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Abstract and through a hole in the side of one of the ring dipoles to

. L i ) the injection foil in the ringwhere H are converted to
We describe the newmjection line to bemplemented 4+

for the Los Alamos Protpq S‘Forage Ring (RSR) in the .The skew line contains @-shaped bend in a 24236
F:hangefrom a .two-step. Injection Process tirect H_ plane. In beamlinerder, a 1.5 kicker magnetdeflects
injection. ~ While obeying all geometrical constraintghe peam into the injection line, a doublet providesded
imposed by the existing structures, the new line Ng§qsing and anFDF triplet, betweentwo 6.75 dipoles

propertiesn.ot found in the present injection line. In 4nqtwo -7.5° dipoles, makes theendachromatic while
particular, it featuresdecoupledtransverse phasspaces providing focusing in both transvergsanes. The D

downstream ofthe skewbend and ahigh degree of g, aqrupole resides athe dispersion crossoverthus
tunability of the beam at the injection foil. decoupling achromaticity from vertical focusing. The

comprehensive set ofrror studies hasdictated the .o bendcauses downstream transverse liresaupling,

imposed component tolerancesd has indicated the leading to an apparent transverse-emittagicavth of a

expected performance of the system. magnitudethat depends orthe input beamand on the

focus of the line.

1 INTRODUCTION The four quadrupoles inthe lower injection line

We areconverting todirect H' injection toreduce the preparethe beam for the stripper magnethere the

beam losses PSR andthus allow anincrease in beam vertical beam size must be smakcause othe narrow
current from 751A to 100uA, throughimproved quality gap and the horizontal beam size must be small to
of the injected beam and injection painting [1,2]. minimize the additional horizontal-emittance growth

To makedirect H injection possible, the injection caused bythe stripping process. Because of these

line must bererouted tobypass the ring dipole through constraints the injected beam is not matched tcstbred-
which the beam is presently injected. This seeminglyeam parameters.

minor change in geometry, coupled with stringent
requirements on the beam at the foil, necessititasges
throughout the line, while the existing tunnel wallace
severe restrictions on the layout.

3 NEW INJECTION LINE

The new injection line consists of a skevend,
matching section and last bend, as sketched in Figure 1.

2 PRESENT INJECTION LINE

Figure 1 shows a sketch of the present injection line.
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Figure 1. Top view of present and new injection line.

3.1 Layout

The bend in a skew plane iistained because it is not
practical to replace it by separdierizontal and vertical
bends. Inorder togain space forthe matching section,
the bend angles of the 6°78ipolesare increased to 7.5
and a-1.5° dipole is addedbetweenthe -7.5° dipoles.
The 26.88 roll angle of the skewend is determined by
the layout of the last bend.

The matching section is as close to a ring-tunnel wall
as possible and is more compact tllsirable. It is not
possible to push the skew line upstream to gaore
space, because it woutibstructaccess tathe injection-
line tunnel, as well as get too close to the floor.

The layout of the lasbend isessentiallyfixed by the
requirement of dipoles at or below the field-stripping limit
of 3.8 kG, with small bend angles, and the presence of the
existing PSR elements and ring-tunnel walls.

The present injection line consists of a skew line t8-2 Expected Input Beams

take the beam from th&ansverse coordinates of the

The accelerator-output-beam transverpeofiles are

upstream transport line to those of the ring injectiogsyssian with longer-than-Gausstails. These profiles

section,and alower injection line to transport theeam
through a stripper magnet, where bBre converted to i distributions.
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are describedwell by the sum of two Gaussian
Typically, the'wide-peak beam” (about
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70% of the totabeam)andthe "narrow-peakbeam" (the

elements in the upright coordinate systeRyXand in the

remaining 30% of thebeam) have transverse rmsskew coordinate systeng().

emittances of about 0.08cm-mrad and 0.0%cm-mrad,
respectively.

The momentum distribution iskewed,with a long
low-momentum tail. The momentusteviation of the
beam does not exceed abmn0t5%.

3.3 Nominal Beam at Injection Foil

The stored-beam Twiss parameters at the injection foil

are 3, =2.675 m, a,=0.6180, B,=11093 m and
a, =-13894, with D, =1.456 m and D; =-0.166.

We will inject a zero-dispersionbeam. For a
dispersion-matched injectecbeam of the assumed
momentum distribution, the foil must practicaltpver

all horizontal coordinates to cover the same fraction of the ;5

beam as for the zero-dispersion injected beam, resulting
over twice the number of foil traversals.

To establish nominahjected-beam parameteasd a
preliminary injection point (injected-beam centroid
location) at the foil, we chose among the uprigiected-
beam ellipses based dwil-edgelocation (asfar from the
stored-beam axis gsossible, to minimize the number of
foil traversals) and number of large-emittarstered-beam
particlescreated. For transverse rms emittances @08
1-cm-mrad, the nominal ellipses have rpaameters of
x=0.10 cm, x'=0.80 mrad, y=0.16 cm, y' =0.50
mrad.

Through repeated ACCSIM runs, vi@und the desired
injection point, X, =0.721 cm, x;=-1960 mrad,
Yo =2.250 cm, y; =3.100 mrad. For this injection
point, the 2-rms injected-beam ellipses tostdred-beam
ellipses with emittances ofe, =3.2 T=cm-mrad and
&, =6.3 Tecm-mrad. Figure 2 shows theransverse
phase space dhe injection foil. Shownare the 2-rms
injected-beanellipsesandthe stored-beanellipses being
filed. The foil edges areshown at-2.5 rms of the
injected beam.

Horizontally, the foil edge isclose to the axis, and
there is noadvantage in &losed-orbitbump. We will
have a vertical closed-orbitump for injection painting
and to minimize the number of foil traversals [1,2].

3.4 Handling of Non-Nominal Injection-Linelnput
Beams

The injection line was designed with a particutgsut
beam. For allacceleratoroutput beams thahave been
documented talate, it ispossible torestorethe nominal
injection-line input-beam Twisparametersvith the four
quadrupolesmmediately upstream of the skew bend.
casethe non-nominal input beamare allowed to go

The skewbend must again be achromatic, tavoid
dispersion-relatecemittance growthand beam-centroid
motion with beam-energghifts. With two quadrupoles
one can sefg = S,z = 0 downstream of the bend, which
automatically results ifRg = Ryg = Ry = Ryg = 0.
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Fig. 2. Horizontal (left) and vertical (right) phase space at

injection foil.  Shown are the 2-rms injected-beam
ellipses (dark shade), the stored-beam ellipses ($igide)
and the foil edges (vertical lines).

In order to avoid the transverse linear coupling usually
caused bybeamlines in a skew plane, the skbend is
tuned sothat §; =S;3, S, =Sy, S =S5, andthus
also S, =S, resulting in adecoupled R matrix
(R3=Ry =R3=Ry =0, Ry=Ryp=R;y=R,=0)
with two identical diagonal blocksR; = Ry3, R, = Ry,
R, =Ry, and Ry, =Ry). There is no downstream
apparent transverse-emittargi@wth, regardless ofnput
beam.

The proposed skew-bend design is gsitailar to the
present configuration(see Figure 1). The doublet
providesneededfocusing, the two Fquadrupoles of the
FDF triplet make thebend achromatic, and the D
guadrupole athe dispersion crossover providadditional
vertical focusing. This latter magneind two new
guadrupoles at zero-dispersilmtations, one upstream of
the 1.5 kicker magnetand one downstream ofthe last
skew-bend dipole, decouple the line. Tuning for
achromaticity and decoupling are independent.

The degree of coupling will beheckedwith a vertical
steerer upstream, and two BPMs downstream, ofkise/
bend. We should be able tietectcoupling thatleads to
1% emittance growth.

For eachnear-nominal setting of the doublet, thkew
bend can be made achromatic and decoupled. By
measuring the rms beam sizes at strategic points in the
line, we will be able to distinguishetweenthe nominal

m’;\nd near-nominal tunes.

3.6 Issues Concerning Matching Section

through the line, the matching section can then restore the

nominal Twiss parameters at the foil.
3.5 Issues Concerning Skew Bend

In order toexplain the beam-optics properties of th

skew bend, we need to distinguish between transfer-matfiC

The matching section has foquadrupoleswhich is
the minimumrequired toadjust four beam parameters at
the injection foil. The matching-sectiauadrupoles are

dn a dispersionless part of the line so that adjusting the

us at the foil does not affect the dispersion at the foil.
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The matching sectionan producethe nominalbeam causingbeam-centroichifts at the foil to the 0.28-rms
parameters athe foil with the nominaland all expected injected-beamellipse, horizontally, and the 0.12-rms
non-nominal input beams. It can also produce beams thajected-beam ellipse, vertically. For an equivaleffiect
differ in size by +25% from nominal in either or both from all other dipoles, the skew-line dipoles will be
planes. These are beams with reasonablefoil-edge regulated to +0.01% and the last-bend dipoles to
locationsand maximum stored-beanemittances that we +0.002%. To control fluctuations in thajected-beam
will want to check out in trying to establish the optimalparameters, thejuadrupolepower supplies need to be
tune for the actual input-beam transveased longitudinal regulated toabout 0.1%, with the last matching-section

distribution. quadrupole requiring 0.01% regulation.
3.7 Issues Concerning Last Bend 4 PERFORMANCE OF SYSTEM

The last bend contains four dipolesgdoide the beam Beam losses in the injection line shouldrb@mimal,
aroundthe ring dipoleandtwo quadrupoles tanake the even inthe presence othe expectedmagneterrors and
bend achromatic. imperfections. The performance of the injection il

Horizontally, the lastbend points at the nominal pe judgedagainst thefactor-of-nine reduction infoil
injection point (, =0.721 cm, X, =-1960 mrad), traversals (to about 35) and factor-of five reduction in ring
vertically, it is aligned foron-axis injection {, =0 cm, |osses (to about 0.1%) computed for the nominjacted
yo =0 mrad). The lastbend will have two dual-axis peam.
steerers. To get to the nominal injection point, no \We simulated beam transport through injection lines
horizontal steering isequired,but the steerers have to with errorsandbeam injection into the ring. The input
achieve Ay =2.250 cm, Ay'=3100 mrad atthe foil, peam was Gaussian-distributed, transversely, with rms
with deflections of about 2.2 mrad and 1.4 mrad, emittances of 0.08Tecm-mrad and had a skewed
respectively. For on-axis injection, no vertical steering ifnomentum distribution. Theentral energwas chosen
required, but the steerers have to achieve to minimize ring losses. Thewest-energy particle had
Ax=-0.721cm, Ax'=1960 mrad atthe foil, with about-0.537%, the highest-energy particle about 0.330%
deflections of about1.4 mrad and 3.5 mrad, respectivelymomentum deviation. Thassumednjection-line errors
Horizontal on-axis injectioncan also be achieved by were those thatannot becorrectednamelyrandomroll
lowering the currents othe first and third dipole, by errors, dipole power-supply fluctuatiorsnd quadrupole
about 2.0% and 3.7%, respectively. set-pointerrors totwice the tolerances. Alsincluded
3.8 Particle Losses were randonmormal and skew sexE‘Jpoles tdl_ELO“‘_ and

normal and skew octupoles 110 of the dipolefield,

The apertureswill clear atleast 6.6 rms of the andrandomnormalandskew sextupolesnd normal and
nominal beam with transverse rms emittances ofskew octupoles t®2[10~3 of the quadrupolefield, at the
0.081-cm-mradand afull momentumspread oft0.5%. pole radius. Thesdimits correspond totwice the
In the skew lineand inthe matching sectiorthere is N0  maximum measured values of the mapped magnets.
allowance for steering errors, which we attempt to The study showed that, for injection lines wéhors,
minimize. The aperture of the last bend haslowance the nominal ring losses can peeserved atong as more
for vertical steering to the injection poianhd horizontal beam is allowed to miss the faihd go tothe H dump.
on-axis injection. Scraping losses in the line thus arehe approach should be to always keep the nominal foil-
expected to be minimal. edge locations and injection point, in whichcase the

Particle losses fronfield stripping were computed number of foil traversals, the nuclear-scattering losses and
from the relevant formulas [3]. They should &®und the scraping losses all remain essentially unchanged.

165_0115 from all injection-line dipolesand below For tuning the line, thénjected-beantms parameters
2107 from the quadrupoles of the matching section. will be determined, tcbetter than 20%ccuracywith an
3.9 Component Tolerances emittance station near the foil. For the range of beams to

be then expected, the nominal ring lossaslikewise be

A comprehensive study of the relatisensitivity of preserved by allowing more beam to miss the foil.
the line to alignmentand field errors of all magnets

resulted in tolerances that are readily achievablelini REFERENCES
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