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R. S. Jones KINEMATIC TABLES FOR PHOTOPRODUCTION OF A COM-
POUND TWO BODY SYSTEM.

In this note, we present a brief tabulation of the kinematics for the

- .reaction:

fa'+p__,p+ X
a) x —» & +T
b)x — T+7

i, e. ‘photoproduction in hydrogen of a compound system, x, which imme-
diately decays into either a) two pions, or b) two photons, Separate tables

 are given for the pion and photon decay modes, for incident photon ener-

gies less than 2000 MeV, and for masses of x between 300 and 800 MeV,
The meamng of all symbols used in the tables is ag follows:

9 recoil proton angle in the Lab

PI; recoil proton momentum in the Lab

Ep = recoil proton total energy in the Lab

iy = mass of the compound system, x

08y = production angle of x in the Lab

Py = momentum of the compound system , x, in the Lab

/3 = velocity/c of x in the Lab

« = maximum or minimum angle between the decay products of x, (r )

~or (7,7 ), in the Lab [« takes a maximum value for /> 4* and a min
imurn for s </5*’ (the latter is'always the case for photons)]

([N}



01 = maximum decay angle of one of the pions in the Lab for /A<
(when /6*>/5 which can occur for pions and which is always the
case for photons, this angle ig 1809),

Ey = incident photon energy in the Lab

= velocity/c of either pion in the pion CMS (= 1 in the photon case)

‘momentum of either pion in the pion CMS (= w2 ' ' " ).

> .
*

%
"

In the tables, mass and energy are given in MeV, ‘momentum in
MeV/c, and angles in degrees.

There follows the kinematical formulas and constants used in the
calculations, which Were»carried out on the Frascati IBM 1620:

g = mgd,,/ % sin8p where & = E-7
X & (P osnbp-7p) R=YEE-m?
7;: E/,"‘MP

o( = arcz(an

7 MAX or
i T S

287 . mAX * A
i a&[m//& Lo 7/ A A S
'= o(/"/N 7‘11’“ ﬂ”;
» W"m ﬂ P/EX , 7= Ex/mx /ﬂ*’-‘ 29%/mx

/ /( =Myt O f/MavIonS

"9/”””; aretan /:—é-@-—" /{, *<ﬁ}

7 B b, ~7n / A= My ot /:'v“ /M'o?(«m:
Mp = 938.2 MeV B |
My = 139, 6 MeV

. The formulas for O'i"ax and £ , for the various relative values of
/5 and /b* are derived in the appendix which follows the tables.
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 APPENDIX

In this appendix we outline the derivation of the formulas for the
“maximum and minimum angles o and Qli/[ax’ which have been tabulated.
We begin with. the well known geometrical construction(X) for the Lorentz
transformation of the center-of-mass system into the laboratory system,
in order to define all the relevaht kinematical parameters, In the case of
two equal~mass decay particles in their CMS system we have the diagram
of fig, 1,

_ In the CMS, q7 = q3 = q¥, A/*= /3f =/5’.‘. because mj = m,, and
- obviously 01{ + Q; =#. In the Lab we define & = 0 + @5 i. e, the decay an
gle between the two particles, We are interested in finding the maximum
" (or minimum) values of the Lab angles 01 and « , The Lorentz transfor-
'mation can be written (we take ¢ = 1) ' '

: v L AL
Gonby ~ TI*0G* 2 ATES GG = b
9, kb, = V9 e 06X +AVE]  gGanb, = grsmbt
Where,/b and 7 refer to the veloéity of the CMS,

Using the facts that 0] + 05 = and /A*E® = ¢*, and defining b =
= /’.W and x = 01 we find: , "

?1) _ ‘:‘am ’ 7(60?1(#6)

(

(x) - Blaton, Det Danske Vid, Sels XXIV 24, 20 (195(_))
P, G. Sona, Nota Interna (Frascati) n® T /32 (1957).
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: - We note that for photons, ﬂ land b = /3 and thus the calcula-
‘tlon is equally valid in the case of the photon decay mode,

BN D1fferent1at1ng (1) with respect to x and equating to zero, we ﬁnd
o ‘the 00nd1t101‘1 for 07 to be an extremum:

/-féamd!

: =0
T3onx+56)% + mzx

@

siric‘e the denominator of (3) cannot be zero, the condition is simply

(4) : &1»\’:—-6—-;-'-/4‘!:‘
' L‘quat:ton (4) is valid only when ﬂr*<ﬂ . which ig the condltlon we expect
. physically since there is no maximum angle in the event that the decay par-

" ticles have a CMS veloc1ty greater than the Ve10c1ty of the CMS itself (i. e,
for. *>/5 - oMax - 1800), |

Subst1tut1ng (4) mto (1) we find an expressmn for 01}&3":

7 s A

e M It can. easﬂy be shown from (5) that an equivalent expression for o
0 ax )

1 is - s
¢ max ﬂ?’ ‘ : > :
Fa § = S LA

When ﬂ =/5 , Om""X = 909, as can be see‘h\from the geometrlcal
~construction, for in thls case the center of the CMS i;:lrcle is tangent to
‘the e]llpse. b . ,/

- Now we consider the sllghtly more complica¢ed problem of maxi-
~ mizing ‘X . Applying the addition formula for tangents to (1) and (2), we
f1nd an expression for .

. 274 S X
B = e R G T)

'(.6)'-
which’car';be rewritten as follows:

m = DL wher A<
| G atonix B A e
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We deflne N'= 2 a sinx and D=g2+ a?s‘inz'x, giving the simple
rformula - R '
S " ‘tano¢ = N/D |

to maximize ‘o( we differentiate with respect to x:

$ an 2]
;‘v]*j-dz{mqq( d.o( . dx 2 - ax vV
- 2V a.’.x a A%

in ng the following expressmn for ded /dx Wthh we equate to zero.
o ad .
do( d.x N _
d” = AERQE T o

NO"'

k Where we have used cos & = D/[/B2 + N2, We note that N2 + D2
can never be zero, since such a sum can be zero only if N and D are s1-
multaneously zero wh1ch can never occur.

So the condition for an extreme value of K is s1mp1y

» ;‘f/v = 2a Cm)(/j amzx)— '

e havmg solutlons :

«9) - - fsi:nzx = gin20) = (b2 1)/ﬁ2
Clearly (8) and (9) are not s1multaneously val1d in fact ** is a li-

‘miting case of (9) for /b =/5% ., But we shall see in the followin; 1at (8)
has more s1gn1f1cance than this. We note that (b2- 1)//» 2 may-b. .ess than
. zeroor greater than one, but these values are impossible for s: 2x and so
. we may. d1v1de the physically meanmgful solutions into three cat rories:
T 2. :
_I)" ', _é_/_;_z{_<o_ o /5>/_z, |
this is the case in which o« has a m1n1mum and the only meanmg’ful so
lution is 01 =909 given by (8) as we shall show later. =
.II-) P o 2 '
04/;a<4 | /5- r-——z

In thls case e has two extreme values: a maximum- (actually two equal
‘maxima) corresponding to (9) and a relative minimum at 07 = 90° cor-
respondmg to (8). (see fig. 3).- : : '

m {61’/>/ s ﬁ‘/;‘,;ﬂ'—z

Thi‘,‘é is the'simplest case: o has a maximum corresponding to (8)
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[0’1* = 90°./ and (9) has'nophy‘sical significance (see fig, 4).
| In fig, 2 we illustrate the regions of validity of the three cases dis
- ‘cussed above, In figs.3 and 4 respectively we exhibit o as a function of

>

1071

08}t

0.6

04 }

- CASE.IT. .
f%<d

02+

— +
t + —+

e — :
. 02 04 06 08 10 /A

FIG. 2

91 for typlcal examples of cases II and III respectlvely

In case II, by substltutmg (9) into (8) we obtain -

| 4 | . A
AT c«w“ ./5%. >W’7’6’*’

(10).  : - tan "<

Iwh11e (8) glves the physmally uninteresting relatlve m1n1mum.

In case III, (8) substltuted into (6) g1ves the max1mum value of K :

e 2
, ‘ | : 9 % -1

Equation (11) also gives o™ when /5*}%’: since, as we shall
see, this case always corresponds to O'q 900, Indeed, that (8) in case I
gives a minimum value for o£ can easily be demonstrated by plotting some
typical examples, but it will be more 1nstruct1ve to consider the proof from
another V1ew point, :

: Thus, we consider in more detail case I for which ,4 ‘>‘ﬂ’ and-
which always corresponds to a minimum value for oK (also gtlnax 1809),
We first assume - /6 1 and treat the case of decay into two photons, In e-
‘quation (7), we find that g2 = - 1, so we may rewrite (7) as follows
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_!_filG. 4
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lanol = —a20X a =7
1z a."h%%x -7 7

- which we then plot in fig, i5. As is seen in fig, 5, &£ monotonically decrea-
‘- ges as a functlon of u = a sin x, and thus for a fixed /4 , «¥ in (12) takes
a minimum value when’ sinx =1, x = 01 90_0 verifying the result (8) for
. case I '

R We can thus wr1te tan o(mm as a functmn of /3 by symply settmg
© sinx = lin (12) :

- (13 . o fmo( - e———
‘ ’ | N Y
~ we also obtain | ‘ '
S » ‘ o 2/_1' O(MMI _ 4

Flnally we see that in the general case of /5 >ﬂ . but /‘5*
(whlch apphes to the plomc as well as the photonic decay mode), g2 in (7)

of tanel

6 6 B u

wi-1
—_— o<.= tan[ 2”1]

u=yp ;in 67

—— A= tan"1 [__2L

- --101 . FGs
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is élways a negative number and we may write (7) as follows

. Z2asmx L« ‘z<-2>o
LR I A

which has the same general form as equation (12), and « is a monotonical
- ly decreasing functmn very similar to that of fig.. 5. Thus o takes a mini-
mum as before when senx 1, x = 01 = 90° and this minimum is agam gi-

ven by equatlons (13) and (14), if /b is replaced by /_’.ﬂ*
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