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Table Il Atomic and nuclear properties (dE/dx, collision mean free path,

radiation hn.ll\. etc,) of materials used as absorbers and detectors

b
Cross -SE ,[M}, Collision! *] Radiation! €] Density
;.ct.lnn Y length L., length L., »
Materiat| 2z | A |(aras) | g/em? glem®  em g/em®  em 4
H 1 1.01 | 0.063 414 26,5 374 58 819.0 0.0708 {}°i1ing at
uf |3 | 694 | 023 172 504 94.3 5 145 0.534
Be | 4 | 901 [ 028 171 55.0 30,5 6.2 346 18
c 6 | 12.00 | 033 1.86 604 39.0 25 24 1.55 (variable)
A |13 | 2697 | ois 166 79.2  29.3 239 8.86 2.70
Cu |29 | 6387 | 100 145 1054 1.8 12.8 144 8.9
sn |50 [11s70 [ 158 121 1297 17.8 st L1 7.30
Pb |82 |20m21 | 220 112 15,2 13.8 0.51 1134
u |9z |07 | 24z 1,095 1636 8.15 e 0.29 18.7
Hydrogen (bubble chamber, -27,60K)| 0.243 Mev/cm | 26,5 452 5 990 0.0586
Propane (CyHg, bubble chamber) | 0.935 Mev/em | 48.9 119, 47 109.0 0.41
Polystyrene (CH scintillator) 204 Mev/em | 549 523 434 413 ~ 1.05
Iiford emulsion 5.49 Mev/em | 103 27,0 1.2 291 3815

Table

ly) of a particl
o, o velocity V in

o

Ooro)” *

L = Length in scatter
For L 3 1/10 Lrad) ¢ is

projected displacement is

L sm/./r .
Notad

Yrme

Py
ansfo;

write

(14 ¢) radians;

diation) from Table 1L,
<1/10, T

ian.

tion: Lowe
nd capit

w
rm from c.m. to

The rms

s tor

Multiple Coulomb pcattering and Lorents transformation
The rms prq-cud angle 0 due n mulunl- Coulomb
o

Y000 pcos @ YPcos 04 nw Peos o
0100 pltnﬂ‘. pain @ Pain 0
0010 o o o
nooy \ w np cond 4 yw/ w
I two. d 2) collide, the invariant “m:

W of th

We Wy e W)t (B4 By

pEmpam, et
in at rest (0,m,) u simplifi

2 2
whetmy 4 my)® 42T m,.

To got & threshold T, act y
reaction PYGATETT, thbn

)

o
LA

Write T for lab kinetic energy, t for ¢,
If the target

m.; thus
21 Q

sum of masses of

[Em(producta)] & « (m, 4 m )% 4 27 m .

Other invariants are: w w, « p,p, con 0,

red between the two

m, 4 Q/2
G+

The above of cour
roduction of a
P term of p
AN ]
2tm becomes

P2 e 2tm 4 t/2) = 2m 4 th

Ener; Transfer in elastic collisions of beam
TP, AT WItR Tasting target (0, my), 1o
2

L1 2
Tyrim — o /8.

¢, m.

Note that for max T, 0, =¥, so

22
Tamax, * 2my Py/u

(3/A3)) WNIU3WOW IR —m e e
(Aaw) A813ua apdniiey

€292Z—-NW

Range (g/cm?) in Cu




F&A-SCl.0L. 9060l .-DC-OF
TABLES FROM UCRL-8030(rev.), Table I,
(The antiparticles are assumed to have the same

M

ins, ma

and mean lives of elementary particles

,_and mean lives as the particles listed)

M,
difference Mean 1ife
Particle Spin (Mev) (sec)
Y 1 0 Y v Stable
v 12 0 v v Stable
1 o 12 0,510976 4 0000007 () -: o Stable
K] W 1/2 105,655 # 0,010 () » W (2.21240,001)x10°% (1)
} 33,934 0,05 (x)
B 0 139,59 0,08 (0] -‘) Tiado.ol 0. @ssaoonxio®  qw
0 0 135,00 # 0.0 * 0, 0 @2 208 x107'% (@
; K* 0 4939 402 (x) n'} A2 00 w X (1.22440,013)x 10-8 ()
H K0 K0 K 50% K, 50% K,
Xy o 497.8 % 0.6 W X, (seosrk) @ K1 (1.0040,038)x 10710 (o)
X, K, X, 6016/ L1 x10%8  (c)
» 1/2 938.213 # 0,01 (a) P 1293940004 () P Stable
n 12 939.507 # 0,01 © n n (10134 0.029)x10° ly)
A 12 111536 # 0.14 (v) A i r® T A (2.514 0,09) x 10-10 ()
z* 12 1189.40 # 0.20 m z‘} 6.5640,22 (Xy 0.81(+0,06/+0,08)x 10" (m)
z- 1z 1195.96 # 0,30 (n) z- 0.4580.4 o = 1.61(+0.1/-0,09) 10710 o)
F 0 12 11915 40,5 (0] z0 0 <0.1x10°10 (»)
- it 13184 & 12 n LR x 1.28(+0,38/-0,30)x 10°10 (1)
=0 ? 1311 «8 @ =0 1L5% 10710 (1 event)  (q)

Walter H. Barkas, Arthur H. Rosenfeld, University of Californi

Table 1V,

Atomic

d nuclear constants in units of Mev, em, and sec®

GENERAL ATOMIC CONSTANTS
N = 6.0249 x 102 molecules/gram
¢ ® 2,99793 x 1010 em/sec
o = 4.80286 % 10-10 eau = 1,6021 1077 coulomb.

Cross Section

O e bsont $ w2 = 0.6652x10"4cm?= 0.6652 barn

Magnetic Moment and Cyclotron Angular Frequency

1Mev= 16021 x 107 erg [1 ev=e(108/c)) B Bohr . 1%— = 0.57883% 107" Mev/gauss

hos 65817 ¥ IO::: Mev sec = 1,054 10727 erg Foeyelotron” Za = 8:7945 X 106 SR sen

TR bAieT 2101 /o peismngn sommans]  losron *21¥Fym @ (511 e 201001

. & Tzci = 1/137.037; = 144 10713 Mev cm Fmuon =214 5% 4 0.75 (1)7] = 2[1.001165)
QUANTITIES DERIVED FROM THE ELECTRON MASS, m  QUANTITIES DERIVED FROM THE PROTON MASS, my

d_E
m = 0.510976 Mev = l/l!)b u my* 1/213.26 m

M

me’

4
Rydberg, R, --;z_-mc x.z- = 13,605 ev

Length (1 fermi = 1013 cm; 1A« 10" cm)

r. = e?/mc? = 2,81785 fermi

.
i T -1
Mcompton “Te * Ted! = 28612x10°1] cm
S nr L Lzz s rgatt e 052917 A
me

derolcn Ilk. atom (Non. Rol.. ¥ = reduced mass).

H

(nt)

= 938,211 Mev/c?
1.007593 my

Rest mass = 1836.12 m, = 6.719 m

where m, = 1amu= - 0'® < 931141 Mev.

Magnetic Moment and Cyclotron Angular Frequency

= 3.1524 x 107'% Mev/gausn

= 4.7896 10° rad sec”/,

= -1.9128
neutron

A
2m ¢

2 = 2,79215;
¥p ) proton

1
Z%yclotron”

4

¥p

Table IV (co:

QUANTITIES DERIVED FROM THE MASS OF THE
CHARGED PION, m

« 139,63 Mev/c? = 273,26 m, = 0.14862 m,

Rest mass
Length
LU * 1.4132 fermi (~ VT fermi)

Natural (« “geometrical') Nucleon Cross Section
s -1

¢
"

2
+ 627344 mb (1 mb = 10727 em?)

(3/2,3/2)wp Resonance of mass 1237 Mev (Q = 159 Mev).
Center-of-mass momentum: p = 230 Mev/c
Lab-system momentum: P_ = 303 Mev/c (T = 195 Mev)

RADIOACTIVITY
1curie = 3.7x1010 disintegrations/sec
Ir =87.8 erge/g air = 5.49x107 Me
Fluxes (per em?) to liberate | F in carbon:
3 %107 minimum ionizing singly charged particles
0. 9; 109 photons of 1| Mev energy.
fluxes are actually correct to within &
Theist ol tws forai meteribil]
Natural background: 100 mr/year
"Tol-r-nc 100 millirem/week [ Note, | r may produce
to 10 “rem" (r equivalent for man), depending on
type of radiation. |

ntinued)

MISCELLANEOUS
Ph 1 Col
r e 3.1536x107 sec (v w X107 sec)

1y
Density of air = 1,208 mg/em? at 20°C

Acceleration by gravity = 980.67 cm/sec?
1 calorie « 4.184 joul
1 atmosphere = 1033,2 g/cm?

Numerical Constants
1radian = 81.29878 deyi o = 211828
n2 = 0.69315 |°.lo e = 0,43429;
2.30259; log)g 2 » 0.30103,

i fo
Stirling' s approximation

VTR ()" <n VT (20 04 ey )
Gaussianlike Distributions

For n > -1 but not nece.
- 2
2041 x! n 42
x! exp |- dx=2"nt o (]
G
Relation bet:
deviation

202 = wa?; 0 = 1.4826 probable error.
Odda

rily integral:

iV

n standard deviation 0 and mean

ainst exceeding one standard deviation = 2.15:1;
370:1; four, 16,000:1;

two, 21:1;
five, 1,700,001

*Based mainly on Cohen, Crowe, and Dumond,
not on the later corrections of Cohen and Dumot

BC. Sommertield, Phys. Rev. 107, 328 (1957) and A, Petermans, Helv. Phys. Acta. 30,

Constants of Ph: (Interscience, New York, 1957),

407 (1957).
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