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ERL parameters for strong hadron cooling
in an Electron-Ion Collider

In September 2018 the National Academy of Sciences reported “An Assessment of U.S.-Based Electron-Ion Col-
lider Science” in answer to a commission by the Department of Energy [1]. Page 54 states that: “To attain the highest
luminosities demanded by the science, cooling of the hadron beam is essential. Energy recovery linacs (ERLs), a
special type of recirculating linac, presently offer the only credible concept for electron cooling of high-energy, colliding
beams.”

Nominal ERL parameters necessary for strong hadron cooling in eRHIC and JLEIC are listed in Table 1, along
with design parameters of contemporary test facilities.

eRHIC JLEIC ER@
Parameter Units MBEC PCA ERL CCR CBETA cERL CEBAF LERF

[2] [3] [4] [5] [6] [7]

Number of passes 3 1 11 4 1 5 1
Top energy MeV 149.8 110 150 20 7,000 135
Average current, 1 beam mA 110 140 1,520 40 100 0.1 8.5
Total current, all beams mA 660 140 – 320 200 1 17
RMS bunch length mm 4 – 20 1.2 20 1.0 0.6 0.15 1
RMS energy spread 10−4 1 3 < 3 5
RF frequency MHz 563 476 – 1300 1300 1497 1497
Bunch frequency MHz 112.6 43.3 476 41.9 1300 249.5 75
Electron bunch charge pC 1,000 3,200 123 77 0.2 135
Normalized emittance µm 1 – 2 4 36 2 >1.3 15

Table 1: Nominal high level parameters of an ERL required for strong hadron cooling in an Electron-Ion Collider,
compared with the design parameters of contemporary test facilities.
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