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Abstract

As the AGS prepares to serve as the injector for RHIC,
monitoring and control of the beam transverse emittance
become a major and important topic. Before the installa-
tion of the flying wire system, the emittance was measured
with ionization profile monitors in the AGS, which require
correction for space charge effects. It is desirable to have
a second means of measuring profile that is less depend on
intensity. A flying wire system has been installed in the
AGS recently to perform this task. This paper discusses
the hardware and software setup and the capabilities of the
system.

1 INTRODUCTION

The primary method for measuring the beam profile in the
AGS was through the use of an Ionization Profile Moni-
tor (IPM).[1] Another method which has been used with
some success in the AGS Booster is one in which the RF is
turned off and the beam is allowed to spiral inward as the
magnetic fiéld is varied; the beam intercepts a scraper and
the beam loss is measured versus time.[2] Analysis of this
data can also give the beam profile. However, this scheme
only works for measuring horizontal beam distributions.

Since the optical properties of the AGS are fairly well
understood, a measurement of the beam profile with the
IPM monitors can give information about the emittance of
the beam. In the vertical degree of freedom, this is a direct
measurement. However, in the horizontal degree of free-
dom, one must fold in the spread in beam size due to the
spread in momentum of the beam particles and the non-
zero dispersion of the rirg. However, the IPM measure-
ments require space charge corrections, which makes the
measurement sensitive to beam intensity. Such corrections
can be implemented but require frequent calibration of the
system high voltage to maintain the ability to obtain accu-
rate measurements.

The flying wires("wire scanners™) have been widely used
to measure the transverse beam profile at many other pro-
ton accelerators such as CERN PS and SPS, KEK, FNAL
and LANL. The flying wire system consists of a thin wire
which traverses the beam with constant speed and a detec-
tor which measures the scattering of the beam caused by
the wire. Since the scattering is proportional to the beam
intensity at the particular wire position, the detected scat-
tering counts versus the wire position gives the transverse
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beam profile.

Placement of a flying wire profile monitor in the AGS al-
lows for a non-destructive, independent means of measur-
ing the transverse beam size and cross-calibrating the AGS
IPM. The AGS accelerates protons and heavy ions, it is de-
sired that the flying wire can measure emittance for both
scenarios. For heavy ion beams because of the stripping
that can occur as the wire intercepts the beam, it obviously
would not be unobtrusive. But for proton beams, especially
high intensity beams where the space charge effects of the
[PM are questioned, the wire could prove beneficial. How-
ever, the main issue for the wire comes from dealing with
such high intensity beams — namely, the heating of the wire.

1.1 Heating of the Wire

To estimate the temperature rise in the wire, we assume
that the particles lose energy in the wire due to ionization
losses and that some fraction ej, of that energy remains in
the wire. Then, the temperature rise will be approximately
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where dE'/dr is the energy loss per unit length due to ion-
ization, NV, is the number of particles in the ring, oy, is the
rms beam dimension in the direction along the wire, p is
the density of the wire material and ¢, is the specific heat
of the wire material.

Measurements have been made at CERN[3] to determine
a value for e, for its flying wire system and its value was
found to be roughly 0.3. Their measurements also showed
that the wire would break due to heating by the beam at
speeds less than about 1 m/s for total beam intensities of
2 x 10'3 protons. If a similar wire system were used in the
AGS, then the speed below which the wire would break at
intensities of 7 x 103 would be approximately
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which is easily in the range of present systems. If one
wishes to anticipate higher intensities, or smaller beam
sizes on the wire, then a system which can attain 10 m/s
wire speeds is in order.

There is also radiative cooling which helps in this regard.
As the wire heats up, it will radiate as an inefficient “black-
body.” Suppose a wire with the same parameters as the
CERN wire system is used in the AGS at a location where



the amplitude function is 7 = By = 15 m. At the high-
est AGS momentum 29GeV/c, the temperature rise in the
center of the wire for the passage through a Gaussian beam
with emittance ¢y = 1007 mm-mr at speed of v = 7 m/s
is about 2100K.

1.2 Emirttance Dilution Estimates

Passing a wire of diameter d will increase the emittance of

the beam due to Coulomb scattering. The amount of emit-
tance increase can be estimated by considering the wire to
pass through the beam with speed v at a location where the
amplitude function has vaiue 3y. Then, the increment in
emittance due to a single scan of the wire is
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and for a 33um carbon fiber, the emittance increase using a

speed of 7 m/s would be qpprnvlmmplv /\F\r =347 mm-
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mr at injection(1.9 GeV/c), and 0.27 mm-mr at 29 GeV/c.
From the analyses described briefly above, it appears

that a 33 um diameter Carbon filament, traveling at speeds
greater than above 7 m/s would survive crossing an AGS

beam of 7 x 102 protons with normalized transverse emit-

tances of 1007 mm-mr.
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CONFIGURATION
2.1 Flying Wire System

The AGS flying wire beam profile monitor system is
located in a 10-feet straight section in the AGS, A20.
One vacuum chamber hosts both the horizontal flying
wire(sitting upstream) and the vertical flying wire(sitting
downstream). A scintillator paddle installed down stream
is used to measure the scattering of the beam caused by the
wire. It can measure beam profile in horizontal and verti-
cal directions, but only one direction can be measured at
a time. The scintillator paddle is 1.2 m down stream from
the vertical flying wire and 1.5 m down stream from the
horizontal one.

Two rotary stepping motors are used to move the hori-
zontal and vertical wires through the beam. Each motor ro-
tates the shaft with two forks with wires stretched between

the ends. The angie between forks is 120 degrees. One of

the wires on the same shaft is spare. The motor takes the
wire from its parked position outside the beam, accelerates
it to desired speed, sweeps it through the beam and decel-
erates it to a stop at the other side of the beam. There is
no mechanical interference between the wires in horizontal
and vertical directions. The scattering caused by the pas-
sage of any of the wires through the beam is measured with
e TL - f- ; N

the same phoio multiplier.

be moved through the beam at one time. The wires can ro-
tate full circle (it takes 5000 steps for a full rotation). At
their desired speed of 10 meters / second, wires travel 0.2
mm in 20 us.

2.2 Detector and Readout

The detector for the flying wire is a scintillation counter.

The scintillation material is Bicron, BC-408. The counter

paddle has a circular cutout at its end so that the scintilla-

tor can straddle the beam vacuum pipe and intercept a 180
degree, one inch wide arc in the beam scattered in the for-

. LR S, [ RO S S, PR

WdlU ulICLUUIl 1'\ ll"ﬂl. UUlUC dUUUl one lUUl IUHU lb uacu
to guide the llght to an XP2203B ten stage photo muluplxer

~aaccprmbley tibhs bnca o

LUUC LllC WllUlC add>CHIUIL ', UUC U(.le auu d“ lb

An TED w

tinm ag a
AR MLl YA Al

Ui,

testmg in place

st overal

uq
fou
=
I
i
[o9)
oo
a »n

odes and takes the out

cit . which uses ﬁ\_/

51xth the other for l intensities, which uses all
odes Ml(m_o the output from the anode. Much of

and paddle design was fashioned after a design used in the
FNAI ﬁvmo wire system [4],[5] and we are gra_[cfl_]l for
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their help
Signals from the PMT are read d!.-eren.tially by a VME
module. This module is BNL design known as an MADC

ning at full speed, this module prov1des dlgltal 51gnal sam-
ples to the AGS Control Computer.

Oregon Micro Systems VMEX-2E Motor Controller board
is used for the control of the motors. It can control 2 axes
of motion while monitoring their actual positions with the
built in incremental encoder interface. The board has Mo-
torola 68000 processor which can be programmed to ex-
ecute wide variety of motion commands. A sync line is
available to synchronize moves to external events and there
is an auxiliary line for each axis to ailow the control of
external events. The start of flying wire movement is initi-
ated by V102 Event Link Delay Module. MADC module
is used to digitize the signal from flying wire detector elec-
tronics. Motion signals generated by the motor controller
board, besides being used for motor control, are used as
external scan trigger signals to MADC module.

All signals generated by or going t
board go through transition module. T
of the transition module is determined
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AGS flying wire Controls

Motor -
Control
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V102 Instrumentation
:Module p{ Module | control MADC
VME Decoder Modules
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Module | gync Sync MADC
control
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AGS Event Link Analog inputs

Figure 1: The AGS flying wire control sequence diagram.

when the sync line becomes active. The transition module
will also send signals to the MADC to take data. When
both auxiliary lines are set high then the transition module
will only send signals to the MADC and not allow either
motor to move. The purpose of this mode of operation is to
take background measurements.

_ The control sequence is shown in Figure 1. The sync sig-
nal begins the sequence. The V102 decodes an event from
the AGS event link and delays a programmable amount of
time and then generates the Sync pulse. When the VME
stepper motor module receives the sync signal it begins to
execute code that determines the direction of the appropri-
ate motor and outputs the clock to step either the X or Y
plane motor. The transition module passes the motor step
clock and direction signals to the appropriate motor indexer
and the step clock to the V102 module. The motor step
clock is used by the V102 to generate programmable de-
layed signals to control the instrumentation electronics and
the MADC. The MADC digitizes the analog data on every
step of the motor while the wire is in the beam. The VME
stepper motor module automatically accelerates the motor
to the correct velocity, runs the motor at a constant veloc-
ity through the beamn and de-accelerates the motor after the
wire leaves the beam.

3 PERFORMANCE AND FUTURE

The flying wire system has been tested during the AGS
FY99 high intensity proton run. A horizontal beam profile
measured with the AGS flying wire is shown in Figure 2.
Due to the proximity of the detector to the AGS Ring, and
the remote location of the electronics, noise pickup from
the beam and other devices is a significant problem. A large
fraction of the noise is rejected by the differential input of
the MADC. The rest can be filtered effectively by proper
DSP techniques.
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Figure 2: The horizontal beam profile measured with the
AGS flying wire.

The flying wire system in the AGS provides a simple
precise means of measuring beam profiles. We are going to
run it for other species such as heavy ion and low intensity
polarized proton beam in the AGS in the future. It will
become a valuable tool for AGS beam diagnostics.
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