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Table S: STABLE PARTICLES. January, 1969.
(Closing date for data: November 1, 1968)

From Review of Particle Properties, UCRL-8030.

N. Barash-Schmidt, G. Conforto, A. Barbaro-Galtieri, L. R. Price, Matts Roos, A. H. Rosenfeld, Paul S8ding, C. G. Wohl
Quantities in italics have changed by more than one (old) standard deviation since January, 1968
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Footnotes for the MESON Table

(f) Reported values range between 1% and 10%,_ and depend on assumptions on p-w interference.

(g) This w—e"e” value is the average from a m p = ete™n experiment (giving 0.0040£.0015% [+.0014% from possible pw
interference]) and an ete~— ntq-n° experiment (giving 0.0085%.0016%).

(h) This 0 meson was named n' on dis.covery, when it looked as if it completed the 0™ nonet. With the recent evidence
that the E(1420) is probably also 07, it is no longer clear whether n' or E or both are mixed in with the m n, K
octet; so the name n' may be misleading.

(i) Empirical limits on fractions for other decay modes of n' (958): ntr= < 7%, 37w <7%, 4w <1%, 67 <1%,
nTr-ete- <0.6%, nlete- <1.3%, nete- <1.1%, = 0% < 4%, wlw» <8%.

(j) Empirical limits on fractions for other decay modes of $(1019): n™n~ < 20%, ny <8%, n + neutrals < 13%,

‘|'|'+‘rr-Y < 4%, wy < 5%, py < 2%.

(k) Width of 1, (1070)>KgKg: Average value from two bubble chamber experiments is I' = (72+13) MeV, whereas two
spark chamber experiments give I'>100 MeV. The latter also allow a scattering length fit. It is not clear whether
the reported narrow (I’ £ 25 MeV) nTn~ enhancements near 1070 MeV have anything to do with the ng(1070).

() pm fraction of 3m mode difficult to distinguish because p bands cover most of the Dalitz plot.

(m) Empirical limits on fractions for decay modes of B(1220): nn< 30%, KK < 2%, 4m < 50%, ¢m < 1.5%,nm < 25%,
(KK)* 7°< 8%, KgKg n* < 2%, KgKy, m¥ < 6%,

(n) Although the splitting of the A2 needs further confirmation, we give the results from the two published experiments
that have observed a split A2. Since most experiments have only seen one, rather wide, A2 enhancement, we here
list its (''combined") properties: IG(IP)Cp = 17(2%)+; M = 129710 MeV (S=1.8%) S§),F = 94110 MeV (S=1.17) (§); par-
tial decay modes: pm 86x2%, KR 2.4 £ 0.5%, nm 11£2%,n'm 0.5£0.4% (5=2.17); ntn=n° (excl. pm)< 17%.

(0) There is only a weak indication for a K*K + K*K mode of the f'(1514). If this mode does not exist, the KK branching
fraction will have to be reported as (80 13)% (rather than (72+12)% as given in the table), and mwm as (20 13)%.

(p) See the listings for many statistically weak Y = 0 bumps with M =1700 MeV, seen in bubble chambers. We tabulate
here 9 statistically strong bumps seen with a missing mass spectrometer (m"p= p(MM)~) or in HBC or counter
experiments on NN elastic scattering or total cross sections.

Name 1 M (MeV) ' (MeV) Decay Modes Observed
R1(1630) =1 163015 <21 1/3/>3 charg. part. = .37/.59/.04
R2(1700) =1 170015 <30 1/3/ >3 charg. part.= ,43/.56/.01
R3(1750) =1 1748 15 <38 1/3/ >3 charg. part. > .14/<.80/.15 } (MMS)~
? ( NN(1925) 0,1 ~ 1925 =~ 40 structure in pp backw. el. scatt.
[ 5 (1930) =1 1929+ 14 <35 1/3/ >3 charg. part. = 0/.92/ 0
? | NN(1945) 0,1 = 1945 = 22 structure in pp backw. el. scatt.
. | NK(2190) 1 2190+ 10 =z % 85} structure in NN total cross section
: T(2200) =1 2195+ 15 ’ =13 (MM)~ = 3 charged particl. ® 94%
NN(2345) 1 2345+10 | R 140} structure in NN total cross section
l U(2380) =1 2382%24 > <30 (MM)~ - 1/3/>3 chrgd part.#30/45/25
NN(2380) 0 2380%10 =140 structure in NN total cross section

There is no evidence on the G, J, or P quantum numbers of these bumps (apart from the suggestion of £ = odd for
NN(1925), £ = even for NN(1945)), nor is there satisfactory agreement between them and the other bubble chamber
claims. Further, the 0tot (NN)bumps are broader than the (MM)~ bumps, and there is no evidence for or against
their interpretation as resonances.

(q) Taken from compilation by T. Ferbel, Proc. 1968 Philadelphia Conf. See the data listings for averages of the values
given in the literature. Also see B. French's review of Mesons (Proc. 14th International Conf. High Energy Physics,
Vienna (1968), p. 91) for possible differences between M and I' of charged and neutral ppN(1650).

(r) See note in listings. Some investigators see a broad enhancement in mass (Knw) from 41200 - 1350 MeV, and others
see structure. A further bump at 1280 MeV, I' = 80 MeV, has been suggested. In light of this confusion, the
masses, widths, quantum numbers, and branching ratios are at best tentative. For the mass region 1200 - 1350 MeV,
the decay rate into K*(890) w is large, and a Kp decay is seen. The Knm, Kwand K rates are less than a few percent.

(s) This n' = Yy value is from a constrained fit under the assumption that mmm, 1-r+rr'y (inclusive poy), and yy are the
only existing decag modes. Note that direct measurement of the m' — yy branching fraction gave the slightly differ-
ent result of (5.573:8)%.

Mixing angles from Quadratic SU(3) Mass Formula: 0™ nonet (r,K,n,n')0 = 10.4° £0.2°; alternative 0" nonet (m, K,n, E)
6 = 6.2°£0.1°; 1~ nonet (p(m = 76515 MeV), K*, ¢,w)0 = 39.9£1.1°; 2+ nonet (A2gy, Kp(1420), £',£) 0 = 29.9°%2.2°.

A

%

op

Footnotes for the BARYON Table

Quoted error includes an S(scale) factor. See footnote to Table S.

For decay modes into > 3 particles p,,,y is the maximum momentum that any of the particles in the final state can have. The
momenta have been calculated using the averaged central mass values, without taking into account the widths of the resonances.
Square brackets indicate a sub-reaction of the previous unbracketed decay mode.

J is not known; x is Tg1/I.

This is only an educated guess; the error given is larger than the error of the average of the published values (see listings for
the latter).

For the baryon states, the name [such as N(1470)] contains the mass, which shifts by 5 or 10 MeV with each new analysis.

We can't keep up with changing labels in the card-listing section, so we don't try. The name (col. 1) is the same as can be

found in large print in the listings. The best current value of the mass (col. 4) is what we use to determine the beam parameters,
M2+ I'M, c.m. decay momenta, etc., that are found in other columns.

An arrow at the left of the Table indicates a candidate that has been omitted because the evidence for the existence of the effect
and (or) for its interpretation as a resonance is open to considerable question. See listings for information on the following:
A(1690P33, N(1730)Dg3, N(1860)P, 3, N(1980)Dy3, N(2080), N, (3245), N(3690), N(3755), Z4(1865), Z,(1900), A(1327),
A(1745)Pgy, A(1750)Sgq, A(1860)F o7, T(1440), 3(1650)S44, Z(1780), =(1880), and =(1705).



MESONS. January, 1969

Change in Notation. The subscript N stands for "normal spin-parity series' (JF=0%, 17, 2%,...), A for "abnormal" (7P=0",1%,2",..

Quantities in italics have changed by more than one (old) standard deviation since January, 1968.
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have. The momenta have been calculated using the averaged central mass values, without taking into account the N £ g "
widths of the resonances. . 5 ‘o 8@ |8
E] E03
M(MeV) T (MeV) ol s loa? 1% WRE |3
, T T b b - aid e oS Sa gl £
Py 7606 112412 } frome'e” = nw ", fits with energy- S oA RG [eHy oM dge o
¢ Lrom . B Y . et
(c) The values given for M(p) and T'(p) and their errors P /049 105420/ independent width X o R I
are not average values from various experiments, 0’ 105215 } from wN=-nuwN, mn phase shift 39 © a1
but rather are intended to give the range where we e 755£5 110 9 | analysis with Chew-Low extrapola- + ) V1 -+ o I E o 2 E
believe the actual values are most likely to fall. tion, and energy-independent width Lo g HlgtE o el 5
N e results 5 i A _ S ! & 7 V— g o
Contrast the results tabulated in this note: pT 76742 135210 similar, but energy-dependent wiath | ¥ & [I7 T ¥°§ |3
and off-shell corrections g3 B iss L
. o 2.9
o7 764%2  147#4  from tN—nmN, fits in phys. region, 3@ oo Yo% | ¥
energy-dependent width. 2% ! 5 e g
Energy-independent width is a narrow-resonance approximation which tends to give lower mass and width. Thus an P2 T PR A I I 2C
analysis of all e*e”=n'*r~ data with Omn&s' formula and energy-dependent width gives M = 77044 MeV, I' = 1226 MeV R -] z ~ - & g8 o2
(M. Roos, priv. comm.). S S -
= S {m
(d) The quoted value of the rate p° -~e'e- is the average from two ete~—+n*n- experiments (which alone give an average - EE _ 5 PR ';§
of (0.0060+0.0006)%) and one photoproduction experiment of high mass resolution, Interference effects with w decay ) S a 't o9 G | Ba
are hoped to be small; 36 x|t '8 ‘é'g.g‘é 28
(e} Warning: The values given in the literature, and in our table, for the rate p°— p*u~ may be somewhat too high, due Lt 2V s 'Sk ZEH3 |BHa
to possible interference with o decay. & Aa m S 't
-

(Footnotes continued on the back of Table S)
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Partial decay modes 0 oo wolomlme g
P Beam m, K 2 2 ~+ gnaglagisrag
Particle or (I (BeV) Mass r MM Fraction porpl .. 4m - R b
resonance | =estab. _ (BeV/c) (MeV) (MeV)  (Bev2) Mode (%) (Mev/S}*™ (mb) "
15}
P 1/2(1/2%) 938.3 0.880 See Table S o N o
n — 939.6 0.883 3 g oelemls a1
N'(1470)  1/2(1/2) Py, T=0.52mp 1460 260 2.13 Nr 55 412 28.8 = |8 SESSIGE ERR gl E
ey p=0.64 £0.38 N a5 360 P avu|lfal v ww ©
[No]? [domin] 271 n n
[An]2 [seen] 162 E IS
S S
N(1518) 1/2(3/2')1)13 T=0.60 1515 115 2.30 N 50 452 23.9 b b
_— p=0.73 +0.17 N 50 406 - [ ¥ ] Il
[A(1236)x]?  [domin] 219 i SULRLA| ui< | v = W 1l
Nn ~ 0.5 137
N(1550) 1/2(1/27) 8, T=0.62 1525 80 2.33 Nr 35 459 23.1
_ p=0.75 0,12 Nn 65 161 g | R -
Nrrm small 414 sl ne “e P~ N~ 0 e,
No |« 3|+
N(1680) 1/2(5/27) D 1675 145 2.81 Nr 45 564 15.4 E H EI ] “ 3
—_— £0.24 N 55 530 =
[A(1236)r]™ [2] 361 =<
AK <1.6 209 =
Ni <2.5 374 . -
N(1688) 1/2(5/2%) F . T=0.90 1690 125 2.86 Nr 60 574 14.9 < i~ S |7 «
- p=1.03 £0.21 N 40 540 3
[A(1236)7]? 21 374 o
AK <13 34 =
Np <1.5 390 oo
N' (1710) 1/2(1/27) S, T=0.95 1715 280 2.94 Nr 65 590 14.0 | A& « I
R p=1.08 +0.48 4dldm | o s |o ~
R B ] a = ~
= N'(1750) 1/2(1/2%) Py, T=1.08 1785 405 3.19 N 34 636 12.1 Palie] i 2 I8 2
R —— p=1.21 £0.72 AK scen oo
N(2190) 1/2(1/27) Gy T=1.94 2190 300 4.80 N 35 894 6.21
- p=2.07 +0.66
N(2650) 1/2( 27) T=3.12 2650 360 7.02 N (J+1/2)x=0.45P 1154 3.67
— p=3.26 #0.95 PN - -~
) QY el o e -
_. N(3030) 1/2( 2 ) T=4.26 3030 400 9.18 Nu (J+1/2)x=0.05 1377 2.62 R N
L», — p=4.40 +1.21 MIRREIR t & | S ‘ -
~ S~ [N ~ ~ ~
A(1236) 3/2(3/27) P4y T=0.195 (i4) 1236.0 120 1.53 Nr 100 231 91.9 A R - ©
—_— p=0.304 +0.6 *2 +0.15 Nrta~ 0 89
mg-m, = 0.45:0.85 m _-m,, =7.9%6.8 Ny ~0.6 262
g |8 S
A(1640) 3/2(1/27) S5, T=0.80 1630 160 2.69 Nrr 25 533 17.2 & @ |3
—_— p=0.93 +0.26 N 75 = hay P ) f
T I [T o]
A(1690) 3/2(3/27) Dy, T=0.87 1670 225 2.79 N 15 560 15.6
[ p=1.00 £0.38 T
A(1910) 3/2(5/2%) Fay T=1.27 1880 250 3.53 Nr 20 697 10.1 « o | & 218 |g 8
R p=1.40 £0.47 o | S |w |+ E
2(1930) 3/2(1/2%) Py, T=1.37 1905 300 3.63 Nr 25 713 9.62 2
— p=1.50 +0.57 -
A(1950) 3/2(1/2") Fy, T=1.39 1940 210 3.76 Nrr 40 735 8.90 -
_— p=1.52 +0.41 =K 2.4 450 roorom| on| conm|o o | |2
T(1385)K 1.4 215 IRINIL 3T IRRST S K (8 |2
A(1236)7 =50 564 -l
A(1236)p scen
A(2420) 3/2(11/2%) T=2.50 2420 310 5.86 Nr 11 1024 4,67 "
- p=2.64 £0.75 Nrme > 20 1007 A =R
A(2850) 3/2( 21 ) T=3.71 2850 400 8.12 Nr (7+1/2)x=0.25> 1266 3.05 s |8 |
p=3.85 *1.14 wownanlonlowon|k Ik |k
SESLTTIRTERSVIE (B |
A(3230) 3/2( 2 ) T=4.94 3230 440 10.4 Nt (T+1/2)%=0.05 1475 2.24 DR D s
p=5.08 1.4 IR
A o(1/2%) 1115.6 1.24 See Table S I
EE
o
A(1405) 0(1/27) 8¢, p<0 K'p 1405 40 1.97 S 100 140 R
£5¢ £10 £0.06 EEE T R E A L
A(1520) 0(3/27) Dy, p=0.392 1518.8 16 2.31 NE 4554y 235 83.6 ASSHAR| A< Z<WIl 2 2
_ £1.5 +2 £0.02 S 4524 . 258
A 101 251
Ay 0.9+0.2 350
A" (1670) 0(1/2')501 p=0.74 1670 25 2.79 NKR 14 410 28.5 g Rt R Ay -
£0.04 An 33 66 ] pRI IV bo|les|es
= 45 387 H # + #H
A (1700) 0(3/27) Dy3 p=0.78 1690 40 2.86 NK 25 429 26.1
— 0,07 o 35 403
A = 20 419 9
Srn ~ 20 350 8% g |8 e |8 |% e
A(1815) 0(5/2") ¥ p=1.05 1815 75 3.30 NR 65 538 16.7 e
£5C +10¢ 0,14 o) 11 500 =
I(1385)x 9 359 =
An ~1 346
o3
A(1830) 0(5/27) D p=1.08 1830 80 3.35 NR 10 550 16.0
> P %0.15 S 35 510 w0ih w o o |w [w |2
- O H =3 [l i u o o
A(2100) 0(7/27) Gyp p=1.68 2100 140 4.41 NE 30 748 8.68 S S g I I I
. £0.29 ot 4 699 =
An <3 617
= ~1 483 . . .
Ao <10 443 K I I
= i
A(2350) of ?) p=2.29 2350 2140 5,52 NK (3+1/2)x=0.6° 913 585 | & N SRz e
- Scen in total c. s. £0.49 S <5 ool E
T ) ) N ]
" av
s 1(1/2%) (+)1189.4 1.41 Sce Table S B S ] e
(0)1192.5 1.42 [ I
(-)1197.3 1.43 o o | A B
= . ©n [
£(1385) 1(3/2*)?13 p<OK'p (+)1382x1 (+)363 1.92 Aw 9043 208 o [ @
_— §=2.1% +0.05 =m 10+3 117 - |2 . = .
5=4.8%1 () 138843 (-)38%8, $=3.7 s=1.4% ~ NS o o le
Q8 o
2(1610) 1(?) p=0.62 1615 65 2.61 NK small 355 37.9 g EON o - | =
£0.10 A domin. mode 406 = = DY Rl
=(1385)n scen 174
2(1660) 1(3/27)D 4 p=0.72 1660 50 2.76 A(1405)n large 197 _
Decaymodes of these two states not separated yet, 008 NK small for both 400 299 3 28 28 |2
(1700) 102 ?) p=0.80 1700 110 2.89 Ar Targe 70 5 S NI
- +0.19 = not disentangled 411 25.1 q e aoln A
(Footnotes are on the back of Table S) tt
MESONS & BARYONS MESONS & BARYONS




/1= /N | =y

(Jpigmymyliig I M

T-iy -3
1 2
(-1)
(1963)

35, 916

Phys.

Mod.

Rev.

ISOSCALAR FACTORS
de Swart,

SU(3)

adapied from J.Jd.

2/8/ (AR By

[z &%

I=1 2%- =4

2=x"'l=0

UL o=12- =121

2/g 2/gh- | =
m\% N\% B
= ¥
o1 & |¥h

TG 4o Ayrorydiyng

W U W T
/g~ g/ o / 13 ¥/%,
N\% N\Wm B /SN - WL /9N Ve
a T Tery /8N WTN 0T/SSAL- WI-
Lz F = =
e PR SO R
- - =
= t=71 1-=4
/o8N €/g o/ 9/g/N -
R S1/Q egN  GEN (AN
N\&/ [ASINL! w\% 0 ol0gr- wIN | = /UM G/SIA- | =
[ZA SR 74 7AdN IS sI/08N /8N Ol/Gie- 9gA-| 3 G/ST/N ¢/0I e
- + [ * = = Fs = 7
1 g |3 _ s o e 3 Rl 8 Iz -3
Z2=1 0=4 W 1= 0=4 <—— <ol~ 0=4
/1 ¥/ ¥/QL A
v/ - Em\w ¥/§ vl /YN - g/gie- | I
v/oLN P/ /1= v /g T g/8/N v
ot iz & "' i z 3
\V =71 1=-4 = N §=7 1=4 -

‘14 8le *mm.ﬁ Yyyim 8aiyy ayy y- si w\.m* 3y} Ajuo !pajyiwo sle sa|ge} jusldi}}a0d s|duls o4

{8} & {o1} @ (L2} @ {g¢} = {01} ® (8}

N N AN
g 0
) |
) N~ 00BN
fim SO IS N~
o N N
ks M Il I : [~
o N B
~ — ,
© SN N B il = B =
MR f [ N R I
1 ~ ~ /V
= NN N3 U o
= 4 N0 NN T y ' [ Ng
2 STNEEE =N e &
o—.m 3.|_. Z_ o+ NN NN ////I_ o
— P B N we oA =
] 2 g NN~ inpling PR A -
e
Z Jrogen DSy SR ' SRR B ’,
\ S R NN AN 8
~o x> ixcs iy iy SRR 2,
SN RS [Nl [ | ) iy
RO RSN TR AN P e 5% —
PO ENNN ) Sl — ™ I 1
s + h [ + = == NN ll/ m
NN oo o~ N o e N —
) NN NG i | MR RS ) A g
N& &N + | Sl sgle 2 .
Z Sy B S
Ols NN oo NN | N SN KAl DRSS -
e ~ |~ ~1 —_ iy
= RN e <J'* NN |[NMMOf— © — ~
R_ + ~NESE N ~— |~ +
<% NANINE ~i > =TT
@ — &=
T WA — N+ - SSVVy M
S RS o B IR == I s kg [
0 —_ -
a2 P oy oy N i ey I
<3 + [ ﬂ + v N N
) |
e~ — NNnjo o ey =
O ~ 1R o) NN o~ | 22
rs: =" el el
— S o =x<]
w " N o o IO FEEN Rk
- + 1 s QNI 1SS o
I . x © I P R e
il v S| SEE g ke
I o~ < © PN IV Pr ~N O
S; o ~ ~ |~ + + NS
o S o R Bt —_—
Dm @ o = 5:.J:._,
0w
Z S =y =] NN o= A |-
S et =t wie -1 - T
<& v « 1_7_ i N A O 0 —
@ < N ©o of—o~—~
n e s wlE I Dl —~ o~ +
0 o e oo -— -+ halaltag
E @ “ Y ~ e ey
Z ] 9 x I )
wel o -k o 7 IR
+ o~ ~
aw e " N ﬂl o
>
= ¥ l ' N o 00w
W > " > MO N
F o P — 0N~
" - NN cof—o —~ N[~
_._._d oo Rl —— O~ ~ + - N
o © >~
—~ o™ il NGO ~ —
om > ! e~ H.Ol_. — = [~~~
(O SR ' [
b SIS - (oo _
S
Z e ; i I o A ENSM o
< > SRR B f i,
RO SN 1 [FARTE) kB
Dw Ralnll Kol N = — oo ~~>]"
" ey
mo Rl ol< ~ oo B o~
Ll N o~ — -
Q" - G i | e R |
o |
I~ NN o ~ N A
AU SRR N I SN G Ry e oo ] .
T N B A= = RN N O SS *
< - + [ N £
Q [ NN ] —o NN (o
0 3 il SS-IREY Pl BN
o 2 e e 0 GO == - + + = ° 3
o -H+x_ pr— - b+ N ENE [ Enl - —
w =z ZUU N = v + A+ + N — ﬁﬂ - . 5
'+ o~ s ~ + ~
= ~ Il o g [ x §% == "
(@) ~—F+ K — - SEEE B g
— = —_ o~ + + -
+ + —f— o ~
X . X - -— -
— p— —
o~ X +
~ —
— —

pue *Zw Fuiajoaul ‘sisyio ayl

- = ( a__xzv "ty ‘jus01}}800 8Aljedau e
*
sey ﬁ*c; e BUIA|OAU| 3UO Byl P8} W0 aie S3|Oe} JUBID14}300-3(3uls aA|y L

‘(1) @ t{s} ® '(8) ® L.01) & (01} & {2} = (8] ® (8}

<y @ﬁvi JO peojsur T ® 2y 9SOYD OYm 9STd 2UOSWOS 29Yd 03 A13 nok
UdUYM SI9JUD 1T {SUOTIIRINO[ED JUIISISUOD-J[dS UMO InOA SUIOp 9I® NOA JT JUBASTSIIT ST 1030BF STYL
1214
(Aifna) L (em)Fy = (%)
I-°I+"1
H(¢"¥1) BIMWIO} AIjowruAS STY OJuT SI0JUS ‘I OIQEL S JABMS Op W0Iy ‘JF = '§ 1030e} eseyd oyl
e/1- T/l [ %27 01/8/M ¢ =Uu
Z 1 T/i- 0U/SA-  oU/9NE | vw
e/g/S ey | EE /1 /1 o:w\/m o1/&/ =L
AR A AN oﬂ\w\\uml A
P 5 % s E
= - = e—— —
F=11 A = =1 1 1 -
= = 0 /g 01/08/M| zu -
b8, BROBEN T [o Tug s el o
- £/9, 0 z z
w%\ﬁ w\% o\w\\//u or/oeM— /YN | Nd e/g/~ T/1-  Ol/QLM— OL/SLA- | NA
99N 99N WO or/oEN - Y9N | = [AZANA¢ o101 o_m\_\, =3
= - N -~ + - 1
|01 ot g sk 3 |7 8 1 & Iz 3
k4 1=1 0=4 - v 0=1 0=4
g=v'2=x ‘lI=e
Z/1- Z/1- 0/g/N-  Ol/9ie tLz 40 Ayroigdiying
T/l /1 o:m.Wau o:w“//m _
oy Y /1= /1 0U/&/re- OU/EN - %8
g WYy | A z/1- T/t ogire  o/GN -
F*% o % sk & |5 .
=7 1= | +-——— ¥=71 1=21
G+ e ae o}V N - .

. 2=

.




AJA EET - 8¥1d = (Id)L
A39 6ET" - aVld = (1d)L A3A 9€T - 8v1d = (1d)L 08ET
69°¢ 1L°6 1L°6  »S°TD 1611 0611 0°0L 896 62Z0T %S0T 9601 9692 %»ESZ wivZ 69%2 08LZ mwm wmw me Mww mwww MMM“ www“ MMWM 0961
8b°s 0$°6 0§°S  ZI1°11 OI°11 80°I1 0°49 €96 5201 0601 2501 6892 LZST L9%Z 29%2 09.2 Zlc $59 619 289 861z 2661 1681 €431 0bEl
9275 8z°s BZ'S  69°01 99701 §9°01 0709 855 0201 G¥D1 8501 2892 0252 6G%Z 542 0%LZ 3¢ 8¢9 €29 929 161z 1veT 1481 2€31 O0Z€l
¥0°6 G0°6 90°6  G2°01 12°01 dc-al 046 ¥S5 9101 THDT €501 9292 21SZ 2§vZ 9vhz 0242 6o 169 999 699 b8tz ZE€61 1¢8l 2Z81 OOET
08*% 18ty 28%%  BL%6 bl6 EL°65 070§ 6%5 1101 LEOT 6EOT 6992 S0SZ 4vv2 6€92 0042 A3W ZET - 8Y1d = (1d)1
. B el e . A3d 9€T - 8v1d = (1d)1 265 »29 099 €99  L.1z €261 1231 2131 0821
01ty 21t 2itv 8576 SS'6 bS5 0vdy 9bs  L001 ZEDT »EOT €992 86%Z 9€vz 1€vZ 0832 Che 519 c99 9¢o  o0ilz 5Tel 118l 1031 0921
D9y 29%% g9tk BEREGECE - RETS 079 0b6 2001 8201 0EOT1 9692 0642 62¥Z €2%2 0992 Gec 119 999 069 €91z <061 0081 16L1 0%zl
06y 16k 26*%  A16 E1%6 Wl O7hE SE6 866 €201 S201 6492 €8¥Z 12vZ SIhZ 0492 16S %09 6£9 €59 95Tz 9681 0621 0841 0221
BE*s otk S Tvsb S BEREwETE S E6TE 0 TEy 0€6 €66 6101 1201 €¥9Z SL%Z E1v2 802 0292 vze 160 €69 969 bb1z 1881 08LT OLLT DOZT
gzcy 0€ty T€Ty JL°8 €178 2Lt3 0TOY 9z5 886 H101 LI0T 9€92 89%Z SObZ 002 0092 A3 TET - 8v1d = (1d)1
3o eelr s v L L AN €T - Bv1d = (L1d}L 116 065 929 629  2viz LL81 69LT 6SL1 0811
Ll®y 61°y 0Z°y  65°8 15°8 06"3  0-8€ 126 »86 01D ZIOT 6292 09%Z B86EZ Z6EZ 08SZ 316 €BC 619 229 S€1z 3981 8si1 8vLI 0911
90°% 80"y 80"y €€°8 62°8 12°3  0°9 916 616 SOOI LO0OT 2292 €S%Z 06€Z %8EZ 0952 206 sic 219 919 621z 6681 85L1 B8ELL 01T
Y6°€ 96°€ 16°€  01°8 9078 %0°3  0°vE 115 Sle 1031 €001 9192 SvvZ 2BEZ 9162 0452 cev 89c <09 609 2212 0¢BT 1641 1201 0211
SO OR Y MG S0 S0 SN 4 906 0L6 965 866 6097 BEMT HLEZ 89ET  0TST 89y 195 855 109 SIlz 0v81 9221 91L1 0011
697€ 1L°€ ZL€  Z9°L 8S°L 9G°L  07OE 105 696 166 466 2092 0€hZ 99€2 09EZ 0062 AJd TE1 - av1d = (1d1L
M el T L A3d 9€1 - 3vd = (1d)L 18b €56 185 v6S 801z 1€81 91L1 SOLI 0801
IS S N T T S S L58 096 L85 686 963l E£Che BSEC ISEZ 08NC €lv 9%G €8S 18S 201z 2281 SOLT w631 0901
RN 0 Oy DS S S N 263 96 285 wBo  6BST slve 0SEC  hhEZ  09vC 994 8ES 916 08 G607 2181 691 €891 043T
SR ONEL ORID o oun NG o L83 1s6 Li5 086 2862 LOvZ ZYEZ 9EEZ ObWZ | gy 1eg 695 €15 BBOZ €081 €891 2L3T 0201
TS BoE fove iawe ve-e 533 05 €RI 9%e e GE6 T SLGEJ0we SvEEe @zfe Ocve T6v €25 195 695 2802 w6L1 2L9T 0991 0031
66°2 ZO"E E0TE  LZ°9 ZZ73 2Z°3 07 LL3 b6 895 O0L6 3952 26€Z 9ZEZ 0ZEZ 00WZ R34 0ET - @vid = (1411
. RER 3 S LTI L - Add GE1 - 8V1d = (1d)L Evy GTG »SS 8SS  6L0Z %BL1 1991 6491 086
i wesz &6t elrg L0798 R0T9 = O0F6T ZL8 L€6 €95 996 1957 wBEZ 81€z 21cZ 08 ety B0C 9he 066 6907 6.1 6591 8EIT 096
€8¢ 98tz Lerc le7s Te7e eeTi 0l L33 2€6 685 196 5657 LLEZ Q1EZ HOEZ 09EZ 3z% 006 BEG ¢hS 2907 S9LT 8EIT 92T 046
SLig LilzoBliz 1elE sil tlr 04 273 126 %S6 956  8vsz 69€Z 20EZ 9622 O%EZ | O34 sen 1fc coc ooz 3es1 1291 S131 026
16°2 092 19°2  Lv°S 1v*s 6E'S  0°G1 158 226 6v5 1s6  1v6Z 1962 v6ZZ 8822 OZEC 2th oy tsc 13 seds 111 £191 £o31 006
239 BE1- - 8v1d = (1411 253 16 wv6 1v6  bESZ ESEZ 9822 0822 00EZ A3n 621 - avid = (1d)L
€5°2 95°2 1§°Z BE"S 2E°S 0€°S  §°wl 434 GE1 = 8¥1d = (1d)1 w0y GLy SIS 61s €402 LELT %091 1651 088
8v*z 1672 25"z DE*G vZ's 125 0°nl 9v8 Z16 6E5 zye  Lzaz 3her Lizz 1l2Z 08ZC 96€ L9 106 116  1€0z 32L1 2651 6L5T 098
€v°Z 9v*Z Lvez 1275 §1°s 21°s  GTEl 1v8 L06 YES L€6 0252 BEEZ 6922 €927 0972 BBE 654 b6y €05 1€0Z 31T 08ST [951 043
BE*Z vz Eb"z  21°G S0°G €0°5  O°€l 9€8 Z06 0€6 zE6  bISZ OEEZ 197T 952z Dbl 28 0G% 06% S6b G202 50LT 6951 G651 023
€E°7 9€°Z B8EZ  €0°S 96 w6  S°Z1 TeR L6826 LZ6  L06Z 22EZ €5zZ 9%eZ 02 ZLE 2hy 23w 98% 6102 5691 1SS1 €vsT 008
N39 EETe - BY1d = (1d)1 928 268 0Z5 226 005z “w1€Z ywez 8€2Z 0022 JETA S R
82°z 1€°2 €€°Z  €6%% 98y »weTh  0°21 A3 el - 3vid = (1d)L ¥9E €€% blh 8i%  E10Z 0691 S¥ST T€S1 081
€2°2 922 BZ'z 43y 1i°w 4ty S°l1l Tza 188 Sl6 LI6  €6bZ 90€C 9€ZZ 0FZZ 081Z SSE %2% 9% OLh  L00Z 1891 €€S1 6151 09L
81°2 12°2 22z bL'h L3y 49'y  0°11 s18 zes 016 zl16  98ve 8522 Lezz 1zez 091C | jye o1y LSy T19% 100z 1491 1251 90ST OvL
21°z 91"z LI'Z  %9°% LSy 4Gy 60T 018 L8 S05 (D6 elbz ObZZ el2Z €lzz 0Y1Z 6EC 90% 847 26% G661 2991 60ST byl 0ZL
107z 012 2ZI°Z %5 9v°y Eyy  0°01 §08 zi8 005 z06  zlvz 282z 1lzz  hOzz 0212 OEE L6€ 6E% Evy 6861 ESIT 9641  18¥T  00L
A39 6ET° - @vld = (Id)L 65L 998 563 ;mm._ MMNN www.w -Nwwm:oiu ootz A3d G21 - 8Y1d = (1d)1
. . . : . . . - = Z2€ 88 Otk ey K86 4491 »BYT 89¥T 089
05 20-% 10-3 ones seen teen bee v5L 198 068 268  BShZ 992¢ weélZ LBIZ  080C €16 6LE 12% 52y  BI6L YE91 2l%1 95yl 099
00°z €0°z S0°z 1vv E€Ew 17y 4o6 681 963 83 188 16vz 352¢ BIZ 6.1Z 0902 oe i min gty el v oL onn
o 10l Goes liww Esen 3een e €30 193 613 283 hwwz 0622 9112 0L1Z 0¥IT e o ahn 1on  ioe1 3501 ome1 oel 0sd
A ) . . ) . B BLL S%8 wl3 L18 LE€vZ w2z 391z 1912 0202 Tos Dot ot ot zanl 1091 weet o1n1 009
Tl e here —avie caan 0 ZIL 0v8 693 ZLg D0EvZ wegZ 6S1Z  €SIZ 0007 Fan bz v = ran
" o AJd GET - 8V1d = (1d)1
€61 936°1 86°1 62%% 02°% L1°% 8°8 BL2 1%€ £B8E BBE 2961 8651 12%1 £0% 1 286
. . . . . . . 190 S€8 %93 198  €2we 9zez 0slz  wylz 0851 v
06°1 ve'l S6°1  %2°v 91°v El°h 973 19 628 668 198 91vz 11¢¢ 2viz S€1z 0951 www wmm mwm wwm wmw“ wwmﬁ Mmmw wmm mwm
BETT 26T N EBRL S 0csy LIk g0t et 9L wz8 €58 958  60vZ 5022 €E1Z 9212 0461 08 BIEEIESC Lyel el seEl i ok
$871 87l o7l sl7y L7y ho7y 278 061 8T8 8%3 1s8 20ve 1022 weiz Ll1z 0zsl Y aE e oane trel Ly Gy aher Sl
SRR TR L S vyl €18 €v3 Gv8  S6EZ €612 511z 8012 0051 an oot Geay S
. . - v L6 -t . A3d YET - @V1d = (TdIL €67 062 2€€ LEE  EE61 »SST 9GET GEET 08y
DLl 25-1 to-1  20-» Co-f fa-E 0wt 6L 808 LEB 0v8  8BEZ »31Z LUIZ 0012 0831 w2z 612 226 126 6261 9vS1 2ZhEl O0ZEL 09
SL°1 6L71 18°1  L6"€ 88°€ 8¢ vl €EL z08 2€3 €3 18€2 9LTz 860T 1632 9931 w1z 89¢ 116 91€ 251 JEST 6ZET 90l Oby
2L°1 911 821 2Z5°E €8¢ I8*E  2°L L2 961 123 62R  bLEZ B91C 680Z 283¢ 0431 S0z 852 02€ SOE 1261 0661 SIEl 2621 0%
OL°T wL°1 SL°T  LBT€ BLTE SLTE 0°L lee 16L Tz b28  L9€z 651z 0802 ELd¢ 023l 961 Lvz 837 62  L161 2251 ZOET 1u2Z1 00%
739 BEl* - B¥1d = (1411 91L 8L 913 818 09£2 15Tz 1.0Z 902 0031 234 ST1 - av1d = (1d31
19°1 1L°1 €L°1  €8°€ €L°E 0% B8°3 A3d BET = EVEd = (1611 981 S€z L/2 282 €161 »IsT 8821 2921 08E
¥9°1 89°1 OL°T BL*€ 89°€ S9°E  9°9 01, 6L 013 €18  €SEZ €h1Zz 2907 HG0Z 8Ll LLT b2z 692 1Lz 0151 L0ST w12 LyZl 09%
1o°1 o1 191 €i-€ ot serr  nea wOL wIL G608 108  9bEz WETZ €507 §vdZ O9LI TSl b1 e tes 901 50el 1951 zesl ome
) . . . . B 869 89 661 208 bEEZ 9212 €402 9€0Z OvLl 5e1 105 Tny o coo1 sl Lozl i1s1 ose
BSll Eoll vatl  BRlE BSTE helE 117 759 290 €60 96L 2€ez L11z w€dZ 12)Z  02LT 391 631 827 vez 0081 98n1 ceel 1021 00f
SN T M T AL 939 9s. BBL 6L SZ€z 50T SZdz 8132 00Ll R34 101 - av1d = (1d)1
2671 1S*1 66°1  BS°€ Ly'€ Ev°E  8°S A3d vEL - 3V1d = (1d)1 8ET 8.1 §12 222 1681 0Byl 6121 9811 082
6v*1 61 951  25°€ Zy*E BE'E  9°G 083 1sL zglL S8L  8lEz 001z 9107 8097 0831 621 991 202 602 %631 »iv1 90Z1 0L11 092
9ve1 1€+ €871  Ive€ 9€'€ zEvf  veg 9Ly GvL 9LL 6LL  T1€2 160Z 900z 6551 0991 611 €51 681 61 2681 39%1 2611 %511 0%2
€v1 Bht1 6vt1  2Zvt€ TE€%€ L2°E 276 899 6€L OLL ELL  bOEZ £BOZ Lb61 6851 0491 601 1v1 sL1 281 6831 291 8L11 LE11 022
0v°1 %1 9%°1  9€%€ §2°€ 12°¢  0°§ 297 €EL SIL B9L  96ZZ bLOZ 386T D951 0231 66 621 191 £91 1831 (S%T §OIT 1211 002
A3 BET* - BVId = (141 959 12 6SL 29L 682z 590 861 0LST 0091 N34 26 - Guad = (1411
961 1v°1 €v°1 T€°€ 6I°€ SI°t  B°% A34 EET - d@v1d = (1d}L 26 911 L%1 €51 5831 €S»1 2511 %011 081
€E°1 8E1 0v°1  SZ°€ E1°€ 50°C  9°% 089 12L €6L 95L 2827 LS0Z 6951 1951 085l 28 %01 2El BET €831 5v%1 61T 1801 091
62°1 b€l 9€°1  6I°€ LO°E £0°E %°% €y3 SIL Lyl 06L  Glzz 850Z 6561 1651 0961 0L 16 LI €21 2831 ShyT L2IT 6991 0¥l
92°T T€°1 €E°1  »I°€ 10°€ 96°2 2% LE9 60L Tyl vyl 39ZZ SEDZ 05T Zvsl  0vsl 09 8L 101 L0T 0831 1IyvvT 9TTT 18T 02T
2zl 2271 62°1  8)°€ S6*Z 06°Z 0°% 1€9 20L SEL BEL 192z 1€0Z Ov61 2651 0251 25 59 68 15 5131 5€»T SOTT €€21 00T
239 161+ - avid - (1411 v23 969 62L 2EL  wS2z 2207 0661 Zzsl 001 AT4 BC - 3WTd = (1d)1
81°1 »2°1 92°1 20°¢ 88°C &8°Z B8°f A3d €ET - 8v1d = (Id)1 ov 25 89 4L 8181 3€v1 9601 SIOT 08
wIs1 02°1 2z*1  96°2 28°2 1L°2 9°% 819 069 €zL 9zL  LwzZ ETOZ 1z61 ZIs1 08v1 0E 6E 25 95 131 eyl 6RIT 965 09
. . . . . . g 219 w89 114 02/ 0vZZ »00Z 1161 €05 09v1 0% 55 & g MEU N e e S
E A O A A 4 $29 119 TiL 1L efzz G661 1061 €631 %91 | 31 1,1 o 131 €91 6101 85s 07
. 55 119 %L 801  9zze 9861 1681 €83T 0ZvI
€071 8071 0171 itz 19te 3ste 07 See 59 505 T0L evce Lie1 lsal €131 0051 e 0 00 LLBT Zevl BLOT sEs 0
ad  dy 9 ad  dam 2 dd  dy de  do dd dy  de  da dd dy du da dd  dy du  da
(3/A34) (A3H) (37A3W) (3/A34) (A3d) (3/A34) (9/A34) (A3N) (278301
- (SW))d=-—=== --SSVW INVI¥VANI--(8vN)d [ --===== (SAD)d=mm=-==  ~==SSYW INVIWVANI-=-- (AV1)d | ==-===(SAd)d==-== ==-SSVA INVI¥VANI---- (8V1)d
aptu = ap TP L Sy g - pa
duo d 10 5 ‘u @ jo (q) wnuawon weag ‘s (SN0 g) wnjuswo pue () AFxoum W D

(5967 SOA MON ‘utwelueg 'y M) ‘SOTIPWAUD] JUSTATIEIAY ‘UiopaBeH W '®
1

“(z*7 = 1) saroniaed jo Ajrsuep swmioA = [?a- Fa]%a¥e o - 1,p/NP

S1(2,P = 2,p owNIoA TPUOTSUSIP-f Jrum 1od roquinG <) 23eT L

NGRS RN Zur|Va| =2 ‘(0 = %g) 39Baws st ‘weaq sty etomred I
(nd =4 |%a- TalZm?

. M= 3 ‘reewryon axe °d pue «m sxaum wolsks K1ans up
. WEME - NANE& = fX0IIU XTI JUPLEATL (5,9TIPN) ST
¢ ‘JUAUIBTA XTIJPUI JURTIBAUL U ST N 0IaUm
u
= o
U, n|=a

(soponized w e | 10) saponzed Ue 7 + } 104

(*u N_2_ = 'm g 0)

{218y Keoa( 10) UOTI58G SS01D
ﬁ Chay e 7y
u
x_m,mmﬁﬁ, B I LA B IR e -N se

-

u
woyy |, () @oeee Py O 2 e N elam

Aamm +d ‘uropafey ‘'8°o 295) :m Butz010® ] 10J UOTIBI9Y 9OUBIINDDY
Vs
H

. z . 7 _ome _

opapld] L - AR 85 (- Do dp [ st juercesut myosn v

(sonmuenb w > susn) (Pwp T [sr/ o = Polop [ w = B xng|Td]u=
. '

Soeds wmjuatop Apog-u ut swnToA juTITEAUl N
[
o P
sewos 67Ty + jug Sw g
(01) (piegy =
MQ«NE .

EENCEY +

"wr

1
k4
() “( (9) w0y sMOTTOF) (g ‘77 = (1) *1suod = RME n M

[y 1 ft
uayy ‘038 ¢ N_d +d) = U 3971 tseyeis Apog-p pur -¢
[ T ¥ st _Tg. e i
. ‘uwr - -s w o+ fw)-s] =L = °d=d Cem—————— = T
&) [l - Tos ] [ (fo s T s ] =2 = ol = o8 2w - Vugs

‘w o ur PUeWOwW pur satBisuy  "EaTEIS ApOg-OML

W “(so181aus Aei-g BuneMO{EDd 103 [NjasSH) wJ urs Nlml =%
0\ K4 w_Yaz

“(7) pue ‘(12 ‘) ‘(qer‘s) Sursn ‘Surralieos o1seld 104

2/8 5909, dp - m\NANNE.N:E - (0 mou:vaN.mmﬁNNE, NﬁEu -n

(12 %) N\mmﬁm mT = (gsod -7) u.m;. 2
01 soyrdwre rwito wr (3) ‘(G = Cw hw = Yw) Suireiess susers 1o
(wo ) 9500 b |id| |'d|z + = woishs rwro u
(QeT%) 2wl 1 .N_N,E S %y = Tul g - M.E + NNE =1
(qet‘c) Zulpz NANE + = fwtpg ¢ MNE + N«E =S
L% w=p Bunumpue (0%w) = {g wajsks qer ul

(9) ECAT NNE ¥ N«_E + Yw =n 414 s ruoneres [RIoULD

z z
(© n:m ~24) = Mmm -Td) =n
T

() @a=1 (d.'d- ining .N_.E + ME = NE - =

2 T LWt Twstws=_@ds+ta)=s
(¢) (cd -'d >,Zv~+~ +N MA + 'd)

V2 + ]« 7 + ] 1UOUIBION “SIUBIIBAUT
IHA o ldig - =
s wde g h-aken

d-1) =A unia ‘g £q pazII210BIRYD) UOTIRWIIOISURL [, ZIURI0T [BIAUID

;EN\;:J» Zw = hw zog
I L K e A

pue (0w) = (Ug ) ‘1981e1 sT7 ‘weaq sty oponred 11

Osood Ay ml- d g\ T 00 0 / K

. - =pue) =—
(1) D ws g T3 >m : 0 1 0 ot Ay
% sixe woTEIIOjSURI) Y} 0 10adSAI *3 0 0 A L-i *q
YA parnseow oxr @ DPue g I M 0 0 u- A/ m

UOTIRWUIOFSUBL ] ZIUDI0T]
*JUBTIBAUT §T 0O UOTIIDIS SSOID "JURIIRAUTL U® ST NE = Nm - N? = Nm
*@ SO0 pu7 = P {9 S0 puy = Op juawa(o a18ue-pIiIog

fwi-pgy = L (g ‘m) =d qerutr f(dm) =d cwrto ul 10309A-F "UOTIRION

Kyratierey 1eioads




CONFIDENCE LEVEL VS. X2 FOR np DEGREES OF FREEDOM
Confidence Level CL
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| © LA / '/ OTHER ATOMIC AND PHYSICAL CONSTANTS (cont'd)
S ) T ! N// 7 Hydrogen-like atom (nonrelativistic, p=reduced mass)
| . 5 4
o |3 = AT / vy ozl p w2 _pafet o
—o NI ~ < c'rms nwhc’ n 2 2( f‘)2’ n 2
= | ~ & ” 4.2 22, wee
o — — a S R_=m_e”/20° =m_c“a“/2 = 13.60535 eV (Rydberg)
— > 2 Rl 1 i e e "
= pc = 0.3 Hp (MeV, kilogauss, cm); 0.3 (which is 107" ¢)
>$\) L1 O>/ /ﬁ enters because there are ~ 300 "volts'/esu volt.
1 L < / 1 year = 3.1557 10" sec (s 10" sec)
T Sal | d density of air =1.205 mg cm'35a.t 20°C, 760 mm)
L1 1 | A acceleration by gravity = 980.62 cm sec~2 (sea level, 45°)
~ _/{/r? | "TP | /// A gravitational constant = 6.670x10-8 cm3g‘1 sec-2
= =T » 1 calorie = 4.184 joules
L— e é LT M 1 atmosphere = 1033.2 g cm-2
=
o /”,— | ; /// NUMERICAL CONSTANTS
P=) me= = > | 1 rad = 57.29578 deg e = 2.71828
S i ] o Al n2 = 0.69315 1/e = 0.367879
S L | TR B In 10 = 2.30259 logyge = 0.43429
(=4 - [ ———— T ON) LA A log g2 = 0.3010
w o L —
[ = B U A GAUSSIANLIKE DISTRIBUTIONS
o — — T —
S = A — ™ =, For n > -1 but not necessarily integral:
p—— - h=d 2
o
=3 == 2nt +
P9 = ﬁ) =" 1exp ':_Z] dx=2nn!0zn 2;(%)!:'\]?/2
—_— o
8 Relation between standard deviation 0 and mean
deviation a:
202 = 'rrozZ; 0 = 1.4826 probable error
lear i i
Atomic and Nuclear Properties of Materials Odds against exceeding one standard deviation = 2.15:1;
. Collision Length Minimum Radiation Length Densit two, 21:1; three, 370:1; four, 16,000:1;
Cross Section o PN b ensity five, 1,700,000:1.
I3
Material 2 A barns gem? cm  MeVglem® Mevem! gem? cm gecm™ | MULTIPLE COULOMB SCATTERINGP
I ot
H, 1 1.01 0.063 26.5 374 413 0.292 58.0 819 0'0’0’? The rms projected angle 6 due to multiple Coulomb
D, 1 2.01 0.100 33.4 202 2.07 0.342 116 703 0.165° scattering (only) of a particle of charge z,
He 2 4.00 0.16 12,0 336 1.94 0.242 85.4 683 0.125¢ momentum P, velocity V is
Li 3 6.94 0.23 50.4 94.3 1.69 0.902 78.7 148 0.534 15(MeV) .
0 .=z 1+ ¢€) radians;
Be 4 9.01 0.28 55.0 29.9 1.60 2.96 63.7 34.7 1.818 Proj PV(MeV) (ra { )
. . ~ f where L = length in scatterer.
c 6 12.01 0.33 60.4 1 1.78 £ 42.4 f 21.55
i oot 16 e w61 0.808° For L =1/10 L(rad) € is generally < 1/10. The
N, 7 1s01 0.36 3 78.9 1.81 5 -8 0.7 - distribution of 6 is not truly Gaussian.¢ The rms
Ne 10 20.18 0.465 72.1 60.1 1.73 2.08 29.17 24.21 1.200° projected displacement y on traversing an absorber
Al 13 26.98 0.57 79.2 29.3 1.62 4.37 24.0 8.9 2.70 of thickness L is Yems © LOproj 3.
Fe 26 55.85 0.92 101.2 12.8 1.48 11.: 13.9 14‘; ‘;‘jz RADIOACTIVITY
[¢] 29 63.54 1.00 105.4 11.8 1.44 12. 12.0 . .
“ 1 curie = 3A7><1010 disintegrations/s;c
Sn 50 118,69 1.55 129.7 17.8 1.28 9.4 8.89 t22 731 1 R =87.8ergs/g air = 5.49x107 MeV/g air
Fluxes (per cm?2) to liberate 1 R in carbon:
w 74 183.85 2.02 150.8 7.80 1.47 22.6 6.89 0.36  19.3 3% 107 minimum ionizing singly charged particles
Pb 82  207.19 2.20 156.2 13.8 1.13 12.8 6.52 0.58  11.35 0.9x 109 photons of 1 MeV energy.
u 92 238.03 2.42 163.6 ~8.63 1,09 %20.6 6.13 =0.32 =18.95 (These fluxes are actually correct to within a factor
of two for all materials.)
Air 61.6 53620 184 0.0022 36.5 30290 0.001205% | 1 R of radiation, particularly for neutrons, may produce
: » ) N it s up to ~ 10 "rem'" (R equivalent for man), even 20
Freon (CF,Br) 87.1  =58.0 1.52 =2.3 16.6 1 =t N "rem" for o and other heavy ions.
a 7° . 442 4.13 0.248 58.0 970 %0.060
Mg fpubble chamber, 277K) 26.5 ] . ° Natural background: 120130 milirem/year
H-Ne mixture (bubble chamber), 67.3 96.1 1.83 1.28 29.8 42.5 .70 Tioided as follows:
H,0 57.2 57.2 2.03 2.03 35.7 35.7 1.00 cosmic radiation — charged part. +neutrons ~ 25 milirem/yr
Iiford Emulsion 103.0 27.0 5.49 1.2 291 3.815 ! ! -y ~2 " "
Rock and air -y ~173 " "
LiF 63.8 24.2 1.69 4.46 39.0 14.8 2.64 The permissible occupational dose for the whole body:
Mylar (C,H,0,) 59.1 42.8 1.91 2.64 39.6 28.7 1.38 100 milirem/week, but 1.25 rem per calendar quarter.
Nal 119.0 32.4 1.32 4.84 9.58 2.61 3.67 b. Mainly from G. Z. Molidre, Naturforsch. 3 (a),
Polyethylene (CH,) 51.0 =555 2.09 ~1.92 441 =48 ~0.92 78 (1948).
c. See, for example, the experimental work of
4. %52.3 . =2.14 43.4 ~44.3 =1.05 2 4
Polystyrene (CH) [*] 54.9 52 208 214 ! A. D, Hansen, L. H. Lanzl, E. M. Lyman and
Propane (C,Hg bubble chamber) 48.9  119.3 2.28 0.935 44.6 109 0.41 M. B. Scott, Phys. Rev. 84, 634 (1951).
Z Z AV AR 273
a TTO Al T w(ﬁ/mwc) X A -_gz.s T});( A
b. Leoy = A/(Nonatural) =26.5gcm ¥ A
c. From W. H. Barkas and M. J. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles,
NASA SP-3013 (1964)
d. Mainly from High Energy and Nuclear Physics Data Handbook, W. Galbraith and W. S. C. Williams, Ed.
(N.I.R.N.S., Rutherford Liab., Chilton, Didcotf, Berks.) 1964
e. boiling at 1 atmosphere f. density variable g. at20°C
h. May vary by about +3%, depending on operation conditions

3.
1+

From F. R. Huson, lonization Loss, Range, Straggling and Multiple Scattering, BNL 11386 (1967)

53.7 atomic percent Ne.
Typical scintillator, e.g. PILOT B has H/C = 1.1
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