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WHAT IS A SPECTROMETER?

A SPECTROMETER IS A DEVICE THAT SEPARATES THE COMPONENTS OF
A BEAM ACCORDING TO THEIR ENERGY. THE FUNCTION OF
SPECTROMETERS IS THE SAME FOR BOTH PHOTONS AND CHARGED
PARTICLES. THE PHYSICS, HOWEVER, IS A LITTLE DIFFERENT.
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WHAT DO WE NEED SPECTROMETERS FOR?

ENERGY MEASUREMENT

SPECTROMETERS ARE UBIQUITOUS INSTRUMENTS
THAT ALLOW US TO MEASURE BEAM ENERGY AND
ENERGY SPREAD.

THIS IS CRITICAL FOR PRODUCING USEFUL BEAMS
AND FOR PROVING THAT OUR ADVANCED

ACCELERATORS ACTUALLY WORK. e i a

Figure 3. Spectrometer image with plasma on. The accel-
ADVANCED USES erated electrons are the whisker-like feature near the arrow.
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SPECTROMETERS IN
REAL LIFE




SPECTROMETER DESIGN FACTORS:

ENERGY RANGE MAGNETICS OPTICS

ENERGY RESOLUTION MECHANICS PARTICLE DETECTION

SPECTROMETER POLE FACE DESIGN

E[MeV]
Rm)= 299 8B[T]

BROAD SPECTRUM
/ EXiIT EDGE

GENERAL DESIGN PARAMETERS:
GAP. 2CM

A/ 5u(e?-\M 2eTelt o))\ (<8 MAX FIELD: 1600 GAUSS

AL SEEEE RADII OF CURVATURE: 10CM - 58CM

ENERGY RANGE OF SPECTROMETER
AT FIELD =

1550 GAuUSsSs: 4.7 — 27 MEV
180 GAuUss: 740 KEV —3.17 MEV




SORTING MOMENTUM EFFECTS FROM OPTICAL ONES

ALL REAL BEAMS HAVE A FINITE EMITTANCE OR PHASE SPACE AREA AND THEREFORE
(IN THE ABSENCE OF FOCUSING) GROW IN SIZE AS THEY PROPAGATE.

CONSEQUENTLY, WE WANT THE OBSERVATION POINT OF THE
SPECTROMETER TO BE AN OPTICAL FOCUS, SO THAT THE
DISPERSION OF THE BEAM IS DUE SOLELY TO MOMENTUM.
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ACHIEVING THIS WILL REQUIRE A LITTLE LINEAR
ALGEBRA. THE FOCUSING PROPERTIES OF A
SYSTEM CAN BE REPRESENTED BY A MATRIX:
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FOR A TYPICAL SPECTROMETER:
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WHY BENDS FOCUS

FOR THE NEW PLASMA EXPERIMENT
SPECTROMETER WE CHOOSE:
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THE POINT-TO-POINT CONDITION;:

SATISFYING THE POINT-TO-POINT CONDITION INSURES THAT ANGULAR SPREAD OF
THE BEAM WILL NOT IMPACT THE BEAM SIZE AT THE SPECTROMETER
OBSERVATION POINT. MATHEMATICALLY THIS TAKES THE FORM:
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PARTICLE DETECTION

WITH HIGH ENERGY BEAMS WE CAN JUST PUT A FOIL AT THE EXIT EDGE OF THE

SPECTROMETER AND PLACE A PHOSPHOR OR OTHER DETECTOR WHERE EVER THE
POINT-TO-POINT CONDITION DICTATES.

LOW ENERGY BEAMS, HOWEVER, WILL NOT MAKE IT THOUGH FOILS AND THE
ATMOSPHERE SO DETECTION MUST BE DONE IN VACUUM.

MODULAR EXIT

DIAGNOSTIC PORT i PLEASE NOTE THAT THE EQUATION
\ DESCRIBING THE POINT-TO-POINT CONDITION,
A+ R
B=R ———
2A+ R

IS NOT LINEAR. MAKING A VACUUM VESSEL
WITH THIS FIGURE IS NEXT TO IMPOSSIBLE,
SO, LIKE ALL GOOD PHYSICISTS, WE
LINEARIZE:
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IS LINEARIZING GOOD ENOUGH?

TO FIND OUT | COMPUTED THE SIZE OF THE EXPECTED BEAMS AT THE SPECTROMETER
OBSERVATION POINT DUE TO BOTH THE MOMENTUM DISPERSION AND THE OPTICAL ERROR
AND COMPARED THE TWO.

Oz Y Eru'e% AEJ'H?H

Drive Head HYpum  —0.002 14 MeV  0.75%
Drive Middle 702pm  0.012 13 MeV  3.4%
Drive Tail 2mm  0.025 125 MeV  2.3%
Trapped Beam Core 596pum  0.028  1.22 MeV  4.6%

THE MAX ERROR IS LESS
THAN 1% SO THIS DESIGN
SHOULD WORK, BUT WILL
IT HOLD VACUUM...
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