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Introduction

For both the laser wire beam profile monitor and the laser beam+-in-gap (BIG) beam
current monitor, the laser- neutralized H° beam is converted to protons and detected with a
proton detector. Theyield of protons ranges from perhaps 20,000 protons (BIG) to
perhaps 1x10° protons (laser wire) during a 12-ns Q-switched laser pulse.

The choicesfor a proton detector include a Cerenkov radiator, a scintillator detector, or
secondary emission (SEM) plates. This Note reviews the sgnd characteritics for each of
these detectors.

Other detectors, including an ion chamber and aNal(T1) sodium iodide crystd , are not
conddered, because the risetime is too long, and therefore discrimination against
background is poor. Another reason for having a good tempora responseisto look at the
edges of the chopper gap, where there are likely to be partialy chopped microbunches.

Proton Yied

In both laser wire and beam+-in-gap, the laser neutraization point will be located just
upstream of adipole in the SNS Linac-to-Ring Beam Trangport (LRBT). The dipole
magnets are each 5.3 meters long, and have a bend angle of 11.25 degrees. The dipoles
are C magnets, with the flux return yoke on the inside of the arc, o the neutralized H° are
eadly extracted from the primary beam. At the downstream end of the dipole, the
neutralized H° beam is separated from the H' beam by about 52 cm. After exiting from
the magnet, athin foil will convert the H° to protons.

At the preferred point of neutraization (upstream of dipole DD7), the horizonta and
verticd b functionsare 0.5 and 2.0 m respectively. Using a normaized emittance of 0.5
mm-mrad a 1 GeV, the proton beam is of the order of 10 mm diameter (100% width) at
the exit of a5.3-m long dipole magnet. The disperson a the neutraization point is about
1.5 m, adding about 1.5 mm for a 0.1% dp/p. Uncertainty in the exact centerline of this
neutralized beam requires that the detector be at least 50 mm diameter.

For calculating the proton yield, we use the program LaserY 4.exe[1]. We use asinput

Peak beam current 56 mA

Beamin gap 6 mA (10 of pesk current)

Beam energy 1000 MeV

H beam sze 2mm, rms

Laser Nd:YAG, 1.06 microns

Laser pulse 200 mJ, 12 nslong

Laser beam angle 90 degrees, single pass

Laser beam sze 1 mm rms (beam in gap gpplication)

0.5 mm rms (laser wire gpplication)
Theyidd of protonsis, from LaserY4.exe
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Laser wire 6 x 10° protons (15% yield)
Beam in gap 7 x 10* protons (16% yield)

Secondary Emission Detector

The secondary emission (SEM) detector would be a sandwich array of thin cathode fails,
each about 1 mil thick, sandwiched with high voltage anode foils of equd thicknessin
high vacuum. The nomind SEM signd yidd per surface is 1%, so a sandwich of 50 two-
sded cathode foils separated by 51 anode foils would have atotal signd yield of about
100% of theincident proton beam.

Application dectron yied peak current peak voltage across 50 chms
L aser wire 6 x 10° dectrons 8mA 400 mV
Beam in gap 7 x 10* dectrons 0.9 mA 45 mv

Thermd noiseisabout 0.5 nV/VHz, or 5 nV/ for 100 MHz BW. If 6 dB is added for
electronics front-end noise figures, these numbers become 1 nV and 10 nV. Thusthe
ggnd amplitude is adequate for the laser wire applications, but very margind for the
beam in gap gpplication.

This SEM assembly would be about 50 cm long, assuming a 5-mm cathode to anode
gpacing. The capacitance for asingle surface (50 mm dia, 5 mm spacing) is about 3.5 pF.
Thus 100 surfaces represents about 350 pF of shunt cagpacitance. Combining this shunt
capacitance with a 50-ohm output impedance yidds arisgtime of 17 ns, which is
margindly too long for good tempora discrimination against background.

Cerenkov Radiator
The Cerenkov light yield is[1]
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wheref=c/l , cisthe speed of light, b isthe proton velocity, and n isthe index of
refraction of the radiator.

For awaveength range from 4000 to 7500 Angstroms, the yield is then approximately
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Y = él- 5 §-230 photons per cm
We consider a 20-cm long glass Cerenkov radiator, with density r = 4.5 grams per cnt
and index of refraction n = 1.76 (Schott Glass SF-1). The tota energy lossfor a 1-GeV
incident proton (b = 0.875) in the glassis about 160 MeV (to 840 MeV, b = 0.85), and
the total photon yield is about 3500 photons per proton in the 4000 to 5500 Angstrom
range. The spectrd sengitivity of the photon detector and the photon absorption in the
glass will modify this resuilt.
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The light is radiated forward in a.cone of haf angle cos(1/nb) = 47 degrees, which is
totaly interndly reflected in the glass. Thus a photon detector at the downstream end
should collect most of the light. Assuming a 20% efficiency for converting the photons
to eectrons, the sgnas are then (assuming a planar photodiode detector)

Application dectron yidd peak current peak voltage across 50 chms
Laser wire 4 x 10 dectrons 5A 250 V
Beamin gap 5x 10 dectrons 0.7 mA 30mv

Thus the sgnds are about 600 times larger than from the secondary emission detector. A
good planar photodiode, such asthe ITT FW series, could easily handle this range of
pesk current, with leskage current and shot noisein the 10° amp range. The ITT
photodiodes, with a solid cathode and awire-grid anode, are linear up to about 10 amps
peak. Because both the Cerenkov signa and the photodiode response are in the 100 ps
range, very good temporad resolution of the beam microstructure (2.5 ns period) is
possible. Using the same thermd noise estimates as cdculated earlier, the SN ratio is
acceptable for the beam in gap application, provided dectrica interference noise (RFI)
from other sources can be adequately shielded.

Background signas from stray radiation should not be a problem. Cerenkov radiators are
insengdtive to neutrons, but are sengtive to high-energy gammes (primarily those that
create electron pogitron pairs). A few cm of lead shielding should be adequate to shied a
Cerenkov detector in the SNS tunndl.

cintillator Detectors.

There are two basc types of scintillators; inorganic scintillators, such as Nal(Tl), and
organic (such as NE102). The inorganic scintillators have a very high effective Z, high
dengity, and good light yield (say 3 photons per 1 keV of dE/dx), but a very long decay
time constant (about 250 nsfor Nal(Tl)). On the other hand, organic scintillators have a
low Z, low dengity, and short time congtant (afew ns). Because we are detecting charged
particles rather than gammeas, the organic scintillator is the better choice.

Because the light output is proportiona to dE/dx, the incident protons should first be
degraded to about 150 MeV from 1 GeV. Thisraises the proton de/dx from about 2.3
MeV-crf/gm to 5.8 MeV-cr/gm. Thus the proton energy lossin a 20-cm-long cylinder
of scintillator is about 100 MeV. Usng aconversion efficiency of 1 photon radiated into
4p per keV of energy loss (Bicron BC-400) yields 100,000 photons per incident proton,
about 30 x higher than a Cerenkov radiator. It has a decay time of about 2.4 ns. Unlike
the Cerenkov detector, much of the light is not interndly reflected, so the scintillator

must be covered with a good reflecting surface (e.g., duminum fail).

Unlike a Cerenkov radiator, organic scintillator is very sengtive to both neutrons (proton
recoil) and low energy gammas. So the shielding requirements are more severe. To
degrade 1-GeV protons to 150 MeV, about 290 gm/cnt (25 cm) of Pb is required. Thus
the scintillator iswell shielded in front. Pb is not agood shield for neutrons, however, so
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perhaps alower Z materid is better. The scintillator should be shielded on the sides as
wdll.

Detector location

With the laser located just upstream of dipole #7, theided location for the detector isjust
downstream of quadrupole QH18, between dipoles#7 and #8. Thislocation is on the
wall (not aide) side of the beamline, and there appears to be adequate space. The H°
beam is about 55 cm from the H beam at this point. These locations are shown in the
attached drawing. The dipole magnets are C magnets, with the flux return bar on the
ingde of the arc, and open on the outside. The vacuum chamber would be identical to the
chamber in dipole #1, where the H beam is extracted to the linac beam dump.

Concluson

A Cerenkov detector appears to be the best choice for the protons in beam-in-gap
measurement. It is aso suitable for laser-wire profile measurements. Because of its good
temporal response, a Cerenkov-based detector could aso be used for looking at the beam
microgtructure. Because of uncertainties in exactly where the H beam may bein the
LRBT aperture, the detector should be about 100-mm diameter.

[1] LaserY 4.exe; application program for Windows, R. Shafer 12/99. This program
calculates the laser neutrdization H° yidld, induding the Lorentztransformation into the
HP rest frame, the energy dependence of the neuttralization cross section, and saturation
effects.

[2] L. I. Schiff, “Quantum Mechanics’, McGraw Hill (1955), second edition, Eq 37.14
(page 271).

Laser wire and BIG proton detector R. Shafer  4/14/00 page 4



HLE
- B

con. o2 SgFE

T_




