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Abstract

; The space charge limit of the 500 MeV booster synchrotrom (2.6 X

102 ppp, 20 Hz) may be reached by 110 turp injection of 10 mA H™ beam
from the linac. The charge exchanze injection of H™ beam may give a
higher phase space density in the synchrotrén beam than the regular

proton injection. The feasibility of constructing the injection system
1‘1 shown for the H™ ion sburce (30 ma), the preaccelerator; the linac

(i0' @A), the injection optics apd the charge exchange stripper.




V;Vtion of H™ and subsequeut strlpping to ®§Y) is becﬁming more promsrng

11 mAZ) (the normallzed emlttance 1?._1 0.1 Trcm-mrad) *Tn t.he pur hydroge
;,_mode, ami 60

. was many. merits compared w1t;h: the regular prqton,,mg ectiom... - : o

I. Introduction

Thr-‘ harge exchange 1n3 ect:Lou into proton synchrotrons (the injec- .

and at:tractlvel) rthei H“‘output from direct extraction jon- -sources

increases. The H- yield from the hollow discharge duoplasmatrcn reaches i

) (Eu ~ 0 2 ﬂcm-mrad at 40 wA) in the hydrogen—cesi y

'magnetron type SouTCEs

The’ charge’ exchange inj ection to the KEK 500 ME‘V boostfr synchrotron

1) kThe space chazge 1:un1t of the ’boostf‘r synchrocron (2 6 %
1012 ppp) may be more eas:.ly reache.d by the 110 turn
1n3ect10n of 10 mA, H~ beam from the lina_c (the charge
eichange efficiency ~0.9 and the rf cépture efficiency
~0.7). Taking a safety factor of two, let us assurwe the
200 turn injection.

2) A higher phase space density may be obtained in the
synchrotron beam. The brightness figure of the coasting
Bt beam is higher than that of the in]ected i beam by a
factor ofﬂ M/G2, M being the number of multluurn injection V
and -G the emittance growth {Ep + GEp) due to the multi-
ple scattering in the charge exchange stripper. The 200
turn injection with the emittance growth of twice (M/G2 =
50) using,én B~ dion smimcefof 30 ma and B~2x10° A/m2/
rad? may be equivalent to the three' turn injeci:ion usiﬁg
an B ion source of 24 and B~ 10! A/m?/rad?.

3) The injection becomes simpler; the closed orbit displace-
ment may be smaller (~40 mm instead of ~60 mm) and no

septum magnet is necessary.



4) The rf capture efficiency may be improved due to the smaller

_-beam size (horizontally ~56 mm instead. of- ~100 mm). -

L 5) The overall rel:l.ability of 11nac w111 increase for the

w cuperation at the low beam current.

ives--an. axlally symmetrlc

'the Pennlng type or magnetron type sources) A reliable
2,5)

7H‘ i on source

with tlie  cesium vapour injection” may- be constructed ~ 7
S w1th the following parameters:

B~ Carrent = - P 30 mA

.- Extraction Voitage L 40 er(the 'gap@l,ll mm)
- Anode Apertgre S ; 2.5 méd 7
'Emittanée' % rmalized) - , SO.i Tem-mrad
Brighcness ~2%10° A/m2/rad?
Arc Currént ~150 &
Arc Voltage ~70 ¥ e ;
Pulse Width ¢.5 ms
i Repetition 20 pulses/s ’
; ;

Fig.l shows a critical region around the anode, the‘intenrnediate
electrode and the centre Tod tip. The operational'duoplésﬁatron at KEK
“may be e,as:Lly modlf ed to the HDD source by mounting an adjustable centre
: o rod, and a cesimm conta:..ner. A compact pulsed gas valve will be mounted

C.LOSE to the HDD source im order to reduce the gas load which otherw:Lse

is bigger. than For the regular duoplasmatron source because of the large
anode aperture. )

~2m




- 3. Preacceleration of H™ to 750 keV

Flg 2 shows a schematic conflguratlon of the acceleration system.

A small permanent dlpole ( 700 Gauss-cm} may be put behind the extractoz ;

in order to deflect a;ay the intense electron outpuL @a.s A)Z‘ at the

low energy stage. The collimatcrs in the dipole are practically 1mpqrtant

L to cut off the scattered electrons 6a the'wali of the dipole. The de-

}~fw . ) celeratlon fcllcw1ng the extraction may he;p focus agaln the H’ ‘b am

whose size’ increases in the dlpole. .

o

Accelération of B to 20 MeV ~

<rcto of three and

' ‘1n the preaccelerator and llnac by a factor of

i

P 2 5 are a’ conservatlve estimate even for an intense HY beam ) Co

The main modification required for the present linac is té 1engthen
i . " _the quadrupole fiat top and rf pulse to- 300 ps.from 100 us and 20 ps
respectlvely.

5. Charge Exchénge Injectiohwinto:the 500. MeV Booster Synshrotron ] o

There exist two possible‘schemes::'the ﬁirsctfﬂ"injéction into

the target placed on’the<synshrdtron;sthit,lan&”tye'H° injection’) after

stripping of E‘ in aﬁ another target blaced in the beam transfer line.
. : Though the’ H 1nJect10n has also some merlts (see Appendix IT), the
% 7 overall charge—exchange ef;1c1euc1 from B to HY is low (50 ~ 55 ).
e It will be reasonable to adopt the direct H injection from the viewpoint
'Wofwhighér"chafgeﬂexcbange efficiency (~90 %) and of simplicity ( a
Vsingle target). '

~F011 Thickness and Stripping Efficiency

Let us assume a carbon foil as a strippex, because other materlals
;i . (for example, polyparaxylene as is successfully used in ANL) do not
- much éhénge the discussion.~,The,charge exchange efficiency of 90 ¢ is
obtainable for the foil thickmess of 7.3 x 10'7 atoms/cm? (~15 ug/cm?)

(see Fig.3). The multiple scattering angle (one-dimensional) is 2.06 mrad,

if the effective nqmber of multitraversal is taken as 100 because of the

partial bypassing due to the betatron oscillation. The foil thickness

< et i i




» may be increased up to ~100 ugl em? depend:.ng on the easiness of hendling
e (Appendlx I11).-

| ' E _Injection

The inj ection is made in the stralght section 51 between two hori— )

zonta11y ‘focusing sections (the lattice: FDFO). Fig.3 ahDWS the geo -

¢ metrical relation among the :LnJected j: o beam, the coaalng
the foil.

The H™ beam (10 mA) is: inJectec’ dur:.ng 200

‘ 1.1100 (Appendix IV).  *
i‘,«:s:we of 24 =720 mm
“With the half—angle of- 2 5 mrgld (Bh 4 m)" and' the vertical size of 28y =
16 mm with 3.2 mrad (8, ~ 2. Srm) The charge exchange foil has a slightly
larger width (22:1ﬁm) than theihorizontal beam size. .
 Addition of the pultiple scattering angle in the foil in quadruture
gives horizdntally the half—aélgle of 3.2 mrad with 2Ah =22.8mm (E ~
3.25 Tem-mrad) and vertically 3.8 mrad with 28y = 17.2 um (E~2.98 Teme
mrad). The size of the coast:mg i beam durlnﬂ' and ~soon after the 1njec—
tion 1; big ‘because of the c],osed orblt dlsplacement due to random mag-—
net errors and momentum spregd.— The - horlzontal half beam -size at the
fo:.l pOSithn is 28 rm by Surming up the beam size in the case of no .
- random -errors and no momentun spread. {11.4 mm), the closed orbit d:Ls— :
placement due to random errors (6.8 mm) 8) and due “to momentum spread
(9.8 mm for Ap/p = "’0 7 Z)B) while the vertical sizz 18 17.8 mm by sum-
ming uﬁ the corresponding three contributio;:s {8.6 mm, 9.2 m8) and
0 m®) respectively).

Foil Life
The life of polyparaxylene foils at 50 MeV is 1020 ~ 1021 protons/

Pt s e AR VPR

c:m2 9 whlle it scatters in a wide range {a few sec to weeks)lo) The . »
- similar life way be obtained also at 20 MeV because t‘ne energy loss in
i . the foil is roughly independent of the energy in this energy rangs. If
' we take the average f011 11fe ~2 %102 p:roi:ons/m:u2 and the effective
i " foil area ~4 cm2 the foil life (10 mi, 200 turrn injection) is 28 hours.
. By using the foil exchangerlo)as is successful at ANL, the foil system

-



may not need a service for longer than a month.

'76 . Vaeuum Requlrements

As the s;r:l.pplng cross section (E"-&E“)H is one eo.three orders of
magniteﬁe larger than the recombination cross section (E‘*'+H°), the higher :
vacuum is required for H~ than for B”' The vacuum requlrement is most
" severe in the low energy beam tfansport as seen in Table I Vthe hydrogen

Mf?‘gas pressure <8 5 x 10 § Torr for the H™ iass ;

ressure: whlch ca

e on

Table I‘ The g

750 keV -~ Torr ~ Torr Leng*h ~30cm

* Accelerating  2.7%10~°  1.6x107° ~3.5x10716 en2(Hz) at 40 KeV
Column ' ] ;;,~6x10-“ cmz(“lg) at’ 40 keV |
Low Energy o Length ~6 m ]
Beam 8.5x107%  1.9x107° 7 Ly 5.5x107Y7 cn? (HZ)
- Tramsport = L Ot 2.5%107F o (Nz)

oL . Length <15.5 m
‘Linac - - 2.4x10-5 5.4%107% <G ~4. 5x107%7 cm /E (m MeV) (Eo)
' o 70_1,,.*2,%10 718 o0 JE (in MeV) ()

7.. Conc1u51on

The charge exchange inj ect:.on may relatlvely ea511y reallze the:
':epat:e charge limit of the booster synchrotron, and thereby pu 5t a- f:.'m -
basis for the fu‘.ure plan such as 180 GeV - 180 GeV. 1nters=ct1ng s*orage
accelerator whlch is under dlscussmn.

It is very desirable to statt eatly to develope an H“ ion suurce,
a pulsed gas valvell) at 20 Hz and a thin foil system, while the develcp-

_ments in foreign laboratories show no extreme difficulty in any of these.



R,

'T K. Khoe of: ANL and T. Inagakl of KEK for dlscussn.ons‘ on the 1n3ectlon

9 Tat K. Khoe (ANL) Private. communlcatlon.

K gae jet (the length ~1 l cmy the-p'ressure ~20 Torr for C05) may be

‘eventually a better stripper than the foil (see Appendixz V). -~

il
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WhlL x'\ a.s junder construct:l.on.
‘of the, 6

Ege EXchange Inject:ion in Other Laboratories

ows the performances as well as the plans for the charge

mA H“ 'beam (50 MeV) w111 give the ;coasting beam of

5 X 1012 prntons‘ (t‘he stiripplng efflciency ~0. 95, the matchlng eff1c1e'1cy

i Smce the proposa_zl. for the charge exchange :LnJectlon (1972), the

dev«=llopment ‘oi the direct extlractlon ion source of nlgh H outputs has
i ‘l “

bee:

succesqfully carr].ed out' esulting in the H™ currenl: of 60 mA 2)

frow the ho]‘luw discharge duoplasmatron source.  The secqnd prelnjector

is under cousi ruct:Lon t:o accelerate the B- beam. ’

i15)

Due to a dlfF:Lculty :Ln the multitum in_-;ectlon ( 3 = 4 turns) a new

'“polj icy . of one-to—two turn 1n;_|e=ct10n w:Lth as high as poss:.ble llnac beam~

(H'*l has be'en auopted. ""he charge exchange in_']ectlon 1s now under pre-
I -7

paz’ tion a=: "he futire step by using a 100 mA : ion source of magnetron
*Vfue daval uﬂPﬂ at BNL. - 4 stuc}y of the hollow dlscharge duoplasmarron
SD“’-'CE has also been made, b , F S

' v
i

The 900 -~ 1200 turn 1n3ect10n (300 - 400 us) v



* Table I Pérformances and plans (*) for the éharge exéhange injégi:icm’

Novosibii‘rsk,n 23512) | : zcsl:i) /‘ “Aés*lli)
: ‘ L . (Booster) o S
Synchrofﬁron Enervgyu["GeV T o2 7 -1z, 33
Linac Energy/MeV 1 (V.G.) - 50 0 v .200
‘ Type i Arc source . Dudpl&sma';%on a Duoplasmatron. ‘wopt
§* - L b with ‘charge - with charge ool Magnetron;
' - exch ell ixch s cell -] p
é H" Current /mA 1 exchange ce exca.jn;g:f cell - 56 type dczurc(»T
B Normalized Emittaﬁce/c'n-;n_rad ’ DA e 0. 3" oy
. o Repetition pon = 30 ‘ ' ) 0-5 - 10 15
| | ' .
e Cu:rent[mA f0.8 : 1~ 22‘ . 3 . _\f\* . 10;{" ‘
Number of Multiturns 1500 300 - 600 | ~300 - 200 Lo%100 . of 200
Duration/ls e ! | 200 ' 540 “Z1000 ~300 | ~130
| e ' ' '
Stripper | Hagas tube . Polyparaxybene Polyparaxdene Carbon-1like Carbon-1ike | Carbon—l:lke
.1 (the thickness in ug/cmz) (H"-*H“) foil (rotating) ‘foll Jfoil ’ foll ] fold o
H, gas jet 30,- 70! 60 ~240_ - | 15-30
| (“o_ﬂ{_’_) b ST
j.§ - - -
Lo ¥ N '
. @ |Charge Exchange Efficiency, -~ ~0,55 (H-+H9) >0.90 o1 0 >0 ‘
- ' IR B - 20.9 ‘1 : | 00
8 |
‘Emittance Growth : G 2~3 L 1,2~1.5
Maximum Coasting Protons ~1012 8.5 x 10! 2.9 x 102 6 X 10}2 ~5/>-‘10'! =l 2.6 x 1012

4} Hollow Diachax‘gebuoplauﬁiatron. o i iy




Appendix II  H®° Injection

H~ is once comvaertsd to B° befor

?L‘t"';'ui;f_‘ ui S 3 {fsx B~ +H®) and Eb“‘
Iif we neglect 3 compared with 0_10 and o,
thickness (in atoms/cmz) for the neutraliza

g =1n (cr__m,lcm)/(cj_10 = 04,y

Talcing 0_;, ~1.1%107*® en? and’c
ar 20 Mev we find Ep~1.6 % 1018 au.oms/c“2
efflclencv E—IO is given by

‘he “maximum neut:_allaaglon

The' neutralization efficizncy is rather small because a significant

part of B° is further stripped to " as the target thickness ﬁncreaae

The neutralization target is more easily prepared than the tarcet‘

for B +H', because of the small thermal loagd {no multitraversal) and
of the easy handling (no high precision in the ponsition, easy access,

feasible differentizal pumping, etc.)

The distinct merit oz the H° injection scheme lies in the charge
neutrality, wh ich allows the e injection just,on the closed orbit without

‘am additional ‘closed orbﬂ; distortion.— This ‘13°ct10n scheme requir

o

the gas jet strlpper‘(as 1n}N0vosibirsk7>) or.thé"quickrtemovlng of the

in

stripper foi},,éfte¥;§h§”9°ﬁpl tion of the injection.




Appendix IITI  Upper Limit for the Foil Thickness {L:)

=3

oo hjn f s (< 30 p"/cmf ”cr polypaTaxzylene)} are

mount them on rha me1 haner—O) Reasnﬂably;thlckffsils.

to haqdle.

;
{
;

An’ upDer Limlt for tbe to 1 thlckness Pomas Fiﬁﬁﬁﬁééglg;ple’scat4

6 cm).of the synchrotron

lthe,bééﬁflOSS'éppears

V(tion. The upper 1imif for *he

where Ly is the radiation length of the mate’lav. For carbon, L
ol pglemdl (M =200y 5 s o
Ariother limit comes from the acceptable limit (4p/p < 0.7 Z)S) of

the energy loss in the foil. and is written for carbon as

MLy < 2.3 x 10% pg/om? | (44)

vhich gives Ly < 115 pg/cm®.

From the above, the foil thickness

. more if the 15 ug/em? foil is difficult

- Apgendix IV - Upper Limit for Number of Multiturn Injection (M)
N . The limit comes from 1) the multiple scattering anzle in the foil,

2) the energy loss in the foil and 3) the shrinokage of the cleosed orbit
corresponding tc the rising magnetic field.

The upper limit for the multiple scattering angle in the foil {Zq.A43)

glves M £ 1430 for Ly = 15 Hg/cm®. The upper limit for the energy loss
t




Appendix V  Gas Jat Stripper

-~ A sharply direcred supersonic gas jet: (typically, C09)3 % of a

1e'1gth’ ofﬁ‘—’cm"and 'the"’pressure' of 20 Tozr .(~7 x 1017 molecﬁ‘ié;]c‘niz)v A

*w1117 be another possibly bet..er stripper than"che foil. It has no

s he fO.I.l has.- No large d:.splacemem. of the closed orbit

:is necessary for the purpose of clearing the coastlng bezm from the foil
afrer the mJnctlon. Only much smaller displacement may be necessary

“in order to inject the H~ beam om the closed orbit. Most part of the

gas is receivéd in a V'receiver, and the rest of the gas which spreads

into the vacuuin tube of tbz synchrotron may be quickly pumped away both

by ordinary vacuum pumps c<nd by cold walls (-77°C) ficpared around the

gas jet. As the gas jet density is proportional to the injection emnergy,
and the derser gas jet is more difficult to establish, the gas jet strip-

~ per is relatively more feasib_le at KEK than et ANL (50 MeV injectiom),

FNAL (200 MeV) or BNL (200 MeV). The jet gas density of ~7 X 10'7 molecules/
cm? (CO5), however, is much higher than in wideiy used gas jet (< 10'° -~

10'7 molecules/cmz) and may require some efforts to establish it. In
Novosibirsk, the hydrogen gas jet (transverse dimension ~1 cm) of ~1617

atoms/cm? was successfully used?)

-12-
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