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Abstna
We pnta i t cotapansoa bsi««» malts obtained frotsi standard

accelerator physics codes ucd foe th* design and .analysis of synchrotrons
and storage nap with prognau SYNCH MAD* HARMON

p g y
and storage nap. with prognau SYNCH. MAD
PATRICIA PATPET BETA DIMAD^ MARYUE

y
g p pg HARMON.

PATRICIA. PATPET. BETA . DIMAD^ MARYUE and RACE-
TRACK . In o v analysis wt n a n considered i ( v a n o u uxe) Ismces
with large and ssul l bend angles including ACS Booster (10* btadL
RH1C (2.24*). SXLS. XLS (XUV nng entb 4 5 ' bend) aod X-RAY rings.
Tbe differences in in* integration methods used and the treatment of the
fnnge fields in these codes could lead to different results. The inclusion
of oonlioear (e.g. dipole) terms may be necessary in these calculations
specially for a small nng.

I. Introduction
Selection of a beam opacs code for tbe design of an accelerator is

not only important but could be detrimental to tbe design if an incorrect
code is used. In order to correct and/or control the parameters of i given
machine, for example tbe chromaucity of a synchrotron, we first need to
calculate (analytically and/or with one of tbe available accelerator codes)
the natural (uocorrected) cbromancity of that machine: (the incorrect
values of chromaticily used in determining tbe strengths of tbe correcting
scxtupoles could lead IO problems) . Due to space limitation we will
present a sample of the results obtained, sbowing the dependence and
variations of tune and chromaucity with respect co the changes in momen-
tum for the lattices we have considered with different codes (see Tables I-
FV 'or lattice parameters). In this presentation, the number of decimal
plz ;es shown is (arbitrary) given for theoretical comparison of data.
Figures 1-5 sbows tbe laioce functions for tbe Booster. RHIC. SXLS.
XLS and tbe X-RAY rinp respectively

n. Lattice Parameters
Following tables provide bnef summaries of the parameters (de-

scribing the lattices) used in our analysis and discussions given in tbe
next section.

Tabla L AGS Booster Parameters

ENERGY (Injec/Ejec)
No. of Pamclaa/Pulsa
Circumference
Magnetic bend radius p
Penodicily
No. of cells/Cell Lengtb
Phasa advance/call
vx/Vy (nominal raaesl
iy max/nun, Xp max
transition J
DIPOLES (No./Mag.Unith>
Gap/Vac.Chambar Apsrnu*
Good field region (<10 )
Iniec/Ejec field (kG)
QUADRUPOLES (No./MagLangta)
Aper./Vacuum Cbamber Apan.
Injec/Ejec pole lip field (kG)
CHROMATICRY SEXTUPOLES
Number (being revtrweai/leagtk
Max. pole tip Maid (kG)
Max. Vacuum Preeaun

200 M«y/1.3 G.V
1.3x10
2O1.7S ra (1/4 AGS)
13.73099 m
6
24 FODO/I.4O73 m
72.3772.45*
4.82/4.13
13.6/3.7 ra/2.93 m
4.111
36/2.4 m
12.55 mm/66 am
16x6.6 era
1.36/5.46
41/50.373 cm
16.5 cm/15.25 cm
1.02/3.6

2x12/10 cm
1 0 -11
3x10 loir

Table fj. RHIC

LATTICS - Heavy lea Coibfer (fa
Circ—if11—>a (•>
MafMOc nsuauy <T7»j)
Kaemaa of uca (ave.)
Dipala baadug naima
Beaa sa«arana* i* area
Peneaicuy-
No. of cella/aic. l e i |U
Pkmaa advaara/cell
v^/v (aaaiuHl)
Beta (ia am raax/aata
Oiipamoa da aiv) naxVmia
Tcaaaiboa gaaaaaa
Bale (ta la^moasi max -
Bcla/Difp«moa (al ensnag)
Coll. Angle
PERFORMANCE
Energy! ruga/baaao
No. of pamclai/boack
Norm, emiltanca (pi-mai-mrad)

(93% of beam) ,
Iniriaj lusaiaonty (/caa /s)
Lumuiosiiy Ufcnme
Lon|iludiaml Buack Ana <95%>

injected for Gold
above tnastrioa for

Bunch langia (rmi)
No. of Bttackea/Beaaa
Boack aapraaoa (224 uac on
ftrani ff—r TAlaa Slin (iaeai>
MAGNETS
Supeicoadaniai
Dipolai No.

Field (0100 GeV/aaia)
Curnau01OOG«V/aa>a)

Quadispolca No.
Gradiaal

Diamond Icagtb

t P IB Aal
3I3J.17
96.3 • }» ) I3» * t>aiax
311.23 ra
243.241 m
90cs>
6
12 FODO/2962 aU>caU
90 de(.
ittztnt.tu
50 1 m/X.l m
I 32 m/0.74 m
23.

3 ) m
6 mrad (head on)

Proton
:» J-2J0G.V
l.OEfll
20

9.3E.3O
10 tin

Gold
7 IOOC.V/.mu
1.0E»O9
10 ($ stan
30 after 10 on.
9 2E.26 (bead on)

leV-sw/ataa
31 en
37
67 a
3.'E-0J

0.J eV-sec/smi
I eV-sec/ama
30 cm

2JE-O3

single layer. 1 ia I (cold iroa)
372 (ll0/nn|»12 coemmoa)
3.441 T (dipole mag. L-9.43m)
4.36 kA (dipola yoke L ^ 9 . 7 D )
«92 (276 arc * lit insertion)
67.4 T/m (quad. mag. L-1.24 m)
±27 (@100 GeV/amu. 2mrad)

Table IB. SXLS Paramelera

Ciicnmference/p (ml
Nominal rone (vx.Vy)
«.B
max Ojefy
nax (n^
Dipoles

Numbar (rypa)
Lengtk (ml/Aaijle

Quadrapolea
Leaglh/Smasta

1/0.3613
1.413. O.3<3
O.75IA).33O033
2.33019. 6.43394
1.213432. 0/1.74064

2 (sector)
0.4463679/43*

0.197/2.41

<o Discanca » (•)
Rg. I Orbit roacnoaa for AGS-bannr.

• Distance (•) »

Fig. 2 RHIC iaaemoa orkil raacnoa.

•Work performed under toe auspiaes of the U.S. Department of Energy.
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S Olseanc* ( • ) '

R|. 3 SXLS orkil tmmc

Tabla [V. XLS u 4 X-RAY

XLS X-RAY

Cujp Ira)

iraamioa 7

- » jMy>

Number (iyp«*
L«a|tfe (mt/Aafla

Qii.>4n)pol*»

3*.337/2.23
3.14. 1.11
0.193/0.03636*7
5.229320

I0.i*0712/J3.*50470
1.29341/0

3 (partial)
1.767143*6/0.7*339*

Langlh/Stranath
0.25/3.024*6961
O.25/-2.33O32937
047/3.13111513

I7OOI/6.I75
9.144/6.201
0.102/0.006341*

12.36369
19.72019/21.9013*
1.42042/0

IS (parallel)
2.7/0.39269*0*

L»n«lh/Slranata
0.43/-1.50116576
0.1/1.33731236
0.4I32-l.40tl94»
0.223/1.29*43942
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"e t
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U
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>n 1

\

•— 1 1 ^ ^ ,

" "t""̂  PI '

S Distance (m)
Pis. 4 XLS orbit ftipcun

S Dlatanca (a)
R«. 3 X-iajr sfMI faarhaai

in. QfoaiancitT Calcyladoaa aaJ Caawiiieaa
la Table* V-X wt bav* iiamatinnd ibe main of tot caraauciciiy

calcalaiiou for tbt lame** deaenbtd abevt ia Tabkt I-IV. a?uh pcognau
SYNCHjr. MAD< HAKMON3. PATUCIAir, PATPHT, DIMAD ,
BETA3. MAKYUE aad KACETltACX*.

TaMe V. Naranl CaramianiT C..C- Cain
far ik« AGJ l a w r '

ACS-soaster • N t n n l Cbroaaaoary
Pro g n a

SYNCH
MA06
HARMON (Hckram)
HARMON (Hrwa)
PATRIClAil.4
PATPETH.2
MARYLB
Racainck

-4*2*70
-4*2*707
-3.34*7*
-10*113
-4*2*70
-4.92*70
-4*2*70113
-3.64603

laart

c,
-S.]*4*t
-1264*1)
-1.447)7
-1.447M
-1.2*4*1
-1.2*4*1
-3 2*411371
-3.44*2)71

Ai caa b* Mca. tat rttulu obiaiatd freai SYNCH. MAO.
PATKICIA. PATPET aod MAKYUE an IO i i m w u . WHB soaw differ-
eaca .o ibt rtswlu okcaiatd Imm HAKM0N aad RACETRACX.

Tiblu via aad VIb pitatau ibt vananoaa of tat btuma raati
(Q,.0y) and chronaucinei tor ine Booiter «iib mpto ta vanauoot la
nHHU<iuai obiaiatd «nb projiuni MA06 aad SYNCH mptcuvcly.

TaMa Via. ACS looMar witk MAIM

-0 01
-0.004
0.000

•0 004
-0 010

4.169324 4.1126*9 -4974133 -3.314419
4.139713 4*31063 -4.947113 -3.2*41(4
4*20000 4.129999 -4.929702 -3.264113
4.100317 4.I0I946 -4.9I23K -3.246156
4.770922 4777319 -4.117136 -3.219016

Tibli Via. ACS toomr <nik SYNCH

Ap/p

-0 0100
-0.00400
0.0000
0.00400
0.01000

4*7006
4.139*4
4.12000
4 10040
4.77144

4.11460
4.«3137
4.13000
• 10923
4.77930

-5.0373*
-4.97202
-4.92970
-4*1*41
-4*2123

-5.60961
-1.40191
-5.26411
-1.12*33
-4 92924

Conpaniou of tat lattici pinacten jbowj a (aad afntocat
bctweea valuci at ta« larao Aiacuoaa. nut ihi/u. etc far ds/p«4 for
tnoai of tat codas, but somewhat different for Ap/p*O. u caa be stta from
TaMti Via aad VIb. (rcnlu obiaiatd hoot prognau SYNCH aad MAD).
Tbt diaenpaacica becoaw larger waea aexnpoles an iacladtd ia tat
roCHH laMces for 6*0. With comctioa Mitupolci tat Sooner chromuic-
ity (at W) reduces to (0.0,0.0) calculaitd will) SYNCH and (0.
0OIO4S.-O.0OI67S) calculated with MAD6 (at tae sane aeauaal tnnei).
From ibe HFUNCT ia HARMON, tbt vananoee of taat shift wiib
moawaiiuB (5-dp/p) becotte:

AQ, • - 0JU4J1S + 2J.937352 - 161215s

AQ, • - 3.31324c • - 43.SUO52 - 2U3OU1.

where the cbrometicity becomes C, --0.31I4JI and CL'-3.3132 for
£•0. Figure 6 shows tbe cbromaucity cbaoges witb inimiitMiina for tbe
Booster laroct with oo Mxmpoles with MAD6 aad SYNCH.

uutunH or O*OM*TCITY WTM MOwomM

* S • * Si

Rl . * laaaar - .A MAD* * SYNCH.

Tablts VII gjTti rat coatparuoa of the aacomcttd caraaunciiy for
las propaaad Rcltiiviatic Heavy loa Collider (RHIO at BNL (ai Sa«) aad
Table* Vila aad v n b aaows taa variadoaa oftaa raaes aad rat camaaanc-
ity with moawDtasi for RHIC with SYNCH aad MAM respectively.



Tabte VTL Naomi Chremmcny (C^C,) Caloslned fat RHIC

P r o g " C ^ C y

SYNCH*
M A M "
HARMON (Kmacsj
HARMON (Kcferamt
RACETRACK

-36.82647
-56.825021
-56.97291
-36.9142
-36.7434(24

-36.73516
-36.738819
-56.11275
-56.8084
-56.7726791

• f (28.124-UU8.g223*).
Of (28.8269*1.28.82297)

TaMt vna. RHIC < iSYNCH

-0.01
-0.004
0.000

•0.004
•0.01

-0.01
-0.004
0.00
0.004
0.01

21.11332
2112506
2112694
28.12627
21.82673

28.83324
28.12439
28.82230
28.82442
28.83748

Tablt VTIb. RHIC «

28.724101
28.812714
28.826941
28.814661
28.742730

Oy
28.726098
28.809072
28.822297
28.810332
28.741083

3.09162
0.93346
0.03677

-0.28302
0.836O9

'lib MAD

23.340363
7.190661
0.14789]

-6.307338
-18.934403

-2J4371
-1.01523
-0.01103

1.12055
3.46690

S
23.528239
6.737079
0.073932

-6.073733
-18.215989

Table Vin. Namral Chroaancity (C^.Cy) rot XLS (XUV Cosy
Rial, and Parallel Chasman Green Laince)

Pro|raa C, C,

SYNCH
MAIM
PATRICIAS8.4
PATPET88.2
DIMAD
BETA
MARYUE

-4.09957
-4.099566
-4 17811
-4.17811
-4 0995
-4.0995

-t.35321
-4333212
-4.14091
-4.14091
-i.3552
-4.3553

The reioiu obtained (ton SYNCH. MAO. DIMAD and BETA (for
ibe parallel end magnets) are in agreement, bni there are some diacrepan-
aes with the mulu of HARMON. PATRICIA and MARYUE (see Table
VIH).

Table IX. Natural Chromasicuy (Ct.Cy) for SXLS
(sector magnet)

Program

SYNCH
MAD6
PATRICIA88.4
PAT7ET88.2
DIMAD
MARYUE3.1

Cx
-0.46896
-0.468960
-0.46896
-0.46896
-0.46895
-0.37701711

S
-1.28953
-1.289334
-1.28955
-1.28953
-1.28953
-1.97219310

For laoics with sector magnets nch as SXLS. dw reaslta obtaiasd
from SYNCH. MAD6. PATRICIA. PATPET and DIMAD am ia agree-
acni b« there is a discrepancy with the retails of MARYUB.

Tabte X.

Pro g n u

SYNCH
MAD

Nararal Oraauricity (C,,C_
(Parallel Magnets)

Cx

-22.33733
-12.3373

) far X-Ray t i n t

Cy

-16.59483
-16.5949

The result of SYNCH sad MAO arc ia agreement i s shown
above, but there i n discrepancies ia Ihe resalu obtained from tha
other programs (due co space limitation were not included), and
some could not give any results. The combined functioa with
parallel edge magnets an DO! handled well with mon of these
prof runs.

IV. Conclusion
Coapahsoa of the lattice parameters ihows a good agreement

berweca the valaei of th< tuna shift, lattice fuactioas. esc. for 5-O.
for moil of ib* codes exaaaiard. Tber* a n discrepancies ia the-
u n l i t for 4*0 and becomes larger w a n the setrapotas an includ-
ed. The diiTercaca ia the chromaucity calraUuoa ia these pro-
grams depends oa the methods of iategnuoa used to evaluate the
integrals across the elements (e.g. exact iategntioa method used
across the quadripole lengths in one code versus tumcncal integra-
tion ia another code) and the way the fringe fields are orated. The
quadrupole fringe Heidi i n ignored in most codes sad could be
detrimental to the design eipecially for th* long aad narrow or short
aad wide magnets. We ootc thai, the combined ruacboa with
parallel edge magnets an not handled well with most of the
programs, (e.g. X-RAY ring). Mon detailed analysis of our results
with each of these programs is available, but due to space limitation
is not included here. Since the input format to most of the codes
vanes, at moil can QUII be taken to assure the input consistency to
all the codes. In that some of our input and remits for programs
PATRICIA. MARYUE and SYNCH were checked and confirmed
by the authors of these codes: H. Wiedemann. A. Oragt and E.
Courant respectively. We appreciate receiving comments, informa-
tions and updated versions of the codes from the iiufton of these
programs.
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