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otivation
ent Plan Intensity Goals
.2E17 protons delivered/hr @ 15 HZ by 2016

eleration eff. -> 1E9/200MHz bunch injected

ing deposits the removed bunches in the gradient
the order of 30% of Booster losses ( few % of

s notch in the beam at extraction time for

E9/bunch this would be 1 to 1.2E11 /pulse but for simplicity lets

1E11 H- need to be neutralized per pulse. At 15 Hz -> 1.5E12/sec ->
of beam power to be removed.

ike to remove this loss from the ring and safely dispose of the
notched ions.

Techniques developed here are applicable in other projects such as laser
stripping and laser chopping.
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Llaser Notching Experiment

ay Tomlin reported on an experiment where
e created a 25 ns notch in the H-beam in the H- 750
keV line utilizing a 200 m]J 5 ns laser pulse.

t the

)) Yo notch.

=@ Figures form PAC 2001 conference paper
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Previous Laser Notching

Proposal
= 102005 Xi Yang, et. al. proposed to notch the
linac beam in the 750 keV line at the Booster
injection revolution frequency (FN-0767).

— e S NAYAGRL e

Q-SWitCh Interaction Cavity
@ 450 kHz

H Be

“3‘;, Cavity length 78 ns (11.7m)
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Ejasert
f = laser’"LAB
LAB ( hC

sing) time is just the ion path length/ ion velocity

factor for an ion crossing on axis
nay be written in terms of lab frame parameters
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IV of the lon Beam

yenerate the notches at the lowest energy

the disposition of the neutralized ions
shielding, if any),

rgy requires
on energies have
ion times which redu

velocities and longer
es required laser energy

nergies typically have larger beam sizes which
the pulse energy due to the increased area of the
am.
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-lon Geometry

-on collisions,

the ion through the laser can be increased, but the center-of-
energy is increased with increasing beta.

ions (laser-ion in same direction),

ion through the laser can be increased, but the
ergy is reduced with increasing beta.

2quire more beam line space.
space considerations we assume that the laser interaction
1e H- beam is near normal.

r of mass energy is just gamma* Lab frame photon energy

peak of the neutralization cross section for 400 MeV ions
ponds to 1 micron lab frame laser at near normal incidence.

= The time structure of the H- beam that is neutralized (i.e. the length of
the notch) is dependent on the laser pulse duration.
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LLlaser Pulse Length

ng the linac beam,
e length can either be matched to the bunch length

a1t 450 KHz).

ergy before the RFQ), the pulse length
e required notch length for a single

ing a
should be approxima
ss interaction.

highly bunched beam, for example at 400 MeV, the bunch
2th occupies only 10% of the RF bucket, i.e. 0.5ns/5 ns.

e low energy end of the linac (750 keV) before the beam is
apletely bunched, it occupies up to +/-90 degrees of the 200
z bucket which means that the pulse length increases from
~(0.5 ns upward to 2.5 ns (at 200 MHz).

= Bottom line is that for bunched beam tailoring the pulse length
to match the bunch length is most efficient.
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on Beam Transverse Size

dimension perpendicular to the
ion should be minimized.

given neutralization, the required laser
e energy is inversely proportional to

verse ion dimension.

ne cases described here it is assumed that
| ser will be oriented horizontally, so the
laser must match vertical ion beam dimension
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Apnac Beam Bunch Structure

- 15 Hz macro pulse rep rate
MACRO

. - 11 l N I Il oo

A., 24.2 us (~ 11 Booster turns)

' &h 5 ns (bunch spacing) 200 MHz bunch spacing

1 |||||W|||||| 11 MICRO

10-12*5ns = 50 -60 ns
2.2 us
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lal Notching Energies
Q at 35 keV

1 bunched with beam out to +/-90 degrees
r pulse length either 2.5 ns or 60 ns

eV just before MV2
= Fully bunched with a bunch length of ~500-600 ps
- ® Could use either 600 ps or 60 ns laser pulse length
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dingle Pass Neutralization

[milliJoules]
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SUmmary of Laser Requirements

35 keV 100 m] 31mm 1.2ns

750 keV 140 m] 19.8 mm 1.65ns
750 keV 3000 m] 19.8 mm 1.65 ns
400 MeV 120 m] 7.8 mm  0.36 ns
400 MeV 12000 m]J 78 mm  0.36 ns

= educe the required pulse energies, we can
increase the crossing (interaction) time by
utilizing a cavity such that the laser beam

interacts with the ion beam multiple times
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Cavity Geometries

m Cavity length ~ laser pulse
length

B Used to increase notch size by
recirculating shorter laser pulse

B  Requires Q-switch to switch laser
pulse in/out of cavity

B Requires gain medium to
compensate losses due to Q-
switch, windows, etc.

ulation cavity

@ Laser follows ion to interact many
times (increase 1)

m  Cavity length proportional to
number of interactions

m Laser pulse length = notch length

m  Cavity dimensions determined by
ion velocity and spacing of
interactions

@  Reduces required laser pulse energy
by number of interactions

AN A
"

=i
.

Linear cavity (zig-zag)
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Iitiple Interaction Neutralization Factor
passes through the H- beam N times, the fractional yield Fy
ed to the fractional yield F; of a single crossing by :

where
R. Shafer , 1998 BIW

> Assume 100% reflectivity on
Mirrors

> Assume 200 pJ laser pulse on the
input of the optical cavity

> Each curve represents single
interaction neutralization factor,
F
1.

Meutralization factor

a0 1m0 1200 140 0 160 180
Mumber of interactions
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impdact of Finite Reflectivity

Hor a given mirror reflectivity R, the laser fluence available for
interaction ateach of the M™ interactions is modified by RM such that

where

Multiple Interaction Meutralization Rate and Mirror Reflectance

Assume :

« 2 m] laser pulse on the
input of the optical cavity

* 600 ps laser pulse length
e 7.8 mm laser beam diameter R R

Murber of interactions

—
=
a—
[}
1]
Pl
=
=
=
[1:3
M
=
=
o

For near normal crossing cavity length ~ laser diameter*nbr crossing -> ~46 cm



J"e nosal for Booster Laser
Notching

2 space were available in the LEBT or
1on beam sizes were small, one could
orkable solutions, but these
rculation cavities, fast Q-

ches and reasonably large pulse energies.

is point the most straight forward approach is
lize the linear zig-zag cavity at 400 MeV with

= The 'ollowing slides show the location, layout, and
- proposed laser system layout
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dsting Laser wire insertion

s
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k4OO VMev line beam size

" "Horizontal i

1 1 i 1 1 1 ; 1 1
6 70
tE'alh Length {m)

Laser beam size needs to enclose the smaller
of the Booster beam dimensions i.e 6*1.3 ~ 7.8mm

Can the linac vertical beam size at MWO06 be reduced?

Is this optical model of the lattice accurate?
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HO Dump

<m

I
40 80 120

e e —————— T T

10’ 10! 10’ 107" 107 10° 10" 10° 10°

e r» z
¥ y:z=1:1.680e-01 Y YzZ=1:6.753e-01

Max Star density 72.E-9 s/cm2/proton
22% limit for 1 flushing/yr
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Peak contact dose 15 mrem/hr



HER CONCEPTUAL SYSTEM

100 pJ (0.5 ns) 10-100 nJ (0.5ns)
200 MHz 200 MHz
450 kHz bursts '

Fiber Amp <P, ,11,> 2 to 20W

mJ (0.5n
00MHz /450 kHz bu Couple to
% 4‘ 4 free space
- Amplifier Pre-Amp optics
Gain ~ ? Gain ~ ?
‘Iat' Converter Coupling Optics : :
) Zig-zag cavity w/
m /e ‘ ~40 -60 reflections
3m] /.78 cm?in 500 ps ‘

.8 mJ/em?* in 500 ps MAX  Input pulse to cavity: Approx 1-1.5 m

~1 -3 m]J, 0.5ns, burst mode length



ser Notcher Components

r (CW, ultra stable, narrow line width)

tor- initially commercial pulse generator
le - same design at laser wire
Modulator - (c.f. 5 GHz Jenoptic modulator)
iber pre-amp ~(20W)

DPSS - Grumman proposal
Cryo DPSS - Snake Creek lasers

‘ansport to tunnel - free space/ fiber
= Top hat conversion
B Zig-zag interaction cavity (40-60 intractions)
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Initial Plans

ombination of the CW seed and optical
ill produce desired optical pulses with desired

zag cavity and procure slab mirrors and

ler options (many recent
amplifiers)

igate main free space amplifiers (potential designs
rumman and Snake Creek Lasers)

tigate impact of radiation on diode pumps

ine transmission method (free space or fiber)

te beam shaping techniques

= First experimental verification of technique in MUCOOL

‘@ Plan 400 MeV line modifications (MV2, quad stands, dump)
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