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A GEM 1s a 50 um thick foil of Kapton, copper clad on | NA was approved as a FRN project 1n June (]

both sides, pierced with microscopic holes at a high density : .. : ) :
(our 10x10 cm? foils have about a million holes). A voltage and work 1s continuing in fine-tuning the machine

of a few hundred volts applied to the top and bottom  Eparameters in order to meet all the physics requirements.
copper layers causes an electric field that focuses in the

centre of these holes where it 1s just as strong as close to Ring commissioning 1s scheduled for 2016 with the

the wires of a wire chamber. Ionization electrons enter the  Fingstallation and setting-up of the electrostatic beam lines a
holes from one side, are multiplied inside the holes, and

thqn exit on the o.ther side where they are collected by a  fy€ar later.
;f;%fg’f‘“em that integrates the charge and reads out the — Fpy, . biggest challenge for the beam instrumentation 1s to
measure the parameters of a very low intensity antiproton
beam 1n an energy range from 5.3 MeV to 100 keV. At

such low energies the ELENA ring will operate with a

Compoct and easy te
exchonge illumination
system [ALARA)

The detectors are made as light as possible to avoid
scattering the low energy antiprotons and modifications
have been made to the readout electronics to cope with the

Al,Oj5 scintillating screens are installed in the transfer lines and coupled to a CCD
camera have provided information on the antiproton beam position and size. One
such device will be moved from its current location in the 7000 line and will be
installed after the second bending magnet that will deflect the antiproton beam
from the AD to ELENA. ier el wirr cocte

short spills of the AD. The cathode window is a crucial fidynamic vacuum of less than 2x107'* Torr. Particular
element when absorption and multiple scattering of the  Eattention has to be paid to design of all the elements that
will be installed in the ring as they will be baked-out at

beam are of concern. In our design the cathode 1s also the
gas enclosure, and it is stretched tight (~ 11 MPa) in order 5
to avoid any deformation by the slight overpressure in the 300°C and must be NEG coated.

chamber. It 1s made of the same base material GEMs are

Hlumination system ——

Proposed BTV setup for ELENA injection matching made of: copper clad polyimide. The copper is etched Kin. Energy range 5.3 Mev 648 keV 100 keV

A new system is also being developed that will be capable of measuring the away In the active area of.the det.ecto.r, leaving just a thi‘n Momentum range 100 MeV/e 35 MeVie 13.7 MeVvie
beam position and size just before the injection kicker and at the first turn in the (~ 100 nm) layer of chromium which is there to act as a tie Circumference 30.4m
ring. The proposed setup consists of two distinct systems each incorporating a coat for a better adhesion of the copper layer to the Tune Q=23 Q,=1.3
6cm x 4 cm screen, a CCD camera, filter wheel, optical elements and a polyimide substrate. The material traversed by the beam to Ring vacuum 3x 107" Torr
pneumatic in/out movement. enter the active volume of the detector thus amounts to Nhpartictes Injection 3x 10’

0.018% X,. On the other end of the chamber, the gas Nparticles €j€Ct1I0N 1.8 x 10’

enclosure is made of a 25 um polyimide foil, adding Nbunches €j€ction l'to4

0.009% X,. - &n & €, at ejection 4 /4 um (95%)

AP/P after cooling 2 x 10 (95%)

The profile of the circulating beam will be
measured destructively using a scraper system.
In this device a blade is moved quickly across
the beam and creates a particle shower due to
the interaction of the beam with the blade. A

Two such detectors are already installed in the .,
existing 7000 line just after extraction from the i
-m

: . . Mai ters of the ELENA ri
AD. Another two GEMs will be installed in the Ihh ain parameters ot the ring
new part of the transfer line; one after the AD e e

shielding and a second before the ELENA

simultaneous detection of the intensity of the an ection septum. Horizontal profile of an antiproton beam at 5.3 MeV
particle shower outside the vacuum chamber
with a scintillator/photomultiplier assembly ,
. - . The I\inac 4 beam stopper system on i) 3
and the blade pOSlthIl via LVDT sensors g1ves which\the ELENA scraper will be e : A W A VA A S A A S ._h i
an 1mage of the beam profile. based —— | . ST T i IO e
e et e i . e -K"‘-x . yRi
| SECTION 01 e F}T"H;.i sEsedsy, 4
To measure the efficiency of the ; - _ e T ) vy Py 55, L
electron cooler a magnetic Schottky SECTION 061 eI = | .{?%}‘g q] 3 e Rk S %"
pick-up similar to what has been used N - £ L %r ~
on the AD will be installed. The Sl ol AN x"‘*?? o M
design of this system is under the S N ) S S
responsibility of the radio frequency o ATRAP %
(RF) group. This pick-up will also be 5 oG : aﬁf
used to initially estimate the bunched A o B
beam intensity Y ﬂ ;I
F 1SS10N1 t 100 keV with th t SEC ' ! . il— ﬂ 2
or commissioning a eV wi ¢ proton — :
source, optimisatiorig of the electron cooler vxlf)ill be CTION O 5 Ty INSTRUMENTATION - i L
performed by measuring the recombination rate of _INSTRUMENTATION & RF e ~ N ’
electrons with the circulating protons. The choice of B | I
detector depends on the required information. A ECT|ON 04 | / ]
scintillator coupled to a photomultiplier will be used ELECTRON / 4':'
to measure the recombination rate from which the 0 COOLING |S ECT'O N 03 a7
transverse energy of the electron beam can be H EXTRACTION - o g5 i’f
evaluated. It will be a good means to correct any s | | v \f
angular deviations between the electron and 1on " & g
beams as the maximum signal 1s obtained when the . AF L
beams are correctly aligned. Using an i1maging - Ssg”
monitor such as a GEM behind the scintillator, one _ ﬁ{ ey
can derive the profile and position of the proton beam g}y AN
from the profile and position of the recombined v l],“;;, R E 1
beam. , <5
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The tune will be measured using a base system ELENA layout in the AD hall
-band tune (BBQ) setup used on nearly i T 'I
all t.hft: a}f:celerators at CERN. It will The 100 keV antiproton beam extracted from ELENA will be transported to seven experiments using
congs dO ' detect Hine b T | Quadrupole BPM assermbl electrostatic beam lines of total length >100 m. The dipoles and quadrupoles comprising the beam
. g’ © d C elc orsf, con\ie tm%l ea;n- L HEA 3 Dipole BPM assembly P Y lines must be precisely tuned to focus the antiprotons into the acceptance of the trap experiments. To
n qtqe pu skes r(i_m el cetrodes ot a VY facilitate rapid tuning, the position of the beam at several positions along the beam lines must be
pOsl 110 n 1%10 “up }?. Isl ngg Vagmtg sreond ] [ , , . measured simultaneously. A set of micro-wire beam profile monitors will be installed for this purpose.
signals, dr.om tWt }110 ) Ob.18:€.8 iy TT The ELENA orbit measurement system will consist of 20 They are based on the devices used by the ASACUSA collaboration since 1999 to measure 100 keV
COTTCSpoNAINg 1o 1he bedm Orbil 1S Vs ™ circular BPMs mounted inside the ring quadrupoles and antiproton or proton beams that emerged from the Radiofrequency Quadrupole Decelerator (RFQD).
removed with series capacitors. o | | dipoles. The proposed design 1s based on a stainless steel body
An analogue front-end amplifying BBQ Front-End containing 2 diagonally cut plates. Two such elements will be
and filtering the detector signals. inserted into a 100 mm diameter vacuum tank in order to have . _ wwowas  The —monitor consists of two position-sensitive
Two . 1.6-b1t ADC for para}lel —T a position measurement in both planes. ' ' RS photocathode grids providing the X and Y projections of the
acquisition of horizontal and vertical woewaae  Deam, sandwiched between three anode grids with a
betatron oscillation 81gnals. @ Electrode inner diameter 66mm distance of 2 mm between them. Each gl'ld has between 32
L Electrode thick 1 Inveeoconnecor " :
A VME, = FPGA based D¥g¥tal Hlecttode to suppor T 3 Tomm and 48 gold-coated tungsten wires of diameter 5-20 um
PP gap
Acquisition Board (DAB) providing guppoﬂ ﬂﬂge iﬁ@@; diameter 818mm stretched over a ceramic frame, with a pitch of 0.5-1.5 mm
1 rtt t . . .
the read-out and processing of the T ST S between neighbouring wires. They are manufactured by
ADC samples, spectra calculation, e [ 1\:7ac(111u1r1n tublel tf}lnckness Dl NslrggF first printing a pattern of gold readout micros-trips along
1 1 Y 2-bit . .
data buffering and storing for 21 bac || 16it Fleotrode Tonath T the edges of a ceramic frame measuring 100 mm x 90 mm x
subsequent transmission through the O [+ control |[ ADC Overall length, Dipole 340.5mm 2 mm with a 62 mm x 62 mm opening in the centre to allow
VME bus to a front-end COIIlplltGI’. out B out A Overall length, quadrupole 432.5 th f the b Gold d .
: : BPM flanges DN100 (conical) — . . ¢ passage of the beam. Gold coated tungsten wires were
Two 12-bit DACs implemented as a F_ ; ‘ t) chirp f{ﬁi_‘q’vevfrtéogﬁhsgfevvshg\fvnbeam profile  monitor. stretched over the frame with a mechanical tension of 10—
DAB mezzanine, used to generate o e

20 g. The two ends of each wire are then aligned and
pressed onto the corresponding micro-strips with several
kilograms of force, using an electrode tip made of tungsten.
The wires are then embedded and fused into the micro-
strips by applying a pulsed current on the tip. The grids are
baked 1n vacuum at temperature of 80 °C to remove
t0mm outgassing contamination from their surfaces, thereby
allowing them to be used in ultrahigh vacuum p<10-10

-I.'!:h:r..... x - z 2 . . .
HEBLTS exettation BPM mechanical dimensions o ket
Fl‘ﬂj em

signals for beam chirp excitation,

independently for horizontal and vertical diagram of the ELENA
machine planes; the DAB can also  BBQ tune measurement system
provide tune kicker triggers

synchronised with the acquisition.

Both difference and sum signals will be generated in the
head amplifier. After signal amplification by low noise ampli-
fiers located very near to the BPMs, the difference and sum
signals will be transported by ~50m cables, digitized and pro-

cessed using digital A/X normalization for the position calcu-

lations. Ve s Yomie mbar. A 50-pin, L-shaped connector made of stainless steel
In order to test the response of the pick-up to particle beams Top views of X and Y profile wire electrodes and alumina is soft-soldered to each board.
at various velocities, a 3D model of the monitor was created S g v g Blcssic
in CST PartiCIG Stlldlo Wlth thls mOdel onc can eStimate the B g . The Cathode grids at ground potential are irradiated by \"w g
signal linearity, expected output voltage as function of beam ? " the beam, and the sec ondary electrons emitted from = I Hllﬂmlmlilﬂhﬂ
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| |
| |
energy, electrode capacitance, signal shape as function of | | ih lerated t 4 th de orids biased at l'
beam position and shape, pickup bandwidth, as well as the | i " | | cltl are aCetielaled ToWard M annde gids blased a
longitudinal coupling impedance and the effects from wake I (D} : RA BOOL 50 V The beam.proﬁle 1s obtained by using cl}arge-
fields. "] Fl> d:;} Yi e ] sensitive preamplifiers to measure the charge Q; ejected 'R /:
— i d = LT fmer oo = {rom the cathode wires on the X and Y grids with high it commscr SHORARC TR —
s BCT Yo | R ﬂ sensitivity. The preamplifiers consisted of application- Eggor%g?ghsthgf Chfglgbéi_(sien;%rsgﬁcre ;;Clﬁifti erbogg
2000 e i y i ii T T pemer wmrw - specific integrated circuits (ASIC, IDEAS VA32 or micrlz,scopge photo Oft%e ASIC preafnpﬁﬁﬁr ’
A o | - VA64) mounted on hybrid ceramic circuit boards. The p— o
H el o— | amplitude V, of its output signal is related to the input ) E'-: Eor
S 3, e 5 s % » i~ %T e i charge Q; by a conversion ratio dV,/dQ; = 0.45 V/pC. 3; | i ] s ol
e i (Tunnel) | The preamplifier has a shaping time constant (?f 500 ns, g Mﬂ\"\ g [
: i I | ~and a full range between -1.5 and 1.5 pC. This voltage £ >
ELENA pickup in CST Microwave Studio ‘ o i N L . signal is amplified using a bipolar operational amplifier W o 1
Pestioninx e ) (Analog Devices AD8051) and digitized using a CMOS Xposition. {mm) Intonsity (arb. u.)
Signal linearity for x and y direction as found in CST Studio System hardware layout analo g-tO-di gital converter (ADC, AD9240). zggtaﬁiigi?o651;?12;0558111(22 hzfli I?esiu;;e(f a‘blz.asuelllr

beam of wavelength 289 nm (broken lines) overlapped
on each other



