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Abstract tance must however be larger than the emittance of the injected
: . . - beam.
To increase the polarized proton beam intensity in the IUCFIt is more important to make the foil thin. A carbon foil

Cooler ring, this ring will be equipped with a new injector CON< thin as 4ug/cnt is available at IUCF now, but it might be

sisting of a 7 MeV linear accelerator and an 80 MeV COOIWorth while trying to make even thinner foils. Fig. 1 shows a

Injection Synchrotron (CIS). The linear accelerator will accele&-SNglcmg thin carbon foil with two unsupported edges

ate negative hydrogen ions which will be strip-injected into CIS.

Tracking calculations have been made to estimate the beam in- Il. THE EMITTANCE GROWTH AT THE
tensity that can be achieved within a specified emittance. '
STRIPPER FOIL

Each time a particle passes through the foil it loses energy and
|. STRIPPING INJECTION OF HINTO CIS is scattered through a small angle. The energy loss causes a dis-
lacement of the closed orbit with ré8ng emittance growth.
ince the energy loss is random it also heats the longitudinal mo-
Bn. However, it is the multiple scattering and the closed orbit
atEi'spIacement which dominate the iétance growth. For protos
and deuteros at the relevant energies, the emittance growth can
Be estimated roughly as

The choice of injection mode in CIS is dictated by the sti
modest intensity available from present polarized ion sourcg
While the pulsed beam intensity capabilities of modern pol
ized Ht and D* sources is impressive-(200 nA) and grow-
ing, itis still about a factor of 20 smaller than required for singl
turn kick injection to provide the.5 - 1019 particles desired for
Cooler injection. This goal can only be achieved via stripping Ae= 2502+ 9Dx A8/ 5" @
injection of polarized H and D~ ions. e

Negative polarized hydrogen ions will be strip-injected intith
CIS to produce protons (deuterons) that will dxzelerated to 6.8 MeV d
80 MeV (65 MeV) [1]. With the high intensity polarized ion Orms = =5 72 gjom? 2)
source (HIPIOS) [2] it is possible to produce a;28 polarized '
H~ beam. This beam will be accelerated by a radio frequenay the rms multiple scattering angle and
guadrupole (RFQ) to 3 MeV, and by a drift tube linac (DTL), to .
7Mev. _ _ AS = 0.077 MeVg~tem? In(1.3 - 10°57) d
The injection elements in CIS are aygy/cn¥ carbon strip- B r
per foil located at the center of the injection straight section, and ) . )
two bumper magnets which are 188part in phase advance ands Fhe average r_elatlve mom_entqm Ios§._ - 1.1 mis the
centered about the stripper foil. The bumper magnets are uBggizontal 3-function at the foil,d is the foil thickness D =

to displace the circulating beam during the injection so that i/ IS the dispersion at the foili; is the betatron oscillation

coming ions are injected close to the circulating orbit in ordgll]spl_acemenw 3 mmy Qndﬁc is the velqmty of the ion. The
to keep the emittance small. The foil strips electrons from gpeximum number of foil passages a single proton (deuteron)

injected hydrogen ions but it also scatters circulating particl%?n make before the emittance becomes too larrr%e is given by
during injection. Therefore the beam will be heated in both lof Ac. Fora 7 MeV proton passing through a.¢/cm carbon

gitudinal and transverse phase spaces. foil and with107 #m as the maximum emittance at 80 MeV, the
.number of foil traversals is 100.

Strippinginjectionis usually accomplished by moving the cir-

culating beam close to the foil edge so that circulating particlcf,\ﬁ A COMPARISON BETWEEN THE BEAM AT

pass through the foil as few times as possible. For CIS however,
the emittance of the injected beam is comparable with the max- INJECTION AND AT EXTRACTION

imum beam emittance that can becepted and therefore it is The normalized beam emittance from the ion source is
necessary to bump the closed orbit onto the foil so that the in5x um which is equivalent to &.67 um un-normalized emit-
jected and the circulating beams overlap. To prevent particiggice at the extraction energy 80 MeV in CIS. On the other
from passing through the foil cgach turn, a stripper foil is usedhand, the acceptance of the injection system in the Cooler ring
which has two unsupported edges. The foil strip width is the sige2r xm. Therefore, even before considering the beam energy
of the injected beam. For a 7 MeV proton beam withr xm  spread or the emittance growth at the stripper foil, only a frac-
normalized emittance, the width of the strip would be 7.4 mmiion of the available beam can be injected into the Cooler. In
the injected beam is matched with thdunction at the foil. addition, the Cooler has a longitudinal acceptance ¥/ T =
There might be a possibility to gain more intensity by fo+5 - 10=2 while the beam from the RFQ has an energy distri-

cussing the injected beam on a narrower foil. The usable entittion with spread&T/TRFQ = £10 - 10~3. Therefore, more

(3)



20.0 T T T T

Carbon stripper foil 3/23/95
4.5 ug/ecm? x 20 mm long x 7 mm wide 100

0.0

X’ [mrad]

-10.0

_20.0 1 n 1 1 b i i "
-30.0 -20.0 -10.0 0.0 10.0 20.0

x [mm]
Figure 2. The usable emittance at the injection energy (7 MeV)
_ for the2z ym and107 xm cooler acceptance. The Btances
i appear larger than they are because individual particles have dif-

Figure 1. The 4.5g/cn? carbon stripper foil with two unsup- ferent closed orbits. The vertical lines indicates the location of
ported edges. The width of the foil is 7 mm. the stripper foil and the shaded area the CIS acceptance.

than70% of the particles from CIS will be outside the accepintensity multiplication factor for 7 MeV protons witha @m
tance of the Cooler. Cooler acceptance and Wwdut de-buncher is 190.

The usable fraction of the beam injected into CIS can belncreasing the injection energy from 3 MeV to 7 MeV im-
greatly improved by opening up the acceptance of the CooRépves the intensity by a factor of four as a result of smaller
injection channel to 18 xm and by installing a de-buncher be€mittance growth at the foil. The average number of foil pas-
tween the RFQ and CIS to reduce the beam energy spread 5@es: that protons make during the injection is approximately

factor of about five [3]. four times larger for 7 MeV than for 3 MeV and is consistent
with estimated values (eq.(1)).
V. CALCULATIONS ON STRIPPING Opening up the acceptance of the Cooler injection channel
INJECTION from 27 ym to 10r ym also results in a factor of four increase

in intensity, mainly because the injected beam fits within the

To take into account the longitudinal and transverse phageable emittance. It is als@bause particles are forced to pass
space of the injected beam, tracking calculations for coastifiough the foil less frequently in order to stay inside the usable
beams in CIS were made. Since the aperture limits in the hgmittance. The larger emittance growth allowed improves the
izontal plane are more important than in the transverse plapgsult by a factor less than 1.5 to be compared by a factor of five
only the motion in the horizontal and in the momentum phagem eq. (1).
space were considered. 1000 test particles are injected at thehe de-buncher improves the results39§s, mainly because
stripper foil with a uniform transverse phase space distributigie energy spread of the injected beam after the de-buncher is
and a Gaussian momentum distribution. The intensity gainggaller than the longitudinal acceptance of the Cooler. The en-
obtained as an integral over the phase space and over the nurgh§f loss straggling, which heats the beam in the longitudinal
of turns they can make within the usable emittance. Similar cghase space, is unimportant.
culations have been made for CELSIUS in Uppsala [4], [5] and The intensity gain is shown versus time on the foil in Fig.
here the same atomic model of the stripper foil has been used. A factor of two in foil thickness reduction produces roughly

Whenever a particle hits the stripper foil, its direction and itg factor of two in intensity increase, which is expected since
momentum is changed randomly to simulate the multiple sc@foth ¢,,,,,> and Aé are proportional to the foil thickness (egs.
tering and the energy loss. The particle tracking is done twig® and (3)). However, since the lifetime is longer it would be
in order to first obtain the average relative momentum loés necessary to inject |0nger for very thin foils. The maximum
On the second tracking pass the longitudinal and the transvesggse lenght from the RFQ is 366 and therefore it is unsertain
acceptance are taken into aoat. A particle is removed if its if foils thinner than 1 or 2ug/cn¥ will improve the intensity

three-dimensional emittance further.
= A mis-match of the injected beam with tl¥efunction at the
— 2 _ 0\ 2 N2
€= (2 = DO)” + (afz — Dd) + "a') + Emaz (9 = 9) foil can improve the intesity up to 10% for the AQum aper-

p 62 ture. The best result was obtained for a 0.%+unction of the

is larger than the usable emittance which corresponds to {pigcted beam and a corresponding stripper foil width of 5 mm.

aperture limit at the extraction energy.= +2.5 - 10=2 is the

longitudinal Cooler acceptance. Fig. 2 shows the projection of V. CONCLUSIONS

the usable emittance on thez’-plane. Based on these calculations, it was desided to: 1) rise the in-
In Table I results from the tracking calculations for 3 Me\jection energy from the original 3 MeV to 7 MeV to reduce the

and 7 MeV protons for a gdg/cn? carbon foil are tabulated. Theemittance growth at the stripper foil. This will ecompliced



Table |
Results from Tracking Calculations on Stripping Injection

lon| T ¢ AT/T | h T | I/Iy
[MeV] | [rpm] [is]

p 3 2 0.005 | 25 | 14 14

p 3 2 0.010 | 31 | 26 12

p 3 10 0.005 | 38 | 33 62

p 3 10 0.010 | 40 | 34 56

p 7 2 0.005 | 99 | 49 59

p 7 2 0.010 | 120| 80 | 46

p 7 10 0.005 | 130 | 100 | 250

p 7 10 0.010 | 130 | 120 | 190

d 5 2 0.005 | 48 | 19 15

d 5 2 0.010 | 43 | 33 10

400.0
d 5 10 0.005 | 49 | 39 8 | | 2 uglon’
d 5 10 0.010 | 54 | 41 61 4ug/cm§
——- 6ug/cm

T'is the injection energy, the Cooler acceptance;AT'/1" the 300l 8 uglem’ |
beam energy spreg®0%), h the average number of foil pas-
sagesy thel/e-lifetime and// I, is the intensity gain. ]
by an additional linear accelerator (DTL) between the RFQ an;é 2000 - ]
CIS. 2) open up the Cooler injection channel as much as pog- .
sible. 3) Install a debuncher in the CIS injection beam line to- (T
reduce the longitudinal energy spread from the two linear ac- ;}///j,//»/»"”* T T T T
celerators. With this modifications it is possible to gain a fac- 1000 | e .
tor of 250 in intensity for protons. Assuming 50% transmission i/
through the new injector this would produte - 10° particles
per pulse to be injected into the Cooler. To reach CIS perfo- )
mance goal which i8.5 - 101° particles per pulse, the ion source 00, 0 150 200 2000

intensity has to exceed GpA and the normalized beam emit-

tance has to be smaller than #.pm. l.e, to reach the CIS per-

formance goal a three times brighter ion source than HIPIOS@ure 3. The intensity gain of 7 MeV protons plotted vs. the
needed. pulse lenght from the RFQ and for different foil thicknesses.

The acceptance of the Cooler injetion channel was /. The
VI. AKNOWLEDGEMENT solid line shows the gain calculated without energy loss or scat-

. . . _ tering at the foil.
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