Nuclearx dailg_

O Vatwat decay chag

24 Phatonium (Pul & ™ alpha decay

@) Thorium series (A/:I’(ln)
222 Th — ... (o, p- decays) .. =~ ©*Pb
(longest 221y L 23¢0 | (Yl years)
b) Neptunium series (A=Un+1

237 )y, > 2% (- 257y
wow artifitial 1.9%10" yr

(longest **"Np > 2**fa | 214 MM yr)
‘-) Uraniwm (ov radiun) sexries (A=4n+2)
238U-_’”. __’QOGPL
(longest 2*2 U~ 2Th 4.5 buyr)
d) Actinium, series (A=‘m+?>)
aa. SU L 27p

actinowranus (longest *>>1U - 'L 07 ba yr)

@ Radiometric dati
Eq U/Pb, Sm/NL, RE/Sr, ...
Eaxth age — 4.5 bn yr old (wniverse ~ 1Y bnyr old)

Early estimate:
elvm - the cartl starts a8 wolten rock |
Now tewperature qradiad 1°F eveny 50 ft down .
Assume swrface Ts~ 0T | how lowg doec it
talee 1o estaklish 1/50°F/g qradient ?
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Pnswer @ 25 milon Yeous (KKelvin's mitial nuncber)

Why 1 Radioactivity heats up He eartt, | oughly
camceds Yy “heat How fow. the eartt. .

® "¢ dating [ hamgun- history-felevant timescale]
¥ used for [oncel L'M\/ﬁ substan ces

¥ CoSmIC fays in uppar atmosphere = n
4N (n,p) M X Mo;‘(‘b‘j M form of CO,

¥ He —~ N4 o 4 ), , ﬁ-hcaj with 33704«
¥ atwmosphere : Contads ~ 600 bn/mole of 'C

¥ once dead |, “C decays

Shwoud of Turta ~1300 A.D.
Vead Sea scwolls ~ 0-200 AD.

Nucleas energ
(D Fission (U, U zsqph)

eg. n+23§U _LBegr_ ‘q'3a+q2|<r+3n
A~ qo- SO

* Tnduced fission " -
- %A
"o O - O,\O

)
bnding 6MeV/n excited —
stoke ~200 NeV por event
v2-3MeVper N

CA0SS -sechion &- theeva! N : ~S00 barng

Q: How 1o thermalize N2
A: use elastic collision witlh Same wass (H).

(t-ﬁ. pawafih ’WB
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Nucleow dission reaclov

fudd vods | b’:a‘*‘“*”
/ 0V M\
O[O O

moderadn- (H,0 ov Ma)
Slow dowh neutyomg

il
control vods (CA)
Ca-p‘]’u.(t netvous. ; h-r"?’Co(—? IIQCA +

(stop reaction) S~ 10" barn v kg, <leV

Fuel : typically eariched U (fom 07 to Jow %
{U fall_j natwral 23811 9419, )
Ex. 4kg of enriched U ~ 24xip? W-L

USA electric. consSumption = ~ 4x10" W-I, / Yeow
world ~ 7% 10'S W-h/

"eonomic* U (560/ lb) | to last ~ looyr
with presat  Consumptiom rate

¥ prvady fusion feachive M the S
p+p— d+etee

ped — 3He +¥ Yp -+ X42€*+2)e +2S MeV/
P+ 2He = oL+ et Ve et
THe+ He = ol+pt p vy 1%

*f eaeryy

¥ (ontwlled fsson @ , fusion wot

Q: Whe ? ek

A: nautron — & Coulomb repulsion ( Jusiou)
¥ need T~07-103K = plasma

dd dusion :  d+d = 2He +(M), R-vat: 33Mev
d+td — t+p escape from. P‘ash}'\'”tv

dt fusion : d+t = oL +(n) 17.6 MeV
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Conditions for  fusion
ou) critical iquition temperatue
power foum. fusiom = cpo&hj
Muff{hs \“xfrq;
dd : Gx %K (3SkeV)
dt - 4x (0K (YkeV)
Ia) Lawson criterion

dﬂasilj
< nt_ > C
Coo or
a».,t.lwtjwm
- I1nl6 _S T
dd‘. C'- lo w; R d'l-. lD c“"i—‘}

TWo apprackes at the momet
¥ tokamalk (fussian for toridat chawber
e with maquetic coils)
Contain Phsma i magn. dield |
heat wp "j RF Mduction
eg. T~1s,=> N> 10" em3 v dt fusion

(S wrders of magu. less deuse
Hhae gas at STP)D

TTER ~ Mmhternational Hhunonudear
expurimuinl  Yeactor

¥ ingtial confement
200 high power lasers __\:’@lp/e—'
(~s00Tw ,~2 M3 tetal) /T ,\\

Compress few mq dt toaget
b N~ 0¥cn?
(O"lj T~107"s s needid )
NIF - natovaf iguition facilily
( Lowrsence Livermore Mat'l La.l.)
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Elemontany pavtides

Secwrch for basic buildhy blocks of matter
~[00 dhemical elements :  periodic table
explaived by QM . AL elements are mads of
2 basic coustituents : €7, p, n

2 1960's : power ful accelexators
¢ et colliders (lepton) | mam HEP
P Golliders (haduow) ) discovery tools
>400 partides discovered . Half - bves 104 107235
"partie 200", o Seeming order (cf. chemical
elemants befove ®M)
~1970 : quark . p,n are composite
QMof quarks — quantum ahrvuaod_zjmmicg

Stomdard Moded - explamg “200" . Tholudes:
XS dorce

% electdweale o R

N\
v glemmi-wﬁ cleg - SPML - t.rumlq omd leptons
pert wteger slmhz - "-Fidal“fmﬁdq
(qauge bosous)
Tsswes with SM:
¥ tamidj not Mcluded
¥ needs™ 2S5 numerical const (wmasses of- partides
Couplivg towst )
V] astibpkjsics Clast > decades) :
mic matter ~ S%
(Mh EM NW-) dovk matter ~ 23%
(neg. pressure) dark onargy ~T2%

) Antiparticles
Cou'Se puence o{- rdlativistic QM ( Divac oqm. for -quious)
Ez = (PC)?'-r (IMCZ)Z‘ or E=¢ JP’-cZ+ macy

Dirac : the negatie energy states comfk{-dj dlled i Vawum
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met (et pair production
O #Eyg>amc? v
¢ L wé.:!,uwm ¢

Lo —— } Divac sea

i (not observable) — .-.-7auﬁpwﬁd.2
(cbservable)
Evgg fund. :[uwioh © has am ambparticle
Al inftrnsic quank . mambers
oxe ite

(absence oJ; a Pﬂrbd.l
witly Mﬁaﬂl! Wﬁ)
Poblews with Dirge 4 - Winite (w,amz\ onngy
of vaulm ; €'/2 axe wot
teeated Sghchricatly ( holeg)

A betler pichre: E<O Solng of & parkle are

smckah«j-&u,.m ESO Solns of its amtiparticle
moviny backwowds M v

4
4 2*(p,9) ho move Woeg
E>0
e (-p,-9)
E<O
- p
@ Crossivtj summivj

i A+B — (4D (eaction possible :
cross amy parkle and change to awdtiparticle

A~ B+C+D } also possible

CT+D-> A+ B [ uscd to deteet
Ex. n-— P+€-+-l5¢ neu tron F‘ﬂumj _ natnos
n+le = p+e Wverse  fo- (p+Ve > ns e*)

nip = e+ Ve neuton /audi poon annihilation
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Elementary
Particles

ulc |t
up charm top
dls|b
B down |strange] bottom
electron§ muon tau
neutrino§ neutnino § neutrino
eju|T
electron ] muon tau

| Il l
Three Families of Matter

Leptons Quarks
Force Carriers

g
8

(@) Leptons (clwuhw:s)
SPI\'\ l/2, y C‘[‘JM
3 fomilieg (Waj'bhs) . elecvon | Mmuon, tau

Gemuakion  mass ( MeV/c2) oka.tg.c (e) Howor

e M T

. { e o.si -1 1 0 o
Ve <210 [0} 1 0 0

) { M 1057 -1 0 1 0
W <07 0 0 4 0

3 {'r‘ m -4 o ° 4
Ve <IS.S o 0 0 1

+ Corresponcling ambpart cheg
% leptong Mtevact via electvowrale Miteraction ;
no coloy (= No stimg Meraction)

¥ leptm number couseryation M all reactions
(owtileptom counts as -1)
¥ leptoy, flowor Cousel_vdlh . almost alw
explamg ‘AM_‘] e +)e W -ol.tcag (electvon Flavor is0)
But “neutrino 0stlatens” : '3 1o V2 of Ve Hux
from Y Sunm is observed. e oscillates Mto \,,a amd Vr .

vlwnsmaﬂmuf‘umom-.
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T~ = &t tde } T~ half-Life 32410 %s
T P4 v Yy

/(‘ - Q™4 \)/41'1 2x1076s M{- ﬁ}c_

e is tue ghtest of leptous => Stable

¢ Yyt quatin.)? at least 100.8 GeV/c2 amd HS Gul/c2
Not obsewved (yex). Leptom heutino

& Quaks (dmﬂ\g)
spw Y2 : G Hawvovs ) 2 families
¥ quorks Witrack via and Mﬂ“}_ﬁw
¥ quark Confhumudd : not A free m natwe
OMﬂ bound as hadwowns

% fractional charge
Havor
mass (Mevlc?) - —
bare  bowd  Morge(e) Tsopin S C BT
wp () -5 3o 273 Y2
down (o) 2-9 3o -3 =\/2
stiomge (s) TS-170 ugy -3 -
Chom (c)  USO-13SD  IspO 2/3 ;
bottom (b) Hooo-Y4oo YOO  -\13 -1
top (t) 43xp> M5 273 1
¥ Guorkt nuwber (onstwvahion in all reactions
¥ quonle flowor comservakion  in strong amd eleromagn.
but wet i weale

@) Hadamg - composite Systems of quades
wmegons — quark and amtiquark, iwteser spin
bagen — 3 g, b bl s
ed first | disco o
meagured first , before (rm i :‘i"‘““w“: confremint)
- made . M Ferm
thf! pnquark " ,,oi_q —:Qfﬂgfjus) )
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Ex.

son honet

Spw =0

K® K*
XA?) (u?'\w
e

S=o

Se-f =5~

Coloy

y Additoval quomt.

T Ka uifl/ Y

() _

//-\ \

ws}\
S2-2 —=

(ud 9)\
\ f/ \
_o

--1 Gl-o ®R=+1

uds on octet
spw = V2

P (uud)
iy 'Z 'Z.

isosph = |
triplet
N - isospm=0

25N _')2+(uus)
smﬁlul-

number vequived to wmole

wavefon auhsymmetric for  baryow decuplet
( Spi = {'3/2) J fed, ca'fm‘ bbz.:lﬂ “
* like eleavic chawge for free
¥ e quonke wwmst tome M T3 colorg
¥ nai’tuaﬂj occu,rﬂ-j bataohs axe colovless (RG&)
mesons — u—— (color -auticoler)

% lgptoms have wno color

Lecturel9 Page 9



