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a) A set of 104 fiducials is drawn on the walls of the chamber. 

A survey has been made of those fiducials (see W. Smart for details). 

b) Various sets of measured pictures coming from the three 

hadron cameras. Averaging measurements give rise to a measurement 

error of the order of one to a few microns onto the film. 

AXIS SYSTEMS DEFINITION 

a) Chamber System. 

Origin is near the center of the chamber, z-axis is vertical, 

positive up, and x-axis is about along the beam, negative toward the 

chamber's nose. The definition of that system comes from the fiducial 

survey. 

b) Camera System. 

Origin is entrance pupil, z-axis is normal to the film plane, 

positive toward it, x-axis is about the film path. Each camera system 

is related to the chamber system by a set of 6 parameters X , Y ,Z , e
1

, 
c c c 

e2 , e3. (See Appendix III. ) 



-2-

c) Film System. 
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This is the system where the measurement is made. It is 

related to the camera system by 2 parameters x and y , the c:o6rainates 
w w 

of the optical axis in the film system. 

After fitting the optics, that film system will be redefined by 

requesting that x and y be zero. (One can also request that e
3 

be 
w w 

zero.) 

OPTICS DESCRIPTION 

In the camera system a point X, Y, Z in space and its image x, y 

are related by: 

D
1

X D
1

Y 

x = (Z-Dz) y = (Z-Dz) ( 1) 

D 1 and D
2 

being functions of r
2 

= x
2 

+ y2
. (2) 

Equation (1) implies that an optical axis exists, all light rays intersecting 

it. Equation (2) implies that this axis is a cylindrical-symmetric axis. 

CAMERA DISTORTIONS 

As the preceding may not be true, it is assumed that x and y are 

related to the measured quantities x and y through a mapping x = f 
m m 

(x , y ), y = g (x , y ) which transforms a real film plane into an 
m m m m 

ideal one where Eqs. ( 1) and (2) hold. 
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OPTICS' POLYNOMIAL EXPANSION 
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The functions D 1, D2, f, and g may be expanded in a lot of 

different ways. We will try to satisfy the three following conditions: 

1. The various parameters have an understandable meaning. 

2. Those parameters being found by a fit over a set of measure-

ments.. it would be nice to have them not correlated. 

3. No parameter will have the same effect, at the first-order 

level, than any other parameter; no singular or quasi-singular matrix 

in the fit. 

Satisfying condition ( 2). 

x2 = :2: (f-x(X,Y,Z)]
2 

+ ... withe f = :2:}...f.(x ,y ). 
· " 11 m m 

To have no correlations needs that: :2: (f.f. -r g.g.) oto ... , or in other - I f i 1 J 1 J lJ 

words that the set of 2-vectors f = gi has to be orthogonal. The metric 

is given by the set of measurements itself. 

f f.l..,m ( r, e) rdrd8 = 0 .. with x = Ii' cose 
1 J'' lJ m 

y = r sine 
m 

if m is a constant one gets some Bessel functions which are too time 

consuming to use. So we will give up the complete orthogonality and 

write down: 

--+- ~ ~ 

f = :2: F {t)cosne + G fr)sinne. n · n 

....,., -
E and G are orthogonal to one another; each one will be expanded in 

n n 

power of r the coefficients of each expansion being correlated among 

themselves. 
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Satisfying condition ( 1). 

One has already gotten some insight with the F and G because we 

have now a classification according to the kind of symmetry. Another 

idea is to split radial and tangential components; this is because they 

have different meanings as far as optic laws are concerned and because 

it is easy to split the x2 
in its radial and tangential components and thus 

see better the effect of the various parameters tried. So we will write 

down: 

x =Rx - Ty + 2; a rncosne + b rnsinne 
m m n n 

y =Ry + Tx + 2; b rncosne - a rnsinne 
m m n n 

R= 2; R cr n 
cos ne R s n . e RC c 2k 

+ r smn ; = 2; Rnk r n n n 

T= ~ T cr n 
cosne Ts n . e Rs= s 2k + r smn ; ~ Rnkr . 

n n n 

With these definitions Rand T are polynomials in x and y. The 

third and fourth kind of terms have been added in order to have all 

possible polynomials for x and y. However they seem to be very 

unlikely to appear in any true situation and we will try to avoid them. 

Satisfying condition ( 3). 

a) If D 
1

, f, g is a solution, CD 
1

, cf, cg is also a solution, C being 

any function of r. As the distortions are small enough, one good way to 

choose C is to request that 

c 2 2 4 
= F

0
(1+R

0
,

1
r +R

012
r + ... ). 
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b) If one made an infinitesimal rotation of the camera system with 

respect to the chamber system: 

.... - ..... -x ...... x + w. >< x, 

one finds that this induces the following transformation: 

x 
x - x - w y + - ( -w y + w x) + 3 D

1 
1 2 . 

So by inspection one finds that it should be requested ·that 

c 
TO 0 = 0 

' 

c 
R1 o = o 

' 

s 
R1 0 = O. 

' 

COLD VERSUS WARM CHAMBER OPTIC 

For a same image (x, y) onto the film, according to W. Smart, 

the light-ray angles with respect to the optical axis are related by: 

Lj; = e + A .6.sine, 

where e is the cold angle and l]; the warm one. Translated in terms of 

our optics description this means that one has 

D warm = D cold _ A .6. (DZ cold + 2 + 2) 1 /2 
1 1 1 x y 

with A .6. = 16. 11 3 x 1 O -
5 

, 

OPTICS COMPUTER HANDLING 

Appendix I gives the coding of the two routines PROPAG, computing 

D1 and D
2

, and DISTOR, computing f and g; this coding is the one used 

by HYDRA geometry. Quite analogous coding is also available for LBCG. 
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Appendix II displays the cards used to read in the data needed by PROPAG 

and DISTOR. 

Description of the title (Appendix II). 

Block CAME contains for each camera the six parameters X Y 
c c 

Zc e
1 
e

2
e

3
. The three blocks OPT1, OPT2, OPT3 refer to the three 

cameras and contain data to be used by PROPAG and DISTOR. Those 

blocks are stored in array Q (as is everytl;ing else). For each of those 

three blocks the meaning is the following: 

Q(IPOP-1) 1 Type of optics ( fisheye) 
Q(IPOP) F 

0 
= D

1
( 0) 

Q(IPOP+1) N =1 Number of terms for D expansion 
Q(IPOP+2) 1l Last (and only) term of2n

2 
expansion 

Q(IPOP+Q(IPOP+1)+1) NT highest symmetry-1 

* For each symmetry n one has: 

a n-1 ("stretch") 
bn-1 
KM maximum-1 power in r 

RC 
n, KM-1 

RC 
n, KM-2 

RC 
n,O 

Rs 
n, KM-1 

Rs 
n, KM-2 

Ts 
n, O 

2 

~:~There is no room assigned for the following terms: R~, 
0

, R~, 
0 

and T~, k" 
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APPENDIX I 

S1=~~-~1 .. •Pcr1*~~-~·~c~2•A~o4+,. ,,, ..•. , -
'
1 

ls Ul'.iTA' er r~m1 l">,\')Ufl("<.:•,r 1'.' 'Jf'T)-Al. ·'X!St~':'JCAL Ll'.r<Gli 
~·ot< ~XIA!_ llt;HT ~lAYS r:• • . . - - -

CC'1•t0N ;·::j[TS/ l!lD>'!OP,:t~··ARK,J~GO,rCGc·~c1risvs.10c><1r lJ 
~ 1 ~· r"' 'i l ·> r ': :• > e, r c ·'" i , c ' 9 0 1 , i 'JI 9 'll 
f:'.~!._; r 'J ALL.\!:£ ( :-1J[S ·r J l c.~;( 1~ i). ( ~ .. C.: ,1;f;.£R ~ ! n J;.) 

C0 11 MU11 II QlJEST!p) .t.QUSEf'/(7) ,L':MA!•.,1..osv~(jl,f,l.f1"'<lV(71 
' . LC1.L02,L'"3.L')4,L>'.l5,!.f;6,l_".7,1_•:sv_,LGA'<·L :.)-4,t.l'.li•P 
R2• cXv' llu2+XY(2H11t2)/Q( !POP.l<H•2---- -- -- ------ -·-.- - ---- -- - ---- -----
lf'>Jl'oP+ ··( [f'CP•1l+2 
!P=3~!P 

~WJ( Jp) 
A ::2, 
l')Q 2 t=l•-'4 

- IP?l" !P 
A•fA•o(!P) )oR2 
XV(J),-(1,+Al•Q(!POPl 
x y' 4 l ;;;£'. - -- --- -- ---------- ----------- ----- -
RETUHN 
O;r 
SUiOQOuT!'·E OISTORPiYW,Yf'l 

---cCMP:JT('.; Ol5Tr)RT!rNS AS F~LLQ'..;l 
Xr cO~TA!~S x.v M[ASUR~MENT -RO~ VALUES ON INPUT 
-olSTO"T[u V~L'JE:S- O~J o:JTPUT -
-r<1>•XF(1)•QA~IAL•XF(i)-TANGEANTlEL•XF(2)•STREcwc11 
Xr<2>••r12l•RAO!AL*XFC2l+TA~GEANT!EL•Xrl1l•STRECH(?) 

---- ~nE.RE __ __ __________________________________ ---------------~--~-------------
STRECHl 1 l :SUM/N OF CAN•COSIN•Tl+RN•S!NCN•T)JoR••~ 
SJHECM(2):SU~/N nF cr~·cos<N•Tl-&~•S!N(~•Tl)•RD•N 

__ RA!::i!/IL 0 SUM/~i 0!" U<C:N•C'JS(N"'Tl.+RS.'""St;d~l•Tl.L-. --------------------­
TANGEA~flEL•SUM/N OF CTCN•COSl~•~l•TS~•S!NIN•Tl) 
~!TH RCN=SUM/K or RCNK*A*•l2•K~Nl ANO ANALOGOUS FOR RSN,T~N,TSN 

T:A2lMUT~ OF VECTOR XF 
______ R;;~_ODUbUS rJf _XUFOC.AL LENG!Lf"OR. AlllALLl.GHT _ 1'1.A'l's___ [fL_ -------------- _____ _ 

SQM[ o~ TMnSE PRECED!NGS ARE NOT INCLU"EO To PREVf~T GEGENrRAC~ 
- - t.!lH CA.'1f_'R.t 1 S F'O.Sll!nN ANO A'JGLE.S. PAflA!-'.f .. -H:Rs. 15££_ ARLIE-::..uru ________________ _ 

COHMDN/QPTtcS/cAM[(3r3l,RM(9,3),!PnPT(Jl 
co~~U~l 08! T~/ IOD'lQP, Irl'-'AHK1 l'lGCJ. tQGQ';E, !GSYS. !Ocn!T 

[)!Mt'-IS!MI 1WEST(3)'), 1]19<l1,_t'2C99L _____ ±.Q 
EOUIV ILfNtE. (Gl!FST, ! 1HJEST), ILQllSER, IQ,r.) +O 

CU"MVN ti Q!J[~TC3n ,L[lUS['l( n ,LCl"A l',,l.QSYS!16l ,t.OP~lV<7l +l~ 
'!'.L_ - - - LOLL02.L'.l31L04.LQ5~_LG6 .. Lll7 .• LOS.\i .. LOA.Nt-LOOW.u;iup_ -- _________ ... o 

O[MENSIO:; XFC2llCRTC2l ,XP(2l 
D!~ENS!O~ XX(~)15TC21 
co"P~Ex c':,cr-,r.x.cs_____ _ _____________________________ . --------------
lQJJV•LE'cE ccr.CRT)1CrP.XP)o(CX,XXl1CST,CS) 
! p(jp ~Ip or T ('JV. l 
l P • t POP+~ t !POt' .+1) t.2,. __ _ 
Nc•c<rP> 
!FINt,LTo1l RETURN 

_ ~X <1>_=Xf C.:_) I" UPQ.eJ _________ ----------- ------- _ ---------- ------ __ _ 
xxc2l:XF<2)/"( [POP) 
q2=xXc1>••?+XXC2)••2 

_ CP•cX . __ ----------- _ _ ___ - -- -------- - ------------------ ---'----------- ---------
ST I 11 •0 ( 1• ! Pl 4XX( 11•~12• 1 Pl~XX<2> 
STl2l:Q(2+IP)~XX(11-0(1+lP>~xxc21 

f p:3+ 1 P _ ·- -·-~---~- __ ----~-----------------·-------- _____ ------------------------ _ 
CRTcl.J=l1 
CRT(i!?):<J, 
1 F' <Ni!. L. r, 2 i Go_--1.(LL_ __ _________ ------------------- ___ _ ___________________________ _ 
!P•JF'+rl( !P>+1 
DO 3 J=21-H 
ls• 1 F' 
!P•2.,!P 
'!:0 c Ip> 
J P = 1., LP _______ _ 
r~CN1LT,?) ~o TO 2 
DO 6 K=1•2 
DO 4 M:112 

!F' !NtL_T, l l r;:; TQ_.5_ __ 

'JO 1 l • l • '' 
t.:(A+Q( I"l 1*'•2 
l P'1,.l P 
!VCKt[C,1,A~",I,[Q,2) GO TO 4 
A.A+Cl( IP l 

!P•1+1P 
CRT\ K) • C 'l T CK >+A" X PIM) 
co~-r!·,uE 
CP•c;F'uCX 
~r11>=S!C! 1+"C!Sla•PCll+~1IS•ll•XPt?l 
src2l=sr121•:< 1s•11•xµr1i-~1 IJi•xPc2l 
C'J'.TINUE 
r·c•cC#Cx•i: 
~rc11•CR11 J•~r!PQP) 
•rc;>•CRll i·~cl~CPJ 
Pf:TuHr~ 
[Nil 
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6 -5-------
6'-

-~-----------~-------- -----
1 3.39804 2169451 
2 3,416~3 -216~292 
s -3.78676 -2.0~223 
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APPENDIX III 
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CAMERA SYSTEM TO CHAMBER SYSTEM TRANSFORMATION 

The rotation between camera system and chamber system is made 

with a rotation matrix in the following way: 

xi =xi + R j 
chamber c ij xcamera' 

R being the following matrix: 

0 
As an example, the vector O optical axis in the camera system 

1 sine1 
will be transformed in the chamber system as cose 1 sine

2 
. 

cose1 cose2 


