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Outline

 Motivation

* Novel distributed coupling to each accelerator cell enables doubling
RF to beam efficiency and ultra-high-gradient operation

« Experimental setup, processing software development and initial
results

« The extension of this work to novel dual-mode dual-frequency linac

« Conclusion



This work is motivated by the discovery of the correlation between
breakdown rates and the peak magnetic field on surface
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Distributed Coupling: How does it work?
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Cavities can be optimized without the usual coupling constraints
leading to a much enhanced performance

« Cavities can be optimized without the constraint usually applied from the
coupling between adjacent cavities.

« This has the benefit of much more efficient designs that consume less RF
power.
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X-band Distributed Feeding Linac

Under testing at NLCTA: X-band (11.4 GHz), =-mode, 20 cells Linac
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Experimental setup for processing and testing
breakdown rate of this SW structure
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Experimental setup for processing and testing
breakdown rate of this SW structure

iy

TL

| Laser System

* Processing Mh a single

N adrupoles klystron and-366M84Quare pulses and

i we reached a peak gradient of 130
MV/m, limited by the available klystron
power.
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Experimental setup for processing and testing
breakdown rate of this SW structure
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Experimental setup for processing and testing
breakdown rate of this SW structure
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Experimental setup for processing and testing
breakdown rate of this SW structure
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Developments

of processing algorithm software
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Processing software Developments
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Processing software Developments
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Processing software Developments
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Processing software Developments
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Processing software Developments
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Verification of high shunt impedance and acceleration
properties of the structure
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Verification of high shunt impedance and acceleration
properties of the structure
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Fowler-Nordheim field enhancement factor

10% g

Charge (pC)
(=]
(=]

-0

(5]

After connecting the SLED system and working with

the stepped pulse, we had ~100 processing hours at

60 Hz il g
G

2.5

Fowler-Nordheim field enhancement factor is o —
calculated using the measured charge at the Faraday [ This is to be verified }
cup and fitting the data

-2.6

-28

-29

Logl0(a | /E25)

90

31t ﬁ - 64
-32 | o
Fowler-Nordheim plot
=]

Integrated Gradient (MW/m) 1/Es (mifv) » 109

M. Nasr , C. Limborg, S. Tantawi



Outline

 Motivation

* Novel distributed coupling to each accelerator cell enables doubling
RF to beam efficiency and ultra-high-gradient operation

« Experimental setup, processing software development and initial
results

* The extension of this work to novel dual-mode dual-frequency linac
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Having every cell fed individually by a manifold naturally inspires the use

of another manifold with another mode feeding the same cavity
1 AL

N

e M\

« Typically power « (gradient)?

« Performance of cavity improves when powered with two different RF modes

e Efficiency: Linear superposition of fields by adding power in the two
modes.

* Gradient: doubling the accelerating gradient without doubling surface
fields; ~ 300 MV/m gradient at room temp

Previous designs were strict to harmonically relate frequencies which is not optimal.
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Conceptual Foundation for Dual-Mode Operation

The total energy gain (AU) for a charged particle with a charge (e) that passes
through a cavity of length (L) and operating simultaneously with two modes can
be expressed as

L
AU = ef [E1(z,1) + E5(2,1)]dz = e(G; + G,)L = eGiytL
0
 Gior = (Gy + G2)* =11 P + 1,P, + 2/ 1P, P,

Gi. 1 +ary, + 2 /arqr, P,
)

~ Pptot 1+a Py
Deriving the condition for maximum shunt impedance

" Ty

ary
da

G, 2Pz 1

Maximum: @ = 2 = ryay =4 + 1
- &= tot — I'1 2 B =

Gl 1/ rq PL,l rq
23

M. Nasr et al. A Novel Dual-Mode Dual-Frequency Linac Design, IPAC,17 M. Nasr, S. Tantawi




Conceptual Foundation for Dual-Mode Operation

equals to the individual shunt impedance ratio.

Under the constraint that the gradient (power) ratio of the two modesJ

. . 24
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Optimization Results
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. We provide two sets of designs that utilize TMy,; or TMy,, as the second mode of

operation.
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*TMg10 + TMy14 designs: the cell width = 0.54; with f,..5, = 1.66 fres1
*TMg10 + TMgy( designs: the cell width ~ 0.34; with fr.s, = 2.3 fres1

These new dual-mode dual-frequency designs provide much enhanced acceleration
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How does the fields add on the surface?
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How does the fields add on the surface?
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Maximum fields for the two modes doesn’t occur at the same time.

The maximum fields occur over the larger period of the common-harmonic.



Next steps for the dual-mode dual-frequency design

«~l A~

e A
«  We are now working on developing more optimized generic shapes
to produce even higher performance.

« Also, we are working on the design for the distributed feeding
network for our dual-mode designs.
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Conclusion

Distributed coupling Linacs provides a new technology that enables much
enhanced cell design optimization and pushes the limitation of Linacs
performance.

An X-band SW distributed feeding Linac is under testing at NLCTA with the
experimental setup done and the processing software developed to push the
structure to ultra-high gradient.

The idea of distributed coupling Linac is extended to a novel dual-mode
dual-frequency designs. The frequencies are not constrained to be
harmonics and the designs provides much enhanced performance and lower
surface fields compared to single-mode optimized designs.
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