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Cornell Laboratory for

Accelerator-based Sciences and B eam p arameters
Education (CLASSE)

Electrons

Current | of up to 100mA
Bunch charge Q of up to 80pC
Bunch repetition rate of 1.3GHz

Normalized emittances as low as 0.3 mm mrad

Energy E up to 450MeV
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)

This Overview presentation

Track Record:

a) ERL injector with world-record current (10 times more than the next)
b) ERL injector with world-record emittance (5 times less than the next)
c) SRF cavity shape for high current (30 times more than the next)

d) SRF R&D for ERL Light Sources with world-record low loss

e) High Brightness Beam Physics (first full hard x-ray ERL design)
Facilities and Capabilities:

« About 120 accelerator-related employees with decades of experience in
accelerator building and operation at the worlds forefront.

« Facilities and experience for building full SRF accelerators and DC guns.
« Space for a 100mA, 90MeV per turn ERL.
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Cornell Laboratory for E RL d ocume ntation :

Accelerator-based Sciences and

Education (CLASSE) (1) Science, (2) Generic design

« Science case gathered in
international workshops

* Design report

— 9530 pages between

conceptual design and
Cornell Energy engineering design

Recovery Linac: _ Access at

Science
with an

Energy Recovery Linac

Project Definition
Design Report

« Also

— Electron beam construction
(from RI)

— Cryoplant (from Linde and
Air Liquide)
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Cornell Injector prototype:

Verification of beam production

.| dump diagnostics
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» Peak current of 75mA (world

60" record)

o
i

» NaKSb photocathode
* High rep-rate laser

A O
o

Beam current (mA)

304 « DC-Voltage source
20
10 | Source achievements:
" 2.6 day 1/e lifetime at 65mA
% 1 2 3 4 5 6 7 8 9 * 8hat65mA

Time (hours)

« With only SW laser power
(20W are available)

* now pushing to 100mA

Simulations accurately reproduce photocathode performance with
no free parameters, and suggest strategies for further
improvement.

v Source current can meet ERL needs
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)

ERL readiness:

Beam brightness

20 pC/bunch 80 pC/bunch
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Normalized rms emittance (horizontal/vertical) 90% beam, E ~ 8 MeV, 2-3 ps
0.23/0.14 mm-mrad 0.51/0.29 mm-mrad

Normalized rms core* emittance (horizontal/vertical) @ core fraction (%)
0.14/0.09 mm-mrad @ 68% 0.24/0.18 mm-mrad @ 61%

*Phys. Rev. ST-AB 15 (2012) 050703
ArXiv: 1304.2708

v At 5 GeV this gives 20x the world’s highest brightness (Petra-lil)
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Cornell Laboratory for Low-loss SRF cavities for CW

Accelerator-based Sciences and

Education (CLASSE) linacs: High Q0

Cavity surface was prepared for high Q, while keeping it as simple as possible: bulk
BCP, 650C outgassing, final BCP, very uniform 120C bake, HF rinse.
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7-cell ERL cavity far exceeds
Q, specs at 16MeV/m:

1010 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA Qo= 10" at 1.6K
IR Q0= 6 1010 at 1.8K
5 10 15 20  Fac

The achievement of high Q is relevant not only to Cornell's ERL but also to Project-X at Fermilab, to the Next
Generation Light Source, to Electron-lon colliders, spallation-neutron sources, and accelerator-driven nuclear
reactors.
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Cornell Laboratory for

Accelerator-based Sciences and ERL-readiness milestones
Education (CLASSE)

Many milestones, some world records, have been achieved:

Peak bunched-beam current:
75mA with NaKSb / 52mA with GaAs, 65mA stable for 8h, 1/e = 2.6 days.

Smallest normalized thermal emittance: 0.25 mm mrad/mm radius
Smallest normalized emittance after injector at 80pC: 0.5 / 0.3 mm mrad

with normalized bunch core emittance : 0.3 mm mrad

This bunch in a 5GeV ERL would produce X-rays brighter than any ring today.
(a 25pmX25pm ERL/USR or a 0.3nmX3pm storage ring, 20 * Petra )

SRF-cavity: Q of 3.E10 at 16MV/m

Construction of a prototype ERL cryomodule and an improved DC electron source are
ongoing.

The injector prototype has already achieved beam sufficient for an ultra-bright x-
ray ERL. And further improvements are yet possible.
The successfully commissioned components can now be combined to an ERL loop!
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Cornell Laboratory for

Accelerator-based Sciences and ERL R&D at Cornell
Education (CLASSE)
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Many R&D challenges have been addressed. Foremost:
« Can an injector be made to deliver required emittance?
« Can the injector operate with acceptable current and lifetime?
« Can the main linac operate with acceptable Q, and HOM
performance at 100 mA?
« Can this all be done faster & cheaper than USR alternatives?
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Cornell Laboratory for

Accelerator-based Sciences and ERL R&D at Corne”
Education (CLASSE)
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Many R&D challenges have been addressed. Foremost:
« Can an injector be made to deliver required emittance?
« Can the injector operate with acceptable current and lifetime?
« Can the main linac operate with acceptable Q, and HOM
performance at 100 mA?
« Can this all be done faster & cheaper than USR alternatives?
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Cornell Laboratory for

Accelerator-based Sciences and ERL R&D at Corne”
Education (CLASSE)
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Many R&D challenges have been addressed. Foremost:
« Can an injector be made to deliver required emittance?
« Can the injector operate with acceptable current and lifetime?
« Can the main linac operate with acceptable Q, and HOM
performance at 100 mA?
« Can this all be done faster & cheaper than USR alternatives?
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Comell Laboratory for ERL R&D at Cornell for all that’s

Accelerator-based Sciences and

Education (CLASSE) needed for an ERL
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Many R&D challenges have been addressed. Foremost:
« Can an injector be made to deliver required emittance?
« Can the injector operate with acceptable current and lifetime?
« Can the main linac operate with acceptable Q, and HOM
performance at 100 mA?
« Can this all be done faster & cheaper than USR alternatives?
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Cornell Laboratory for Loop-enabled measurements for

Accelerator-based Sciences and

Education (CLASSE) high-power/brightness beams ., , ...
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« Beam dynamics measurements, e.g. halo, collimation, beam-instability thresholds,
using the ERL principle to allow for large currents ...

« Optimized high-current, narrow beam SRF injector

« Ultra-low emittance research, below what has been proposed in the past with
advanced cathodes

« Smallest bunch charges usable for FELs

 Disruption of ions in high-power Linacs

* Yielding relevant information for: electron cooling in RHIC, LeHC, and EIC, Linac
light sources (e.g. XFELs, XFELO, NGLS), Project X (1MW), SNS (1MW), ESS
(5MW), Accelerator Driven Systems (e.g. 15SMW SRF beam in China).
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<\ Cornell Laboratory for

9 Accelerator-based Sciences and Two turn ERL at Cornell
J/  Education (CLASSE)
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Cornell Laboratory for .
Accelerator-based Sciences and F FAG |OOp for 4 turns in one

Education (CLASSE) beam pipe
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Cornell Laboratory for FFAG |00p IayOUt OptionS for

Accelerator-based Sciences and

Education (CLASSE) Cornell hall LOE - #1

Layout ‘A’

For the short term — moving the injector and installing the MLC (no loop),
this is the least controversial layout. Does not impact CHESS or CESR.
Requires removing the blue room, the CESR electronics storage, offices,
office mezzanines.
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Cornell Laboratory for FFAG |00p IayOUt OptionS for

Accelerator-based Sciences and

Education (CLASSE) Cornell hall LOE - #2

Layout ‘C’

e
0 1t 2 3 4 5m

This is similar to layout ‘B’, but impacts the CHESS area
more, but not the vac lab area.
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Cornell Laboratory for Space for splitter section

Accelerator-based Sciences and
Education (CLASSE)

Four pass splitters superimposed
onto the original loop layout

Each line in the splitter must align
to the correct periodic orbit in the
FFAG as well as match the optics.

The first splitter bends the beam by
30 degrees. Bends and quads have
been tuned to mostly match into the
FFAG. The second and third passes
need further tuning.

2 5 4 flecor_plan 5 & 7 8
T T 7 T T T

The second splitter has more room. 37
Optics matching will be similar.
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Cornell Laboratory for Periodic OptiCS for the FFAG cell

Accelerator-based Sciences and

Education (CLASSE) Energies: 86, 166, 246, 325 MeV ...
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Cornell Laboratory for ~ Four passes through the FFAG arc:

Accelerator-based Sciences and
Education (CLASSE) 36, 166, 246, 325 MeV Cl ASS
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)
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Cornell Laboratory for

Accelerator-based Sciences and 1 66 I\/IeV

Education (CLASSE)
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)
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Cornell Laboratory for

Accelerator-based Sciences and
Education (CLASSE)
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Cornell Laboratory for High-Voltage and High-Current

Accelerator-based Sciences and

Education (CLASSE) SRF acceleration LA

—t
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1) ERL X-ray beams have many advantages
2) ERL beams have been shown at Cornell’s ERL injector

3) Now existing components can be used to produce a high current low energy
beam for experiments.

4) Experiments could be with internal gas targets or for low currents with
extracted beam.
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\ Cornell Laboratory for

<] Accelerator-based Sciences and
e e Benefits of an ERLSs test loop

FFAG return loops for eRHIC or LHeC
Recirculative BBU for multi-turn ERLs
Timing and synchronization
Halo diagnostics and halo control
Touschek controlling optics
Beam-loss diagnostics and halo protection
Full-energy low-emittance injection
High-Q and high-voltage cavity production
lons in high-power linacs

. Undulators

Beams for XFEL-O, smallest possible charge

TSP NOoO O~ LD~

- O

And it benefits any other type of (a) CW SRF project [like PIP-II], (b)
high-beam-power project [like SNS], (c) high brightness project [like
LCLS-II].
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Cornell Laboratory for App”cations of a Test ERL and

<) Accelerator-based Sciences and

Education (CLASSE) collaborative cost sharing

Applications of today’s beam (without test ERL loop)

« THz FEL for the ERL loop

* THz undulator for the ERL loop

« Compton scattering (short pulses, hard x-rays)
» Fast electron diffraction

Applications of a test ERL loop

» Preparation for eRHIC in collaboration with BNL

» Basic accelerator physics of high-power beams

« Dark-Photon search in collaboration with DarkLight
« Test ERL for EUV lithography

» Test facility for cryomodules with beam
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Cornell Laboratory for

Accelerator-based Sciences and R&D toward ERLs

Education (CLASSE)

Questions ?
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Cornell Laboratory for

Accelerator-based Sciences and R&D toward ERLs

Education (CLASSE)

Topics to study during design phase:
1. 2D and 3D magnet design for permanent magnets and for superconducting magnets.

2. Tolerance studies including timings and emittance growth.
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