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The LANSCE accelerator provides unique flexible

time-structured beams from 100 to 800 MeV
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LANSCE Facility Overview

0.75 MeV 100 MeV

Isotope Production

Facility
H+ Sourc’L /

H- Source Drift Tube Coupled-Cavity Linac
Linac 805 MHz
201.25 MHz

Beam parameters at 120 Hz pulse rate (number in
brackets are given for previous 60 Hz operation)

Rep. Pulse | Current | Average | Average
Area Rate Length | / bunch | current power
(Hz) (1s) (mA) (HA) (kW)
Lujan 20 (20) 625 10 100 80
Center
Isotope 100 (40) 625 4 (10) 230 23
Production
Weapons 100 (40) 625 25(25) | 45(1.8) | 3.6(1.4)
Neutron
Proton 1 625 10 <1 <1
Radiography
Ultra-Cold 20 (20) 625 10 10 8
Neutrons
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Beam Loss Measurements

Activation Protection (AP) devices are liquid
scintillator and photomultiplier tube, which are
used throughout the Linac, Switchyard, and Lines
B/C/D/1R/1L

— AP are calibrated so that 100% integrated signal
output is equivalent to 100 nA of beam loss

— A Loss Monitor (LM) is an AP can where the signal
is not integrated and therefore we see a real-time of
beam loss across the beam pulse

lon Chamber (IR) detectors are used in the high energy
transport lines (Line D, PSR, 1L, WNR)

— Usually located in parallel with a GD that feeds into
Radiation Safety System

— lon chamber will not saturate at high loss rates like | 4 oA
AP cans | ' ] f
Hardware Transmission Monitors (HWTM) f (8 LDGD 02 B .

— The HWTM system measures and limits the beam b
current losses between current monitors :

QLD . f" .Ozm
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Slit-Collector Emittance Measurements (up to 100 MeV)
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Wire Scans for Emittance Measurements ( > 100 MeV)
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Beam Losses in the Linear Accelerator

Drift Tube Transition
Linac Region

(0.75 — 100 MeV Coupled- Cavity Linac (100 MeV — 800 MeV)

H- AP SPILL 100

(n}
o -I-_-Il.-lll
2 3 4 1 2.3 4

TR

a8 IP = C
NORKM ] NORRM | NORRM |
[ ST A o= o=

Fi2] Locm =91.2 RICMI1

)
NOBRRM ]
-10%

:
NORRM |
o=

G H
NOBRM | NORRM ] NOBRM | ]
o=

-10% o=

linac:

0.2 W/m.

A

=3
» Los Alamos

NATIONAL LABORATORY
EST.1943

Year Pulse Summed Loss Monitor
Average beam loss In Rate (Hz) Reading (A.U.)
2017 120 150
2 x 103 ~3 x10% m*' ~| 2016 120 190
2015 120 135
2014 60 211
2013 60 190
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA Slide 7  mma.yeos



Beam Losses in the 800 MeV High-Energy Beam Transport

Line D South

Line D North
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Beam Losses in Proton Storage Ring (PSR)
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Main Sources of Emittance Growth and Beam Losses

1. Misalignments of accelerator channel components

2. Transverse-longitudinal coupling in RF field

3. Particle scattering on residual gas, intra-beam stripping
4. Nonlinearities of focusing and accelerating elements

5. Non-linear space-charge forces of the beam

. Mismatch of the beam with accelerator structure
. Instabilities of accelerating and focusing field

. Beam energy tails from un-captured particles

. Dark currents from un-chopped beam

10. Excitation of higher-order RF modes
a
- Los Alamos
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Duoplasmatron Proton lon Source

Conical Iron
Intermediate
/ Electrode

Solenoid Field
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Side view of assembled ﬂ High
LANSCE duoplasmatron Discharge , Valtas
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proton ion source. 2-100A Voltage
Supply
5-50 kV
Normalized beam
emittance due to Pulse Rate Pulse Beam Normalized rms
thermal spread of (Hz) Length (pus) | Current emitttance
particles in plasma: (mA) (Tr cm mrad)
R [ kT
Ems = A 2 40 830 13 0.003-0.004
2 \'mc
AR 100 830 5 0.002-0.003
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Increasing the Beam Brightness of Proton lon Source

(a) | (b)— Matching parameter: ratio of
| beam perveance to Child-

2 Langmuir perveance
&
2
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Emittance of the beam extracted from s 5l |
a proton ion source: (a) before and S |
(b) after source adjustments. Beam 020 025 030 035 040 045 050 055 060
distribution contains additional B, 1 F,

Measured beam brlghtness as

+ +
H,/ H; components. function of matching parameter

L//%AI (Y.Batygin et al, Rev. Sci. peaking at optimal value n,,,= 0.52.
SO5/A1aMOS Inst., 85, 103301, 2014)
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H- lon Source
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750 keV H*/H- Low Energy Beam Transports

" HY 750 KV Column  Main Buncher Prebunchers

P
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H~ Chopper H- 750 kV Column

81 Bends
H+* H- Common H+*/ H-
Transport Transport Transport
Length, m 10.2 9.8 2.5
Number of Quadrupoles 18 18 4
Vacuum, Torr 106 106 106
Space Charge Neutralization, % <20 50 -100 0-50
Peak Current, mA 5 15 4.5/14.5
Beam Loss, mA 0.4 0.4 0.1




Beam Emittance Growth in Low Energy Beam Transport

RF Bunching H- Beam Chopping
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Reduction of Proton Beam Emittance
Growth in Low Energy Beam Transport
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Space Charge Neutralization of H-Beam in the LEBT
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Improving H"Beam Transmission in the LEBT

[
~
w

—— Xx—envelope DTL

— — y-envelope

Prebuncher Main Buncher

Chopper

Position (cm)

v

D SODIROIEDEBEII DI D SIDQDQDQDQ D D

1595.97

IDOOIEDOODIY D $ D DQDOSDE B EDEQDOS D D D ISIOOODODS D
0.00

389.22

z (cm)

TRACE calculations of matched beam envelopes along H- Low
Energy Beam Transport.

(a)

(b)

TBCM001102 -15.7200 MA TBCMO001102 8800 MA
TBCM002102 -11.0000 MA TBCM002102 .1000 MA
TBCMO003102 -10.2000 MA TBCM003102 .6000 MA
TBCMO004102 -9.88000 MA TBCMO004102 .5200 MA
TBCM005102 -9.80000 MA TBCMO005102 .4400 MA
TDCM001102 -9.72000 MA TDCMO001102 .4200 MA
Transmission of tuned chopped H- beam: (a) assuming

A full SC neutralization, (b) based on actual SC

AN neutralization. Reduction of beam intensity (80%)

NE?&A'Q{QQS between TBCM1 and TBCM2 is due to beam chopper.

Slide 18

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA iR F. ‘b 7%

N UN AV ——maw,



Emittance Growth in DTL (0.75 MeV 100 MeV)
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Beam Emittance in LEBT and DTL (0.75 MeV — 100 MeV)

Normalized beam emittance (r cm mrad)

H- (Lujan / pRad /UCN) H- (WNR) H* (IPF)
arms atotal £total arms gtotal E:total grms ‘c'total £total
€ms €ms €ms
lon Source |0.018| 0.11 | 6.10 | 0.018 | 0.11 6.10 | 0.002 | 0.01 6.02
0.75MeV [0.022| 0.14 | 6.42 | 0.034 | 0.219 | 6.47 | 0.004 | 0.027 | 7.18
100 MeV 0.041] 0.34 | 8.34 | 0.058 | 0415 | 719 0.02 0.17 8.76
Normalized beam emittance growth in DTL
H- (Lujan / pRad /UCN) H- (WNR) H* (IPF)
grms (100) E:tot (100) grms (100) stot (100) £rms (100) E:tot (100)
grms(0-75) etot(o-75) Erms(0-75) E:tot(o-75) grms(0-75) etot(o-75)
1.86 2.42 1.7 1.89 5.0 6.3




Beam Emittance Growth due to Transverse - Longitudinal
Coupling in RF Field

€ D Q-
—=1+ ( > :
€ tangp, 4€2° — €

)

@ — phase length of the bunch,

¢.— synchronous phase,

Q) — longitudinal oscillation frequency
Q.. — transverse oscillation frequency
in presence of RF field.

In 201.25 MHz linac ® ~ 1.57 rad,
. ~ 26°, Q/Q,.~ 0.75,
expected emittance growth:
A efe, =1.62
. L/ojsAIamos

NATIONAL LABORATORY

Distortion of beam emittance in
presence of RF field

(I.M.Kapchinsky, “Theory of
Linear Resonance Accelerators”)

7.1943
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800 MeV Energy

Longitudinal Beam Emittance

Bunch shape monitor measurements at 70

MeV (l.Draganic et al, NAPAC16, MOA3CO03)
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Effect of Beam Mismatch at the Entrance of the DTL on Beam
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Loss in the Transition Region (100 MeV)
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Reduction of Beam Losses in the Isotope Production Facility
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Beam Emittance Growth in the CCL

Normalized rms beam emittance
in CCL (71 cm mrad)

Energy 100 MeV | 800 MeV

H- (Lujan / 0.04 0.065
pRad /UCN)

H- (WNR) 0.058 0.124

X | H
2.54 {1 | {1
E ................. Y AAAAAAAAAAAAAAAAAAAAAAAAAA .......
PG Py i 1 A A R A A e TR
c - I U o RSSO A . i 1
GE-’ 0.0 AR S N LSS e n A L Rl S v - I P P 0 e I i 0 B '
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H- Beam Losses in the Coupled Cavity Linac (100 MeV-800 MeV)

Beam losses in CCL: 0.1% - 0.2%
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Previous study indicated significance of Intra Beam Stripping and Residual Gas Stripping
on H- beam losses in Coupled Cavity Linac (L.Rybarcyk, et al, IPAC12, THPPP067):
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Effect of DTL Cavity Field Error on Beam Losses in the CCL

Maximum Spill = 107Eror wheren =3 -4
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Effect of 805 MHz Linac RF Stability on Beam Losses in the
High-Energy Beamlines
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Summary

1. LANSCE is a unique accelerator facility that
simultaneously delivers beams to five experimental areas.

2. Multi-beam operation requires compromises in beam
tuning to meet beam requirements at the different target
areas while minimizing beam losses throughout the
accelerator, proton storage ring, and beam transport lines.

3. Beam losses and emittance growth are controlled
through careful beam matching along the accelerator, ion-
source and LEBT adjustments, beam-based alignment,
and improved RF phase and amplitude control.
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