UPGRADE PATHS TO HIGHER ENERGIES
TABLE 4.1
TESLA parameters for an upgrade to 800 GeV. It is assumed that the linac is built with 2 9-cell superstructures and the rf power has been doubled (see text).

TESLA-800
Accelerating gradient

Eacc [MV/m]

Fill factor

0.79

Repetition rate
Beam pulse length

frep [Hz]

4

TP [µs]

860

nb

4886

∆tb [ns]

176

[1010 ]

1.4

Number of bunches per pulse
Bunch spacing
Charge per bunch
Emittance at IP

35

Ne
γεx,y

[10−6

∗
βx,y
∗
σx,y

Beta at IP
Beam size at IP
Bunch length at IP

m·rad]

[mm]

15, 0.4

[nm]

391, 2.8

σz [mm]

Beamstrahlung

8, 0.015

0.3

δE [%]
34
[10 cm−2 s−1 ]

4.3

Power per beam

Pb /2 [MW]

17

Two-linac primary electric power

PAC [MW]

≈160

Luminosity

L

5.8

then Ecm =800 GeV. A parameter set for this energy is shown in Table 4.1. The beam
delivery system and the magnets in the main linac are designed to be compatible with
operation up to 400 GeV beam energy. Obtaining high luminosity at maximum energy
requires upgrading of the cryogenic plants (approximately doubling the 2 K cooling
capacity) and of the rf system (doubling the number of rf stations). The higher beam pulse
current and the reduced bunch spacing also require an upgrade to the injection system
(e.g., increased rf power in the 5 GeV pre-linac and in the damping ring, faster kickers for
damping ring injection/extraction).
It should be noted that operation above the 500 GeV reference energy is already possible
without any hardware modiﬁcation. The cooling plant capacity has a 50% overhead in the
baseline design, which allows an increase of the gradient by 20–30%1 , depending on the
variation of Q0 versus g. With constant rf power, the beam current decreases as Ib ∝ 1/g;
this eﬀect is counter-balanced by a stronger adiabatic damping of the emittance, so that
one might expect a constant luminosity. However, since the cavity ﬁlling time increases as
g/Ib ∝ g 2 , the beam pulse length and thus the luminosity goes down, putting a reasonable
upper limit on the initial energy reach of the machine at about 700 GeV. The luminosity as
a function of energy calculated for the 500 GeV baseline design without any hardware
modiﬁcations is shown in Table 4.2.
1
Only the rf wall losses scale as g 2 /Q0 , the other contributions to the 2 K load (static losses, wakeﬁelds,
about one half of the total load) remain unchanged.
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