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Los Alamos Neutron Science Center (LANSCE)

0.75 MeV 100 MeV 800 MeV
Line C
Isotope Production Proton Radiography Ultra-Cold Neutrons
Facility Line B
H+ Source / ; Line X Line A
- , o T
H-Source Drift Tube Coupled-Cavity Linac Switch- HG pRad 3 GeV
20:?:; " 805 MHz yard ine D-Northp
; z
LANSCE Beam Parameters RIL
Line D-South
Current/ | Average Average Lujan Center
current power 9
10
(HA) (kw) 4
13
14
15
16
2L |, 1ER .

Target 4

90L
Weapons Neutron
Research Facility

Potential Location of High-Gradient pRad booster to 3 GeV at LANSCE
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Proton radiography at LANSCE

« Uses 800 MeV proton pulses
generated by the LANSCE linear
accelerator.

« Capable to produce up to 42-
frame movies in a dynamic event
with frames separated by 200 ns.

« Capable of radiographing
experiments with up to 50 g/cm?
of line-integrated density through

the object. e — - J{\ T[ .
* The unique experimental HJ?E%Q M —— = %égg/

capability for mission-relevant W <t <" I~

teStS and fu ndamental C:grrr;apt;;r; Object Plane goélé’m::gje:: Image Plane 1

discoveries.
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Compact High-Gradient Booster for Enhanced Proton
Radiography

« Compact high-gradient linear accelerator boosting the energy of the existing
LANSCE linac from 800 MeV to 3 GeV.

* Increases proton radiography resolution by 10 times.
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HG pRad Booster — Requirements

* Booster must satisfy pRad needs and fit the LANSCE site:

— provide 1 to 20 short beam pulses (<80 ns) separated by variable intervals of 0.2-2 us.
Each short beam pulse contains proton bunches following at 5 ns (f, = 201.25 MHz
bunch repetition frequency) and produces one radiograph.

— very low duty: one pulse train per event; a few events per day.

— reduce relative energy spread at 3 GeV as ~1/p for good radiography quality: from
Ap/p = 103 at 800 MeV — 3.3:104 at 3 GeV.

» Development of accelerator structures that support such a design:
— HG structures have mostly been developed for electrons -> adapt for protons.
— beam magnetic focusing scheme defines minimal allowable cavity apertures.
— add L-band buncher & de-buncher + drifts to reduce beam energy spread.
— standing-wave accelerator structures with distributed coupling are chosen.

« Single RF pulse up to 50 ys with power up to 10 MW.
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Proposed layout of the 3-GeV Booster
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High-Gradient Structure Development

* Re-entrant cavity shapes were optimized to achieve high efficiency.

Cavity Parameters at Gradient E

p B a, E, E nax Z' P,
mm | MV/m [E | MQ/m [ MW/m

L 084 | 8 12 4.3 68.6 2.1

S 084 | 8 25 423 | 69.9 8.9
S 093 | 6.5 25 4.1 834 7.5

C 093 | 6.5 ( 40 3.63 | 76.9 ;20.8 2
C 097 | 5 40 3.63 | 96.9 16.5

L 097 | 5 12 \4.6 77 / 1.9

\

/

Bare S-band (14 f, = 2817.5 MHz) structure for §=0.84:
5-cell structure section (left); electric field within a cell;

Reducing gradient saves RF($)!

current distribution on the cell inner surface (right).

Using distributed coupling structures increases shunt impedance and reduces

required power. Example for 3=0.93 C-band structure:

TW structure (2m/3) 0.122 3.15 1.31

Distributed-coupling 0.122 2.32 2.32 71.4
structure (1t/2)
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HG pRad Booster — RF power

Total peak RF power estimates (room temperature operation)

Booster L,m E., MV/m P, GW | E., MV/im P., GW
S S ¢ ¢ IPAC21
Design 1 92.5 36 0.42 100 1.9
2 NAPAC22
Design 2 156.5 25 0.3 40 0.75

Cryo-cooled operation (LN,) can reduce the RF power by a factor 3 and is well suited
for pRad booster: < 50-us single RF pulse, a few events per day.

» High-peak-power klystrons (>20 MW) with a variable pulse length 2-50 us at very
low duty factor (single pulse) are feasible but require development.

» Available S- and C-band klystrons produce up to 50-MW peak with pulses 1-3 ys
and rep rates ~100 Hz.

* Multi-beam L-band (1.3 GHz) klystrons at DESY produce 10-MW peak with 1.5-ms
pulse at 10 Hz.
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Selection of the test cavity shape
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Comparison of two cavity types. f=5.712 GHz; ideal Cu; E,_.. = 80 MV/m

Re-entrant cavity, A _ Simple cavity, B

0.7429 T 0.7346
12,746 Q, 13,150
3.98 P, MW 4.37
3.67 E. . |E. 2.32
2.10 ZH._../ E... 2.32
78.6 ' MQ/m 71.4
81.5 P’ MW/m 89.6

1% Los Alamos

AAAAAAAAAAAAAAAAAA



Two-cell test cavity with distributed coupling

» The test cavity was designed for 5.712 GHz (not 5.635 GHz), to be tested at LANL’s

CERF-NM.
» Two cells operate in a m-mode. Cell length adjusted for 8 = 0.93 (1.6-GeV protons).

WG187 port

RF
Coupler

Accelerating cell

WG'’s width, w, is chosen to couple into the m-mode

Waveguide wavelength 1, = A/yJ1 = (A/A.)? = 4L, for along periodic structure.
A

Y ey
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Fields in the test cavity

Peak surface fields for 100 MeV/m

Electric field distribution in the _ )
accelerating gradient

longitudinal cross-section

Electric field Magnetic field

MV/m
185 »

100
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Fabrication of the two-cell test
cavity

Fabrication was performed by
Dymenso, LLC
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Cavity tuning

: : : " 0
« The cavity design resulted in the initial
cavity’s frequency of 5703.4 MHz in air, -
very close to MWS simulations of 5702.7 e (O
MHz in air. s . |
- | |
[ [ m
 The cavity was tuned to 5710.9 MHz in 207 37109 GHz
air. Field profile was tuned to balance the 25 —
field in two cells. 30 7027 Gllz Lo Sitmulated
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Frequency (GHz)
=RVE
Frequency inair  5702.7 MHz 5703.4 MHz 5710.9 MHz %0 ]
=
Frequency in 5704.4MHz  5705.1 MHz 5712.6 MHz S04
vacuum %
02t
Ohmic Q-factor 13150 12820 13238 £
=]
0 1 5]
External Q- 11000 10815 10137 =l
factor 02L , . , , ]
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High gradient testing at CERF-NM

<

CERF-NM was built with S3M of LANL’s
internal infrastructure investment.

* Powered with a C-band Canon klystron Directional

e Conditioned to 50 MW

* Frequency 5.712 GHz cou pler

* 300 ns—1 ps pulse length ]

* Rep rate up to 200 Hz (typical 100 Hz) CaV|ty

* Nominal bandwidth 5.707-5.717 GHz
Faraday
Cup
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High gradient testing results

<

Breakdown rates were mostly

dominated by peak surface magnetic

fields.

Cavity’s post-mortem exam is
pending.
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Work in progress: multi-cell structure modeling with CST
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Electric field of the m-mode at 5.635 GHz

C-band multi-cell structure modeling
(8 =0.93, 1.6 GeV protons)
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Work in progress: beam focusing with PMQs

N
o

10,_ | | A 4

C}

2 0 IMARRE |

Q |

3

—10f HHHHM”
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CST modeling of 16-segments PMQs for L-, S-, C-band accelerating structures
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Summary

An HG booster linac for enhanced pRad at LANSCE is designed to increase
the beam energy from 800 MeV to 3 GeV.

A unique application of HG normal-conducting cavities for protons.

A 2-cell C-band test cavity for 8 = 0.93 was designed for frequency 5.712
GHz.

The cavity was fabricated, tuned, and high-power tested at the LANL's CERF-
NM test stand.

We continue development of HG structures for pRad, focusing on standing-
wave 1m-mode S- and C-band structures with distributed RF coupling for
protons with 8 = 0.84-0.97.

Multi-cell accelerating structures with distributed RF coupling and magnetic
focusing elements (PMQs) — work in progress.

This work is supported by the LANL LDRD program
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