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1, INTRODUCTION, -

In this note we propose a very simple magnetic device for
the detection of scattered electrons at very small angles in electron
scattering experiments on nuclei at high energy.

The present method allows for the measurement of angles and
momenta of the scattered electrons and, at same time, bend of the in-
coming electron beam,

The widening effects on the angular and momentum resolution
are essentially due to electron beam emittance, the multiple scattering
in the target and the gpatiall indetermination of the detected trajectories,
The contributions of this effect have been extensively investigated with
a Monte Carlo method,

The resulting angular and momentum resolution becomes
~ 10,20 and~T 29, respectively,

2.- MAGNETIC BOUNDARY SHAPE, -

We consider an electron 6f different energy point-like source,
placed in a region of a static magnetic field, We refer to an orthogonal
system of coordinates axeés, where the origin is in the electron source
and the x and z axis are oriented along the initial particles momenta
and the magnetic field direction respectively,

We remark that if the boundary of the magnetic region follows
the curve



(1) X .4ty

then the electron trajectory emerging from the magnetic region will be
directly outgoing from a point-like virtual source in the position P(0, -d, 0).
(See Fig. 1).
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FIG. 1 - The magnetic field region B=B, and its optical
properties are shown,

This result is exact and valid in the hypothesis of a fringing
field sharp cutoff. However we shall consider bnly the electrons which
cross the magnetic boundary on the points where x's> d; indeed this
limitation allows the use of the corresponding simple asymptote y=d
instead of the relation (1).

3. - ANGLE AND MOMENTUM ANALYSIS. -

If we consider electrons at fixed energy emitted in a finite
cone solid angle around the x direction, with simple geometrical con
siderations, we can get the following two formulas :

(2) cosf =cosy ~ 2 sin” a/2
(3) cosy =(R-d)/R
where:

o - is the initial projected angle in the (x, y) horizontal plane;
?,(B8) - is the final projected angle in the (x, y) horizontal plane
of the central trajectory (generic trajectory of the cone)
outgoing from the magnetic region;
R - is the curvature radius,



Table I shows the order of magnitude of the main geometrical
characteristics of a possible electron analyser,

TABLE 1

Length of the magnetic along the

- scattered electron direction,......... crreeen 2.-3. m
transvers length of the magnet,............. «15-.25 m
total angular deviation...................... 10°-15°
half-angular magnitude (a) of the
emitted electron cone.........ceveuuenn.. ces 19.2°
curvature radius.............. c e ~ 10. m

From the set of values shown in Table I, electrons with the
same energy, but with different a angle, go out practically parallel,
as is shown by the following relation deduced from the equation (2):

i} , 2 .

' sin ?/2

Thanks to this optic property, the curvature radius, and of
course the momentum, can be simply evaluated from the equation (3)
measuring the outgoing angle,

Moreover an aitractive aspect of this set-up is the possibility
of measuring the angle o with a good angular resolution, Indeed, as
shown in Appendix 1, for electrons of the same energy, the distance h
from the central projected trajectory to a generic one, is expressed
by the following approximate relation:

(4) h =& Rsin}’}‘sina]iz sin2 a/2(Rcosy- )

+- sin y

where s is the distance from the magnet to the point where we consider
the displacement between the trajectories, (see Fig. 2) and h, is labelled
with two signs corresponding to the two possible values of + |q] .

If s is chosen of the order of Rcosy sin ¥, because of the
smallnegs of the angle a, the relation (4) becomes :



sin ¥
(5) h+_-.‘\_' d Teos7 al

We observe that a measure of the angle @ needs a suitable
energy calibration of the whole system including the magnet and the
particle detectors,
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FIG. 2 - Projection of two symmetrical trajectories in the (x,y)
plane for monocromatic electrons, The angles and the distances
do not exhibit the true proportions for illustrative purpose,

4, - FRINGING FIELD EFFECTS. -

It is necessary to show that all these considerations are still
valid even if we take into account the fringing field effects.

In order to simplify the study of electron trajectories at the
edge of the magnet, we assume a strip of width {, where the magnetic
fields has a linear behaviour. As it is shown in reference (1), it is
possible to obtain this condition by means of standard quadrupole ar-
rangement of the magnet poles,

Appendix 2 summarizes the results of our calculation on the
motion of electrons in a linear varying magnetic field,



So we have investigated the behaviour of the output angle &'
versus the input angle ¢ for different values of width £ (See figure 3).
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FIG. 3 - Outline of the fringing field strip showing the magne
tic field map,
We want to remark that, if we limit ourselves to the following
¢ and 1l ranges:
59< & 2 20° 0£1=<20cm,
the angle &' results linear in the & and 1 parameters,

In conclusion, with a linear arrangement of the fringing magne
tic field and hence taking into account its additional contribution, our
previous deductions remain valid.

5. - ANGLE AND MOMENTUM RESOLUTION, -

In order to study the angle and momentum resolutions of the
analyser, it is useful to fix its geometrical parameters as indicated in
Table II,

TABLE 11

Magnetic length ............... 2 m
Y eeeovevesnreasnocenas 12°
d...... e ceenaaaeen 15 cm
1..... theecereesarases 10 cm
O 1.7 m
Qoevennne Ceteerecaceaa 1°
R ceee N 10 m

Of course the same optical configurations. are relative to an
arbitrary energy of the scattered electrons by means of a suitable ma-
gnetic field intensity (The range available is seen in the Fig, 4).

The emittance of incoming beam, the radiation length of the
target and the spatial resolution of the electron detecting apparatus are
considered as free parameters in a Monte Carlo calculation,
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FIG. 4 - Momentum range of the scattered electron versus the in-
tensity of the magnetic field available to electron analyser, The
curve corresponds to a central curvature radius of 10 m,

The solid angle accepted results about 2 msterad (¥ 1° in hori
zontal and t 29 in vertical direction), and the momentum acceptance is
considered to be ~ ¥ 20%. So we note that by the relation we have from
(3):lA7/7l ~ 1/21Ap/pl, the range of the angle y is limited to ¥ 1°,

The final results shown in the figures 5 and 6 concern the shape
of the standard deviation relative to the angle and momentum resolution
versus the widening parameters, which are presented superimposed in
many dispositions.

The standard deviations of the resolutions obtained from the
Monte Carlo are drawn versus the spatial resolution of the detected
electrons. Two or three curves are considered corresponding to diffe-
rent values of the multiple scattering angle., The angles of deviation
due to a finite emittance of the beam are generally smaller and
they are not been considered. However the spatial intensity of the spot
assumed gaussian is directly connected with the emittance; we have
considered different values of its standard deviation r. We note that
normal values of r are lor 2 mm,

Considering a standard value of the emittance and of the target
thickness, we find that the angular resolution and the momentum resolu
tion of 2 GeV/c scattered electrons (B = 6.7 KG) are better than 0, 2°
and T 2% respectively.
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FIG. 5 - Standard deviation plot of the Monte Carlo angular reso
lutions versus the spatial resolution of the detected trajectories,
The beam spot is assumed to have a gaussian spatial intensity
distribution and r is its standard deviation., Different curves

correspond to scattering multiple angle of 0°, ,1° and.2° respec
tively,
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FIG, 6 - Standard deviation plots of the Monte Carlo momentum
resolution versus the spatial resolution of 2 GeV/c electron mo
mentum, The beam spot is assumed to have gaussian spatial di
stribution and r is its standard deviation. Different curves cor
respond to multiple scattering angle of 0° and.2° respectively,



In the case of electron experiments on high Z elements, the

dimension of the target along the x direction is always considered ne-
gligible,

APPENDIX I. -

To find the displacement expression of the projected trajec-
tories relative to electrons of the same energy, the distances h, and

h_ of trajectories (corresponding to a = * lal ) symmetrical to the
central one are considered,

The set up is shown in figure 2; it is straightforward to ve-
rify that the symmetrical trajectories are parallel and displaced of
hy +h_=2R sina sin 8,

The deduction of the difference h, - h_ is rather tedious,
because it depends on the point of the central trajectory where the
displacement is considered,

Nevertheless, if we refer to the point E of figure 2, it can be
shownthat hy - h_ = 2R sinza/z cosB K, where

K = sec(f-y)(1+ %22‘2’)/(1 +

sinf
so the expression of h,_ becomes
hy_ ™ Rsinasing T 2R sin?¢/2 cosp .

We can write a more general expression of h, _; namely when
we consider the displacement in a generic point H, we obtain :

h, % R sinasinf * [ZR sin2 a/2 - g tg(B-Y):I
where s = I,

Finally let us find a significant form of the last expression;
indeed by the approximation of sin [( B/2) + (‘//2):[ to siny we have
that tg(B-¥) = (2 sin? a/2)/(sin y ) and after some elaborations we can
get the following expression :

~ . . sina/2 .24, . 2 __S + 0;4
h, = Rsinasiny E+2(sin y/z)]_ZSm a/2(Rcos ¥ sin )+0(a”)

APPENDIX II, -

Let us consider the problem of the electron motion in a linear
decreasing magnetic field as

i 1-4
B = Byax 717



10.

where A is the generic coordinate,

The projected equations of motion are reducible to the sy-
stem of two differential equations of the kind:

y = Xy X=-yy;

the solutions of this system can be expressed in terms of elliptic inte-
gral of the first kind
1

dw
F(a,p) = / .
(1—cub2)1/2 (cos2a+sin2a wz)l/z
cosQ@

and they have the following form in the system of coordinatejaxes shown
in figure 4 :

T
£(t) = vtcose - —RY‘; /x(r)dv ; t= kcosa[F(a, Po) - F(a,w)]
0

where v is the velocity of the electron, R, = d/(1 - cos ¢) is the initial
curvature radius and t the time coordinate ; moreover the other intro-
duced symbols are defined :

k=2R,/vG,, tga =G./G_, cosp =(1-4)/G_1,

2R
where Gy = I:—i—g-(l Tcose)il 1/2,

These solutions with the initial conditions allow for obtaining a
complete description of the electron motion; therefore by calculation
the resulting behaviour of &' within respect of & and 1 is linear inside
the limits of range, we have shown in the text,

REFERENCE, -

(1) - A quadrupolar magnetic fringing field can be obtained (e. g. "High
energy optics" of K. G, Steffen, Interscience publishers J, Wiley &
Sons, New York) by changing the plane poles of the magnet with
hyperbolic surfaces at the edge and by disposing an high u-plane
in the equipotential quadrupole plane, The linear behaviour of the
field is slightly modified by the hole for the electron output.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


