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Spin tracking simulations in AGS based on ray-tracing methals
- bare lattice, no snakes -

A work performed at BNL in September and October 2009, in bolfation with
L. Ahrens, J. Glenn, H. Huang, A. Luccio, W. W. MacKay, T. Re$¢rTsoupas

Abstract

This Note reports on the first simulations of and spin dynamics in the AGS umgyktracing code Zgoubi.

It includes lattice analysis, comparisons with MAD, DA tracking, numerickgldation of depolarizing reso-
nance strengths and comparisons with analytical models, etc. It also indatigls on the setting-up of Zgoubi
input data files and on the various numerical methods of concern in aitadgdrom Zgoubi.

This work has been followed by further spin dynamics studies in presafite AGS helical snakes, see
Note CAD/AP/453.



CONTENTS 2

Contents
1 Introduction 4
2 Preliminary data, working hypothesis 4
2.1 Lattice . . . . . e 4
2.1.1 Aremark concerning the closed orbitlength . . . . . . ... ... ... .. .... 7
2.2 DA.Longtermtracking . . . . . . . .. e 7
2.2.1 Maximum stable amplitudes . . . . . . . .. ... 7
2.2.2 Dynamicaperture . . . . . . . . . e e e e 7
2.2.3 Symplecticity tests . . . . . . . 7
2.3 Quantities and formulas used in these spin tracking studies . . .. ... ......... 10
2.3.1 Working hypotheses . . . . . . . . . . . 10
2.3.2 Asymptotic depolarization . . . . . . .. ... 10
2.3.3 Depolarization, static . . . . . . . . ... 10
2.3.4 Weak resonance, Fresnel integral approximation . . ... ... .......... 11
2.3.5 Resonance strength, theoretical . . . . . ... ... ... ... . ... ..., 11
3 Inventory of spin resonances, including spin tracking results 12
3.1 INtrinSICresoNanCesS . . . . . . o o e e e 13
3.2 Imperfection resonances . . . . . . . . . . e e e 14
4 Tracking through resonances 17
4.1 IntrinSICreSONANCES . . . . o o v v e e e e e e 17
411 ~G=v,(3.648013GeV) . . . . . e 17
€/m=0.0010"0 . . L 18
€/m=0.0510"0 . . L 19
412 ~G=24—1v,(7.82892GEV) . . . . . . e 23
/m=0.11070 . . 24
413 ~AG=12+4v,(7.82892GEeV) . . . . . . e 25
€ /m=0.00210"C . . .. 26
&/m=21070 L 27
414 ~G=23+1v,(15.68487GeV) . . . . . . . 28
415 ~G=24+1v,(16.20822GeV) . . . . . . e 29
€/m=21070 30
/m=3010"C . .. 31
416 ~G=36—1,(13.31575GeV) . . . . . .. e 32
417 ~G =48 —1.(19.59585GeV) . . . . . ... 35
€/m=0125107C0 . . . . 36
€/m=0.2510"0 . . 37
&/m=0510"0 . 38
e/m=1070 L 39
&/m=21070 40
4.1.8 ~G =48 — v,, bare lattice (all bends’ sextu off, allquads off) . ... ... ...... 41
/m=10"0 L 42
419 ~G=36+1,(22.48832GEV) . . . . .. e 43
€/m=0.0021070 . . .. 44
€/m=0.021070 . . L 45
4.2 Imperfection resonances . . . . . . . . . . e e e e 47
421 ~AG=9(3.77180 GEV) . . . . . e e a7
Zeo = 2.TTMM . L L L e e e e e e 48
422 ~G=12(5.341830GEV) . . . . . e 50

423 AG =13 (5865171 GEV) . . . o v o e e 53



CONTENTS 3

424 ~G=23(11.09859GEV) . . . . . e 56
425 ~AG=27(13.19196 GEV) . . . . . . o e 59
426 ~G=45(22.61211GEV) . . . . . 62
5 Static neighboring of resonances 65
5.1 IntrinSIC reSONaNCEeS . . . . . . v v i e e e e 65
511 ~G =1, (3.648013 GeV) . . . . . e 65
€ /m=0.001910"0 . . ... 66
€/m=0.0171070 . . . .. 68
512 ~G =48 — 1, (19.59585GeV) . . . . . . . e 70
/m=01251070 . . . 71
€/m=21070 L 73
513 G =36+41,(22.48832GeV) . . . . . .. e 75
€/m=0.00171070 . . . 76
€/m=0.1710"C . . 78
6 Fresnel integrals approximation of weak resonances 80
VG =v,, 6, /m=0.00210"C . ... 80
VG =1, 6, /m=00110"0 . . . .. .. 80
YG =36+v,,6,/m=0000110"6. . ... ... ... ... 81
")/G =9,2c0=1.3MM . . . . . e 81
YG =45,z00 =0.028mMm . . .. L e 81
7 iy spin vector, AGS bare lattice 82
Appendix 84
A MAD files 84
Al Commandfile . . . . . . . . e 84
A2 fprint’file . .o 84
B Zgoubi data file specimen 85
B.1 1-turnfirst order mapping calculation . . . . . ... .. ... 85
B.2 Zgoubifilesyip vector searchusing FIT . . . . . . . . . . . 86

B.3 Zgoubifiles, ring closed orbit searchusing FIT . . . . .. .. ... . .............. 87



1 INTRODUCTION 4

1 Introduction

Simulations of crossing and neighboring of spin resonances in AGS ramng lattice, without snake, have been
performed, in order to assess the capabilities of Zgoubi in that matterrameperted here. This yields a rather
long document. The two main reasons for that are, on the one hand the dieaim extended investigation of
the energy span, and on the other hand the fact that in doing so, it bagllseovered that the agreement with
DEPOL values for the resonance strengths is not good for weakaeses, thus entailing even more systematic
exploration of the effects.

As to this disagreement in the resonance strengths, whether the weakingais in Zgoubi or in DEPOL
needs be determined, this is being worked at.

Section 2 details the working hypothesis : AGS lattice data, formulae useeifvirg) various resonance
related quantities from the ray-tracing based “numerical experiments”, etc
Section 3 gives inventories of the intrinsic and imperfection resonancethtrgwith the strengths derived from
the ray-tracing.
Section 4 and Section 4.2 give the details of the numerical simulations of resoa@ssing, including behavior
of various quantities (close orbit, synchrotron motion, etc.) aimed at contydhiat the conditions of particle
and spin motions are correct.
In a similar manner Section 5 gives the details of the numerical simulations of spiono the static case :
fixed energy in the neighboring of the resonance.
Section 7 shows the computation of thieector in the AGS lattice and tuning considered.
Many details on the numerical conditions as data files etc. are given in thendppSection, pages A and sgs.

2 Preliminary data, working hypothesis

This section details the working hypothesis, from both viewpoints of latticeatattaf ray-tracing basic dynam-
ics outputs.

2.1 Lattice

Tab. 1 displays the general optical parameters as obtained from MADiBug input/output files of concern are
reproduced in App. A.

Zgoubi optics file is translated from MADS8 “survey” output (a translatoavailable), parameter values so
obtained are given in the middle col. (“Brute from MADS) in Tab. 1 for conmgan with MAD ones. A typical
“zgoubi.dat” input file is displayed in App. B.1.

Note thex 3.2 cm difference in orbit length (see below) and thé% difference inD,,, to be explained.
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Table 1. AGS parameters. The middle column “Brute from MADS8” gives thekimg conditions in the numerical
experiments reported in the following sections. The right most column showsdme parameter have to evolve
S0 to obtain zero closed orbit at main bend ends.

MADS8 Ray-tracing
(Hard edge)
Brute from MAD8  Adjusted c.o. length
Reference momentum (relative) 1 1 1.00280
Orbit lengtt (m) 807.07564 807.04378 807.07564
Perimeter of polygof{) (m) 807.06007
Qx, Qy 8.71060, 8.76438  [8].71195, [8].76346 [8].65346, [8].76816
Qx, Qy -22.7340, 1.7343 -20.9864, 1.7943
a,\/1/a 0.01401, 8.44965 0.01400, 8.45102
Periodic functions at “Begin AGS” :
Ba» By (m) 19.785, 11.701 19.8432, 11.6751
Oy iy -1.585, 1.037 -1.588, 1.033
D,, D! (m,-) 2.211,0.154 2.034,0.144
closed orbitz.,, 7’ mm, mrad 0,0 -6.43 -0.3¢ ~0,~0

I Combined function dipoles are simulated using straight exiltipoles and” B /dz" gradients,
the “MULTIPOL” keyword, whereas MAD uses SBEND.

2 Obtained from either coordinate interpolation or multitéfourier analysis.

3 The c.o. is induced by straight axis dipole and multipole ponents.

4 Note the substantial difference in orbit lengths - origitéodetermined.

> Closed orbit adjusted using FIT procedure, zgoubi.dat itiadap. B.3.

4 Polygon is comprised of the axis of optical elements, adligtt.

CLOSED ORBIT 090902
-0.001 T T T T

'zgoublvi.co’ us ($2/I100.):($3/10I0.)

-0.002 |- -

-0.003 |-

-0.004 |-

-0.005 |-

X_C0 ()

-0.006 |-

-0.007 -

-0.008 - -

_0.009 L L L L L L
o 100 200 300 400 500 600 700 800

s (M)

Figure 1: Closed orbit, induced by straight axis in bends (all hard-edgkel).
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2.1.1 Aremark concerning the closed orbit length

The problem is the following : brute translation from MADS8 yields 3.2 cm shiastemomentum closed orbit
length from zgoubi (807.04378 m/zgoubi compared to 807.075641/MAB8cols. 1, 2 in Tab. 1.
Getting identical lengths can be achieved by changing the reference mameizording to

AL/L = adp/p

a = 0.01400, an increase oA L /L = (807.075641 — 807.04378)/807.04378 (Tab. 1), indicate that increas-
ing the reference momentum in zgoubidyy/p ~ 2.8 10~ is required.

However the closed orbit needs be found again for that new refemomentum value, so we use the FIT
procedure to take care of both operations. The result in zgoubi.rgsrideced in App. B.3. (Note that, would
tunes be matched using possible main bend windings, tune constraints caadezkin the FIT.)

Tunes then change due to chromaticity mostly, according to

Av, =& 0p/p~ —0.059 = v, ~ 8653

Avy =&, 0p/p~ = v, ~8.769
this is confirmed by the ray-tracing values (rightmost column in Tab. 1).

2.2 DA. Long term tracking

Considering the importance of a good model of the ring dynamics if spin is taabketd, we push further the
investigation on the lattice we are working with, and of the ray-tracing outfyt&hecking large excursion
behavior, in terms of maximum stable amplitudes and DA. Long term tracking/loehsalso tested.

2.2.1 Maximum stable amplitudes

Figs. 5, 6 show sample results of maximum stable amplitude tracking, 1000 turns.

It can be observed that the numerical integration in the horizontal cageb)Fdoes not exhibit noticeable
spiraling, an indication of correct symplectic behavior.

In the case of the vertical stability limit tracking (Fig. 6), coupling inducesddrgrizontal motion, at the
origin of spreading of the vertical invariant into a donut phase portrdite;origin (e.g., width of non-linear
coupling resonance, lack of tracking precision...) remains to be determined.

2.2.2 Dynamic aperture

Fig. 8 gives the dynamic aperture of the ring for/p = 0, + 1,42, £3%. These(z, z) limits are obtained
by scanning the x-axis, step size 3 cm, and looking, at eastep, for the maximum vertical stable amplitude
upon 1000-turn tracking (hamely, doing what is illustrated in Fig. 6), with 2 macipion on that-limit. The
operation is performed repeatedly for the various momenta.

2.2.3 Symplecticity tests

Long term tracking may be required in assessing depolarizing effects B & QRHIC. Fig. 9 displays some
sample results, showing very good behavior. The integration step sizedsn in all optical elements.

In the case of RHIC, ithe step size can be a little larggiwen that the dipoles are not combined function. It
has been checked that 1.5 cm at top energy (where spin moves theifattesdipoles) does ensure in addition
convergence of the solution 6f = Z@.
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Spin has been tracked in AGS step by step as well duringuthis5 10°-turn motion tracking. Zgoubi calculates
independently the three componerfs, S, S.. It comes out thatS|? = S2 + S§ + 82 = 1, from beginning to
end. Similar behavior in RHIC at top energy with 1.5 cm step size.

Horizontal stability limit
6804851 68°P Y (rad) vs. Y (m
0.08 )

68°4RL| ggor Y (rad) vs. Y (m
0.0 : -

68oRRL! ggoP Y (rad) vs. Y (m

-.4 0.0 0.4 0.8

Figure 5: Maximum horizontal stable amplitude,
1000 turns in the ring, case of zero vertical emittance.
From top to bottom dp/p = +0.01, 0, — 0.01.

Hard edge optical elements.

7804041 68°P Y (rad) vs. Y (m

£8o405! ggor z (rad) vs. z (m

Figure 6: Maximum vertical stable amplitude,
1000 turns, showing H-V emittance exchang®/p = 0.
Top plot : coupling induced:-motion ; bottom plot :
vertical donut at maximum stable amplitude.

Hard edge optical elements.

B90uRb! B8P TUES 6904l ggor TS
1004 300

800
600
400
200 500

0 A 0 s

00 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

Figure 7: x-x’ and z-z’ spectra (left, right), exhibiting
coupling.
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Dynamic aperture
45 T T L T T T

35 dp +3% - -+ 7]

25

(cm)

20 |

y

15

10 |

60 80

X (cm)

Figure 8:Dynamical apertures dp/p = 0, +1, +2, + 3%. 3 cm step in;, 2 mm precision
on 1000-turn maximum vertical stable amplitude.
Hard edge optical elements.

59040 68°P @ 59040 68°P
T T T ,-v"" e "oy j H‘w"’” o ‘“'“"*“mw T T
B T ———.— 0. 00075 S
-. 0004 // 0. ooi\ T
sodes - / N~
- ./w‘/ / p // ’J/ E; i %"*u;'n,“ HY.\‘W“'«,W%
-. 0005 A ‘ 0.0
- e ‘“"”., ",
00055 5 AN
- DI / r""/’.// £-4 -\'\(‘\‘w,_‘ - . k‘\%’
- 0006/ -. 0004 ]
PRIV T ——— L - e M’E
o el I B B B B . R T N RS T ey o
27008 -. 0075-. 007 -. 0065 - . 006 - . 0055- . 005 001 -.0005 0.0  0.0005 O.001

Figure 9: 4 10°-turn tracking for a particle launched ep/7 = ¢./7 = 0.35 mm.mrad, at fixed rigidity, observed at
“Begin AGS”".

There is no substantial broadening of the invariants, ngibkg spiraling.

Note : a matching of optical functions yields$, = 19.8 m, o, = —1.58, 5, = 11.7 m, o, = 1.03, consistent with Tab. 1
data.

Hard edge optical elements.
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2.3 Quantities and formulas used in these spin tracking stues

Classical formulae which will be used in the “numerical experiments” to follmvacalled below, together with
various numerical data values

2.3.1 Working hypotheses

The crossing speed writes
dy 1 AFE
-G —qg—==
@ d9 2w MO
with My = 938.27203 MeV, G = 1.7928474. In the numerical simulations we take
V =290 kV
¢s = 30 degrees ot 50 degrees

hence

(1)

AE = 145 keV/turn  and o = 4.4096356 10~°

Besides,
B=AFE /(2rRp) = AE / (Cp)
The ring circumference is (Tab. 1)
C =807.04378 m
whereasl/p = B/Bp = 0.01171255 (see dipole component in 'SBEN’ type of magnets, zgoubi.dat file in
App. B.1). (Note :p = 85.378504, packing factoR/p = 9.4525406). This yields

B =2.104Tls

2.3.2 Asymptotic depolarization

Crossing of an isolated resonance entails asymptotic depolarization gitka Broissard-Stora formula,

. 2
Pfinal _ 26Xp(—A2> 1 _ 2€Xp(_z‘<]n’ ) —1 (2)
Pinitial 2 «

2.3.3 Depolarization, static

Free oscillation of polarization vectdraround arbitrary local precession vecifirat fixed energy, starting with
S = §., satisfies

(=) dC _  inp b _ e 2 1
JIZ|CF d8 = Jpe with C of the forme’*” andp = constant yielding p* = W IRAE 3
with
= distance to the resonance vG — (n x M — v;)
_ _ 1
2 1 A2 i 2 _
S =1—|p|* yields S% EARARIE 4)
with S, the average value of.. This allows computingJ,, | from the numerical value of., following
2 2 1
= a2 (2 1) ©)

In particular,
1% depolarization§. = 0.99) corresponds td\ = vG — n = 7|.J,,| (an energy band-5y = +7|.J,|/G)
86.6% depolarizationy(= 0.5) corresponds td\ = vG —n = /3|.J,|

IRef. Gerard Leleux, TraveEe desé&sonances dexgolarisation, unpublished, SATURNE, Saclay, Evirer 1992.
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2.3.4 Weak resonance, Fresnel integral approximation

Reference : @rard Leleux, Travege des@&sonances degholarisation, unpublished, SATURNE, Saclay, £virer
1992.
Depolarization in the case of weak resonances fi.€p; ~ 1) is given by

e upstream of the resonant@ < 0) : (p(6)/p;)*> =1 — g|Jn\2 [(0.5 — C(—G\/E))2 + (0.5 — S(—G\/z))ﬂ (6)

o downstream of the resonan@@> 0) : (p(0)/p;)* =1 — gunp [(0.5 + 0(9\/3))2 (054 8(0 a))z]
s 7T
where N i
) . /T 9o
C(z) :/ cos(=t°)dt,  S(z) :/ sin(=t2) dt
0 2 0 2
are the Fresnel integrals.
Note that , i
—0
p(O)/pi =3 1= —|Juf? (7)

i.e., Froissard-Stora formula (Eq. 2) taken to first ordef.jifi?/a. The approximation holds in the limit that
higher order terms can be neglected, &gl |?/« is small enough compared to 1.

In Section 6, Zgoubi is tested against the weak-resonance approximation

2.3.5 Resonance strength, theoretical

It can be computed from MAD type of output, this allows comparison with ragitig results. The following
formulae hold.
Imperfection, thin lens approximation :

_1+1G cos(vGa;) o
Jn - o Eonles { sin(’yGai) (KL)lZCOJ (8)

with a; cumulated bend angle,,; the closed orbit amplitude, at quadrupoleith strength(K'L);.
Intrinsic, thin lens approximation :

1+1G cos(YGa; £ ;)
i = . .
Jn = . Zonles { Sin(vGai + 1/)1) (KL)ZW (9)
with
0;
ds ;o o
7/’1:/ /37, + S|gnf0r"}/G—i-I/Z—7’1,:07 — S|gnf0r,.yG_VZ_n:0
0 z

and(K L); strength of quadrupolelocated ab;.



3 INVENTORY OF SPIN RESONANCES, INCLUDING SPIN TRACKING RESULTS 12

3 Inventory of spin resonances, including spin tracking results

Two inventories of the intrinsic resonances are given in Tables 2, 3 respectively, below. They include the numer-
ical value of the resonance strengths as obtained for the numerical ray-tracing, in both dynamic (crossing) and
static cases. The difference between both (a factor 3-4) remains to be elucidated.
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3 INVENTORY OF SPIN RESONANCES, INCLUDING SPIN TRACKING RERTS
3.1 Intrinsic resonances
Table 2:Intrinsic resonances.. = 8.76346, M = 12 superperiodsA? = % ‘J;"Q.
Intrinsic resonances, systematid/ + v., M = 12, classed by energy.
kM +v. G kin. E Bp e A2 A sl | Finalp. |4
(GeV) (Tm) (079 (107%  (10°) | MAD ZGOUBI (dyn)  —(kM)?|
dyn.  stat®
?
0 +gz 8.76345 3.64801 14.9746 0.0017 0.0071 0.200  3.5357625 100.0 390 | 0.9858 307
0.01 0.0357 1.003 3.5731 100.3 0.9298
0.017 | 455
0.05 0.1788 5.020 3.5765 100.4 0.6725
0.2 0.7467 2.096 3.7338 104.8 -0.0522
24 -qz 15.2365 7.03564 26.4134 0.1 0.0011 0.0295  0.1050.30 0.30 | 0.9979 269
12 +qz 20.7634 9.92811 36.1110  0.01 0.0026 0.072 1.28289 37 163
12 +qz 20.7634 9.92811 36.1110 0.1 0.1290 3.621 1.2897 37 0.7590
12 +qz 20.7634 9.92811 36.1110 2 2.5431 7139  1.2[716 37 -0.8428
36 -qz 27.2365 13.3157 47.4432  0.05 0.5494 15.42 1098920 309 | 0.1545 989
24 +qz 32.7634 16.2082 57.1088 2 0.0737 2.070  0.0868.90 1.04 0.857 269
30 1.0113 28.39  0.033 0.95 -0.269
48 -qz 39.2365 19.5958 68.4229  0.125 0.0463 1299 0370490 [104]? 27 | 09095 1997
0.25 0.0986 2.768 0.394 : 0.812
0.5 0.1913 5.370  0.382 10.7 0.6515
1 0.3895 10.94 0.389 10.9 0.3545
2 0.8073 22.67 0.403 11.3 30 | -0.1078
36 +qz 447634 224883 78.0800 0.0001 0.0066 0.186 66/11®50 1856 0.9868 989
0.002 0.1329 3.733  66.48 1937 4997 | 0.751
0.02 1.4318 40.19  71.59 2010 5560 | -0.522
60 -qz 51.2365 25.8759 89.3879 | 73400 \ 3293

(a) Emittances in static case may slightly differ from that given in thé#’ column, exact values can be found in Sec. 5.

ZGOUBI , data obtained using :

MAD , data obtained using :

141G
4

JE =

n

2onles {

cos(yGay; £ )
sin(vGa; £ 1)

}(KL)M/W

9948y,

BBoP

Sz

A
NON Ao

3400

M n- max

or

Part#  a1-

3500 3600

* Xi ng O+nu

Hor _: 3398 0
40000 3

3700

aoo0s,
Crmt#

o i Ver.
s

S, =1/ +|J.|2/A2), A=~+G—(nx M —v,)
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3.2 Imperfection resonances

A closed orbit is excited using a vertical kicker (DVCAO02) ; the fourth column in Tab. 3 gives the maximum
amplitude of the resulting closed orbit around AGS.
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Table 3: Closed orbit resonances.
7G  kin.E Bp 2 A? | |? A2 )32 | Jn|?/ 22 Final P,
(GeV) (T.m) (mm) (07?) MAD  Zgoubi
dyn.

5 1.678437 8.147990
6 2.201779 9.995557
7 2.725121 11.81217
8 3.248463 13.61023
9 3.771804 15.39624 .139 4.75

2.77 1.224737 3.4381555 159618 4.48 -0.412
10 4.295146 17.17396
11 4.818487 18.94571
12 5.341830 20.71305 13.84 0.6379532 1.7909011 3330.031 0.094 | 0.05674
13 5.865171 22.47699 13.84 0.5469143 1.5353313 2855.019 0.080 | 0.15745
14 6.388514 24.23830
15 6.911855 25.99749
16 7.435197 27.75499
17  7.958539 29.51107
18 8.481881 31.26600
19 9.005222 33.01994
20 9.528564 34.77305
21 10.05191 36.52545
22 10.57525 38.27723
23 11.09859 40.02848 13.84 1.734326 4.868705 905431082 0.25 -0.6468
24  11.62193 41.77927
25 12.14527 43.52964
26 12.66861 45.27966
27 13.19196 47.02935 1.384 0.8763353 2.460102 4575071.3 12.8 | -0.167355
28 13.71530 48.77875
29 14.23864 50.52790
30 14.76198 52.27681
31 15.28532 54.02551
32 15.80867 55.77403
33 16.33201 57.52238
34 16.85535 59.27057
35 17.37869 61.01860
36 17.90203 62.76652
37 18.42537 64.51430
38 18.94872 66.26198
39 19.47206 68.00956
40 19.99540 69.75704
41  20.51874 71.50443
42  21.04208 73.25175
43  21.56543 74.99899
44  22.08877 76.74614 9.0
45 22.61211 78.49324 0.028 68.3 0.99596

0.275 0.2047056 0.57466214 2706852 76.0 0.62962
46  23.13545 80.24029 4.3

MAD , data obtained using :
1+~G cos(vGay
Jn: 27:/ Zonles{ sm((:nya:)) }(KL)iZco,i (10)
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| built a “Xing factory” from all that material, applicable to AGS and RHIC :

e Starting from a MAD/TWISS file, _
a sheet is produced, which containing strengths, vertloakd orbit etc. :

n +/-Qz Jn"2/zma"2 Nn"2/eps_z/pi, zmax vkick 2pi-2pi

0 +8.7648 0.0 127.3933 0.0000E+00 0.0000E+00 0.2032E-10
12 +8.7648 0.0 39.2391 0.0000E+00 0.0000E+00 0.2032E-10
24 -8.7648 0.0 0.3019 0.0000E+00 0.0000E+00 0.2032E-10
24 +8.7648 0.0 0.9011 0.0000E+00 0.0000E+00 0.2032E-10
36 -8.7648 0.0 321.0361 0.0000E+00 0.0000E+00 0.2032E-10
36 +8.7648 0.0 1937.6307 0.0000E+00 0.0000E+00 0.2032E-10
48 -8.7648 0.0 4.87452 0.0000E+00 0.0000E+00 0.2032E-10

Strengths from lattice functions are computed using thalegdhin-lens modelling :

- closed orbit :(.J,,/2) = E2E 50,01 { Sfiggsl)) } (KL)iZeoi | 2

SR, cos(vGa; £
-intrinsic : (JF/\/e./7) = %EQPO!&S{ sin((yGoz,-i@/}i)) }(KL)M/BZ,i
Note that the long combined function AGS bends need be spbt4 pieces at least so to get the
strengths in that table converged.

e Takingn + v, from that sheet, and including in addition working condigdor the tracking,

- under the form of a template zgoubi.dat file obtained fromD#anslation,

- with specific values fol/, ¢, etc.

then Zgoubi will perform a scan of all resonances, one dftether.

Initial particle conditions are taken to be :

- closed orbit 2., = V81076 /(J,,/Zc0)

-intrinsic 1 ¢, /7 = V8107%/(J,/¢,)

with v/810-6 in there just becaus‘éexp(—g%) — 1~ 0.5 (givena ~ 4.41107°) is a convenient
value for appropriate accuracy when drawjngp; from the tracking data.

The distance\ upstream of the resonance where to start from is given bynis of J,,)

A/|Jn| = Sz/ V - S,g

taking for instances, = 1 — 1074, which translates into a number of turns usif@ = A + (n £ v,)
and the acceleration ratéf’ per turn.

This tool produces the typical following table :

& Energy & Qz & e zlpi & p_init & p_final & [I_n[2 & |d_n|"2/ez P\

& (GeV) & & (le-6) & & & (le-6) & ZGOUBI & MAD \\
0+Qz & 4.2359 & 0.76345 & 3.604E-02 & 1.000 & 0.7434 & 3.855 & 10 70 & 1274
12+Qz & 10.516 & 0.76345 & 0.123 & 1000 & 06995 & 4571 & 37.15 & 39.24
24-Qz & 7.6222 & 0.76490 & 15.8 & 09994 & NARORA 2 AR74 R 0.29 & 0.3019
24+Qz & 16.796 & 0.76331 & 5.42 & 0.9972 (oo 121 & 0.9012
36-Qz & 13.902 & 0.76346 & 1.516E-02 & 1.000 & =l 3 054 & 321.0
36+Qz & 23.076 & 0.76346 & 2.537E-03 & 1.000 & i 1 906. & 1938.
48-Qz & 20.182 & 0.76343 & 1.01 & 0.9992 & E - 11.24 & 4.875

i

which includes provision for comparison M
between MAD and output data.

Tunes and emittances are “measured” in the vici
of the crossing gamma, namely, considering a fe

hundred turns arounth £ v.) / G.

Mh

n{l\i“‘\‘

This tool also produces a “control panel” :
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4 Tracking through resonances

4.1 Intrinsic resonances

411 ~G =v,(3.648013 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing O+nu
'OBJET’
14.12163e3
8

1 1 1

-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. P
-1.588 19.843 0.

1.033 11.675 0.01 to 0.2e-6 =epsilon_z/pi

0 1 0.

'SCALING’

1 2

MULTIPOL SBEN

-1

14.12163

1

MULTIPOL QUAD

-1

14.12163

1

'PARTICUL’

938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
'CAVITE’

2.1

807.043778118095  12.

290.d3 0.5235987755982988731 9cavitiesx32kV, phi_s=30d eg

'MARKER' #End

'REBELOTE’

4199 0.2 99

'END’

From zgoubi.res :

Particle  properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285
Reference data :
rigidity (kG.cm) : 14121.6
mass (MeV/c2) T 938.272
momentum (MeV/c) : 423356
energy, total (MeV) © 4336.29
energy, kinetic (MeV) :  3398.01
beta = v/c : 0.9763099040
gamma : 4.621565007
beta * gamma : 4.512079688
Strengths
From Figs. 10-23 one gets
ez/ﬂ' A? |Jn’2 A2/€z/7r |Jn|2/ez/77 Pinit Pfinal
(1079) (1079)
0.01 0.0357308 1.0030567 3573080 100.3057 1 0.9298
0.05 0.1788277 5.0201593 3576553 100.4032 1 0.6725

0.2 0.7467644 2.0963627 3733822. 104.8181 0.9999 -5.22E-02

17
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7G = v, (3.648013 GeV) ¢, /7 = 0.01 1076
Control screen

‘gourLl ggor s= vs Ki nEnr « M) 7
oO. 99 ﬁ E
o. o \1 E
o. 97 ! 3
o. og | .
o. o5 E
o. o jh E
o. o= MMWWWWWWWMWW E
o. o2 i %
o. 91 U E

300 =500 =600 =700 =800 =500 aooo
had ><i Nng O-+nNnu
M - ma Y\ 3. I98E+O03 4. QOO7E+O03/ o. 99a 1. 00
Par t # a - 40000 (*) H Lnmt # a; PpPass# a- 4200; <
Figure 10:S. versus kinetic energy.
1g9§8ipl ggop Sz vs Ki nEnr « MeVv)
D. 93¢ | ]
o, o=d Lt L kL 1NN ‘ I
o o i
D. 92 H
D. 929k ’ | ”wvulw ' k
D. 92 ! FEEIEET V ! ]
O. o292 ]
3950 3960 3970 3980 3990 a000
hed Xi ng O+nu
M- ma H/ O\ 3. 949E+O03 4. QO7E+03/ o. 929 Q. 931
Par t # 1- 40000 (*) H Lt # a; pass# ***- 4200;
Figure 11: Zoom on finab.,.
‘gouki| ggor ' (rad) vs. (rad) vs. z (m

983

. 000

gouLl ggor
-4

2: 3
. 0004983 Rz
. 0004983 e

0.0
. 000

e

242

. 0004

0.3

-.006432-.006432-.006432-.006432-.006432 -.0003 -.0002 -.0001 O.O0
* Xi ng O+nu * Xi ng O+nu
Eps/ pi Bet a, Al gha: 1.5104E-15 19. 6 -1.57 Eps/ pi Bet a, Al gha: 4. 6559E-0
M-nma H V: -6, 432E- 03 -6, 432E- 03/ -4.983E-04 -4, 983E-0: M - na H -3.413E-04 3.411E-04
Part# 1- 40000 (*) ; Lmmt# 1; pass# 2- 4200; < Part# 1- 40000 (*) ; Lmi# 1
1 - 1 i)
Figure 12:x-x’ and z-z'.
'g?ggipl_ éBopP dp/ p vs. Phase (rad)
0.5236 0.5236 0.5236 0.5236 0.5236 O0.5236
* Xi ng O+nu
M-ma H V: Q. 524 0. 524 / -2.138E-13 7. 312E- 1(
Part# 1- 40000 (*) Lt # 1; pass# 2- 4200; 2

Figure 13:dp-phase.

18
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G = v, (3.648013 GeV) ¢, /7 = 0.051076
Control screen

:ggiégipl 880‘3 s= vs . Ki NnEnr [GL% =2
- N E
o. 95 y =
o. o :
o. 85 :
o. s 3
o. 75 :
O. 65 E|
o. & :
3400 3500 3600 : 3700 3800 3900 4000
had ><i Nng O-+nNnu
M- ma /W 3. 398E+03 4. OO7E+03/ o. 557 1. OO
Par t # a - 40000 (*) H Lnmt # a; PpPass# =2- 4200; <
Figure 14:S. versus kinetic energy.
1g9§8ipl ggop Sz vs. Ki nEnr « MeVv)
0. 675 .
o. 67 I '\uh'”l L L lu |,
O. 67
O. 67
o.67 It P '”” JUGRICATIC i 1 e
o 67# ]
3950 3960 3970 3980 3990 4000
hed Xi ng O+nu
M -ma H/ \/: 3. 949E+03 4. OO7E+03/ 0. 669 676
Par t # 1- 40000 (*) H Lt # a; pass# ***- 4200;
Figure 15: Zoom on finab.,.
goupl! ggor Y (rad) vs. Y gougi! EBQPW z (rad) vs. z (m
. 0004983 R g
. 0004983 E— 4 ( Mg
= H\‘Hr‘
e
iy
0004083 -3
) 0.0
0004983 =5
. o =
ity =4
. 0004984} B4
AL -4 AT W
-.006433 -. 006433 -.006432 -.006432 -.006432 -.0006-. 0004-. 0002 0.0 0. 00020. 00040. 0006
* Xi ng O+nu * Xi ng O+nu
Eps/ pi, Beta, Al pha: 4. 2569E- 15 18. 4 -1.49 Eps/ pi, Beta, Al pha: 2. 3280E- 08 11.7 1,03
8 8
M-ma H Vi -5, 433E-03 -6, 432E-03/ -4.984E-04 -4, 983E-0¢ M -nma H V: -%7. 633E-04 7.640E-04/ -9.385E-05 9. 383E-0!
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 4200; <« Part# 1- 40000 (*) ; Lmmt# 1, pass# 1- 4200; 2
H . 1 1
Figure 16:x-x’ and z-z'.
'g?ggipl_ éBopP dp/ p vs. Phase (rad)
2
0.4
Eés |l ‘ i
0. J i
&Ly i i !
_é?' ‘ i |
i
27 o
-0 3 .
-0 4 “M“ w”‘
= ! 1 R
-0. 16 “3”3‘ RRERN
0. 5236 0.5236 0.5236 0.5236 0.5236 0.5236
* Xi ng O+nu
M-ma H V: 0.524 0. 524 / -1.802E-08 -1.550E-1:
Part# 1- 40000 (*) ; Lmt# 1; pass# 2- 4200; 2

Figure 17:dp-phase.
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G = v, (3.648013 GeV) ¢, /7 = 0.210°°
Control screen

gourbl ggop Sz vs. Ki nEnr (Mev)
1 —
»“ ]
0.8 ; ]
0.6 1
0.4 y
0.2 .
0.0 |
- . 2 ]
3400 3500 3600 3700 3800 3900 4000
* Xi ng O+nu
M Nn- max. Hor . : 3398. O 4006. 9 ; ver . : - 0. 34494 1. O000
Par t # 1- 40000 (*) ; LMt # 1; pass# 1- 4200;
Figure 18:S. versus kinetic energy.
;ggggipl_ 68°p S{ vs. ‘Passf# goupy | ggop Sz vs. Pass#
Rt PO
. AT AR A T T TORRY 1 T
oo g 11
.. 048]l ‘ ‘
0. 9998 BRI -0
-.05
0. 9997 | i -.05
| -. 058
0. 9996 \ .05 ‘
1| A
-.0
Q5
0.9995 100 200 300 400 500 600 700 800 900 1000 3700 3800 3900 4000 4100 4200
* Xing O+nu * Xing O+nu
M n-max, Hor.: 1.00000@000.0 ;1966.0 0.999%¥6r 1: 00009995( M n-max, Hor.: 3700 4200 ; Ver.: -6.139E-02 -4.302E-02
Part# 1- 40000 (*) ; Lmt# 1, pass# 1- 1000; Part# 1- 40000 (*) ; Lmt# 1, pass# ***- 4200;
Figure 19: Zoom on initial, . Figure 20: Zoom on finab,.
‘goubi | ggop Ki nEnr (MeV) vs. Pass#
20006F =
: ]
3900 o :
: — :
3800
L / ]
r 7 ]
3700 = 1
r L h
3600} ]
3500 - ]
L // ]
L / ]
3400
500 1000 1500 2000 2500 3000 3500 4000
* Xi ng O+nu
M nNn-max. Hor.; 1.00 4200 ; Ver.: 3398.0 4006.9
Par t # 1- 40000 (*) ; Lnt # 1; pass# 1- 4200;

Figure 21:Kinetic E versus turn number.
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G = v, (3.648013 GeV) ¢, /7 = 0.2107°

;gg;ggip]_ 5§op Y (rad) vs.

«(m

OO OGO oeemrhnris o e I i PRI i

0004
0004
0004
0004
0004
0004
0004
0004

T

T

Eps/ pi , Bet a, Al
M N- max. Hor . : - 6.
Par t # a- 40000 (

*)

)

;g?ggipl_580p N ’ (r ad)

T T TTT

o

3 i i e
- . 0015 - . 001 - . O005 O.
* Xi ng O+nu
Eps/ pi , Bet a, Al pha: Q. 62
N- max. Hor . : — . 551 E- 03 1.
Par t # a- 40000 (*) ; Lnmt #

B S e Lty A e sl foonreegenreeapareaangeceny fereeagrerea g ngeeeee foeeeese

0. 5236

. 52359 O.
; Lt #

Figure 24:dp-phase.

21
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Testing possible effect of betatron phase

7 particles evenly spread an/7m = 0.2 mm.mrad invariant are launched : no observable difference in spin
dynamics.

gg_gte)'pl- 680p Sz F\ vsS. Ki nEnr (MeVv)
0.8
O. 6
0. 4
0. 2
O0. O
-. 2 :
i ]
3400 3500 3600 3700 3800 3900
* Xi ng O+nu
M Nn- max. Hor . : 3. 398E+03 3. 934E+03; Ver,.: -3.221E-01
Par t # 1- 40000 (*) ; Lt # 1; pass# 1- 3698;

Figure 25:S, versus kinetic energy, 7 particles evenly spread.gm = 0.2 mm.mrad invariant.
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412 ~G=24—v,(7.82892 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 24-nu. Data generated by geneZGDat4Xing
'OBJET’
25.92623852d3
8
1 1 1
-0.64319816e-2 -0.49829722e-3 0.0 0.0E+00 0.0E+00 1.
-1.588 19.843 0.
1.033 11.675 .le-6
0 1 0.
'PARTICUL’
9.382720300E+02 1.602176487E-19 1.792847400E+00 0. 0.
'SPNTRK’
3
'FAISCEAU’
'SCALING’
1 2
MULTIPOL SBEN
-1
25.92623852
1
MULTIPOL QUAD
-1
25.92623852
1
'PICKUPS’
1
#Start
'SPNSTORE’
b_zgoubi.spn  #Start
1

'FAISTORE’
b_zgoubi.fai #End
1

'MARKER’  #Start

'MARKER’ MARK BSUPERA

'MULTIPOL’" SBEN Al1BF

0 .Dip

200.6554 10.00 0.11712499  0.04848519 -0.00050563 0.0 0.0 O
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

'CAVITE’
2 1
807.04377811810 12.00
2.90000000E+05 2.617993877991E+00
'MARKER'  #End
'REBELOTE’
2500 0.2 99

Strengths

.0 0.0 0.0 0.0 0.0

€)™ A? | |? A%/e,

(1079) (1079)
0.1 1.050547E-03 2.94915967E-2

10505

‘Jnlz/ﬁz/ﬂ' DPinit

0.29491597

1.

Pfinal

0.997900

23
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7G =24 — v, (7.82892 GeV) ¢, /7 = 0.1107°

. %99ubipl_ %Bop sS= vs. Ki NnEnr M)
D. o995 “\\

0
0
0
-

0

0

0
7Y

°
0
0
m
P

\ f\ T YYTTIYIAT
I

7000 7 OS50 7100 7150
> #H# COORDI NATES - STORAGE FI LE, 27- Sep- 10 10: 56

?

M -ma H/ \/: S. 963 E+03 7. 181E+03/ O. 997 1. 00
Par t # - 5000 (*); Lt ## a; pass# 500- 2000, I

Figure 26:S. versus kinetic energy.

Zgoubi| ZgoP sz vs. KinEnr (MeV) Zgoubi | ZgoP sz vs. KinEnr (MeV)

] | g i ool ,
7’ o. 9 i“ ﬂ i) | “

| [ eI L

A A || AV‘ | | | |

* # COORDI NATES - STORAGE FI LE, 27-Sep-10 10: 56 * # COORDI NATES - STORAGE FI LE, 27-Sep-10 10: 56

0. 998 0. 998
pass# 2300- 2501, |

0. 99%

PP PP PR R PR RFP

3

H V:

. 891E+
1 *

6 03 6. 963E+03/ 1.00 1.00 M-ma H V: 7. 224E+03 7. 253E+03/
5000 (*); Lmmt# 1; - Lt # 1;

pass# 1- 500, | Part# 1 5000°C*);

T
5=
5
3t

Figure 27: Zoom on initial. . Figure 28: Zoom on finab .

%9oubr[%800 _ z (rad) vs. z (m

000 Zgoubi| Zgop v (rad) vs. Y (m
. %37

. 00049

. 000498

[

. 000

. 000

-. 0001

o

e

. 0004984
-.006433 006432 006431. 00643 . 006429. 006428. 006427 -.001 - . 0005 0.0 0. 0005 0. 001
* # COORDI NATES - STORAGE FI LE, 27-Sep-10 10: 56 * # COORDI NATES - STORACGE FI LE, 27-Sep-10 10: 56

Eps/ pi Bet a, Al Bha: . 8770E- 08 1. 1694E+01 1, 0332E-

-ma H Vv - H Vs - 1. 0O8DE- 03 . 080E-03/ -1.328E-04 1. 328E-0¢
Part # 1- *); L 1; pass# 1- N

4
433E-03 -6.427E-03/ -4.984E-04 _-4.979E-0: M 1
* Lnmt # 1; pass# 1- mt #

-6,
5000 (*); 2501, [ Part# 1- 5000 (

Figure 29:x-x’ and z-z'.

vs. Phase (rad)

0'02.618 2.618 2.618 2.618 2.618 2.618 2.618

* # COORDI NATES - STORACGE FILE, 27-Sep-10 10: 56
M-ma H V: 2.62 2.62 / 1. 740E- 12 2. 612E- O¢
Par t # 1- 5000 (*); Lmmt# 1; pass# 1- 2501, |

Figure 30:dp-phase.
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413 ~G =12+ v, (7.82892 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 12+nu. Data generated by geneZGDat4Xing
'OBJET’
35.38271465d3
8
1 1 1
-0.64319816e-2 -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. P’
-1.588 19.843 0.
1.033 11.675 .le-6
0 1 0
'PARTICUL’
9.382720300E+02 1.602176487E-19 1.792847400E+00 0. O.
'SPNTRK’
3
'FAISCEAU’
'SCALING’
1 2
MULTIPOL SBEN
-1
35.38271465
1
MULTIPOL QUAD
-1
35.38271465
1
'PICKUPS’
1
#Start
'SPNSTORE’
b_zgoubi.spn  #Start
1

'FAISTORE’
b_zgoubi.fai #End
1

'MARKER’  #Start

'MARKER’ MARK BSUPERA

'MULTIPOL’" SBEN Al1BF

0 .Dip

200.6554 10.00 0.11712499 0.04848519 -0.00050563 0.0 0.0 0 .0 0.0 0.0 0.0 0.0

0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.
1455 22670 -6395 1.1558 0. 0. O.

0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

1455 22670 -6395 1.1558 0. 0. O.

0.0.0 0.0 0.0.0. 0.

20|200120  Dip AlBF

0.00000000000000 0.00000000000000 -1.175115045000000 E-002

P wHoNMONO

2 1
807.04377811810 12.00
2.90000000E+05 2.617993877991E+00
'MARKER'  #End

'REBELOTE’
3000 0.2 99
Strengths
62/77 A? |Jn|2 A2/€z/7r |Jn|2/€z/7r Pinit Pfinal
(1076) (1076)

0.002 0.00256527 0.07201394 1282637 36.006969 1. 0.994876
0.1 0.12897037 3.62053515 1289703 36.205349 1. 0.7590
2 2.5431926 71.3940608 1271596 35.697029 1. -0.842770
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26

7G =12 + v, (7.82892 GeV) ¢, /7 = 0.0021076

K

PR PR PP PRPPREP

=3

Figure 35:dp-phase.

4. %99§glpl_ Ber s= vs Ki nEnr VM)
o. 999 \\ =
oO. 998 \ E
O. 99F \ 1
O. 996 1
o. o995 \LM VWWWMWWMMWWMW d
o. o94a U ! =
:3 |
. 99 9750. 9850. 9950. JE—QAE)S
bl H# COORDI NATES - STORAGE FI LLE, 27- Sep- 10O 10: 231
M -ma H/ Q. 711E+03 1. O1LS5S5E+04/ O. 993 1. 00
Par t ## - 5000 ™) ; Lt # a; pPpass#+ - 3001, [
Figure 31:5, versus kinetic energy.
29°88pl T80 sz o YS- KinEnr  (MeV) ‘ Zgoupil 7gor  se vs. KinEnr  (MeV)
LI AT T \
0. 995 |
0. 994 M il I A l Il A pl} ﬂ
LR R \ ’ (U
P \,{ 0. 99 l | V I
[T E U v v
FH 0. 9948 | i
9720 9730 9740 9750 9760 9770 9780 lE ZiLZ EQQ(ZS lE ZiL3 1E92t35 1E+o£i|‘4 1E92t45
* # COORDI NATES - STORAGE FI LE, 27-Sep-10 10:21 COORDI NAT ORAGE FI LE, 27-Sep-10 10: 21
ma H V: 9. 711E+03 9. 783E+03/ 1.00 1.00 M-ma H V: 1. O12E+04 1 015E+04I 0. 995 0. 995
t# 1- 5000 (*); Lrmmt# 1) pass# 1- 500, | Part# 1- 5000 (*); Lmm pass# 2800- 3001, |
Figure 32: Zoom on initiab, Figure 33: Zoom on finab,
Zgoubi | Zpop Y (rad) vs. Y 5 z ()
. 000 ‘eo 18 2
T
. 0004983 23 w
-
‘ .
g:8
0004982 0.0
-
0.5 "
A k s iy
i o, "y
o84 o
- 0004983 041 \
: S =¥ a o
-.006432 -.006432 -.006432 -.006432 -.00015 -. 0001 - Z_).45 0.0 . 0. 0001 0. 000
* # COORDI NATES - STORAGE FI LE, 27-Sep-10 10:21 *# (mQIDI NATES - STORAGE FILE, 27-Sep-10 10:21
Eps/ pi Bet a gh H 9. 7813E-10 1. 1693E+01 1. 0335E
M-ma H V: - 6. 432E-03 -6.432E-03/ -4.983E-04_-4.983E-0: M - V: 1. 527E-04 1. 527E-04/ 1. 878E- 05 1. 878E- 0!
Part# 1- 5000 (*); Lmnt# 17 pass# 1- 3001, [ Part# 1- 5000 (*); Lmit# 1 pass# - 773001, |
1 . 1 ’
Figure 34:x-x’ and z-z'.
Z904bi | #goP  dp/ p vs. Phase (rad)
0.0 &5 ‘ T ‘
2
-0..4
-'8
I=X:)
_[Ec—)'
) \ |
27
|
2.618 2.618 2.618 2.618
* # COORDI NATES - STORAGE FI LE, 27-Sep-10 10:21
M-ma H V: 2.62 2.62 / -1, 129E— 08 1 526E- 1¢(
Par t # 1- 5000 (*); Lmmt# 1; pass 3001, |



4 TRACKING THROUGH RESONANCES

7G =12+ v, (7.82892 GeV) ¢, /7 = 21076

27

4. %g?%‘é’lpl_ Ber s= vs Pass#
o. 8L \ ]
O. 6 [ =
oO. a F B
o. =2 F =
O. O t 1 1
- - 2 F B
_ a £ \1 3
- . ek A ]
—s HMHMWWWMJ\WWWMWM =
E UUUUU i B
500 T000 1500 j=XeYeYe) >500 3000
= # COORDI NATES - STORAGE FI LE, 26- Sep- 10 23: 37
M- ma Y\ 1. 0O 3. OO1LE+03/ - 1. 00 1. 00
Par t ## - 5000 (el B Lt # a; pPpass#+ - 3001, [
Figure 36:S, versus kinetic energy.
ggpggipligop ‘SZ ‘ vs. ?ass# ‘ ) Szzgfn)gin[ £Ber sz vs. Pass#
0. 99 M\“JHHM 1\\”“. \J ‘nl H‘\“JH”H\ ‘ “ m . 83
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0. 9994 -.855
0. 9993 .8
50 100 150 200 250 300 350 400 2800 2820 2840 2860 2880 2900 2920 2940 2960 2980 3000
* # COORDI NATES - STORAGE FI LE, 26-Sep-10 23: 37 * # COORDI NATES - STORAGE FI LE, 26-Sep-10 23: 37
M-ma H V: 1.00 400. / _0.999 1.00 M-ma H V: 2. 800E+03 3. O00E+03/ - 0. 861 -0.825
Part# 1- 5000 (*); Lmmt# 1; pass# 400, [ Part# 1- 5000 (*); Lmmt# 1; pass# 2800- 3000, |
Figure 37: Zoom on initial. . Figure 38: Zoom on finab.
zgodbilfgoP v (rad) vs. Y m Zgoupyi zgor = (rad) vs. z (m
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* # COORDI NATES - STORAGE FILE, 26-Sep-10 23: 37 * # COORDI NATES - STORAGE FILE, 26- Sep-10 23: 37
M-ma H V: _-6.457E-03 -6, 423E-03/ -5. Q05E-04_-4.973E-0: M-ma H V: _-4. 829E-03 4, 828E-03/ -5.937E-04_ 5. 939E- 0«
Part# 1- 5000 (*), Lmmt# 17 pass# 1-77 3001, [ Part# 1- 5000 (*); Lrmnt# 1) pass# 1- 773001, |
H B 1] ’
Figure 39:x-x’ and z-z'.
vs. Phase (rad)
B:-8F 7 ;
g
- N
Raf
0.0 . N
2.618 2.618 2.618 2.618 2.618 2.618 2.61¢
* # COORDI NATES - STORAGE FILE, 26- Sep-10 23: 37
M-ma H V: 2.62 2.62 / -1.039E-07 4. 226E- O¢
Par t # 1- 5000 (*); Lmmt# 1; pass# 1- 3001, |

Figure 40:dp-phase.



4 TRACKING THROUGH RESONANCES

41.4 ~G =23+, (15.68487 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 23+nu

'OBJET’

54.92333e3

8

1 1 1
-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. p’
-1.588 19.843 0.
1.033 11.675 10e-4
0 1 0.
'FAISCEAU’

'SCALING’

1 2

MULTIPOL SBEN

-1

54.92333

1

MULTIPOL QUAD
-1

54.92333

1

Strength

No visible resonance, ~ 1, V G+, up to unreasonable V emittances...

28



4 TRACKING THROUGH RESONANCES 29

415 ~G =24+, (16.20822 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 24+nu

'OBJET’
56.67175e3

8

1 1 1

-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. p’
-1.588 19.843 0.

1.033 11.675 30e-6 to

0 1 0.

'FAISCEAU’

'SCALING’ 3
1 2

MULTIPOL SBEN

-1

56.67175

1

MULTIPOL QUAD
-1

56.67175

'CAVITE’ 85 86
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20

807.043778118095 12.

290.d3 2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg

Strengths

62/77 A? |Jn‘2 142/6,2/7r ’Jn|2/5z/7r Dinit Pfinal
(1079 (107)
30 1.011348 2.83912 33711.59 0.9463723 0.987 -0.2690
2 0.0737230 0.20696 36861.53 1.034799 0.999 0.857



4 TRACKING THROUGH RESONANCES

7G = 24 + v, (16.20822 GeV) ¢, /m = 2107°

30

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
O 9.:7 »\\ ]
o. of y
: \ Ah | ] i
o. 85 U" I le (A b wl‘\‘ ‘HH‘ | H‘ ‘M TS A | I 2 AT
o. 8 [ V .
=845 1=e 1=£ l=e4°>
hal ><i Nng 24a4+nNnu
M - ma HY O\ 1. 6O08SE+04 1. 651E+04/ o. 790 1. OO .
Par t # - 40000 (Gl H LMt # a; PpPass# a- 3000; 2
Figure 41:5S, versus kinetic energy.
gfj’_gg'p! 680‘) Sz ‘ ‘ Vvs. ‘Ki nEnr (MeVv) ‘ ‘goubil ggor Sz vs. Ki nEnr (Mev)
0. 87 l
0. 99
0. 86 W[] I \ !
CL L
0. 85 | i I
0. 20 WL
A ol | Ik
0. 99 0. 845 W LSRR A }
TBPe B8PS L5 Bl B 813 efi4 545 e8A7 =
* Xi ng 24+nu * Xi ng 24+nu
M-ma H V: 1. 608E+04 1. 615E+04/ 0.998 1. 00 M-ma H V: 1. 644E+04 1. 651E+04/ 0. 840
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***-
Figure 42: Zoom on initial. . Figure 43: Zoom on finab .
‘goubi| ggop Y (rad) vs. Y (m ‘goubll ggop z (rad) vs. z (m
0. 0op =
. 000498
0. 005 ( -
. 0004985 0. oo}\\ i
/ 0. 005 Mg
. 000499 e,
0.0 :
AN .,
-. 0005 X
. 0004995 > e, ~,
o -. 00k &
_ ) 5
-. 00 .. 0015 2
-.oog e
- . 006455 - . 00645 -.006445 -. 00644 -. 006435 -. 0064 ~.015 -.01 -.005 0.0 0.005 0.01 O0.015
* Xi ng 24+nu * Xing 24+nu
Eps/ pi Bet a, Al 9ha: 2. 7750E-12 16. 1 -1,33 Eps/ pi Bet a, Al Eha: 1. 4783E- 05 11.7 1,03
= T -b.457E-03 -6 430E- 03/ -5.005E-04 -4.977E-0« M -nma H V: -1 871E-02 1.871E-02/ -2.300E-03 _2.301
Part# 1- 40000 (*) ; Lmmt# 1, pass# 1- 500; Part# 1- 40000 (*) ; Lmnt# 1, pass# 1° 3000;
H B 1] ’
Figure 44:x-x’ and z-z'.
‘goubl | ggop dp/ p vs. Phase (rad)
EL g .
AN
\\\4, e
S
B8
7.618  2.618 2.618  2.618  2.618
* Xi ng 24+nu
M-ma H V: 2.62 2.62 / -1.240E-08 2. 457E- O¢
Par t # 1- 40000 (*) Lt # 1; pass# 1- 2182; :

Figure 45:dp-phase.

gpl

0. 874
3000;



4 TRACKING THROUGH RESONANCES

G =24+

v, (16.20822 GeV) ¢, /7 = 30106

31

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
o. 8 ¢ =
O. 6 =
o. at 1
o. 2t =
O. o - q
_.act Ur i ; j
-- 64 L i ; =
=845 l=er°> 1=£ l=e4°>
hal ><i Nng 24a4+nNnu
M -ma Y/ O\ 1. 6O08SE+04 1. 651E+04/ - O. 670 1. 00 B
Par t # - 40000 (Gl H LMt # a; PpPass# a- 3000; 2
Figure 46:5S, versus kinetic energy.
'gE:’ngip! §8°oP Sz vs. Pass# 'g?ggip! §8oP Sz vs. Pass#
: . . . . .  aer : T
0. 99
.2 H“ ‘|H‘ ﬂﬂn I HA“ |
" WL
0. 98 — il ‘ i ‘
0.9 -
I RIR{ALA alRLHAWILL N R
0.97
\H‘“ ‘H I \ ‘ - .35 ‘ iR HAA A LA
il Lina I
-. 4
50 100 150 200 250 300 350 400 450 500 1500 1600 1700 1800 1900 2000
* Xi ng 24+nu * Xi ng 24+nu
M-ma H \V: 1.00 500. / 0.966 1. 00 M-ma H \V: 1. 500E+03 2. QOOE+03/ -0. 404 -0.136
Par t # 1- 40000 (*) Lt # 1; pass# 1- 500; Par t # 1- 40000 (*) ; LMmmt# 1; pass# ***- 2000;
Figure 47: Zoom on initial. . Figure 48: Zoom on finab.
‘goubi| ggop Y (rad) vs. Y (m ‘goubil ggtjrf z (rad) vs. z (m
. 00049 0. 008"
. 00095 0. 005 ( 5
-. 00¢ o. oo:\\ i
- 000505 0. 00g5
. 00051 : 0.0 s
e . ..
. 000E15 A . 0005 : .
G . N,
. 00052 L/ -. 00k . ) o
e . PRI A it ¥
. 000525 .. 0015
. 00053~ -.oog g
- . 0068 -. 0067 - . 0066 -. 0065 - . 0064 -.015 -.01 -.005 0.0 0.005 0.01 O.015
* Xi ng 24+nu * Xing 24+nu
Eps/ pi Bet a, Al pha; 6. 3825E- 10 6.6 -1,37 Eps/ pi Bet a, Al Eha: 1. 4783E- 05 11.7 1,03
= Pt 3y 80BEZ03 -8 38485037 -5.323E- 04 -2.870E-0. Mnm H Vi 21 870822  1: 87987027 -2.300E- 03 _2 30%1E-0
Part# 1- 40000 (*) ; Lmi# 1; pass# 3000; Part# 1- 40000 (*) ; Lrmnt# 1, pass#  1- 3000;
H B 1] ’
Figure 49:x-x’ and z-z'.
ig?ggipl, 68oP dp/ p vs. Phase (rad)
b= “4“\
glgl ", o
A I E R N S S S R
2. 615 2617 57619 2. 621
* Xing 24+nu
M-ma H V: 2.61 2.62 / -1.859E-07 _3.696E- 0!
Part# 1- 40000 (*) Lt # 1} pass# 1- 3000; !

Figure 50:dp-phase.



4 TRACKING THROUGH RESONANCES

416 ~G =36—r,(13.31575 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 36-nu
'OBJET’
47.00580e3

8

1 1 1

-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. p’
-1.588 19.843 0.

1.033 11.675 .5e-7 =epsilon_z/pi

0 1 o0

'SCALING’

1 2

MULTIPOL SBEN

-1

47.00580

1

MULTIPOL QUAD
1

47.00580

1

'PARTICUL’

938.27203d0  1.602176487d-19 1.7928474d0 0. O.

'CAVITE’ 85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20

807.043778118095 12.

290.d3 2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg

From zgoubi.res :

Particle properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285

Reference data :
rigidity (kG.cm) : 47005.8
mass (MeV/c2) : 938.272
momentum (MeV/c) : 14092.0
energy, total (MeV) : 14123.2
energy, kinetic (MeV) : 13184.9
beta = v/c : 0.9977907636
gamma : 15.05233592
beta * gamma : 15.01908175

Strength

From Figs. 52, 53 one gets

Pinit ~ 0.9998300, prina = 0.1545000
Eq. 2 yields

A% =0.5494571

| Jn|? = 1.5424697E — 05

86

32



4 TRACKING THROUGH RESONANCES 33

~G = 36 — v, (13.31575 GeV)

‘:gg_gte)ipl- 580p Sz vsS. Ki nEnr (MeVv)

0. 8

0. 6

=225 =3pS 345 e aps
* Xi ng 36-nu

M Nn- max. Hor . : 1. 318E+4 1. 356E+4; Ver . : -1. O57E-01 1.
Par t # 1- 40000 (*) ; Lt # 1; pass# 1- 2568;
Figure 51:S. versus kinetic energy.
goubi | zgop Sz vs. Pass# goubi | Zpop Sz vs. Pass#
| MHTAEH e e
|
0. 99 M “ 0.16 ,,,,,,,,, b L b Ll
RNAN Il
0. .I AN
a6 L2 | I
I LTI
o. 1sER R
oo R
I
0. 1 i‘ ‘ \“ | ‘ ‘
0. 9992 d ‘ ‘ ‘ § §
0. 24 M-t IVWNHM““N\WMH\MWW”W
0. 999
0. 14
50 100 150 200 250 300 350 400 450 500 2000 2100 2200 2300 2400 2500
* Xing 36-nu * Xing 36-nu
Mn-max, Hor.: 1. 500 ; Ver.: 9.989E-01 1.000E+0Q M n-max. Hor.: 2000 2500 ; Ver.: 1.390E-01 1.701E-01
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lt # 1; pass# ***- 2500
Figure 52: Zoom on initial, . Figure 53: Zoom on finab,.
‘goubi | ggopr Ki nEnr (MevV) vs. Pass#
135£3 ]
1350§ f
13455 f
13405 f
13355 f
13306 ]
1325§ f
13200 ]
500 1000 1500 2000 2500
* Xi ng 36-nu
M Nn- max. Hor . : 1. 2. 567E+03; Ver . : 1. 319E+04 1. 356E+04
Par t # a1- 40000 (*) ; Lnmt # 1; pass# 1- 2567;

Figure 54:Kinetic E versus turn number.



4 TRACKING THROUGH RESONANCES 34

~G = 36 — v, (13.31575 GeV)

?gogb' L gBOD (rad) vs. ' (m
OO0 4983~
0004
0004
ooo4
0004
o004 -
SR ~ ; ; ; ; i ]
- . 006433 . 006433 . 006432 . 006432 . 006432 . 006432
> Xi Nng 36- Nnu
Eps/ pl , Bet a, Al pha 5. 8586E- 15 18. 7 - 1. 50
- Hor 433E 03 -6. 4A32E- 03; Vver . - - 4. S84E- 04 -
F’ar t # 1— 40000 ( > ; Lnmmt # a; pass# a- 1170;
Figure 55:x-x".
goubil 58033 =z’ (rad) vs. =

T T — T T T

- . 0006-. 0004- . 0002 0. 0 O. 0O0020. 00040. 0O000©6

Eps/ pi , Bet a, Al pha: 2. 5627E- O8 11. 7 1. 03
N- Nax. Hor . : - 7. 762E- O4 7. 761 E- O4; Vver . : - 9. 547E- 05
Par t # a- 40000 (*) ; Lnmmt # a; pass# a- 1170;

2. 618

>. 618

2. 618

>. 618

2. 618

* Xi ng 36- Nnu
M N- mnax. Hor . 618E+00O 2. 61 8E+0O0O; Vver - 5. 7T55E- 10
Par t # a1- 40000 C*) ; Lnmt # a1; pass# a1- 256

Figure 57:dp-phase.



4 TRACKING THROUGH RESONANCES

4.1.7 ~G =48 — v, (19.59585 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 48-nu
'OBJET’
67.98605€3
8
1 1 1
-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. p’
-1.588 19.843 0.
1.033 11.675 0.5 to 2e-6
0 1 O
'SCALING’
1 2

MULTIPOL SBEN
-1

67.98605

1

MULTIPOL QUAD

-1
67.98605
1

Strength
Eq. 2 yields the results displayed in Tab. 4.

Table 4: Resonance strength for various vertical invariant values.

Ez/ﬂ— A? |Jn|2 A2/6Z/7T ’Jn|2/ez/7‘— Pinit
(x1079)
125 0.04630575 1.2999233E-06 370446.0 10.39939 1
.25 0.09862635 2.7686992E-06 394505.4 11.07480 0.9998
5 0.1913054 5.3704412E-06 382610.8 10.74088 0.9996
1 0.3895315 1.0935165E-05 389531.5 10.93517 0.9993
2 0.8073937 2.2665648E-05 403696.8 11.33282 0.9985

Pfinal

0.9095
0.812
0.6515
0.3545
-0.1078

35



4 TRACKING THROUGH RESONANCES

7G =48 — v, (19.59585 GeV) ¢, /7 = 0.12510~°

36

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
o. osgf v\\ ]
o. o4 \ ]
o. oaf 1
ool s m—————
o. of UUW, .
o. sa \r ]
295 =2 =245 =2
> i Nng 48- Nnu__ =
-ma Y\ 1. 9a7E+04a 1. 988E+04/ o. 875 1. 00 B
Par t # a - 40000 [€halD) H Lrmt # a; ass#H - 2862; z
Figure 58:5, versus kinetic energy.
gfj’_gg'p! 580“) ‘ Sz ‘ vs. Ki nEnr (MeVv) ‘goubil ggor Sz Vvs. Ki‘nEnr (Mev)
n AM ”M “ 0.918B I ey
1. o. o1&l ” | |
> . U A
0.9 I ‘\\"‘ ‘\ u‘ H\
0. 995 LA T
LA o L
0. 9998 | V I 0. 90 : i I“
‘ ! 0. 907 || ‘
0. 9938 I
0. 908 i N
P47 I-pFe -9 .95 15l 152 I pps TOPS  LpA  1ppS  egpe gt
* Xing 48-nu_z * Xing 48-nu_z
M-ma H \V: 1. 947E+04 1. 954E+04/ 1.00 1. 00 M-ma H \V: 1. 983E+04 1. 988E+04/ 0. 905 0.914
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 2862;
Figure 59: Zoom on initial.. Figure 60: Zoom on finab.
gousll ggor Y (rad) vs. Y (m :g9ggblg.§?p z (rad) vs. > m
. 0004983 '
0. 0001
. 0004983 \
e C
. 0004983 .3
. 0004983
0.0
. 0004984
. 0004984 — 9.5
. 0004984
. 00QL
. 0004984
- 006433 -.00643 - 006432 -.006432 —. 001 - . 0005 0.0 0. 0005 0. 001
* Xing 48-nu_z * Xing 48-nu_z
Eps/ pi Bet a, Al pha; 1. 1703E-14 6.4 -1, 35 Eps/ pi Bet a, Al gha: 6. 2252E- 08 11.7 1.03
= T 6. 434E-03 -6, 432E- 03/ -4.984E-04 -4,983E-0- M -ma H V: -i1.207E-03 1.208E-03/ -1.485E-04 1,485E-0
Part# 1- 40000 (*) ; Lmmi# 1; pass# 623; Part# 1- 400007 (*) ; Lt # 1, pass#  1- 623;
1 . 1 ’
Figure 61:x-x’ and z-z'.
ig?ggipl, 68oP dp/ p vs. Phase (rad)
CIEE
Y
"
R:8y
5
|
R g b
g2
5,618 2.618 2.6i8 2.618 2.618 2.618
* Xing 48-nu_z
M -ma H V: 2. 62 2. 62 / 8.321E-13 _1,354E-0
Par t # 1- 40000 (*) Lt # 1; pass# 1- 1229;

Figure 62:dp-phase (1350 turns).



4 TRACKING THROUGH RESONANCES

7G = 48 — v, (19.59585 GeV) ¢, /7 = 0.251076

37

g%gg}_-,l_ sBeP sS= vs Ki nEnr « M=\
o. o5 \\\ ]
o.oF ]
o. a5t ]
o. 8 [
o. 7st
] 2P =2 =215 =2
hal ><i Nng 4a48- Nnu__=
-ma H/ \/: 1. 9a47E+04a A. 990E+04a/ O. 743 1. OO B
Par t # - 40000 Cc*)D H Lt # a; PpPass## a- 3000; 2
Figure 63:5, versus kinetic energy.
gfj’_gg'p! §8opP Sz vs. Ki nEnr (MeVv) ‘goubil ggor Sz vs. Ki nEnr (Mev)
- T T r r 0. 85 m
D. 99 ]l lﬂ‘ MMMM J\ 0. 81 | T -l ‘h ‘ ‘ [ ‘ H
o. 81 i [
0. 99
H 0.81
0. 99 0. 81
0. 9996 H N AR ' | 0.8
0. 80 i T
0. 9995 ‘ ‘ ‘ ‘H ‘
H LA L
0. 9994 0. 80 L ! |
A7 o 00 B9 ISPl =52 efpo 19P5 1ppd 1-9p5 1-Ppe 2P’ =pps Igapo
* Xing 48-nu_z * Xing 48-nu_z
M-ma H V: 1. 947E+04 1. 954E+04/ 0. 999 1.00 M-ma H V: 1. 983E+04 1. 990E+04/ 0. 803 0. 821
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 3000;
Figure 64: Zoom on initial. . Figure 65: Zoom on finab.
'gouL! ggoP v (rad) vs. Y (m 'goubi | ggop - > (m
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. 0004983 0. 000X K -
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. 0004984 ! 0.0
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. 0004984 e 0.
: -. 0001 >
. 0004985 .,
00015
. 0004985 e
-.006435 -.006434 -.006433 -.006432 -.0015 -.001 -.0005 O.O0 0. 0005 0. 001 0.0015
* Xing 48-nu_z * Xing 48-nu_z
Eps/ pi Bet a, Al gha: 4. 5251E- 14 16. 6 -1, 36 Eps/ pi Bet a, Al gha: 1. 2345E-07 11.7 1.03
- g -6, 435E- 03 -6, 431E- 03/ 4. 986E-04 -4. 982E-0: M -nm H V: -1, 707E-03 1. 708E- 03/ 2. 100E- 04 2. 100E- O«
Part # 1- 40000 (*) ; Lmmt# 1, pass# 1- 3000; { Part# 1- 40000 (*) ; Lmmt# 1, pass# 1- 3000;
Figure 66:x-x’ and z-z'.
‘goubl | ggor dp/ p vs. Phase (rad)
3
g8
)
]
%
\“
B:3
g%
5. 618 3618 5618 2.618
* Xing 48-nu_z
M-ma H V: 2.62 2.62 / -1.003E-09 2. 778E- O]
Par t # 1- 40000 (*) Lt # 1; pass# 1- 3000; <

Figure 67:dp-phase.
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vG = 48 — v, (19.59585 GeV) ¢, /7 = 0.510~6

38

g%gg}_-,l_ sBeP sz vs Ki nEnr « M=\
E N 3
o. ost . =
o o :
o es: ]
o s i
o 7s: ]
o. 7 L =
F ¢ 1 =
o. 65 &
o e ]
o. 55 ]
A= ppS 1= 2F5 i-exs i=PPS
hal ><i Nng 4a48- Nnu__=
M -ma Y/ O\ 1. 9a47E+O04 1. 990E+04/ o. 527 1. 00
Par t # - 40000 Cc*)D H Lt # a; PpPass# a- 3000; 2
Figure 68:5S, versus kinetic energy.
gfj’_gg'plgafp ‘ Sz Vvs. Ki‘nEnr ‘(Ne\/) ‘goubil ggor SZ‘ ‘ Vvs. ‘Ki nEnr (Mev)
(I o- eop “
| T mme
0.6 I il R AR Y
0. 99
0. 65
0. 99¢
V 0.6
0. 9992 i i l
B N 0- 64 T
o oob i
0. o4 i Aasiliininin
0. 9988
1947 1988 09 E95 eopl Iefp? oo 123 1992 1 9P5 1 9P6 1-pp7 19 I Ppo
* Xing 48-nu_z * Xing 48-nu_z
M-ma H \V: 1. 947E+04 1. 954E+04/ 0. 999 1. 00 M-ma H \V: 1. 983E+04 1. 990E+04/ 0. 636 0.667
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 3000;
Figure 69: Zoom on initial. . Figure 70: Zoom on finab.
‘goubi| ggop Y (rad) vs. Y (m ‘goubl | ggop _z~ (rad) vs. z (m
. P R R
. 0004982
0. 00Q2
. 0004983 : \\\
: ! 0. 0001 ™
. 0004984 ;
. 0004985 B i 0. 0 fr s
. 0004986 o G . ~ .
SR 000 . X
. 0004987 . : -~ \
: NE -. 0002 I
. 0004988 P
_____ v
-. 006438 -. 006436 -. 006434 -. 006432 -. 002 -. 001 0.0 0. 001 0. 002
* Xing 48-nu_z * Xing 48-nu_z
Eps/ pi Bet a, Al gha: 1. 7765E-13 16. 5 -1, 36 Eps/ pi Bet a, Al pha; 2. 4691E-07 11.7 1.03
= T ~B. 438E- 03 -6, 431E- 03/ -4.989E-04 -4, 981E-0« M -na H V: -2 2414E-03 2. 415E- 03/ -2.970E-04 _2  970E- 0«
Part# 1- 40000 (*) ; Lmmi# 1; pass# 1i- 3000; I Part# 1- 40000 (*) ; Lmnt# 1, pass#  1- 3000; :
1 . 1 ’
Figure 71:x-x’ and z-z'.
‘goubl | ggop dp/ p hase (rad)
g:-8
g-4
g:-3
/
B:8
g:-3
2 618 5. 618 7. 618 2. 618
* Xing 48-nu_z
M-ma H V: 2.62 2.62 / -1.993E-09 _5.625E-0;
Part# 1- 40000 (%) Lt # 1} pass# 1- 3000 !

Figure 72:dp-phase.
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7G = 48 — v, (19.59585 GeV) ¢, /7 = 1076

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
o.o¢f \\ .
o. s L \ ]
o. 7 f =
o. 6 F ]
o. st i =
- L e m————————————
E i A
©- 3¢ | E
o. =2 Ff i E
T - gps ) 1= 975 i-oFs
hal ><i Nng 4a48- Nnu__=
M - ma HY O\ 1. 9a47E+O04 1. 990E+04/ O. 14a=2 1. OO .
Par t # - 40000 Cc*)D H Lt # a; Ppas +# a- 3000; 2
Figure 73:S, versus kinetic energy.
gfj’_gg'p! §8epP Sz vs. Ki nEnr (MeVv) ‘goubil ggor Sz vs. Ki nEnr (Mev)
> . : 0. 3 T - -
o. 99 n o 37 LY \H\ I H i ”
0. 99 { 0.3
| 0.3
o
0. 99§85\l "“H H’”” l, HIHH
O. 34k H‘H\H “ “\“ “
0. 99
0. 33
T387 I8 199 £S5 bl efp2 kol ==y CPPT IPPS 8PS TP7 TPPS iopo
* Xing 48-nu_z Xi ng 48-nu_z
M-ma H V: 3p0¢7E+04 1. 954E+04/ 0. 998 1. 00 M-ma H V: 983E+04 1.990E+04/ 0. 327 382
Par t # 1- 40000 (*) ; LMmt# pass# 1- 500; Par t # 1- 40000 *) mt # 1; pass# ***- 3000
Figure 74: Zoom on initial. . Figure 75: Zoom on finab.
:E?ggipl §B8oP Y (rad) vs. Y (m Igggglplﬂggo‘p 2 > (m
 000kB%s 0. 0004
0. 00¢3
. 0004982
0. 000X :
. 0004984 T
0. 00Q L™, <
.
. 0004986
0.0 =
a8 S e,
. 000 L 00QT
. oookge -. 0002 S— B
. 0004992 . 0003 et
- . 006444 -. 00644 - . 006436 - . 006432 -.003 -.002 001 0.0 0. 001 0.002 0.003
* Xing 48-nu_z * Xi ng 48 nu z
Eps/pi, Beta, Alpha 7.0414E-13 16,5 -1, 36 Eps/ pi, . Beta E 4.9381E-07 11,7 1,03
= -6, 444E 03 - 6. 430E- 037 -4.994E-04 -4 979E-0: M - na H)v 3. 41 E 03 3. 416E- 03/ -4.199E-04 _4 . 201E-0
Part # 1- 40000 *) Lt # 1; pass# 1- 3000; Part # - 000 Limt # 1; pass# 1- 3000;
Figure 76:x-x’ and z-z'.
ig?ggipl, 68oP dp/ p vs. Phase (rad)
[ P~ s A S B S
\‘\‘
N
g:-8
g-§
R\
“\\M g
e e e
37618  2.618  2.6i8 2.618 2.618  2.618
* Xing 48-nu_z
M-ma H V: 2.62 2.62 / ©3.973E-09 _1 132E-0f
Par t # 1- 40000 (*) Lt # 1; pass# 3000;

Figure 77:dp-phase.



4 TRACKING THROUGH RESONANCES 40

7G = 48 — v, (19.59585 GeV) ¢, /7 = 21076

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
L '\“\ ]
o. 8 [ .
o. & 1
o. a f 1
o. .= !
o.o" e ]
--=2F : .
- . altl |
e = oS sy E S
hal ><i Nng 4a48- Nnu__=
M -ma Y/ O\ 1. 9a7E+04a 1. 990E+04/ - O. 405 1. 00 B
Par t # - 40000 Cc*)D H Lt # a; PpPass# a- 3000; 2
Figure 78:5S, versus kinetic energy.
Efj’_ggip! ggfp __ sz vs. KinEnr (MeV) 'g?ggipl,‘SQOP ‘SZ ‘ vs. Pass# ‘
_. o . ‘ ! .
o e WL T T Il i | (
: C odl Ll N
0. 99 | i
0. 99 i -0
0. 99 -1
7 -1
00 Ik
- ‘[ ’vv ' [ ” il 4 T -. 12
0. 9965 3
I (LA
0. 995 | | LU AT
-. 14 i S i
0. 9955 j |
=947 of8 949 .95 1951 1952 1_953 2500 2600 2700 2800 2900 3000
* Xing 48-nu_z * Xing 48-nu_z
M-ma H V: 1. 947E+04 1. 954E+04/ 0. 995 1. 00 M-ma H \V: 2. 500E+03 3. Q0OE+03/ - 0. 149 - 6. 653E- OX
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 3000;
Figure 79: Zoom on initial. . Figure 80: Zoom on finab.
‘goubi| ggop Y (rad) vs. Y (m ‘goubl | ggop (rad) vs. z (m
T e
- 000p98 : i - 0. 00d4 T
. 0004985 e : 0 e 0. 0002
- 00099 i o i : 0.0
. 0004995 s G . ooz
-. 0005 - -. 0004
- . 006455- . 00645 - . 006445- . 00644 - . 006435- . 00643 -, 004 -. 002
* Xing 48-nu_z * Xing 48-nu_z
Eps/ pi Bet a, Al 9ha: 2.8047E-12 16. 5 -1, 36 Eps/ pi Bet a, Al pha;
= T 6. 457E-03 -6, 427E- 03/ -5. O06E-04 -4, 976E-0: M -ma H V: - 4. 830E- 03
Part# 1- 40000 (*) ; Lmmi# 1; pass# 3000; I Part# 1- 40000 (*) ;
Figure 81:x-x’ and z-z'.
ig9ggipl, 68oP dp/ p vs. Phase (rad)
g3
g:-8
g-§
BAPN ;
\\.
g:-3 S
37618  2.618  2.6i8 2.618 2.618  2.618
* Xing 48-nu_z
M-ma H V: 2.62 2.62 / -3.973E-09 1. 132E- O¢
Part# 1- 40000 (%) ; Lmi# 1} pass#  1- 3000; :

Figure 82:dp-phase.
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4.1.8 ~G =48 — v,, bare lattice (all bends’ sextu off, all quads off)

41

Resonance strength computed from Zgoubi tracking differs from DER@sults in some cases of weak reso-
nances, such agz = 48 — v,. For that reason, in order to assess possible effect of sextup@esyich-off all

sextupole components in all main bends. We also switch-off all tuning gpakési the focusing is therefore due
to the sole main bends’ quadrupole component.
The following shows that the initial results are practically unchanged, the sasonance strength comes out
of the ray-tracing.

Setting all sextupoles and quadrupoles off does not change much thparageters, 0-th and 1-st order
machine parameters take the values given in Tab. 5. Earlier values alleddor comparison.

A particle with vertical emittance, /7 = 10~% m.rad is launched through the resonance. Spin motion upon
crossing does not change much either, this can be observed fron8Flgy 8omparison with Fig. 58, page 42.

Table 5: Bare lattice parameters. Old ones (copied from Tab. 1) aréekoathe right column for comparison.

New parameters

Old parameters

Reference momentum (relative) 1 1
Circumferencé (m) 807.0437 807.0438
Qx, Qy 0.71066, 0.76412 0.71195, 0.76346
Periodic functions at “Begin AGS” :
Bz, By (m) 19.7850, 11.7005 19.8432, 11.6751
Oy Oy -1.585, -1.037 -1.588, 1.033
D,, D! (m,-) 2.043,0.144 2.034,0.144
closed orbitz.,, 2", mm, mrad -0.645, -0.50 -6.43-0.50
vG =48 — v, 39.236 39.236
kinetic energy on resonance (GeV) 19.6097 19.5958
Bp on resonance (T.m) 68.4692 68.4229
Tracking data
Zgoubi.dat, excerpts :
Xing 48-nu_z. Bare lattice, bends’ sextu off, quads off.
'OBJET’
68.032e3
8
11 1
-6.453198E-03 -5.003742E-04 0.0 0.0E+00 0.0E+00 1. P’
-1.588 19.843 0.
1.033 11.675 le-6
0o 1 o0
'SCALING’ 3
1 2
MULTIPOL SBEN
-618.032
]I\-IIULTIPOL QUAD
E)]E)OOOOO
'PlARTICUL' 4

9 203d0  1.602176487d-19 1.7928474d0 0. O.

'MULTIPOL’ SBEN A1BF
0 .Dip
200.6554 10.00  0.11712499  0.04848519 -0.00050563e-20 0.0
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.0.0.0.0.0. 0.0 0.0.
#20]200|20 Dip A1BF
3 0.00000000000000

0.0 0.0 0.0 0.0 0.0 0.0

0.00000000000000 -1.175115045000000 E-002



4 TRACKING THROUGH RESONANCES

7G = 48 — v, (19.6097 GeV) €, /7 = 107°

:85:1_%3%)
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

M - ma .
Par t # 1- 40000

ON
oo
0
T
0
N
<
[0)
ik
13
1m
E
S

[T T T[T T T T [T T T[T T T [TTT7q [—

* Xing 48-nNnu_z
H/ Vv 1. 948E+04 1. 991E+04/
(*) ; Lmmt# 1;

Figure 83:S. versus kinetic energy. See Fig. 58, page 42 for comparison.
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4 TRACKING THROUGH RESONANCES

419 ~G =36+ v, (22.48832 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing 36+nu

'OBJET’
77.64321e3
8

1 1 1

-0.64319816e-2  -0.49829722e-3 0.0 0.0E+00 0.0E+00 1. p’
-1.588 19.843 0.

1.033 11.675 .2e-7 =epsilon_z/pi

0 1 o0

'SCALING’ 3
1 2

MULTIPOL SBEN

-1

77.64321

1

MULTIPOL QUAD
1

77.64321

1

'PARTICUL’ 4
938.27203d0  1.602176487d-19 1.7928474d0 0. O.

'CAVITE’ 85 86
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20

807.043778118095 12.

290.d3 2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg

From zgoubi.res :

Particle properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285

Reference data :
rigidity (kG.cm) © 776432
mass (MeV/c2) : 938.272
momentum (MeV/c) : 23276.8
energy, total (MeV) : 23295.8
energy, kinetic (MeV) : 22357.5
beta = v/c :0.9991885714
gamma : 24.82835560
beta * gamma : 24.80820916

Strengths
From Figs. 20, 20 one gets
62/77 A? ’Jn’2 A2/€z/7T ‘Jn‘Q/fz/W Pinit  Pfinal
(1079 (107%)
0.002 0.1329602 0.37325392 6.648009E+07 1866 1. 0.751

0.02 1.431838 4.0195435 7.1591912E+07 2009 1. -0.522
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4 TRACKING THROUGH RESONANCES

7G = 36 + v, (22.48832 GeV) ¢, /m = 0.00210~°

g%gg}_-,l_ sBeP sS= vs. Ki nEnr « M=\
o. 95f \\ f
o.oFf \ 1
o. 855 \ f
o. s F \ 1
o. 75 Wﬂ“ﬂﬂwwwwwmwmm :
. s 'S =2rS 2=2P° =25
i Nng +nNnu
M - ma HY O\ 2. 236E+04 2. 279E+04/ Oo. 661 1. OO .
Par t # - 40000 [&halD) H Lrmt # a; pPpass# - 3000; <
Figure 84:5S, versus kinetic energy.
‘goubll ggeor = vs. Ki nEnr «Me\V)
o. 755 |
o. 758} l - ]
o. 75 \‘ § i ,, Y \‘|‘ uli “‘ ]h | l\
o 7o [l b I M\m | ‘l‘
o 7= IR LA AR, fid
o IATH RN AR R AN Y AR, T
I A | :
A | : g
o. 74 I MFi ||| | 3\” -1 V T H
O. 74ag] H\ I i o gl
o. 7a ! ! ' E
| i i R
L AL =27 =277 SEEr e
i ng +nNnu
M - ma H/ 2. 272E+04 2. 279E+04/ O. 746 0. 756
Par t # a- 40000 (*) H Lt # a; SH FF* - 3000;
Figure 85: Zoom on finaf..
‘goubL| ggop Y (rad) vs. Y (m ‘goubll ggop z (rad) vs z (m
. 0004983 : —
gt 35
. 0004983 / e B3
. 0004983 o 2.5
0.0
. 0004983 ; C// 0.5 -
. 0004983 - 2D .
a p=¥a y
S 006432 . 006432 - . 006432 . 006432 —. 006432 -. 00015 -. 0001 0.5 0.0 2.3 0. 0001 0. 000
* Xi ng 36+nu * Xi ng 36+nu
Eps/ pi Beta, Al Bha: 5. 2888E-17 19. 6 -1,57 Eps/ pi Beta, Al gha: 9. 9403E-10 11.7 1.03
M-rma H Vi -5 432E-03 -6.432E-03/ -4.983E-04 -4.983E-0¢ M -ma H Vi -1 .527E-04 1. 528E-04/ -1.878E-05 _1:878E-O0!
Par t # 1- 40000 (*) ; LMmt# 1; pass# 1- 1353; I Part# 1- 40000 (*) ; LMmt# 1; pass# 1- 1353 :
Figure 86:x-x’ and z-z'.
‘goubl | ggop dp/ p vs. Phase (rad)
\
0.5
gl ‘
o dp
22
=2
O3 ‘
=y
- |
2 \ ‘ \
2.618 2.618 2.618 2.618 2.618 2.618
* Xi ng 36+nu
M-ma H V: 2.62 2.62 / -4.300E-Q9 -5. 468E- 1«
Par t # 1- 40000 (*) Lt # 1; pass# 3- 1353; M

Figure 87:dp-phase.
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4 TRACKING THROUGH RESONANCES

7G = 36 + v, (22.48832 GeV) ¢, /7 = 0.02107°6

45

g%ggbl_ 68°P Sz vs. Ki nEnr (MeVv)
0.8 F 1
0. 6 .
0.4t 1
0.2 F E
O. O+ d
-.2¢ 1
-. 4t 1
-. 6 1
-. 8% J
. £45 %=2r° EPP5 =PA4 5
* Xi ng 36+nu
M Nn- nax _Hor 236E+O4 2 279E+O4 Ver . : - 8. 242E-01 1
Par t # 1- 40000 *) 1; pass# - 3000
Figure 88:S. versus kinetic energy.
ngigbi 16809 Sz vs. KinEnr (MeV) Eg?ggipl_ gBop Sz vs. KinEnr (MeV)
. | T T T -.5
i
nIUi‘HHl “‘ H | A -.50 \‘\“ ‘HH‘H\
\
WHHI -.5 | \\‘\ ‘\‘H | ‘ H\H
0. 999-HitHiH mrii d
-.51 i
O. 99\.5 \H “ \y ’ [ = . 5
0.998 S92 1
_ o Wil T
B -. 54 Ll ‘ [
0. 997 I ‘ M\
2237 %298 5090 2 % Rif? 6 2288 247 AP %Al %O %A
Xi ng 36+nu * Xing 36+nu
M n- max Hor. : 236E+04 2 243E+04 Ver 9.967E-01 1. M n-max H: 265E+04 2 279E+04 V -5. 455E 01 -4.976E-0:
Part# 1- 40000 (*) pass# 1- 500; Part# 1- 40000 (%) pas xEE 3000;
Figure 89: Zoom on initial. . Figure 90: Zoom on finab .
Ig?ggip]_ 68°P Ki NnEnr (MeV) vs. Pass#
22756 ]
227006 .
22650 :
22600 :
225506 f
22506 .
224506 ]
22400 .
500 1000 1500 2000 2500 3000
* Xi ng 36+nu
M Nn- max. Hor . : 1 3000 ; ver . : 2. 236E+04 2. 279E+O4
Par t # 1- 40000 (*) ; LMt # 1; pass# 1- 000;

Figure 91:Kinetic E versus turn number.
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7G = 36 + v, (22.48832 GeV) ¢, /m = 0.02107°

go4l
0004
O004
0004
O004
‘ i i ‘ :
- . 006432 - . 006432 - . 006432 - . 006432 - . 006432
* Xi ng 36+nu
Eps/ pi , Bet a, Al pha: 1. O571E- 15 18. 7 - 1. 51
M N- max. Hor 432E- 03 -6. 432E- 03 Ver - 4. 983 E- 04 -
Par t # - 40000 ( > 5 Lt # a; pass#+ a- 1014;
Figure 92:x-x'.
gég%' L 5809 =z’ (rad) vs. =z Cm
O. O
2
g=ca¥,
- . 0004 - . 0002 O. O O. 0002 O. 0004
* Xi ng 36+nu
Eps/ pi , Bet a, Al pha: 1. O280E- 08 11. 7 1. O3
N- max. Hor .91 0E- O4 4. 9QO9E- 04 er - 6. O3IBE- OS5
Par t # a- 40000 *) Lnmt # 1 pass# a- 1014;
. it
2. 618
M N- max. Hor . : - 618E+OO 2. 61.8E+00; ver . : - 7. 751 E- 11
Par t # a- 40000 C*) ; Lnnmt # ad; pass# a1- 3000;

Figure 94:dp-phase.



4 TRACKIN

G THROUGH RESONANCES

4.2 Imperfection resonances
421 ~G =9(3.77180 GeV)

Tracking data

Zgoubi.dat, excerpts :

Xing gammaG = 9
'OBJET’

14.95063e3
2
11
-0.64333404 -0.49841318 7.55234854E-02 9.07085314E-02 0 .OE+00 1.
1
'FAISCEAU’
'SCALING’
1 3
MULTIPOL VKIC
-1
14.95063 scales the vertical kick
1
MULTIPOL SBEN
-1
14.95063
1
MULTIPOL QUAD
-1
14.95063
1
'PARTICUL’
938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
MULTIPOL VKIC DVCAOQ2
0 .kicker
0.1000E-03 10.00 2.e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 2.2670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 2.2670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20|20  Kick
10.0.0.
'CAVITE’
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20
807.043778118095 12.
290.d3  0.5235987755982988731 9cavitiesx32kV, phi_s=30d eg
'MARKER' #End
'REBELOTE’
1999 0.2 99
'END’
From zgoubi.res :
Particle  properties :
Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285
Reference data :
rigidity (kG.cm) : 141216
mass (MeV/c2) : 938.272
momentum (MeV/c) : 4233.56
energy, total (MeV) T 4336.29
energy, kinetic (MeV) :  3398.01
beta = v/c : 0.9763099040
gamma : 4.621565007
beta * gamma : 4.512079688
Strengths
From Figs. 96, 97, Eq. 2, one gets
i 5 2 2 275
kick Zeo A | ] A%/ %0
(mrad) (mm) (05

277 1.224737 34.381555

i~
3
4
85 86

| Jn ‘ 2/260 Dinit Pfinal

4.1295695 0.997457
4.1102805 1. 0.762110
0.992 -0.412
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vG =9- 2, = 2.77mm

q94eL! ggoP sz vs. KinEnr  (MeV)

0. 8 “\

O. 6 \

o al |

0. 2 i \

0. 0 l

= i\ i

al WY
' s . \ f WW A smern

3650 3700 3750 3800 3850 3900
* Xi ng O+nu

M Nn- nax. Hor 3. 641E+O3 3 931E+O3 ver .: -7.239E-01
Par t # a1- 40000 *) ; pass# 1- 2000;

Figure 95:S. versus kinetic energy.
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Figure 96: Zoom on initiab.. Figure 97: Zoom on finab .

%f;’c%gl ggor Ki nEnr (MevVv) vs. Pass#

"

Figure 98:Kinetic E versus turn number.



4 TRACKING THROUGH RESONANCES 49

vG =9- 2, = 2.77mm

%bl I’S op Y (rad) vs. Y (m }g?ggbl ggor z (rad) vs. z (m
i B &
» 0g9911
. 0004984 L
).90708
. 0004985 5991 [
. 0004986 (94706
. 0004986 ).90704
5991 04
. 0004987 3
02
. 0004987 297192
-. 006437 -. 006436 -. 006435 -. 006434 0. 0007552 0.0007552 0.0007553 0.0007553
* Xing O+nu * Xing O+nu
M n- ma . -6, 437E 03 6 433E— 03 Ver -4.987E-04 - M n- nax. 7. 552E 04 7 553E- 04; Ver 9. 070E- 05
Part# 1- 40000 *) pass# ***. 2000; Part# 1- 40000 (*) 1; pass# ***: 2000;

Figure 99:Left : x-x', right : z-z".

HoUB] '_380" am
£ T T T
O. OO%
O. 004
o. 0o F
- . 00
t i j i i
100 200 300 400
* Xi ng O+nu
M N- B Hor B lOOE+Ol 9 O980E+02; ver . - R
Par t # a- 40000 C*) ; Lnnmt a; pass# a- 100;

Figure 100:Vertical closed orbit along the ring circumference, verpiek-up number (about 990 P-Us over the 807 m
circumference).

goulil 58013 dp/ p vs. Phase (r ad)

€22

Figure 101:dp-phase.



4 TRACKING THROUGH RESONANCES

422 ~G =12 (5.341830 GeV)

Tracking data

Zgoubi.dat, excerpts :

Xing gammaG = 12
'OBJET’
20.27157e3

2

11

-0.65068584 -0.50477891 0.37676032 0.45393654 0.0E+00 1. '

1
'SCALING’
1 3
MULTIPOL VKIC
-1

20.27157 scales the vertical kick

1

MULTIPOL SBEN
-1

20.27157

1

MULTIPOL QUAD
-1

20.27157

1

'™ POL" VKIC DVCAO02
0 .kicker

0.1000E-03 10.00 10.e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0

0.0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -6395 1.1558 0. 0. O.
1570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20[20/20  Kick

10.0.0.
'CAVITE’ 85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20
807.043778118095  12.
290.d3  0.5235987755982988731 9cavitiesx32kV, phi_s=30d eg
From zgoubi.res :
Particle  properties :
Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285
Reference data :
rigidity (kG.cm) 20271.6
mass (MeV/c2) 938.272
momentum (MeV/c) 6077.26
energy, total (MeV) 6149.27
energy, kinetic (MeV) : 5211.00
beta = v/c 0.9882907009
gamma 6.553821507
beta * gamma 6.477080850
Accelerating cavity
OPTION 2
Orbit length = 807.0 m
RF  harmonic = 12.00

Peak voltage
RF frequency
Synchronous phase

qV.SIN(Phi_s)

cos(Phi_s)

Nu_s/sqrt(alpha) =

dp-acc *sqrt(alpha) =
Spin stuff :

alpha = G r»dgamma/dtta

B-dot  *rho(m)

Strength
From Figs. 103, 104 one gets

Isochronous  time =

2.9000E+05 V
4.4054E+06 Hz
0.5236 rd
2.7239E-06 s
0.1450 MeV
0.8660
8.8318E-03
9.2558E-04

4.4096356E-05
179.7 Tis

Eq. 2 yields
A% = 0.6379532
| Jn|? = 9.9891440F — 06

86
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4 TRACKING THROUGH RESONANCES 51

~G = 12 (5.341830 GeV)

Fﬂfiggiol_ 68eP Sz vs. Ki nEnr (MeVv)
0.8} “\\ ]
0.6 | 1

|
|
|

o L mmmmsrmsem——
0. O r \ WUMMH .
- oL ]
5250 5300 5350 5400 5450 5500 5550
* Xi ng ganmaG = 12
M n- max. Hor 5,231E+03 5. 573E;03; Ver.: ;2. 293E.01
Part g 1- 40000 (%) Lrmt # 1; pass# 1: 2500;
Figure 102:S, versus kinetic energy.
asiggipl&gop Sz | vs. Pass# gougy | ggop | Sz vs. KinEnr (MeV)
M M ﬁ M 0.076 \Hh 1 T
1 HU Ul ” ‘ \ H\ ) o o7t . NN e TRAT
B LR | i
0. 9999 Y 0.0
0.05
0. 9999
0.0
0. 9999 o o 3
' QL A r %HWW” 1l
0. 9999 0. 04 """""" U H ‘ ‘ NAAREA A ‘ ‘ ‘HH ‘
i 1
50 100 150 200 250 300 5510 5520 5530 5540 5550 5560 5570
* Xing gammaG = 12 * Xing gammaG = 12
Mn-nex, Hor : 1 000E+00  3.000E+02; Ver.: 9.999E 01 Mnomax, Hor . 5 S01E+03 5 573E+03 Ver.:  3.508E 02
Parth 1- 40000 (*) ; Lmt# 1; pass# ~ 1- 300! Parth 1- 40000 (%) ; Limt# 1; pass# ***2" 7 2500
Figure 103: Zoom on initiab,. Figure 104: Zoom on fina$,.
qoukil ggop Ki nEnr (MeV) vs. Pass#
5570 .
5560 .
5550 1
5540 ]
5530 .
5520 .
5510 .
2000 2100 2200 2300 2400 2500
* Xi ng ganmaG = 12
M n- max, Hor 2, QOOE+03 = 2. 500E+03; Ver . ; 5. 501E+03
Par t # 1- 40000 c*) 1; pass# ***_ 2500;

Figure 105Kinetic E versus turn number.
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~G = 12 (5.341830 GeV)

§ougy | gger Y  (rad) vs. Y (m 4oubi | ggoP z  (rad) vs. Z (m
0005052 1 1000454
. 0005054 B '. 000454
. 0005056 — . 000454
. 0005058 ot . 0004539
. 00050 [
. 0004539
. 0005062 ,
. . 0004539
- 0005064 [
-. 00653 -, 006525  -.00652 - 006515 0.003767 0.003767 0.003767 0.003768
* Xing gammaG = 12 * Xing gammaG = 12
M n- ma Hor.: -6. 531E 03 -6.511E-03; Ver.:; -5.065E-04 - Mn-nmax. Hor.; 3. 767E 03 3.768E-03; Ver. 4. 539E-04
Part # l— 40000 (*) ; Lnmt# 1; pa St FxwC 2500; Part# 1- 40000( ) ; Lmt# 1; pas St kxw 2500;

Figure 106:Left : x-x, right : z-Z".

(M

>00 300 400
= 12

. 100E+O1 9. 980E+02; ver .
40000 *) ; Lnmt # a1; pass#

Figure 107:z closed orbit along the ring circumference versus pick-umimer (about 990 P-Us over the 807 m circum-
ference).

qoukil ggeP dp/ p vs. Phase (r ad)

F T T T T T
'|—:Q'54§
=2 =5
— __57?
— __41?
T o e o R S

> Xi ng ganmnmnmaG = 12

M N- max. Hor - 237E O:L 5. 29492E- O1; ver . - . -
Par t # a- 40000 C*) ; Lnnmt # a1; pass# ***-

Figure 108:dp-phase.



4 TRACKING THROUGH RESONANCES

4.2.3 ~G =13(5.865171 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing gammaG = 13
'OBJET’
22.03628e3
2
11
-0.65068584 -0.50477891 0.37676032 0.45393654 0.0E+00 1. P’
1
'FAISCEAU’
'SCALING’
1 3
MULTIPOL VKIC
-1
22.036287 scales the vertical kick

1
MULTIPOL SBEN
-1
22.03628
1
MULTIPOL QUAD
-1
22.03628
1
'PARTICUL’
938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
'MULTIPOL’ VKIC DVCAO02
0 .kicker
0.1000E-03 10.00 10.e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20|20  Kick

10.0.0.
85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20
807.043778118095 12.
290.d3  0.5235987755982988731 9cavitiesx32kV, phi_s=30d eg

From zgoubi.res :

Particle  properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285

Reference data :
rigidity (kG.cm) : 22036.3
mass (MeV/c2) : 938.272
momentum (MeV/c) : 6606.31
energy, total (MeV) : 6672.61
energy, kinetic (MeV) : 5734.34
beta = vic :0.9900642821
gamma : 7.111591821
beta * gamma : 7.040933050

Strength

From Figs. 110, 111 one gets
Dinit = 1., pPrinar = 0.1574500
Eq. 2 yields
A% =0.5469143
|J|? = 1.5353313E — 05

86
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M -na. Hor.: 5.734E+03 5. 778E+03; Ver.: 9.999E-01 1

Part# 1- 40000 (*) ;

Figure 110: Zoom on initiab.,.

Figure 111: Zoom on fina$,.

g?gg'pl_ ggepP Ki nEnr (MevV) vs. Pass#

6050

6000

5950

5900

5850

5800

5750

M Nn- max
Par t #

500 1000 1500 2000 2500
* Xi ng ganmaG = 12

. Hor _: 1. OOOE+0OO 2. 500E+03; Ver . :
1- 40000 (*) Lnmt # 1; pass#

Figure 112:Kinetic E versus turn number.

500;

4 TRACKING THROUGH RESONANCES 54
~G =13 (5.865171 GeV)
gii%@bl_ 68°P Sz vs. Ki nEnr (MevVv)
0.8} N\ ]
0.6 | \ ]
0.4af \ ]
o =1l HHUW T ]
0.0} |
5750 5800 5850 5900 5950 6000 6050 )
* Xi ng ganmaG = 13
M Nn- max. Hor . : 5. 734E+03 6. O97E+03; Ver, . : -1. O73E-01
Par t # 1- 40000 (*) ; Lt # 1; pass# 2- 2500;
Figure 109:S, versus kinetic energy.
g%gle“pl- g8op Sz vs. KinEnr (MeV) g?gle"pl_ ggor Sz ‘ vs. KinEnr (MeV)
A h 0.17 [ -
1. 0.16
0. 99¢ 0.1
0. 9999 0.15
0. 9999 0.1
0. 14 i I |
0. 9999 i ‘” H‘HH‘HH HHWHH\‘WWHHHW
0. 244 L
5735 5740 5745 5750 5755 5760 5765 5770 5775 6630 6640 6050 6060 6070 6080 6090
* Xing gammaG = 13 * * Xing gammaG = 13 *

n-max. Hor.: 6.024E+03 6.097E+03; Ver.: 1.372E-01 1.777E-0
Lmt # 1; pass# 1- 300; 300 p Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 2 H

501 p



4 TRACKING THROUGH RESONANCES 55

~G = 13 (5.865171 GeV)

gpgglpl- g8op Y (rad) vs. Y (m ‘gogg'pl ggor z (rad) vs. z (m
. 000505 ’.000’54
. 0005055 = i

//// 1. 000454

. 000508 /
. 0005065 // - 000gs+

. 000507 e . 0004539

d

-.00655 -.00654 -.00653 -.00652 -.00651 0. 003766 0. 003767 0. 003767 0. 003767 0. 003"

. 000507

(¢

. 0004539

* Xing gammaG = 13 * * Xing ganmaG = 13 *
Eps/pi, Beta, Al pha: 1.0923E-13 1.602E+03 -113. Eps/pi, Beta, Al pha: 3. 2777E- 15 52.0 2.85
M n-max. Hor.: -6.552E-03 -6.507E-03; Ver.: -5.080E-04 -5.048E-0 M n-nmax. Hor.: 3.766E-03 3.768E-03; Ver.: 4.539E-04 4.540E-0
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 2500; 2500 p Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 2500; 2500 p

Figure 113:Left: x-x, right : z-Z".

I mMmt #
T

S e — M M —— L — A— T [l

O. OO

i i i i i :
100 200 300 400 500 600
> Xi ng ganmnsadG = 13 >
M N- max. Hor . : 1. 100E+0L1 9. O50E+02; ver . : 1. B366E- O
Par t # a1- 40000 (*) H Lt # a1; pass# 3265 p

Figure 114:z closed orbit along the ring circumference (horizontabasipick-up number).

‘goubi | oP dp/ . Ph d
goge)p 68 . ‘ P p vs ase ‘ (ra ?

_éQ_gl—_,

B2 4l

=

B2 a2

i
O. 5238

i
O. 5234

* Xi ng gannmaG = 13 >
M N- max. Hor . : 5. 226E- O1 5. 244E- O1; Ver . : - 2. 232E-05 -1. 479E- 1
Par t # a- 40000 (*) H Lt # a1; pass# 2- 2500; 2499 p

Figure 115:dp-phase.



4 TRACKING THROUGH RESONANCES

4.2.4 ~G =23(11.09859 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing gammaG = 23
'OBJET’
39.59072e3
2
11
-0.65068584 -0.50477891 0.37676032 0.45393654 0.0E+00 1. P’
1
'FAISCEAU’
'SCALING’
1 3
MULTIPOL VKIC
-1
39.59072 scales the vertical kick

1
MULTIPOL SBEN
-1
39.59072
1
MULTIPOL QUAD
-1
39.59072
1
'PARTICUL’
938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
'MULTIPOL’ VKIC DVCAO02
0 .kicker
0.1000E-03 10.00 10.e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20|20  Kick

10.0. 0.
'CAVITE’ 85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20
807.043778118095 12.
290.d3  2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg
Strength

From Figs. 117, 118 one gets

Dinit = 0.9975, prina ~ —0.647
Eq. 2 yields

A% =1.734326

|J|? = 4.8687059E — 05

86
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4 TRACKING THROUGH RESONANCES 57
~G = 23 (11.09859 GeV)
gfigte)b!_ gBeor Sz vs. Ki nEnr (MevVv) .
0.8 \ :
0. 6 f 1
0. 4 F 1
0. 2+¢ \ 1
0. O | H .
-.2F l .
-. 4t 1 1
-.6Ff \ ]
-- 8¢ Ik ]
o A JE+%1 edd> R e dFc RS
* Xi ng ganmma =
M Nn- nax. Hor 1. 097E+O4 1. 133E+04; Ver . : - 9 259E-01
Par t # 1- 40000 *) mt # 1; pass# 2500;
Figure 116:S. versus kinetic energy.
goubi | ggop Sz vs. KinEnr (MeV) §g9ggi)[680p sz vs. KinEnr (MeV)
- 60‘ H M | Al
0.99 sl L A T
-.6
0. 99¢
T ’ -.64
0.99%4 , -.6
-.65 ‘ I
0. 9992
-.6 it ‘ P
AL AR
0. 999 -+ 66T
=2 S =2 e 15337 40 4Pt AP
* Xing gammaG = * Xing gammaG = 23 *
Mn-max. Hor.: 1, 097E+04 1.101E+04; Ver. 9. 989E- 01 n-mex. Hor.: 1.126E+04 1.133E+04; Ver.: -6.678E-01 -6.258E-0
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 300; Part# 1- 40000 (*) ; Lmt# 1; pass# ok 2500; 501 p
Figure 117: Zoom on initiab.,. Figure 118: Zoom on fina$,.
g?gg'pl_ g8eP Ki nEnr (MeVv) vs Pass#
1130%3 f
11256 ]
1120§ f
11150 ]
1110§ f
11056 :
1100%3 f
500 1000 1500 2000 2500
* Xi ng ganmaG = 23
M Nn- max. 1. OOOE+0OO 2. 500E+03; Ver 1. O97E+04
Part#  1- "5800 (*y " ; Lrant # 1; pass# - 2500;

Figure 119:Kinetic E versus turn number.
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~G = 23 (11.09859 GeV)

o4yl 5gop Y (rad)vs. Y (M °UB)! ggor z  (rad)vs.  z  (m
. 000503 - I8 o
[ o . 0004539
. 0005032 // :
. 0004539

. 0005034
. 0005036 e [

/ . 0004539
. 0005038 i

. 000504 /f . 0004539 Rk
. 0005042 i
A [
. 0005044 // 0004589
. 0005046, 0004539 i
-. 006505 -.0065 -.006495 -.00649 -.006485 0. 003768 0.003768 0.003768 0.003768 O. 00376\8":'
* Xing gammaG = 23 * Xing gammaG = 23
Eps/pl Beta, Al pha: 5.7070E-14 1.426E+03_ -101. EpS/pI Beta, Al pha; 1. 5463E- 15 51.3 2.81
M n- max. r.. -6, 507E 03 -6.480E-03; Ver.: -5.048E-04 - M h-nex. Hor. 3, 768E 03 3.769E-03; Ver.: 4.539E-04
Part# 1- 9999 (*) ; Lmt# 1; pass# 1- 2500; Part# 1- 9999 (*) ; Lmt# 1; pass# 1- 2500;

Figure 120:Left : x-x, right : z-z".

l_égop «m

00 300 400 500
ng ganmnnmaG = 23

r. ; 1. OOOE+O1 9. 940E+02;
9999  (*) ; Lt # 1;

o2
5;

Figure 121:z closed orbit along the ring circumference (horizontabasipick-up number).

godgp! 680" dp/ p
Q12—
2- %
2- 8
2- 8
2-4
2- 8
> 617 > 6is > 6718 i > 619
* Xi ng ganmmaG = 23
M Nn- max. Hor _ : 2. 617E+OO 2. 619E+00; ver - 5. 3IB5E- 08
Par t # - 9999 (*) ; Lnmmt # a; pass# a- 2500;

Figure 122:dp-phase.



4 TRACKING THROUGH RESONANCES

425 ~G =27(13.19196 GeV)
Tracking data

Zgoubi.dat, excerpts :

'OBJET’
46.59195e3
2
11
-0.65068584 -0.50477891 0.037676032 0.045393654 0.0E+00 1. p’
1
'FAISCEAU’
'SCALING’
1 3
MULTIPOL VKIC
-1
46.59195 scales the vertical kick
1
MULTIPOL SBEN
-1

46.59195

1

MULTIPOL QUAD
-1

46.59195

'MULTIPOL’ VKIC DVCAO02
0 .kicker
0.1000E-03 10.00 1.e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. O.
#20]20|20  Kick

10.0.0.

‘CAVITE' 85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20

807.043778118095  12.

290.d3 2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg

from zgoubi.res :

Particle  properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285

Reference data :
rigidity (kG.cm) © 46591.9
mass (MeV/c2) T 938.272
momentum (MeV/c) : 13967.9
energy, total (MeV) : 13999.4
energy, kinetic (MeV) : 13061.1
beta = v/c : 0.9977514753
gamma : 14.92039915
beta * gamma : 14.88685026

Strength

From Figs. 124, 125 one gets

Dinit = 0.9998, prina ~ —0.167355
Eq. 2 yields

A% = 0.8763353

| Jn|? = 2.4601020F — 05

86
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4 TRACKING THROUGH RESONANCES

~G = 27 (13.19196 GeV)

Eike’bl_ 68epr SZWM\ vs. Ki nEnr (MevV)
0. 8 | : .
0. 6 | 1
0.4t} .
0.2 :
o.0Ff ]
- . 2L i’
-.4at :
Bt 2 5 = I O = e — = =
* Xi ng ganmnma 27
M Nn- max. Hor 13061. 13423. o Ver .. : -0.4788!
Par t # 1- 40000 c*) ; Lt # 1; pass# 1- 2500;

60

Figure 123:S. versus kinetic energy. Check : 36-Qy next to gG=27 is on ttle @agE=13.31575 GeV, yet not visible as
expected since, ~ 0.

gOgb' I 68°P Sz gougrl ggor Sz vs. Pass#
“HHH B 1 A T A T i
0 "my | A
' ’ ( ~ . 15 B | I (L
0. 9996 “\H”l -.1
0. 9994 - 16
-1
0. 9992
-.17
i T
- 188tk I e ‘
0. 9988 AR L
50 100 150 200 250 300 350 400 450 500 2000 2100 2200 2300 2400 2500
* Xing gammaG = 27 * Xing gammaG = 27
M n- max. Hor. : 1. 0000 500. 00 ;o Ver.: 0.9987: Mn. Man. H/ V: 2000 0 2500. / -0. 18952 -0. 14519
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# ***- 2500;
Figure 124: Zoom on initiab,. Figure 125: Zoom on fina$,.
-go4bi ! ggep Ki nEnr (MevV) vs. Pass#
13406 /,'/j
1335; — E
E’ // ]
s 7 ]
13306 .
L L ]
E 7 ]
132506 .
L - ]
| / 4
13206 = - .
E // E
13156 .
L T ]
| / 4
13100 < 1
[ 1
500 1000 1500 2000 2500
* Xi ng gamaG = 27
M Nn- max. Hor . : 1. O00O0 2500. O ; Vver . : 13061
Par t # 1- 40000 (*) ; LMt # 1; pass# 1- 2500;

Figure 126:Kinetic E versus turn number.
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~G = 27 (13.19196 GeV)

:89ggipl— SBOP Y (rad) vs. Y (m 189%8})1 SBOP z (rad) vs. z (m
. 000492 IR BRI
O4§5
E-41[
. 000494 i K\
. 00049 p— GAopp
9 [
. 000498 OE4§:5
-. 0005 o e [
453
.OOOJQ__ o OE'Z?: e
;"’ L e o i
.OOOT,Of [)Ef1§_5
00648 -. 00644 -. 0064 -. 006! ) 0. 000377 0.00037740.00037780.000378&0.0003
* Xing gammaG = 27 * Xing ganmaG = 27 *
EpS/ pi, Beta, Al pha: 1. 4041E-10 19.8 -1.58 Eps/pi, Beta, Al pha: 3.0293E-14 11.6 1.03
M n- nax. -6. 50748E 03 - 6. 35808E- 03 Ver . -5.0542¢ M n-max. Hor.: 3.766E-04 3.786E-04; Ver.: 4.522E-05 4.547E-05
Par’[# 1- 40000 (*) ; Lm 1; pass# 1— 984; Part# 1- 40000 (*) ; Lmt# 1, pass# 1-  1332; 1332 p

Figure 127:Left : x-x, right : z-z'.

'(n@

i00 200 300 400 500 900

> Xi ng ganmmaG = 27
M N nmax. H 7/ 10. 00O 994. OO0 _/ -1. 38623 E- 03 1. 367¢
Par t # a1- 4000O C*) ; Lnnmt # ad; pass# a1- 10;

Figure 128:z closed orbit along the ring circumference (horizontakasi pick-up number), 9 turns over the ring are
superimposed.

blggop

Zgogte)
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Figure 129:dp-phase.
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426 ~G=45(22.61211 GeV)
Tracking data

Zgoubi.dat, excerpts :

Xing gammaG = 45
'OBJET’
78.05648e3
2
11
-0.65068584 -0.50477891 0.0075352064 0.0090787308 0.0E+ 00 1. P’
1
'FAISCEAU’
'SCALING’
1 3
MULTIPOL VKIC
-1
78.05648 scales the vertical kick

1

MULTIPOL SBEN
-1

78.05648

1

MULTIPOL QUAD
-1

78.05648

'MULTIPOL" VKIC DVCAO02
0 .kicker
0.1000E-03 10.00 0.2e3 0.000000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20|20  Kick

10.0.0.

‘CAVITE' 85
2.1 .1 is to fill zgoubi.CAVITE.Out for plot using zpop/7/20

807.043778118095  12.

290.d3 2.617993877991494365 9cavitiesx32kV, phi_s=180- 30deg

from zgoubi.res :

Particle  properties :

Mass = 938.272 MeV/c2
Charge = 1.602176E-19 C
G factor = 1.79285

Reference data :
rigidity (kG.cm) : 78056.5
mass (MeV/c2) : 938.272
momentum (MeV/c) : 23400.7
energy, total (MeV) : 23419.5
energy, kinetic (MeV) : 22481.3
beta = v/c : 0.9991971305
gamma : 24.96029519
beta * gamma : 24.94025534

Strength

From Figs. 131, 132 one gets

Dinit = 0.999755, prina ~ 0.62962
Eq. 2 yields

A% = 0.2047056,

| J|? = 5.7466214F — 06

Ze.o. = 0.275 mm

86

62
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63

~G = 45 (22.61211 GeV)

851%819!- 580p Sz - vs. Ki nEnr (MeVv) ]
0. 95 ! :
0 o |
0. 85 :
o8| |
0. 75 :
0.7 |
0. 65- o :
06| |
0. 55 :
Ea°_ FEers %9%5 PSS TR FEPLC =
* Xi ng ganma 45
M Nn- max. Hor 481. 22844. ;o Ver .- 0. 5012
Par t # 1- 40000 ( ) ; Lt # 1; pass# 1- 2500;
Figure 130:S, versus kinetic energy.
gigg'pl 680’)‘ sz vs. Pass# goupy | ggop Sz vs. Pass#
1. ””“ll“”“ H“” H'“lﬂl il 0 Ll
0.99
0.99 0. 63}
IR 0.6 i \‘M A U |
0. 9998 I \ | “’ “ ‘ ' H H w H\ ” I \ \ L
I
5. 087 - AR P
0. 9997
0. 9996 0. 624 | | i
LG R
0. 9996
0.62
50 100 150 200 250 300 350 400 450 500 2000 2100 2200 2300 2400 2500
* Xing gammaG = 45 * Xing gammaG = 45
M n- max. Hor . ; 1. 0000 500. 00 : Ver.: 0.9995: M n- max. Hor. ; 2000. 0 2500.0 ; Ver.: 0.6238t¢
Part# 1- 40000 (*) ; Lmt# 1; pass# 1- 500; Part# 1- 40000 (*) ; Lmt# 1; pass# *** 2500;
Figure 131: Zoom on initiab.,. Figure 132: Zoom on fina$,.
‘goykil ggor Ki nEnr (Mev) vs Pass#
22846 :
228360 .
2282§ f
22815 f
22806 .
2279§ f
22786 .
2000 2100 2200 2300 2400 2500
* Xi ng ganmaG = 45
M Nn- max. Hor . : 2000. O 2500. O N ver . : 22771
Par t # 1- 40000 (*) Lnmt # 1; pass# ***- 2500;

Figure 133Kinetic E versus turn number.
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~G = 45 (22.61211 GeV)

8048y | ggep Y  (rad) vs. Y (M gelBplgger 7 (rad)vs. 7z (m
. 000492 [

000494 Sl OE'gg:J e

. 94 v :f/ i ﬁ\

. 000496 B

. 000498 e °E9§:7

. 0005 = - i :

. 000502" - % | Dt D DA

//) —/ .- : 5 B
. 000504 = oE9§J -
00648 -. 00644 -. 0064 -. 0063 OE_7§35 OE_7§45 OE_7§55 OE_7§65
* Xing gammaG = 45 * Xing gammaG = 45

Eps/pl Beta, Al pha: 1.4311E-10 19.8 -1.58 EpS/pI Beta, Al pha; 1. 2371E-15 11.6 1.03

M n- max. r.. -6, 50748E 03 - 6. 35661E- 03 Ver.: -5.0543¢t M n-max. Hor.: 7. 53320E 05 7.57304E-05; Ver. 9. 0452
Part# - 040000 (*) ; Lomt# 1; “pass# 100 1810 Partd - 40000 (*) ; Lmt# 1; pass# 120 1810

Figure 134:Left: x-x, right : z-z".
goulLl ggor «m
D. OO
D. 00O
Oo. O
- . 00O
- . 00O
g i i i i
100 200 300 400
> Xi ng ganmaG = 45

M -ma H/ \/: 10. O 997. / - 2. 773E- 04 2. 736 E- O«
Par t # a1 - 40000 (*) ; Lnmt # ad; pass# - 7

Figure 135:z closed orbit along the ring circumference (horizontabasipick-up number).

agugpl 68°0

O
2P
=83
2 g
2 -8”
=2 -s®

> Xi ng gamTaG = 4a45

M Nn- max. Hor 2. 6180 2. 6180 H Ver . : - 7. 0095¢
Par t # - 4000O C*) ; Lnmmt # a; pass# 2- 1810;

Figure 136:dp-phase.
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5 Static neighboring of resonances

5.1 Intrinsic resonances

In static mode, at distance
A = distance to the resonance 7G — (n x M —v;)

from an isolated spin resonance, the average value of the vertical oemipaf an initially verticalS satisfies

_ 1 1
Sﬁzm, hence ]JH]Q:AZ/(l_SB —1)
which yields|.J,,| from a measurement &f,(A).

In order to perform a simulation of stable precessio@cﬁround a fixed axis, test particles are launched at
various, fixed, energieg = (A + (n x M — v,))/G (hence varioug\), on non-zero vertical invariart, on
chromatic horizontal closed orbit corresponding to that energy and withli§ = S, polarization.

The matching of the-projection of the ray-traced. component withS., Eq. above, delivers best ande
values, these are displayed in Tab. 7 page 70.

51.1 G = v, (3.648013 GeV)

Strengths

Resonance strengths and vertical tunes are derived from the nuls@rio&ation results by matching of numer-
ical S, (yG) using Eq. 4, page 10.
This yields the results in Tab. 6.

Table 6: Dependence of resonance strength squéasgf) on vertical invariantd.). . compares fairly well
with Fourier analysis of particle motion eg invariant.

Gz/ﬂ' Vy Vy |Jn|2 |Jn’2/6z/ﬂ-
(10-m.rad) (Fourier)  (fity  (07°)
0.00188 8.7634 0.07406 390

0.0164 8.7630 0.7458 455
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7G = v, (3.648013 GeV) ¢, /7 = 0.001910~°

Tracking data

Zgoubi.dat, excerpts :

gG=nu. Data generated by searchCO

'OBJET’

14.97463e3

2

18 1 V emittance=0.0019e-6

-1.646363E+00 -1.209158E+00 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.95000000E-01 'p’ 3626.04 MeV
-1.148352E+00 -8.558551E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.97500000E-01 'p’ 3637.03 MeV
-7.447566E-01 -5.700890E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99500000E-01 'p’ 3645.81 MeV
-7.143164E-01 -5.485654E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99650000E-01 'p’ 3646.47 MeV
-6.940100E-01 -5.342098E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99750000E-01 'p’ 3646.91 MeV
-6.838529E-01 -5.270301E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99800000E-01 'p’ 3647.13 MeV
-6.736934E-01 -5.198490E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99850000E-01 'p’ 3647.35 MeV
-6.635312E-01 -5.126667E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99900000E-01 'p’ 3647.57 MeV
-6.533665E-01 -5.054831E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 9.99950000E-01 'p’ 3647.79 MeV
-6.431993E-01 -4.982983E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00000000E+00 'p’ 3648.01 MeV
-6.330295E-01 -4.911121E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00005000E+00 'p’ 3648.23 MeV
-6.228571E-01 -4.839247E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00010000E+00 'p’ 3648.45 MeV
-6.126822E-01 -4.767360E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00015000E+00 'p’ 3648.67 MeV
-6.025048E-01 -4.695461E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00020000E+00 'p’ 3648.89 MeV
-5.821424E-01 -4.551625E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00030000E+00 'p’ 3649.33 MeV
-5.515798E-01 -4.335778E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00045000E+00 'p’ 3649.99 MeV
-5.107943E-01 -4.047810E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00065000E+00 'p’ 3650.87 MeV
-4.597541E-01 -3.687560E-01 -7.000000E-03 -5.000000E-0 3 0.0E+00 1.00090000E+00 'p’ 3651.97 MeV

11111111111111111111111111

Checking computation results : for the 20 particles above, from 1200 &malysis, their H closed orbits,
fractional tunes (Fourier analysis) and complements té and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,| time(mus) E( MeV)
-1.646363E-02 -1.209158E-03 0.184293 0.243681 0.815707 0 756319 1.983219E-17 9.463248E-10 1.078902E-07  0.00000 3 626.04
-1.148352E-02 -8.558569E-04 0.236103 0.240276 0.763897 O 759724 6.203007E-18 9.437355E-10 7.235493E-08  1.37518 3 637.03
-7.447570E-03 -5.700879E-04 0.277672 0.237293 0.722328 0O 762707 5.720399E-18 9.416535E-10 1.039773E-08 1.83348 3 645.81
-7.143173E-03 -5.485666E-04 0.280750 0.237144 0.719250 O 762856 4.351323E-18 9.414963E-10 2.902687E-08 2.06265 3 646.47
-6.940089E-03 -5.342087E-04 0.282798 0.236887 0.717202 O 763113 4.297505E-18 9.413920E-10 5.285475E-08 2.20016 3 646.91
-6.838527E-03 -5.270293E-04 0.283828 0.236814 0.716172 0 763186 5.418882E-18 9.413402E-10 4.505645E-08 2.29183 3 647.13
-6.736942E-03 -5.198491E-04 0.284866 0.236765 0.715134 0O 763235 3.527709E-18 9.412885E-10 4.245698E-08 2.35730 3 647.35
-6.635313E-03 -5.126674E-04 0.285919 0.236722 0.714081 O 763278 4.063598E-18 9.412366E-10 3.422547E-08 2.40641 3 647.57
-6.533653E-03 -5.054814E-04 0.287004 0.236668 0.712996 O 763332 3.868776E-18 9.411843E-10 6.065265E-08  2.44460 3 647.79
-6.432005E-03 -4.982988E-04 0.288085 0.236581 0.711915 0 763419 3.994566E-18 9.411317E-10 9.531118E-08  2.47516 3 648.01
-6.330296E-03 -4.911123E-04 0.289138 0.236422 0.710862 0 763578 3.260158E-18 9.410789E-10 1.516312E-08  2.50016 3 648.23
-6.228566E-03 -4.839242E-04 0.290175 0.236333 0.709825 0 763667 3.709130E-18 9.410263E-10 5.502039E-08  2.52099 3 648.45
-6.126822E-03 -4.767353E-04 0.291205 0.236279 0.708795 0 763721 3.393409E-18 9.409740E-10 9.574401E-08  2.53861 3 648.67
-6.025061E-03 -4.695472E-04 0.292230 0.236235 0.707770 0 763765 3.275072E-18 9.409217E-10 4.678886E-08  2.55372 3 648.89
-5.821414E-03 -4.551620E-04 0.294278 0.236110 0.705722 0 763890 2.597808E-18 9.408175E-10 6.498435E-08  2.56681 3 649.33
-5.515801E-03 -4.335775E-04 0.297380 0.235790 0.702620 0 764210 2.040421E-18 9.406618E-10 7.018281E-08 2.57826 3 649.99
-5.107945E-03 -4.047817E-04 0.301655 0.235489 0.698345 0O 764511 1.841409E-18 9.404511E-10 1.646254E-08 2.58835 3 650.87
-4.597556E-03 -3.687562E-04 0.306793 0.235137 0.693207 0 764863 1.077477E-17 9.401906E-10 3.335808E-08  2.59732 3 651.97
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7G = v, (3.648013 GeV) ¢, /7 = 0.0019 1076
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Figure 137:S, versus turn number for various distances to the resonance.
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Figure 138:MatchingS?(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also showsd,,|? from numerical data

(with expectable lack of accuracy in the regidn— 0).

9oubh ggor Y (rad)vs. Y (n) q;(g)%\{,gﬂp Y (rad)vs. Y (m 99gg},légf)_? z (rad) vs z (m
T L e T AL =i o
ik =
. 000: Eﬁ}l
. 00109 Jf ;H iﬁ. - 000! o5
. 001P69 ’_,_l—l_r . 000! / / i
' 0.0
R % rd
.001p09 e E 7 000! -EO-
001209 L I;H — - 000 [L - e
E 0003688 a —
- 001209 4: . 000: . I‘_—)'&J
-.01646-.01646-.01646-.01646-.01646-.01646-. 0164 . 00459 . 00459 . 00459 . 004598 -. 004598 -.0001 -EQ.45 0.0 E '2—} 0. 0001
* Data generated by searchOO * Data generated by searchCO * Data gener at ed by sear chCO
Epslpl Beta, A Epslpl Beta, Al pha; Eps/ pi Bet a, Al pha 9. 4022E- 1 11 7 1.03
HV: -1, 64 E 02 1 646E 02/ -1 209E 03 1 209E 0t m H V. -4, 598E- 03 4 598E 03/ 3 688E 04 - 3 688E 0 M-ma HV: 1 48 E- 04 1. 483E 04/ -1.822E-05 1, 822E-0!
Part# 1- 1(%) pas: Part# 18- 18 (*) ; 1; pass# 1- Part# 18- 8 (*) Lmmt 1; pass# 1- 422;

Figure 139:Left : x-x’ of particles at min. and maxa/p,. Right : z-z’ (all particles superimposed).
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7G = v, (3.648013 GeV) ¢, /7 = 0.017107°

Tracking data

Zgoubi.dat, excerpts :

gG=nu. Data generated by searchCO

'OBJET’
14.97463e3
2
14 1
-7.447527E-01 -5.700859E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99500000E-01 'p’ 3645.81 MeV
-7.143145E-01 -5.485637E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99650000E-01 'p’ 3646.47 MeV
-6.940190E-01 -5.342162E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99750000E-01 'p’ 3646.91 MeV
-6.838620E-01 -5.270365E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99800000E-01 'p’ 3647.13 MeV
-6.737025E-01 -5.198555E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99850000E-01 'p’ 3647.35 MeV
-6.635404E-01 -5.126732E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99900000E-01 'p’ 3647.57 MeV
-6.533757E-01 -5.054897E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 9.99950000E-01 'p’ 3647.79 MeV
-6.432085E-01 -4.983049E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00000000E+00 'p’ 3648.01 MeV
-6.330387E-01 -4.911187E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00005000E+00 'p’ 3648.23 MeV
-6.228664E-01 -4.839314E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00010000E+00 'p’ 3648.45 MeV
-6.126915E-01 -4.767427E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00015000E+00 'p’ 3648.67 MeV
-6.025141E-01 -4.695529E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00020000E+00 'p’ 3648.89 MeV
-5.821415E-01 -4.551617E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00030000E+00 'p’ 3649.33 MeV
-5.515787E-01 -4.335769E-01 -2.000000E-02 -1.570000E-0 2 0.0E+00 1.00045000E+00 'p’ 3649.99 MeV
11111111111111111111111111
'FAISCEAU’
'SCALING’ 3
12
MULTIPOL SBEN
-1
14.97463
1
MULTIPOL QUAD
-1
14.97463
1
'PARTICUL’ 4

938.27203d0  1.602176487d-19 1.7928474d0 0. 0.

Checking computation results : for the 20 particles above, from 200 turalysas, their H closed orbits,
fractional tunes (Fourier analysis) and complements té and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,| time(mus)  E( MeV)
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G = v, (3.648013 GeV) ¢, /7 = 0.017107°
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Figure 140:S, versus turn number for various distances to the resonance.
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Figure 141:MatchingS?(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also showsd,,|? from numerical data
(with expectable lack of accuracy in the regidn— 0).
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Figure 142:Left : x-x’ of particles at min. and maxa/p,. Right : z-z’ (all particles superimposed).
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5.1.2 ~G =48 — v, (19.59585 GeV)
Strengths

Resonance strengths and vertical tunes are derived from the nulhseric&tion results by matching of numer-
ical S, (yG) using Eq. 4, page 10.

This yields the results in Tab. 7, compares fairly well with Fourier analysis of particle motion @n
invariant. |.J,|?/e./m appears to be but weakly dependentegrin agreement with the results of resonance
crossing, Sec. 4.1.7 (Tab. 4 page 35), and with Eq. 10.

Table 7: Dependence of resonance strength squikgd, on vertical invariantd.).

€./m v, v, |Ta)?2 | Jnl? e /7
(10~%m.rad) (Fourier)  (fity  (079)
0.125 774 8.7740 0.354 27

2 74 8.77 6.249 31



5 STATIC NEIGHBORING OF RESONANCES 71

vG =48 — v, (19.59585 GeV) ¢, /7 = 0.125107°

Tracking data

Zgoubi.dat, excerpts :

48-nu, static
Data generated by searchCO

'OBJET’
68.42292e3
2
15 1 V invariant=0.125e-6
X X z z' dl p/p0
5.238532E-01 3.225314E-01 0.121 -0.107  0.0E+00 9.9924000 OE-01 'p’ 19580.28 MeV
5511955E-01 3.416643E-01 0.121 -0.107  0.0E+00 9.9937000 OE-01 'p’ 19582.94 MeV
5.785543E-01 3.608041E-01 0.121 -0.107  0.0E+00 9.9950000 OE-01 'p’ 19585.61 MeV
5.996108E-01 3.755316E-01 0.121 -0.107  0.0E+00 9.9960000 OE-01 'p’ 19587.65 MeV
6.122493E-01 3.843701E-01 0.121 -0.107  0.0E+00 9.9966000 OE-01 'p’ 19588.88 MeV
6.206770E-01 3.902633E-01 0.121 -0.107  0.0E+00 9.9970000 OE-01 'p’ 19589.70 MeV
6.248939E-01 3.932105E-01 0.121 -0.107  0.0E+00 9.9972000 OE-01 'p’ 19590.11 MeV
6.270709E-01 3.947346E-01 0.121 -0.107  0.0E+00 9.9973000 OE-01 'p’ 19590.32 MeV
6.291088E-01 3.961575E-01 0.121 -0.107 0.0E+00 9.9974000 OE-01 'p’ 19590.52 MeV
6.354291E-01 4.005778E-01 0.121 -0.107 0.0E+00 9.9977000 OE-01 'p’ 19591.14 MeV
6.438611E-01 4.064727E-01 0.121 -0.107 0.0E+00 9.9981000 OE-01 'p’ 19591.96 MeV
6.522946E-01 4.123683E-01 0.121 -0.107 0.0E+00 9.9985000 OE-01 'p’ 19592.78 MeV
6.586207E-01 4.167904E-01 0.121 -0.107 0.0E+00 9.9988000 OE-01 'p’ 19593.39 MeV
7.367155E-01 4.713593E-01 0.121 -0.107 0.0E+00 1.0002500 0E+00 'p’ 19600.97 MeV
8.107119E-01 5.230291E-01 0.121 -0.107 0.0E+00 1.0006000 0E+00 'p’ 19608.15 MeV
1711111111111111 1 1 1 1 11111
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'SCALING’
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-1
67.98605
1
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1
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3
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1
#Start
'SPNSTORE’

b_zgoubi.spn  #Start
1

'FAISTORE’
b_zgoubi.fai #End
1

'MARKER’  #Start

Checking computation results : for the 15 particles above, , from 400 &ralysis, their H closed orbits,
fractional tunes and complementsltoH and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,! time(mus) E( MeV)
5.238426E-03 3.225236E-04 0.452922 0.226474 0.547078 0.7 73526 4.944626E-15 6.260669E-08 8.490941E-08  2.69504 195 80.3
5.512045E-03 3.416666E-04 0.452434 0.226220 0.547566 0.7 73780 5.005877E-15 6.260760E-08 5.802153E-08  2.69505 195 82.9
5.785329E-03 3.607964E-04 0.451892 0.225955 0.548108 0.7 74045 5.086831E-15 6.260835E-08 1.556678E-08  2.69505 195 85.6
5.996270E-03 3.755278E-04 0.451525 0.225760 0.548475 0.7 74240 5.102903E-15 6.260872E-08 1.415163E-08  2.69506 195 87.7
6.122287E-03 3.843753E-04 0.451250 0.225647 0.548750 0.7 74353 5.165472E-15 6.260889E-08 3.396394E-08  2.69506 195 88.9
6.206834E-03 3.902411E-04 0.451102 0.225565 0.548898 0.7 74435 5.099527E-15 6.260900E-08 1.415165E-08  2.69506 195 89.7
6.248912E-03 3.932355E-04 0.451003 0.225520 0.548997 0.7 74480 4.766276E-15 6.260907E-08 9.906158E-09  2.69506 195 90.1
6.269512E-03 3.946532E-04 0.417172 0.225496 0.582828 0.7 74504 9.927906E-15 6.260913E-08 1.004768E-07  2.69506 195 90.3
6.291314E-03 3.961943E-04 0.450930 0.225473 0.549070 0.7 74527 4.806970E-15 6.260913E-08 4.953080E-08  2.69506 195 90.5
6.353840E-03 4.005324E-04 0.450822 0.225407 0.549178 0.7 74593 5.160008E-15 6.260924E-08 2.830333E-09  2.69506 195 91.1
6.439037E-03 4.065026E-04 0.450650 0.225327 0.549350 0.7 74673 5.214456E-15 6.260940E-08 4.953084E-08  2.69506 195 92.0
6.522486E-03 4.123469E-04 0.450513 0.225252 0.549487 0.7 74748 5.195458E-15 6.260958E-08 6.368255E-08  2.69506 195 92.8
6.586507E-03 4.167867E-04 0.450343 0.225196 0.549657 0.7 74804 5.240914E-15 6.260972E-08 5.236122E-08 2.69507 195 93.4
7.366901E-03 4.713678E-04 0.448848 0.224430 0.551152 0.7 75570 5.487470E-15 6.261195E-08 6.934356E-08 2.69508 196 01.0

8.107212E-03 5.230102E-04 0.447343 0.223718 0.552657 0.7 76282 6.407776E-15 6.261412E-08 4.670097E-08 2.69509 196 08.1
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7G =48 — v, (19.59585 GeV) ¢, /m = 0.12510~°
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Figure 143:S. versus turn number for various distances to the resonance.
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Figure 144:MatchingS%(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also showd,,|? from numerical data

(with expectable lack of accuracy in the regidn— 0).
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Figure 145:Left : x-x’ of particles at min. and maxa/p,. Right : z-z’ (all particles superimposed).
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vG = 48 — v, (19.59585 GeV) ¢, /7 = 21076

Tracking data

Zgoubi.dat, excerpts :

48-nu, static
Data generated by searchCO

'OBJET’
68.42292e3
2
17 1 V invariant=1e-6

X X z z' dl p/p0

4.319392E-01 2.578809E-01 1.0E-02 -4.3E-01 0.0E+00 9.988 00000E-01 'p’ 19571.26 MeV
4.739674E-01 2.872830E-01 1.0E-02 -4.3E-01 0.0E+00 9.990 00000E-01 'p’ 19575.36 MeV
5.370833E-01 3.314176E-01 1.0E-02 -4.3E-01 0.0E+00 9.993 00000E-01 'p’ 19581.51 MeV
5.792068E-01 3.608589E-01 1.0E-02 -4.3E-01 0.0E+00 9.995 00000E-01 'p’ 19585.61 MeV
6.213739E-01 3.903209E-01 1.0E-02 -4.3E-01 0.0E+00 9.997 00000E-01 'p’ 19589.70 MeV
6.361406E-01 4.006355E-01 1.0E-02 -4.3E-01 0.0E+00 9.997 70000E-01 'p’ 19591.14 MeV
6.445808E-01 4.065304E-01 1.0E-02 -4.3E-01 0.0E+00 9.998 10000E-01 'p’ 19591.96 MeV
6.488015E-01 4.094781E-01 1.0E-02 -4.3E-01 0.0E+00 9.998 30000E-01 'p’ 19592.37 MeV
6.530225E-01 4.124260E-01 1.0E-02 -4.3E-01 0.0E+00 9.998 50000E-01 'p’ 19592.78 MeV
6.593549E-01 4.168480E-01 1.0E-02 -4.3E-01 O0.0E+00 9.998 80000E-01 'p’ 19593.39 MeV
6.677993E-01 4.227447E-01 1.0E-02 -4.3E-01 0.0E+00 9.999 20000E-01 'p’ 19594.21 MeV
6.846928E-01 4.345398E-01 1.0E-02 -4.3E-01 0.0E+00 1.000 00000E+00 'p’ 19595.85 MeV
7.058183E-01 4.492871E-01 1.0E-02 -4.3E-01 0.0E+00 1.000 10000E+00 'p’ 19597.90 MeV
7.480984E-01 4.787934E-01 1.0E-02 -4.3E-01 0.0E+00 1.000 30000E+00 'p’ 19602.00 MeV
8.116001E-01 5.230863E-01 1.0E-02 -4.3E-01 0.0E+00 1.000 60000E+00 'p’ 19608.15 MeV
1.237165E+00 8.192832E-01 1.0E-02 -4.3E-01 0.0E+00 1.002 60000E+00 'p’ 19649.13 MeV
1.796276E+00 1.206708E+00 1.0E-02 -4.3E-01 0.0E+00 1.005 20000E+00 'p’ 19702.41 MeV
111111111111111 1 1 1 1 11111
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1

#Start

'SPNSTORE’

b_zgoubi.spn #Start
1

'FAISTORE’
b_zgoubi.fai #End
1

'MARKER’  #Start

Checking computation results : for the 17 particles above, from 400 turalysas, their H closed orbits,
fractional tunes and complementsltoH and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,! time(mus)  E( MeV)
4.292329E-03  2.565613E-04 0.397391 0.227387 0.602609 0.7 72613 2.782303E-12 9.975757E-07 7.075746E-08  2.69503 195 713
4.727305E-03  2.860852E-04 0.401652 0.227005 0.598348 0.7 72995 2.813073E-12 9.975898E-07 5.660611E-09  2.69504 195 75.4
5.352981E-03 3.312343E-04 0.408019 0.226401 0.591981 0.7 73599 2.810842E-12 9.976181E-07 4.386990E-08  2.69505 195 815
5.768571E-03 3.588075E-04 0.412253 0.226013 0.587747 0.7 73987 2.777554E-12 9.976402E-07 1.556678E-08  2.69505 195 85.6
6.203395E-03 3.906452E-04 0.416524 0.225618 0.583476 0.7 74382 2.819153E-12 9.976524E-07 1.415165E-08  2.69506 195 89.7
6.331626E-03 3.984651E-04 0.418009 0.225463 0.581991 0.7 74537 2.803603E-12 9.976563E-07 2.830332E-09  2.69506 195 91.1
6.437418E-03 4.065558E-04 0.418836 0.225378 0.581164 0.7 74622 2.789871E-12 9.976590E-07 4.953084E-08  2.69506 195 92.0
6.460069E-03 4.079638E-04 0.419275 0.225338 0.580725 0.7 74662 2.770508E-12 9.976604E-07 4.103985E-08  2.69506 195 92.4
6.516286E-03 4.115880E-04 0.419715 0.225300 0.580285 0.7 74700 2.804960E-12 9.976619E-07 6.368254E-08  2.69506 195 92.8
6.572890E-03 4.162095E-04 0.420325 0.225244 0.579675 0.7 74756 2.806966E-12 9.976642E-07 5.236122E-08  2.69507 195 93.4
6.656351E-03 4.211746E-04 0.421203 0.225169 0.578797 0.7 74831 2.783820E-12 9.976677E-07 2.688821E-08 2.69507 195 94.2
6.832306E-03 4.344203E-04 0.422894 0.225002 0.577106 0.7 74998 2.783264E-12 9.976748E-07 7.075852E-09 2.69507 195 95.9
7.031513E-03 4.473885E-04 0.425016 0.224795 0.574984 0.7 75205 2.819403E-12 9.976841E-07 4.387033E-08 2.69507 195 97.9
7.469509E-03 4.789586E-04 0.429270 0.224377 0.570730 0.7 75623 2.732493E-12 9.977074E-07 1.556693E-08 2.69508 196 02.0
8.084513E-03 5.208150E-04 0.435641 0.223766 0.564359 0.7 76234 2.760451E-12 9.977392E-07 4.670097E-08 2.69509 196 08.1
1.234425E-02 8.178755E-04 0.478400 0.219459 0.521600 0.7 80541 2.889050E-12 9.979560E-07 3.396520E-08  2.69516 196 49.1

1.794068E-02 1.207013E-03 0.465735 0.213439 0.534265 0.7 86561 2.910560E-12 9.983185E-07 3.396634E-08  2.69525 197 02.4
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vG =48 — v, (19.59585 GeV) ¢, /m = 21076
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Figure 146:S, versus turn number for various distances to the resonance.
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Figure 147:Matching S%(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also showd,,|? from numerical data
(with expectable lack of accuracy in the regidn— 0).
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Figure 148:Left : x-x' of particles at min. and maxa/po.
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5.1.3 ~G = 36 + v, (22.48832 GeV)
Strengths

Resonance strengths and vertical tunes are derived from the nuhseriaétion results by matching of numer-
ical S, (yG) using Eq. 4, page 10.
This yields the results in Tab. 8.

Table 8: Dependence of resonance strength squéasg¥) on vertical invariantd.). v, compares fairly well
with Fourier analysis of particle motion @g invariant.

€./m v, v, | T |Jn|? /e, /T
(10~%m.rad) (Fourier)  (fity  (07°)
0.0017 763 8.7631 0.80592 4700

0.17 8.7639 94.5166 5559
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7G = 36 + v, (22.48832 GeV) ¢, /7 = 0.0017 1076

Tracking data

Zgoubi.dat, excerpts :

36+nu. Data generated by searchCO

'OBJET’
78.07999e3
2
20 1
-9.470844E-01 -7.132618E-01 -0.00643  -0.00498 0.0E+00 9. 98500000E-01 'p’ 22453.23 MeV
-8.662617E-01 -6.560475E-01 -0.00643  -0.00498 0.0E+00 9. 98900000E-01 'p’ 22462.59 MeV
-8.055577E-01 -6.130895E-01 -0.00643  -0.00498 0.0E+00 9. 99200000E-01 'p’ 22469.61 MeV
-7.650340E-01 -5.844263E-01 -0.00643  -0.00498 0.0E+00 9. 99400000E-01 'p’ 22474.28 MeV
-7.447550E-01 -5.700858E-01 -0.00643  -0.00498 0.0E+00 9. 99500000E-01 'p’ 22476.62 MeV
-7.244648E-01 -5.557393E-01 -0.00643  -0.00498 0.0E+00 9. 99600000E-01 'p’ 22478.96 MeV
-7.041638E-01 -5.413870E-01 -0.00643  -0.00498 0.0E+00 9. 99700000E-01 'p’ 22481.30 MeV
-6.838522E-01 -5.270291E-01 -0.00643  -0.00498 0.0E+00 9. 99800000E-01 'p’ 22483.64 MeV
-6.635304E-01 -5.126658E-01 -0.00643  -0.00498 0.0E+00 9. 99900000E-01 'p’ 22485.98 MeV
-6.533656E-01 -5.054822E-01 -0.00643  -0.00498 0.0E+00 9. 99950000E-01 'p’ 22487.15 MeV
-6.431983E-01 -4.982973E-01 -0.00643  -0.00498 0.0E+00 1. 00000000E+00 'p’ 22488.32 MeV
-6.330285E-01 -4.911112E-01 -0.00643  -0.00498 0.0E+00 1. 00005000E+00 'p’ 22489.49 MeV
-6.228561E-01 -4.839238E-01 -0.00643  -0.00498 0.0E+00 1. 00010000E+00 'p’ 22490.66 MeV
-6.025037E-01 -4.695452E-01 -0.00643  -0.00498 0.0E+00 1. 00020000E+00 'p’ 22493.00 MeV
-5.821413E-01 -4.551616E-01 -0.00643  -0.00498 0.0E+00 1. 00030000E+00 'p’ 22495.33 MeV
-5.617687E-01 -4.407730E-01 -0.00643  -0.00498 0.0E+00 1. 00040000E+00 'p’ 22497.67 MeV
-5.413860E-01 -4.263795E-01 -0.00643  -0.00498 0.0E+00 1. 00050000E+00 'p’ 22500.01 MeV
-5.209933E-01 -4.119812E-01 -0.00643  -0.00498 0.0E+00 1. 00060000E+00 'p’ 22502.35 MeV
-4.597547E-01 -3.687569E-01 -0.00643  -0.00498 0.0E+00 1. 00090000E+00 'p’ 22509.37 MeV
-3.779636E-01 -3.110579E-01 -0.00643  -0.00498 0.0E+00 1. 00130000E+00 'p’ 22518.72 MeV
1111111111 1111111111

'SCALING’ 3

1 2
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-1
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1
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-1
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1

'PARTICUL’ 4

938.27203d0  1.602176487d-19 1.7928474d0 0. 0.

'SPNTRK’ 5

3

Checking computation results : for the 20 particles above, from 200 tunalysas, their H closed orbits,
fractional tunes (Fourier analysis) and complements té and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,| time(mus) E( MeV)
-9.470872E-03 -7.132596E-04 0.256813 0.238834 0.743187 0 761166 1.324362E-16 8.428865E-10 5.941624E-08 2.69412 2 2453.2
-8.663059E-03 -6.560778E-04 0.265148 0.238243 0.734852 0 761757 1.321423E-15 8.425258E-10 1.188331E-07 2.69413 2 2462.6
-8.055589E-03 -6.130968E-04 0.271368 0.237784 0.728632 0 762216 2.727146E-16 8.422477E-10 8.318346E-08 2.69414 2 2469.6
-7.650366E-03 -5.844278E-04 0.275550 0.237473 0.724450 O 762527 6.013444E-17 8.420647E-10 1.222291E-07 2.69415 2 24743
-7.447593E-03 -5.700916E-04 0.277636 0.237315 0.722364 O 762685 2.244300E-17 8.419734E-10 2.376679E-08 2.69415 2 2476.6
-7.244645E-03 -5.557404E-04 0.279712 0.237178 0.720288 0O 762822 6.589209E-18 8.418826E-10 8.148624E-08 2.69416 2 2479.0
-7.041638E-03 -5.413877E-04 0.281785 0.237017 0.718215 O 762983 2.089928E-18 8.417926E-10 4.583607E-08 2.69416 2 2481.3
-6.838523E-03 -5.270286E-04 0.283866 0.236846 0.716134 0O 763154 2.672892E-18 8.417030E-10 8.997461E-08 2.69416 2 2483.6
-6.635325E-03 -5.126677E-04 0.285951 0.236703 0.714049 0 763297 3.347435E-18 8.416126E-10 6.960309E-08 2.69417 2 2486.0
-6.533659E-03 -5.054828E-04 0.287002 0.236629 0.712998 0 763371 4.217753E-18 8.415669E-10 8.997478E-08 2.69417 2 2487.1
-6.431985E-03 -4.982972E-04 0.288054 0.236546 0.711946 O 763454  4.480320E-18 8.415207E-10 1.154394E-07 2.69417 2 2488.3
-6.330300E-03 -4.911119E-04 0.289100 0.236452 0.710900 O 763548 4.692319E-18 8.414741E-10 4.244099E-08 2.69417 2 2489.5
-6.228580E-03 -4.839258E-04 0.290140 0.236369 0.709860 O 763631 5.298798E-18 8.414274E-10 6.111506E-08 2.69417 2 2490.7
-6.025030E-03 -4.695446E-04 0.292219 0.236225 0.707781 0 763775 6.141337E-18 8.413342E-10 4.413871E-08 2.69418 2 2493.0
-5.821433E-03 -4.551624E-04 0.294294 0.236072 0.705706 O 763928 5.324875E-18 8.412417E-10 1.544857E-07 2.69418 2 2495.3
-5.617702E-03 -4.407750E-04 0.296376 0.235887 0.703624 0 764113 5.242630E-18 8.411499E-10 6.960352E-08 2.69418 2 2497.7
-5.413859E-03 -4.263791E-04 0.298467 0.235738 0.701533 0 764262 5.434621E-18 8.410583E-10 7.130126E-08 2.69419 2 2500.0
-5.209948E-03 -4.119820E-04 0.300571 0.235587 0.699429 0 764413 5.409531E-18 8.409670E-10 1.341144E-07 2.69419 2 2502.4
-4.597559E-03 -3.687581E-04 0.306818 0.235096 0.693182 0 764904 6.153343E-18 8.406965E-10 1.018594E-08 2.69420 2 2509.4
-3.779643E-03 -3.110580E-04 0.315191 0.234410 0.684809 O 765590 5.334159E-18 8.403249E-10 8.318563E-08 2.69421 2 2518.7
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7G = 36 + v, (22.48832 GeV) ¢, /7 = 0.0017106

9%%@;:)[ 68epr Sz Vvs. Pass# .
0.8
0.6 " .
0.4
o0. 2 f i f
o.0¢F ]

- 2F

-4 .
-.6f f
_ .8 ]

- 100 200 300 400 500 éOO
* Data gener ated by sear chCO
Mg Y 25 (09) . Lmeg’- 1{ pé%égﬁo 1- 650°° 1

Figure 149:S, versus turn number for various distances to the resonance.
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Figure 150:MatchingS?(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also shows,,|? from numerical data
(with expectable lack of accuracy in the regidn— 0).
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Figure 151:Left : x-x’ of particles at min. and maxa/p,. Right : z-z’ (all particles superimposed).
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vG = 36 + v, (22.48832 GeV) ¢, /7 = 0.171076

Tracking data

Zgoubi.dat, excerpts :

36+nu, static

'OBJET’
78.07999e3
2
20 1 V invariant=0.17e-6
-9.470844E-01 -7.132618E-01 -0.0643  -0.0498 0.0E+00 9.98 500000E-01 'p’ 22453.23 MeV
-8.662617E-01 -6.560475E-01 -0.0643  -0.0498 0.0E+00 9.98 900000E-01 'p’ 22462.59 MeV
-8.055577E-01 -6.130895E-01 -0.0643  -0.0498 0.0E+00 9.99 200000E-01 'p’ 22469.61 MeV
-7.650340E-01 -5.844263E-01 -0.0643  -0.0498 0.0E+00 9.99 400000E-01 'p’ 22474.28 MeV
-7.447550E-01 -5.700858E-01 -0.0643  -0.0498 0.0E+00 9.99 500000E-01 'p’ 22476.62 MeV
-7.244648E-01 -5.557393E-01 -0.0643  -0.0498 0.0E+00 9.99 600000E-01 'p’ 22478.96 MeV
-7.041638E-01 -5.413870E-01 -0.0643  -0.0498 0.0E+00 9.99 700000E-01 'p’ 22481.30 MeV
-6.838522E-01 -5.270291E-01 -0.0643  -0.0498 0.0E+00 9.99 800000E-01 'p’ 22483.64 MeV
-6.635304E-01 -5.126658E-01 -0.0643  -0.0498 0.0E+00 9.99 900000E-01 'p’ 22485.98 MeV
-6.533656E-01 -5.054822E-01 -0.0643  -0.0498 0.0E+00 9.99 950000E-01 'p’ 22487.15 MeV
-6.431983E-01 -4.982973E-01 -0.0643 -0.0498 0.0E+00 1.00 000000E+00 'p’ 22488.32 MeV
-6.330285E-01 -4.911112E-01 -0.0643 -0.0498 0.0E+00 1.00 005000E+00 'p’ 22489.49 MeV
-6.228561E-01 -4.839238E-01 -0.0643 -0.0498 0.0E+00 1.00 010000E+00 'p’ 22490.66 MeV
-6.025037E-01 -4.695452E-01 -0.0643 -0.0498 0.0E+00 1.00 020000E+00 'p’ 22493.00 MeV
-5.821413E-01 -4.551616E-01 -0.0643 -0.0498 0.0E+00 1.00 030000E+00 'p’ 22495.33 MeV
-5.617687E-01 -4.407730E-01 -0.0643 -0.0498 0.0E+00 1.00 040000E+00 'p’ 22497.67 MeV
-5.413860E-01 -4.263795E-01 -0.0643  -0.0498 0.0E+00 1.00 050000E+00 'p’ 22500.01 MeV
-5.209933E-01 -4.119812E-01 -0.0643  -0.0498 0.0E+00 1.00 060000E+00 'p’ 22502.35 MeV
-4.597547E-01 -3.687569E-01 -0.0643  -0.0498 0.0E+00 1.00 090000E+00 'p’ 22509.37 MeV
-3.779636E-01 -3.110579E-01 -0.0643  -0.0498 0.0E+00 1.00 130000E+00 'p’ 22518.72 MeV
1111111111 1111111111

'SCALING’ 3

1 2

MULTIPOL SBEN

-1

78.07999

1

MULTIPOL QUAD

-1

78.07999

1

'PARTICUL’ 4

938.27203d0  1.602176487d-19 1.7928474d0 0. 0.

Checking computation results : for the 20 particles above, from 200 tunalysas, their H closed orbits,
fractional tunes (Fourier analysis) and complements té and V invariant values, energy :

% XCO X'CO XNU ZNU 1-XNU 1-ZNU epsilon/pi_X,Z,! time(mus)  E( MeV)
-9.471191E-03 -7.132492E-04 0.256831 0.238846 0.743169 0 761154 5.925320E-14 8.428749E-08 1.697588E-09  2.69412 2 2453.2
-8.665436E-03 -6.562084E-04 0.265155 0.238248 0.734845 0 761752 7.102949E-14 8.424973E-08 1.188318E-08  2.69413 2 2462.6
-8.056784E-03 -6.132896E-04 0.271387 0.237779 0.728613 0 762221 5.860524E-14 8.422212E-08 7.922146E-09  2.69414 2 2469.6
-7.649985E-03 -5.843489E-04 0.275548 0.237463 0.724452 0 762537 5.496437E-14 8.420384E-08 1.075151E-08  2.69415 2 2474.3
-7.449236E-03 -5.701867E-04 0.277640 0.237307 0.722360 O 762693 5.424775E-14 8.419471E-08 6.790436E-09  2.69415 2 2476.6
-7.246618E-03 -5.559006E-04 0.279730 0.237154 0.720270 O 762846 5.443044E-14 8.418559E-08 1.641024E-08 2.69416 2 2479.0
-7.041855E-03 -5.414722E-04 0.281801 0.236998 0.718199 0O 763002 5.458121E-14 8.417649E-08 6.790453E-09 2.69416 2 2481.3
-6.838782E-03 -5.269547E-04 0.283885 0.236844 0.716115 O 763156 5.488327E-14 8.416743E-08 9.619820E-09 2.69416 2 2483.6
-6.638039E-03 -5.128970E-04 0.285944 0.236693 0.714056 O 763307 5.496553E-14 8.415843E-08 4.526980E-09 2.69417 2 2486.0
-6.534031E-03 -5.055584E-04 0.287019 0.236616 0.712981 0O 763384 5.491074E-14 8.415396E-08 1.923968E-08 2.69417 2 2487.1
-6.432217E-03 -4.982846E-04 0.288055 0.236539 0.711945 0 763461 5.505559E-14 8.414952E-08 3.961112E-09  2.69417 2 2488.3
-6.332021E-03 -4.911956E-04 0.289102 0.236460 0.710898 0 763540 5.518761E-14 8.414509E-08 5.658735E-09  2.69417 2 2489.5
-6.230466E-03 -4.841332E-04 0.290139 0.236382 0.709861 0 763618 5.511605E-14 8.414069E-08 1.697622E-09  2.69417 2 2490.7
-6.024385E-03 -4.694925E-04 0.292236 0.236227 0.707764 O 763773 5.515216E-14 8.413197E-08 1.188337E-08 2.69418 2 2493.0
-5.823444E-03 -4.552429E-04 0.294313 0.236069 0.705687 0 763931 5.520688E-14 8.412332E-08 2.829376E-09  2.69418 2 2495.3
-5.619226E-03 -4.409711E-04 0.296394 0.235905 0.703606 O 764095 5.503099E-14 8.411473E-08 4.527008E-09  2.69418 2 2497.7
-5.413718E-03 -4.263393E-04 0.298460 0.235742 0.701540 0 764258 5.531948E-14 8.410615E-08 5.092890E-09  2.69419 2 2500.0
-5.211530E-03 -4.120730E-04 0.300571 0.235577 0.699429 0 764423 5.505439E-14 8.409755E-08 7.922284E-09  2.69419 2 2502.4
-4.598617E-03 -3.688727E-04 0.306842 0.235073 0.693158 0 764927 5.526524E-14 8.407108E-08 3.395277E-09  2.69420 2 2509.4
-3.780573E-03 -3.110925E-04 0.315188 0.234408 0.684812 0 765592 5.530870E-14 8.403336E-08 1.697647E-08  2.69421 2 2518.7
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vG = 36 + v, (22.48832 GeV) ¢, /7 = 0.171076
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Figure 152:S, versus turn number for various distances to the resonance.
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Figure 153:MatchingS?(A) (left, Eq. 4) andp?(A) (right, Eq. 5) The right plot also showd,,|? from

(with expectable lack of accuracy in the regidn— 0).

numerical data
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Figure 154:Left : x-x' of particles at min. and maxa/p,. Right :

z-Z' (all particles superimposed).
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6 Fresnel integrals approximation of weak resonances

The goal of this section is to check zgoubi against the weak resonapcexamation of resonance crossing
dynamics, see Sec. 2.3.4.

Matching the tracking results by the Fresnel integral approximation would tfie crossing speed and
the resonance strengtli,|. In the figures below crossing velocity is taken to be the same as used,earier
4.4096356 10—, and resonance strength is taken from Tabs. 2, 3, Froissard-8tssing conditions, whereas
v, = 8.76346 from Zgoubi, as earlier.

e G = v, (3.648013 GeV) ¢, /7 = 0.00210~°

7| Jn|?/a = 0.014, higher order terms have negligible ef-
o) <0 :
fect. 0
p 2 T 2 a\\2
SggggiLEBDp Sz vs.yKi nEnr (Mev) ( pi ) = 1 - E“]ﬂ’ I:(OS - C(_G\/;)) +
0.99
0. 996 % (0.5 — S(—Q\/E))z]
0. 99 : "
0. 992 : e >0 :
. E%% A POy T [(o 5+ C(G\/E))2+
0.98 - - T 1Yn . -
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0. 984 %ﬁ ‘7? Dg%ij wj %ﬂﬁ a 5
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205 Ba— mn —nax 0°8958 777288F- 03 C(JZ‘) _/ COS(§t2) dt, S(.’L’) _/ Sin(§t2) dt
Figure 155: Superimposition of Fresnel integral model 0 0
(squares) and zgoubi tracking (solid line)/m = 0.002 10~°.
e G = v, (3.648013 GeV) ¢, /7 = 0.01 1076
7|Jn|?/a =~ 0.071, , higher order terms have sensible effect.
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Figure 156:Superimposition of Fresnel integral model
(squares) and zgoubi tracking (solid line) in a case of
greater effect compared to the previous Fig. 1657 =
0.01107%. The truncation of Froissard-Stora formula
leads to an overestimate pf /p; (EQ. 7).
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e G = 36 + v, (22.4883 GeV) <, /m = 0.0001 1076

7|Jn|?/a = 0.013, higher order terms have negligible effect.
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Figure 157:Superimposition of Fresnel integral model (squares) aodizigracking (solid line}. /7 = 0.0001 10~5.

e yG =9 (3.7718 GeV) zcp = 1.3 mm

7|Jn|? /o = 0.0059, higher order terms have negligible effect.
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Figure 158:Superimposition of Fresnel integral model (squares) adiaitracking (solid line).

o vG = 45 (22.61211 GeV) 2o = 0.028 mm

7|Jn|?/a & 0.004, higher order terms have negligible effect.
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Figure 159:Superimposition of Fresnel integral model (squares) awdlzigracking (solid line).
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7 1y spin vector, AGS bare lattice

82

To perform this experiment, we consider a single particle at fixed eneaggijt at7 = 3775.00 GeV within the
span ofyG = 9 (T = 3.7716 GeV). The resonance is excited by=a 2.8 mm vertical closed orbit defect (same

as earlier, Fig. 100 page 49).

The particle is launched on closed H and V orbijt € ¢, = 0, Fig. 160) with firstS, = 1, the polarization

vector then oscillates around tig vector, Fig. 161.

The FIT procedure allows findingy, typical zgoubi.dat input in App. B.2.
Given the FIT results, the particle is then launched, again on closed H ambitywith now.S = closed —
orbit S. Fig. 162 shows that the polarization vector, as observed turn afteatiBegin SUPERA' (entrance to

A1BF main dipole), is now stationary.

598%%3% op Y (rad) vs. % (m gouBL| ggop z (rad) vs. z (m
09074 ‘

. 0004984 =
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. 0004985 // ! )'E?g",lgg
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e . 907075
. 0004987 ) 9707
. 0004Q8 7t . 207065
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Figure 160:The particle sits on H and V closed orbits - observed at 'B&JIPERA’ (entrance to A1BF main dipole).
Namely, the particle describes quasi zef@nde, invariants, as shown here.
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Figure 161: From top to bottom,S, S, S. versus turn number observed at ‘Begin SUPERA. Static cdse=(

3775.00 GeV), glvenSmnml S..
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iy vector over a tum, Siisiar = S fina = closed-orbit S
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Figure 162:From top to bottomS, S, S. along machine circumference versus pick-up number (ab@it9Us over
the 807 m circumference). Static cage-£ 3775.00 GeV), giveng,l;,,,,;ti,,,l = closed-orbit S.



A MAD FILES

APPENDIX
A MAD files

Excerpts of MAD files are reproduced, for reference.

A.1 Command file

option,-echo

gam=4.5/1.7928474

mass = 0.93827231

MOM := sqrt(gam *gam-1) * mass

call file
call file

"f.constants"
"f.conversions"

call "nosnake.sub”

titte "G x*gam=4.5 A20snk 2.5T, E20snk 1.5T, Al9cor = Blcor"
call file = “f.snkinsert.lat"

call file = “flat"

XXX:=0

ITITLE, "AGS SEB MAD,
USE, AGS
beam, particle=proton, gamma=gam, sige=0.001, sigt=1

initiated 2/6/98, KAB"

use, ags

print, #E

twiss, tape, deltap=-0.01,0.0,0.01 save
stop

A.2 “print” file

1G~gam=4.5 A20snk 2.5T, E20snk 1.5T, Al9cor = Blcor
Linear lattice functions. TWISS line: AGS
Delta(p)/p: -0.010000 symm: F super: 1

"MAD" Version: 8.23/08  Run: 24/08/09 06.33.46

range: #SHE

page

ELEMENT SEQUENCE | HORIZONTAL

| VERTICAL

pos. element occ. dist | betax alfax mux x(co) px(co) Dx Dpx | b etay alfay muy y(co) py(co) Dy Dpy
no. name no. m] | [m] [1] [2pi]] [mm] [.001] [m] 1 1 [m] [1] [2p il [mm] [.001] [m] [1]
begin AGS 1 0.000 19.403 -1.574 0.000-19.5858 -1.363 1.974 0 131 11.696 1.050 0.000 0.0000 0.000 0.000 0.000
end AGS 1 807.076 19.403 -1.574 8.918-19.5858 -1.363 1.974 0 131 11.696 1.050 8.750 0.0000 0.000 0.000 0.000
total length = 807.075641 Qx = 8.917998 Qy = 8.750382
delta(s) = -120.036170 mm Qx' = -22.144970 Qy' = 1.106873
alfa = 0.131374E-01 betax(max) = 22.522370 betay(max) = 22. 897941
gammaltr) = 8.724595 Dx(max) = 2.416062 Dy(max) = 0.000000

Dx(rm.s.) = 1.886261 Dy(rm.ss.) = 0.000000

xco(max) = 21.526346 yco(max) = 0.000000

xco(r.m.s.) = 17.795141 yco(rm.s.) = 0.000000

1G~gam=4.5 A20snk 2.5T, E20snk 1.5T, Al9cor = Blcor
Linear lattice functions. TWISS line: AGS
Delta(p)/p: 0.000000 symm: F super: 1

"MAD" Version: 8.23/08  Run: 24/08/09 06.33.46

range: #SHE

page

ELEMENT SEQUENCE | HORIZONTAL

| VERTICAL

pos. element occ. dist | betax alfax mux x(co) px(co) Dx Dpx | b etay alfay muy y(co) py(co) Dy Dpy
no. name no. m] | [m] [1] [2pi] [mm] [.001] [m] 1 1 [m] [1] [2p il [mm] [.001] [m] [1]
begin AGS 1 0.000 19.785 -1.585 0.000 0.0000 0.000 2.211 0.15 4 11.701 1.037 0.000 0.0000 0.000 0.000 0.000
end AGS 1 807.076 19.785 -1.585 8.711 0.0000 0.000 2.211 0.15 4 11.701 1.037 8.764 0.0000 0.000 0.000 0.000
total length = 807.075641 Qx = 8.710595 Qy = 8.764380
delta(s) = 0.000000 mm Qx' = -22.734051 Qy' = 1.734352
alfa = 0.140063E-01 betax(max) = 22.917409 betay(max) = 22. 743834
gammaltr) = 8.449647 Dx(max) = 2.356352 Dy(max) = 0.000000

Dx(rm.s) = 1.984102 Dy(rm.ss.) = 0.000000

xco(max) = 0.000000 yco(max) = 0.000000

xco(r.m.s.) = 0.000000 yco(rm.s.) = 0.000000

1Grgam=4.5 A20snk 2.5T, E20snk 1.5T, Al9cor = Blcor
Linear lattice functions. TWISS line: AGS
Delta(p)/p: 0.010000 symm: F super: 1

"MAD" Version: 8.23/08 Run: 24/08/09 06.33.46

range: #S/HE

page

ELEMENT SEQUENCE | HORIZONTAL

| VERTICAL

pos. element occ. dist | betax alfax mux x(co) px(co) Dx Dpx | b etay alfay muy y(co) py(co) Dy Dpy
no. name no. m] | [m] [1] [2pi] [mm] [.001] [m] 1 1 [m] [1] [2p il [mm] [.001] [m] [1]
begin AGS 1 0.000 18.727 -1.324 0.000 20.7717 1.436 2.337 0.1 62 11.695 1.023 0.000 0.0000 0.000 0.000 0.000
end AGS 1 807.076  18.727 -1.324  8.499 20.7717 1.436 2.337 0.1 62 11.695 1.023 8784 0.0000 0.000 0.000 0.000
total length = 807.075641 Qx = 8.498805 Qy = 8.784146
delta(s) = 126.662810 mm Qx’ = -21.581260 Qy’ = 2.394821
alfa = 0.149658E-01 betax(max) = 27.834540 betay(max) = 22. 586341
gammatr) = 8.174277 Dx(max) = 2.472667 Dy(max) = 0.000000

Dx(rm.s.) = 2.097844 Dy(r.m.s.) = 0.000000

xco(max) = 22.031544 yco(max) = 0.000000

xco(r.m.s.) = 18.634115 yco(rm.s.) = 0.000000
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B ZGOUBI DATA FILE SPECIMEN

B Zgoubi data file specimen

B.1 1-turn first order mapping calculation

Typical zgoubi.dat file including appropriate commands Quad

for MATRIX calculation.

Data generated by searchCO

'OBJET’ 1
1000.0

5

.001 .001 .001 .001 O. .0001

-6.431975E-01 -4.982951E-01 0.0E+00 0.0 0.0 1.000E+00 '0’

'PARTICUL’ 2
938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
'SCALING’ 3
0 3
MULTIPOL SBEN
2
7.50690875556628  7.50690875556628
1 99999
MULTIPOL QUAD
2
7.50690875556628  7.50690875556628
1 99999
'PICKUPS’ 4
1
#S
'FAISTORE’ 5
b_zgoubi.fai  #S
1
'MARKER' #S 6
'MARKER’ MARK BSUPERA 7
'MULTIPOL’ SBEN A1BF 8

0 .Dip

200.6554 10. 0.11712499 0.04848519 -0.00050563 0 0 0 0 0 0 O
0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -6395 1.1558 0. 0. O.

0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -6395 1.1558 0. 0. O.
0.0.0.0.0.0.0.0.0.0.

#20]20|20 Dip A1BF
3 0.0000 0.0000 -1.1751150450E-002
'DRIFT’ DRIF D2s 9
60.9515
'MULTIPOL’" SBEN A2BF 10
0 .Dip

200.6554 10. 0.11712499 0.04848519 -0.00050563 0 0 0 0 0 0 O
0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -6395 1.1558 0. 0. O.

0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

4 1455 22670 -6395 1.1558 0. 0. O.

0.0.0.0.0.0. 0.0.0.0.

#202020  Dip A2BF
3 0.0000 0.0000 -1.1751150450E-002
'DRIFT"  DRIF DPUE 11
28.7000
'MARKER'  MARK PUE_A02 12
"MULTIPOL’ HKIC DHCA02 13

0 .kicker
0.1000E-03 10. 0.0E+00 0000O0O0O0O0.00.0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 2.2670 -.6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 2.2670 -.6395 1.1558 0. 0. O.
0.0000 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20]120  Kick
10.0.0.
'MULTIPOL’ VKIC
0 .kicker
0.1000E-03 10. 0.0E+00 00000O0O0O0.000
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. 0.
#20]20|20  Kick

DVCA02 14

10.0.0.

'DRIFT’ DRIF D2TX 15
32.2485

'MULTIPOL’" SBEN A3CD 16

0 .Dip

238.7522 10. 0.11712611 -0.04865238 -0.00043783 0 0 0 0 0 0 O
0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -6395 1.1558 0. 0. O.

0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

4 1455 22670 -6395 1.1558 0. 0. O.

0.0.0.0.0.0. 0.0.0.0.

#20[2420  Dip A3CD
3 0.0000 0.0000 -1.3982515350E-002
'DRIFT"  DRIF DSQ 17
37.1047
"MULTIPOL’ QUAD QHFV 18
0 .Quad

39.0880 10. 0.00000 0.00000 0 0 0000 0 0.0
0. 0. 6.00 3.00 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
6 .1122 6.2671 -1.4982 3.5882 -2.1209 1.723

0. 0. 6.00 3.00 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O.
6 1122 6.2671 -1.4982 3.5882 -2.1209 1.723
0.0.0.0.0.0.0.0.0.0.

#30139]30  Quad QHFV
10. 0. 0.
"MULTIPOL’ QUAD QPOL

39.0880 10. 0.00000 0.00000 0 0 0000 0 O0.0
0. 0. 6.00 3.00 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.

6 .1122 6.2671 -1.4982 3.5882 -2.1209 1.723

0. 0. 6.00 3.00 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.

6 .1122 6.2671 -1.4982 3.5882 -2.1209 1.723

0. 0.0.0.0.0.0 0 0.0

#30[39]30  Quad QPOL

10.0. 0.

'DRIFT"  DRIF DSQ
37.1047

'DRIFT"  DRIF DPUE
28.7000

'MARKER’  MARK PUE_L18

"MULTIPOL’ HKIC DHCL18

0 .kicker
0.1000E-03 10. 0.0E+00 00000000000
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 2.2670 -.6395 1.1558 0. 0. O.
0.0000 0. 0. 0. 0. 0. 0. 0. 0. O.
#20[20]20  Kick
10.0.0.
'MULTIPOL’ VKIC
0 .kicker
0.1000E-03 10. 0.0E+00 00000000000
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
1570796327 0. 0. 0. 0. 0. 0. 0. 0. O.
#20[20|20  Kick

DVCL18

10. 0. 0.

'DRIFT’ DRIF D2TX
32.2485

'MULTIPOL’ SBEN L19BD

0 .Dip

200.6554 10. 0.11712499 -0.04843927 -0.00050017 0 0 0 0 00 O
0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 2.2670 -.6395 1.1558 0. 0. O.

0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. 0.

4 1455 22670 -.6395 1.1558 0. 0. O.
0.0.0.0.0.0.0.0.0.0.

#20[20]20 Dip L19BD
3 0.0000 0.0000 -1.1751150450E-002
'DRIFT’ DRIF D2S
60.9515
'MULTIPOL" SBEN L20BD
0 .Dip

200.6554 10. 0.11712499 -0.04843927 -0.00050017 0. 0. 0. O.
0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

4 1455 22670 -6395 1.1558 0. 0. O.

0. 0. 10. 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

4 1455 22670 -6395 1.1558 0. 0. O.

0.0000 0. 0. 0. 0. 0. 0. 0. 0. 0.

#2020]20 Dip L20BD
3 0.0000 0.0000 -1.1751150450E-002
'DRIFT’ DRIF DSG10
31.7339
'MULTIPOL’ HKIC SML20
0 .kicker

0.2413E403 10. 0.0E+00 0 00 0 0 0 0 0.0 0.0
0.0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.0000 0. 0. 0. 0. 0. 0. 0. 0. O.
#20[20[20  Kick
10. 0. 0.
'DRIFT"  DRIF DSG10
31.7339
'MARKER'  MARK
'MATRIX’
1 11
'FAISCEAU’
END’

ESUPERL
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B ZGOUBI DATA FILE SPECIMEN

B.2 Zgoubi files, 7, vector search using FIT

zgoubi.dat including FIT input :

Xing gammaG = 9
'OBJET’
15.4071e3
2
11
-0.64333404 -0.49841318 7.55234854E-02 9.07085314E-02 0
1
'SCALING’
1 3
MULTIPOL VKIC
-1
15.4071
1
MULTIPOL SBEN
-1
15.4071
1
MULTIPOL QUAD
-1
15.4071
1
'PARTICUL’
938.27203d0  1.602176487d-19 1.7928474d0 0. 0.
'FAISCEAU’
'SPNTRK’
4.1
0.3222862708 -0.6092011735 0.7241015089
'MARKER' #Start

14.95063e3

scales the vertical kick

'MARKER’ MARK BSUPERA

'MULTIPOL’ SBEN A1BF

0 .Dip

200.6554 10.00  0.11712499  0.04848519 -0.00050563 0.0 0.0 O

0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.

.OE+00 1. '

.0 0.0 0.0 0.0 0.0

4 1455 22670 -6395 1.1558 0. 0. O.
0.0.0. 0.0 0. 0.0 0. 0.
#20]200|20 Dip Al1BF
3 0.00000000000000 0.00000000000000 -1.175115045000000 E-002
'DRIFT’ DRIF D2S
60.9515
DRIFT DRIF DSG10
31.7339
'MULTIPOL" HKIC SML20
0 .kicker
0.2413E+03 10.00 0.000000E+00 0.000000 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.000000000 0. 0. 0. 0. 0. 0. 0. 0. O.
#20]20|20  Kick
10.0. 0.
'DRIFT’ DRIF DSG10
31.7339
'MARKER’ MARK ESUPERL
'MARKER’ #End
'SPNPRT’
T
3 Variables :
510 0 2 Sx_0
511 0 2 Syo
512 0 1 SzO0
3 Constraints :
101 11 994 0. 30 Sx atend
101 12 994 0. .30 Sy atend
101 13 994 0.1.0 Sz atend
'END’
zgoubi.res including FIT output :
996 FIT
variable # 1 IR = 5, ok
variable # 1 P = 10 , ok.
variable # 2 IR = 5, ok.
variable # 2 P = 11 , ok.
variable # 3 IR = 5, ok.
variable # 3 P = 12, ok.
constraint # 1 IR = 994 | ok.
constraint # 2 IR = 994 | ok.
constraint # 3 IR = 994 | ok.
FIT variables in good order, FIT will proceed.
STATUS OF VARIABLES (Iteration # 0)
LMNT VAR PARAM MINIMUM INITIAL FINAL MAXIMUM STEP
5 1 10 -0.322 0.328 0.3278000720 0.967 9.764E-15
5 2 1 -1.83 -0.606 -0.6064336572 0.609 1.729E-14
5 3 12 0.00 0.724 0.7244206873 1.45 1.081E-14
STATUS OF CONSTRAINTS
TYPE | J LMNT# DESIRED WEIGHT REACHED K12

*

Parameter(s)

(4]
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B ZGOUBI DATA FILE SPECIMEN 87

10 1 1 9% 0.0000 0.3000 1.2911894E-13  2.0915E-03 * 0
10 1 2 9% 0.0000 0.3000 1.1151080E-12  0.1560 * 0
10 1 3 9% 0.0000 1.000 8.6353147E-12  0.8419 = 0:
B.3 Zgoubi files, ring closed orbit search using FIT
zgoubi.dat including FIT input :
Data generated by searchCO
'OBJET’ 1
1000.
5
.001 .001 .001 .001 0. .001
-6.431975E-01 -4.982951E-01 0.0E+00 0.0E+00 0.0E+00 1.00 000000E+00 'o’
'MARKER’ MARK BSUPERA 2
'MULTIPOL’" SBEN A1BF 3
0 .Dip
200.6554 10.00 0.11712499 0.04848519 -0.00050563 0.0 0.0 O .0 0.0 0.0 0.0 0.0
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
0. 0. 10.00 4.0 0.800 0.00 0.00 0.00 0.00 0. 0. 0. O.
4 1455 22670 -6395 1.1558 0. 0. O.
0.0.0. 0.0 0. 0.0 0. 0.
#20]20|20 Dip A1BF
3 0.00000000000000 0.00000000000000 -1.175115045000000 E-002
'DRIFT’ DRIF D2s 4
60.9515
'MULTIPOL’" HKIC SML20 975
0 .kicker
0.2413E+03 10.00 0.000000E+00 0.000000 0.0 0.0 0.0 0.0 0.0 O .0 0.0 0.0
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 2.2670 -6395 1.1558 0. 0. O.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. 0.
4 1455 22670 -6395 1.1558 0. 0. O.
0.000000000 0. 0. 0. 0. 0. 0. 0. 0. O.
#20[20[20  Kick
10. 0. 0.
'DRIFT’ DRIF DSG10 976
31.7339
'MARKER"  MARK ESUPERL 977
'MATRIX 978
1 11
'FAISCEAU’ 979
FIT 980
3
13003
13103
13 0.1
3
31 12978 0. 10 X_CO
31 13978 0. 10 Xp_co
3 1 6 978 80707.6 1 0 co length
'END’ 981
zgoubi.res including FIT output :
STATUS OF VARIABLES (lteration # 0)
LMNT VAR PARAM MINIMUM INITIAL FINAL MAXIMUM STEP
1 1 30 -0.256 -7.034E-02 -7.0344865763E-02 = x_co (cm) 0.128 3.098E-13
1 2 31 -0.359 -9.439E-02 -9.4388984947E-02 = x'_co (cm)  0.18 0 3.926E-13
1 3 35 0.903 1.00 1.002797547 = p/p_0 1.10 2.127E-13
STATUS OF CONSTRAINTS
TYPE | J  LMNT# DESIRED WEIGHT REACHED KI2 *  Parameter(s)
3 1 2 978 0.0000000E+00 1.0000E+00 1.3279162E-09  6.9766E-0 1 * 0
3 1 3 978 0.0000000E+00 1.0000E+00 8.0138363E-10  2.5409E-0 1 * 0
3 1 6 978 8.0707564E+04 1.0000E+00 8.0707564E+04  4.8257E-0 2 * 0
Path length of particle 1 : 80707.564 cm
TRANSFER MATRIX ORDRE 1 (MKSA units)
0.732535 -16.3490 0.00000 0.00000 0.00000 2.92379
0.145067 -1.87262 0.00000 0.00000 0.00000 0.118147
0.00000 0.00000 -0.909176 -11.6183 0.00000 0.00000
0.00000 0.00000 0.175032 1.13689 0.00000 0.00000
-0.338693 3.56095 0.00000 0.00000 1.00000 11.6934
0.00000 0.00000 0.00000 0.00000 0.00000 1.00000
First order sympletic conditions (expected values = 0) :
-4.5006E-05 -5.9300E-05 0.000 0.000 0.000 0.000
Beam matrix (beta/-alpha/-alpha/gamma) and periodic  disp ersion (MKSA units)
19.898601 1.585380 0.000000 0.000000 0.000000 2.059607
1.585380 0.176567 0.000000 0.000000 0.000000 0.145139
0.000000 0.000000 11.694319 -1.029730 0.000000 0.000000
0.000000 0.000000 -1.029730 0.176183 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

Betatron tunes
NU_Y = 0.65346381 NU_Z = 0.76816038



