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I JIntroduction
* Large beam size at storage —

triplet dominates woltipole dominates

Ar" 189 growth strong ;

beom -beam ap= 0.005'“ 0 c<ross angle mostly
£ Tuo- ring , separated wostly ., swall crosstalt

exception: tn’plet \n  COmmon cryost‘ct

*  bigh injection field | small persistowt b,

B(skn) / B(s6kp) ~ 8.5

small filament ., small roandom
¥ hul‘ti-(&yer correctors & Common Cryostat

need gaod ol isnment

C-a-93S , Tn'p\et
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lnjedion ( 1 minute) (A, . Y= (2.6)

arc dominates  (+ space charge, o» = co02)

Gre d\‘pole ) ba . b4, ond &\
arc guadrupole bs , bs

Storage (1o hours) (Al P =et)

triplet dominates (+ beam-beam o¥: oIS = 0.004]

a1, ez, @3, by . bs %, by (random)
injection storage (B"=1m)
?.,,, Gs» |o T wmmr 40 w m
C 043 x \0° x 107°
b'/' . (o °.8q o
Pm-c 5o m™m S§o m
@tvimt \¢s ™ lgoo ™
Oy are 2.5 vm (.8 mm
9 ted 45 wmwm 9.3 mm
col 1D Or ¢ 30 mm tT!.P'QT {30 wvmim

Y‘!ference, rodtus (5/8) : 25 wmm ) 40 mm



1. T\’i(ﬂet region evrrovr c.ovn\)enswt\'ov\

~+— towards the interaction point
towards the arc —»

r - r-— -1
—1®o Q1 E : Cl1 Q2 Z——}CZ Q3 C3}—
lead ends

Figure 1 Schematic layout of the RHIC triplet, showing the
quadrupoles, the orientation of the quadrupole lead ends, and
the local correctors C1, C2, and C3 .
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Field quality Issues

error source A

¥ 6L, ,@2 Q3 Guodrupoles

lead end : bs: Gas
body : b3, bs ( systemetie)
¢ R
GSym, n H' 'V plane olloued
b2 (Candem)
* ©Dé dipole
ends 2 body - bz, b4, O
ck ~ )

allowed asym. Ja V placement

cvross talk : b b3



ORK (Q3) ; Table 2k (e)

Expected values.of ml armonics in 130 mm
' 1&%7'55—at 5000 A ™%

Rt e2) et 02T stovege, after
[ <bn> = mean, &(bn) = uncertainty in mean,
n <bn> d(bﬁ) sig(bn) <an>

1 0 10.° 10 0

2 0 0.5, 2.4 0.0

3 0 1.0 .6 0.0

4 o. 'Ufgﬁ .6 0.0

5 sluge 05! .5 pody 0.0

6 0.0 0.12 .11 ggudto.o

7 -0.2 .05] .05 ¢owek" 0.0

8 0.0 0.04 .05 0.0

9 0.0 0.21 .03 0.0

Expected body harmonics at 660 A
(same as above except for b5 and b9)

5 -4.7

5 i .5
9  -0.2 2

0.
0. .03

Expected body hérmonics at 1450 A
(same as above éxcept for b5 and b9)

5 -2.2 0.
9 -0.1 0.

5 .5
21 .03

Expected values iof harmonics in’LEAD END\at
: —

n <Bn> d (Bni) sig(Bn) <An>
1 0 0 i 0 0

2 0.0 0.1} 0.7 0.0
3 0.0 0.3 " .3 0.0
4 0.0 0.1 .3 q;tvtn\s 0.0
5 4.6 .5 i .3 -1.5
6 .0 0.0 .04 Leod end T
7 0.0 0.04 .05 0.0
8 0.0 0.04: .05 Ybg ,Gg 0.0
9 -0.5 .05 .02 0.2

Tr\ﬂ(;plszt %z\&.a-.d\ru pole

Expected values bf'harmonics inkEETURN END!at "ALL" currents

n <Bn> d(Bn§ sig(Bn) <An>
1 0 o i 0 0

2 0.0 0.3 ° 1.8 0.0
3 0.0 0.1 .2 0.0
4 0.0 0 .25 0.0
5 L. 0 .6 0.0
6 0. 0.06 .03 0.0

expected harmonics

EXPECTED QRK.TABLE2k E

Insertion Quadrupoles
Sj\{ununln!’
sig(bn) = sigma for bn ]

d(an) sig(an)
0 10

0.1 1.2
0.3 =7

0.1 .5

0.4 .6
0.09 .12
0.03 .12
0.05 .09
0.03 .03

"ALL" currents | (Unit-m)

-

d (An) sig(An)
0 0

1. 2.

0.4 .8

0.3 .4

0.5 .2
0.06 .06
0.02 .01
0.02 .02

05 .03

d(An) sig (An)
0 0

0.7 1.

0.1 .3

0.2 .2

0.1 .1
0.06 .02
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QRI (Q1) Storage Units -- Body b3 (Warm)
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26 Magnets : Mean = 2.020 STD Dev. = 1.363(67.50%)
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(LSt Sharm)

T QRI120 44 €7 €8

(w3144 Shims)

H QRI104 71 77 78

G QRI104 29 34 36

5000A, Avg. of Up and Dn Ramps

for 13cm Insertion Quadrupoles (QRI)
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Expected harmonics (n D¢ dipole (5 kA)

Oct 18, 1993 EXPECTED_D10.TABLE4_D

Table 4(d)

Expected values of body harmonics in 100 mm Insertion Arc dipoles DO
at 5000 A : QR 3\ mm radius

[ <bn> = mean, d(bn) = uncertainty in mean, 8lg(bn) = sigma for bn}

n <bn> d(bn) 8ig(bn) <an> d(an) sig(an)
(]

1 0.4 [+] 0.8 >225 1. 1.3
2 0 2 2.3 ~-0.4 1] .5
3 0.2 1] .3 0 <3 1.0
4 0 .5 .6 0 .06 .2
5 0 .03 .1 -0.1° 0 .26
6 0.0 .1 .1 0 .03 .1
7 0 .03 .1 0 .03 .1
8 .0 .1 .1 ) .03 .1
9 0.0 .03 .1 0 .03 <A

optimized at & kA

b2, bé¢, bg ave stronger at (ower currents

Cross tolk between D¢ dipoles
\o cm coil 1D ((nstead of 10cm) | wminimized

b, < 0§

bs‘ bs‘ *ec < 0.3



F—{Swre 0‘(' \me\'(‘k“ g (R error compensation

wminimize cction kick

5 net L i
f——‘\—l\.aé'Zb“L Pz.(ZS)z- (2 sinX -ces X
3
‘bﬂ‘ll - *
T — ho Phase adve
S=9f (s (xsp i) Advence

this was +the Same scaling as tuwe shift

€5 \'}‘Z b, L- P“Tﬂ-(lI)ﬂ < (0%

for each 4riplet

us\'nS sepm-gteq\ \eed end, return end ,

ond body harmenics



'IC.DMPE'\&Qtio“_MC*"OAJ only correct ot
B top field. (swa)

coil, cross section teration (5 20 wm level)

ba&y - ends umpensut{on on ollowed harmoni

use body & ends harmonics alloved
Weighted by P - function veariation Systematic
‘ * semi,
bs , bs
(:I'Oﬂ Moo\if\'cat\'on . 'tul\\.l'\s shims (~ 1w~ level

wminimize body a3, 63, Ge . 6s b2, b3, be

ofter warm hco.su\'emenf' actual (systewmatie * random

Choose |ead-end orientation % covrector

locations
low B for lead ends, €3, ¥ Ca, C3 Cancellote

o\—ﬂ\osono.\ locations (w,v) for correctors

use locel correctors cafb2, @3/ny by as/b¢

(orrection baGsed on moagnetvc meoasurements

weighted by PB- function variation “octive’ knob

sort ‘.go.c\gn.. majnets fbl' ,B* =lm 1P
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based on the minimization of  action Kicks

over each triplet parr

N+ nel
f‘_%t_ ~ b L - : - (2 3.) (2 siwx, - c.osn'x.)
3 e
> J G . bs ds + S Ge ?‘ bS ds = O
FoF bFP

[ &f v a5+ | G B, byds = ©

Fpe \ Y DED

optimited lead end (ocation

v
Ibs (bOGY) = - O.l.‘} Bg'-eul - 3% Bs retwn
R t .
1.2 unit (~7') 4.6 (onit-m) [w') 1o fumit-m)

* workg for any P*

% Compensated within eoch triplet
wsing Qa, &3y cancellotion to minimize by (body)

* seme by body for all three gquads of diff. (ength
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Figure 2: Tuneishift of on-momentum particles with betatron amplitude from 0 to 5 o with

the 1 mcter 3~ storage lattice produced by one pair of triplet with lead end error Bs = 4.6
. P E— - - . . E———

unit-m and return end error Bs = 1.0 unit-m. The horizontal and vertical integer tunes are

A P . S EE————

23 and 29. respectively.
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body -end -
compensation |
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{ Q,

Figure 3: Similar to Figure 2, with by = —1.2 unit in the body for compensation.
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From ~ Ramesh Gupta
To . A. Jain, S- Xahn, G. Moxrgan,

P. Thompson, P. Wanderer, E. Willen
Subj : Shim Experiment at 5 ka ' '

There is a good agreement between the predicted (computed) and measured .
harmonics due to shims at 5 kA (the current for which the shims are designed) .
In magnet QRI104 eight shims of nominal thickness were inserted. The harmonics
were measured with and without shiwms. Since the eight shims have the same

thickness, then in a pure quadrupole field, the change would be expected only
in the transfer function and bS5, bs, ... harmonics.

Enclosed are the tables prepared by Animesh Jain where he has listed the
harmonics due to shims in QRI104 at 5 kA. He has obtained this from the two
sets of measurements (a) harmonics without shims and (b) harmonics with shims.

(b) - (a) gives harmonics due to shims. Animesh has divided the measurements
in integral, body and ends parts. ’

Here is the comparison between the computed and measuved chavce

T.F. d (bs5) 4 (b9) d(bi3)

(T/ka) (unit) (unit) {(unit)

Measured (5xa) . .075 -1.75 -0.29 +0.02
_Cogpgged (5 KA) .065 -1.76. - -0.23 +0.02
Me_c\sl\rac\ (Lnrwm) -2-7 -0-3 . 2-03

C:Z'M?Llfe d (_\/JQ“-W) bl 2--‘?‘ -0 ‘23 Q02

Since the overall tramsfer function is about 13.6 T/kA, the error
is 0.7 part in 1,000 (I guess within the measurement accuracy) .-

It may be mentioned that the calculated harmonics are for the case
when there is a perfect contact between the shim and the yoke. A
good agreement between the measurements and calculations can also
be seen that the shims were pulled towards the iron when the magnet
was energized. I have also jncluded the results of computations.

Non-zero harmonics in the lead end might be due to the interaction of

shims with the leads. This simple explanation needs to be verified
with calculations.

It may be pointed out that these shims were, though very close to

the actual shims, were not exactly the same. The next step will be

to do a detailed experiment with the actual shimswhere the harmonics

due to the individual shims are obtained. That will give the coefficients
to be used in fixing the harmonics in the future magnets.
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0 ClorC3 C3orC1
1 - C2

2 S, (C3) S (C2)
3 B.S,C1,C3 S, (C2)
4 S, C1 S

5 8,S, Cl, C3 " S, (C2)
6+ - -

ble4 The triplet quadrupole correction strategy.
B : body -ends compensation

S:  funmgshims ettective

Cn: use (n  corrector
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Figure 2 The tune footprint before and after correction, by
shimming and excitation of the local correctors. The tune
spread after correction is negligible compared to the tune spread
due to linear chromaticity. (essume 3 = -3 - +2)
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Table 2: Effects of a transverse offset of the magnet center in the triplet assembly
from its design beam trajectory. When not specified, it is assumed that B =1m
at storage, the quadrupoles Q1, Q2, and Q3 are operating at 5 kA, and the various

layers of the correctors C1, C2, and C3 are operating at 50 A.

(11% rms beam radits at B*=2m)

Q1 0.5 closed orbit offset of 7 mm at arc®
(5 mm if B* = 2 m)

Q2 0.5 closed orbit offset of 23 mimn ‘at arc®
T —— (16 mmif =29 m
S
Q3 0.5 closed orbit offset of 14 mm at arc®
(10 mm if g* =2 m)
C2 1 equivalent to 4x10~3 I, __in a9/by ® layer
(a1)
C2,C3 | 1 equivalent to 20x10-3 Loz in ayfb; ® layer
(azf b2)
C1, C2, C3 1 equivalent to 30x10-3 Lnor in ayfb, * layer
(:’13/ bs3)
C1 1 equivalent to 60x10-3 Linez in azfbs ® layer
+ (b)
Ci1,C3 1 equivalent to 100x10-3 Imez in agfby ® layer
(as/8s)

Magnet Offset Effects for 8~ =1 m operation Correction needed
(mm) (for ~=2m operation) (if available)
pl
Do 0.5 aperture reduction of 8% rms beam radius LOC.-‘ tr P et

v

ao/by corrector at 5 A

ao/by corrector at 13 A

ag/by corrector at 8 A

a) At arc section with B =50 m.

b) The amount of feed-down produced is expressed relative to the maximum current

Loz (Table 1) of the specified 13 cm corrector layer.




Table 3: Effects of a roll of the magnet along the beam trajectory in the triplet
assembly. It is assumed that DO, Ql, Q2, and Q3 are operating at 5 kA, and the
various layers of Cl, C2, and C3 are operating at 50 A.

Magnet Roll Effects for f* = 1 m operation Correction needed
(mrad) (for f* =2 m operation) (if available)
DO 0.5 closed orbit offset of 1.3 mm at arc ag/bo corrector at 1 A
(0.9 mm at f*,=2 m)
Q1 0.5 equivva.lent to AQumin = 0.006 © a; corrector at 3 A
(AQumin = 0.003 at f* =2 m)
Q2 0.5 equivalent to AQ pin = 0.026 ¢ a; corrector at 7 A
(AQumin =0.013 at g~ =2 m)
Q3 0.5 equivalent to AQuix = 0.016 ¢ a, corrector at 5 A
(AQuin = 0.008 at f* =2 m)
C1, C3 5 equivalent to 5x1073 I,,.. in by/ae ® layer
(a0/bo)
C2 5 equivalent to 10x1073 I,... in b;/a; ® layer
(a1)
C2, C3 5 equivalent to 15x10~2 I, in by/a; ® layer
(a2/b2)
C1, C2,C3 5 equivalent to 20x1073 I,,.,. in b3/as ® layer
(a3/bs)
C1 5 equivalent to 25x10~2 I,... in a4 * layer
(be)
C1,C3 5 equivalent to 30x1073 I, in bs/as ® layer
(as/bs)

a) Minimum tune split due to linear coupling.
b) Relative to the maximum-current strength of the specified 13 cm corrector layer.
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Table 11

Some integral multipole harmonics of the RHIC dipoles
measured at various test currents (meanzstandard
deviation in prime units® at the reference radius of

2.5 cm).
ay b2 as b4
30 A (warm) | 0.14+1.5 [4.841.4 [-1.0+0.2 | 0.0+0.4
660 A (cold) |0.74+1.3 |1.04+1.4 |-1.0+0.2 |-0.640.5
1450 A (cold) | 0.6+1.2 [2.941.4 |-1.040.2 |-0.440.5
5000 A (cold) |-1.3+1.4 [1.4+1.5 |-1.140.2 |-0.1+0.5
Table IV

Some integral multipole harmonics of the RHIC
quadrupole magnets measured at various test currents
(meanztstandard deviation in prime units® at the

reference radius of 2.5 cm).

b3 b5 as
10 A (warm) |--1.4+1.27| 1.4405 | -3.7403
660 A (cold) | -0.7+1.7 | -1.940.6 | -3.7+0 .4
1450 A (cold) | -0.7+1.7 | 0.5+0.6 -3.7£0.3
0000 A (cold) | -0.74+1.7 | 5.640.6 | -3.8+40.3




Table 111

Warm measured means and standard deviations (SD) of

the integral and body transfer function, integral field

angle, body field angle standard deviation, and center
offsets of the RHIC arc magnets.

DRG

QRG

SRE

[nteg. trans. func.
(relative SD)

3.0x10—4

1.8x10-3

Body trans. func.
(relative SD)

3.1x10-4

4.8x10—4

——

Integ. field angle
‘Mean+SD) (mr)

-0.540.8

-1.84+0.4

0.0+0.3

Body field angle
SD (Mean) (mr)

0.8

Center offset X,
Mean+SD) (mm)

0.03+0.06

0.0240.09

Center offset Y,
Mean+SD) (mm)

0.1340.06

0.03+0.03
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at horizontal midplane and b) horizontal field profile at
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COlL SUPPCRT KEY ——

Table 1-19. Operating Parameters of Arc Correctors

Fig. 1-11. Arc corrector coil cross-section.

Multipole Inductance Lo Field @ 25 cm L Iy

(mH) (A) M (m) A)
Decapole 43 59.0 0.0154 0575 202
Octupole 69 50.6 0.0164 0571 198
Quadrupole 250 49.8 0.0675 0555 190
Dipole 687 522 05903 0508 160

44.6
41.5
195.3
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-4 [ =& Non-lead end horizontal offset .

- 6—© Non-lead end vertical offset 1

Beam Pipe Offset (mm)
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Dipole Serial Number (101 - 129, 501, 502)

igure 3: Beam-pipe position measurement data from the survey of 31 dipole (DRG)
1agnets performed before July 1995.
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Figure 1: Single arc (solid line) and arc plus straight ends (dashed line) fits to
measurements of the iron profile.
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Figure 2: The radial displacement of the iron center line, relative to the injection
trajectory, for dipole placement with the recommended radial offset of 50 mils
(solid line), and no offset (dashed line). A positive radial displacement means
that the magnet is moved away from the ring center. The end points of the
curves are the “beam tubes” referred to in Tables 1 and 2.
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| =—= Horizontal (warm colloidal data for quad. center)

&—a Vertical (warm colloidal data for quad. center)
* Horizontal (cold colloidal data for quad. center)
o Vertlcal (mechanical data for quad. center)

U
Ny

Corrector Center Offset (mm)

-4
100 110 120 130 140 150 160 170 180 190 200
CQS Serial Number

lgure 2: Corrector center offset from the ideal beam orbit determined by averaging th
n-measured positibns of the four corrector mechanical fiducials.
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Figure 4: Tune shift of particles of momentum deviation Ap/p = 0,+2.50, and betatron
amplitude from 0 to 7 o with the injection lattice and the multipole error for MAC93
tracking run » calculated a) by using the perturbation methods with HARMON
output; b) from the TEAPOT tracking data. Tuning shims are inserted, but octupole and

decapole corrections are not.
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Au™* Storage in RHIC
3\)$*QW\C\'§;L & ax/bnd onl\/

A
Baseline® Baseline Baseline Baseline Baseline
& random® | %|dbs| (max) | %|dbo| (max) | & random®
~— __(triplet)© (triplet)? & db, ©
AB: prip/ Bz trip 0.09+0.02 { 0.09+£0.02 | 0.09+0.02 | 0.09+0.02 | 0.09 & 0.02
APy trip/ By trip 0.20+£0.15 | 0.21+£0.15 | 0.20+0.15 | 0.2040.15 | 0.204+0.15
A,B;‘/,B; —0.03 £ 0.01 | ~0.03 £0.01 | —0.03 £ 0.01 | —0.03 £ 0.01 | —0.03 £ 0.01
AB; /B 0.10£0.09 | 0.10£0.08 | 0.10+0.09 | 0.10£0.09 | 0.10+0.09
ADg e (m) 0.07+0.05 | 0.08+0.08 | 0.074£0.05 | 0.074+0.05 | 0.074+0.05
ADy mor (m) 0.9+0.5 1.0£0.5 0.9+0.5 0.9+0.5 1.04+0.5
|Shim size| (mm) 1.35+0.03 | 2.69£0.09 | 1.55+0.03 | 1.35+£0.03 | 2.56 +0.06
maximum )’
Corrector strength:? .
Ta1mes] (Amp.) 1843 19+4 1843 1843 19+ 4
|63 maz| (Amp.) 0.8+0.1 0.9+0.5 0.8+0.1 0.8+0.1 0.8+0.1
b4 .mas] (Amp.) 0.1+ 0.0 3+1 0.1+ 0.0 0.1+ 0.0 0.5+ 0.2
|bs,ma| (Amp.) 1042 1542 10 + 2 10 £ 2 15 + 2
Tune shift:
AQumaz(50) (x10~3) | 3.04+0.1 57416 6.5+ 0.3 54403 75+£1.2
(before corrections)® .
AQumoz(50) (x1073) | 31404 40+15 |.-39+1.0 5.53+0.8 5.540.8
(after corrections)®
o corr. || L (AABe;ture O()t?,y) 5.8+ 0.4 5.14+0.2 5.5 4 0.3 5.14+0.2 5.61+0.4
P/P =
20 A D. Aperture (0,,) | 51+£02 | 49402 5002 46+02 5.3 4 0.4

(Ap/p = 2-5‘7p)i

Table 1: The study is based on Au™* jons stored at 100 GeV/u with 95% normalized’
transverse emittance ey = 407 mm-mr, r.m.s. momentum spread o, = 0.00089, and

B* = 1 m. The value listed corresponds to “mean + r.m.s.” calculated from the four cases
of random number seeds #0, 1, 2, and 3.

do k turns'

(1943 data)

(oD

SYync. osc. period
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Tue Sep 19 16:50:45 1998
Survey information for ’'CQS’ magnet €QS179; (Model) §; (BPM type) Horizontal

BNL optical measurement of the fiducials [Inches}:
(x - radially inward; I
Y - longitudinal;

2 - vertical upward)

B L L T e N L iy iy gy gy B -

(** means more than either 2SD from the mean)

Mean Standard Measured Dev. from mean
deviation (sigma)
Mi(x) 46.567 40.084 -0.012 -1.2
M4 (%) 47.364 40.773 -0,011 -1.2
M5(x) 1 36.966 40.078 -9.621 -1.2
M8(x) 37.772  40.763 -9.609 -1.2
Mi(y) 47.348 40,753 -0.002 -1.2
Mi(y) + 155.296 40.742 107.9584 -1.2
M5(y) @ 47.411  40.809 0.002 -1.2
M8(y) + 155.367 40.808 107.963 -1.2
Mi(z) -6.702 5.765 -0.004 1.2
Md(z) -6.700 5.769 -0.003 1.2
M5(z) 1 -6.713 $.774 -0.019% 1.2
M8(z) ~6.703 5.781 -0.017 1.2

BNL magdiv machanical measurement of the fiducials [Inches):

(** means more than either 25D or 20 mil from mean)

Mean Standard Measured Dev. from mean
deviation (sigma)
Mi(x) : -0.005 0.007 -0.006 -0.2
Mé(x) -0.002 0.007 -0.008 -0.3
M5(x) -9.605 0.011 -9.611 -0.6
M8(x) : -9.593 ¢.019 -9.602 -0.5
Mi(y) 0.000 0.000 0.000 NaN
Md(y) 108.000 0.000 108.000 NaN
M5(y) : 0.002 0.001 0.002 -0.2
M8(y) 1 108.002 0.001 109.002 -0.2
Mi(z) : -0,003 0.008 -0.004 -0.3
Mé(z) -0.000 0.008 -0.001 -0.1
M5(z) -0.008 0.009 -0,017 -1.3
M8(z) 0.00% 0.025 =0.,017¢* 0.9

magdiv meachanical measurement of the flats {Inches):
(** means more than either 2SD or 20 mil from mean)

Mean Standard Measured Dev., from mean
deviation (sigma)
MP1(x): 0.000 0.000 0.000 NaN
MP2 (x) : ~0.001 0.002 -0.001 0.1
MP3 (x) : 0.005 0.004 0.011 1.3
MP4 (x): 0.000 0.000 0.000 NaN
MP5 (%) 1 ~=9,602 0.003 ~9,600 0.7
MP6(x) 1 -9.603 0.004 -9.599 0.9
MP7 (X) ¢ -9.595 0.004 -9.593 0.5
MP8 (%) -9.601 0.002 -9.599 1.4
ML1 (%) : 0.002 0.002 0.005 1.9
ML2 (x) : -0.001 0.006 0.008 0.9
ML3 (%) : -0.007 .0.006 -0.001 1.2
MLA (%) 0.001 0.004 0.006 1.4
MLS(x): -9.600 0.003 -9.596 1.1
ML6 (x) ¢ -9.602 0.006 ~-9.598 0.7
ML7 (%) ¢ -~9.607 0.006 -9.597 1.6
ML8 (x) : -9.602 0.005 -9.594 1.6

MP1(y): 0.000 0.000 0.000 NaN
MP2 (y): 36.000 0.000 36.000 NaN
MP3 (y): 71.000 0.000 71.000 NaN
MP4(y): 108.000 0.000 108.000 NaN
MP5 (¥) ¢ 0.002 0.001 0.002 -0.2
MP6(y) 36.002 0.001 36.002 -0.2
MPT(y): 71.002 0.001 71.002 -0.2
MP8(y): 108.002 0.001 108.002 -0.2
ML1(y): 0.000 0.000 -0.001 -1.5
ML2(y) s 36.000 0.000 35,999 -1.5
ML3({y): 71.000 0.000 70.999 -1.5
ML4(y): 108.000 0.000 107.999 -1.5
MLS{y): 0.002 0.001 0.001 -1.0
ML6(y) 36.002 0.001 36.001 -1.0
ML7 (y): 71.002 0.001 71.001 -1.0
MLB(Y) ¢ 108.002 0,001 108.001 -1.0
MPL(z): 0.000 0.000 0.000 NaN
MP2(2z): -0.002 0.006 -0.006 -0.7
MP3 (2)1 -0.009 0.007 -0.01% -0.9
MP4(2): 0.000 0.000 0.000 NaN
MP5 (z) 1 0.000 0.000 0.000 NaN
MP6(z): -0.004 0.006 -0.009 -0.8
MP7(z): 0.005 0,008 -0.002 -1.5
MP8(z): -0.000 0.004 -0.007 -1.6
ML1(z): -9.602 0.002 -9.602 0.0
ML2 (2 ~9.601 0.007 -9.,604 -0.5
ML3 (z) -9.606 0.008 -9.612 -0.8
ML4 (2): -9.599 0.002 -9.599 -0.3
MLS5(2): -9.602 0.002 -9.603 -0.4
ML6(2): -9.602 0.007 -9.,607 -0.8
ML7(2z): -9.591 0.007 -9.598 ~1.0
ML8(z): -9.599 0.006 -9.606 -1.2

(** means more than either 2SD or 20 mil from mean)

Mean Standard Measured Dev. from mean
: daviation (sigma)
T_theta 0.000
T_psi ' 0.000
T.phi 1 -0.000
T x{In] 0.008
Ty{In} 0.022
T z(In] 0.000
T _rms[In]: 0.002

B L L T TN P L L T L LT B L T T o Y R

Transformation betwean magdiv mechanical and local beam system:

Mean Standard Measured Dev. from mean
deviation (sigma)
Theta 1.928
pal -0.726
Phi 1.571
X ' -0.000
Y ' -0.000
z ' ~0.000
rms i 0.000

Raw warm colloidal data [Inches]:
(5 points for each CQS element)
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(** means more than either 25D or 20 mil from mean) COLW1 x: ~-122.085 0.309 -122.603 -1.7
COLW2 x: ~122.112 0.270 -122.567 ~1.7
Mean Standard Measured Dev. frem mean COLW3 x: -122.106 0.280 ~122.684** -2.1
deviation (sigma) COLWL x: -122.092 0.217 -122.394 -1.4
Count : 5.000 0.000 5.000 NaN . COLWS x: -122.086 0.223 ~122.256 -0.8
Mean(x): -0.026 0.018 -0.041 -0.8 COLW1 y: 958.977 0.417 958.323 -1.6
S.D. (%) 0.003 0.003 0.010%+ 2.6 CoLW2 v 1165.361 0.422 1164.698 -1.6
Mean(y): 73.054 0.000 73.084 0.0 COLW3 y: 1371.746 0.427 1371.073 -1.6
8.D.(y): 12.847 0.000 12.547 NaN COLWL y: 1578.130 0.432 1577.448 -1.6
Hean(z): 0.012 0.007 0.022 1.5 COLWS vy 1784.514 0.437 1783.823 -1.6
8.D.(2): 0.002 0.001 0.003 0.2 , COLW1 z: =-122.006 0.224 ~121,624 1.7
COLW2 z: -121.992 0.208 -121.700 1.4 . & -1
------------- e e e e e et a e am e e ma—a e COLW3 z:  -121.959 0,215 -121.726 1.1 re\hwe
Centers of the individual components: COLW4 z:  -121,938 0.206 ~121.726 1.0
(magdiv coordinate system: x - radially inward; COLWS z: -121.927 0.192 -121,802 0.7 t
y - longlitudinal; &‘Cep an(
Zz - vertical upward)
(Except for colloidal measurement, the y data is from the design value) | ocaal LD DL L T e L LT Rt L L LT PP PP P
------- ittt L BNL magdiv magnetic measurement of the field angles [(m rad]:
Mean Standard Measured Dev. from mean Rt L L LI LELEE L L L ST P R el
deviation (sigma) (** means more than either 2SD or 2 mrad (Q, 8) or 10 mrad (C) from zero)
Quadrupole center from warm colloidal data [mem) Mean Standard Measured Dev. from zero
(relative to magdiv coordinate system) deviation (sigma)
(** means more than either 2 8D or 1 mm from the mean) Quad -1.971 0.531 ~1.940 0.1
sext -0.846 0.335 -1.070 -0.7
(%) 1 -122.096 0.252 ~122.499 -1.6 Corrl 1 -6.290 3.435 =10.010%% 1,1
(y) t 1376.29% 0.000 1376.2%9 0.0 Corr2 : ~5.940 4.934 =11.410%* -1.1
(z) H -121.964 0.201 C-121.717 1.2 Corrd -4.165 4.043 -6.040 -0.5
Corrs : -5.109 2.349 -4.650 0.2
Quadrupole center from mechanical data [mm}:
(relative to magdiv coordinate system)
{(** means more than either 2 SD or 1 mm from the mean) Ottt L L L LTS RSt L DL DL LT TR R P PR,
Difference and offset information:
(x) [ ~121.955 0.098 -121,835% 1.2 (magdiv coordinate system: H - radially inward;
(¥) : 1376.299% 0.000 1376.299 0.0 % Vv - vertical upward;
(z) ' ~121.9%46 0.137 -122.087 =L0 e e bt
Mean Standard Measured Dev. from zero
Sextupole center from mechanical data {mm): deviation (sigma)
(relative to magdiv coordinate system)
(** means more than either 2 SD or 1 mm from the mean) Quadrupole center (colloidal - mechanical) [mm] s
(relative to magdiv coordinate system)
(%) t -121.918 0.043 -121.858 1.4 (** means more than either 2 SD or 0.25 mm from 0)
(y) t 315.250 0.000 315,250 0.0
(z) t =121.950 0.022 -121.956 -0.2 (H) ' ~0.141 0.252 ~0.664% -2.1
(V) ' -0.018 0.176 0.371%* 2.2
Corrector center from mechanical data [mm]: TOTAL ' 0.260 0.204 0.761++ 2.4
(relative to magdiv coordinate system)
(** means more than either 2 SD or 1 mm from the mean) Corrector (mechanical) offset from beam system origin (mm]:
' (relative to local beam coordinate system)
(%) f -121.933 0.058 -121.836 1.7 {** means more than either 2 SD or 1 mm from 0)
(y) 1 2476.551 0.000 2476.551 0.0
(z) s -121.907 0,061 -122.000 -1.5 (H) t 0.347 0.525 1,327+ 1.9
(V) t 0.071 0.392 -0.531 -1.5
Beam position monitor center from mechanical data [mm] TOTAL 0.626 0.366 1.430% 2.2
(relative to magdiv coordinate systam)
(** means more than either 2 8D or 1 mm from the mean) Beam position monitor (electrical) offset from beam system origin (mm]:
: (relative to local beam coordinate system)
(x) ' -121.763 0.357 -121.73% 0.1 (** maans more than either 2 SD or 1 mm from 0)
(y) 1 ~286.851 0.471 «287.773 -2.0 y
(z) t -122.428 0.300 -122.638 -0.7 p (H) : 0.054 0.308 -0.244 -1.0
(V) [ -0.488 0.291 -0.547 -0.2
TOTAL 0.592 0.236 0.599 0.0

Individual warm colloidal data [mm]: -
(relative to local beam coordinate system) .
(** means more than either 2 SD or 1 mm from the mean)
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Tue Sep 19 16134335 1995 ML (x): 0.002 0,002 10
bbbl L D cecnen EEEE L ML2 (x) ¢ -0.001 0.006 10
Survey statistics for ’‘CQS’ magnets: ML3 (x) s -0.007 0.006 10
Seesesscdcccacacacnna L B e L ML4 (X) : 0,001 0.004 10
MLS (%) ¢ -~9.600 0.003 10
Data from MAGBASE and SURVBASE y ML6 (%) ¢ -9.602 0.006 i0
The following magnets from SURVBASE are rcprosented: ML7(x): ~9.607 0.006 10
ML8 (x) ¢ ~9.602 0.005 10
CQS150 CQS165 CQS175 CQS176 CQS178 CQS179 CQS181 CQS185 CQS189 CRS190 MP1(y): 0.000 0.000 10
MP2(y): 36.000 0.000 10
({total 10 elemants) MP3 (y): 71.000 0.000 10
MP4 (v) 108.000 0.000 10
Survey information for ‘CQS‘ magnet MP5 (y) ¢ 0.002 0.001 10
---------- e D e et et L e L R MPE (y) ¢ 36.002 0.001 10
BNL optical survey measurement of the fiducials {Inches]: MP7 (y): 71.002 0.001 10
----------- R e L D L D MPB(y): 108.002 0.001 10
ML1(y): 0.000 0.000 10
Mean standard Magnet ML2 (y) ¢ 36.000 0.000 10
deviation counted ML3 (y): 71.000 0.000 10
M1(x) ¢ 46.567 40.084 10 MLA(y): 108.000 0.000 10
Ma(x) 1 47.364  40.773 10 ML5 (y) : 0.002 0.001 10
M5(x) 36.966 40.078 10 ML6 (y) ¢ 36.002 0.001 10
M8(x) 37.772 40.763 10 ML7 (¥) ¢ 71.002 0.001 10
Ml(y) : 47.348 40.753 10 ML8 (y) 108.002 0.001 10
Md(y) 155,296 40.742 10 MP1(z): 0.000 0.000 10
MS5(y) 47.411  40.809 10 MP2(z): -0.002 0.006 10
M8(y) + 155.367 40.808 10 MP3 (2)1 -0.009 0.007 10
Mi(z) -6.702 5.765 10 MP4 (2): 0.000 0.000 10
Mé(z2) -6.700 5.769 10 MPS(z): 0.000 0.000 10
M5(z) 1 -6.713 5.774 10 MP§(z): -0.004 0.006 10
M8(z) : -6.703 5.781 10 MP7(2) 0.008 0,008 10
MP8(z): -0.000 0.004 10
B e L DT T ML1(z): -9.602 0.002 10
BNL magdiv mechanical measurement of the fiducials {Inches]: ML2(z) -9.601 0.007 10
{magdiv coordinate system: X - radially inward; ML3(z) -9.606 0.008 10
Yy - longitudinal; ML4(z): ~9.599 0002 10
z - vertical upward) MLS (2) ~9.602 0.002 10
(Except for colleidal measurement, the y data is from the design valua) ML (z) 1 -9.602 0.007 10
B e L L L L e L L L L T P T T ML7(z) ¢ -9.591 0.007 10
ML8 (2): -9.599 0.006 10
Mean Standard Magnet '
deviation counted mmeses—as sesescesmsnanenaa ettt D el
Mi(x) ¢ -0.005 0.007 10 Transformation betwaen magdiv mechanical and survey optical data:
Me(x) -0.002 0.007 X ittt itk
MS(x) -9.605 0.011 10
M8(x) 9,593 0.019 10 Mean Standard Magnet
Mily) 0.000 0.000 10 deviation counted
M4(y) + 108.000 0.000 10 T.rma[In]: 0.002 0.001 10
M5(y} 0.002 0.001 10
M8(y) + 108.002 0.001 B e e
Mi(z) ~0,003 0.008 10 Raw warm colloldal data {Inches):
M4(2) ¢ -0.000 0,008 10 {5 points for each CQS element)
M5(z) -0.005 0.009 e ] emsesssemecscammnceeme e meeceececessenessscsesseecomesooseoassoo-
M8(z) 0.005 0,025 10
Mean Standard Magnet
magdiv mechanical measurement of the flats {Inches]: deviation counted
Count 5.000 0.000 10
Mean Standard Magnet Mean(x) : -0.026 0.018 10
deviation  counted §.D.(x): 0.003 0.003 10
MP1 (x) 1 0.000 0.000 10 Mean(y) 73.054 0.000 10
MP2 (x) ¢ ~0.001 0.002 10 8.D.(y)¢ 12.847 0.000 10
MP3 (%) 1 0.005 0.004 10 Mean(z) s 0.012 0.007 10 *
MP4 (%) 0.000 ~ 0.000 i0 §.D.(2): 0.002 0.001 10
MPS (x) @ -9.602 0.003 1(0)
-9, 0.004 1 b ST U
ﬁgg 83: _3§g§ 0.004 10 Centers of the individual components: .
MP8(x): -9.601 0.002 10 (magdiv coordinate system: H - radially inward;
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Body ‘x‘nnltcr Function [T/kA}

L L L A I L R AT i i al]] . 30.0 0.70418 0.00022 243
Distribution statistics for ’‘DRG’ magnets Tue Qct 10 13:22:04 1995 570.0 U 0.70757 0.00036 11
HRAAERERRR RN R RN R RRER BN RERLRRERNN RN 660.0 U 0.70785% 0.00033 55
1405.0 U 0.70789% 0.00000 i
Harmenic data were read from file » 1450.0 U 0.70800 0.00030 52
’ /home/owl /public/magdiv_data/sds/sel5.sds’ " 2400.0 U 0.70780 0.00015 8
., 5000.0 U 0.67971 0.00032 54
The following magnets are fully or partlially represented: 6800.0 U 0.64246 0.00000 1
DRG101 DRG102 DRG103 DRG104 DRG105 DRG106 DRG107 DRG108 DRG@109 DRG110 DRG111
DRG112 DRG113 DRG114 DRG11S DRG116 DRG1i17 DRG118 DRG119 DRG120 DRG121 DRG122 Integrated Field Angle [mrad]
DRG123 DRG124 DRG125 DRG126 DRG127 DRG128 DRG129 DRG130 DRG131 DRG132 DRG133 30.0 W -0.7208 0.7348 243
DRG134 DRG135 DRG136 DRG137 DRG138 DRG139 DRG140 DRG141 DRG142 DRG143 DRG144 570.0 U ~0.6400 0.7145 11
DRG145S DRG146 DRG147 DRG148 DRG149 DRG150 DRG151 DRG152 DRG153 DRG154 DRG155 660.0 U -1.0010 1.0413 50
DRG156 DRG157 DRG1S8 DRG159 DRG160 DRG161 DRG162 DRG163 DRG164 DRG165 DRG166 1405.0 U 0.7900 0.0000 1
DRG167 DRG168 DRG169 DRG170 DRG171 DRG172 DRG173 DRG174 DRG175 DRG176 DRG177 1450.0 U -1,0448 1.0188 50
DRG178 DRG179 DRG180 DRG181 DRG182 DRG183) DRG184 DRG185 DRG186 DRG187 DRG188 2400.0 " U -1.3028 0.9140 8
-DRG1%0 DRG191 DRG192 DRG193 DRG194 DRG195 DRG196 DRG197 DRG198 DRG199 DRG200 5000.0 u ~-1.0818 1.043% 51
DRG201 DRG202 DRG203 DRG204 DRG20S DRG206 DRG207 DRG3208 DRG209 DRG210 DRG211 6800.0 U -0.8400 0.0000 1
DRG212 DRG213 DRG214 DRG215 DRG216 DRG217 DRG2i8 DRG319 DRG220 DRG221 DRG222
DRG223 DRG224 DRGS501 DRG502 DRGS503 DRGS04 DRGSOS DRGS06 DRGS507 DRG508 DRG505 Body Fleld Angle Averagl {mrad]
DRG510 DRGS11 DRGS12 DRG513 DRG514 DRGS51S DRGS16 DRGS517 DRG518 DRGS19 DRGS20 30.0 W -0.5840 0.7624 243
DRG521 DRG522 DRG523 DRG524 DRGS525 DRGS26 DRGS37 DRGS52$ DRGS29 DRGS30 DRG531 §70.0 U -0.4464 0.8322 11
DRG532 DRGS33 DRGS534 DRG53S DRGS36 DRGSI7? DRGS3S DR3SI9 DRGS40 DRGSA1 DRGS542 660.0 U -0.9145 1.0836 55
DRG543 DRGS544 DRGS545 DRGS46 DRG547 DRGS48$ DRGS49 DRGSS0 DRGS5S51 DRGSS2 DRGSS3 1405.0 U 1.,1400 0.0000 1
DRGSS4 DRGS55 DRGS56 DRG557 DRG558 DRGSSS DRGSE0 DRGSE1L DRGS62 DRGS563 DRGS64 1450.0 U -0.9842 1.0544 52
DRG565 DRGS566 DRGS67 DRGS68 DRGS69 DRGS70 DRGS71 DRUS72 DRGS73 DRGS74 DRGS7S 2400.0 U -1.1887 0.8800 8
DRG576 DRGS77 DRGS78 DRGS79 DRG580 DRGSS1 DRGSS2 DRGSSI DRG584 DRGESS5 DRGS586 5000.0 U -0.9441 1.0793 54
DRGS587 DRGS88 DRG589 DRG590 DRGS9L DRGS92 DRGSS3 DRGSS4 DRGS95 DRGS596 DRG5H7 6800.0 U -0.7100 0.0000 1
DRG598 DRG599 DRGE00 DRG6OL DRG602 DRACO3 DRGCO4 DRGEOS DRGE06 DRG607 DRGEOS
DRG60S DRG610 DRG611 DRG612 DRGE13 DRAS14 DRGELS DRGE16 DRG617 DRG618 DRG61S Body Field Angle Maximum Absolute Deviation [mrad)
DRG620 30.0 W 1.1112 0,8563 243
570.0 U 1.2409 0.6234 11
L L ) 660.0 i) 1.15158 0.6304 55
Test Up, average standard no. of 1405.0 U 0.4300 0.0000 1
current Down, deviation elements 1450.0 U 1.1692 0.6332 52
{Anps)  Warm evaluated 2400.0 U 0.7113 0.245% ]
cemsscmccsancaann camccmeccaancanne T e L L] 5000.0 v 1.1580 0.6373 54
6800.0 14) 0.5100 0.0000 1
Bffective Magnetic Length (m}
30.0 9.4485 0.0022 Body Field Angle Standard Deviation {mrad)
5§70.0 U 9.4218 0.0041 30.0 W 0.6820 0.3405 243
660.0 U 9.4235 0.0031 570.0 U 0.7645 0,4075 11
1405.0 U 9.4154 0.0000 660.0 U 0.6940 0.3825 55
1450.0 U 9.4308 0.0034 1405.0 U 0.2300 0.0000 1
2400.0 U 9.4291 0.0049 1450.0 U 0.7085 0.3839 52
$000.0 U 9.4414 0.0036 2400.0 U 0.4587 0.2009 8
6800.0 U 9.4386 0.0000 5000.0 U 0.7013 0.3838 54
6800.0 U 0.3300 0.0000 1
Machanical Length (N-G) (m)
9.7170 0.0017 241 Center Offset X 0 [mm)
Integrated Transfer Function [Tm/kA] (>< means from intfield table) Cantar Offset Y_0 [mm)
30.0 W 6.65348 0.00273
30.0 U 6.65479 0,00215 240 >< ., | m=ese- mesececssommanaes Semmmssssessecesoccsccos
§70.0 U 6.66657 0.00373 11 N-G Mechanical Data:
660.0 U 6.67015 0.,00264 51 >« N Lt cmmmcmeccacaae
660.0 D 6.69135 0.00263 50 >«
1405.0 U 6.66506 0,00000 1 Fiald Angle Average [mrad)
1450.0 U 6.67716 0.00214 51 >< -0.0547 0.0753 241
1450.0 D 6.68624 0.00211 50 ><
2400.0 U 6.67397 0.00200 51 >< Field Angle Standard Deviation [mrad)
2400.0 D §.67984 0.00197 50 >< . 0.9645 0.5363 241
5000.0 U 6.41767 0.00242 51 ><
5000.0 D 6.42042 0.00221 50 >< Fleld Angle Twist (Max. - Min.) (mrad)
6800.0 U 6.06393 0.00000 1 2.3679 1.2733 241




V - vertical upward;
L - longitudinal)
(Except for colloidal measurement, the L data is from the design value)

_______ e - e e s o o e e

Mean Standard Magnet &
deviation counted

Quadrupole centar from warm colloidal data (mm]:
{relative to magdiv coordinate systaem)

H + =122.096 0.252 10
v r o =121.964 0.201 10
L t o 1376.299 0.000 10

Quadrupole center from mechanical data {mm):
(relative to magdiv coordinate system)

H o -121.9%5 0.098 10
v l -121.946 0.137 10
L 1 1376.299 0.000 10

Sextupole center from mechanical data [mm):
(relativa to magdiv coordinate system)

H s -121.933 0.058 10
v t ~121.907 0.061 10
L t 2476.551 0.000 10

corrector center from mechanical data [mm):
{relative to magdiv coordinate system)

H ' ~121.933 0.058 10
v + =121.907 0.061 10
L v 2476.551 0.000 10

Beam Position Monitor center from mechanical data [mm):
(relative to magdiv coordinate system)

H + =121.763 0.357 10
v v -122.428 0.300 10
L 1 -286.851 0.471 10

Individual colloidal data [mm]:
(relative to magdiv coordinate system)

COLWL x: -122.085 0.309 10
COLW2 x:  -122.112 0.270 10
COLW3 x:  ~122.106 0.280 10
COLW4 x:  ~122,092 0.217 10
COLWS x: -122.086 0.223 10
COLW1 yt  958.977 0.417 10

COLW2 y: 1165.361 0.422 10
COLW3 y:  1371.746 0.427 10
COLW4 y: 1578.130 0.432 10
COLWS y: 1784.514 0.437 10
COLW1 z:  -122.006 0.224 10
COLW2 z:  -121.992 0.209 10
COLW3 z:  -121.959 0.215 10
COLW4 z:  -121.938 0.206 10
COLWS z:  -121.927 0.192 10

......... - e e . = e = e B N B A .. — -

BNL magdiv magnetic m@asurement of the field angles [m rad):
(relative to base plate fiducials):

Mean Standard Magnet
deviation counted
Quad -1.971 0.531 10
sext -0.846 0,335 10
Corrl : -6.290 3,435 10
Corr2 -5.940 4,934 8
Corrd : ~4.165 4.043 8
Corrs -5.,109 2,349 8

Difference and offset information:
(magdiv coordinate system: H - radially inward;

V - vertical upward;

L - longitudinal)
(Except for colloidal measurement, the L data is from the design value.
The beam system is defined by quad center measured by warm collold
and sextupole center measured mechanically)

Mean Standard Magnet
deviation counted

Quadrupole center (colloidal - mechanical) [mm]:
(relative to magdiv coordinate system)

H ' -0.141 0.252 10
v t -0.018 0.176 10
L ! 0.000 0.000 10
TOTAL : 0.260 0.204 10

Corrector (mechanical) offset from beam system origin (mm]:
(relative to local beam coordinate system)

H : 0.347 0.525 10
v ' 0.071 0.392 10
L 1 0.000 0.000 10
TOTAL 0.626 04366 10

Beam position monitor (electrical) offset from beam system origin {mm]:
(relative to local beam coordinate system)

H t 0.054 0.308 10
A t -0.486 0,291 10
L t -0.000 0.000 10
TOTAL 1 0.592 0.236 10

................................ B L L L L L L T PR



Mean Cold Mass Sagitta én;g) {m)

0.0011 240

Fiducial Deviation (Ref: 4.8 Inches) (Inches):
(LE: Laead end; H: Horizontal; I: Inner)
(NLE: Non-lead end; V: Vertical; 03 Outer)

LEIH -0,001 0.008 312
LEIV =0.002 0.009 216
LEOH =-0.004 0.011 222
LEOV 0.000 0.012 218
NLEIH -0,003 0.010 216
NLEIV =0.001 0,010 220
NLEOH -0.002 0.008 221
NLEOV -0,002 0.008 218
~ Sagitta {Inches):
SAGITTAL 0.000 0.000 0 (at 4.000
rom LB) .
SAGITTA2 0.636 0.019 240 (at §6.000
rom LB) .
SAGITTA3 - . 1.487 0.037 240 (at 120.000
rom LE)
SAGITTAL 1.825 0.043 240 (at 183,200
rom LB)
SAGITTAS 1.814 0.042 240 (at 197.600
rom LE)
SAGITTAS - 1.540 0.038 240 (at 268.200
rom LE)
SAGITTA? 0.848 0.023 240 (at 339.200
rom LE)
SAGITTAS 0.000 0.000 0 (at 376.800
rom LE)
Upper Yoke Weight [1b] (starting Seq. No.63)
3038.7914 2.2990 179
Lower Yoke Weight {1b] (starting Seq. No.$83)
3045.7724 2.1793 179
Total Yoke Weight {1b] (starting Seq. No.63)
6084.5638 23.3736 179

Harmonics reported below are scmetimes followed by 1 7, /% 7 or fww!
This means either that
. 1) <b> is outside its expected <b> +/- D<b> range by ’'error’, or
2) sig(b) is larger than its expected sig(b) by ’‘error’, where
-1 ' means ‘error’ > 0.1,
‘* ¢ means ’‘error’ > 0.5, and
r*t!  means ‘error’ > 2.0

s L D R R el L et
INTEGRAL harmonics in Units

Normal harmonics

ted Measured
n <b> D<b> sig(db) <b> sig(b)

-------------------- P LY T TP Py

Skew harmonics
Expected Measured
<a> D<a> sig(a) <a> sig(a)

--------------------------------------

243 elements)

0 000.0 0.0 0.0 0.0
1 0.0 0.4 0.8 0.2 0.4 0.0 1.0 1.3 -0.1 1.6!
2 4.0 4.0 2.3 3.8 1.7 -1.1 0.1 0.5 -1.1 0.2
3 0.0 0.2 0.3 -0.0 0.1 0.0 0.3 1.0 0.0 0.5
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Normal harmonics
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Expected
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