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Abstract The experiment has set as a goal the ability to measure
) i ; 0 . )
The MUCOOL facility is proposed to examine coolingthe emlttancg with a rglatlve error of 3 %[3]. To achieve this
%oal the desired relative uncertainty in the measurement of
ECh of the six phase space variables shouls i&;. Ta-

techniques that could be used in a muon collider. Th%
solenoidal beam channel before and after the cooling t i . .
9 eEJ e 2 shows the required detector resolution to achieve 1 %

section are instrumented to measure the beam emittance:; :

This instrumentation channel includes a bent solenoid f&°¢U"acy In the measurement of the phase space parameter.
provide dispersion and time projection chambers to mea-

sure the beam variables before and after the bend. T

momentum of the muons is obtained from a measureme 2T Bent Solenaid Channel
of the drift of the muon trajectory in the bent solenoid. Each Arm is § 1 Long
The timing measurement is made by determining the pha

from the momentum of the muon before and after it tra f Accelerating Cavity —_ 5
verses RF cavities or by the use of a fast Cherenkov char  , +qoncim soewtd—_ 1 &3
ber. A computer simulation of the muon solenoidal channe
is performed using GEANT. This study evaluates the resc

) - 6.55-T Guiding Dipole
lution of the beam emittance measurement for MUCOOL  __ reci _\} TPz
I = 4
1 INTRODUCTION E{\_ Ausiliary Timing PMTTy
Mmchigr Solenoid

The MUCOOL facility has been proposed as an experi-
mental program for testing techniques that can be used for
muon cooling in a muon collider[1]. The facility would
include a target area in the FNAL meson area, followed
by a quadrupole focussed decay channel, a bending mag-
net for muon momentum selection, an instrumented mucoFable 1: Parameters used for the MUCOOL Instrumenta-
solenoid channel before and after the experimental regidion Channel.

to measure the beam emittance[2]. This paper will discuss

Figure 1: Schematic of the measurement channel

. ' | ) Parameter Value
the measurement of the emittance in the instrumentation RF frequency| 805 MHz
channels. Fig. 1 illustrates the instrumentation channel. It Momentum | 171 MeV/c
is a bent solenoidal channel. The solenoidal bend causes a Biotenoid 3 tesla
drift vertical to the plane that is proportional to the particle Byuiding 0.56 tesla
momentum. This drift will be used to measure the muon Gban 1 radian
momentum. Time projection chambers (TPC) are posi- Riend 100 cm
tioned before and after the solenoidal bend. These TPCs Reerture 15 cm
are filled with a low pressure methane gas that has a long ﬂ*p 36.7 cm
mean free path. The TPCs can measure the transverse beam TPC length 45 cm
variables : x, yz' andy’. By comparing TPC beam mea- 0, =0 12 mm
surements before and after the bend one can measure the Oy = Of ) 60 mrad
beam momentum. Fig. 1 shows two bent solenoid regions Total Ierﬁgth 92m

with RF cavities in between. This arrangement is chosen
to be able to measure the muon momentum before and af-
ter the RF cavities. The comparison of the momenta can
be used to extract the time information from the RF phase.
Using RF for the time information is one of two approaches 2 SIMULATION

under consideration. The other is to use a fast Cherenkgye MUCOOL instrumentation channel was modelled in
device for the time information. The scope of this paper iISEANT[4]. The channel is designed to transport muons
to examine how well one can measure the beam momegith a mean momentum of 171 MeV/c. The solenoidal
tum using the bent solenoid. Table 1 lists the importarfhagnet field of the instrumentation channel is described

parameters describing the instrumentation channel.  with current rings. The field for a single ring can be ex-
*Work supported under Contract No. DE-AC02-76CHO00016 with thepressed by an analytic expreSS|o'n[5]. The field .at any point
U.S. Department of Energy. in the solenoidal channel is obtained by summing the con-

0-7803-5573-3/99/$10.00@1999 | EEE. 3026



Table 2: Required detector resolution to achieve 1
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racy of the phase space parameter.

% rection. The uncertainties from diffusion in the TPC gas is
° aCCYnp2s vz eminthe transverse direction andi35 /z cm
in the longitudinal direction. The longitudinal drift error

Parameter | Resolution can be 1 cm for a point that is on the opposite side of the

So, =da, 200 pm chamber from the readout.

00, = b0y 5 mrad

%P 0.14% 3 ANALYSIS

oo 2mm ) )

o, 8 ps Eve_nts are generated in GEANT correspondlqg to a nor-
malized transverse emittance of 130tm mrad in each
cﬂrection. 184 MeV/c muons initially have a spread of

P

S5~ = 3% and loose energy traversing the auxiliary timing
tributions of the single rings. This procedure accurately dé&scintillator. The TPCs before and after the bent solenoid
scribes the field in the transition region between the straighill typically produce about 12 hits on a track. The TPC
and curved solenoids. A dipole magnet field is superinflits are fitted to a helix in a reconstruction program(6].
posed on the bent region of the solenoid. This dipole field iEhe beam variables can be determined from the fitted he-
set to cancel the drift of a muon with the mean momentunfiX parameters and compared to the beam variables known
Fig 2 shows the local magnetic field components along tH8 GEANT. Fig 3 shows the deviation of the reconstructed
center of the channel. The axial field is 3 tesla at the centBgam variables, z',y, y' from the known variables. Ta-
and varies radially from the center of curvature in the berftle 3 gives the RMS errors for the beam variables deter-
region. The vertical field in the bent region has a centrdnined from Fig 3.
value of 0.56 tesla and haswgperbolic tangenform as an
approximation for the ends. The dipole field falls off with
an attenuation length equal to the solenoid aperture radius.
The shape of the locdp, (in-plane transverse field) com-
ponent depends on how abrupt the transition is between the
straight and curved regions of the channel.

Beam Variable Resolution
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Figure 3: Deviation of reconstructed beam variables,
z,z',y,y’, from known values in GEANT. x and y are in
cm andz’ andy’ are in radians.
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The muon will traverse the solenoidal channel with a he-
lical path. One wishes to measure the drift of the centroid
Figure 2: Components of the field as seen in the local cef the helix, not the position of the muon at some specific
ordinate system along the center of the solenoid channghase. The center of the helix is known from the path re-
The field is inkilogauss. construction. The errors in the measurement of the helix

center ., yetr) @t the TPC is given in Table 3. The error

The GEANT simulation will produce hit digitization in in determining the helix center will contribute to the ulti-
the TPCs. These hits include uncertainties for the meanate error in the determination of the momentum.
surement and for drift in the TPC low pressure methane Fig 4.a shows a scatter plot &, known from GEANT
gas. The measurement uncertainties for the hit position averses the vertical drift traversing the bent solenoid. There
200 m in transverse directions and 2 mm in the axial dits a strong correlation betwedn, and Ay as expected.
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« as it enters the bent part of the solenoid than when it

. . . . .B
Table 3: Resolution of the beam variables achieved in tWSaves the bent solenoid. The non cancelation ofge

simulation. component can affect the vertical displacement of a parti-
Parameter Resolution cle. Fig 5 shows the path length and integrated fields seen
ox = by 127 pm by each muon in its local frame. The variation firB, ds
oz’ = dy’ 1.0 mrad could account for thé\ P,,.
0Zctr = OYetr 150 pm A possible procedure to improve the precision of the
%P from AY 1.3% muon momentum measurementis the following: Using the
% from Pitch 1.8% vertical drift as a first estimate of the muon momentum,

track a particle from TPC1 through the solenoid channel
magnetic field to TPC2 using several values of the momen-

) o ~ tum in the vicinity of the first estimate. A? comparing
Fig 4.b shows the deviation in momentum of the points, ./ y,y' can be assigned to each momenmuess One

from the best fit straight line through the data. This figurga,, use an iterative process find the best momentum. An

establishes the error in momentum from the vertical drif,a\yation of this procedure has not been completed at this
to be 2.3 MeV/c oL = 1.3%. Fig 4.c shows the devia- yoment.

tion in momentum obtained from measuring the helix pitch

in the TPC alone. This independent measurement sets the
momentum error at 3.0 MeV/c 8§ = 1.8%. These deter- Integrated Path Lengths
minations of momentum are not adequate for the emittance 1, - : 200
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