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Transfer maps for realistic elements require
high-order derivatives of on-axis fields

Mid 1980s: Dragt, Forest, and Ryne developed the MARYLIE
GENMAP routines. Mid 1990s: Venturini and Dragt showed how to
compute accurate transfer maps for realistic magnets.

A.). Dragt and E. Forest, /. Math. Phys. 24 2734, 1983. R.D. Ryne and A.J. Dragt, PAC 1987, 1081.
M. Venturini and A.J. Dragt, Nucl. Instrum. Methods Phys. Res., Sect. A 427 387-392, 1999.
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require accurate vector potential —_— —
to insert into the Hamiltonian; \I/ \
coefficients are generalized gradients . .

virtual cylinder through magnet

!:It sgrface data to ComPUte. . C.E. Mitchell and A.J. Dragt, ICAP 2006, Chamonix,
interior data: reduced sensiti- France, 198-200.

vity to noise/errors.
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Other geometries include bent box (Dragt and Walstrom, PAC 20017).
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Finite Structure: Use Fourier transform rep.
for electric field E (vec. Helmholtz eqn.)
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General representation is given in terms of
hybrid Bessel functions, Rn(k,r) and characteristic functions.

Ey(r) = :%’“ (=) { ot p) + mij (2 0 () 0 25220 ) oo
) ()Rt )+ 0 (0 200 ) sy}
)= | e (B () Raop) + E{memmw, o)+ (0T L (k) |cos(ome)
e Rt )+ B2 = () [sin(me ).

B.w) = [ e k) Rolb, ) + 3 [0 (0 (5 ) 05(010) + o () (b, ) s |

m=1

Characteristic functions determine this mode in this cavity.
We extract them from inverse FTs of surface field data.
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Coefficients in the transverse expansion
of E (hence A) are generalized gradients

Example: For an azimuthally symmetric accelerating mode,

the longitudinal field has the form

0. @)

dk S p/2 )> »
Ez r) = zkzz R k zk:z ]C2 . ]{72 J k
( ) ) \/2— 0 p Jz: \/ﬂ ( l) 60( )
. d2 2\;
expand in powers of o /(M - kl) E.(p=0,2)
generalized gradients

The vector potential differs only by a factor of iw.

D.T. Abell, Phys. Rev. ST Accel. Beams 9 052001, 2006.
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Fitting to surface data damps noise/errors:
D¢, even with 10% (relative) surface noise

1.0 -0.5 0.0 0.5 1.0
z (m)

Z1.0 ~0.5 0.0 0.5 1.0
z (m)

TECH-X CORPORATION




(V/m®)

)

N

E

4

'\‘

N

Fitting to surface data damps noise/errors
(cont.)
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To obtain surface field data, we use VORPAL

and a powerful new mode analysis technique

C. Nieter and J.R. Cary, J. Comput. Phys. 196 448-493, 2004.
G.R. Werner and J.R. Cary, /. Comput. Phys. 227 5200, 2008.

Nine-cell ILC crab cavity: includes LOM and
SOM couplers, as well as flats that introduce

a 10 MHz split between the dominant
dipole modes.

Data Set |Eigennode 140F 3
File Nane | VUsers/ilya/projects/napsdSunergia/ILCcav0l/TestRunl4-DplFul 1IbIRes/E+ germode_YeeE lecF ield_4.h5 120 =
Fields | Particles| 30 Perspective | Diagnostics | History| Hode Analysis) Input File| Run File] Pre File| HOFS| File Tree| 100 3
_Instroctions | Maber. of Hodes in 5v: 4 IIls I e Freqeney | Linte R X1 Ea oI (o) W 80 M =
. e 1 VD Value|  fmplitude Phase A Upper Frequency Limit of Excitation (Hz): I! 5,0000E+08 60 = =
IJ 40E
2,84729E403 1,0406-04 3 1,1566.04 | 4,825 Duration of Excitaticn (seconds): |i 7.33006-08 3 9 ) ) # t
2 T e a7 S o 2.5x10 2.0x1Q 3.5x1¢ 4,0x10 4.5x10 50x10 5.5x1C
3 3176196409 -8.245€-06 2 42546404 | 2,753
4 3911016409 2.5246-06 2 1.68%w8 | 5.422
5 3920166409 4.289-04 3 2.547E07 | 4.428 Dip Number: Rarge For SVD: l—1 - l— 120F
3 3,96207€909 2.52%-05 | 4 1106406 | 2,289 - 1 L E
7 4,0B168E+09 9.1246-04 7 1.047E+06 | 2.605 Nets 100
8 4,383506+09 1.43E-03 21 3.88%+06 | 0,612 . | E
3 4,40313E403 6.8826-03 3 2,20%+06 | 5.442 I IW Il II 80
10 4,572265+03 -1,907E-04 6 4.48%+06 | 2,297 + Uniform 4 Randon 1 Single Covponent E
1 4,68299E+09 4,093E-03 4 7.814E+05 | 0,023 B0 =
2| 4,8011909 1.99E-04 3 41506 | 0.7 G ) | E 3
13| 484439409 2474602 6 3.53E405 | 3.3 40
14 4996046409 5.331E-06 3 95205 | 2,000 2x10° 3x10° 4x10° 5x10? &x10%
15 5.039036+09 -1.708€-03 902 1234605 | 0.746
: vane for eigermodes: lhm
2 Conpute Eigermodes (This nay take auhile) | 180 F
2 140 F
2 E
2 120 E
ﬁ 1 Status: Insns wodes conputed, E 100 F
7 E
~ 80
4 B0 L -
[t73.37e€-9 - LI B T =) 25x10°  30x10°  35x10°  4.0x10°  45x10%  50x10°  55x1C
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To obtain surface field data, we use VORPAL

and a powerful new mode analysis technique

C. Nieter and J.R. Cary, J. Comput. Phys. 196 448-493, 2004.
G.R. Werner and J.R. Cary, /. Comput. Phys. 227 5200, 2008.
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T
on-axis

We now have results for realistic maps of
particles traversing ILC crab cavities

Relative energy variation for particles with

| different offsets. (Phase set such that

reference particle receives no net kick.)
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K/
A knowledge of field values on the surface of a virtual cylinder
that passes through an rf cavity makes it possible to compute
accurate and high-order generalized gradients—hence accurate
expansions of the fields and vector potentials—in the interior of an
rf structure. This extraction of generalized gradients is robust in the
presence of noise.

Summary

The ML/I type code egengrad implements this capability.

With the GENMAP capability of ML/I, we convert the
generalized gradients into transfer maps. The generalized gradients
we compute just once. The maps must be recomputed for different
cavity phase settings.

The ML/I type code nlrf implements this capability.
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Summary (cont.)

The technique described here applies not just to axi-symmetric
accelerating modes, but to very general field profiles. This allows it
to take into account the distortions caused by various couplers and
other variations of the ideal geometry.

The new filter diagonalization method (FDM), implemented in
VORPALVIEW, makes it possible to extract reliable mode profiles
from an electromagnetic simulation.
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The Future i1s Now

It is possible to superpose modes by adding the corresponding
vector potentials before running GENMAP. Because the relative
phases will change from turn to turn, this will require recomputing
the map on each turn. For large parallel computations, do this on
one node, while other nodes are pushing particles around the
lattice.

This will allow one to explore, for example, how well we must
suppress undesired modes.
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