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2 THE GENERATION OF POLARIZED
1 INTRODUCTION MUONS

In various recent publications new concepts fdrigh | the muon collider the muons apeoduced in a so-
energy muon collider was presented [1,2,3]. Itis claimeghiled decaychannel by moving pions. When the pion
that a muorcollider could be ideal fonigh energy,high moves the momenta of the muamd the pion add or

|Umin05ity |ept0n collisions. Inhis paper th@035|b|l|ty subtract (‘forward’ or ‘backward’ muon) [4]
of obtaining polarized muon beams is discussed.

Muons are generated in a pidecay.The piondecays 2_m? 2, m2 22, +
via the weak interaction into a muon and &wuon = (M, H )R+ m i) * R qf [ﬁ)
neutrino (fig. 1). The muons are born polarized when the" 2m,

pions are at rest. Forward and backward muons have different spin

directions. The pluand the minus sigdescribeshe two
possibilities.

Pu When it is assumethat thepions are monochromatic
<+ and have a momentum of 200 MeV/c, muons with a
momentum of 209 MeV/c (forward muon) or 10®&V/c

(backward muon)@re produced. The mudeam is
unpolarized. Polarization is obtained by energy selection.
The energy ofthe produced muons lidégtween 0 to 3
GeVand camnly be captured by a speclalac which

) unifies the energies of the muons. The momentum of the
The rest mass of the muon is 1056V andtherefore forward and backward muons as a function of the

about 207 timefarger than theest mass of the electron. momentum of the pion is shown in fig. 2.

The pion rest mass is 139.6 MeV. The anomalous, ,der to obtain polarized muons, thegh energy

magnetic moment of the muon is 1.166‘>§J:§Imilz_;1r 10 uons have to be selected (fig). Thisreduces the
the electron anomalous magnetic moment of 1.18x10 1 avimim polarized current artiderefore the luminosity.

During acceleratiorand storage the integer resonancesg polarization of 60%would reducethe polarized
occur when (n = integer)

Figure 1. The muon is polarizegpposite to its direction
of motion.

luminosity by about a factor of 20.
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The distancebetween twanteger resonances is 94.62¢ 2040° - forward
GeV compared to ca. 440 MeV with electrons. S 15003} muons backward
The figuresclearly showthat the muon spin is & muons
. . _ . = 10x0°
extremely insensitive to magnetic field$his has a §
positive aspect. Polarization fiar more stabl¢han it is = 5040
in the case of electronand protons.However,there is 00l
also a negative aspect: in the relativistic limit an 00 50407 100’ 1507 2040° 25a0° 3.0:d0°
integrated field of 492 Tesla.m is required to rotate the Pion Momentum MeVic

muon spin by 90 degrees. In comparison, 2.3 are
required to rotate the spin of an electron by 90 degrees.
The clear advantage thateven at arend energy of 2
TeV the spin tune isnly 21.13 andcomparable to a ca.
10 GeV electron storage ring.

Fig. 2 Momenta of backwardnd forward muons as a
function of pion momentum



3 DEPOLARIZATION IN THE bunch from revolution to revolution. We call this

COOLING ELEMENT technique synchrotron spin matching [7].
In thecase of synchrotrospin matching the number of

revolutions, the momentum compaction factord the
Osz11ccelerz;1tion voltage all have to be matched appropriately.
The matching condition is

The muonbeamhas to beooled byionizarion cooling
[2]. In order to estimate the degree of depolarizati
during ionizationcooling, it is assumethat the binding
energy ofthe electrons is small compared to the muon
energy: the electronsare considered dsee and g-2 _

. . y (t)dt=0
unpolarized particles. I 2
In the nonrelativistic approach, tipeobability Qthat a

muon is scattered into the anglés given by [5] in the relativistic limit wherd\y is theenergy deviation.

Is this conditionfulfilled the beam remains perfectly

2 .
QE,0) = 1+e - mez B*. polarized.
2. m,
[Si(0/2)-5irf(612)-SirF(0/2)] 5 SPIN HANDLING IN THE STORAGE

0 is the center of momentum angtds +1 when the spin RING

remains the same after scatteriags -1 when the spin is
flipped. m is the electron rest mass angimthe rest
mass of the muoif is v/c in the usual definition.

The spin flipprobability is proportional tehe fractional
energy loss. The proportionality constant is

A generaltype ofspin rotator in the mairing is shown

in fig. 3. It is assumedhat thefield strength of the
bending magnets will be ca. 10anhd that thenagnets
areabout 10 m long . As a result, a 30 m long magnet
assembly consisting of Bagnets is able to rotate the
spin by 45 degrees.
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It becomeglearthat depolarization is almost negligible 30 120 m

when 3 is small
The depolarization can beescribed bythe following
formula

P =gRexp[ -x/a]

P is polarization, x the length of the partitigectory in
the material. a is the decay length of the polarization. For H
Be and the given energy [6] a is about 200 m.

4 SYNCHROTRON SPIN MATCHING
FOR HORIZONTALLY POLARIZED Fig. 3 Possiblespin rotatorfor muons inthe main ring.

BEAMS IN RECIRCULATING LINACS The spins are rotated 48egrees fromthe vertical
towards the momentum axis by the first 3 ca. 10 T, 10 m

long  vertically deflecting magnetsThe spin is
afterwards rotated by 180 degrees around the vertical axis
by 12 normal bendings (spin rotation around the vertical
agiirection) tilted by ca. 2 degreédlowed by a 30 niong
vertical bend into thepposite directionThe spin rotator
requires an extra space of ca. 60 m.

At low energies it seems to be difficult to rot#te spin
into the vertical direction. Iseems to be easier keep
the polarization in the horizontal plane as long
possibleand taotate it at higherenergies when the
bending fields become higher.

Recirculatig linacs are idedbr this case. During
acceleration particles at the trailingd the leadingdge
of the bunch gaindifferent energies. When the
recirculating arc has an appropriate momentu
compaction factor particles change the position in thS

Fig.4 shows a possible scenario the arrangements of
the spin rotators in theng. Thefirst spin rotator rotates
It{pe spin from the vertical (upward) into the longitudinal
irection . After passing the interaction regiand the
econd spin rotator, the spin aims in the vertical



(downward) direction. When the partigleturns to the where 6 is the angléetweenthe spin directiomnd the
interaction region after one revolution its spin aims intpositron trajectory. adepends on thenergyand is 1/3
the opposite direction compared tiee first pass: the spin when all positron energies are taken irgocount. In the
direction changes from revolution to revolution. ring thespins aim in the vertical direction. Tpesitrons
are mainly emitted into the spin direction. In the lab
frame the preferred emission an@léoecomes therefore
1y or 10* rad. This is areasonable angle for a
polarimeter.

Fig. 4 shows a possible scenario farranging the spin
rotators in order to obtain varying helicity directions

from interaction to interaction. muon positrons from
beam decaying pos.
A similar statement is trufer the opposite particle. As a muons
result the helicities of the colliding bunches can bgig. 8 A possible layout for ahigh energy muon
altered from revolution to revolution. polarimeter in themain ring. Theasymmetry of the
positrons is measured.
1. revolution : i
Theasymmetry could be d8gh as 2 to {depending on
. the energy selection of the partickesd theacceptance of
2. revolution the polarimeter). It should beossible to measure
} polarization in a few seconds with an accuracy of 1%.
3. revolution
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