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o ge tung shifi for the RHID operstion iz avaluastsd.
The limitstion on the high intensity opsration may be imporitant to
the planning of the foturs improvesnt on BHIC. The transveros
instability dus to the resistive =all is slso svalusted.
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Injection snergy of RHID iz limited B the max imam
aperational snergy of the ABR. It is ussful thersefors to svalusted
the limit of the intensity in RHID dus to thes space chargs. This
iz important because the luminosity of the coollider will  he
ungraded in the futuwre. Space charge may imposs certain limit  on
the intsnsity of ths bzam. '
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pihers o, Mt 17, and 5 are charge state of the particles, numbse of
particie per bunch, bunch length and the beam cross  ssction  arsa
respectively. The linssr magnetic force acts on a particle in  the
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Mote heres that the space chargse tune shifi is al b et o
number of particless in the bunch and iny
volume of the bunch.
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S ars
lerate particles with space
tuna shift of the order of 9.7. The number of impovrtant
hecomes large for higher energy storage rings. This

to esvaluate the space charge tune shift and the =fiect
cle dynamics. Section 2 discusses the numericasl result
¥ the space charge tune shifis. Section 3 discusses the
: & 1

SnS stability limit and compared with the resistive wall
mpsdance.
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- Bpace charge tune shift in the BOLLEDER.

Table 1 lists the parameters

]

tor the normsl RHIC operation.
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he normsl opesration intensi he space charge tune shift is
important only for bthz hes ion, where the iniection snergy
ow dus to the small charoe (o mass
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ratin. The space charoge
the particles in the bunch.
to note that particles suffer large tune shift are
th smaller samittances. The nonlinear sffect hecosnss
nt. The operational window of the high energy  machines
s L.2. about .G33. It iz thersefore important to  take
the machinege tune to obitain large tolsrance for the
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pace chargs tunes shift.
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=t ion on the ulitimats performance of RHID
maching. It iz noted that the intensity of proton can be increased
by & factor of 19 and the intensity of &u ion is increasssd by =2
factor of 5. To maintain the tunes shift within the opsrationsl
window of the ifuns space, it iz necessary to indecied the beam
with a minimum noraslized samittance of 24 and 26 n-me—mrad  for
Froton and Gold respectively; where the lisiting spacs chargs ftuns
shifi is taken ko be 0.03. 4t thess large esmittance at  the
injection, it is important slsoc to evaluste the gyanmical
aperature for the bsam. Tracking calculastions ars needed.



hargs tunse shift, ths b=am
icromave instahilitv. Th
sopread in the bsam. The Iimit
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nario of the rf acocslerastion volitags, we calculat
e noth and the mosentum spresd in table 2
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givens in the last row of table 2
proportionsl to the pesk corrsnt,
per  bunch. =ws expsct that  the
given 2 limit to the intensity of
micromave instabili
n. It will becoms §or
=2 Landsy damping 1
accelerated through th

il =svailustion has hesn pirsviousl
and, ssrvaral sxpsriments in bthe FMal
out for thse proton bunch  transition
the space charge force iz the main
phase spgace dilugtion. Simdlation may be
wmzll for the heavy ion operation. The
mit is obssrved to b 33H0Am for  the
However, in the b
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n the other hand the heavy ion intensity is not limited by
the instability. AL the five times of intensity of fu ion, ths
limiting impedance is still rather large. The real limit resides
o the transition crossing, where the Landsu  damping vanishes,
i.e2. |n}=0. AL the transition the growth rate is proportional to
resistive wall impedances componsnt. Table I lists the growth rats
of transverse inshability For stainless stesl and for Coprar
plated beam pipe. The growth rate for ths Copper plated pipe is
far betbter for ths transverss inzstability especislly when the
heavy ions have to cross the transition ZnErgy. ing2 stainless
steel contribute about 1.8MO/m to the transverses impedance, whils
the copper plated beam pipe has only 0.7 FHO/m of impedance. &t the
?ransitiaﬁ energy, these effect will be important. HNaturally, it
is &lga important to find other possible schems for the trensition
CrOsSsing.



Table Z. LIMITINMG IMPEDANCE dus to the microwave instahility
particls F £ I = Cu I S
speEriss
T L= 12. 79 i1Z.81 iZ.g1 2.81 12.83 12.82 iZ. g2
e, vi?&df&?%?i&é& 490331 490331 490 490154 489904 4BT7ER
aigvesamul 17.48 E.84 F.B4 Z.84 F. 12 2.47 2,25
wgéra@fz? S05. 13 1141.4 1l&l.6 1i41.8 1314.0 13081 15589.5
Aoio (- .82 2. 53 2.53 2.5F F.235 1.98 i.85
aLim} i.464 144 .44 i. 44 .44 i.44 .64
Iipmak! (&} i.14 1.14 1.5% 1.1% 1.52 1.460 1.1
Iiav. ¥ {8} 0. 4% .43 .54 O 44 3,54 0. 5% 0. 37
limiting impedsnces for microwave <nr . = 105181,
micro.,way
Eufniﬁé 25358 5140 2E3LH4 BOZIS 124207 237485 584573
IL!ﬂiﬁQfmﬁ 3 153 95 ZEFL 4120 Fi81 23819
. . \ R -+
Table 3. Growth rate for the transverse i stability
particls F L = 5 1] I s
sSpeclos
ViBte=l: F. 62 F. 51 4.F4 5. BF 492 H. 12 &L 25
Wil 0. 42 0. 42 .55 .45 0.57 .70 .72
+ Mote hers that the growth rats is proporticonal to the intensity
of thes bunch. &t higher intensity, it is important slzsc to have
copper plated beam pipe.
Table 4. space charge and resistive wall impedances
oarticis F B £ g Cu 1 B
spaciss
L= -1, 07 —4. 28 —5. 55 -4, Z8 —& . 5% —B. 44 ~%.F7F
7 iy D000l L O000S (o00nS | oDR0oDS L o0008 L 00007 L Ooo0g
=5 - g
I s.o M0 &. 504 216 Z. 14 2.1& 2. 54 S. 0T F.3E5
A :
Zy e 56.9% S4.88 S56.88 56.B% S56.87 56.85 56.85
. -3 4 = o
E (M m i.gl 1.82 1.82 182 1.82 1.82 1.82
Eatazniesa stesll
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Tahle 4 lists also the impedance for the spacs charge and the
resistive wall. They do not isposs much constrsint sxcept at the
transition Ccrossing.

ke have estimate the sffsc af the space chargs and  the
resistive wall impedancs on the intensity of the RHIC opesration.
&t the norminsl opsration of RHIC, the space charge is of the
order of .02, It is suggessted that carseful svalustions.such as
tracking stc.; may be nesded to undsrstand the implicstion. Dus
to the limiting opesrational window of the tuns space. He esstimats
the minimen normalized ssmittance for the high intsnsity operation.

The trensverse instsbility may also poses limit to the
intensity of the bunch. We find that the norminal opesration doss
not require copper plated beam pipe. With coppesr plated pips, the
growth rate is highly reduced. This sffesct may bhe important to the
transition crossing, where ths transverse sffect has  not besn
considered,
Foforences:
i. Conceptual design of the relativistic heavy ion collider,

B 21932

& charge effects and
i Boosher. FASL 1987,



