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Abstract Because of differences in the beam parameters in these

. . . inacs, the issues concerning the accelerator design are also
In the present Next Linear Collider (NLC) design, S anA17 g g

L-band linacs are used to accelerate the beamsto 10 G
where they are injected into the main X-band linacs. As in-
jectors for the main accelerator, these linacs are required
deliver cIean beams while pelng reliable and cost effectllv tolerance requirements on the quadrupole magnets.
These requirements set stringent tolerances on the design o

L n the S-band pre-linacs, the beam emittance is small

the accelerators. There are two types of misalignment tol- . ; .
X and the bunch length is short. The primary issues here
erances that are of great concern: cell-to-cell and structure- . ) .
dre the emittance degradation and multi-bunch BBU as-

to-structure tolerances, which are dominated by long- ar) ociated with the long- and short-range wakefields in the

short range wakefield effects, respectively. For a given Iaitructure. The tight emittance dilution and BBU require-
tice design, the structure-to-structure tolerance (which has . O
. . ) ) . . ments set stringent limits on the structure tolerances. The

strong impacts on girder configurations) is mainly deter- . .
: .short-range wakefields, which are related to the average pa-
mined by the global parameters such as the average ifis .
: . rameters of a structure, dominate the structure-to-structure
size, the length and the type of the structure. This paper . ) :
olerances, while the long-range wakefields, which are re-

i fited to the details of the structure design, control the cell-

allow looser structure-to-structure tolerances; the cell-tq- ; .

. . ; o-cell tolerance of a structure. This paper will focus on the

cell tolerance is related to the details of the single structun? . .

. . .~ structure-to-structure tolerance associated with the short-

design and will not be addressed here. The optlmlzatlorglnge wakefields
described here was based on a cost model for NLC anJ

. . I he beam loading voltage in these linacs will be com-
akefield scaling law for the tolerance estimations. : .
W ! g faw imat pensated by using thAT scheme [4], except in the™

capture where the beam current is extremely high and the
1 INTRODUCTION AF scheme is used. With thAT scheme, the structure
) ) , ) design is tightly coupled to the beam loading conditions.
The Next Linear Collider (NLC) is @ — e linear col-  gin'the - and S-band linacs will have a single structure
lider that will be used to probe the physics phenomena gbsign for all the corresponding linacs. We have optimized
a center of mass around 1 TeV [1, 2]. The main linacs Qe | _hang structure for thet booster parameters while

this collider are based on X-band rf (11.424 GHz) teche 5 nand structure was optimized for the pre-linac pa-
nology. In the injector which accelerates thie ande™ rameters.

beams to 10 GeV, the beams are accelerated in lower fre-
quency linacs operating at the L-band (1.428 GHz) and S- 2 S-BAND LINACS

band (2.856 GHz). There are a total of ten low frequenc& )
linacs in the injector system which are listed in Table 1 oth the structure tolerance requirements and the cost of

a detailed discussion of the NLC injector systems is prél€ S-band linacs are dominated by the pre-linacs and thus
sented in Ref. [3]. the structure optimization is based on the pre-linac param-

eters. The cost and tolerance models we used are similar to
the ones used for the ZDR [1] cost and tolerance calcula-

ite different. In the L-band* capture and booster linacs,

& beam has a large emittance and energy spread and the
rimary issue is the aperture. A larger aperture in the struc-
ture allows larger beta functions, easing the strength and

Table 1: NLC low frequency linacs tions.
Linacs rf | N E(GeV)]| Q(x10%) | I (A) ) _
et capture| L [ 1 [ 0.25 7.8 4.5 2.1 Cost estimation
+
¢’ booster| L | 1 | 1.75 1.6 0.91 A simple cost model, Eq. (1), is used to estimate the cost
etdrive |S|1]6 1.45 0.83 |  ofthe pre-linacs,
e~ booster| S | 1 | 1.9 1.45 0.83
pre-linacs | S |2 | 8 1.15 0.66 Cost = Ny(Ss 4 Sppm)
EC L2 |01 1.45 0.83
NSMS S m
BC1 L2101 1.45 0.83 N (@ Qs+ Qo)
*Work supported by the DOE, contract DE-AC03-76SF00515. + NaNp(Kk + kry) @)
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n NsL (Frunnet + Fatcove) the attenuation constant. With the sam@r ¢ ;) factor, the
Sy o T o acceleration and beam loading voltages are proportional to

N,L VRL and RL (or \/Rv, and Rg,, v, = L/tf) respec-
+ S—f(VPiPe +Viy) tively. Sincev, has a stronger dependence on the iris radius

thanR, the rf efficiency is higher in a longer structure.
The group velocity of a traveling wave structure scales

where the cost of the parts are approximately as®. The structure-to-structure tolerance

Ss, Svpm structure, structure BPM then scales as
Qq: Qps; Qopm quad, quad power supply, quad BPM Y s
K, Kr ¢ klystron, klystron rf drive Yol X <_> /Laee = —— <_) (5)
PsiED, Pug, SLED-I system, waveguide, ty tf/S Lace

Pphase, Pmodui Phase control, modulator
Fiunnel, Falcove  tunnel and alcove whereL/L,.. represents the rf efficiency of the linac. It
Vpipe, Vit vacuum pipe and rf is clear that the gain in tolerance with a longer structure

length comes from the gain in rf efficiency, filling time
hange due to change in beam loading, and the lengthen-
ing of the structure.

N, N, are the total number of structures and module
respectively. A10% overhead is assumed in the number o

modules for the linacsNy is the number of klystrons per The 3- and 4-meter SLAC-type structures (DLWG) were
module (V;, = 2 for AT compensation scheme) afd, .
simulated to study the cost and tolerance dependences on

is the number of quads per structure; the focusing in t )
pre-linacs is provided with the FODO lattices. Final Wﬁe structure length. Results for the two cases are shown in

; - . . _the first two rows in Table 3. Itis clear that a longer struc-
is the filling factor of the accelerator structures in the lina . Iy .
L ure is beneficial for both the rf efficiency and the structure-
which is assumed to &0%. .
. to-structure tolerance. Fewer modules are needed in the
In the calculation, we assumed that the structure cost . - .
. -meter design as a result of a better rf efficiency which
dominated by the assembly and coupler costs and thus the

: ; rgsults in saving about 8% in rf power. The optimal fill-
cost of the linacs scales with the number of structures and_ .. L i
ng time for the 4-meter design is 625 ns, slightly shorter

not the structure length. All cost estimations were scaled i?lan the 665 ns for the 3-meter design due to a stronger

itlhn(iﬁrges'gn based on a 3-meter SLAC-type acceleratg(raam loading and the structure-to-structure tolerance is im-

proved by abou80%. Additional increases in the structure
length may further improve the efficiency and tolerances,
2.2 Structure-to-structure tolerance however, such a long structure is thought to be significantly
The structure-to-structure tolerance is associated with tteore difficult to manufacture.

short-range wakefield effects of the structure which de-

pends mainly on the average parameters of the structuge4 Cell profile optimization

e.g. the average aperture and length. To the lowest order, Lo , i

the short-range wakefield scales as the 4th power of the - the X-band main linac design, the shunt impedance
erage iris radius. Assuming thigfunctions are scaled with WaS optimized to improve the rf efficiency by shaping the

the structure length, the structure-to-structure tolerance §§!l 9eometry. A round cell contour (RDS) was obtained
proportional to as shown in Fig. 1, which gives abol$% better shunt

4 impedance as compared to the standard DLWG. The opti-
(2) mized RDS cell profile can be used in the S-band design for
the same purpose. Alternatively, one can use the RDS de-
sign to improve the structure tolerance by further opening

the iris while maintaining the same rf efficiency. Table 2

shows a comparison between the DLWG and RDS param-
2.3 Length vs structure-structure tolerance  gters for a S-band cell.

a
Lacc

wherea is the average iris radius ard,.. is the total net
accelerator length.

Ytol X

In a constant gradient traveling wave structure, the un-
loaded acceleration voltage of a accelerator section is

T/2

V = /P, RL(1 — e=27) (3) .

and the transient beam loading voltage<{(t < ts) is

(DLWG) (RTOP) (RDS)

IoL t —27
Vi = 2o <_e— we ™"

21— o2 @ - 0 75) (4)
1—e™™) Figure 1: Traveling wave structure cell profiles: DLWG)

whereL is the structure lengthR is the shunt impedance Standard; RTOP) round top; RDS) round contour.
per unit lengthg is the filling time, andr = wt;/2Q) is
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different cell disk thicknesses. The dipole mode detun-

Table 2: A comparison between DLWG and RDS cells ing AF1, which is determined by the long-range wakefield

Type | a(mm)| R(MQ/m) | v,/c properties, also impacts the aperture, Because the linac will
DLWG 13 54.0 0.0195
RDS 14 4.0 0.0130 Table 4: 5-meter L-band structure with RTOP cell profiles
T AF) | am; bma: G
For the samé? andv,, the RDS cell yields a much larger (mm) (%)1 (rqr?;r?) (rﬁ?r:) (vam)
iris size. Since the structure tolerance scales as the 4th 12 3 23511 89.83| 131
power of the iris radius, the RDS design will further re- 12 5 [ 22.43] 90.29
lax the structure-to-structure tolerance. The third row in ' '
Table 3 shows the result for a 4-meter RDS design. The 15 3 ;gi; 3802 12.92
tolerance is abo5% better than the 4-meter DLWG case. d ° : s
The rf efficiencies and costs are comparable. 18 3 |2519)|90.40| 12.46
18 5 24.24| 91.00
Table 3: Comparison of the S-band DLWG and RDS struc-
tures. *) 4-structure/module; **) 6-structure/module.  pe constructed from an integer number of modules, we ac-
Type* L(m) | Nimodute | COSt | aq,(mm) | tol tually can reduce the shunt impedance slightly to fully uti-
DLWG™ | 3.0 27 10 | 1285 | 1.00| |ize five 6-structure modules. In this case, the loaded gra-
DLWG* | 4.0 25 10| 1469 | 129| (ientintheet boosteris 12.4 MV/m to attain the required
RDS' 4.0 25 1.0 | 1540 | 1.53| 1.75GeV acceleration plus roughly 5% margin.

[RDS™ | 40 | 22 [1.09] 1572 | 1.43]

4 TOLERANCES

The results shown in the first three rows of Table 3 ar inally, the tolerances for the S-pano! linacs are listed in
for linacs with a 4-structure per module configuration. Th aple 5. In the: .boc_)ster and* drive linacs, qne-to—qne
loaded gradient in these cases is about 22 MV/m. A lowdf2ectory correction is ass“”.“?d wherg the trajectory is cor-
gradient design of 17 MV/m has been consider for the NLd':eCted to zero the Beam Position Momtorg (BPMs) IocaFed
S-band linacs. The low gradient design uses the same rgsthe focusing quadrupoles. In the pre-linacs, the trajec-
4-meter structures but one rf power station will power ‘,;ory will be corrected using beam-based alignment similar

module of six structures instead of four. The results of tr;g’ th dat +uzed ”; thﬁ main Imall_c r[Sl] lThe toltehranciﬁs n Fh(athL-
low gradient design are shown in the last row of Table yande ™ boosterlinac are siightly looser than those in the

Due to the longer linac length, the tolerance is slightly booster linac.

tighter and the cost is slightly higher however the overall

tolerance improvement is stilt 40% compared to the 3- Table 5: Tolerances for the S-band linacs (rms)
meter DLWG design.

Linac Quad | BPM to quad| Struct-struct
e~ booster
3 L-BAND LINACS et drive | 200um 200um 500um
pre-linac | 15um 15um 40pm
The beam emittance and energy spread are large in the E=

band capture and booster linacs. Strong focusing lattice are

required for these linacs to control the beam size. A larger 5 REFERENCES
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