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BEAM TRANSFER AND EXTRACTION AT LAMPF 1I

Eugene P, Colton
Los Alamos National Laboratory, Los Alsmos, NM 87545

Summar

Protons will be single-turn extracted from the
LAMPF 11 synchrotron at 30 Hz. On alternate pulses
they will be single~turn injected into a storage ring.
Both processes utilize fast kickers and Lambertson scn-
tun magnets. Half-integer rasonant extraction will be
used to slow—extract the besn from the storage ring
over & time spread of 1/15 8. The slow extraction
occurs using electrostatic wire and iron septa.

I. Introduction

The current reference dcuignl for the LAMP? 11
project i{s based upon the requirement of producing an
intense (I ~ 100 yA) proton beam. These protons would
be used to produce intense beams of kaons, hyperons,
and neutrinos. A rapid-cycling synchrotron would be
used to sccelerate 800-MeV protons from the LAMPF linac
to a peak energy near 32 GeV. The decired current can
be obtained using 30 Hz with 2 x 10! PPP» The refer-
ence design for the accelerator is a superperiod five
machine. The total betatron tunes are v, = 14.19 and
vy, = 12,29; tne circumference 1s 1082.g9 s (harmonic
number 216). Figure ] shows a layout with the wmachine
inscribed within a pentagon. The machine ig composad
of five arcs A; and five straight sections S,.

Tota! Length - 108269 m
Mcx. Width - 389.97Tm
Max. Height - 370.88 m

l. =597 m
p *124593m
L =24/0l4m

g_JQ.Q_ﬂL.

Fig. 1. Geomatry of five-sided machines for LAMPF II.

On alternate pulses the beaz 1is single-turn ex~
tracted and sent to a DC storage ring for slow axtrac—
tion to experiments. This ring has been designed to
also bde five sided and to be positioned, for example,
directly above the accelerator. On intervening pulsas
the beam 1s sent directly to a ncutrino experiment
srea. The storage ring has & unit superperiod and has
s high beta section in one of its straight sections in
order to locnte an electrostatic extraction septum.
This machins has a tune of v, = 13,45 and vy * 12.95.

In Sec. I1 wa describe the accelezator extraction,
bean transfer, and injection into the stcrage ring.
The storage-ring extraction is discussed in Sec. I1I.
Concluding remarks are given in Sec. 1V,

11. Single-Turn Manipulations

Figure 2 shows a plan view of the accelerator.
Beam is extracted 1in a single turn by energizing two
fast horizontal kickers to d+flect the beam into a Lim~-
bertson extraction septum. Kicker (K;) bends the basm
1.5 mr inward, while the second kicker (Kz) gives an
identical but outward deflection. We asgume # iangth
of 5.5 m for the kickers and field of 300 gauss. Fig~
ure 3 shows the kicked orbit from K; through the
extraction Lamberison Lj. The maximum displacement 1is
120 wn throvgh arc 2, well within the aparture. At the
Lanbertson Center we have x; = 24,2 mm, x{ = 0.8 wr.

Identical extraction can takn place through kick-
ers 3 and 4 and the extraction Lambertson 2 (see
Fig. 2). In this case the beam would be transported to
another area (neutrino experiments). The kickers must
be capable of at least 300 gauss with a short rise tima
(100-200 ns). They are seuparated by 190.2 m so Ky (Ky)
sust be delayed by 634.8 ms relative to K; (K3)  when
transporting 32.977 GeV/c protons. The Lamber*son ex~
traction septe will bend the horizontally displaced

besms up. A length of 5.0 m should allow for efficient
extraction and transport, assuming a waximum 1.0 T
,1.1d .
Ext. Kicker 4
:,}luMQ
Ext. Kicher :
v, * 0.0%81 "5:"- RNy
Ext. Lamberteon |
¥, * 8968}~
Ent. Kicker
b e 8T
|&3
Fig. 2. Plan view of the accelerator ring showing the

locations of the extraction componente.



Extracted Kicked Beam in Accelerator incoming beaw horizontal; at this point the horizontal
displacement of the beam 1is, for example, +15 sm and

15 mr Kicks L. parallel to the central orbit. The injected beam un-
Start dergoes a cohsrent betatron oscillation through the arc

0  Arc 2 Ay (see Fig. 1) and the straight S, before being acted
End 5 upon by the injection kicker. The trajectory benavior

Arc 2:'-- between Lambertson and kicker {s shown in Fig. 5. Au

! before, the required kicker field is 300 gauss for a

length of 6.33 a.
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]

| ! The unperturbed tune of the machine is v, = 13.45,
We plan to extract the beam using half-integer resonant
A axtraction in the horizontal plane. Time-dependent
| - perturbing quadrupole(s) will drive the tune close to
K

X{mm)
o

v, = ]2,50,  Tiu sepaictvices will be defined by suit~
ngly placed octupole(s). As the resonance 1is ap-~
] + proached, particles will arrive at the location of the
electrostatic septum (see Fig. 4) with larger absolute
displacements x, on successive turns. The wire will be
-30} located at x, = +40 om. An electric field of greater
than 50 kv/cm 1is sufficient for extraction. Assuming a

septum length of 3.0 m, we will kcep the step size less
1 A 1 1 1 1 1 than 20 mm. Thus particles arriving at the septum with

< +60 sm will receive a hori-

31 35 39 43 47 5) 55 &9 displacement +40 wm < x
gontal kick. Tigure 8 shows the horizontal displace-

vV ment for a test particle arriving at the electrostatic
X septun with x = +60 mm and zero angle xg = 0; the par-
ticle then traverses the following arc to the Lambert-
Fig. 3. Closed orbit for monoenergetic kicked beam in
son location at v, = 3,0, The solid line represents
;CCGICTI{O! froa kicker K) through the extraction Lam- ,po ¢rggectory for no kick from the electrostatic sep-
erteon L. tum. This curve is useful to show how the besm grows
prior to extraction. Apertures can be inferred from
their behavior as vell as from the injection ordit in
. Fig. 5. The dashed curve in Fig. 6 rusults when the
th I:jcction :11‘ oc;:r via s t‘"b";'on 1(L2)1 i“t° test particle receives an outward +0).45-ur kick 1in the
¢ storage Ting. o symmetric quadrupole triplets o4, ¢rogtatse septun. The excursions grow to 135 mm in
will accompliish the matching of Twics parameters and arc 1; the displacemsnt 1s =25 mm at the extraction
:1!1 be located in’tho line between the two Lambertsons Lambertson L,, sufficient to then take out for experi-
1 end L3 The height differential of the two rings h ...,
is given by 37.2 tan © where 0 represents the bend

angle of the Lanberteons L; ¢nd L., Existing quadru-
poles {n the ring ltrat.gt loctionl require a minimum
angle near 40 mr and h > 1.5 w. This bend can be 35 LR L L L L L
accomplished with /ML » 4,4 T-n; for a 3.0~m Lambert- M. we|Smm
son we require By = 0.88 T (at Bp = 110 T-m). 2n |- L _
Figure 4 illustrates the storage ring and transfer N Ap ™
components. The injection Lambartson (L,;) renders the ¢ S\ RN
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Fig. 5. Injection orbit in etorage ring from injection
Fig. 4. Plan view of the storage ring showing the
locations of the injection and extraciion components. Lambertaon Ly through the injection kicker.



Trocked Orbit

X s +80mm at Electrostatic Septum
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Fig. 6. Trajectory of a particle iu the storage ring
starting at the position of the electrostatic septum
X, = 60 mm.

The straight sections in the machines are disper-
sion free. In partfcular, the storage r*n; has a epe-
cial high-beta straight eeciion 8; with p = 156.9 m at
the electrostatic septum. The oxtrcstlon Lambertson {is
located at the centor of 8, vhere 8 = 21.278 ms The
three remaining setraight sectionn S3-8¢ are {dentical
mirror-symmetric quadrupole systeas with Av_ = 0,65 and

v, = 0.48333. The peak §, values are near 52 m in
thzno sections. The high bogn at the electrostatic
septun is particularly usefu) to minimize the maximum

excursions in the machine as well as to maximize the
extraction efficiency. A good rule 3f thus' 1s to lo-
cate the septum vire at, for example, xX_ ~ v ::. vhere
¢ ie the transyerse geometric emittance. W. ex»ect ¢
~(1,0=1,5) » 10°° wm s0 we choose X, ® 40 mm., The ex~
traction efficiency is approximately given by2

t
"l“x:n : M
)

X, + A
. 108, .

for quadrupole~dominated extraction. In Rq. (1) t  {w
the wire thicknues and A is the step sire. Given ! -
0.075 mm we obtain r = 0,993 and r = 0.997 for § =
10 wm and 4 = 20 wm, respectively,

In che simplest half~integer resonart extraction
system one need 4include only s single 27th harmonic
quadrupole and meroth harmonic octupole. Achiavemwat
of a quadrupole~dominated exiraction snd lavge wtep
site A {0 sometimes intractadble for s given unperturbed
tune and Twies paramaters at the el!sctrostatic septum,
We show in Pig. 7 the xx’ phase-space trsjectories of
three test particles at the location of the electro~

0.2

rig. 7. =x-x’ phase-space beshavior at the ¢.ectrostatic
septum for three teil pacticles with initisl x’ = 0,
x, = 8,85 mm, %, = 12,52 =, and ¥, = 17.7] em.

static septus. The outer two trajectories are outside
the stable area and stream out along the
separatrices=~—they would jump the septua at LI 40 mu.
The petiurbing quadrupole 1is located st v, = 1.20 (in
the first arc A)) with gy = 22,676 m. )t has & power
Py = 0.0138 a1 (KP). e octupole is located in the
lgrltcht 8, at v, = 5,6387 v%th B, ® 352.13 m and has @
pover l”‘zl(bbp’ « 1,667 m~J,

The step sise in Yig. 7 in still teoo emall for ef-
ficient extraction. Furrhermors the separatrices need
reoriencti~ng for actual sxtraction. In fact, an exten-
sive search was performed in order to obtain more opti-
mum quadrupole and octupole locatinne; an improvad
situation was not obtained. A slight redesign of the
storage=-ring lattice 1s needed. Octupole=dominated e.'=
tractions are poosible, but they necessarily introduce
higher order nonlinearitiwe; the extracted beam
enittance depands strongly upon the strength of .he
perturbing quadrupolr {n these cases aleo,

IV, Jonclus!ons

The actual design for LAMPF II 1ia etill evolving
at tniv time, We hava fdentifiad the wmajor hardware
and rechniques for beam transfer. They are wwll within
t ¢ presant technology and eshould present no grest
yroblem. We are concerned vith beau spill, howaver,
espacially at the electrostatic septum; further work
witl be simed at reducing this effect.
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