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/Nonlinear integrable optics (NIO) combine /Kicked Beam Data Collection

strong amplitude dependent tune shift with
bounded single particle trajectories.

A Hamiltonian system is integrable if it possesses as many
independent invariants of motion as dimensions in configuration 5
space. The Integrable Optics Test Accelerator (IOTA) was

constructed to study the Danilov-Nagaitsev (DN) NIO system.

DN Potential Contours

TBT BPM Response
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Q/aried kKick amplitudes to probe full configuration space.
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mwariant Calculations \

Substitute reconstructed position data into invariant expressions.
TBT decoherence means that calculated value decreases quickly.
To evaluate quality of conservation, look at first few turns before
amplitude decoheres. Compared with Courant Snyder invariant
as baseline. Calculated noise larger than simulated difference.

TBT Invariant Values

Above: DN Analytical Invariants

Left: DN Potential Contours, right half
illustrates effects of nonlinear terms. Blue
lines are gradient of nonlinear component,
proportional to “t” parameter. Yellow marker
is location of singularity

Below: Location of nonlinear element in IOTA
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At different amplitudes for the same t, second invariant
conservation varies.

— ) ) = Second Invariant Conservation vs Kick o
/ \ 0.8
. ® .
agm . ) ® e Left: DN Invariant
4D Position Reconstruction RIE R 108 conservation metric for
_ _ = 0e ® o o o o , different amplitudes, a
IOTA is mostly linear Reconstructed Phase spaces 2 | e e e e e £ poorly conserved kick
: : 0.2 - b o e 2 ol o o o o 0.6 ® and reasonably
outside of the insert. ey s ‘-.:: 20 e . . ?;1 0.5 : : : : : : rq:, conserved kick sampled.
® ° L P ¢ >

Reconstructed 4D 011 gt K TS R S Zialel o o o oo 5 Below: TBT invariant
position at virtual BPM £ o0 semest, 0 < I EEEEEXEXK 0.42 quantities sampled from

: desi I9tti 2 0.0~ ‘:. . ?". < 000y ., .: ., .:8‘ . * _§ 03 ol © o o 0o 0o 0000 g range. Poorly conserved
using aesign 1attice «° * S e e o e, g o1 ©¢ o o o o ®oo000 plot displays oscillations

. . — - —0.05 A ° o ¢ o ® ° 1 I
transfer matrices inall ™| & —_y O P °| ® ® o 00 ee0c00e 02  consistent with a nearly
s KL ° . 0.2 :
: “ o 0 o AR EEEEEEREYXXXXXXX conserved quantity
21 BPMs. Fit channel  -o2- Y. ~o10- v .
in IOTA figure above —-0.1 OiO Ofl Oi2 —(I).l Oio Ofl 0.11 @ ® ¢ ® 6 60606000 o600 0.0
_ ’ X Y 0.25 §0.50 0.75 1.00 1.25 1.50 1.75 2.00 |
example fit below. Horizontal Kick Amplitude [arb.]
_ Virtual BPM Fit Comparison Poor Conservation TBT Reasonable Conservation TBT
e o 00 CS Hamiltoni “0 CS Hamiltoni
— . — amiitonian — — amiitonian
é 2 1 § 1.75 —— DN Hamiltonian § 1.75 A —— DN Hamiltonian
S ol = h —— DN Invariant = —— DN Invariant
‘_45 é 1.50 - ﬂ g 1.50 A
é ] 2 1.25- l 2 1.25-
2_2_ § 1.00 4/ . E 1.00 ,f |
£ S ' | , A * S
< £ 0.75 ‘ I u‘ £ 0.75 -
2 0- o T ‘,w 3
é E; 0.50 - “ “ Esc 0.50
% 2 —— Fit Projection é 0.25 § 0.25
> ® . . . . . . . {
5 7 9 11 13 15 17 19 T T T T 0.00 ; l l T T T T
BPM Index 100 125 150 175 200 0 25 50 75 100 125 150 175 200

-~

~

Fermi National Accelerator Laboratory

This manuscript has been authored by Fermi Research Alliance, LLC under Contract No. DE-AC02-
07CH11359 with the U.S. Department of Energy, Office of Science, Office of High Energy Physics

Turn

ENT Op
é‘;é“ 7 %% U.S. DEPARTMENT OF

2% Fermilab {#) ENERGY

TES




	Slide Number 1

