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Abstract 2 GEOMETRIC COLLIMATOR WAKES

Consider a bunch with a Gaussian longitudinal distribution
) . ) ; assing close to the axis of an untapered, round collimator
adjustable collimators for machine protection and bac

d reduction. B lifvi | | bi "0f radiusa in a beam tube of radius. In the standard
ground reduction. By amplifying pulse-to-pulse orbit vari-..jimator.wake model by Bane and Morton [3], the dipole
ations and by generating emittance growth, collimat

ke field d de the b i he i Qvake kick is proportional to the local beam density, and the
wake fields may degrade the beam quality at the interags, ey m change of a particle at the center of the bunch
tion point (IP). In the SLC final focus, collimator half- is given by

apertures are larger than the bunch length, so that the stan-

The SLC final-focus system accommodates 29 fixed

dard collimator-wake formula of Bane and Morton does not , 4Nr, >
apply. Numerical wake-field calculations for SLC parame- Ay'(0) » my (02 2 a,b> a) (1)

ters agree quite well with the high-frequency impedance of
a step-out transition, derived by Gianfelice and Palumbevhere N denotes the number of particles in the bungh,
Due to the nature of a final-focus system, the wake-fielthe classical electron radius the relativistic Lorentz fac-
kicks from all collimators add coherently, and the overaltor, o, the rms bunch length, angdthe offset of the beam
impact on luminosity can be significant. This paper sugeentroid with respect to the collimator center. The average
gests that collimator wake fields in the final focus provide &ick over the entire bunch is 0.74y’(0) and the rms kick
possible explanation for the 30% discrepancy between eis-0.28Ay’(0). Here, and in the following, we assume that
pected and measured luminosity in the 1994/95 SLC runy < a so that only the dipole wake field is important and
the kick is proportional to the offsgt
In the SLC final focus, the rms bunch length is 0.7-1.1
1 INTRODUCTION mm, a typical beam-pipe radiéss 2 cm, and the collima-
tor half-aperturea vary between 3 mm and the beam-pipe
In the 1994/95 SLC run, the measured luminosity wagadius, depending on location. Hence, the bunch length
roughly 30% lower than that expected from emittanceis short compared with the other dimensions. Under such
measurements at the end of the linac or at the entrancenditions the Bane-Morton model is not strictly applica-
to the final focus [1]. A possible explanation for this dis-ble, though it is still expected to provide an upper bound
crepancy are collimator wake fields in the final-focus sydfor the actual wake.
tem. In addition to diluting the beam emittance, collimator To attain a better approximation to the real wake field,
wake fields amplify the pulse-to-pulse orbit jitter, whichone may extend the diffraction model of a cavity [4, 5] to
also was a major concern during the last SLC run. Thoughstep-out transition or a collimator. In Ref. [6], the high-
wake fields originating from collimators at the end of thdrequency impedance in the limit of small step sizies-(
linac and from unsleeved bellows and beam-position mowr- < b) is found to be R& | (w) ~ 4Zy(b — a)c/(ra’w)
itors in the SLC arcs have equally been suspected as pwhere Z, denotes the impedance of free space (8§7
tential amplifiers of orbit jitter and sources of spot-size inand ¢ the velocity of light. Under these conditions, and
crease, these latter wake fields cannot explain the discreggssuming a Gaussian distribution, the variation of the wake
ancies found between the actual luminosity and that préick along the bunch is described by an error function, and
dicted from emittance measurements at the entrance to tthe kick at the beam center is

final focus. 8(b— a)Nr
The SLC final focus contains a total of 29 vertical col- Ay'(0) ¥ ———y (0. < a, b—a < b). (2)
limators, 6 of which are adjustable. The fixed collimators @y

are round, the adjustable ones consist of two flat jaws (tqR this case, the average kick is equal to the kick at the
and bottom) which are positioned so as to minimize theenter and the rms kick iy (0)//3.

background in the SLD detector or Compton polarimeter. A third approach is to take the high-frequency limit

The collimators are made either from Titanium, Tungstepf the impedance for a semi-infinite pipe of radiusn-

or Copper. None of them is tapered. For more details ofide an infinite pipe of larger radius which was de-

the SLC collimators the reader may consult Ref. [2]. rived by Gianfelice and Palumbo in Ref. [7§. (w) ~
Zoc(1/a? —1/b*)/(nw). Gianfelice and Palumbo arrive at

*Work supported by the Department of Energy, contract DE-ACO3th_iS _impeda_nce using an intricate Wiene_r-Hopf technique.
76SF00515 It is interesting to note that one can obtain the same result,




and also extend it to higher azimuthal mode nunmhem 15 ] ] ] I ]
the following manner: Consider a tube of radiusaking
a transition to radius > a at longitudinal positiors = 0,
and suppose a ring driving charge with chaggeadiusr,
and multipole momenin > 0 moves froms = —oo to
s = oo at the speed of light; it passes the collimator at times
t = 0. We assume that, just as in the = 0 case [8], <~
the longitudinalwake field radiated at high frequencies is =
nearly identical to the difference of stored energy betweer®
the final and the initial field configurations. The wake field =
for a symmetric collimator is twice as large, since the same
amount of energy is radiated when going fromatubeofra- 0 -
diusb to one of radiusi.. Using the Panofsky-Wenzel the-

10

pC)

orem [9] we then obtain the transverse wake field fromthe —0.004 —-0.002 0 0.002 0.004
longitudinal one, which we can Fourier transform to obtain s 4 —z/m 81453
the impedance. The multipole fields in a tube of radius
are [9] Figure 1: Dipole-wake function of a Gaussian bunch with
L . _— o, = 0.7 mm, as computed by MAFIA, for three different
E, = 2q™5(z)cosmf{ (rgm - b‘z_m) r 3) collimator half apertures. The beam-pipe radius ts= 2
ﬁ + 7‘1)2_;1 cm; the beam profile is given by the dotted curve, with the
( L L ) L head to the left.
. el vl A
Ey = 2qri'0(z) sinmf { o (4) I | | |
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where the upper and lower rows referte ry andr > rg, £ - ]
. ) Bane—M
respectively, and3y = E,, B, = —FEjy; with z = s — ct. g 100 E o N ane~Morton =
Using these fields to obtain the stored energy, and following £ g T \\\ E
the procedure sketched above, we obtain for large 2 - el Diffraction .
2 0tk ....h_..\l\llodel -
(m) Zyc 1 1 S = ..".T.\\ 3
Z] N (w) = —m  7Em (m>0), (5) 8 - RN
Twm \ a b @ ' SN
L ol Gianfelice/ "~ |
) 5 9°E o,207mm Palumbo " 3
where the definition oZim follows the convention of Ref. < EE AJ
[5]. For the dipole waker=1) this formula is identical to 10-3 [ | | | L]
the Gianfelice-Palumbo result, and, for a Gaussian bunch, 2 6 10 14 18
it predicts a center kick equal to a (mm)
5-96 8145A2

2Nr, (1 1
Ay'(0) ~ T(

5 2 b_2> y (0.<a); (6) Figure 2: Transverse kick factor as a function of collimator
half aperture:.. The three curves correspond to three differ-

here, as for the above diffraction model, the wake kick i€nt analytical estimates, while the plotting symbols refer to

given by an error function, the average kick equajg(0) the numerical calculations. A beam-pipe radiusf 2 cm

and the rms kick is\y'(0)/+/3. Note that the wake kicks is assumed.

for both these models are independent of the bunch length.

In order to compare the three analytical estimates a
to determine their accuracy, numerical calculations we
performed for the SLC bunch lengtlr( ~ 0.7 mm), a
beam-pipe radiug of 2 cm, and different collimator aper-
tures, using the 2-D time-domain module of MAFIA [10].
Figure 1 shows typical wake functions obtained by MAFIA
for different collimator gaps. In Fig. 2, the numerically 3 ORBIT JITTER AND SPOT SIZE
computed transverse kick factér (the average kick is Collimator wakes affect the performance of the final focus
given byk, Ne?y/E, wheree is the electron charge and in two ways: by increasing the projected emittance of the
E the beam energy) is depicted as a function of collimatdream, and by amplifying any incoming pulse-to-pulse or-
half aperture: and compared with the analytical estimatesbit variation (’jitter’). Suppose all collimators are perfectly
Egs. (1), (2), and (6). Figure 2 shows that the Palumbaligned, and the beam enters the final focus executing a
Gianfelice formula, Eq. (6), agrees almost perfectly wittbetatron oscillation. Then the beam particles experience a
the numerical results; it will, therefore, be used in the folwake-field kick at each collimator. For an incoming beta-
lowing calculations. We note that, for the collimators contron oscillation the effect of all collimator wakes add co-
sidered here, the resistive-wall wake fields are about 20@&rently. To first order, the change of the vertical centroid

r’}gnes weaker than the geometric wakes and may safely be
ignored. In the following, we will also approximate the
dipole-wake kick of flat collimators by Eq. (6), withrep-
resenting the half width of the collimator gap.



position at the IP is L coll. [ a(mm) | afo, | Hay [ Oas | Ay(mm) |

. PC185 2.0 40 0.024 | 0.013 0.76
Ayrp =) Rsnidyi = —Ruyip (1) | pcizs| o0 17 | 0113 | 0064 | 172
g i PC75 7.0 15 0.136 | 0.077 1.21
whereAy! denotes the wake kick from theh collimator, | PC3 7.0 14 | 0165 0093 ) 110
R34 the (3,4) R-matrix element (in TRANSPORT notation PC12 3.0 13 0.301 | 0.170 0.27
[11]) from the collimator to the IRy, the IP orbit-angle C1X 21 10 0.364 | 0.207 0.20
corresponding to the incoming oscillation and the coeffi- ciy 21 10 0375 ] 0212 0.20
cient u; the wake-field strength of collimatar For the o )
Palumbo-Gianfelice model we have Table 1:Parameters of six important collimators for the 1994/95
SLC run: collimation deptha /o, their respective normalized
L 1 1\ Nre (8) jitter-amplification and emittance-growth multiplierf,a, and
i = a% bl2 v ITa», and alignment tolerancesy corresponding to a 2% spot-

. . . . size increase each.
If the incoming orbit is perfect, but the collimators are ran-

domly misaligned, the different contributions have to be o o )
added not coherently, but in quadrature. It is noteworthy When the beam orbitis not centered inside a collimator,
that, in the SLC final-focus system, all collimators (excep%‘e, resulting wake field causes a (static) spot-size increase,
for one) are separated from the IP by an odd multiple gvhich translates into a tolerance on the relative alignment
7/2 in betatron phase, and, thus, additional position jith beam gind c_olllmator. Exemplary alignment tolerances
ter caused by the collimators will be visible only in the [P2re also listed in Table 1. The numbers quoted correspond
phase, where it also does the most damage. Most otH€r@ 2% spot-size increase from each C(_)Illmator. If we con-
jitter sources, e.g., wake fields in the SLC arcs, will consider the combined effect of all 29 collimators, the align-
tribute equally to both betatron phases. This difference cdR€Nt may need to be better than these numbers by a factor
be used for estimating the fraction of the IP position jitte?—6. t0 achieve a total spot-size increase below 10%.
which originates in the final focus.

Wake fields do not only affect the beam centroid, but the 4 CONCLUSIONS AND THANKS
differential wake kick across the bunch also causes a sp@ollimator wakefields in the SLC final-focus system have
size increase at the IP. The latter can be described by Bsen identified as a possible source of the measured emit-
equation identical to (7), if one replacgswith an appro- tance increase originating between the entrance of the final
priate multiplier for the rms kick. In the case considerediocus and the IP. The wake-field effect is aggravated by
the rms kick is just the average kick divided 3. the large number of final-focus collimators. In future SLC

If the IP position change is expressed in units of the linruns, more care will be devoted to precision-alignment of
ear IP spot size,o = |/¢,; and the orbit angle at the IP the adjustable collimators. Only those collimators whose
impact on detector and polarimeter background is proven

in units of the divergence, = ,/ *, one obtains ; ;
g v /P will be moved close to the beam. The centering of the

, beam inside the collimator jaws needs to be carefully main-
Ayrp _ -~ R2. . L\ yip g) tained. Some of the fixed collimators with particularly tight
= E 34,ili 5 , 9 . . . :
0y0 - By ) oy alignment tolerances may require additional surveying. We

thank G. Stupakov who first pointed us to Ref. [7].
and a similar expression, with slightly different values for

1, applies to the spot-size increase. The dimensionless

multipliersTl; = — Y, R3, ;u:/3; of both jitter and spot- > REFERENCES
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