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Abstract

A proposal for a multiple-pass, high energy, energy-regoesperiment using CEBAF is under preparation in the frarha dLab-BNL

collaboration. In view of beam dynamics investigationsareiing this project, in addition to the existing model in is&legant a version of
CEBAF is developed in the stepwise ray-tracing code Zgoubi,

Beyond the ER experiment, it is also planned to use the lattethe study of polarization transport in the presence afchyotron
radiation, down to Hall D line where a 12 GeV polarized beamlvadelivered.

This Note briefly reports on the preliminary steps, and priglary outcomes, based on an Elegant to Zgoubi translation.

Tech. Note C-A/eRHIC/52 (2016)



CONTENTS

Contents

1 Introduction

2 Method

3 Optics

4 “Bunch tracking” outcomes, for illustration
Appendix

A Elegant input data file, 1-pass up, 1-pass down
B Zgoubi sequence out of e2z translator

C Individual element matching

References

10

11

12



1 INTRODUCTION 3

1 Introduction

It has recently been decided to present to JLab PAC44 coerenitlanned for July 2016, a proposal, “ER@CEBAF”, for a ipldtpass,
high energy, energy-recovery experiment using CEBAF [HisTs foreseen as part of the on-going R&D regarding BNL/B4kac-ring
version of eRHIC EIC, in which an ERL is used to generate amigynarecover a 20 GeV electron beam [2].

This project is subject to a joint JLab-BNL biweekly collaBtion meeting and maintains a web site [1] where all reledatails con-
cerning modeling and code developments discussed hehediing the optics files used as well as produced, can be found.

In view of this ER@CEBAF project and of related extensiverbalynamics simulations and investigations planned in apestiment,
a version of CEBAF is developed in the stepwise ray-tracimdecZgoubi [3]. This is in addition to the model in use in thenputer code
Elegant [4] and will allow in particular outcome cross-ckec

These developments in Zgoubi are also part of the effortsutdsvend-to-end modeling of eRHIC EIC ERL, including poiisjbof
real-life benchmarking at CEBAF.

On the other hand, beyond the ER@CEBAF experiment, it is @alsoned to profit from the capability of Zgoubi to track spinthe
presence of synchrotron radiation (SR) and use it for 9D &) electron bunch tracking down to Hall D line.

This Note briefly reports on preliminary steps completedendly, namely, the translation from Elegant to Zgoubi of 4 GeV, 1-pass
up, 1-pass down ER configuration. (That configuration is segmossible initial stage in setting up the 5-pass, 7 GeV HERraxent.) This
discussion includes methods for the translation as well@gminary outcomes. Near-future prospects, towards<$s R, towards 12 GeV
polarized bunch tracking, and towards a machine data basdélr@ laAGS [5, 6]), are also briefly addressed.
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Figure 1. CEBAF recirculator. The ER setup includes a phagmaoe in Arc 10 and an extraction and beam dump line at thensimeam
end of the South linac.

2 Method

In view of clearly establishing what is done and how it is dombat is contained in the model(s) and what are the furthgrotibes, details
regarding the simulation method and materials are givetyding various aspects of the codes, the content of the uigia files, and other
particularities proper to the stepwise ray-tracing methidds is also aimed at providing guidance for further usedttgoments of these tools.

The translation method benefits from earlier “large scal®ilar experience : itis the same as was applied at the AGS eaaly stage [5].
It is intended that part of the future work will be to constracomplete Zgoubi model based on magnet power supply dsitey a template
data file of the accelerator lattice, as was done for the AGHater stage [6].
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Figure 2: Optical functions in the 1-pass up, 1-pass down &Riguration, from both Elegant and Zgoubi, superimposed.
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3 OPTICS 5

The 1-pass up, 1-pass down Elegant problem dealt with inréimslation, “iERApass.lte”, can be found in App. A [1]. Irder to translate
from Elegant to Zgoubi, using the translator “e2z” writt@rthhat aim, the following Elegant files are created by runfiieiRApass.lte” (the
prefix IERApass’ in the following designates the 1-passiypass down Elegant files) :

(i) iIERApass.parms : CEBAF optical sequence
(i) iIERApass.matindiv : individual first order maps of all optical elements

(iif) IERApass.twi : optical functions transported fronetktart of the sequence, at each optical elements

These files serve the following purposes :

(i) IERApass.parms is read by e2z to create the Zgoubi seguerhe keywords in Zgoubi corresponding to such Elegant aseCS-
BEND’, 'KQUAD’, etc. can be figured out from App. B

(i) IERApass.matindiv is used to cause, during the translation, identical farder mapping between Elegant individual elements ar
Zgoubi ones. This is illustrated in App. C

(i) iIERApass.twi provides the optical functions

- on the one hand at the start of each of the main sections inrAEE#tice, e.g, at start of a linac, of a spreader,

- on the other hand at the end of a section, to further allodiriestuning after the translation has been completed (fdait®, to
get perfect cancellation of H and V orbits and dispersiorcfioms).

3 Optics

The translation discussed here concerns a very prelimisetyp of a 1-pass up, 1-pass down CEBAF lattice [1, “OPTICG#Hd€r], far
from any nominal settings (for instance, focussing in thadis will be substantially different [7], and as a consegaeamongst others, the
optics in the matching sections to the arcs as well). Theeptdattice hypotheses can be viewed as a simplified basihéoillustration
of some of the aspects of the Elegarfgoubi translation and of its outcomes. On the other hanyl ldaeout the path towards a complete
translation/simulation of the 5-pass, 7 GeV ER configuratio

Tab. 1 gives basic data relevant to these tracking simulsitiegarding this 1-pass up, 1-pass down CEBAF ER lattinéguoration.

Table 1: Various parameters in these preliminary investiga regarding the translation from Elegant to Zgoubi,
in a 1-pass up, 1-pass down ER configuration (bunch energyeisded total, mass+kinetic).

Comments
distance, NL into NL in m 13125 Accelerated pass
distance, from NL in to SL out m 997.2 Decelerated pass
linac energy MeV 700
bunch energy, after 1st pass MeV 1478.98 Case SR set
ER’ed bunch energy MeV 78.94 SR lossisi8 keV/particle
Injected bunch properties (tracking, Sec. 4) :
injection energy MeV 78.987 ~ 0.1127 X Elinac
energy spread 1074 +1 Overall, uniform
bunch length 0
horizontal/vertical emittances, norm.zum 1.55 1027 m unnorm. at 79 MeV

First order outcomes

Fig. 2 displays the optical functions over the 2.3 km in theaks up/1-pass down ER configuration, as obtained from loolibsg it shows the
good agreement between Elegant optics and what the tramstatZgoubi by e2z yields, given the intermediate indiatdipole matchings
and section matchings which are included in the translgtioness.

Fig. 3 shows the residual orbits over the 2.3 km 1-pass u@ss-gown path : the horizontal one reaches 2 mm range in therdige
regions in the arcs, the vertical one quasi-zero. The hot@®rbit can be set even closer to zero if stronger comdtraire applied for the
individual matching of the dipoles during the translationgess. The spikes are artifacts corresponding to changdesence frame in the
optical sequence (gnuplot is used here and does not treafthct).
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Figure 3: Solid lines, left vertical axis : residual H (rea)daV (blue) orbits, out of e2z translator. Dashed
line, right vertical axis : particle energy.
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Figure 4: Phase-space portrait of a set of 120 electronsleathat IPMOLO06 with identical invariants and

evenly spread betatron phase (centered ellipses, redimhtal, blue is vertical), and the same particle
set after ER (uncentered ellipses). SR is off. The off-aémgeafter 2.3 km comes from residual orbit in

the optical setting of the translated model.
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Fig. 3 also shows the acceleration-deceleration cycley ff8.987 MeV (total) up to 1.479 GeV at the first pass, down t@481eV at
the second pass, with the difference with injection eneegylting from SR.

Fig. 4 displays a set of 120 electrons launched at IPMOLOBS wdientical invariants and evenly spread betatron phassatt(the two
centered ellipses, respectively horizontal (red) andaeadrblue) particle positions in phase space), and afte(UERentered particle position
ellipses) via 1.479 GeV top energy (not shown). It can be veskthat the ellipse support is well preserved, the ellpsdace as well
(negligible change).

4 “Bunch tracking” outcomes, for illustration

A 1-pass up, 1-pass down tracking simulation is performedvaluate the consistency of what precedes, namel§!garticle bunch is
launched at IPMOLO6 in the injector line, with (Tab. 1) iaitlength zero, momentum spredgd/p of particles taken random uniform in
[—107%,4+107%], transverse emittances Gaussian witlsvaluee,, = ¢, = 1.55mum, normalized {0~ 27 m unnorm. at injection).

Simplifying hypotheses have been included in the simutatis follows :

- the bunch centroid is artificially aligned (zero excursiparo angle) on the optical axis at entrance into the linael 4 linac passes,

- at each cavity, all particles in the bunch are assumed tombmest,

- SR is either on or off (1), as indicated.

The tracking takes 170 seconds CPU on a single CPU, inclugihgnd spin.

Results are given under the form of a series of figures, as/sl!

- Fig. 5 shows the transverse phase spaces at the three rstepsrgy (injection, 1.4 GeV and back to 79 MeV). Computatibithe
rmsellipse shows that the normalized transverse emittaneewelt preserved by Zgoubi numerical integrator (a Tayloresemethod [3]),
similar result for the momentum spread, preserved as wahdéyracking.

- Fig. 6 shows the energy histograms at injection, 1.4 GeVimul to injection energy, in the cases with and without SR.

- Fig. 7 shows the effects of synchrotron radiation, exptieénduce?®, Ae, and Ae, o ~°/p?, however very weak effects at that
energy.

Spin

The figures below show the distribution of the spins of thevali®* particles, at 1.4 GeV. All spins are launched vertical at (K,
polarization ends up quasi-longitudinal at SL exit as elg@¢MQL2L27’-down).
The spin dispersion stems from momentum dispersion in theiSR induced diffusion is negligible as is SR induced dpig. 6).

Zgoubi |, Zpop COUNT  vs. S | Zgoubi |, Znop C%Hjj\” VS. S X 200 Zgoubi |, Zpop COUNT  vs. Sy

. I . il il
200 il L 200 Jﬁﬂ Uﬂﬂ 200 ﬂtﬁﬁ 71%

’ } g | i lh
p ) i i T
) ¢ b, ) 7 . ¥ L
o 5 oot . o iy,

0 PP, 0 et Brin enil 0
0. 9267 0. 9269 0.9271 0.9273 -.3744 -.374 -.3736 -.3732 -.37 -. 0304 -. 0302 -.03 -.0298

Polarization at 1.4 GeV, exit of SL, cases with or without $Resimposed.
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Figure 5: Horizontal (top row) and vertical (bottom) phapace at start (left graph), 1.479 GeV (exit of South linacdie), and energy-
recovered (exit of South linac, right graph). SR is off.
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A ELEGANT INPUT DATA FILE, 1-PASS UP, 1-PASS DOWN

Appendix

A Elegant input data file, 1-pass up, 1-pass down

Below is the file as found in the ER@CEBAF meeting dropbox Qptics/lattices/elegant” folder].

&run_set up
lattice="i ERApass.lte",
use_beanl i ne="1 ERAL",
p_central _mev=6.27924163615229,
final="%.fin"
par amet er s=" %s. par ns"
centroi d=%. cen

al ways_change_p0=0 ! we load the result of the matches
sigma=%.sig !
&end &l oad_par anmet er s
fil ename=r emat ch. par ms
&mat ri x_out put include_item pattern=KL

! individual _matrices =1 change_defi ned_val ues=1

! SDDS_out put =%s. mat _i ndi v
! individual _matrices = 0
SDDS_out put =%. mat _cumul

al l ow_ni ssi ng_el enents=1
ver bose=0
&end

! start_fronrMBLORO4 &l oad_par anmeters
start_fromel PMOLO6 fil ename=ARC2SMATCH. sdds

&end change_defi ned_val ues=1
al | ow_mi ssi ng_el enent s=1
ver bose=1

&al ter_el enents &end

name=+ &l oad_par aneters

t ype=CSBEND fil ename=ARC2RVATCH. sdds
i tenEN_KI CKS change_defi ned_val ues=1
val ue=30 al | ow_m ssing_el enent s=1

&end verbose=1

&al ter_el enents &end

nane=+ !
t ype=KQUAD ! load the dogl eg adjustnents
i tenEN_KI CKS !
val ue=30 &l oad_par anet ers
&end fil enane=DORE. sdds

change_def i ned_val ues=1
&al ter_el ements name=R04[ 12345678] * itemrVOLT al l ow_nmi ssi ng_el enent s=1
nmul tiplicative=1 val ue=0.524721 verbose=0 &end ver bose=0
&end

&al ter_el ements name=R1[ 23456789ABCDEFGH JKLMNOPQ * i tenmVOLT nul tiplicative=1 !
val ue=0. 642201834862385 verbose=0 &end ! sextupole corrections to make ARCL 2nd order achromat
&al ter_el ements name=R2[ 23456789ABCDEFGH JKLMNOPQ * i tenFVOLT nul tiplicative=1 !
val ue=0. 642201834862385 ver bose=0 &end !
&l oad_paraneters

fil ename=ARCISEXT. sdds

change_defi ned_val ues=1

al  ow_nmi ssi ng_el enent s=1

&al ter_el ements name=+ type=CSBEND itenrSYNCH RAD val ue=1 verbose=0 &end
&al ter_el ements nanme=+ type=CSBEND iten¥l SR val ue=1 verbose=0 &end
&al ter_elements name=+ type=KQUAD itenrSYNCH RAD val ue=1 &end

&al ter_elements name=+ type=KQUAD iten¥l SR val ue=1 &end ver bose=1
&al ter_el ements name=R04[ 12345678] * itemrPHASE val ue=-10.4 differential =1 verbose=0 &end &end

&al ter_el enents name=R04[ 12345678] * i tem=VOLT nul tiplicative=1 val ue=1. 0325 verbose=0 &end

&al ter_el ements name=R1[ 23456789ABCDEFGH JKLMNOPQ = i t enFPHASE &t wi ss_out put

val ue=270 s_start=998 s_end=20000 verbose=0 &end
&al ter_el ements name=R2[ 23456789ABCDEFGH JKLMNOPQ = i t enFPHASE
val ue=90 s_start=0 s_end=998 verbose=0 &end beta_:

filenane="%.tw",
mat ched=0, radi ati on_i ntegral s=1,
997926428896469, al pha_x=-0.5359458777507575,

beta_ 744088102614352, al pha_y=-0.36807740722565

! &end
! scale the quads in the linac to the proper gradient. & un_control n_steps=1
! scalelinacs script will produce these sdds files to |oad. &end
! &f | oor _coordi nates
&l oad_par anmet ers filename="%.flr",

al | ow_mi ssing_el ement s=1 X0=80. 6, YO=100, Z0=- 249. 21407,

change_defi ned_val ues=1 t het a0=0, phi 0=0

filename="NLg. sdds" &end

include_item pattern=B &bunched_beam

include_name_pattern="Mx" n_particl es_per_bunch=1024,

ver bose=0 noment um chi r p=0,
&end em t_nx=7.5e-7, enit_ny=7.5e-7,
& oad_paraneters beta_: 997926428896469, al pha_x=-0.5359458777507575,

al | ow_ni ssing_el enent s=1 beta_y=:
change_defi ned_val ues=1
fil ename="SLq. sdds"

744088102614352, al pha_y=-0.36807740722565
si gnma_dp=2e- 4, si gna_s=300e- 6,
di stribution_type[0] = 3+"gaussian",
include_i tem pattern=B distribution_cutoff[0] = 3«3,
i ncl ude_name_pat t er n="Mx enforce_rns_val ues[0]=1,1, 1
&end &end
& oad_paraneters & rack &end
al | ow_ni ssing_el enent s=1
change_defi ned_val ues=1
fil ename="REI NJq. sdds"
include_i tem pattern=B
i ncl ude_name_patt er n="Mx"
verbose=0
&end



B ZGOUBI SEQUENCE OUT OF E2Z TRANSLATOR

B Zgoubi sequence out of e2z translator

e 'Parent’ zgoubi data file (the file that is run by zgoubi exetle) :

Gener ated using el egant -> Zgoubi

" OBJET’

26.34662897E+01

5.01

.001 .001 .001

0. 0. 0. 0. 0. 1.

-6.8047E-01
" SCALI NG

1. 2548E+01 -1.5568E-01 6.0697 O.

26. 3466290E- 02

1
MULTI POL
-1

26. 3466290E- 02

1

MULTI POL  MXE1L=*

2
1. 1.
1 9999

MIULTI POL  MQS2L~*

2
1. 1.
1 9999

" | NCLUDE'
1

ref erence nonentum (MeV/ c)

.001 0. .

MQDLL*

MOB2L*

inj.incl[inj_#S:inj_#E]

" | NCLUDE'
1

0001

MQBIL* MQN1L*

MQL2L*

linNinc[linN_#S:1inN_#E]

" | NCLUDE’
1

spr_El.inc[spr_El_#S: spr_El_#E]

" 1 NCLUDE'
1

fod_Al.inc[fod_Al_#S:fod_Al_#E]

" | NCLUDE'

- @

NCLUDE'

55

UDE'

TR TR T

N
UDE’

B

1

c_El.inc[rec_El_#S:rec_El_#E]

.inc[linS_#S:1inS_#E]

nc[ spr_W_#S: spr_W2_#E]

fod_A2.inc[fod_A2_#S:fod_A2_#E]

" | NCLUDE'
1

rec_V2.inc[rec_W_#S:rec_W2_#E]

" | NCLUDE'
1

dwSeg. i nc[ dwSeg_#S: dwSeg_#E]

" MATRI X
1 0
" END

e Example of the first spreader section, '§pt.inc’ in the 'Parent’
file above (just head and tail of the file).

Generated using el egant -> Zgoubi translator

26.34662897E+01
5.01

.001 .001 .001 .001 0.

0. 0. 0. 0. 0. 1.

reference nonentum (MeV/c) = 78.98520660

. 0001

-7.3780E-02 6.3225E+00 - 1.8465E+00 2.6757E+01 0. 1.

" SCALI NG
1 4
DI POLE

1

26. 3466290E- 02
1
MULTI POL
-1

26. 3466290E- 02
1
MULTI POL  MQS1L*
2
1. 1.
1 9999
MULTI POL  MQS2L*
2

1. 1.
1 9999

MD1L*

MQB2L*

MQBLL*

ML2L*

MNLL*

transl at or

10

'MARKER  spr_El_#S

' TRAROT' MXQLS01 SBEN
0. 0. 0. -1.570796E+00 0. O.
' CHANGREF'  MXQ1S01
XS -22.0023076
' Dl POLE’ MXQLS01 SBEN
0 .Dipole
26. 6341335 314. 64765811
4.0000000 3.17815809 0. 00000000 0. O.
-1, face 1
4 .1455 2.2670 -.6395 1.1558 0. 0. O.
0. 0000000 0. 0000000 1.E6 -1.E6 1.E6 1.E6
8. -1 face 2
4 .1455 2.2670 -.6395 1.1558 0. 0. 0.
-18. 6341335 -18.6341372 1.E6 -1.E6 1.E6 1.E6
0. face 3
. 1455 2.2670 -.6395 1.1558 0. 0. O.
0. 1.E6 -1.E6 1.E6 1.E6 O.
64

®

[SE=IENy<Y

2
2 314.6476581  -0.0698132  314. 6476581 0. 0698132 | 63-67

' CHANGREF'  MXQLS01

XS -22.0023076 | RVt an( ACN- omga+ ==ACN)
YW YW _out

' TRAROT'  MXQLSO1 SBEN

0. 0. 0. 1.570796E+00 0. O.

' DRIFT D200 DRI F
336. 202330
' DRIFT’ | PMLSO0 MONI
0. 0000
' DRIFT’ D201 DRI F
46. 092037
'DRIFT D217 DRI F
19. 609000
" MULTI POL" MBT1EO3V VKI C
0 . kicker
0. 000100 10. 00 -0. 000000000 0. 000000000 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. O
4 . 1455 2.2670 -.6395 1.1558 0. 0.
.0 .0 1.00 0.00 0.00 0.00 0.00 0. 0. 0. O
4 . 1455 2.2670 -.6395 1.1558 0. O
1.570796327 0. 0. 0. 0. 0. 0. 0. 0. O.
#20] 4] 20 Ki ck

10 0. 0.
' DRIFT D235 DRI F
70. 155000
'DRIFT | HATEO3 MONI
0. 0000
' DRIFT D236 DRI F
1493. 396000
'DRIFT | PMLAOL MONI
0. 0000
' DRIFT D215 DRI F
29. 965000
' MARKER' ARCLMS DRI F

"MARKER  spr_El_#E

TFIT2

9 save

28 50 [-1.51.5] | MQBISO1 - zro Dy

46 5 0 [-1.999,1.999] ! MONLSO3

58 50 [-1.51.5] I MQNLS04 al f, bet

64 50 [-2.99,2.99] I MQL1S05

70 50 [-1.99,1.99] | MQB1S06

74 50 [-1.88,1.88] I MQL1S07

82 50 [-1.88,1.88] ! MQL1S08

92 50 [-1.88,1.88] ! MQL1S09

98 50 [-1.99,1.99] I MQB1S10

12 1. 0E-10

011 60 1. 818984E+01 1. 0 ! sprEl at |1TV1S04
012 60 -5.156477E+00 .20 ! sprEl at |TV1S04
016 60 0. 000000E+00 1. 0 ! sprEl at |TV1iS04
026 60 0. 000000E+00 .20 ! sprEl at |TV1iS04
033 60 7.511530E+00 1. 0 ! sprEl at |TV1S04
034 60 -5.781945E-01 .20 ! sprEl at |TV1iS04
036 60 0. 000000E+00 .50 ! sprEl at |TV1iS04
046 60 0. 000000E+00 .10 ! sprEl at |TV1S04
312 60 0. 1. 0

313 60 0. 1. O

314 60 0. .20

315 60 0. .10

' END

e All the 'INCLUDE' files in the 'Parent’ file (inj.inc’, ’linN.inc’,
etc.) have that very form : starting with an object definit{¢@B-
JET keyword) that generates an 11-particle sample prapgahs-
port matrix computation from the ray-tracing, followed kyetse-
quence proper, and ending with a fitting procedure ('FIT jathwill
allow (i) canceling the orbit in zgoubi and (ii) tuning thegsence to
the optical functions (betatron and dispersion functidnes) as read
from Elegant file IERApass.twi.

Note that, while these 'INCLUDE ! files are structured to be io-
dependently for matching purposes, only that part of thewfhéch

is comprised between the two markers as specified in theriPare
file (‘'spr.LE1#S’ and 'sptE1 #E’ in the above example of the East
spreader) is effectively included in the CEBAF sequence. mWhe
launching zgoubi execution, that developed sequence nigegriout

in 'zgoubi.dat’, and it can be found as well as the headeripatte
execution listing 'zgoubi.res’.



C INDIVIDUAL ELEMENT MATCHING 11

C Individual element matching

Example of the West spreader first dipole : the data below show

- left column : that element in IERApass.parms, and its firdeotransport coefficients as read from iIERApass.imédity (bottom of the
column)

- right column : its description in zgoubi and the first ord@anisport coefficients so obtained. The difference obsemittdElegant ones
is not tolerable, it leads within a short distance to prdhibidiscrepancies in the transported betatron and digpefisnctions. In addition to
that, the vertical orbit in zgoubi is not strictly zero, tigsnot tolerable either and requires dedicated treatment.

As a consequence, a re-match of zgoubi data is necessargiento get, (i) zero orbit in zgoubi, and (ii) transport daeénts identical
to Elegant ones.

e 'MXR2S01’, first dipole of the West spreader, as found
in iERApass.parms sequence, and its first order mapping :

MXR2S01  CSBEND L 1.020612064100000e+00 1 "
MXR2S01  CSBEND ANGLE 1. 885282999360320e- 01 r "

MKR2S01  CSBEND K1 4. 438959208821460e-03 1
MKR2S01  CSBEND K2  0.000000000000000e+00 1

MXR2S01 ~ CSBEND ~ K3 0.000000000000000e+00 1 e 'MXR2S01’ in sprW2.inc zgoubi sequence, as provided
MKR2SO1  CSBEND K4  0.000000000000000e+00 1  "* . ) ) . .

MKR2SO1  CSBEND K5 0. 0000000000000006+00 1 " by the translationprior to its matching to Elegant first order
MKR2S01  CSBEND K6  0.000000000000000e+00 1 " mapping:

MKR2S01  CSBEND K7  0.000000000000000e+00 1

MKR2S01  CSBEND K8  0.000000000000000e+00 1 ™" , )

MKR2SO1 CSBEND EL  0.000000000000000e+00 1  "* OTRQRog 2"’(?%3%6500 o o SBEN

MKR2S01  CSBEND E2  1.885283539520330e-01 1 " CoaNGREE -0

MKR2S01  CSBEND TILT -1.5707963267949e+00 1

MKR2SO1 ~ CSBEND HL 0. 000000000000000e+00 1  “* ’?\{/Sm gé?zf&sggg ZR 0. OOOOOOEgggN

MKR2SO1  CSBEND H2  0.000000000000000e+00 1  "* o Dbip

MKR2SOL  CSBEND  HGAP 1. 9050000000000e-02 1 " 101. 457688 10. -0.00784220 8.06507337 0. 0. 0. 0. 0. 0. 0. O.
MKR2S01  CSBEND FINT  5.0000000000000e-01 1 20,00 1260 1.0 0 0.5 0 00 0 wresol ein
MKR2S01  CSBEND DX  0.000000000000000e+00 1 2 lass 5 2670 - 6395 11558 o0 0.0

MKR2S01  CSBEND DY  0.000000000000000e+00 1 ™" 50 00 266 10 0 0.0 0 0 0 0 wresol Frout
MXR2SO1 CSBEND DZ  0.000000000000000e+00 1  "" 4 ias5 2 2570 - 6395 1 1588 0. 0. 0 ou
MKR2S01 ~ CSBEND FSE 0. 000000000000000e+00 1  "* 0. 00 060 000 -0 0

MKR2S01  CSBEND ETILT  0.0000000000000e+00 1  "* 4301101130 Db RS0l

MKR2S01  CSBEND N KICKS  3.00000000000e+01 1 1!) 0' o P

MKR2S01  CSBEND  NONLINEAR  1.000000000e+00 1 AN

MKR2SO1  CSBEND  SYNCH RAD  1.000000000e+00 1 ""

MKR2SO1 CSBEND EDGEL_EFFECTS  1.00000e+00 1  “* 'IY:ARog 0003%5;82 R -1 080188E;géN

MKR2S01  CSBEND EDGE2_EFFECTS  1.00000e+00 1  "* 0. 0.0 1 570796E400 0. O

MKR2S01  CSBEND EDGE_ORDER  1.00000000e+00 1 - 00 : -0

MKR2S01  CSBEND FRINGE  0.000000000000e+00 1

MKR2SO1 ~ CSBEND | NTEGRATI ON ORDER  4.00e+00 1 "*

MXKR2SO1 ~ CSBEND ~ EDGEL_KICK LIMT ~ -1.00e+00 1 "* e Orbit and first order mapping out of Zgoubi, before re-
MKR2S01  CSBEND EDGE2 KICK LIMT  -1.00e+00 1 .

MXR2SO1  CSBEND KICK LIMT_SCALING 0.0e+00 1 matching :

MXR2S01  CSBEND USE_BN 0. 00000000000e+00
MXR2S01  CSBEND  EXPANSI ON_ORDER 0. 00e+00
MXR2S01 ~ CSBEND Bl 0. 000000000000000e+00

w s

x (cm x' (nrad)

y (cm (nmad)
5.57970490E- 09 - 6. 49690055E-09 -1.70740270E-02  1.98806671E- 02

MXR2S01 CSBEND ISR 1.00000000000000e+00
MXR2S01 CSBEND | SRIPART 1. 000000000e+00
MXR2S01 CSBEND  SQRT_ORDER 0. 0000000e+00
MXR2S01 CSBEND  USE_RAD_DI ST 1. 00000e+00
MXR2S01 CSBEND  ADD OPENI NG_ANGLE 1. e+00 1

fringe field extent, and magnet radial positioning ('YS’ aat
in 'CHANGREF’ above). Obviously, these variable will un-
dergo very small change, given the proximity of the two sets

1

1

1
MXR2S01 CSBEND B2 0. 000000000000000e+00 1
MXR2S01 CSBEND B3 0. 000000000000000e+00 1
MXR2S01 CSBEND B4 0. 000000000000000e+00 1 " R 1 2 3 4 5 6
MXR2S01 CSBEND B5 0. 000000000000000e+00 1 " 1 0. 9979 1. 025 4, 52E-09 5. 45E- 09 0 3. 12E- 08
MXR2S01 CSBEND B6 0. 000000000000000e+00 1 2 -2.09E-02 0. 9805 -2.45E-09 -7.13E-09 0. 6. 20E- 08
MXR2S01 CSBEND B7 0. 000000000000000e+00 1 3 4. 52E- 09 5. 45E- 09 0.9841 1.009 0 -9.5702E-02
MXR2S01 CSBEND B8 0. 000000000000000e+00 1 4 -2.45E-09 -7.15E-09 -1.3393E-02 1.002 0 -0.1898
MXR2S01 CSBEND  XREFERENCE 0. 0000000e+00 1 " 5 6. 14E- 08 3.12E-08 -0.1880 -9.5629E-02 1. 6. 066E- 03
MXR2S01 CSBEND F1 0. 000000000000000e+00 1 "
MXR2S01 CSBEND F2 0. 000000000000000e+00 1
MXR2S01 CSBEND F3 0. 000000000000000e+00 1
MXR2S01 CSBEND F4 0. 000000000000000e+00 1 " . . . .
MXR2SO1 CSBEND F5 0. 000000000000000e+00 1 "" e The matChlng variables used in ZgoubI’S 'MXR2S01' above
MXR2SO1  CSBEND ~ F6  0.000000000000000e+00 1 "* in order to better cancel the residual (vertical) orbit atete
MXR2S01 CSBEND F7 0. 000000000000000e+00 1 y g . . . . .
MXR2S01 CSBEND F8 0. 000000000000000e+00 1 get Elegants first order mapping are : dlpOle field, field mde

1

1

1

1

MXR2S01  CSBEND  REFERENCE CORRECTION 0.e+00 1 "" of first order coefficients.
R 1 2 3 4 5 6

1 1.00297e+0 1.02139e+0 O. 0. 0. O.

2 -2.94515e-2 9.67039%-1 O. 0. 0. o

3 o 0. 9.79983e-1 1.01379e+0 0. -9.58855e-2

4 0. 0. -4.55440e-3 1.01571e+0 0. -1.90648e-1

5 0. 0. -1.87268e-1 -9.58855e-2 1.  6.03379-3
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