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What's the Optimal Frequency for High Charge Beams?

Linear collider: high beam power
— 1 nC per bunch, 0.3 A during rf pulse
— Most challenging design parameters

Pursue broad array of applications
— Medical, x-ray sources, gamma-ray sources,....

Frequency a/A Phase Advance Rs (MQ/m)
C-band (5.712 GHz) 0.05 s 121
C-band (5.712 GHz) 0.05 2r/3 133
C-band (5.712 GHz) 0.1 T 92
X-band (11.424 GHz) 0.05 s 176
X-band (11.424 GHz) 0.1 [ 133
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Cryo-Copper: Enabling Efficient High-Gradient Operation
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Optimized RF Feed for Distributed Coupling Structure

. Energy modulator (and deflector) for rastering proton beams
- RF power coupled to each cell can lead to a local hot spot in H-field
. Tailoring coupler profile limits enhancement to 15-20% (vs. 230%)

. Built and tested on an S-band structure
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Single cell energy modulator prototype
-nominal input 400 kW, 30 MV/m
Achieved 1 MW, 50 MV/m before observing
breakdowns, now testing up to 6 MW

WR284 port

Eacc [MV/m], T [deg.C]
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Lu, et al., Review of Scientific Instruments 92.2 (2021).
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40 Cell Pi-Mode Distributed Coupling Structure

Incorporate the two key technical advances: Distributed Coupling and Cryo-Copper RF
Main linac utilizes meter-scale accelerating structures, technology demonstration underway
Implement optimized rf cavity designs to control peak surface fields

Scaling fabrication techniques in
length and including controlled gap

Vacuum Space for Distributed Coupling Linac

Electric Field Magnitude Magnetic Field Magnitude

M = 9 5

Hunperturbed .
Epeak _ 2 22
Eacc .
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High Power Test of Meter-Scale Distributed Coupling Structure

® Tested at Radiabeam

e Upto 15 MW, 1 microsecond delivered to structure, no measurable breakdowns after
reaching max power
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Structure Destroyed in Tuning Attempt for Cryogenic Operation
SLAZ oo Structure for Cryogenic Operation in Production



Additively Manufactured Spiral Load

® Tested at Radiabeam
e 3D printed in stainless steel (inspired by CERN)

® First version is only air cooled

Pump-Out Port
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Scaled Design of Low-Beta or Reduced Phase Adv. Struc.

e Oiriginal design was for low-beta protons - efficient with relativistic electrons and
appropriate cell to cell phase advance

E Field [Mv/m}mmmm H Field [kA/m]
(c) #8300 (D) 460 Cu Cu
Parameter v =0.5c Proton v =c Electron
: | Length 1.58 cm
Waveguide Port ) faatayCoe fon | a//1 0.0525
D WRIST 0 64  128mm Frequency 5.712 GHz
0 o 58 MS/m
&-10 (B) Qo 9762
;!,’_20 Qext 10165
2 R, 61.51 MQ/m 115.8 MQ/m
a -30 —cp 1
% = 7 E, 62MeV/m x/P[MW] 81 MeV/m x /P [MW]
X1 E,/E, 242 1.84
571 5711 5712 5713 5714 | [P — H, x Zy/E 1.40 1.07
Freq(GHz) O 5 10(mm) p* %o/

e An Schneider, Mitchell, et al. "High gradient off-axis coupled C-band Cu and 11
S/ HG 2023 CuAg accelerating structures." Applied Physics Letters 121.25 (2022).



High Gradient Performance of Cu and CuAg Cavities

e Utilized C-band test stand at LANL
@ Each structure processed for O(100M) pulses
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Characterization at 77K

e Improvement of 2.5 X for Cu and 2.9X for CuAg(!)
e 2.9 is consistent of Cu sample measurements at UCLA (may be material batch specific)
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Two Cell Assembly for High Power Test

all Metal 10 Lion
INPUT Power valves pump

Window

10 Lion all Metal C band pump )
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Two Cell Assembly for High Power Test
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Two Cell Assembly for High Power Test
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Two Cell Assembly for High Power Test

SLAC Radiabeam
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Typical (Highest-Gradient) Performance

® Moeasured and modeled response for CuAg Cavity
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Structure Processing

e ~10M Pulses to Date
® Operating with human supervision
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Breakdown Statistics

e Challenging due to short
structure length - most

/ ]
data points O(1 hr) 1072 : ACUERELS) _':F:% :
e BDR of Cu and CuAg ot ’_t‘f""f/' | | f
remarkably similar (very % | oL 1 | :
different than room temp) ?l . ' - »—f—v—‘—‘*—'}—' -
e Showing day to day ~10¢ b’ 1
. E ’ H+ Mon Cu
Improvement = |’ Mon CuAg
m // M4 Tue Cu
. _ H4 Tue CuAg
/
e We will focus on statistics 10 K - - £%5 Scaling
at end of the run , H+ Wed Cu
/ ~+ Wed CuAg
80 100 120 140 160 180 200 220 240
Gradient (MeV/m)
A Special Thanks: A. Diego, M. Schneider, M. Boyce and A. Dhar
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Conclusions

e Achievable gradient, breakdown rate ~ Wide-Aperture  Damped Cavities

Reduced Phase Adv.
and pulse length at C-band are

promising £ = 175 mm
e How do we incorporate damping? B
e How improve manufacturing of o Shumail
structures? Cryogenic Pi-Mode H. Xu + LANL
e How do meter scale structures A >-Band
perform?

e What is the optimal aperture and
phase advance?
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Questions?
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Additional Material
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Ongoing Technological Development

Modern Manufacturing
Prototype One Meter Structure

Preliminary Alignment and
Positioning

Integrated Damping with NiChrome Coating

C3 Main Linac Cryomodule _
9 m (600 MeV/ 1 £

Cryomodule (-9 m)
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Implementation of Slot Damping

.. Kick Factor * Q
Need tO extend to 40 GHZ / Opt|m|ze 25 mm tapered lossy slot (sigma=1¢e6)

coupling / Modes below 104 V/pC/mm/m fuem o ‘ i
o o o % 1.0£+01 ':.étgii-f ..,-..;;: :.;, ]
NiCr coated damping slots in development ﬁéy‘i"{rfjﬁgﬁ
Kick Factor ST el T
VaCU u m 25 mm tapered lossy slot (sigma=1e6)
Space Model 1.0E401 ® Ks(V/pC/mm/m)

Ks (V/pC/mm/m)

¢ s J.
Tapered Slot ~ © o vf i, - {5% Two Cell Prototype
/ I.OE-OBQO 11.0 13. 0‘150 .1.70 19. O‘ZI:tg 25.0 27.0 29.0 H. Xu, NCRF W 17th May 13:30

F (GHz)

(arb. unlts)
5 N|Cr coated

TM110(9.27 GHz)  TM211 (12.28 GHz) TM120 (15.67 GHz) TM121 (17.65 GHz)

NiCr Tested
at 80K
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https://indico.slac.stanford.edu/event/7467/contributions/5522/

