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Abstract
We presant a comparison betwveen results obtained from scandard LAT'I'ICB Heavy loa Collider (for P to Au)
mhmup&maﬂnuﬁl«h&uuu Qf sy £ (m) 3933.87
sad storagq nags. wib progams SYNCH. MA.D.., HARMON.” H.p-nc npry (T/w) 96.5 @in) 339.¢ Gmax
PA‘I‘IIQA PATPET BETA", DIMAD", MARYLIE' and RACE- Radius of arcs (ave.) N =
TRACK". Ila our analyns we bave dered § ( sze) | Dipete beadizg radins 431l o
wth large and small beod angles including AGS Booster (10° bend), Beam ssparstion 1a arce 90 cm
RHIC (" 24%), SXLS. XLS (XUV nog wid 45° bend) and X-RAY nogs. Penodicury ~ [
m the (L used and the ireatment of the No. of celiware, lengia 12 FODO/29.62 micell
fnoge ficids 10 wese codes could lead to different results. The wclusicn Phase advasce/cell 90 deg.
of oonlibear (c.g. dipole) terms may be Y 10 ese calcul vo/v, (somunnl) 28.326720.822
speciahy for a small nog. Bes (is are) manjmin 0.1 mB.I =
1. Introduction Dispsrmon (1n arc) man/mus 1L52 mO.M4m
Selection of a beam opucs code for the design of a0 accelerator o :::'::’.“m:';::" ez - f:o -
oot only umportant but could be detnmental to We design if an wncorrect B"wim;nn (a1 crossng) 1m0 m
code 13 uzed. lo order to correct and/or cootrol the parameters of a given Coall. Angle & mrad (hesd o)
hy for ple the of a syoch we (irst oeed to PER‘FOWCE Proton Gotd
calculate ( unlyuc:uy and/or with oce of the available accelerator codes) r——""‘m' Toenm) 20.5350CeV 7.100GeV/amu
the { d) y of ihat mactune: (the wcomect oy n g banch LOE+11 1.0E+09
values of y used i 8 the gths of the " Norm. emiltance (pr-mm-mrad) 0 10 @ stan
sextupoles could lead o problems) ~. Due to space himitauon we il (95% of beam) 30 after 10 br.
presect 3 sample of the results g the dep ad v lumuonty Yoo/ 9.5E+30 9.2E+26 (head va)
vanauons of tuoe and with respect to lll Lumunonty bfenme 10 hre
tum for the | we have dered wth different codes (see Tahles l- Loagitudinal Buach Area (95%)
IV “or farice p )- In tus the of d injected for Gold 0.3 +V-sec/smu
plz ces shown u (arditrary) given rox weoretical companson of data above traastion for leV-sac/amn | ¢V-sec/ame
Figures 1-5 shows the latnce f for the B RHIC, SXLS, Bunch langth (rma) 3N em 0 cm
XLS and the X-RAY rings respecuvely. No. of Busches/Beam 57
M. Lartce Parameters Bunch ssparanos (124 asec on) 67 a
Following tables provide bnef of the p (de- Beam-Bean Tuns Shilt (irezal) 3.7E-03 1.58-03
scribing the lattces) used in our adalysis and discusmons givea 1o the MAGNETS
DEXt section. Superconductiag single tayer, t in | (cold irom)
1 Dipoles Na. 372 (130/ring+12 common)
Tible L AGS Booser Puumetsn Field (@100 GeV/amu) 3448 T (dipols msg. Le9.45m)
ENERGY (Injec/Ejec) 200 Mgy/1.3 GsV Curreay(@ 100GeV/ame) 4.58 kA (dipole yoke L=9.7m)
No. of Particlea/Puise 1.9x10 Quadrupoles No. 492 (278 arc + 218 insertica)
Circumfsrunce 201.78 o (1/4 AGS) Gradisat 67.4 T/m (qusd. mag. L=l.24 m)
Magaeuc bend radins p 13.75099 m Diamond isagth £27 (@100 GeV/amu, 2mrad)
Penodicity 6
No. of cells/Cell Lsagth 4 FODON4OTS = Table . SXLS Paramsters
advance/cel 72.3°172.45°
5:7»" (nu:':nn,l :.m 4.82/4.83 Circumferance/p (m) 8/0.3683
B daxmn, X, mex 13.6/3.7 m2.95 m Nomunal tune (v5.vy,) 1.415, 0.383
:r!nnuon v P 4.831 Lo 0.738/0.330053
DIPOLES (No./Mag.Leagth) 2.4 m max (Bl'“y z::g:.:z "o‘:’;:w
Gap/Vac.Chamber Ape 82.55 mm/66 om max (Ny.Ny, Mrey L . 0/L
Good field ragion (<10} 16x6.6 cm Dipolss
Injec/Ejec fsld (kG) 1.56/3.46 :,mb. (o) g::;:;, 3*
QUADRUPOLES (No./Mag Laagth) 41/50.375 cos agth (m)/Asyle - 9/4
Aper./Vacuum Chamber Apert. 16.5 cmy15.23 cm Q_“E‘.w .
Injec/Ejec pote tip fisld (kG) 1.023.6 gh/Strengh 0.1977.43
CHROMATICITY SEXI'UPOLF.S
(being revirwed)/leng 2x12/10 cm
Max. pole tip Held (&G) 2.0 w,
Max. Vacuum Pressure 1x10° .
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Fig 1 Onbit rucnnu for AGS-boowter.

*Work performed under the auspicies of the U.S. Department of Epergy.
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Table V. Narers) Qiremanaury Cy.Cy Calculsend
for he AGS Reswer
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Fig. 3 X-my orbit fusctisss.

M. Chromaticity Calculations a0d Comparisons
In Tables V-X we bave summanzed the resuits lM the chromaticity
calculations for the Lytices descnbed above in Tabjes I-IV programs
SY‘NCgi:,lnP MADGWHA!MO . PATRICIASS', PA . DIMAD",
BETA", M.A.IYLEB wd RA CK

-
L]
3, AGS 8 ~ Namwral Chromanciy
5 Program [ c’
= SYNCH —4.91970 ~3.26428
~ MADS -4.919702 ~5.284003
g, HARMON (Hchrom) -3.30878 ~3.44737
< HARMON (Hfnas) -35.00013 -3.44730
L, PATRICIASS.4 —92970 -3.26488
3 : PATPETIS ~.92970 328408
s " MARYLIE —.92970185 -5.26480371
! Racetrasck ~5.64603 -35.448237
M & ' A1 c1s be seen. the resuits obtained from SYNCH., MAD.
. H v PATRICIA, PATPET and MARYLIE are 10 agreement, with some differ-
S Discance (m} . coces 18 the resulls odtuned from HARMO! and RACETRACK.
Fig. 1 SXLS orbit feactions. Tablea Via and VDb p the of the b moes
s (Q,.Q for the B wub respec 0 )
Table V. XLS sad X-RAY Parsmetsny :lu- obtuned with programs MAD6 and SYNCH respecuvely.
. XLS X-RAY Table VIa. AGS Booster mith MADS
Cictp (m) 3:'”’7',1: n:.om.:;;l app Q Qy [N c,
VxVy 14, L -144/8, 3o +160324 482689 —<.074133  ~3.314419
Ua e ., g;;;’;’z’:""“’ lg';?_.,::m‘"“ -0.004 4819753 4851063 94710 -5.284134
. - 0, 120000 X —4.9297 -5.2
S, swmmeewe e om Gmes lmm Jhem o S
mix (MyMy) lLa9sie 1.4206270 «0.010 4TI0922 4TI 4B8TSI6 3219016
DlEl.l
Number (type) 3 (pasallel) {6 (paraliel)
Leagih (miAngie 1.76714326/0.783398 2.7/0.39269908 Tible VDb AGS Booxer wuh SYNCH
Quadrupoles Langih/Strengih Length/Strength apip Qe Qy S cy
1, 0.25/3.02486961 °~""‘~§,°“°”° o100 447006 “i8460 503738 -3.6096%
ot 0.25/-2.51032937 0.8/1.33711234 000400 33934 AAS)T 497202 _s.40158
q 0.173.83011512 0.4132.1.4014946 0.0000 4.52000 483000  ~4.52970  -5.26418
q 0.225/1.29943942 0.00400 4.80040 420925 43181 -5.128%3
0.01000 477144 477930 432023 -4.92934
. Compansoas of the lattice parameters shows a good sgreement

betwern values of the lattice funcuons. oe 1difts, eic. for dplp-o for
most of the codes, but somewhat different {or Ap/pwD, as cas be 3e¢n rom
Tabies V1a and VIb, (resulta obtained from programs SYNCH and MAD).
The discrepaocies become larger whea uxnpoln are sl-dcd in e
inpet Iattices for Sw0. With l

ity (2t 5=0) reduces to (0.0,0.0) calculated -uh SYNCH and (0.
001043.-0.001678) caiculated with MADG (at the same nomunal tunes).
From the HFUNCT io HARMON, the vananooe of tmme shilt with
momentum (S=map/p) become:

4Q, = - 03114813 + 2893788 ~ 162.218°
4Q, » - 3313245 + - 43.88308" - 21.53088° .
where the chromaticity becomes C, = —0 311481 and CL' -3.3132 (or

S=0. Figure 6 shows the ch with for tbe
Booser lartice with 00 sexiopoles with MADS and SYNCH.
. VARANION OF CHROMATICITY WITH MOMENTUM
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Fig. 6 Bossser with MADé & SYNCH.

Tables VII gives the comparisos of the uncorrecied chromalicity for
the proposed Relativistic Heavy Ioo Coilider (RHIC) s BNL (at 5=0) and
Tablss ViIa and VIIb shows the varistioas of the tunes and the chromatic-
ity with momentsm for RHIC with SYNCH and MADé respectively.



Tabla VIL Naumnl Oh y (Cy.C,) Cal d fos RHIC
SYNCH® -36.82647 -36.73516
MADS§*® -58.823021 -36.738819
HARMON (Hfuwact) ~56.9729%1 -56.31278
HARMON (Hchwom) =56.9142 ~56.3084
RACETRACK ~56.7334824 367728791
® remes of (28.82648.28.82236).

**tuses of (28.826941.28.02297)

Tatle VIIa. RHIC with SYNCH

9 9 5 5
=0.01 28.81332 28.83524 3.09162 -2.54571
=0.004 28.82506 20.82439 0.95346 -1.01528
0.000 28.82694 28.82230 0.05677 -0.01103
+0.004 28.82627 28.82442  -0.28302 112088
+0.01 28.82673 28.83748 0.35609 3.36690

Table VIIb. RHIC wih MAD

Q Q, A <
=0.01 28.724101 28.726098 29.340563 23.528289
=0.004 28.812714  28.8309072 7.190661 6.737079
0.00 28.826941 28.822297 0.147893 0.073932
0.004 28.814661 28.810332 -6.307358 -6.075718
0.01 28.742730  28.741083 -13.934403 -18.215989

Table VIO. Namral Chromanary (C,.C,) for XLS (XUV Cosy
Ring, and Parsllel Chasman Green Lartuce)

Prognm Cy Q
SYNCH —4.09987 —4.35521
MADS -4.099566 —4.355212
PATRICIARS.4 —4.17811 —4.14091
PATPETR3.2 —-.17811 —4.14091
DIMAD -4.0993 —4.3852
BETA —4.0998 -4.3533
MARYLIE

The resu:ts obtained from SYNCH., MAD, DIMAD and BETA ((or
tbe paniliel ead mag )areioag but there are some discrepan-

ces with the results of HARMON, PATRICIA and MAR YLIE (see Table
VII).

Table IX. Natwral Chromaticity (C‘.Cy) for SXLS
(sector magoet)

SYNCH =0.45896 -1.28983
MAD6 =0.468960 ~1.2893534
PATRIC1AZS.4 =0.46896 ~1.2895s
PATXET28.2 ~0.46896 -1.28958
DIMAD ~0.46895 -1.28953
MARYLIE3. 1 =0.37701711 -1.97219310

For lattice with sector magnets such as SXLS, the results obtained
from SYNCH, MAD6. PATRICIA, PATPET and DIMAD are in agree-
ment bet (here is a discrepancy wilh tbe ressits of MARYLIA

Table X. Nataral Chromaticity (Cy.C)) for X-Ray Risg
(Panailel Magmets)

SYNCH -22.337133 ~16.59488
MAD -22.3373 -16.5949

Tue result of SYNCH and MAD are in agreement as shown
above, but there are discrepancies is (e results obtained from e
other programs (due to spece limitation were oot included), and
some could ot give any results. The combined function with
parallel edge magnets are pot bandied well with most of these

programs.

IV. Cooclusion

Comperison of the latuce parsmeters shows a good agreement
berween (be values of the rune shuft, lattice (uactions, exc. for =0,
for most of ba codes examined. Thers Are discrepascies in the
fesults for S»0 and becomes larger whes the sextwpoies are iaclud-
od. The differeaces in ihe chromsucity calkculatos ia ess pro-
gramia depeads oa the metbods of integraucm used 10 evaluate the
integrals across \be elements (¢.g. exact integration metbod used
across the quadrupole lengibs is oae code versus numencs! integra.
tion in anower code) and the way the fninge fields are wreated. The
quadrupole fnoge fields are ignored is most codes aad could be
detnnmeatal [0 tie design especially for the long aad sarmow or shory
and wide magnets. We note that, the combided function with
parallel edge magnets are oot handled well with most of the
programs. (e.§. X-RAY nog). More detailed analysis of our results
with each of these programs 13 availabie, but due to spece limitation
i3 oot included here. Sicce the input format to most of the codes
vanes, at most care must be takea to assure the (nput coasisiency 1o
all the codes. [n that some of our ioput and results for programs
PATRICIA, MARYLIE and SYNCH were checked and confirmed
by the authors of these codes: H. Wiedemann, A. Dragt and E.
Courant respecuvely. We appreciate receiving comments, informa-
tions and updated versions of the codes from the awhors of these
programs.
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