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Homework Problems for Chapter 9

1. CollimatorParameters.Determinetheoptimumtaperangle �����	��
� , which mini-
mizesthedeflectionby thetaper, Eq.(16). As anexample,considerTitanium( ������� �
nm), a gap� of 1 mm, andbunchlength ����������� � m, andcomputethevalueof the
optimumangle,aswell asthetaperlengthfor a beampiperadius �!�#" mm.

Rewrite theexplicit formulafor thetotal kick, Eq. (17),usingtheoptimizedtaper
angle. Then,describethe incomingjitter as $&%'� � �)( (

�
dimensionless),normalize

the resultingdeflectionangleas
�+* �-,.% * ��� *( , andderive an expressionfor the jitter

amplificationfactor
�+* � � . Revealits dependenceon thegapsize� using/0�1��()��� *( �

�32���4656(�782(39 where 7 is the numberof � at which the collimation shouldoccur ( 56( is
theverticalemittanceand/ thebetafunctionat thecollimator). Show that thereis an
optimumgapsize� for which thedeflectionis minimized.Evaluatethis gapsizefor a:<;

spoilerof 1 cmflat length 
>= .

2. BeamDispersion.Conceive a schemeby which thehorizontalenergy-positioncor-
relation ?A@,�B or ?C@ * ,�B in thebunchcanbemeasured.Hint: onepossibility is to
usetwo horizontalwire scanners1, separatedby a DFE optical transformwith bending
magnetsas in Section3.3 (seeEq. (35), with GIHKJC�-�ML�N , where LIN is the nomi-
nal valueof the dispersionat the two wires). Assumethat the beamenergy spread
��OI�P?�, 2 B HRQ 2 is eitherknown or canbemeasuredindependently.

Why couldit beimportantto minimizecorrelationsin thebeamdistribution?

1A wire scanneris adevice thatmeasuresthehorizontal(or verticalor diagonal)beamsize.It is equipped
with thin filamentsof, e.g., W or C, which are moved in small stepsthroughthe beam. Recordingthe
scatteringrateasa functionof wire positionandcorrectingfor thefinite sizeof thewire, onecandetermine
thermsbeamsizeat thewire locationin thedirectionorthogonalto thewire filament.
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