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Abstract Eight quadrupole mirror-plate magnets between the bend

With the impending construction of the Linac CoherenPairs form an achromat and limit the first and second-order
Light Source (LCLS) [1] at SLAC, displacing the well- COMPression factors tts| ~ 0.3 mm and|Tseq| ~ 56

used Final Focus Test Beam (FFTB) area, there is gro;yjm’ respectively. This preserves the short bunch length

ing interest in developing a new test beam facility whic 50 um rms) ge_nerqted n the _sector—lO chicane [3].
makes use of the remaining 2/3 of the SLAC linac, and The bypass line itself is a simple 45-deg/cell FODO lat-
' tice with 10 quadrupoles over a 1-km length. Four inde-

Sub-Picosecond Pulse Source (SPPS) [2] and the desinﬁﬁqden“y adjustable matching quadrupoles are used both
I

preserve this capacity suggest a new beamline with simi lefore and after the FO_DO line. .
including bunch length Near the end of the linac, the beam is bent back down

or improved electron beam quality, . . L
P . y and to the left (see Fig. 1), towards the linac axis with a 12-

compression to 10m. Beam availability during LCLS op-

erations requires a new 1-km bypass beamline connectiﬂHad pair of bends (BY3, BY4), each rolled at 42 degrees,

the 2/3-point of the linac with, for example, the existingtrough six quadrupoles, placing the beam on the nominal
-Line axis a few meters upstream of the existing D-10

B-Line tunnel at the end of the linac. A second operatin ; _
mode, with LCLS not running, is then available using théUMP box. A third unrolled bend (BYS) sets the right-bend

existing connection directly from the end of the linac to thén9l€ o 0.5 degrees, for launch into the B-Line. The ver-
B-line. This path would provide the highest beam qualin}'caI d|sper3|0r1 IS clos_ed by'BY4, \_/vhergas the BS1 bend
at 30 GeV and also allow a third operational mode by decloses the horizontal dispersion. With this arrangement the

flecting a few of the very high-brightness 120-Hz, 14-Ge\B Y4 and BY5 magnets (see Fig. 1) can be switched off and
LCLS bunches at low rate (1-10 Hz) into the B-line. Ad_the linac beam (without bypass) taken directly into the B-

ditionally, linear collider research might also be carried outiN€ Using the existing B1 and B2 bends when LCLS is not
in a short final focus system at the end of the B-Line, cdMNiNg. Similarly, the existing pulsed bends near B1 and

pable of producing a 70-nm rms transverse beam size. Wk (not .shown) can be Use‘?' to steal 1_'10 Hz LCLS pulses
describe a design for these systems. directly into the B-line, allowing three different operational

modes.
THE BYPASS LINE ELEVATION VIEW

The 3-km long SLAC linac is composed of 30 equal bypass
length sectors, each about 100 m in length. The LCLS inM
jector will be located at the start of sector-21 (the 2/3-point)nac !
and will begin full operations in 2009, using about 75% of
available linac time. With PEP-II presently using the first (vertical scale is 10-times horizontal in both views)
2/3 of the linac and running through 2008, there is grow- PLAN VIEW
ing interest in developing a new test beam facility which
makes use of this 2-km linac in parallel with LCLS oper-g; g
ations. This requires a 1-km long linac-bypass line startﬂmﬂ.
ing in sector-20 and running along the tunnel ceiling to the
linac end. Similar bypass lines are used for a positron re-
turn line, and the 3-GeV positron and 9-GeV electron trans>*2 & =  BYS
portlines to the PEP-II ring. Space, although tight, does ex- BY3 " BY4
ist on the ceiling for a new line from sector-20 and beyond.
The new line can operate with DC bends, since the LCLEigure 1: Bypass line and linac connection into and through
injector is downstream Of the sector-20 take_off point. the start Of the B'Line, ShOWﬂ in elevation and plan VieW.
The new bypass line described here begins at sector 20-5
with a pair of 20-mrad angle bends forming a linear achro-
mat of 65-m length. The pend magne_t_s are rolled 2?_: de- THE B-LINE
grees to place the bypass line on the ceiling 1.14 m horizon-
tally (south) and 0.48 m vertically (up) from the linac axis. The B-Line is an original feature of the SLAC complex,
*Work supported by US Department of Energy contract DE-ACOZ-branChIﬂg off the ,end of the linac ‘?t 12.5 degrees towgrds
76SF00515. the south, extending about 150 m in length. The spacious,

T Emma@SLAC.Stanford.edu well built enclosure has been unused for at least 20 years
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and many of the original components have been removed. o/ [E0.599% (E28.493 GeWN 211040 0;739.0um, =373
The tunnel ends in a wide B-Line Target Room (BTR), with

a convenient separate access tunnel, followed by the large :
“End Station B” (ESB) hall, having plenty of room for ex- E 0
perimental apparatus. A large shielding wall separates thg
target room from the linac, allowing access during linac -}

operations. -
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A new beamline optics has been designed, following ey zlmrm zlmim

the existing tunnel and allowing beam energies up to 30 o EEL 522 EE20500 G2 02832m, 13813
GeV. The optics provides bunch compression similar to the
FFTB with the SPPS beam, with an adjustable linear comy 2
pression factor ofR55 ~ 2.3 mm. The optics is shown
in Fig. 2, where the first dipole (at ~ 248 m) is the
BS1 bend shown in Fig. 1. In addition, an emittance di- _,
agnostic section, with optimal phase advance, is included . ) RERERESS IR, Sy
ats ~ 268-294 m, where three OTR screens or wire scan-  ° n,maz ? o0z e 0% -
ners can be located to measure the horizontal and vertical

emittance. The four final 1.5-degree bends at 302-328  Figure 3: Energy profile (left), longitudinal phase space
m are placed to follow the tunnel. A few meters long undu¢center), and longitudinal profile (right) after B-line,
lator, such as that used in the FFTB/SPPS, can be locatgdlough bypass line (top), and through full linac (bottom).
after this section to produceﬁl-spontaneous x-ray radia-

tion to continue SPPS femtosecond x-ray research.
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FINAL FOCUS OPTICS

1 1 A further option ig to incIuQe a final focus system qt the
WHLM | | WMW end of the new B-Line, starting at tlie~ 330-m point in
New B-line 09FEBO5 Fig. 2. The optics for such a scheme is based on the NLC
B-Line: Sec-30, BSY, B-Line, BTR (2004+) . .. .
g WndowsNT40verson82306 1UO405 112743 .. Final Focus (now adopted for ILC) originally suggested in
A B BT D o E Ref. [5]. Compensation of chromaticity is performed lo-
I Loo S cally by sextupoles inserted in the final doublet (FD), where
EECE R r 0.09 the dispersion is nonzero. The second order dispersion cre-
10, ' 008 ated in the FD is compensated simultaneously with vertical
o ] ‘ oo and horizontal chromaticity by allowing half of the hori-
L .05 zontal chromaticity to arrive from upstream, doubling the
%1 oo amount produced by the FD quadrupoles. Compensation of
4.+ / poos geometrical aberrations is achieved with sextupoles located
2 | [ [0 upstream. In comparison with the traditional final focus op-
w0 TR tics with non-local chromaticity compensation, such optics
240. 250. 260. 270. 280. 290. 300. 310. 320. 330. provides much better performance in a shorter system.

s(m)

The B-Line FF optics was scaled from the latest NLC FF

Figure 2: New B-Line optics starting at BS1 dipole andiesign described in [6]. The distance from the focus to the

extending to the pre-target room shield wall. first quadrupole £*) is chosen to be 1 m and the design
beta functions at the focus afg = 4 mm, 5, = 0.1 mm;

thus, this optics has about the same vertical chromaticity
as the ILC FF (which has four times largé# and 3,).

2D, via linac or bypass line, is shown in Fig. 3, producin%n c_)rd_er tp be compatible with short. bunch operation, the
11 or 24 kA of peak current with 3.4 nC of bunch charg pt|m|zat|0_n.procedure of_the FF optics [7]was aug_mgnted
at 28.5 GeV. The LCLS beam (not shown), with pulsed R y the additional constraints to zero thgs and to limit

h te even shorter bunches. to a few mETg,GG terms of the transfer matrix.
phases, can generate even sho ,

crons length and up to 40-50 kA, but with less charge (1 The FF optics_ is shown in Fig_. 4. The 'e”Q‘h of the '_:F
nC). system was defined by the available space in the B-Line.

In the present design, the distance from the focus to the
Most of the required magnets, except the bypass lineon wall which separates the target room from the ESB
qguadrupoles, are available from the existing and obsoletéxperimental hall is about 23 m, which should be sufficient
SLC final focus systems. The bypass line quadrupoles cémaccommodate the beam dump and possible x-ray instru-
be taken from existing designs. Only the eight low-profilementation. The optics provides about four drifts near the
mirror plate quadrupoles will need to be designed and builbeginning of the FF with combined length of about 6 m

Particle tracking through the B-Line withiTrack [4] in



|Ts66| = 77 mm), which is acceptable. A realistic energy
distribution, tracked through the linac wakefields, was used
in this case. The parameters of the B-Line with FF optics,

New B-linewith NLC style FF
BLinet+FF
Windows NT 4.0 version 8.23/06 11/10/04 08.17.35

160. 0.40

< BT BT D £ in terms of achievable bunch length and transverse beam
g M . [9% °  size atthe focus (including synchrotron radiation), are sum-
120, f Loa marized in Table 1.
100. A . . : r 025

Table 1: B-line parameters with FF system for three modes

80. . . . ..
of operation, including synchrotron radiation.

- 0.20

60.7 [ 015 param. bypass | SPPS-like LCLS unit

40. L o0 Ey 30 30 14 GeV

w0 ] . Q 3.4 34 1.0 nC

i YEx(y)0 75 (10) 50 (5) 1.0(1.0) um

0‘0225_ F)'O O'E/EO 0.60 15 <0.1 %

ocft 37 14 3-30 ©m

: : : : I 11 24 40-4 kA
Figure 4: Final focus optics for the new B-Line. (The Pk

coordinate here is shifted 100 m relative to Fig. 2.) 2w P | 40 (0.10)| 4.0(0.10) | 4.0(0.10) | mm

Triy) 4.5 (0.24)| 4.6 (0.18) | 0.53 (0.07)| um

5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.2

The beam dump is not yet designed. Such a system will
likely be composed of permanent-magnet vertical dipoles
deflecting the beam safely into a high-power, underground
dump, possibly located at the end of the B-target room. De-
tailed tracking and tolerance studies remain to be done for
the full set of beamlines.

OTHER TEST BEAMS

Throughout SLAC's history, beams have been used for
calibration of particle detectors and testing of detector pro-
totypes. For a large portion of these experiments, a medium
energy, low flux beam is ideal. Such a beam can be used
directly or as input to an apparatus providing tagged pho-
tons. In the past, these beams have been provided in both
the FFTB facility and ESA (End Station A), running par-
asitically to SLC. The proposed BTR beamline can con-
ceivably provide this same capability while running para-

that might also be used to accommodate undulators or othiically to LCLS. If the proposed beamline includes 4-cm
diagnostics. Adding the FF system requires splitting th@Perture quadrupoles, it will have an acceptance compara-
existing shield wall into two 1.5-m sections and moving it’!€ t0 the FFTB and ESA beamlines. Placing an appropri-

several meters upstream. The strengths of the FF magnét target 1-meter upstream of the location of the existing
and in particular the FD, are sufficient to focus the electrof2dron generation target, between B1 and B2, but off the
beam up to 30 GeV. axis of the LCLS beam, would allow the use of low flux, 7

L : .
The energy bandwidth of the B-Line with FF optics forC€V e~ beams in the BTR. Further studies of these rates

the ‘SPPS-like’ beam is shown in Fig. 5. Due to the IargéInd range of achievable momenta are warranted.
emittance of this damping-ring-generated beam, there is a
noticeable increase of the beam size due to geometric and REFERENCES

chromatic aberrations, indicating that the IP beta functio;E] LCLS CDR SLAC Report No. SLAC-R-593, 2002.
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Figure 5: Bandwidth of the B-Line with FF optics for
‘SPPS-like’ beam.

might be too aggressive for such a beam. For the LCLg, o oot o1 paco1, Chicago, IL, June 18-22, 2001.

beam, with its much smaller emittance and energy spread, _

these aberrations play a negligible effect and the trackddl P- Emmaetal, EPAC'02, Paris, France, June 3-7, 2002.

beam size is very close to the design (linear) value. [4] K.L.F. Bane and P. Emma, these PAC’05 proceedings.
The B-Line final focus optics is compatible with short[5] P. Raimondi and A. Seryi, Phys. Rev. Le86, 3779 (2001).

bunch operation: the FF optics has little effect on ths) A. Seryiet al, EPAC'04, Paris, France, July 2004.

linear compression term&Rs¢| ~ 0.1 mm) but dou- o1 A seviet al, PAC'03, Portland, OR, May 2003.
bles the second order term (the total value with FF optics



