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Abstract contour triggered by a thyratron with sub-critical
We consider the dynamics of muons injected into tHgcrement arranged with the help of resiskil2Q

g-2 ring now under construction at FERMILAB. Wwdnstalled in a discharge loop arranged w@th10nF and

present the concept for the pulsed injection kickagnet effective inductancé~1pH. During the E-821 run it was

that optimizes capture efficiency and minimizeserent found that the muon accumulation efficiency had yeit

betatron oscillations of stored muons. Some engimge Plateaued when the pulser reached its maximum yalue

details of the high voltage kicker and pulser afdlggesting that at very least, the total numbemobns
presented. captured would be increased with a more powerful

kicker. We recommend a Blumlein-type pulser forsthe
OVERVIEW purposes.
Experiment E-821 [1], was performed at Brooldrav

National Laboratory for measurements of anomalous OPTICAL PARAMETERS
magnetic moment of muay, = (g, — 2)/2 where g is Parameters of the ring, which are importamt the

: : _ . kicker design, are represented in Table 1. Trassver
the gyromagnetic I’atl()j# =9,(e/2m)s. s stands for focusing of muons is provided by electrostatic
the vector of spin with accuracy 0.54 ppm. The idéa quadrupoles that occupy significant fraction of tbit
the experiment is straightforward. The angulgerimeter. In view of very nearly uniform focusime
frequencyw, , which corresponds to the differencessume that the field indexis constant around the ring.
between the spin precession frequency and the tegnlo The average field index

frequencya, = eB / mc __ R OE, , (CGS, Gs, cm), (2)

5, =-—2[a8-(a, -1 )pxE]. @ peB o
W, = m. a, a, y2-1 B ' wherep stands for the normalized velocity of muéhis
. he radius of trajectoryB is the guiding magnetic field

|dent|f|(te's ';heidanlomalct)rlljs tmggntenc n;otrr?ent. Gr;\gpt t fid E the electric field. Then the betatron functionmet
magnetic field along the trajectory of the muo shifts and dispersion are

using (1) one can calculage. In the experiment, the
g @:iyﬂ:B,Q :ByQ :B”:i. 3)
positrons from the time of flight decay™ e*|/e|7/1 are a-n DV Tn ¥ g B, 1-n

detected with 24 Pb-scintillating fiber calorimeter The physical aperture ofg{2) ring has a radius of
distributed evenly around the inner circumferenténe 4 g oy 5o the maximum and minimum radial offset is
storage ring [2], [3]. As the direction of the emitn of _ _

the decay positrons is correlated with the oriéoabf Xmewmin=t4.5cm respectively and the maximum and
the muon spin vector, the time dependence (vanptid minimum energy offset i8max/min = X max/mid77-

the counts in each calorimeter is associated whith t

precession of the muon spin in the guiding magrfisid Table 1. Muon ring parameters

of the ring. For the muon energy, which correspoteds | Muon momentum [GeV/c] 3.09

the Vv, = /1+1/a” 029.3, the term that multiplies the Rim 7112

cross product of velocity and electric field in @dquires Indexn 0.139

a zero value, so the spin precession becomes itisens Qx, Qy 0.927,0.373

to the electric field in the first order. Bxs By, 1ix [M] 7.67, 19.1, 8.26
Now the entired-2) ring will be moved from BNL to Xmax s Xmin [CM] +4.5 -4.5

FERMILAB, in preparation for a next-generation Energy aperture [%] 0.545

experiment to be performed with increased statisticd Offset at inflector exit [cm] 76

improved systematics allowing a measurement of the

anomalous moment with an accuracy of better thad 0. The muons exiting the inflector have finite eneagyl
ppm [4]. As the efficiency of muon capture contt#Bito angular spread, and are displacge 7.6cm  from the
better statistics, and smaller coherent betatroill@$ons central orbit. For a muon with fractional energysefd,

to reduction of an important systematic effect, & the radial offsetxy) has a betatron contribution and an
well advised to consider improvements to the ifgect energy contribution.
kicker system. Xo = Xz + 3d. (4)

~ One of the key components is a fast kighalser, Clearly the betatron contribution depends on enamyy
which provides on axis injection into the muon at® \ye \write
ring [5]. The pulser in the E-821was a simple LCR X4(0) = Xo — 10 (5)



At betatron phase, (px=0 at the inflector exit), ratio. For a feed current of 1kA the field value the
center of aperture comes to ~80G, so the curreyutined

in a single 1.7 m-long kicker ~7.5 KA. In the E-821
The muon with energy offséthas zero betatron amplitudeexperiment three ~1.7m long kickers [1], [5] were
at ¢ = n/2 and displacement from the on energy centrquired to deliver the ~10mrad kick.

trajectory ofx = #d. The angle of the muon trajectory with

respect to its closed orbit is THE CONCEPT

Both the pulse generator and the kicker plate lerafre
redesigned for the new experiment. One technical
complication is the necessity to accommodate thketr
s that carries the 17 NMR probes for measuring tbé fi
X(s) = (% =n0)/ B ®) distribution in the beam aperture vacuum. The oute
We apply a kickd=-x" to direct the muon onto itsdiameter of the cartridge is ~90mm, with length 650
closed orbit. The ideal kick angle depends on tieg@/ mm, weight ~2kg. It travels on 18 wheels (totalhisT

X(S) = X3(0) cospx + o (6)

= i ¢:§ i :7)(0_,76 i 7
X (s) x55|n¢d(j£ ﬁsm(é 3 sing (7)

and atp =1/2

kick = kick, /(1- ) (9) system allows magnetic field mapping with an aceyra
) ) ) ) i better than 1.5ppm in vacuum during dedicated perio
If-the kicker field is uniform and kicks the on ege while the ring is operating, the cartridge is move a

muon by® = xo/fi = 9.91 mrad then the error in the  gocking position inside vacuum chamber. We chbse t
kick angle for off energy particles will be shape of the electrodes to allow free passage @f th

_ cartrige between the kicker plates (see Fig.1).
499 :(XO ﬁﬂd _)2]1—1 5 =I7§1—1 5 ﬂ; o O gl Qv el
to the lowest order id. N

Table2. The kick vs energy

Fractional energy offset kick [mrad] AG Vacwm
0.545% 4.04 5.84
0 9.91 0
-0.545% 18 5.84 |

. . . . Old plate profil
In order to kick all energies on to their respeetilosed pteprose

orbit we require that the kick have radial depergen Figure 1. The h0|d kicker plé}aes andf't|he' new ones in
kick = kick, + 46/ _. (1) comparison. The NMR cartridge profile in measuring

] max position is shown also. Inner circle diameter i@®.
Then the kick compensates all energies if _

kick(x) = 9.91mrad+13[mradcm] X[cm] (12)

We now suppose that the muon has nonzero a(ﬁgle
exiting the inflector. Then at the kickex(71/2)=x,[3.

Evidently, there is no kick applied at= n/2 that will place
the muon on axis. Indeed for an on energy muon,kécky
except X, | Bwill increase the residual betatron oscillatior _ — o ' '
We find that the optimum kicker field profile depnin Fi9Ure 2. Fragment (slice) of NMR cartridge running
detail on the energy and angular distribution & thuons Macof® rails bereen the kicker plates. End jumper is
exiting the inflector. As that distribution is asipated to S€€n at the left side too.
included substantial energy spread and angulargbwnee
we choose to design kicker plates for a uniforrdfgrofile
as that minimizes peak field (Fig.1).

To provide a kicka~10 mrad to ~3 GeV/c muon bea

The current input is arranged in a break of theeinn
kicker plate, seen at the right of Fig.3. This wase as
he generator (old and new) generates negativagelat

the required field integral §Bdl = o ({BR) 0O.IT [in he output.
where (BR) C10T [m is the magnetic rigidity of muon NUMERICAL MODEL
beam at energy ~3 GeV. For the kicker |engtﬁ 1.7m 2D codes should be used Cautiously for the time

(the length of the old kicker section, 1/3 totafpe dependent problem modeling with well conducting
magnetic field in the aperture of kicker should p@aterials when the skin depth is much less, than th

; thickness of the electrodes, as all processes inAilke
= . The height of th ’
deI/L [0.059T = 600G € nhewgnt ot the newbegan, could not stop. 2D analyses allowed clarifyi

plates is ~5cm (see Fig.2), so the feed currentildhiioe  some details only which can improve the field/cotre

not less, than 2.5 kA. The presence of the suriogndyatio. So we launched full 3D time dependent aresys
conducting surfaces drastically reduces the fieldént



with FlexPDE. Severe limitations for the stray didével possibility of bending it to a desirable shape. Tieer
<0.1 ppm, force careful modeling of the problenAluminum ~4.4"0OD tube is filled by Foamplast to
Example of the output from 3D modeling is represdntreduce the oil volume. In the design we sepataeHV
in Fig. 3. transformer tank from the commutation unit, linkithgm

] with additional HV cable, see Fig.4.

The thyratron CX1193 is appointed as the
commutator. It allows up to 160 kV peak forward @ao
voltage with maximal current up to 8 kA for repietit
rate limited to 60 p.p.s and up to 60kA in a sing®ot
or crowbar service at 1 pulse per 10s.

Outer parameters of the prototype pulser are
represented in Table 3. Due to specifics of Blumlei
generator operation, the output voltage coincidits the

Figure 3. Magnetic field vectors in the new platesfile. charging voltage. The current running through the
Vertical scale Y ircm. commutators is twice of the output current. Thetqrgpe

Blumlein pulser is shown in Fig. 4.
DESIGN CONCEPT

The Blumlein generator performs as a tri-adiae

0.05-

-0.05+

Table3. Parameters of the prototype pulser.

with one inside the other. Each coaxial pair has Voltage 100kV
impedanceZy=6.252 so the output impedance is 1205 Current 8kA
The coaxial cable RG-193/U matches this impedance. Flat top 50ns
The outer diameter of this cable 2.lin allowing qhe Matching imped 1X5b

the Al tubing is 7", length of each section ~1.5Imthe final model diameter will be reduced to@D. Inner volume

filled with oil. T stands for the thyratron.

‘the same feeding current as in the E-821 desighe T
vacuum chamber in the region of the kicker could be
equipped with transverse grooves, for a furtherdase
of the kick.
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