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Abstract Octupoles| Number| < Bx >, < Dy >,
< By >[m] | <Dy >[m]
The proton lifetime in the Tevatron depends sensitively TOZD 24 93.6,30.2 | 3.67,-0.02
on chromaticities. Too low chromaticities can make the TOZF 12 30.5,92.5 | 2.07,-0.01

beam unstable due to the weak head-tail instability. One
way to compensate this effect is to introduce octupoles to _ . o )
create a larger amplitude dependent betatron tune sprea?P!e 1: Octupoles in the Tevatron used in this simulation

However, the use of octupoles will also introduce addi-

tional side effects such as second order chromaticity, dif2 THE AMPLITUDE-DEPENDENT TUNE
ferential tune shifts and chromaticities on both proton and

anti-proton helices. The non-linear effects may also reduce SHIFT DUE TO OCTUPOLES

the dynamic aperture. We report on a simulation study to The field due to an octupole in terms of the multipole
find the best combinations of polarities and strengths of theomponentgb,, a,) is

octupoles.
. Bo(by+1 .
By+iBy= %[ﬁ—wﬁﬁ@%y—yﬁ] (1)
ef
1 INTRODUCTION . '
ODUCTIO The octupole strength paramekgris defined as
In the Tevatron at injection energy, the transverse weak nl 1 0B,
head-tail phenomenon drives proton beam unstable if it is Ky=Kpk = ——=bpl = — L (2)

n n
not damped. Before the transverse dampers were commis- (RerP) (Bp) X

sioned, the damping was done by setting the chromaticitiqﬁtroducing the action angle coordinatex —

to relatively high values of 8 units in both planes. On the 28,3 _ ;
- L kCOSQ, Y = +/2ByJycos@, and assuming the phase
other hand, the beam lifetime at injection energy depend&t/h; beta functions are nearly constant over the length

sen;it_ively on chromaticity. In principle, a I0\_/ver chro- of a single octupole, we can find the action-dependent tune
maticity would help to decrease the growth of higher Ordeéhift as follows [1]

modes of instability, and improve the DA(Dynamic Aper-
ture), and consequently the beam lifetime. However, too A = ak+ady
low chromaticities can make the beam unstable [2]. Cur- Ave — Jia 3)
rently, the Tevatron is running with tranverse and logitu- y & 3y
dinal dampers. Better beam lifetime is observed when thgp oo
chromaticity decreased from 8 units to 2 units. Another
way to compensate the instability of the protons is to intro- a = 1 z K (n)/32
duce octupoles to create larger amplitude dependent beta- 1 16m 4 3 /TN
tron tune spread. If the shifted coherent tunes due to wake 1
fields is within the width of the incoherent betatron tune 3 = —gr2 K(MBnByn
spread or spread in synchrotron tunes, all unstable higher 1 "
order modes can be damped by Landau damping. a; = 16n z ks(”)ﬁfn

Table 1 lists the number and the average beta function n
and the dispersion of two octupole families we used for thgx‘y is the action,and related to the amplitude Jyy, =
simulations. The use of octupoles will also introduce addiw. dau v is th litidue i its of b .
tional side effects on both proton and anti-protons. These 2 Enxy, @Nday IS the amplitidue im units of beam size
effects are second order chromaticity, addtional coupling’ Emy IS the normahze(?l emittanceq}in x ory plane. ,
and non-linearty. Octupoles will also produce differential Let ky(F) be TOZ.F.S §trength,k3(D) be TOZD's
tune shift and linear chromaticities on both proton and pba?tr_e ngth. At Tevatron injection, ';he actlon—depgndent tune-
helices.The purpose of this simulation is to find the bes?hlfts due to octupoles are obtained as follows:

combinations of polarities and strengths of the octupoles. Ave = 20915251 [ky(F)+ 0.2124¢,(D)]
= 3 : 3

]
—0.6444k,(F)+1.996k,(D)1d)  (4)
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At present machine conditions, the proton emittance is Dynarmic Aperture of Protons at 150 GeV
25rmmm- mrad(95%). For the particle with initial amp- ¢ " Proton helix, chrom=p——
plidute of 50, we can get the expression for the octupole’s E e Proton helix, chrom=0—=— "]
strengths which are needed to compensate the decrease of 2 7| "\
tune spread due to lowering the chromaticities as follows: g oS X [ orssnaee
£ 6 - s
N -
ky(F) = —4.5726x 10%0.6194x Avy+Avy]  (6) R R -
k3(D) = —2.3044x 10%Avx + 0.6570x Avy @) : 4.2 e
4
3 QUANTITIVE CALCULATION FOR R Ay S
TH E OCTUPOL E S-I-RENGTH Dynamic Aperture of Pbars with Beam-beam at 150 GeV(after second cpgging
6 j y *‘+
All unstable higher order modes of the weak head-tail y Ehomaicies s~ |

effect can be damped if the spread of betatron frequency
which has the incoherent tune shift included,or the spread
of synchrotron frequency are larger than the coherent tune
shift due to the impedance [2].

The growth rate of head tail modes measured at 150 GeV
is about 11Q4ec, and the coherenttune shiftdy ., =—1. x
102 [3]. On the other hand, the synchrotron tune spread 5
at 150 GeV is calculated to le/s= 2.2 x 10~4. The inco- otz “Momemfm dejiaﬁjn dp/p(;j) oo
herent linear tune shifts in bothandy planes due to the
space charge for the particle near the center of the protqfigyre 1: DA of protons and anti-protons vs. momentun
bunch with 3-D Gaussian density distribution are also caldeviations at different chromaticities
culated, and they ar@\vy) g = —0.36x 1073, (Avy) o =

5 \-\,
\\\K 0= 35 nsec
45 ]

I
-
—y

Uncoalesced —

4

Average Dynamic Aperture [o]

35

gg= 2.5/nsec
(258¢

—— Coalesced ————=

—0.70x 1073,
Therefore, in order for the landau damping to work, the Using the code SIXTRACK we have also calculated
betatron tune spread should be the chaotic border which separates regular librator mo-
tion from fast amplitude growth. Table 2 lists DAs and
Bvx)g = [AVgy — (Avx)g — AV chaotic borders at different chromaticities, calculated using
3 code SIXTRACK. The momentum deviation in this calcu-
= —042x10 (8) lation is dp/p=4.3e-4. Small chromaticities help to improve
(Avy)g = [AVyy, — (Avy)g — Avy long term dynamic aperture since chromaticity sextupole
—  _008x10°3 9) strength are reduced, and synchro-betatron resonances are

weaker.
Then, the octupole strengths calculated from Eq. 7 for

TOZF and TOZD are Table 2: Dynamic aperture and chaotic border of

protonsp) and anti-protonsp) at injection
k3(F) =155 k3(D)=1.09 (10) Chromaticities || (8,8) | (2.8) | 2.2) | (0,0)

s p | Chaotic border§) | 48 | 5.0 | 5.2 | 54
At tevatron injection, DA (o) 6.4 6.9 6.8 6.9
DA (o) 51 | 54 | 54 | 53
| is the magnet currents of octupoles.
4 DYNAMIC APERTURE TRACKING In the machine, when we reduce the both or one plane

WITH AND WITHOUT OCTUPOLES chromaticities from 8 units to 2 units, pbar lifetime was
observed significately increased(from 2hrs to 12hrs), while

Before the octupoles were introduced into the lattice, wegroton lifetime of protons increased not so much. This may
calculated the dynamic aperture at different chromaticitieqe because the proton beam is tickled by the damper kicker.
Fig. 1 shows DAs of protons and pbars in function of mo- We used octupole strengtks;(F)|=2, [k;(D)|=1 with
mentum deviation at different chromaticities. The particleglifferent combinations of polarities to test their impact on
were tracked 100,000 turns by code MAD. We can see th#éte Dynamic Aperture. These values are closed to the es-
the DAs of pbars at chromaticity of 2 units are @.&arger timated values in Eq. 10. The results are listed in Table 3.
than those of 8 units, although the DAs of protons seemisrom Table 3 we can see that if TOZF is positive, the dy-
not much improved. namic aperture and chaotic border are larger than the other
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chromaticities (éx=2,&y=2) (éx=2.6y=2) | (£x=8.£y=8)

octupole strength

(Ks(F),ka(D))(M™2) | (+2,41) | (+2,-1) | (-2,+1) | (-2,-1) (0,0) (0,0

a = f(—;% (1079 -15.38 | -8.15 | -4.29 | 10.60 -23.21 -4.29

ag = ai%) (1075 6.34 | -5.04 | -4.05 | -14.91 2.82 -5.29
oV

% = 5 O 3@

(1075) 5.00 | -0.03 | -5.29 | -12.36 6.69 -4.05

Average DA ©) 7.0 7.1 6.6 6.2 6.8 6.4

minimum DA (o) 6.2 6.3 5.9 5.4 6.3 6.0

Chaotic borderd) 5.8 55 4.5 4.4 5.2 4.7

Table 3: Dynamic Aperture and chotic boder with/without octupoles

combinatons. We also analyzied the coefficenta,,a; in  sextupoles work.

Eq. 5 for each combination. We expect tagtanda; must

be much larger thaa,, so that the tune spread will be less 6 ACKNOWLEDGEMENTS

dependent on the coupling term. On the other handnd ) _ )

a, increase with octupole strength. It was found that both Petr Ivonov in Tevatron department provided the infor-
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With ky(F)=2, kg(D)=1, and chromaticity set at 7 REFERENCES
(éx=¢y=2), we calculated the dynamic aperture and chaotig1
border of the anti-protons. It was found that the averag
DA is 5.60, the chaotic border is 5d.

The machine study of octupoles at the Tevatron inje
tion energy has been done by P. Ilvanov in Tevatron de-
partment. A single coalesced proton bunch with relativé®
higher intensity was injected onto the central orbit, and
then two octupole families TOZF and TOZD were intro-
duced to suppress the tranverse coherent instability while
reducing the chromaticities in bothandy planes. Dif-
ferent combinations of polarities of two octupole families
have been tested, and it was found positive polarity for both
families are the best, which confirmed our calculations by
simulation. So far, high intensity proton beaidgt280-
300e9 per bunch) have been successfully injected onto the
central orbit with small(zero) chromaticity setting and oc-
tupole settingk,(F)=1.6,k;(D)=4.1. Nevertheless, beam
loss occured while going from injection bump to the pro-
ton helix - probably because of significant tune changes
and strong coupling due to orbit motion. Further study in
the machine is in progress.
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C[_2] K.Y.Ng "Physics of Intensity Dependent Beam Insteabili-
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5 CONCLUSION

The optimized combination is found by Dynamic Aper-
ture tracking that both octupole families need to be poso-
tive, it was confirmed by machine studies at the Tevatron.

Stronger octupole streangths have been tried and it's
found that they are not better for the compensation. Be-
sides, the tune shifts feeddown from octupoles on the he-
lices are larger, and it is more difficult to make feeddown
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