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Introduction

After a promising optics for a 750 GeV ring was established, the natural question arose

whether the energy could be increased.

Issues:

• The IR quadrupole of the 750 GeV design are already long (up to 2 m) and strong.

• The IR dipoles too, inserted mainly for producing dispersive regions for the sex-

tupoles, as well as the cell dipole are at the limit.

The 750 GeV optics is not scalable to 1.5 TeV. It is clear that something must be paid

for the higher energy...

We started looking at a 1.5 TeV optics.
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Constraints

Design constraints

β∗x, β∗y (εx = εy) 10 mm

free space around IP ± 6 m

|αp| ≤ 1× 10−4

ĝ ≤ 260 Tm−1

B̂ 10 T

(8 T in the IR)

Moreover: `B ≤ 6 m, `Q ≤ 3 m.
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Guidelines

As first attempt, IR and cell design are kept as close as possible to the 750 GeV optics

one:

• Non-symmetric IR design: β̂y � β̂x.

• Local chromatic correction (“à la Montague”) for the larger vertical chromatic wave

with a single sextupole (one pair per IP) at a location with βx ' 0 and ∆µy=0

from the perturbation source (the low beta quads).

• −I section for accommodating a pair of (non-interleaved) sextupoles correcting the

horizontal chromatic wave.
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IR layout (Yuri, MCDW, December 2009) a

aincludes IR quads radial offsets and Zlobin recommendations for extra spaces and safety margins

for the magnetic strengths
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The αp issue

A second important issue with the MC design is related to αp which must be small and

as constant as possible for the large range of momenta required.

The IR in this design has a large positive contribution to αp.

• arc cells must compensate it

• arc cells must be flexible enough to allow tune adjustments

• transformation between sextupoles of the same familly must be a (pseudo) −I one

or at least the phase advance between sextupoles must be optimized to avoid driving

3th order resonances

All this while keeping the ring closure...

The chromaticity of the arcs being small we gave up the non-interleaving condition.

We tried several kind of arc cells.

Finally Yuri found a good cell fulfilling almost all conditions.
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cell layout and Twiss functions

• almost orthogonal chromaticity correc-

tion with just one family/plane

• 300 deg phase advance/cell: cancella-

tion over 6 cells

• αp and its dependence on momen-

tum a controlled through the middle

quadrupole and sextupole

a 1
L
∫
ds[1

ρ
∂Dx

∂δp
+ 1

2
D′
x]

(Y. Alexahin, MCDW December 2009)

The cell is not flexible for adjusting tunes, unless the condition on the 3th order res-

onances is given up (to be tried). A dispersion free tuning section was introduced

with plenty of space for RF cavities and whatever else (injection? dump?), but bad for

neutrino radiation.

With 2727 m circumference, the 750 GeV ring is still compact.
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Non-interleaved IR chromatic correction optics
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The 1.5 TeV optics
• IR quadrupole length was increased (up to 2.7 m).

• The length of the IR dipoles, already 6 m long, was not changed: the bending angle

becomes a factor 2 smaller with consequent decrease of IR dispersion.

• As the field of the arc dipoles was already 10 T, the closure is obtained by increasing

the number of cells (30).

• The length of the 3.8 m cell dipoles could have been increased up to 6 m (25 cells

instead of 30 needed) with little gain in arc length which is dominated anyway by

the length of the dipoles.

The ring, including the RF and tuning section, became 5104 m long.
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(3th order resonance driving terms cancel

over 5 cells)
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TBT position for (x0, y0)=(0.00, 0.55σ).
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Conclusions

In summary:

• Linear optics looks fine.

• Likely, there is room for a better chromatic correction in this same optics.

• Optics should be improved for chromatic correction (larger dispersion where needed,

better β separation).

• It may be considered the possibility of adding a quadrupole component to the

bending magnets and/or a dipole component to the IR quadrupoles, to enhance

dispersion.

• Revisit D′x(IP ) 6=0 option?
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Montague chromatic functions, A and B, describing the change of the twiss parameters

with momentum δ ≡ ∆p/p

B ≡
∆β

β
and A ≡ β∆

(α
β

)
dB

ds
= −2A

dµ

ds
and

dA

ds
= 2B

dµ

ds
+
√
β(0)β(δ)∆K

As long as dµ/ds= 0 it is B=0⇒ β and phase are momentum independent.

Idea: the large chromatic beta wave created by the IR quadrupoles should be compen-

sated locally, that is before the phase advance changes after the first quadrupole.

For Dx=D′x=0 at the IP, this requires introducing bending magnets close to the IP.
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A. Netepenko looked at the effects on DA of energy offset, synchrotron oscillations,

magnetic imperfection of IR dipoles and beam-beam interaction for the previous lattice

version (w/o tuning section) by using several tracking algorithms.

εN=10 µm (MAD8)

(A. Netepenko, MCDW December 2009)
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εN=10 µm

(A. Netepenko, MCDW December 2009)
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Effect of multipole components in IR dipoles

εN=10 µm

(A. Netepenko, NFMCC Meeting, January 2010)
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εN=10 µm

(A. Netepenko, February 2010)
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Finally we have looked into the possibility of changing β∗ w/o changing the layout.

β∗ = 20 and 5 mm have been considered.

Without changing the magnet strengths of IR and arcs, by adjusting the transition

section to set total tunes and match arc optics, with some retuning of the non-linear

corrections, stability momentum range as well as DA (in terms of γA2) are almost

unchanged.
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