due to the small amount of _ )
antihydrogen atoms that will be available the requiremerfi9uré 1: Energies of the four hyperfine states versus an
of good field homogeneity is imposed in order to obtaiffXternal magnetic field. From [2].

an interaction with as many antihydrogen atoms as possi-
ble. This leads to a requirement of an RF field deviation
of less thant-10% transverse to the beam direction over A
beam aperture with0 cm diameter. All design aspects of
this new spin-flip cavity, including the required field homo-

geneity and vacuum aspects, are discussed.

Since the frequency is very well known in hydrogen [3],
antimatter counterpart, if measured with similar preci
sion, will challenge the currently most sensitive CPT limit

EXPERIMENTAL SETUP

INTRODUCTION . )
After extraction of the antiproton beam from the AD the

The comparison of antimatter to matter provides valuantiprotons are cooled further and finally captured in a cusp
able information regarding charge parity time (CPT) viotrap (anti Helmholtz coil) where ground stake will be
lation. At CERN'’s Antimatter Decelerator (AD) spectro-formed [4]. The magnetic field of the trap is such that it
scopic measurements of antiprotons and exotic atoms suglibws the extraction of a partially polarizé&tlbeam con-
as antiprotonic helium have already been successfully cotaining more low field seekers than high field seekers. This
ducted [1]. Within the ASACUSAAtomic Spectroscopy beam is then projected onto a cavity and from the cavity to
And Collisions Using Sow Antiprotons) collaboration, a a superconducting sextupole magnet with a field of 3T fo-
new experiment is currently being built aiming to measureusing the beam onto a multi channel plate (MCP) detector
the ground state hyperfine splitting (GS-HFS) frequency qFigure 2).
antihydrogen(H) [2]. This splitting is caused by interac- |t the radio frequency field of the cavity is set to the res-
tion between the proton (antiproton) and electron (posjtro gnance frequency df.42 GHz a spin flip is induced in the
spins. The resulting four state#’€0 singlett and"=1 peam leading to a change in polarization from a low field
triplet state) can be divided into a pair of low field seekergy g high field seeker state. This causes a deflection instead
and high field seekers (Figure 1). The transition betweegy 5 focusing in the sextupole magnet and hence a drop in
these states has the characteristic frequency.4¥GHz  the count rate of the detector is observed. The whole setup

(famous21cm line of hydrogen). This frequency is pro-from the exit of the trap to the detector is at room tempera-
portional to the proton (antiproton) magnetic moment vigyre.

[2] A vacuum of< 107! mbar is needed throughout the
experimental setup. Each component therefore is bakeable

3
VHFS = ? (&) Me Ko 2. R..(1+A) (1) and hasits own pumping unit to ensure this pressure.
P e

wherem,,, m. are the masses of the proton (antiproton) and
electron (positron),:,, the magnetic moment of the proton
(antiproton),ux the nuclear magneton, the fine structure
constant,c the speed of lightR., the Rydberg constant
andA a correction term due to higher-order quantum elec-

trodynamic (QED) and quantum chromodynamic (QCD)
effects. Figure 2: Schematic overview of the experimental setup.
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Figure 3: Absolute value of the magnetic field along théigure 4: Schematic drawing of the pillbox cavity with two
beam axis. As expected, the field has a sinusoidal run. striplines.

SPIN FLIP CAVITY should only be about MHz implying a low Q value, and

Since the rate dff atoms passing through the cavity is inhencg a possible reduction of the radio frequency power, a
tanding wave structure was chosen.

the order ofl —10 atoms per second over a beam apertur%
of 10 cm diameter the requirements on the field distribution
and homogeneity inside it are severe. The radio frequen : T .
field of the cavity has to provide a purely transverse fiel?‘”box with stripline and wings
with a homogeneity of at least10% over the whole aper- A structure consisting of a simple pillbox cavity of
ture. Since we cannot have a homogenious field in all dizog mm diameter and 05 mm length with two striplines
rections, the field gradient in beam direction is sinusoiday, top and bottom of the beam aperture proved to be well
(Figure 3)- o _ suited for the application (Figure 4). It provides a purely
Superimposed to the oscillating field a static magnetigansverse field with an excellent homogeneity-df.5%
field provided by two Helmholtz coils must be applied toFigyre 5).
avoid spontaneous spin flips (Majorana spin flips) occur- Unfortunately in addition to the wanted mode there is an-

fing in field free regions. . . other one at nearly the same frequency (Figure 6). In order
. TO.E”SUTQ the homogeneity of the f!eld ms@e the Ca\%5 detune this unwanted mode, small metal plates (wings)
ity, fringe fields from the cusp trap which are in order thave been inserted [5] on the side of the cavity affecting the
~ 100G as well as fr_om the superconduc_tmg_ SeXtur’mﬁnwanted mode only. The obtained shift in resonance fre-
(=~ 10G) have to be shielded ta 0.1 G. As shielding pos- quency of the undesired mode frami2 GHz to1.48 GHz
sibility layers of mu material are currently investigaterw is more than enough for selective excitation. This structur

simulations. is very simpl neverthel roviding all ir rop-
For the cavity design, many different setups have beeéshi:;_/ I?Wgseﬂ?eurtefc?reecthc?siisaz (f)ingl dgegg:.es ed prop
tested using CST Microwave Studio simulation code [5].
Starting from very simple rectangular and pillbox struc-
tures up to fairly complex structures such as crab cavities
were investigated. Most of the setups could not satisfy the
restrictions in field homogeneity and transverse purity.
Also the concept of magnetic walls [6] for the cavity
have been investigated since they would provide a purely 1ggoo
transverse and totally homogeneous field. In our case such 15400
walls are not applicable since they require waves propagat 15300
ing rectangularly to the walls. In the present case the anglé 15309
of the incident waves however does not satisfy this condi- 18600
tion. A setup that provides the desired objectives will be
presented in more detail. 5
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Sanding vs. Traveling Wave Structure

Since the beam aperturéd)(cm diameter) is comparable
to the overall length 0f0.5 cm (\/2 structure) fringe field
effects become very important for trave"ng wave StrucFigure 5: Distribution of the field over the aperture plane
tures. Together with the fact that the frequency bandwidterpendicular to the beam.



measurements. Four DN 16 CF feedthroughs, equipped
with coupling pins, will be used around the cavity — two
coupling pins for excitation of the desired mode and two
for monitoring the excitation. To ensure good electrical
contact, copper—beryllium springs are placed between the
striplines and the cavity walls and all contacts will be gold
plated, i. e. the front and back of the striplines, contagtin
part of the front and back of the cavity.

Specially manufactured meshes with 96% transparency
for the H atoms are used at the entrance and exit of the
cavity as well as in the transition to the DN 35 CF flange to
Figure 6: The magnetic field distribution of the desired (agnsure the properties of a perfectly closed resonator.
and the undesired mode (b). Tuning over the desired frequency bandwidthdfiHz

will be achieved via the low Q factor of the cavity. Ad-

ditional tuning can be obtained by displacing the meshes

IMPLEMENTATION OF THE FINAL at the entrance and/or exit of the cavity and hence varying
DESIGN the inner length of the resonator. Simulations of this tgnin

s . . __process are in progress.
The goal of the spin-flip cavity design was easy handling

and manufacturing of its components. The chosen structure

was designed to be completely dismountable and suitable SUMMARY AND OUL OOK

for bake out aB00 °C. Measurements of thH ground state hyperfine splitting
The cavity and all components are fabricated from stairprovide an excellent test for CPT violation. The experi-

less steel 316LN or 316L using as far as possible standamtental setup currently built within the ASACUSA collabo-

vacuum components, a sketch of the cavity design is showation at CERN'’s AD was briefly presented and the design

in Figure 7. of a spin flip cavity with the field requirements were dis-
The upstream and downstream part of the cavity isussed. Currently proper magnetic shielding possitslitie

equipped with 16/2" OD CF flanges and adapter flangedor the cavity and their actual implementation are investi-

providing the transition from the cavity to the beamlinegated.

vacuum chamber. The cavity body is welded on the in-

ner 161/2" OD CF blind flange through which a hole of ACKNOWLEDGEMENTS
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Figure 7: Design of the new spin flip cavity.



