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Abstract It is currently envisioned that injection from the SPS
would continue to occur at IR2 and IR8, with the beams
A concept is being developed to install a second, lofaeing immediately transferred to the LER for acceleration,
energy ring (LER) above the LHC to accelerate protoriaut the details of these transactions have not yet been
from 450 GeV to 1.5 TeV prior to injection into theaddressed. It would also be desirable to have the LER
LHC. The arc and dispersion suppresser optics of the LHdilize facilities located in other LHC straightssuch as
would be replicated in the LER using combined functiothe RF (IR4) and beam abort (IR6)although it is not
‘transmission line' magnets originally proposed for thebvious that this will be possible. il$ clear, however,
VLHC. To avoid costly civil construction, in the straightthat with the LER 1.35 m above the LHC at the ends of
sections housing detectors at least, the LER and LH&ch straight, the momentum and betatron scraping
must share beampipes and some magnets through ithgertions at IR3 and IR7 caot be accessed by the LER
detector portion of the straights. Creating the appropriagecause the primary collimators are located at the extreme
optics for these LER-LHC transition regions is very/s and d/s ends of the insertions.
challenging: In addition to matching to the nominal LH ; ;
lattice functions at these locations the changes in aItitquAerC and Dispersion Suppresser Cells
of 1.35 m separating the LER and LHC must be The main body of the LER lattice is constructed using
performed achromatically to avoid emittance blowugombined function ‘transmission-line’ magnets originally
arising from vertical dispersion when the beams ai@esigned for the low field VLHC ring [2]. There are

transferred to the LHC. several factors that recommend use of these magnets,
including; their small (26 x 24 cm) physical cross-section
INTRODUCTION which allows them to fit easily in the tunnel space above

The large sextupole component of the LHC magnel%1e LHC, and; th‘?” excellent field qua'lity'at th? Ipwer
fields at the low energy end of their dynamic range %':rengths appropriate for the LER application eliminates
expected to eventually become a limiting factor i€ need for further R&D development [3].

achievable luminosity. One possible path being considered! N€ arc and dispersion suppresser cells are designed to
for avoiding this difficulty as part of a luminosity upgradd €Plicate both the LHC optics and machine footprint. The

includes rebuilding the SPS injector with h+gh3|d OPUCS and Correspondlng magnet parameters are shown in
magnets- increasing the beam energy from the currerftid- 1 and Table 1.

450 GeV up to 1 TeV for transfer to the LHC. The major

drawback to this solution, however, is that the high

energy physics (HEP) program would lie dormant during

the entire time required to install a new machine in the
SPS tunnel.

An alternative possibility that's been recently suggested
would be to install a second ring of high quality magnets
above the LHC, which would accept the 450 GeV SPg
beams and accelerate them to 1.5 TeV for injection intd
the LHC. The attraction to this approach is that the LER
magnets could be installed during routine LHC shutdowns
and would not disrupt the HEP program.

A thorough discussion of the low-energy ring (LER)
concept and details of the main ring magnets is available L L . ‘
elsewhere in these proceedings [1]. In the present note ° O i Length (m) 300
only those aspects of LER implementation that impa
the optical design are considered.

LER Arc & Dispersion Suppresser Optics

.My (m)
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?—tigure 1: Optics in the arc cells and transition through a
dispersion suppresser unit. (Dashed lines are vertical
LATTICE values; solid lines, horizontal).With 9@f phase advance

: er cell,(max) = 160 m, and(max = 2.09 m.
For the LER option to make any sense as an aIternatiE/e B ) d(max

to rebuilding the SPS, the project can not involve any The dispersion suppresser cells have 2/3 of the bend and
major civil construction. This constraint automaticallyapproximately 3/4 the length of arc cells. It can be seen in
dictates that the LER must replicate the LHC footprinfig. 1 that thg3-match across the dispersion suppresser is
but more significantly, it also determines that the LERot perfect. This is an indirect consequence of duplicating
and LHC must share common beampipes, at the vethe LHC footprint— bend centers in the LHC suppressers
least, through the IR1 and IR5 high luminosity detectorsare irregularly spaced, which, for the gradient magnets

used in the LER also translates into irregularly spaced
*Work supported by the Universities Research Association, IncfOCUSINg centers. Th@-wave is small though, and could
under contract DE-AC02-76CHO00300 with the U.S. Dept. of Energy.be easily corrected with trim quadrupoles.
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Table 1: Magnet parameters at 1.5 TeV in the standard drable 2: Horizontal beam separation and parameters of the
and dispersion suppresser cells. horizontal separatiofrecombination dipoles seen by the

Cell | Leell | Lmag| #/cel| B | B.(UM) | pah tength (). and alifude of the beams (vertcal
(m) (m) separation of the LER beams begins at the exit of D2A).
Ac | 106.9| 120 | 8 | 1.595| +4.969 Type | Lmag |B(M ]S m)]| Al [ Sepn
Ds.| 802 | 80 | 8 |[1595| +10.11 (m) (mm) | (mm)
LER & LHC Common Dipoles
IR1 & IR5 High Luminosity Insertions D1 8.96 | 1.70| 8.96| © 27

The LER is situated 1.35 m above the LHC throughoyit 5 770 | 1.70] 29.13] o 130
the main ring arcs. Formidable challenges arise in trying
to design a transfer line that can drop the beam from t:l:ilsER Only
altitude to that of the LHC, pass the beam through tifie
detector, and then transport it up to the arc elevation ag hi2BLEr | 1.00 | 2.14] 52.63] 75 150
by the end of the straight section. The difficulties arise!THC Only
from the need to keep clear of the LHC IR magnets, ai
the paucity of free space available to perform the$eD2B, e 1.26 | 1.70|104.100 O 194
manipulations. The elevation changes must also be
accomplished achromatically to avoid residual vertical
dispersion at the IP when matching to the LHC injectio
optics. In addition, the horizontal beam-beam separation]c
150 mm in the main LER gradient magnetsompared

The weak baseline D1 dipoles are replaced by a single,
rong magnet to separate the beams rapidly. This is
Bllowed 12.5 m later by an opposing strong dipole (D2A)

; P that removes most of the horizontal beam divergence. At
to 19|Af mm in hthe 'r‘]HCLERcomé'bll_ﬂgg the furth(re]r the exit of D2A the beam separation is sufficient to install
comp |c|at|on that the and Lt C?\” not sharGe tical LER separation magnets. When these vertical
identical beam separation/recombination schemes. bends are energized enough clearance between the LER and

These constraints are closely intertwined, and tey~4q created 23 m downstream to install a short dipole
beamline design must consider all issues simultaneous bZBLER) to fix LER beam separation at 150 mm. When
For example, the achromatic optical condition partiall he LER vertical bends are turned off. the LHCI beams
impacts the options available for the vertical bendin@ontinue to diverge from D2A until re;aching 194 mm
scheme, andice versa. On the other hand, the Yerticalseparation where a short, strong DRB cancels the
bending that initially separates the LER beampipe frOIF(lzsidual horizontal divergence. This scheme fits in exactly

the LHC also determines the point where it becom ; - "
possible to install horizontal LER magnets to flatten th(?@:ﬁe same space as the baselinelP configuration.

beam trajectories at 150 mm separation. In subsequaf@rtical Separation of the LER fromthe LHC
_section the design descr_iptions attempt to de-couple thesg o 135 c¢m elevation change from the LHC to LER
issues as much as possible. altitude is divided into two stages. First, the beam is
Horizontal Separation of the LER & LHC Beams raised to 67.5 cm and leveled off across the D2B dipole
. and Q5 magnets in the LHC. Another pair of vertical bend
At a minimum, the LER and LHC must share commo

. ; sets completes the transition to 135 m and levels the
magnets through the detector, triplets, and first Separat'BBams off by the end of the straight section. (The decision

dipoles(s) DI1. In the baseline LHC design bea break the elevation change into two steps simplifies the

s_eparatlon/re_comblnat|o_n spans 104.1 m each side of ical design needed to cancel vertical dispersion).

tr|pI7et1s_. \(/)/f thés, 2;’3 m Slcg_nsulmed bé tgi%/vealé (%5227 The magnet parameters of the first set of vertical bends

I%)avingea ((:j)rift )s(pa.cent]af justlgg (;35 If]n Div.ergemncg of t are summarized in Table_2. The initial magnets, labeled

b iting D1 is so raduél 1 1'1 mm/m) that LE 1 - V5, enclose beampipes common to both the LHC
eams exiing 9 : and LER. Energizing these magnets determines whether

transfer magnets could not be installed until the bearme circulating beams will move up to the LER or get

were, at most, just 37.6 m ffor." the face of D2, which Fansferred into the LHC. These are pulsed magnets which
much too late to clear D2 vertically and the downstrea%ust be able to turn off in Asec— the gap length

LHN%qugr%%cgsnsline solution has been found that woul etween the head and tail of the LHC bunch train. Work is
; S rogressing well on the design of these magnets [5],
leave the current D1-D2 configuration intact. A conceptu hich will be single co8-shaped copper conductors
separation scheme has been devised which fulfills both t erating near 90 kA. The D2BR dipole is 4 m
LER a_md LHC sepa_ration r_equirements, but the large-bot ownstream of the last V5 magnet. This is immediately
high field dipoles will require new Nin technology [4]. ¢o)6ed by 6 more of the single conductor vertical
Relevant magnet properties, path lengths, and be oles, and then 3 short, higlield, superconducting

separation in this approach are provided by Table 2. dipoles. The other 3 bend centers completing the vertical
transition all consist of 7 short, 8 T magnets.
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Table 3: Magnet parameters, including apertures, of ti@ble 4: Quadrupole parameters at 1.5 TeV in the LER
first set of vertical bends at 1.5 TeV separating the LERsertions IR1 & IR5 for beam #1 anf* = 18 m The
and LHC beams. triplet quadrupoles are common to the LER & LHC.
Magnets 1-10T are powered exactly anti-symmetrically.

Type [ # [ Lmagm) [ B(T) | w(mm)[ h (mm)
- Straight Section Quads
Fast Pulsed Dipoles
uad# | L B' (T/m
vi [5| 110 | 1667 40 40 Q mag (m) (T/m)
u/s d/s
V2 | 4 1.00 1.503 40 50
1 6.30 -40.847 40.847
V3 | 3 1.00 1.370 40 60
2a &2b 5.50 40.847 -40.847
V4 | 2 1.00 1.255 40 70
3 6.30 -40.847 40.847
V5 | 2 0.95 1.158 40 80
: 4 2.0 131.09 -131.09
Normal Conducting
5 2.0 -157.03 157.03
D2B | 1 1.00 2.14 30 30
6 2.0 198.65 -198.65
V6 | 6 2.00 2.00 30 30
- 7 2.0 -143.52 143.52
Superconducting
8 2.0 159.34 -159.34
V7 |3 1.50 +8.00 30 30
9 2.0 -66.78 66.74
LER Opticsinthe IR1 & IR5 Insertions Dispersion Suppresser Trim Quads
It is clear from the earlier discussions that the vertical| 10T 1.0 37.58 -37.58
and horizontal beam manipulations are the dominant
factors driving the LER insertion design. Developing an T 1.0 -32.13 23.05
optical solution is fairly straightforward by comparison. 12T 1.0 8.07 -7.91
LER Optics @ IR1/5 : §* = 18.00m
SUMMARY

A preliminary design of a 1.5 TeV LHC injector
constructs the ring lattice from transmission-line gradient
magnets. A solution for IR1 & IR5 matching LHC
injection optics has also been found. It requires re-design
of the LHC separation scheme, and relies on new pulsed
dipoles for vertical separation between the LER and LHC.
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