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@ L HeC scenarios & baseline
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At 2012 CERN- ECFA NuPECC LHeC workshop ERL-LHeC was
selected as baseline (RR installation challenging, LHC interference)



species

beam energy (/nucleon) [GeV]
bunch spacing [ns]

bunch intensity (nucl,) [10%°]
beam current [mA]
normalized rms emittance [um]
geometric rms emittance [nm]
IP beta function B, ,* [m]

IP rms spot size [um]

lepton D & hadron &
hourglass reduction factor H,,
pinch enhancement factor Hy
luminositv/nucl. [1033cm-1s1]

(G=D)"

e- P
60 /7000
25 25

0.1-04 17— 22
6.4 - 25.6 860 — 1110
50 — 20 3.75 — 2.5
0.43 — 0.17 0.50 — 0.34
0.12 - 0.10 0.10 — 0.05
7.2 — 41 7.2 — 41
6 — 23 0.0001— 0.0002
0.91— 0.80
1.35
1.3 —>144



@ FCC-he key parameters (FCco)

e* energy = 60 (—2007?) GeV
P energy = 50 TeV (or equiv. A energy)
#IPs=1, goal L > 103*cm~%s1

to measure Higgs self coupling

spot size determined by p

options for FCC-he:

1) e from LHeC (or other) ERL
2) e*from FCC-ee
(if co-existing with FCC-hh)



@ LHeC ion gaps & circumference FCC

< FCC
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future: C .c=Crcc/M m, n (=3 or 4), k: integer




| ii FCC
@ hh ee he

luminosity of LR collider:

(round beams)

highESt proton daverage e’ maximize geometric
beam brightness current overlap factor

- head-on collision

available sma"est possible Iimited by - small e- emittance
proton B* function:  €nergy 6.=0
- reduced /* recovery  H, _>0.7
- squeeze only efficiency

one p beam I,=25.6 mA (HF)



FCC-hh phases 1 & 2

luminosity []()34 Cm'ZS'l] radiation damping: t~1 h
| | for both
25| | phases:
20 | | . beam current
" 0.5A
15 | unchanged!
10 | | total
synchrotron
hase 1 -
5 | C— P radiation
_— ' I —— power ~5 MW.
0

0 5 10 15 20 time [h]
phase 1: B*=1.1 m, AQ,,=0.01, t,=5h = phase 2: 3*=0.3 m, AQ,,=0.03, t,,=4 h

CE/RW Future Circular Collider Study

Michael Benedikt
Aspen Winter Conference 27 January 2015
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@Y LHeC HF — FCC-he (G=D)"

species e- P

beam energy (/nucleon) [GeV] 60 /000— 50000
bunch spacing [ns] 25 25

bunch intensity (nucl,) [10%°] 0.4 22— 10
beam current [mA] 25.6 1110 — 500
normalized rms emittance [um] 20 25— 2.2
geometric rms emittance [nm] 0.17 0.34 — 0.04
IP beta function B, ,* [m] 0.10 —- 0.07 0.05— 0.3

IP rms spot size [um] 4.1 — 3.5 41— 3.5
lepton D & hadron & 23 — 16 0.0002—0.0002
hourglass reduction factor H,, 0.80— 0.88

pinch enhancement factor H, ~1.35

luminositv/nucl. [1033cm-1s-1] 14.4 — 9.9



@Y LHeC HF — FCC-he (G=D)"

species e- P

beam energy (/nucleon) [GeV] 60 /000— 50000
bunch spacing [ns] 25 25

bunch intensity (nucl,) [10%°] 0.4 22— 10
beam current [mA] 25.6 1110 — 500
normalized rms emittance [um] 20 — 10 2.5 — 0.75
geometric rms emittance [nm] 0.17—0.085 0.34 — 0.014
IP beta function B, ,* [m] 0.10—0.048 0.05— 0.3

IP rms spot size [um] 41.1— 2.0 4.1 —-2.0
lepton D & hadron & 23 — 48 0.0002—0.0007
hourglass reduction factor H,, 0.80— 0.80

pinch enhancement factor H, ~1.35

luminositv/nucl. [1033cm-1s-1] 14.4 — 27.6



@ polarized e beams? -

SLC had a polarized e beam,
80% polarization, 1 uA average current

issues for 26 mA: space charge and
photocathode surface charge limit, laser
parameters,...

ongoing R&D efforts:

low-emittance DC guns (MIT-Bates, Cornell,
SACLA, JAEA, KEK...) [E. Tsentalovich, I. Bazarov, ...]

polarized SRF guns (FzD, BNL,...)
[J. Teichert, J. Kewisch, et al]




positrons? e* source requirements (\SSs

SLC CLIC ILC LHeC LHeC HF/

(3 TeV) (RDR) FCC-he
Energy 1.19 GeV | 2.86 GeV 5 GeV 60 GeV 60 GeV
e*/ bunch at IP 40 x 10° 3.72x10° | 20 x 10° 1x109° 4x10°
e*/ bunch before DR inj. | 50 x 10° 7.6x10° | 30x 10° N/A N/A
Bunches / macropulse 1 312 2625 N/A N/A
Macropulse repet. rate 120 50 ) CW CW
Bunches / second 120 15600 13125 40x106 40x106
e*/ second 0.06 x 10*| 1.1 x 10%*4 | 3.9 x 10%* | 400 x 10%* | 1600 x 10%

\

X5
= %

L. Rinolfi



@ possible e* source options

Qrecycle e* together with energy, multiple use,

damping ring in SPS tunnel w t,~2 ms ©>""
(Y. Papaphilippouy)

a Compton ring, Compton ERL, coherent pair

production, or undulator for high-energy beam

) . H. B :
0 3-ring transformer & cooling scheme Bk

ks HRL T. Omori,
V. Yakimenko)

extraction ring (N turns)

fast cooling ring (N turns)

)

accumulator ring (N turns)

from ERL (E Bulyak)



ERL energies beyond 60 GeV? FCC
obstacle: synchrotron radiation

- larger tunnel, e.qg. ERL in LHC 27 km tunnel
- or ERL installed in100-km FCC tunnel
- linear ERL with lower-energy transfer

beams (similar to CLIC)

Polerized ¢ Dump

V. Litvinenko

pug. Serc

nw{— Energy fiux is coried out by 10 Gev b;cn;
= suppress or avoid the radiation ?!
muon ERL?

tiny aperture with SC chambers?




average e current limited by
synchrotron radiation

I,~1/E%, e.g

a N /.=500 mA at 60 GeV
|~ Y ‘3 1,=30 mA at 120 GeV

2er,
/ maximum beam-
electron B* function: beam tune shift
limited by

increases with energy
hourglass effect E~EL2

at small values
and by tune shift
at high values






linac-ring ring-ring
total RF voltage 10 GV 0.5 GV
RF gradient 20 MV/m 7 MV/m
cryogenics (dynamic |14 MW e\c—" W
load) (Qu=4x10") \@N {g,=4x10%)
RF operation & 12 v el <5 MW?
microphonics control QO )
addt’l RF power \\'b( AW ~100 MW
compensate S c;\ (1.=25.6 mA)
Injector 7 MW 7 MW?
magnets (arcs + IR) 4 MW 4 MW?
total ~133 MW ~114 MW




@ conclusions S
FCC-he can be based on the LHeC-HF ERL
peak luminosities L>1-3x10%* cm=2s1 with 60 GeV e

80-90% polarized e collisions may be possible,
perhaps at lower luminosity (polarized e-gun current)

e* operation looks challenging; it would most likely
need to be based on recycling the positrons

SRF & power sources development aligned with
FCC-ee / FCC-hh RF R&D (same frequency, similar
RF gradients,...)

options for higher-energy ERLs naturally fit
FCC-he baseline parameters still to be released!



