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Transport Matrices

Introduction
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Transport Matrices

Accelerator elements in series

T\ _ (magnet drift cavity drift T
T’ f_ matrix matrix / \ matrix/ \ matrix/ \ 1’ .
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Cavity Focusing

What does the radial force look like?

The particle experiences an oscillatory radial force inside the cavity.

Fr = q(F—r _Vchb)
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But actual particles have changing ...
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Cavity Focusing

r-dependence of the radial force

The radial force is stronger farther from the axis.

How does this affect
the particle motion?

radial force

0 1 2 3
radial position (cm)
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Cavity Focusing

r-dependence of the radial force

The radial force is stronger farther from the axis.

o
g How does this affect
= the particle motion?
8
5 .
® r stronger inward force
0 1 2 3
radial position (cm)
z
Average force is inward = Focusing! weaker outward force
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Cavity Focusing

r-dependence of the radial force

The radial force is stronger farther from the axis.

Linear?

radial force
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Cavity Focusing

r-dependence of the radial force

The radial force is stronger farther from the axis.

Linear?

radial force

Yes, for small enough r
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The Beginning

Initial project goals

| started with

e a paper by J. Rosenzweig and L. Serafini
[Phys. Rev. E 49, 1599 (1994)]
in which they derive a transport matrix

e an alternate matrix theory developed by G. Hoffstaetter
| set out to
e compare the two matrices to each other

e compare the results of both matrix theories to actual particle motion
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The Middle

How | spent my time

For the past several weeks, | have
e read the paper by Rosenzweig and Serafini
e learned how both derivations go

e written programs in Mathematica to

e read in data about the cavity fields
e numerically solve equations of motion
e plot actual and matrix trajectories

e discovered needed adjustments and additions to Georg's theory
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The End

What | found

The Rosenzweig and Serafini matrix:

V1/8 | vy cos(Ad) yi n/8 | ye

cos cos(Ad) lnf \/n/8 Vsm COS(A(I))I Yi
_ /By VU Ly Vi cos [ VM8 |0 xe
cos(Ad) v¢ cos(Ad) T vi Y cos(Ad) T vi

The Hoffstaetter matrix:

cos (eln %) %p—} sin (eln ﬂ)
1

Pi

P o Pt i Ps
—€-——sin In =& =i In =&
epf S € Pi Pt cos (€ pi)
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The End

What | found

The Rosenzweig and Serafini matrix:

V1/8 | vy cos(Ad) yi n/8 | ye

COs mlnﬁ stm mlnﬁ
SVA LR AN (IRVALA B P 71 i cos (VB | ve
cos(Ad) v¢ cos(Ad) T vi Y cos(Ad) T vi

The Hoffstaetter matrix:

cos (eln %) %p—} sin (eln ﬂ)
1

Pi
_eP o3 Pi Pr
€, sin €ln bt by €OS (eln m)
Are they the same?
n/8
_VT/° 5
e Does ¢ oS(AD] |

e Does p = vy?
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The End

What | found

The Rosenzweig and Serafini matrix:

V1/8 | vy cos(Ad) yi n/8 | ye

COs mlnﬁ stm mlnﬁ
SVA LR AN (IRVALA B P 71 i cos (VB | ve
cos(Ad) v¢ cos(Ad) T vi Y cos(Ad) T vi

The Hoffstaetter matrix:

cos (eln %) %p—} sin (eln ﬂ)
1

Pi

P o Pt i Ps
—€-——sin In =& =i In =&
epf S € Pi Pt cos (€ pi)

Are they the same?

e Does ¢

n/8
= 7&5(&1})? Yes

e Does p = vy?
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The End

What | found

The Rosenzweig and Serafini matrix:

cos <vnﬁ8) In Y‘f)

cos(Ad Yi

BRVAIVAN dp ( V18 Yf)
Y

Yi

cos(Ad) vi _: n/8 In Xt
WV sin os(AP) n-_—
Yi \/Tm Y
v €os (COS(A¢) In vi)

" cos(Ad) cos(Ad) Yi

The Hoffstaetter matrix:

ps 1pig; ps
cos (eln m) cpr S (eln pi)
P o Pt Pi Ps
—€-——sin In =& =i In
€prSIn i€ i ps €05 (e m)

Are they the same?

_ _Vn/8 ,
e Does € = W ! Yes
e Doesp =v? No, but they are proportional p =vymv
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The Future

What comes next?

That's not the end of the story!

It is the central matrices that are the same,

but you also need edge matrices for the cavity entrance and exit
e Georg's theory did not originally include this
e we don't have it fully worked out yet

Possibilities for the future

e find better way to deal with the cavity entrance/exit
e see where the high 'y approximation breaks down

e improve by including % terms?
e check with ERL injector parameters

e and compare to real-life measurements
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