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Abstract

In this talk we briefly overview some beam profile monitors used in CERN’s Antiproton Decelerator to measure the profile of
antiproton beams with keV and MeV-scale energies.

The ASACUSA (Atomic Spectroscopy and Collisions
Using Slow Antiprotons) collaboration is currently car-
rying out various atomic physics experiments involving
antimatter at the Antiproton Decelerator (AD) [1] facil-
ity of CERN. The AD delivers a 100-ns-long pulsed beam
containing Np = (3 ! 4) " 107 antiprotons of kinetic en-
ergy K = 5.3 MeV, at a repetition rate f # 0.01 Hz. A
radiofrequency quadrupole decelerator (RFQD) [2,3] is
then used to further reduce the beam energy to K # 10–
100 keV. This beam is used to synthesize antiprotonic
helium atoms (pHe+

$ p + He2+ + e!) [2,4–6] and ions
(pHe2+

$ p+He2+) [7], and carry out precision laser spec-
troscopy [4,5,8] on them. In this paper, we describe several
kinds of detectors [9–11] with position-sensitive electrodes
which were used for this purpose.

A parallel plate ionization chamber (PPIC) [9] was con-
structed to monitor an antiproton beam of K = 21 MeV. It
contained three parallel polyester foils of 1.5-µm thickness –
an anode foil and two position-sensitive cathodes mounted
at a distance 2 mm on either side of it. The foils were placed
in a vacuum chamber filled with a mixture of 90% argon
and 10% methane (P10 gas), at a low gas pressure P = 6.5
kPa which helped to minimize space-charge and recombi-
nation e!ects [12,13]. The antiproton beam was allowed to
travel through the foils in a direction perpendicular to their
surfaces.

The electron-ion pairs produced in the gas were accel-
erated between the foil electrodes. The position-sensitive
cathodes consisted of 20 segmented strips of width 0.92
mm in each plane. The X- and Y- projections of the an-
tiproton beam were obtained by using 40 charge sensi-
tive preamplifiers to measure the charge induced in each
strip. The electrodes were manufactured by sputtering gold

layers of thickness td = 20 nm onto the polyester foils
The strip patterns were cut by focusing the output of a
Q-switched neodymium-doped yttrium-aluminium garnet
laser of wavelength ! = 1064 nm on the foil. By slowly scan-
ning this spot along the foil surface, 80-µm-wide lines were
drawn where the gold was vaporized and the underlying
polyester exposed. The polyester, being highly transparent
at 1064 nm, was undamaged by the laser.

The PPIC was irradiated with 300-ns-long beam pulses
containing Np = 5"107

!1.4"109 antiprotons at the Low
Energy Antiproton Ring (LEAR) facility of CERN. The
number of antiprotons Np in each pulse was roughly de-
duced from the anode signal, under the assumptions that,
i): a 21-MeV antiproton produced # 30 ion pairs [14,9] in
the PPIC, ii): the electrons were collected with unit e"-
ciency by the anode. At fields of E = 75V /mm applied
between the anode and cathode, the collected charge be-
came roughly equal to the value estimated above for an
ideal ionization chamber. The horizontal and vertical cen-
troid positions of antiproton pulses where thus measured,
and systematic drifts in the beam position were studied [9].

We next constructed a parallel plate secondary electron
emission detector [9], which measured the profiles of 5.3-
MeV antiproton beams without the use of detector gas.
As before, the detector consisted of an anode foil and two
position-sensitive cathode foils. The foils were coated with
a 50-nm thick layer of oxidized aluminium, which had a
relatively large yield "e for secondary electron emission.
These foils were placed in the vacuum pipe of the AD beam
line, and evacuated to a pressure P # 10!8 Pa.

When an antiproton struck a strip electrode on a cath-
ode foil, an estimated "e # 0.5–1 [15,16] secondary electron
were emitted. These were accelerated toward the anode foil
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biased at 50–100 V. Charge sensitive preamplifiers mea-
sured the charge ejected from each strip. The spatial profile
of the AD beam measured with the device was character-
ized by a dense core of cooled antiprotons of diameter d =
5 mm, surrounded by a large (d > 20 mm) halo. This re-
sult was in good agreement with emittance measurements
of the antiproton beam circulating in the AD, which were
carried out using a scraper detector [1].

The pulsed beam emerging from the RFQD [2,3] had an
energy K = 10–100 keV, a large diameter d # 30 mm, and
contained (5 ! 8) " 106 antiprotons. At such low energies,
parallel plate monitors could no longer be used since the
antiprotons would stop in it. We therefore developed a sec-
ondary electron emission detector [10] based on grid elec-
trodes of wires with diameter d # 5–10 µm. This allowed
most of the antiprotons to pass through without degrada-
tion, while a small portion (typically 1–2%) intercepted by
the wires produced the signal. The monitor consisted of
X and Y position-sensitive cathode grids, sandwiched be-
tween three anode grids with a distance l = 2 mm between
them. Each grid consisted of 32 gold-coated tungsten wires
stretched over a ceramic frame, with a pitch #x = 0.25–1
mm between neighboring wires. They were manufactured
by first printing a pattern of gold readout microstrips with
thickness tr = 30 µm along the edges of the frame. An elec-
trode tip made of tungsten pressed the microwire ends onto
the corresponding microstrips. The wires were then embed-
ded and fused into the microstrips by applying a pulsed
current on the tip.

Due to the very small number of antiprotons intercepted
by each wire, only # 1000 signal electrons were emitted
from it per antiproton pulse. Of particular importance to
achieving a high sensitivity in the charge-sensitive pream-
plifier [10] was the use of junction field-e!ect transistors
with a low 1/f noise coe"cient Kf # 10!27 J, and a high
transconductance gain gm # 50 mS. The output voltage
signal V0 of the preamplifier was converted into a di!er-
ential current one Id using a transconductance amplifier.
This signal was then transmitted from the preamplifiers to
an active filter amplifier housed in a nearby electronic rack,
over several meters of shielded twisted-pair cable [10,17].
The di!erential nature and low impedance of the signal en-
sured that any external interference picked up on the cable
would not degrade the signal-to-noise ratio. This was es-
sential because the monitor was used next to the RFQD,
which was excited with MW-scale RF powers at frequency
f # 202.5 MHz. The detector achieved an equivalent noise
charge of # # 200 electrons. This is within a factor 2 of the
best values reported for any room-temperature detector of
comparable capacitance Cdet # 10 pF.

The monitor could also be used to measure the profiles of
UV laser pulses, by employing the wires as photocathodes.
Four such monitors were constructed, and operated in ul-
trahigh vacuum (p # 108 Pa), low temperatures (T < 100
K), and strong magnetic fields (B > 0.1 T) near an antipro-
ton Penning trap [18]. A similar detector based on photon
imaging of secondary electrons will be used in the Linac4

testbench facility now under construction at CERN [19].
This work was supported by the European Young Inves-

tigator Awards (EURYI) of the European Science Foun-
dation and the Deutsche Forschungsgemeinschaft, and the
Grant-in-Aid for Creative Basic Research of Monbuka-
gakusho.

References

[1] P. Belochitskii, Status of the Antiproton Decelerator and of the
ELENA project at CERN, Proceedings of COOL 2007, Bad
Kreuznach, Germany, 2007.

[2] M. Hori et al., Phys. Rev. Lett. 91 (2003) 123401.

[3] A.M. Lombardi, W. Pirkl, Y. Bylinsky, First operating
experience with the CERN decelerating RFQ for antiprotons,
Proceedings of the 2001 particle accelerator conference, Chicago,
2001 (IEEE, Piscataway, NJ, 2001).

[4] M. Hori et al., Phys. Rev. Lett. 96 (2006) 243401.

[5] M. Hori et al., Phys. Rev. Lett. 87 (2001) 093401.

[6] R.S. Hayano et al., Rep. Prog. Phys. 70 (2007) 1995.

[7] M. Hori et al., Phys. Rev. Lett. 94 (2005) 063401.

[8] M. Hori, R.S. Hayano, E. Widmann, H.A. Torii, Opt. Lett. 28
(2003) 2479.

[9] M. Hori, Nucl. Instr. and Meth. A 522 (2004) 420.

[10] M. Hori, Rev. Sci. Instrum. 76 (2005) 113303.

[11] M. Hori, K. Yamashita, R.S. Hayano, T. Yamazaki, Nucl. Instr.
and Meth. A 496 (2003) 102.

[12] B. Jean-Marie, V. Lepeltier, D. L’Hote, Nucl. Instr. and Meth.
159 (1979) 213.

[13] T.Z Kowalski, Nucl. Instr. and Meth. A 234 (1985) 521.

[14] M. Agnello et al., Phys. Rev. Lett. 74 (1995) 371.

[15] D. Hasselkamp, H. Rothard, K.-O. Groeneveld, J. Kemmler,
P. Varga, H. Winter, Particle Induced Electron Emission II,
Springer-Verlag, Heidelberg, 1992.

[16] S.P. Møller, et al., Phys. Rev. A 56 (1997) 2930.

[17] V. Radeka, Annu. Rev. Nucl. Part. Sci. 38 (1988) 217.

[18] N. Kuroda, et al., Phys. Rev. Lett. 100 (2008) 203402.

[19] M. Hori, K. Hanke, Nucl. Instr. and Meth. A 588 (2008) 359.

2


