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This is the first of a series of computer model calculations
of the transverse parameters of the AGS. We begin at high fields
(beam momenta 15 GeV/c and greater) and the machine consisting of
the main magnets only and without regard to the effects of time
variation in the magnetic fields (no B-dot effects). Subsequent
papers will add those effects, and then the high field correction
system (quadrupoles and sextupoles) to obtain the "full"” machine.

Calculation of the Courant-Snyder and associated parameters
are presented both in tabular and graphical form; the input to
the computer model program (MAD) which generated these results is.
also described.



INTRODUCTION

We present here, in both tabular and graphical form, values
of the Courant—-Snyder[l] and related parameters calculated using
the accelerator modelling program MAD[2].

In this first set of calculations, descriptions of the Bare
AGS (i.e., with main magnets only) at high fields (15-32 GeV/c)
in an unramped state have been developed. The main magnets have
both quadrupole and sextupole terms, but the effects of dB/dt
are ignored. Later calculations will include effects of ramping
and, Dbeyond that, the inclusion of the high field correctors:
dipoles, quadrupoles and sextupoles. Subsequently, we expect to
do the same at low (injection) fields.

We are concerned here with transverse parameters: hence sub-
scipts -x (horizontal) and -y (vertical) can be applied to most
symbols. These are functions of the distance, s, along the mach-
ine. The zeros of x and y are on the design central orbit -- the
path along which s is measured.

The important Courant-Snyder parameter is B , which describ-
es the beam amplitude. Beam sizes and oscillations in them are
proportional to F;'/L . ﬁ must be calculated for the particular
machine lattice.

Associated parameters are o and Y’ . They are related by:

«=—£p'=—& /s
X@: éy(‘l+—0(2)
The phase parameter /U/ is obtained from the relation:

24T =£°S’ ds/@

where the choice of s, is arbitrary. The tune is the integral of
1/ around the accelerator:

29Q = 21TV =35ds/13

Dispersion, dx, is defined as the transverse displacement of the
beam per unit change in momentum from the nominal (central orbit)

momentum: A
dx = A __fl
x = Ax /A

Thus, a dispersion of 1 meter produces a change in the transverse
coordinate of 1 mm for a 0.1% momentum change (1/1000).

These quantities are calculated in the "TWISS" procedure of
MAD.



I. MAD INPUT for D.C. "Bare Machine™ -- High Fields: 15-32 GeV/c

A. Full Input for "TWISS"™ Run at 15 GeV/c with Print re-
quested for 1lst Superperiod only. (See MAD Input
Manual [2] for full description of input lines.)

TITLE!

P150D (15 GeVv/c)
1 1
CONSTANT, K1AF = (0.04874640 !
CONSTANT, K1AD = -0.0486922 ! replace
CONSTANT, KI1BF = KI1AF !
CONSTANT, K1BD = KI1AD ! by
CONSTANT, KICF = 0.04855743 !
CONSTANT, KI1CD = -0.0484907 ! appropriate
CONSTANT, K2AF = -0.00729 !
CONSTANT, K2AD = -0.00715 ! block
CONSTANT, K2BF = -0.0087 !
CONSTANT, X2BD = -0.00857 ! for other
CONSTANT, K2CF = -0.00961 !
CONSTANT, K2CD = -0.00939 ! energies.
]
CONSTANT, CONV= 0.0254 ! inches to meters
CONSTANT, LENA 94*CONV
CONSTANT, LENB 79*CONV
CONSTANT, LENC 94*CONV

0.0279650307
0.0235023009
0.0279650307

CONSTANT, ANGA
CONSTANT, ANGB
CONSTANT, ANGC
t

DRIFT, D2S, I.=23.99664 *CONV

DRIFT, D2T, L=23.99548 *CONV

DRIFT, D2L, L=23.99428 *CONV

DRIFT, D2H, L=29.99714 *CONV

DRIFT, D5L, L=59.99428 *CONV

DRIFT, D10, L1=59.99367 *CONV

1

!

RBEND, AF, L=LENA, ANGLE=ANGA, K1=K1AF, K2=K2AF
RBEND, AD, L=LENA, ANGLE=ANGA, K1=K1AD, K2=K2AD
RBEND, BF, L=LENB, ANGLE=ANGB, K1=K1BF, K2=K2BF
RBEND, BD, L=LENB, ANGLE=ANGB, K1=K1BD, K2=K2BED
RBEND, CF, L=LENC, ANGLE=ANGC, K1=K1CF, K2=K2CF
RBEND, CD, L=LENC, ANGLE=ANGC, X1=K1CD, K2=K2CD
1

! sublines

H

L1A: LINE = (D10,BF,D2S,BF,D2T,CD,D5L,CD,D2L,A¥F,D2H)
L2A: LINE = (D10,BD,D2S,BD,D2T,CF,D5L,CF,D2L,AD,D2H)

1
! superperiods and machine
!
LINE, SUPER
LINE, AGS
1

(L1A,-L1A, L2A,-L2A)
(12 * SUPER)

:
USE, (AGS)
!
PRINT, SUPER[1]
f
TWISS, DELTAP=0.
stop!



B. Changes in Constants defining quadrupole and sextupole

strengths for main magnets at other energies

(replaces

area noted in 15 GeV/c input, preceding page):

P200D

!
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,

K1AF
K1AD
K1BF
K1ED
KI1CF
K1CD
K2AF
K2AD
K2BF
K2BD
K2CF
K2CD

P250D

CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,

K1AF
K1AD
K1BF
K1BD
KI1CF
K1CD
K2AF
K2AD
K2BF
K2BD
K2CF
K2CD

P270D

CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,

P290D

1

CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,
CONSTANT,

K1AF
K1AD
K1BF
K1BD
K1CF
K1CD
K2AF
K2AD
K2BF
K2BD
K2CF
K2CD

K1AF
K1AD
K1BF
K1BD
KI1CF
K1CD
K2AF
K2AD
K2BF
K2BD
K2CF
K2CD

(20 GeV/c)

0.04869689
-0.0486381

K1AF

K1AD

0.04852880
~-0.0484573
-0.00841
-0.00839
-0.00996
-0.00%94
-0.01045
-0.01031

| T 1 1

(25 GeV/c)

0.04855992
-0.0484901

K1AF

K1AD

0.04841473
-0.0483322
-0.01136
-0.01148
-0.01333
-0.01341
-0.01320
-0.01318

(27 GeV/c)

0.04844988
-0.0483751

K1AF

K1AD

0.04829478
-0.0482072
-0.01435
-0.01451
-0.01655
-0.01667
-0.01631
-0.01632

(29 GeV/c)

0.04824669
-0.0481701
K1AF

K1AD
0.04808474
-0.0479969
.01984
-0.01991
-0.02221
-0.02226
-0.022
-0.02189

| | | O 1 O |
I
o



P320D (32 Gev/c)
1
CONSTANT, K1AF = 0.,04755687
CONSTANT, K1AD = -0.0474825
CONSTANT, K1BF = KI1AF
CONSTANT, K1BD = KI1AD
CONSTANT, KICF = 0,04734094
CONSTANT, K1CD = -0.0472565
CONSTANT, K2AF = -0.03396
CONSTANT, K2AD = -0.03404
CONSTANT, K2BF = =-0.0365
CONSTANT, K2BD = -0.03656
CONSTANT, K2CF = -0.03691
CONSTANT, K2CD = -0.03676
COMMENTS ;
Strengths:
The constants Klxx and K2xx give the quadrupole and sextupole
strengths of the respective magnets for the D. C. machine. Eddy

currents induced by changing magnetic fields will alter the sextupole
strengths. MAD does provide for inclusion of higher multipoles, but
we do not consider them at this time.

Magnets:
Magnets are named with the following conventions: the 2nd letter
(F or D) indicates focussing or defocussing in the horizontal plane;
the first letter is:
A for long open magnets (at "05", "06", “15" and "16"),
B for short open magnets (at “01", %*02v, "09", wi0", "ilvw,
"12"’ ll19ll and ll20ll),
C for long closed magnets (at 03", w04", "Q7", "08","13v,
'I14'l, Ill'7ll and !l18l|) .

Straight Sections:

D2S refers to the 2 ft. straight sections at "01", "09%,
llllll and ll19".

D2L refers to the 2 ft. stralight sections at "02%, "08",
ll12|l and II18" .

D2T refers to the 2 ft. straight sections at "04"™, "06",
"14" and ll16ll-

D5L refers to the 5 ft. straight sections at "03¥, =07v,
"13" and "17".

D2H is half of the "05" and "15" straight sections.

D10 is half of the "10" and "20" straight sections.

To insert additional elements in the straight sections, it is ne-
cessary to replace these by an insert containing the appropriate ele-
ment and the remaining drift lengths. E. g., an 8" quadrupole plac-
ed in an "08%" 2 ft. straight section might be described by:

INS08 = (D1X,QF8,DlY),
where QF8 describes that "guad" and D1X, DlY are drift spaces.

Superperiods:

The superperiod of the "Bare™ machine consists of the magnets and
straight sections enumerated in order; in a fuller machine it may be
necessary to define several different superperiods as the list of ad-
ditional elements (in the straight sections) will be different. In
that case, the AGS will be defined by listing the various superperiods
rather than by the simple statement:

AGS = (12 * SUPER)



II.

SAMPLE MAD OUTPUT (from file "mad.out")

Note that only Superperlod "A" is given in detail,

lation with no magnet displacements
- in the input, X(CO), X’ (CO), Y(CO), Y’ (CO) are 0.

RUN: P320D (32 GeV/c)

but that the last
line (END USE...0l) is for the end of the whole (12 superperiocd)

machine and that the tunes, etc. are also for the whole machine —--—
i. e., Q-x is 12 times the value of MUX at the end.of the 1lst sec—
tor, étc. Nate further that since this is an "on-momentum” calcu-
(or misalignments) specified
at all locations.

... SEARCHING FOR CLOSED ORBIT FOR BEAM LINE “USE...0l*, DELTA(P}/P = 0.000000, SYMM = F
... ITER. X PX Y PY ERROR
e 1 0.000000 0.000000 0.000000 0.000000 0.000000E+00
1 P320D 32 GeV/c “MAD" VERSION: 6.01/01 RON: 01/29/88 09:07:23
LINEAR LATTICE PARAMETERS FOR BEAM LINE: ®“USE...01%, RANGE = “#S / 4E“
DELTA (P) /P = 0.000000 SYMM = PAGE 1
ELEMENT SEQUENCE I HORIZONTAL I VERTICAL
POS. ELEMEN DIST I  BETAX ALFAX MUX X({CO) X*(CO) DX DXt I BETAY ALFAY MUY Y(CO) ¥r({cO) DY DY’
No. NAME NO. M I [¥] [2PI] MM} [MRAD] [M] I [M] [2pI] [MM] [MRAD]} [M]
BEGIN USE...0l 1 0.000 15.773 -1.298 0.000 0.000 0.000 1.916 0.153 15.697 1.293 0.000 0.000 0.000 0.000 0.000
BEGIN SUPER 1 0.000 15.773 -1.298 0.000 0.000 0.000 1.916 0.153 15.6%7 1.293 0.000 0.000 0.000 0.000 0.000
BEGIN LlA 1 0.000 15.773 -1.298 0.000 0.000 0.000 1.916 0.153 15.697 1.293 0.000 0.000 0.000 0.000 0.000
1 D10 1 1.524 20.125 -1.558 0.014 0.000 0.000 2.150 0.153 12.152 1.034 0.018 0.000 0.000 0.000 0.000
2 BF 1 3.530 22.637 0.387 0.028 0.000 0.000 2.268 —0.037 10.657 -0.242 0.047 0.000 0.000 0.000 0.000
3 D2s 1 4.140 22.184 0.356 0.032 0.000 0.000 2.246 -0.037 10.989 -0.302 0.056 0.000 0.000 0.000 0.000
4 BF 2 6.147 17.13% 1.996 0.048 0.000 0.000 1.986 -0.218 15.024 -1.835 0.081 ©0.000 0.000 0.000 0.000
5 D2T 1 6.756 14,814 1.819 0.054 0.000 0.000 1.853 -0,218 17.369 -2.012 0.087 0.000 0.000 0.000 0.000
6 CD 1 9.144 10.660 0.075 0.086 0.000 0.000 1.597 0.000 22.566 0.035 0.106 0.000 0.000 0.000 0.000
7 DSL 1 10.667 10.648 -0.068 0.109 0.000 0.000 1.597 0,000 22.562 -0.033 0.117 0.000 0.000 0.000 0.000
8 CD 2 13.055 14.761 -1.806 0.141 0.000 0.000 1.850 0.217 17.356 2.013 0.135 0.000 0.000 0.000 0.000
9 D2L 1 13.665 17.069 ~1.982 0.147 0.000 0.000 1.982 0,217 15.011 1.835 0.141 0.000 0.000 0.000 0.000
10 aF 1 16.052 22,190 0.034 0.166 0,000 0.000 2.247 0.000 10.830 0.071 0.172 0.000 0.000 0.000 0.000
11 p2R 1 16.814 22.164 -0.000 0.171 0,000 0.000 2.247 0.000 10.776 0.000 0.184 0.000 0.000 0.000 0.000
END L1A 1 16.814 22.164 0,000 0.171 0.000 0.000 2.247 0.000 10.776 0.000 0.184 0.000 0.000 0.000 0.000
BEGIN L1A 2 16.814 22.164 0.000 0.171 0.000 0.000 2.247 0.000 10.776 0.000 0.184 0.000 0.000 0.000 0.000
12 D2H 2 17.576 22.190 -0.034 0.177 0.000 0.000 2.247 0.000 10.830 ~0.071 0.195 0.000 0.000 0.000 0.000
13 AF 2 19.964 17.06% 1.982 0.195 0.000 0.000 1.982 -0.217 15.011 -1.835 0.226 0.000 0.000 0.000 0.000
14 p2L 2 20.573 14.761 1.806 0.202 0.000 0.000 1.850 -0.217 17.356 -2.013 0.232 0.000 0.000 0.000 0.000
15 cp 3 22.961 10.649 0.068 0.233 0.000 0.000 1.597 0.000 22.562 0.033 0.251 0.000 0.000 0.000 0.000
16 D5L 2 24.485 10.660 ~0.075 0.256 0.000 0.000 1.597 0.000 22,566 -0.035 0.261 0.000 0.000 0.000 0.000
17 ¢p 4 26.872 14.814 -1.819% 0.288 0.000 0.000 -1.853 0.218 17.369 2.012 0.280 0.000 0.000 0.000 0.000
18 D2T 2 27.482 17.139 -1.996 0.294 0.000 0.000 1.986 0.218 15.024 1.835 0.286 0.000 0.000 0.000 0.000
19 BF 3 29.488  22.184 -0.356 0.310 0.000 0.000 2.246 0.037 10.889 0.302 0.312 0.000 0.000 0.000 0.000
20 D2s 2 30.098 22.637 -0.387 0.314 0.000 0.000 2.268 0.037 10.657 0.242 0.321 0.000 0.000 0.000 0.000
21 BF 4 32.104  20.125 1.558 0.329 0.000 0.000 2.150 -0.153 12.152 -1.034 0.350 0.000 0.000 0.000 0.000
22 D10 2 33.628 15.773 1.298 0.343 0.000 0,000 1.916 -0.153 15.697 -1.293 0.367 0.000 0.000 0.000 ©0.000
END LlA 2 33.628 15.773 1.298 0.343 0.000 0.000 1.916 -0.153 15.697 -1.293 0.367 0.000 0.000 0.000 0,000
BEGIN L2A 1 33.628 15.773 1.298 0.343 0.000 0.000 1.916 -0.153 15.697 -1.293 0.367 ©0.000 0.000 0.000 0.000
23 D10 3 35.152 12.212 1.039 0.360 0.000 0.000 1.682 -0.153 20.033 -1.552 0.381 0.000 0.000 0.000 0.000
24 BD 1 37.159 10.709 -0.243  0.389 0.000 0.000 1.551 0.021 22.537 0.385 0.396 0.000 0.000 0.000 0.000
25 D2s 3 37.768  11.042 -0.303 0.398 0.000 0.000 1.564 0.021 22.087 0.354 0.400 0.000 0.000 0.000 0.000
26 BD 2 38.775  15.092 -1.842 0.424 0.000 0.000 1.784 0.202 17.063 1.988 0.416 0.000 0.000 0.000 0.000
27 D2T 3 40,384 17.446 -2.020 0.430 0,000 0.000 1.807 0.202 14.747 1.811 0.422 0.000 0.000 0.000 0.000
28 CF 1 42.772 22,662 0.035 0.448 0.000 0.000 2.148 -0.004 10.608 0.076 0.454 0.000 0.000 0.000 0.000C
29 D5L 3 44.296  22.658 -0.032 0.459 0.000 0.000 2.141 -0.004 10.598 —-0.069 0.477 0.000 0.000 0.000 0.000
30 CP 2 46.683 17.431 2.021 0.477 0.000 0.000 1.881 -0.208 14.697 -1.799 0.509 0.000 0.000 0.000 0.000
31 D2L 3 47.293 15.076 1.843 0.483 0.000 0.000 1.754 -0.208 16.997 -1.975 0.515 0.000 0.000 0.000 0.000
32 AD 1 49.680 10.880 0.070 0.514 0.000 0.000 1.511 0.000 22.101 0,035 0.534 0.000 0.000 0.000 0.000
33 D2H 3 50.442 10.826 0.000 0.525 0.000 0.000 1.511 0.000 22.075 0.000 0.539 0.000 0.000 0.000 0.000
END  L2A i 50.442 10.826 0.000 0.525 0.000 0.000 1.511 0.000 22.075 0.000 0.539 0.000 0.000 0.000 0.000
BEGIN L2A 2 50.442 10.826 0.000 0.525 0,000 0.000 1.511 0.000 22.075 0.000 0.539 0.000 0.000 0.000 0.000
34 D2H 4 51.204 10.880 -0.070 0.536 0.000 0.000 1.511 0.000 22.101 -0.035 ©0.545 0.000 0.000 0.000 0.000
35 2 53.592 15.076 ~1.843 0.568 0.000 0.000 1.754 0.208 16.997 1.975 0.564 0.000 0.000 0.000 0.000
36 D2L 4 54.201 17.431 -2.021 0.574 0.000 0.000 1.881 0.208 14.697 1.799 0.570 0.000 0.000 0.000 0.000
37 CF 3 56.5839 22.658 0.032 0.592 0.000 0.000 2.141 0.004 10.598 0.069 0.602 0.000 0.000 0.000 0.000
38 D5L 4 58.113  22.662 ~0.035 0.603 0,000 0.000 2.148 0.004 10.608 ~0.076 0.625 0.000 0.000 0.000 0.000
39 CF 4 60.500 17.446 2.020 0.621 0.000 0.000 1.907 -0.202 14.747 ~-1.811 0.657 0.000 0.000 0.000 0.000
1 P320D “MAD“ VERSION: 6.01/01 RUN: 01/29/88 09:07:23
LINEAR LATTICE PARAMETERS FOR BEAM LINE: *“USE...0l%, RANGE = “4S / $E*
DELTA(P) /P = 0.000000 SYMM = F PAGE 2
ELEMENT SEQUENCE I HORIZONTAL I VERTICAL
POS, ELEMENT OCC. DIST I  BETAX ALFAX  MUX X{CO} X' (CO) DX DX* I  BETAY ALFAY MUY ¥({CO) ¥r({CO) DY Dy’
NO. NAME No. M I M) {2P1] [MM] {MRAD] [M] 1 [M] [2PI] {mM) [MRAD] ({M]
40 D2T 4 61.110 15.092 1.842 0.627 0.000 0.000 1.784 -0.202 17.063 -1.988 0.663 0.000 0.000 0.000 0.000
41 BD 3 63.11¢6 11.042 0.303 0.653 0.000 0.000 1.564 -0.021 22.087 —0.354 0.679 0.000 0.000 0.000 0.000
42 D2s 4 63.726 10.708 0.243 0.662 0.000 0.000. 1.551 -0.021 22.537 -0.385 0.683 0.000 0.000 0.000 0.000
43 BD 4 65.732 12,212 ~-1.039 0.691 0.000 0.000 1.682 0.153 20.033 1.552 0.698 0.000 0.000 0.000 0.000
44 D10 4 67.256 15.773 -1.298 0.708 0.000 0.000 1.916 0.153 15.697 1.293 0.711 0.000 0.000 0.000 0.000
END L2A 2 67.256 15,773 -1.298 0.708 0.000 0.000 1.916 0.153 15.697 1.293 0.711 0.000 0.000 0.000 0.000
END  SUPER 1 67.256 15.773 -1.298 0.708 0.000 0.000 1.916 0.153 15.697 1.293 0.711 0.000 0.000 0.000 0.000
END  USE...01 1 807.076 15.773 -1.298 8.497 0.000 0.000 1.916 0.153 15.697 1.293 8.537 0.000 0.000 0,000 0,000
TOTAL LENGTH = 807.075641 QX = 8.496780 QY = 8.536931
Qxr = -58.274315 Qyr = 36.700898
ALFA = 0.146667E-01 BETAX (MAX) = 22.661810 BETAY (MAX) = 22.566020
GAMMA (TR} = 8.257205 DX (MAX) = 2.268471 DY (MAX) = 0.000000
... END OF "TWISS* COMMAND, EILAPSED CPU TIME = 3.195 SECONDS
stop!
«se e«. ... END PROGRAM. SPACE = 10700 TO 12803 01/29/88 09:08:22



IIT. Courant-Snyder Parameters for D. C. “Bare Machine™ at High Fields:

For the "Bare Machine", all 12 superperiods are alike; thus the
parameters are given for one superperiod only.

In the following tables, the parameters are given for full super-
periods from the middle of straight-section of L20 through the middle
of straight-section AZ20. (These boundaries have been chosen for the
superperiods because they then have symmetries which would be less ob-
vious had we used the conventional nomenclature and gone from the be-
ginning of magnet A0l through the end of the A20 straight section.)

Each beam momentum is given on a separate page.

The top two lines identify the run from the title card of the MAD
input (and also include a "MAD" version number and date and time of
the run).

DELTA(P) /P = 0.000 indicates an "on-momentum” calculation.

Contents of the columns of the main table are:

MACHINE LOCATION ID: Description in the standard AGS nomenclature:
A0l through A20 denote the points of exit from these magnets
A01-8S, etc. denote the downstream ends of the respective straight
sections; for the 05, 10, 15 and 20 straight-sections (which have
been split in halves for calculation), notations are A05(Mid),
AQ05-End, etc. to denote the middle and downstream ends.
ELEMENT SEQUENCE:

POS. NO. “"MAD" sequence number for the element -- each
magnet, straight section (if not split) and half of a long
straight section counts as an element.

ELEMENT NAME "MAD" element name, as given in the input:

Our conventions are:
Main magnets are named: AD, AF, BD, BF, CD, CF
Straight sections (or parts) have element names
beginning with D (for drift)
"SUPER" refers to the super-period —-— middle of a "“20"
straight section to the middle of the next "20".

SEQUENCE OCC. NO. sequential occurrence (ordinal) number for

that element in this run
HORIZONTAL (respectively, VERTICAL):

BETAX The Courant-Snyder parameter Beta (for the horizontal
plane), in meters

ALFX The Courant-Snyder parameter Alpha (for the horizontal
plane) -- dimensionless

MUX The Phase Advance (horizontal) in units of 2*pi

Due to symmetry, the tunes are exactly 12 times the
phase advances in one sector.
DX The Dispersion (in the horizontal plane), in meters
DX’ The derivative of Dispersion (horizontal plane)
~- dimensionless
Note that vertical dispersions zero everywhere and thus omitted.

In the table at the bottom (values refer to full machine) :

TOTAL LENGTH is the total over all elements in the full machine
{survey length, not central-orbit length).

GAMMA-TR is the calculated transition—-gamma for the full machine

0X (rep., QY) is the horizontal (resp., vertical) tune.

QX' (resp., QY’) is the derivative of the horizontal (resp., vertical)
tune with respect to momentum change. Chromaticity is obtained by
taking QX’/0X (horizontal; resp., QY'/QY for vertical).

BETAX (MAX), BETAY(MAX), DX(MAX) and DY(MAX) are the maximum values of
these respective quantities appearing in the tables above (not the
separately calculated maxima covering intermediate points).



. P150D (15 GeV/c) “BARE MACHINE™ “MAD" VERSION: 6.01/01
DELTA(P) /P = 0.000000 RUN: 01/29/88 08:51
MACHINE | ELEMENT SEQUENCE | HORIZONTAL | VERTICAL
LOCATION [ POS. ELEMENT OCC. DIST | BETAX ALFAX  MUX DX DX* | BETAY ALFAY MUY
ID | NO. NAME NO. [M] | [M] {2PI] [M] f [M] [2PI]
L20(Mid) | BEGIN SUPER 1 0.000 | 15.411 -1.308 0.000 1.826 0.150 | 15.315 1.301 0.000
L20-End | 1 D10 1 1.524 | 19.807 -1.576 0.014 2.055 0.150 | 11.757 1.033 0.018
AQ1 | 2 BF 1 3.530 | 22.360 0.388 0.029 2.170 -0.036 | 10.258 -0.238 0.048
A01-Ss | 3 D2s 1 4.140 | 21.906 0.357 0.033 2.148 -0.036 | 10.386 -0.301 0.058
A02 | 4 BF 2 6.147 | 16.823 2.009 0.049 1.893 -0.213 | 14.611 -1.834 0.084
A02-SS | 5 D2T 1 6.756 | 14.485 1.826 0.055 1.763 -0.213 | 16.958 -2.016 0.090
A03 | 6 CD 1 9.144 | 10.323 0.075 0.088 1.513 -0.001 | 22.171 0.038 0.109
B03-8s | 7 D5L 1 10.667 | 10.321 -0.073 0.112 1.512 -0.001 | 22.160 -0.031 0.120
204 | 8 CD 2 13.055 | 14.474 -1.824 0.144 1.758 0.212 | 16.919 2.019 0.139
A04-8S | 9 D2L 1 13.665 | 16.808 -2.006 0.151 1.887 0.212 | 14.570 1.836 0.145
A0S | 10 Ar 1 16.052 | 22.004 0.035 0.170 2.146 0.000 | 10.390 0.074 0.178
AQ5(Mid) | 11 D2H 1 16.814 | 21.977 0.000 0.175 2.146 0.000 | 10.333 0.000 0.189
A05-End | 12 D2H 2 17.576 | 22.004 -0.035 0.181 2.146 0.000 | 10.390 -0.074 0.201
A06 | 13 AF 2 19.964 | 16.808 2.006 0.199 1.887 -0.212 | 14.570 -1.836. 0.234
R06-SS | 14 D2L 2 20.573 | 14.474 1.824 0.206 1.758 -0.212 { 16.919 -2.019 0.240
A07 | 15 CD 3 22.961 | 10.321 0.073 0.238 1.512 0.001 |§ 22.160 0.031 0.259
A07-8S | 16 DSL 2 24.485 | 10.323 -0.075 0.262 1.513 0.001 | 22.171 -0.038 0.270
A08 | 17 CD 4 26.872 | 14.485 -1.826 0.295 1.763 0.213 | 16.958 2.016 0.288
AQ8-85 { 18 D2T 2 27.482 | 16.823 -2.009 0.301 1.893 0.213 | 14.611 1.834 0.294
AGS { 19 BF 3 29.488 | 21.906 —-0.357 6.317 2.148 0.036 | 10.586 0.301 0.321
AQ9-SS | 20 p2s 2 30.098 | 22.360 -0.388 0.322 2.170 0.036 | 10.258 0.238 0.330
Al0 | 21 BF 4 32.104 | 19.807 1.576 0.336 2.055 -0.150 | 11.757 -1.033 0.361
Al0(Mid) | 22 D10 2 33.628 | 15.411 1.308 0.350 1.826 -0.150 | 15.315 -1.301 0.379
Al0-End | 23 D10 3 35.152 | 11.832 1.040 0.368 1.598 -0.150 | 19.690 -1.569 0.393
All | 24 BD 1 37.159 | 10.322 -0.239 0.398 1.471 0.021 { 22.234 0.386 0.408
All-SS | 25 D25 3 37.768 | 10.652 -0.301 0.407 1.484 0.021 | 21.783 0.354 0.412
Al2 | 26 BD 2 39.775 | 14.694 -1.843 0.434 1.699 0.197 | 16.726 1.998 0.428
Al2-8S i 27 D2T 3 40.384 | 17.052 -2.026 0.440 1.819 0.197 { 14.401 1.816 0.434
Al3 | 28 CF 1 42.772 | 22.289 0.038 0.459 2.055 -0.004 [ 10.258 0.075 0.467
Al3-ss | 29 D5L 3 44.296 | 22.277 -0.030 0.470 2.048 -0.004 | 10.257 -0.074 0.491
Al4d | 30 CF 2 46.683 | 17.011 2.029 0.488 1.794 -0.204 | 14.395 -1.815 0.524
Al4-ss | 31 D2L 3 47.293 | 14.650 1.845 0.494 1.670 -0.204 | 16.718 -1.997 0.530
Al5 | 32 AD 1 49.680 | 10.451 0.073 0.527 1.432 0.000 | 21.892 0.035 0.549
Al5(Mid) | 33 D2H 3 50.442 | 10.395 0.000 0.538 1.432 0.000 | 21.866 0.000 0.555
Al5-End | 34 D2H 4 51.204 | 10.451 -0.073 0.550 1.432 0.000 | 21.892 -0.035 0.560
Al6 | 35 AD 2 53.592 | 14.650 -1.845 0.582 1.670 0.204 | 16.718 1.997 0.579
Al6-SS | 36 D2L 4 54.201 | 17.011 -2.029 0.589 1.794 0.204 | 14.3%5 1.815 0.586
Al7 | 37 CF 3 56.589 | 22.277 0.030 0.607 2.048 0.004 | 10.257 0.074 0.619
Al7-ss | 38 D5L 4 58.113 { 22.289 ~-0.038 0.618 2.055 0.004 | 10.258 -0.075 0.642
Als | 39 CF 4 60.500 | 17.052 2.026 0.637 1.819 -0.197 | 14.401 -1.816 0.675
Al8-S3 | 40 D2T 4 61.110 | 14.694 1.843 0.643 1.699 -0.197 | 16.726 -1.998 0.682
Al9 | 41 BD 3 63.116 | 10.652 0.301 0.669 1.484 -0.021 | 21.783 -0.354 0.698
Al9-Ss | 42 D2s 4 63.726 | 10.322 0.239 0.679 1.471 -0.021 | 22.234 -0.386 0.702
A20 | 43 BD 4 65.732 | 11.832 -1.040 0.709 1.598 0.150 | 19.690 1.569 0.717
A20(Mid) | 44 D10 4 67.256 | 15.411 -1.308 0.727 1.826 0.150 | 15.315 1.301 0.731
A20(Mid) | END SUPER 1 67.256 | 15.411 -1.308 0.727 1.826 0.150 | 15.315 1.301 0.731
TOTAL LENGTH = 807.075641 ox = 8.720065 QY = 8.772418
X’ = -20.156010 (o) o = 0.925753
ALFA = 0.139714E-01 BETAX (MAX) = 22.360054 BETAY (MAX) = 22.234183
GAMMA (TR} = 8.460189 DX (MAX) = 2.170248 DY (MAX) = 0.000000




p200D
DELTA(P) /P

0.000000

(20 GeV/c)

“BARE MACHINE"“

“MAD™

VERSION: 6.01/01
RUN: 01/29/88 08:57

MACHINE | ELEMENT SEQUENCE | HORIZONTAL | VERTICAL

LOCATION | POS. ELEMENT OCC. DIST | BETAX ALFAX MUX DX DX* | BETAY ALFAY MUY
iD I NO. NAME NO. M] { M} [2PTI] [M] | [M] [2PI]
L20(Mid) | BEGIN SUPER 1 0.000 | 15.420 -1.309 0.000 1.829 0.149 | 15.330 1.302 0.000
L20-End | 1 plo 1 1.524 | 19.817 -1.577 0.014 2.056 0.149 | 11.769 1.034 0.018
401 | 2 BF 1 3.530 | 22.375 0.387 0.029 2.171 -0.037 | 10.265 -0.237 0.048
AQ1-sS | 3 D2s 1 4.140 { 21.922 0.355 0.033 2.149 -0.037 | 10.593 -0.300 0.058
AQ2 | 4 BF 2 6.147 | 16.845 2.008 0.049 1.893 -0.214 | 14.610 -1.831 0.084
A0D2-553 | 5 D2T 1 6.756 | 14.508 1.826 0.055 1.763 -0.214 | 16.953 -2.013 0.090
AO3 | 6 CD 1 9.144 | 10.350 0.074 0.088 1.513 -0.001 | 22.155 0.039 0.109
A03-sS | 7 D5L 1 10.667 | 10.351 -0.074 0.111 1.511 -0.001 | 22.141 -0.030 0.120
AD4 i 8 CD 2 13.055 | 14.515 -1.827 0.144 1.757 0.211 | 16.905 2.016 0.139
A04-SsS | 9 D2L 1 13.665 | 16.854 -2.010 0.150 1.885 0.211 | 14.560 1.833 0.145
A0S | 10 AF 1 16.052 { 22.059 0.035 0.169 2.143 0.000 | 10.384 0.074 0.178
AQ5(Mid) | 11 D2H 1 16.814 { 22.033 0.000 0.175 2.143 0.000 | 10.328 0.000 0.189
A05-End | 12 D2H 2 17.576 | 22.059 -0.035 0.180 2.143 0.000 { 10.384 -0.074 0.201
A06 | 13 AF 2 19.964 | 16.854 2.010 0.199 1.885 -0.211 | 14.560 -1.833 0.234
A06-5S | 14 D2L 2 20.573 | 14.515 1.827 0.205 1.757 -0.211 | 16.905 -2.016 0.240
A07 { 15 CD 3 22.961 { 10.351 0.074 0.238 1.511 0.001 | 22.141 0.030 0.259
A07-55 | 16 D5L 2 24.485 ] 10.350 -0.074 0.261 1.513 0.001 | 22.155 -0.039%9 0.270
AO8 | 17 Cb 4 26.872 | 14.508 -1.826 0.294 1.763 0.214 | 16.953 2.013 0.288
A08-Ss | 18 D2T 2 27.482 | 16.845 -2.008 0.300 1.893 0.214 | 14.610 1.831 0.295
A09 | 19 BF 3 29.488 | 21.922 -0.355 0.316 2.149 0.037 | 10.593 0.300 0.321
A09-8S | 20 D28 2 30.098 { 22.375 -0.387 0.321 2.171 0.037 | 10.265 0.237 0.331
AlQ0 | 21 BF 4 32.104  19.817 1.577 0.336 2.056 -0.149 | 11.769 -1.034 0.361
AlO(Mid) | 22 D10 2 33.628 | 15.420 1.309 0.349 1.829 -0.149 | 15.330 -1.302 0.379
Al0-End | 23 D10 3 35.152 | 11.839 1.041 0.367 1.601 -0.149 | 19.707 -1.570 0.393
All | 24 ED 1 37.159 | 10.326 -0.238 0.397 1.475 0.021 | 22.256 0.384 0.408
All-55 { 25 D28 3 37.768 | 10.654 -0.300 0.407 1.488 0.021 } 21.807 0.353 0.412
Al2 | 26 BD 2 39.775 | 14.688 —-1.840 0.433 1.704 0.198 | 16.753 1.998 0.428
Al2-ss | 27 D2T 3 40.384 | 17.041 -2.022 0.439 1.825 0.198 | 14.428 1.817 0.434
Al3 | 28 CF 1 42.772 | 22.265 0.039 0.458 2.062 -0.004 [ 10.288 0.074 0.467
Al3-8S | 29 D5L 3 44.296 | 22.250 -0.029 0.469 2.055 -0.004 | 10.291 -0.075 0.491
Al4 | 30 CF 2 46.683 | 16.991 2.025 0.488 1.801 -0.204 | 14.439 -1.819 0.524
Al4-ss | 31 D2L 3 47.293 | 14.633 1.842 0.494 1.677 -0.204 | 16.768 -2.001 0.530
als5 | 32 AD 1 49.680 | 10.441 0.073 0.526 1.438 0.000 | 21.953 0.035 0.549
Al5(Mid) | 33 b2H 3 50.442 | 10.385 0.000 0.538 1.438 0.000 | 21.926 0.000 0.555
Al5-End | 34 D2H 4 51.204 | 10.441 -0.073 0.549 1.438 0.000 | 21.953 -0.035 0.560
Ale { 35 AD 2 53.592 | 14.633 -1.842 0.582 1.677 0.204 | 16.768 2.001 0.579
Al6-SS | 36 D2L 4 54.201 | 16.991 -2.025 0.588 1.801 0.204 | 14.43%9 1.819 0.585
Ai7 | 37 CF 3 56.589 | 22.250 0.029 0.607 2.055 0.004 | 10.291 0.075 0.618
Al7-8s | 38 D5L 4 58.113 | 22.265 -0.039 0.618 2.062 0.004 | 10.288 -0.074 0.642
Als | 39 Cr 4 60.500 | 17.041 2.022 0.636 1.825 -0.198 | 14.428 -1.817 0.675
Al8-SS | 40 D2T 4 61.110 | 14.688 1.840 0.642 1.704 -0.198 | 16.753 -1.998 0.681
als | 41 BD 3 63.116 | 10.654 0.300 0.669 1.488 -0.021 | 21.807 -0.353 0.697
Al9-8sS | 42 D25 4 63.726 | 10.326 0.238 0.678 1.475 -0.021 | 22.256 -0.384 0.701
A20 | 43 BD 4 65.732 | 11.839 -1.041 0.708 1.601 0.149 | 19.707 1.570 0.716
A20{Mid) | 44 D19 4 67.256 | 15.420 -1.309 0.726 1.82% 0.149 | 15.330 1.302 0.730
A20(Mid) | END SUPER 1 67.256 | 15.420 -1.309 0.726 1.82% 0.149 | 15.330 1.302 0.730
TOTAL LENGTH = 807.075641 [9).4 = 8.713461 QY = 8.762655
0.9 = -21.561643 QY- = 2.267100
ALFA = 0.139920E-01 BETAX (MAX) = 22.374626 BETAY (MAX) = 22.256231
GAMMA (TR) = 8.453955 DX (MAX) = 2.171203 DY (MAX) = 0.000000
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P250D (25 GeV/c) “BARE MACHINE® “MAD" VERSION: 6.01/01
" DELTA(P)/P = 0.000000 RUN: 01/29/88 09:00
MACHINE | ELEMENT SEQUENCE | HORIZONTAL | VERTICAL
LOCATION | POS. ELEMENT OCC. DIST | BETAX ALFAX  MUX DX DX’ | BETAY ALFAY MUY
ip | NO. NAME NO. (M] | [M] [2PI] [M] | {M] [2PI}
L20(Mid) | BEGIN SUPER 1 0.000 | 15.451 -1.309 0.000 1.837 0.149 | 15.375 1.303 0.000
L20-End | 1 plo 1 1.524 | 19.847 -1.576 0.014 2.064 0.149 | 11.811 1.036 0.018
AD1 | 2 BF 1 3.530 | 22.407 0.385 0.029 2.178 -0.037 | 10.303 -0.236 0.048
A01-SS | 3 D28 1 4.140 | 21.957 0.353 0.033 2.155 -0.037 | 10.628 -0.298 0.057
AD2 | 4 BF 2 6.147 | 16.890 2.006 0.049 1.899 -0.214 | 14.638 -1.828 0.084
A02-8S | 5 D2T 1 6.756 | 14.555 1.824 0.055 1.769 -0.214 | 16.976 -2.009 0.090
A03 | 6 CD 1 9.144 | 10.403 0.072 0.088 1.518 -0.001 | 22.164 0.040 0.109
A03-sS | 7 D5L 1 10.667 | 10.408 -0.075 0.111 1.516 -0.001 | 22.147 -0.029 0.120
A04 | 8 CD 2 13.055 | 14.582 -1.831 0.144 1.760 0.211 { 16.920 2.013 0.139
A04-sS I 9 D2L 1 13.665 | 16.924 -2.013 0.150 1.889 0.211 | 14.577 1.831 0.145
A05 | 10 aF 1 16.052 { 22.136 0.034 0.169 2.146 0.000 | 10.407 0.074 0.177
A0S (Mid) | 11 D2H 1 16.814 | 22.110 0.000 0.174 2.146 0.000 | 10.351 0.000 0.189
A05-End | 12 D2H 2 17.576 | 22.136 -0.034 0.180 2.146 0.000 | 10.407 -0.074 0.201
A06G | 13 AF 2 19.964 | 16.924 2.013 0.198 1.889 -0.211 | 14.577 -1.831 0.233
A0G6-53 | 14 D2L 2 20.573 | 14.582 1.831 0.204 1.760 -0.211 | 16.920 -2.013 0.239
AQ7 | 15 CD 3 22.961 | 10.408 0.075 0.237 1.516 0.001 | 22.147 0.029 0.258
AQ07-38 | 16 D5SL 2 24.485 | 10.403 -0.072 0.260 1.518 0.001 | 22.164 -0.040 0.269
AQ8 | 17 ¢ 4 26.872 | 14.555 -1.824 0.293 1.769 0.214 | 16.976 2.009 0.288
A08-8S | 18 D2T 2 27.482 | 16.890 -2.006 0.299 1.899 0.214 | 14.638 1.828 0.294
A09 | 19 BF 3 29.488 | 21.957 -0.353 0.315 2.155 0.037 | 10.628 0.298 0.321
A09-SS | 20 D2s 2 30.098 | 22.407 -0.385 0.320 2.178 0.037 | 10.303 0.236 0.330
Alo i 21 BF 4 32.104 | 19.847 1.576 0.334 2.064 -0.149 | 11.811 -1.036 0.360
AlO(Mid) | 22 D10 2 33.628 | 15.451 1.309 0.348 1.837 -0.149 | 15.375 -1.303 0.378
Al0-End | 23 D10 3 35.152 | 11.870 1.041 0.366 1.609 -0.149 | 19.755 ~1.571 0.392
All | 24 BD 1 37.159 { 10.353 -0.237 0.396 1.484 0.022 | 22.307 0.383 0.407
All-ss | 25 D23 3 37.768 | 10.680 -0.299 0.405 1.497 0.022 | 21.859 0.352 0.411
Al2 | 26 BD 2 39.775 | 14.703 -1.835 0.432 1.716 0.199 | 16.812 1.997 0.427
Al2-SS | 27 D2T 3 40.384 | 17.050 -2.016 0.438 1.837 0.199 | 14.487 1.817 0.433
Al3 | 28 CF 1 42.772 | 22.256 0.040 0.456 2.075 -0.004 | 10.350 0.072 0.466
A13-8S | 28 D5L 3 44.2%6 | 22.238 ~-0.028 0.467 2.069 ~0.004 | 10.355 -0.076 0.490
Al4 | 30 CF 2 46.683 | 16.991 2.020 0.486 1.814 -0.205 | 14.516 -1.823 0.522
Al4-ss | 31 D2L 3 47.293 | 14.639 1.838 0.492 1.689 -0.205 | 16.849 -2,005 0.529
AlS | 32 AD 1 49.680 | 10.454 0.073 0.525 1.450 0.000 | 22.042 0.035 0.547
Al5(Mid) | 33 D2H 3 50.442 | 10.399 0.000 0.536 1.450 0.000 | 22.016 0.000 0.553
Al5-End | 34 D2H 4 51.204 | 10.454 -0.073 0.548 1.450 0.000 | 22.042 -0.035 0.558
Ale [ 35 AD 2 53.5%92 | 14.639 -1.838 0.580 1.689 0.205 | 16.849 2.005 0.577
Al6-SS { 36 D2L 4 54.201 | 16.991 -2.020 0.586 1.814 0.205 ] 14.516 1.823 0.583
Al7 i 37 CF 3 56.589 | 22.238 0.028 0.605 2.069 0.004 | 10.355 0.076 0.616
Al7-8S | 38 D5L 4 58.113 | 22.256 -0.040 0.616 2.075 0.004 { 10.350 -0.072 0.640
Als [ 39 CF 4 60.500 | 17.050 2.016 0.635 1.837 -0.199 | 14.487 -1.817 0.672
A18-Ss | 40 D2T 4 61.110 | 14.703 1.835 0.641 1.716 -0.199 | 16.812 ~1.,997 0.679
Al9 | 41 BD 3 63.116 | 10.680 0.299 0.667 1.497 -0.022 | 21.859 -0.352 0.695
Al9~-SS | 42 D2s 4 63.726 | 10.353 0.237 0.676 1.484 -0.022 | 22.307 -0.383 0.699
A20 | 43 BD 4 65.732 | 11.870 -1.041 0.706 1.609 0.149 | 1%8.755 1.571 0.714
A20(Mid) | 44 D10 4 67.256 | 15.451 -1.309 0.724 1.837 0.149 | 15.375 1.303 0.728
A20(Mid) | END SUPER 1 67.256 | 15.451 -1.309 0.724 1.837 0.149 | 15.375 1.303 0.728
TOTAL LENGTH = 807.075641 ox = 8.691952 QY = 8.733685
(0244 = -25.566044 ) &4 = 6.050744
ALFA = 0.140574E-01 BETAX (MAX) = 22.407113 BETAY (MAX) = 22.306816
GAMMA (TR} = 8.434267 DX (MAX) = 2.178077 DY (MAX) = 0.000000
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P270D (27 GeV/c) “BARE MACHINE" “MAD™ VERSION: 6.01/01
DELTA(P) /P = 0.000000 RUN: 01/29/88 09:02
MACHINE | ELEMENT SEQUENCE | HORIZONTAL VERTICAL
LOCATION | POS. ELEMENT OCC. DIST | BETAX ALFAX  MUX DX DX | BETAY ALFAY MUY
D | NO. NAME NO. [M] | M] [2PI] [M] | [M] [2P1}
L20(Mid) | BEGIN SUPER 1 0.000 | 15.484 -1.307 0.000 1.845 0.150 }{ 15.414 1.302 0.000
L20-End | 1 Dlo 1 1.524 | 19.874 -1.574 0.014 2.073 0.150 | 11.852 1.036 0.018
AQ1 | 2 BF 1 3.530 | 22.428 0.385 0.029 2.187 -0.037 | 10.345 -0.237 0.048
A01-SS | 3 D2s 1 4.140 | 21.978 0.354 0.033 2.165 -0.037 | 10.671 -0.299 0.057
AQ2 [ 4 BF 2 6.147 | 16.913 2.004 0.049 1.908 -0.214 | 14.684 -1.829 0.084
A02-SS | 5 D2T 1 6.756 | 14.580 1.823 0.055 1.778 -0.214 | 17.024 -2.010 0.090
AQ3 | 6 CD 1 9.144 | 10.428 0.072 0.088 1.526 -0.001 | 22.214 0.039 0.108
A03-SS | 7 DSL 1 10.667 | 10.432 -0.075 0.111 1.524 -0.001 | 22.199 -0.029 0.119
AD4 | 8 CD 2 13.055 | 14.597 -1.827 0.143 1.770 0.212 | 16.973 2.013 0.138
A04-5s | 9 D2L 1 13.665 | 16.935 -2.008 0.150 1.899 0.212 | 14.630 1.832 0.144
A0S | 10 AF 1 16.052 | 22.135 0.034 0.168 2.157 0.000 | 10.457 0.073 0.177
A05(Mid) | 11 D2H 1 16.814 | 22.109 0.000 0.174 2.157 0.000 { 10.401L 0.000 0.188
A0S5-End | 12 D2H 2 17.576 | 22.135 -0.034 0.179 2.157 0.000 | 10.457 -0.073 0.200
AQ6 | 13 AF 2 19.964 | 16.935 2.008 0.198 1.899 -0.212 | 14.630 -1.832 0.232
AQ6-53 | 14 D2L 2 20.573 | 14.597 1.827 0.204 1.770 -0.212 | 16.973 -2.013 0.239
a07 | 15 CD 3 22.961 | 10.432 0.075 0.237 1.524 0.001 | 22.199 0.029 0.257
A07-SS | 16 D5L 2 24.485 | 10.428 -0.072 0.260 1.526 0.001 | 22.214 -0.039 0.268
AQ8 | 17 CD 4 26.872 { 14.580 -1.823 0.292 1.778 0.214 | 17.024 2.010 0.287
A08-SS | 18 D2T 2 27.482 | 16.913 -2.004 0.299 1.908 0.214 | 14.684 1.829 0.293
AQS | 19 BF 3 29.488 | 21.978 -0.354 0.315 2.165 0.037 | 10.671 0.299 0.319
A09-SS | 20 D2s 2 30.098 | 22.428 -0.385 0.319 2.187 0.037 | 10.345 0.237 0.329
Al0 | 21 BF 4 32.104 | 19.874 1.574 0.334 2.073 -0.150 | 11.852 -1.036 0.359
A10(Mid) | 22 D10 2 33.628 | 15.484 1.307 0.348 1.845 -0.150 | 15.414 -1.302 0.377
Al0-End | 23 D10 3 35.152 | 11.906 1.041 0.365 1.617 —-0.150 | 19.789 -1.569 0.391
All | 24 BD 1 37.159 | 10.391 -0.237 0.395 1.491 0.022 | 22.336 0.383 0.405
All-SsS | 25 D25 3 37.768 | 10.718 -0.299 0.404 1.504 0.022 | 21.888 0.352 0.410
Al2 | 26 BD 2 39.775 | 14.744 -1.836 0.431 1.722 0.199 | 16.841 1.997 0.426
Al2-ss8 | 27 D2T 3 40.384 | 17.092 -2.017 0.437 1.844 0.199 | 14.517 1l.8l6 0.432
Al3 | 28 CF 1 42.772 | 22.29% 0.040 0.456 2.082 -0.004 | 10.37%9 0.073 0.465
Al3-8S | 29 D5L 3 44.296 | 22.283 -0.029 0.466 2.076 -0.004 | 10.383 -0.075 0.488
Al4d | 30 CF 2 46.683 | 17.038 2.020 0.485 1.820 -0.205 | 14.535 -1.820 0.521
Al4-35 | 31 D2L 3 47.293 | 14.687 1.839 0.491 1.695 -0.205 | 16.865 -2.001 0.527
AlS | 32 aD 1 49.680 | 10.501 0.073 0.524 1.456 0.000 | 22.048 0.035 0.546
AlS(Mid) | 33 D2H 3 50.442 | 10.445 0.000 0.535 1.456 0.000 | 22.021 0.000 0.551
Al5-End | 34 D2H 4 51.204 | 10.501 -0.073 0.547 1.456 0.000 | 22.048 -0.035 0.557
Ale | 35 AD 2 53.592 | 14.687 -1.839 0.579 1.695 0.205 | 16.865 2.001 0.576
Al6-SS | 36 D2L 4 54.201 | 17.038 -2.020 0.585 1.820 0.205 | 14.535 1.820 0.582
a1l | 37 CF 3 56.589 | 22.283 0.029 0.604 2.076 0.004 | 10.383 0.075 0.614
A17-8S [ 38 D5L 4 58.113 | 22.299 -0.040 0.615 2.082 0.004 { 10.379 -0.073 0.638
Al8 | 39 CF 4 60.500 | 17.092 2.017 0.633 1.844 -0.199 | 14.517 -1.816 0.670
Alg8-SsS | 40 D2T 4 61.110 | 14.744 1.836 0.639 1.722 -0.199 | 16.841 -1.997 0.677
Al9 | 41 BD 3 63.116 | 10.718 0.299 0.666 1.504 -0.022 | 21.888 -0.352 0.693
Al19-83 | 42 D23 4 63.726 | 10.391 0.237 0.675 1.491 -0.022 | 22.336 -0.383 0.697
a20 | 43 BD 4 65.732 | 11.806 -1.041 0.705 1.617 0.150 | 19.789 1.569 0.712
A20(Mid) | 44 D10 4 67.256 | 15.484 -1.307 0.723 1.845 0.150 | 15.414 1.302 0.726
A20(Mid) | END SUPER 1 67.256 | 15.484 -1.307 0.723 1.845 0.150 | 15.414 1.302 0.726
TOTAL LENGTH = 807.075641 [02:4 = 8.671489 (o) 4 = 8.709868
Qxr = -—29.723339 (%) &4 = 9.946212
ALFA = 0.141190E-01 BETAX (MAX) = 22.427681 BETAY (MAX) = 22.335744
GAMMA (TR) = 8.415839 DX (MAX) = 2.187402 DY (MAX) = 0.000000
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P290D (29 GeV/c) “BARE MACHINE® "MAD" VERSION: 6.01/01
DELTA(P) /P = 0.000000 RUN: 01/29/88 09:05
MACHINE | ELEMENT SEQUENCE | HORIZONTAL { VERTICAL
LOCATION | POS. ELEMENT OCC. DIST | BETAX ALFAX  MUX DX DX’ | BETAY ALFAY MUY
D I NO. NAME NO. [M] | M1 [2PI] [M] | [M] [2PI]
L20(Mid) | BEGIN SUPER 1 0.000 | 15.547 -1.306 0.000 1.860 0.150 | 15.478 1.301 0.000
L20-End | 1 D10 1 1.524 | 19.930 -1.571 0.014 2.089 0.150 | 11.918 1.036 0.018
A0l | 2 BF 1 3.530 | 22.476 0.385 0.028 2.204 -0.037 | 10.411 -0.237 0.048
AQ1-SS i 3 D28 1 4.140 | 22.026 0.354 0.033 2.182 -0.037 | 10.738 -0.299 0.057
A02 | 4 BF 2 6.147 | 16.968 2.002 0.049 1.925 -0.215 | 14.753 -1.829 0.083
R02-58 | 5 D2t 1 6.756 | 14.637 1.822 0.055 1.793 -0.215 | 17.093 -2.009 0.089
A03 | 6 CD 1 9.144 | 10.486 0.073 0.087 1.541 -0.001 | 22.280 0.039 0.108
A03-5S | 7 D5L 1 10.667 | 10.487 -0.074 0.110 1.539 -0.001 | 22.266 -0.030 0.119
A04 | 8 CD 2 13.055 | 14.645 -1.824 0.143 1.786 0.213 | 17.046 2.012 0.137
AQ4-5s | 9 D2L 1 13.665 | 16.978 -2.004 0.149 1.916 0.213 | 14.704 1.832 0.144
A0S | 10 AP 1 16.052 | 22.165 0.034 0.168 2.175 0.000 | 10.531 0.073 0.176
A0S (Mid) | 11 D2H 1 16.814 [ 22.139 0.000 0.173 2.175 0.000 | 10.476 0.000 0.187
A05-End | 12 D2H 2 17.576 | 22.165 —-0.034 0.179 2.175 0.000 | 10.531 -0.073 0.199
AD6 | 13 AF 2 19.964 | 16.978 2.004 0.197 1.916 -0.213 | 14.704 -1.832 0.231
R06-SS { 14 D2L 2 20.573 | 14.645 1.824 0.204 1.786 -0.213 | 17.046 -2.012 0.237
A07 | 15 CD 3 22.961 | 10.487 0.074 0.236 1.539 0.001 | 22.266 0.030 0.256
AQ7-SS | 16 D5L 2 24.485 | 10.486 -0.073 0.259 1.541 0.001 | 22.280 -0.039 0.267
AQ8 | 17 CD 4 26.872 | 14.637 -1.822 0.291 1.793 0.215 | 17.093 2.009 0.285
AD8-5S | 18 D21 2 27.482 | 16.968 -2.002 0.297 1.925 0.215 | 14.753 1.829 0.292
A09 | 19 BF 3 29.488 | 22.026 -0.354 0.314 2.182 0.037 | 10.738 0.299 0.318
A09-5s | 20 D28 2 30.098 | 22.476 -0.385 0.318 2.204 0.037 | 10.411 0.237 0.327
AlO0 | 21 BF 4 32.104 | 19.930 1.571 0.332 2.089 -0.150 { 11.918 -1.036 0.357
Alo(Mid) | 22 D10 2 33.628 | 15.547 1.306 0.346 1.860 -0.150 | 15.478 -1.301 0.375
Al0-End | 23 D10 3 35.152 | 11.972 1.040 0.364 1.631 -0.150 | 19.845 -1.566 0.389
All | 24 BD 1 37.159 | 10.458 -0.238 0.394 1.504 0.022 | 22.385 0.383 0.403
All-ss | 25 D2s 3 37.768 | 10.785 -0.299 0.403 1.518 0.022 | 21.937 0.352 0.408
Al2 | 26 BD 2 39.775 | 14.813 -1.836 0.429 1.737 0.200 | 16.897 1.995 0.424
Al2-Ss | 27 D2T 3 40.384 | 17.161 -2.016 0.435 1.858 0.200 | 14.575 1.815 0.430
Al3 | 28 CF 1 42.772 | 22.365 0.039 0.454 2.098 -0.004 | 10.437 0.073 0.462
Al3-58 | 29 D5L 3 44.296 | 22.350 -0.029 0.465 2.092 -0.004 | 10.439 -0.074 0.486
Al4 | 30 CF 2 | 46.683 | 17.112 2.019 0.483 1.835 -0.206 | 14.585 -1.817 0.518
Al4-SS | 31 D2L 3 47.293 | 14.761 1.838 0.48% 1.709 -0.206 | 16.910 -1.997 0.524
Al5 | 32 ap 1 49.680 | 10.575 0.072 0.521 1.469 0.000 | 22.080 0.035 0.543
Al5(Mid) | 33 D2H 3 50.442 | 10.520 0.000 0.533 1.469 0.000 | 22.054 0.000 0.549
Al5-End | 34 D2H 4 51.204 | 10.575 -0.072 0.544 1.469 0.000 § 22.080 -0.035 0.554
Alé | 35 AD 2 53.592 | 14.761 -1.838 0.576 1.709 0.206 | 16.910 1.997 0.573
Al6-SS | 36 D2L 4 54.201 | 17.112 -2.019 0.582 1.835 0.206 { 14.585 1.817 0.579
Al7 | 37 CF 3 56.589 | 22.350 0.029 0.601 2.092 0.004 | 10.43%2 0.074 0.612
Al7-8S | 38 D5L 4 58.113 | 22.365 -0.039 0.612 2.098 0.004 | 10.437 -0.073 0.635
AlS8 | 39 CF 4 60.500 | 17.161 2.016 0.630 1.858 -0.200 | 14.575 -1.815 0.667
Al8-Ss [ 40 D2T 4 61.110 [ 14.813 1.836 0.637 1.737 -0.200 | 16.897 -1.995 0.674
Al9 | 41 BD 3 63.116 | 10.785 0.299 0.663 1.518 -0.022 | 21.937 -0.352 0.690
Al9-83 | 42 D2s 4 63.726 | 10.458 0.238 0.672 1.504 -0.022 | 22.385 -0.383 0.694
A20 | 43 BD 4 65.732 | 11.972 -1.040 0.702 1.631 0.150 | 19.845 1.566 0.709
A20(Mid) | 44 D10 4 67.256 | 15.547 ~-1.306 0.719 1.860 0.150 [ 15.478 1.301 0.723
A20(Mid) | END SUPER 1 67.256 | 15.547 -1.306 0.719 1.860 0.150 | 15.478 1.301 0.723
TOTAL LENGTH = 807.075641 [0).4 = 8.632619 QY = 8.670353
QX* = -37.307979 QY” = 16.998239
ALFA = 0.142383E-01 BETAX (MAX) = 22.476140 BETAY (MAX) = 22.384957
GAMMA (TR) = 8.380511 DX (MAX) = 2.204457 DY (MAX) = 0.000000




P320D
DELTA(P) /P

0.000000

13 -

(32 GeV/c) “BARE MACHINE™

“MAD™
RUN:

VERSION: 6.01/01

01/29/

88 09:07

MACHINE | ELEMENT SEQUENCE | HORIZONTA AL | VERTICAL

LOCATION | POS. ELEMENT OCC. DIST | BETAX ALFAX  MUX DX DX’ | BETAY ALFAY MUY
%)) | NO. NAME NO. M] | [M] [2PI}] [M] | [M] [2PI]
L20(Mid) | BEGIN SUPER 1 0.000 | 15.773 -1.298 0.000 1.916 0.153 | 15.697 1.293 0.000
L20-End | 1 D10 1 1.524 | 20.125 -1.558 0.014 2.150 0.153 | 12.152 1.034 0.018
A0l | 2 BF 1 3.530 | 22.637 0.387 0.028 2.268 -0.037 | 10.657 -0.242 0.047
A0l1-Ss | 3 D2s 1 4.140 | 22.184 0.356 0.032 2.246 -0.037 | 10.989 -0.302 0.056
A02 | 4 BF 2 6.147 | 17.139 1.996 0.048 1.986 -0.218 | 15.024 -1.835 0.081
AD2-88 | 5 D2T 1 6.756 | 14.814 1.819 0.054 1.853 -0.218 | 17.362 -2.012 0.087
A03 | 6 CD 1 9.144 | 10.660 0.075 0.086 1.597 0.000 | 22.566 0.035 0.106
A03-8S | 7 D5L 1 10.667 | 10.649 -0.068 0.109 1.597 0.000 | 22.562 -0.033 0.117
AQ4 | 8 CD 2 13.055 1 14.761 -1.806 0.141 1.850 0.217 { 17.356 2.013 0.135
A04-SsS | 9 D2L 1 13.665 | 17.069 -1.982 0.147 1.982 0.217 | 15.011 1.835 0.141
A0S | 10 AF 1 16.052 | 22.130 0.034 0.166 2.247 0.000 | 10.830 0.071 0.172
A0S (Mid) | 11 D28 1 16.814 { 22.164 0.000 0.171 2.247 0.000 { 10.776 0.000 0.184
A05-End | 12 D2H 2 17.576 | 22.190 -0.034 0.177 2.247 0.000 | 10.830 -0.071 0.195
R06 | 13 AF 2 19.964 | 17.069 1.982 0.195 1.982 -0.217 | 15.011 -1.835 0.226
A0G-SS | 14 p2L 2 20.573 | 14.761 1.806 0.202 1.850 -0.217 | 17.356 -2.013 0.232
A07 [ 15 CD 3 22.961 | 10.649 (.068 0.233 1.587 0.000 | 22.562 0.033 0.251
AQ7-SS | 16 D5L 2 24.485 | 10.660 -0.075 0.256 1.597 0.000 | 22.566 —-0.035 0.261
A08 | 17 ¢D 4 26.872 | 14.814 -1.819 0.288 1.853 0.218 | 17.362 2.012 0.280
A08-Ss | 18 D2T 2 27.482 | 17.139 -1.996 0.294 1.986 0.218 | 15.024 1.835 0.286
A09 [ 19 BF 3 29.488 | 22.184 -0.356 0.310 2.246 0.037 | 10.989 0.302 0.312
A09-Ss | 20 D2s 2 30.098 | 22.637 -0.387 0.314 2.268 0.037 | 10.657 0.242 0.321
al0 | 21 BF 4 32.104 | 20.125 1.558 0.329 2.150 -0.153 | 12.152 -1.034 0.350
AlO(Mid) | 22 D10 2 33.628 | 15.773 1.298 0.343 1.916 -0.153 | 15.697 -1.293 0.367
AlO-End | 23 D10 3 35.152 | 12.212 1.039 0.360 1.682 -0.153 | 20.033 -1.552 0.381
All { 24 BD 1 37.159 { 10.709 -0.243 0.389 1.551 0.021 | 22.537 0.385 0.3%96
All-Ss | 25 D25 3 37.768 | 11.042 -0.303 0.398 1.564 0.021 [ 22.087 0.354 0.400
Al2 | 26 BD 2 39.775 | 15.092 -1.842 0.424 1.784 0.202 | 17.063 1.988 0.416
Al2-8s | 27 D2T 3 40.384 | 17.446 -2.020 0.430 1.907 0.202 | 14.747 1.811 0.422
Al3 | 28 CF 1 42.772 | 22.662 0.035 0.448 2.148 -0.004 | 10.608 0.076 0.454
Al3-Ss | 29 D5L 3 44.296 | 22.658 -0.032 0.459 2.1431 -0.004 | 10.598 -0.069 0.477
Al4 | 30 CF 2 46.683 | 17.431 2.021 0.477 1.881 -0.208 | 14.697 -1.799 0.509
Al4-Ss | 31 D2L 3 47.293 | 15.076 1.843 0.483 1.754 -0.208 | 16.997 -1.975 0.515
AlS5 | 32 AD 1 49.680 | 10.880 0.070 0.514 1.511 0.000 | 22.101 0.035 0.534
Al5(Mid) | 33 D2H 3 50.442 | 10.826 0.000 0.525 1.511 0.000 | 22.075 0.000 0.539
Al5-End | 34 D2H 4 51.204 | 10.880 -0.070 0.536 1.511 0.000 | 22.101 -0.03S 0.545
Ale | 35 AD 2 53.592 | 15.076 -1.843 0.568 1.754 0.208 | 16.997 1.975 0.564
Al6-SsS | 36 D2L 4 54.201 | 17.431 -2.021 0.574 1.881 0.208 | 14.697 1.799 0.570
al7 | 37 CF 3 56.589 | 22.658 0.032 0.592 2.141 0.004 | 10.598 0.069 0.602
Al7-8s | 38 D5L 4 58.113 | 22.662 -0.035 0.603 2.148 0.004 | 10.608 -0.076 0.625
Al8 | 39 CF 4 60.500 | 17.446 2.020 0.621 1.907 -0.202 | 14.747 -1.811 0.657
Al8-SsS | 40 D2T 4 61.110 | 15.092 1.842 0.627 1.784 -0.202 | 17.063 -1.988 0.663
Al9 | 41 BD 3 63.116 | 11.042 0.303 0.653 1.564 -0.021 | 22.087 -0.354 0.679
Al9-s88 | 42 D28 4 63.726 | 10.709 0.243 0.662 1.551 -0.021 [ 22.537 -0.385 0.683
A20 | 43 BD 4 65.732 | 12.212 -1.039 0.691 1.682 0.153 | 20.033 1.552 0.698
A20(Mid) | 44 D10 4 67.256 | 15.773 -1.298 0.708 1.916 0.153 | 15.697 1.293 0.711
A20(Mid) | END SUPER 1 67.256 | 15.773 -1.298 0.708 1.916 0.153 | 15.697 1.293 0.711
TOTAL LENGTH = 807.075641 QX = 8.496780 QY = 8.536931
X’ = -58.274315 o) &4 = 36.700898
ALFA = 0.146667E~-01 BETAX (MAX) = 22.661810 BETAY (MAX) = 22.566020
GAMMA (TR) = 8.257205 DX (MAX) = 2.268471 DY (MAX) = 0.000000
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IV. GRAPHICAL PRESENTATIONS

The figures that follow present the data of the tables in the
preceding section in graphical form. In all figures, calculated
points have been joined by straight lines without interpolation.

Data were computed for beam momenta of 15, 20, 25, 27, 29 and
32 GeV/c. The 15 GeV/c results apply for momenta down to about 1-
2 GeV/c.

All data in this high-field regime are for a D. C. (not ramp-

ed) Bare Machine. "Bare" means with main magnets only —-- that is:
not including any corrections effected by the high-field quadru-
poles and sextupoles. "D. C." or “unramped" means excluding any

effects due to changing magnetic fields (i.e., no dB/dt effects).

Summary of Figures:

Figures 1-8 present data for the parameters Beta-x, Beta-y,
Alpha-x, Alpha-y, Mu-x, Mu-y, dx and dx’. Each parameter
is given for all six energies (beam momenta) on the same panel.

Figures 9-13 and 14-18 present data for the respective beam
momenta 15 GeV/c and 29 GeV/c. (Alpha-x, Alpha-y and dx’
are not given separately, since their energy variations are mini-
and these parameters can be read just as easily from Figures 3, 4,
and 8.)

Figures 19-24 present the eﬁergy (beam momentum) variations
in the minima and maxima of Beta-x, Beta-y and dx (dispersion).

Figures 25-26 present the energy (beam momentum) variations
in tunes and chromaticities, both horizontal and vertical.

Figures 27-32 present the Courant-Snyder parameters, Beta and
Alpha, and the phase function, Mu, showing both the horizontal
and vertical parameters on the same panel at each of the two beam
momenta: 15 and 29 GeV/c.

Figures 33-34 repeat the data of Figures 1 and 2 (Beta-s) but
with a square root scale and zero not suppressed. This shows the
relative beam sizes along the supereperiod (as beam size is pro-
portional to the square root of Beta).

Figure 35 presents beam size for the 15 GeV/c case, given in
actual size units (mm). These were calculated using emittances
measured at 1 GeV and scaled, appropriately, to this momentum.



- 15 -

Notations of Axes:

In Figures 1-18 and 27-35, the horizontal axis represents
distance along the machine, starting from the middle of the "20%"-
straight section of one superperiod and running through the mid-
dle of the "20"-straight section of the next superperiod.

The bottom horizontal axis is noted with rectangles showing

the positions of the main magnets: with horizontal focussing
magnets above the axis and horizontal defocussing ones below.
Above the frame are the section numbers —-- 01 to 20; the

heavier vertical grid lines mark section boundaries. Note that
the second half of straight section 20 (of the preceding super-
period) is to the left of magnet 01.

In Figures 19-26, the horizontal axis represents machine
beam momentum and runs from 15 to 32 GeV/c.

The vertical axes are marked with the respective parameters
and have a scale chosen to fill most of the panel. Note that
this axis does not necessarily contain the zero-point.

Units:

Beta’s and dispersions (dx) are given in meters.
. Phase advance is given in units of 2*pi -- a phase advance
of 8.7 corresponds to 8.7 cycles (or approximately 54.66 rad).
Alpha, dx’, tune and chromaticity are dimensionless.

Comments:

Since we have chosen to connect the calculated points with
straight lines, the plots of the beta-functions show sharp cor-
ners. In reality, the beta-functions are smooth (their deriva-
tives exist everywhere). In contrast, the alpha-functions do
not have a derivative everywhere and, therefore, the sharp cor-
ners shown in the plots are real. It should be noted that the
derivatives of the alpha-s in drift spaces (straight sections)
are always negative; consequently, the second derivative of the
beta-function is always positive in these spaces. Thus,  the
beta-s, though they may appear to be flat there, are in fact
going through a local minimum. Where the beta-functions are at
a maximum in a straight section (05, 13 and 17 in x; 03, 07
and 15 in y), the true maxima occur on the boundaries of these
straight sections (at the ends of the magnets); there is a loc-
al minimum inside the straight section. To a good approxima-
tion, the curves there may be considered to be flat-topped.
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Figure 20. Energy Dependence of the Minima in Beta-x (in
meters) for the D. C. "Bare" Machine (main magnets only)
at high fields: 15-32 GeV/c. (Corresponds to Figure 1.)
The several minima are labelled by the machine section
in which they occur.
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Figure 21. Energy Dependence of the Maxima in Beta-y (in
meters) for the D. C. "Bare" Machine (main magnets only)
at high fields: 15-32 GeV/c. (Corresponds to Figure 2.)
The several maxima are labelled by the machine section
in which they occur.
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Figure 22. Energy Dependence of the Minima in Beta-y (in
meters) for the D. C. "Bare" Machine (main magnets only)
at high fields: 15-32 GeV/c. (Corresponds to Figure Z2.)
The several minima are labelled by the machine section
in which they occur.
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Figure 23. Energy Dependence of the Maxima in Dispersion
(in meters) for the D. C. "Bare" Machine (main magnets
only) at high fields: 15-32 GeV/c. (Corresponds to Fig-
ure 7.) The several maxima are labelled by the machine

section in which they occur.
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Figure 24. Energy Dependence of the Minima in Dispersion

(in meters) for the D. C. "Bare" Machine (main magnets

- only) at high fields: 15-32 GeV/c. (Corresponds to Fig-

ure 7.) The several minima are labelled by the machine
section in which they occur. ‘
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Figure 25. Energy Dependence of the Horizontal Tune, Q-x,
and Vertical Tune, Q-y, for the D.C. "Bare" Machine (main
magnets only) at high fields: 15-32 GeV/c. (Corresponds
to Figure 5.) These tunes are exactly 12 times the res-
pective values of Mu at the end of one superperiod.
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Figure 26. Energy Dependence of the Horizontal and Ver-— -
tical Chromaticity for the D. C. "Bare" Machine (main
magnets only) at high fields: 15-32 GeV/c.

Chromaticity, Xi = Q’/Q, where Q' = p dQ/dp.
Note that the average of the Horizontal and Vertical
Tunes is approximately -1.0, the "natural" tune of the
machine.




- 43 =

45.00 50.00 55.00 €0.00

40.00

35.00

25.00 30.00
DIST M

20.00

15.00

00'PT 00°Te 00°DT 00°Bt 00°51 Q0¥
N A'X-v.i3g

T16:80 SIWIL  88/6Z/10 ‘ALVA
. pINIHOVIA dVE.—'2"0

oo°Tl 00"

J/A39 &1

ol 00’8

LSHEZVAML VIY3AS
aosid

>0
)
© QO
P g
[O3e}
o g
T
(ope
@ -
©
V_Am
1] in}
i) 0
O U~
Mm o
-
n.agao
4 0§
O ga
HE0
Q
gz QO
© Q.G
4 9P
© ©
[aFRNaa Y e
t O
S|
Q g
TR
> o+ O
ocng
wn 93]
1 Q0
2O~
a0
© ~
H 4>
J00Q
OHY
@)
—~ N
0N~
H
OS]
~ P
~N QO
g ~
Q >
g oo
S g
o~ 0
-
fry



- 4l -

19 20

i8

12 13

11

05

02 03 04

a1

[alely gt e]e)y} 0s’

THLSIB0 SANIL  88/6T/10 (3LVQ

g0 0 Qg'~—
W AY=YITY

nINIHOVA 34vEn—-"2'0

0Q0"}—- 0% 1~ 00T~ 05T-

LEHEZYML FIVIYES
2/A39 61 aocld

55.00

65.00

60.00

.00 25.00 30.00 35,00 40.00 45.00 50.00
DIST M

20

5.00 10.00 15.00

0.60

Note that
ion.

ht sect

a-x and Alpha-y
straig

" Machine (main magnets

"Bare
shown on the same plot.

for the D.C.

at 15 GeV/c,

Courant-Snyder Parameters Alph
Alpha always has a negative slope in_a

less)

Figure 28.
(dimension
only)



- 45 —

DIST M

Zyilsig0 INIL  88/6Z/10 i3Lva
wANIHIVN 34v8n~—

o

J/A39 &4

L SHEZYML FIVIY3S
Q06 1d

is—

its of
(main magnets

shown on the same plot.

Note that

in un
d or downward d

A different choice

Mu-x and Mu-y (
ful.
in an upwar

¢

for the D.C."Bare"™ Machine
is meaning

Phase Functions
t would result

at 15 GevV/c,
-poin

Figure 29.
2*pil radians)
only)
only phase advance
of. zero
placement of Mu—-x relative to Mu-y.



- 46 -

00tz QO0'TZ 00°0Z 00’8l 00°8} o0 vl

Y1680 (3NIL  88/6T/10 *3LVa

W A'X—vl3g

n3ANIHOVI 34v8n

00Ty 00

J/A39 62

0! 00'8

LGHEZYML IVIH3S
a062d

>0
(IS
([}
Pa
[0 e)l
M
&
T
oo
@ -
©
¥ E
© H
4 e}
ONONS
ma
-
ngao
40 E
(O I
PRV
O
£z O
@ O .q
qap
@
[a T s e
= O
o
Q «Q
TO E
> + O
[affm e
wn [0}
1 Q
P.a o~
o0
© ~
4P
30 Q
oOWH QW
O
)9
N AN
~
ONS
o P d
™M
5 o~
0] >
(U i
SedQ
o~ O
- .
f



- 47 -

05'C 00’z 0%’ | Q0" L 0% 00 Q5 — 00" - 0g" L— 00z~ 08¢~
W A'X—vayY
7+116:80 3NIL  88/6Z/10 :3LVQ ISHEZTYML IVIH3S
2/A39 67 LV 3NHIVA Juva-'2°0 Q06Zd

7
©
N
o
—
<
o]
e
© o
~
oo [
I g N
Q-+ P
.40 0w
ol Ao
(SO
(O
nses -
40 ®
Q4N
D m R
QoMmaoo
g g
(o] 20
[
O Qo
o r 0P
o A
1] o
QO E©
TS OO
>N O
o n g
n Y
| O ~@®
PO
o O~N®W
Q@ —~p> ©
g®no.a
3 0nW
o v 0
OO >
aoN ©
0 2
oo
— 0T g
™ g
QY ~ @
0 g >™a
(S e o
35T o
o~ O«
i
[y

n
i .
QPG
& ©o
o g -
(IR BN
= 6]
Qo
o P n
-~ O
@ 2 P
Mm\ e



- 48 =

1920

16 17 18

15

14

55.00 60.00 €5.00

50.00

13

12

45.00

40.00

11

09

a8

(o] 06 07

04

2500 30.00 3500
DIST M

20.00

15.00

10.00

02 03

a1

5.00

og’

TPILGi80 3N B8/6Z/10 3LvQ

n3NIHOVYW 34dvE.

J/A39 6Z

0.00

LGHEZYML TVIE3S
Qo6Zd

(in units of
(main magnets

Phase Functions Mu-x and Mu-y

Figure 32.

for the D.C."Bare" Machine

2*pi radians)
only) at 29 GeV/c,
only phase advance

Note that

A different choice

shown on the same plot.

ful.
in an u

is meaning

+

1s—

pward or downward d

placement of Mu-x relative to Mu-y.

of zero-point would result



-. 49 —~

65.00

ceddecalean

19 20

60.00

i8

16 17
P N
55.00

aeel..
50.00

15

DiIsT M

; o
? <
: : ¢
: 2
o =
S
o
o
- : =
- s}
I ™
m =
o ; 8
2 : 2
™
o
° Lo
<
[o] C4]
(=4 N
o
S g
(o
Ta]
o
o
e
3}
0 b
o
. e
3 3
o
[u]
o
(=]
o
b W
m o
: . : . : <
[=]
00's  0SY  00F  OYE  O0E 0T Q0T 0FL 00} 0§ 000
W X138 "LyHos
TH116:80 INIL  88/67/10 :ALVQ VSHEZVML $TVINIS
nANIHOVN 38vE,:  J/A39 Ze-61 Q0ZEJ—~U06Td—00LZd~-A0ST4—Q00Zd-A0S | d

(main mag-
for one

"Bare" Machine
15-32 GeV/c, given

(Corresponds to Figure 1 which has a linear

Courant-Snyder Parameter Beta-x shown on a

square root scale for the D.C.
nets only) at high fields

superperiod.

Figure 33.
scale.)




50 -

19 20

18

17

16

15

14

i3

12

i1

10

a8

07

06

05

04

02 03

a1

N\_E AL3g "LY'HDS
L6800 ANIL 88/6Z/10 3LVA

0Q'g s’y oo™y Qg'E go'e Qs'T ao'z [ 007} 0g’ 00°0

LGHEZYML IVIHAS

u3NIHOVA 34v8n  2/A39 ZE-G| Q0ZEd-0062d-00LZ2d-0062d—-00024 Q05 I d

(main mag-

"Bare" Machine

Courant-Snyder Parameter Beta-y shown on a
15-32 GevV/c,
(Corresponds to Figure 2 which has a linear

square root scale for the D.C.

Figure 34.

for one

given

-
-

at high fields

superperiod.

nets only)
scale.)



51 -

FOLD

DIST M

00T 0§°1L
[Ala}

TYIIGIB0 (3INIL  88/6Z/10 31va

00°L

g o%"p 0% 00°1 0§’} 00'C 0§’

32I1S WY38 A WA 3ZIS Nv38 X

INIHOVYIA

n34vEn 'D '0 /A9 §i

LGHEZYAL VIH3S
Qosld

Machine

The y-direction
increas-

1 view of the

"Bare"
the upper half

C.
iod.
d) appears in
(with scale

the lower half of the panel.
imensiona

[On folding the paper horizontally along the zero-line
te three-d

in

(in mm) of the D.
holding the two parts at right an-

for one superper
ives an approxima

while the x-direction
hown

is S

given
increasing upwar

Beam Sizes

at 15 GeV/c,
(with scale

downward)
of the vertical axis,
transverse beam sizes.]

of the panel,

Figure 35.
ing
gles g



