Lawrence Berkeley National Laboratory
Recent Work

Title
REPORTS ON RELATIVISTIC KINEMATICS FOR TWO-BODY INTERACTIONS

Permalink
https://escholarship.org/uc/item/3k55z0vq

Author
Eldridge, Owen.

Publication Date
1957-06-12

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3k55z0vg
https://escholarship.org
http://www.cdlib.org/

ucrL 34071

UNIVERSITY OF
CALIFORNIA

Radiation
O[:,abomtor '

4 N
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not'
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-3807

UNIVERSITY OF CALIFORNIA

Radiation Laboratory
Berkeley, California

el S Contract No. W-7405~eng-48

REPORTS ON RELATIVISTIC KINEMATICS FOR
TWO-BODY INTERACTIONS

Owen Eldridge

June 12, 1957

Prinied for the I, 8. Atommic Euergy Comimission



| G e

Y

R UCRL--3807

REPORT ON RELATIVISTIC KINEMATICS
FOR TWOmBODY INTERACT IONS
Owen Eldridge
"Radiation Laboratory .
University of California
Berkeley, California

June 12, 1957

JAntroduction

As the precision of experiments involving elementary particles
increases it becomes iizcessary to iﬁcrease the accuracy of computation
of their kinematic properties. For extreme accuragcy, @omputer-
programs may be ﬁsed to analyze each event, but for many purposes,
Sﬁch as the identification of the particles, accurately computed
tables and graphs are useful. This report is a breliminéryfbiblidgraphy
of these tables and graphs with information about the ranges of relevant
paramete;éo
Methods of Computation
1. do Blaton; On a Geometrical Interpretation of Energy and MomentumA
Conservation in Atomic Collisiéns and Disintegration
- Processes, Kgl. Danske Videnskab. Selskab, Mat.-fys.
Medd. ; 24 ; no. 20 (195¢) .
A graphical method is given for éolving relativistic two-body
pro‘blemso |
2. A program has been set up for thé IBM model 650 datéoprocessing'
machine at the University of California Radiation Laboratory'at'>
Livermore for the calculation of any ela;@ic»or inelastic twe-body interactiomns.
This program is known as Project KINE; it was prepared by lr. Kent-Curtis

of the Theoretical Group. B
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Inveractions of Strange Particles, Nucleons, and Mesons
1. John H. Malmberg and L. J, Koester Jr. , Tables of Nuclear Reaction
‘Kinematics at Relativistic Energies, Physics Department,
University of Illinois, 1953,
5 a. The reactions and kinetic energy ranges are.
(1) hy -t p~~%7?fx1; hv = 154(1)310 Mev,
(2} by 4~ p- Tp , hr==146(1)340 Mev,
(3) b¥ ~+ d—=11 44d , hv = 141(1)340 Mev, -
()T (*i;”}£§;§;§v 9lTﬁ;ﬁm10(10)130 Mev,
(5) ho/ 4 d-®p-n , hy-==20(1C)80 Mev,
b, The input data are: 80(20)400 Hev.
(1) the kinetic energy of the incident particle in the
Zaboratory system; | |
(2) the kinetic energy of one outgoing particle in the
center-of-mass system; | '
(3) the /" of the center of nass.
c. The output'data for the outgoing particle are:
(1) the center-of-mass angle;
k2) the laboratory angle;
(3) the solid-angle transformationg
{4) the kinetic energy in the 1aborato;'jr-system0
2. H. L. Anderson and D. G, Wilson, PidnéProton Scattering Tables,
V{Ei : Institﬁﬁe for Nuclear Studies, University of Chicago,

o

T-".Z'S.yg 954
Scattering taﬁles are calculated for the renge of kinetic

enargies of the incident particle from 0{(10)320 Mev.

3e Je A, Beker and J. Killeen, Pion~-Proton Scattering Tables, UCRL-

2843, Feb. 1955,
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These tables give the following parameters when one of them and
the kinetic energy of the incident pion are known:
a. The angle of the scattered pion, and the angle of the
scattered pfoton, in the laboratory system.
be The total energy of the scatltered pion.
¢. The angle of the scattered pion in the center-of-msss
system and 1its cosine.
dg The ratio of the solid angle in the center-of-mass system
to the solidvangle in the laboratory system for the
scattered plon,
Thebrange of the kinetic energy of the incident pion 1is
300(5C)60C0 Mev; the sngular increment is AB=15°,
ho do A, Baker and K. Curtis, Tables cf K Meson Scattefingg UCRL--
3274, Jan. 19560

The same information is given as in UCRL-2843.. The ranges of

- the kinetic energy of the incident K-meson are:

10(1¢)200 Mev and 200(50)6000 Mev. The mass of the K

meson is assumed to be 966 electron masses.

5, E, Pedretti, Kinematics of the Reaction K+ p -¥ [ + £ and of the
Elastic Scattering X+ 5~ K - p, Nuovo Cimento 3 , 956(1956) .
a, The reactions an& kinetic energy raﬁges are : |
(1) xdbp —7T+%, 60(20)160 Mev,
(2) K} —> K45, 10,25(25)150,200 Mev.
b Graphsvare plotﬁed of ;.
(1) the angie of one outgoing particle in the center-
of-mass system versug each angle in the laboratory

system;
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(2) the kinetic energy of each ouﬁgoimg particle in the
laboratory system versus its angle;
(3) for the outgoing é particle, its vange in G. 5 enmigiom
versus its angle in the‘laboratory syste@;
(4) the solid«ehgle trénsformation for the reaction
_ bt > K-po
6, Bevefly H, Willis and Charles V. Stableford, lligh-Energy Particle
Data, Vol. 1, UCRL=2426 (Rev.), Nov. 1956,
a. Plotted as functions of kinetic energy are the kinemetic
functions, fﬁﬁﬁgf-m-lg p, p# ,band %p , for the

following particles:

(1) electrons (1 Xev to 10 Mev)

(2) 4 mesons ~ (100 Kev to 10 Bev);
(3)#7 mesons (100 Kev 4o 10 Bev);
(4){(& mesons | (100 Kev te 10 Bev);
(5),/Yjﬁi; = 7 Hyperons (106 Kev to 100 Bev )3

(6) protons, deuterons, and elphz particles
( 100 Kev to 100 Bev),

b, The functions of the center~of-mass system /ﬁ?,,ap “"/_

/

arem vy

ﬁ’g/?gg ahd total energy are plotted against kinetic
energy in the laboratory system for the following two-
body systems: §~f p, e+Dp, Jf- Py K4p, p+p, for
kinetic energies from 10 Mev to 10 Bev.
7. Unpublished Tables: |
a. Dr. Jo Mo Selleng dr, of Cornell University has
calculéteé tables fors
emig ofa
(1) rhotoproduction of /V rarsd ?7—afrom hydrogens
{2) the chotodisintegration of 6euterium; |

%) f/ vrotnetion in deuvorimm,
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The energy range is 400 to 160C Mev.

be Dr. L. B, Leipuner of Brookhaven National Laboratory has

' calculated tables for:

(1) 509/‘% é;n decay,

(o]
£  decay,

T dep—e A+ @T

Y/ ’“@é;ﬁu{: |

T 4=p ~2 e
Ty A*E

T+ » =S4k

pe=0(0,1)2 Bev,
Aé”:—'l()‘;,

pe=0(0,05)1.1 Bev,

AG =55

T = 1.1(0.05)2.0 Bev,
AB =57
By ==1.1(0.05)2 oBev,
Af=s§

Tr- == 0.75(C+C5)1.1 Bev;
Ab=s? |
TH-=’Threshold(CaCS)lol Bev,

3

‘M:S?'v

§f~ﬂ=Threshold(CoGZ)lol Bev,

25 =5

. Here pc is the momentum of the decaying particle, T is kinetic

system for esch produced particle,

\“0 5. - - I3 .
energy, and Z\f is the increment of the angle in the center-of-mass

‘system, The eomputed guantities are T, pcglﬁgand é? in the laboratory

Other Interactions

1, M, Wiener, Emergy and Angle Distribution of the Photoprotons from

Deuterium, Netional Bureau of Standards Circulsr 515, 1951.

In graphlcal form are presented:

a. In the laboratory system, 'roton energy versus photon energy.
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b. The angle of proton emission versus photon ensrgy.
cgvThe'angle of proton emission versus protén energy.
d. The anglé of proton emission versus the change in this
s angle when transforming‘from the center~of-mass to the
laboratory sjstema
d, The solid~angle transformation for the emitted proton
versus the angle of proton emission,
2. A, Neimé; Graphs of the Compton Energy-ingle Relationship and the
| | Klein-Nishina Formula from 10 Xev to 500 Mev, Natioﬁal
Buresu of Standards Circular 542, Aug. 1953.
Graphs are given for:
&. ocattered photon energy versus angle.
b. Recoil electron energy versus angle.
¢. Photon wave length distribution.,

d. Fhoton angular distribution,

v’

e. Electron angular distribution,
f. Photon energy distribution.

,go Electron energy distribution.

h, The integral Klein-Hishimi cross section per electron.

3. L. Blumberg and 8. I, Schlesinger, Relativistic Tables of Energy
and Angle Reiationships for the T(Ugn)Héi D(dgn)He% and
T(d,n)Hé Remctions, ARCU-3118, May 1956,
Tables are givehﬂrelating the following parameters:
> . a. Kinetic energy of ﬁhe incident particle.
:b; The angle of emission of each particle in the laboratory

system,
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¢. The kinetic energy in the laboratory system of each
emitted particle.
¥ d. The solid-angle transformation.
rﬁt The kinetiec energy range of the incident particle is 1.1 to
25 Mev,
Bange-Energy Relations in Emulsion
‘1. Fay, Gottstein, and Kain, Numerical Tables of Relations Frequently
Used in Nucleér Emulsion Work, Suppl. Nuovo ecimento |
| 11,234(1954). |
8. As a function of residual range in Ilford G.5 emulsion are
| plotted
| (1) kinetic energy,
(27155
3 A4,
(4) pe,
(5) Bgs
(6) the “"cell-size® schemes for the mass determination
of particleé coming to rest in the emulsion, using the
"constant-sagitta metiod" of measuring scattering.
b The particles consiéered are: /-7 mesons, 737 mesons, ¢/ mesons,

protons, and hyperons.





