TEMA 1.1: Hadrones N

\.

Operador paridad: Ty(7) =y (—7) M?=1
Y™ (/) = ¥,"(—h) = (-1)'Y"(A)
M, =—1 I, =T, = +1

Espacio de carga: p = ((1)) n= ((1))

1
Operador carga:Q = (0 8) = %(1 +1,),

(o o)=ta+m

01 . 0 0
Ty = 0 0 =Ty t1T, T_= 1 0 =Ty —1Ty
Isoespin: = %O’ Carga isospin: Z = % +7,
tsp = %P tn = —%n
nt—-t,=1,n">t,=0,n" »t,=—1
B,=B,=1 B,=0 Z=t,+3%
Isospin total: T = Z T>2=T(1+T) [T,H]=0
z=%.(3+ta)=% +T T,=1(Z—N)
Momento dipolar magnético: i = =L [ = 5oL

_ _ _o 7 o_ &3
p_)gL_ln_)gL_O gs—2 AU’S_chS

- 1 — S 2

UN = gme U = .“NgL;Lq s = “Ngs% a=i
Compton: A’ = A+—(1—cos@)

J

TEMA 1.2: Sistema de dos nucleones

v + M (E V=0
Func, ond. d: 4 = pacex:“qs% Uypaee = LY
Paridades: ITg = (—1)5*! I, =(-1)"* 11, =(—1)!
Monopolo electrostdtico | = O

M(E0,0) ='1/%7[ Dwa= \/%7 [ &rp(®) = ﬁze
Momento dipolar: [ =1

M(El, m) = 4% Za eara(na)m =

Momento cuadrupolar: Q = (| Q|y)

Q= [Y*(r)(Bz* —r*)p(r)d®r

Momento magnético: ji=>. (g5+ ng)

F=T1+5 2=j(+1) P=1l+1) $=s(s+1)
IT ](j+1)+l(l+1)7s(s+1) j ](]+1)+s(s+1) 1(1+1)

2 q2 ZZ
="
Op. mom. mag.: i = gs+gl—g(1,l s)j

Landé: g(j,l,s) = J(]+)1) +g° J(](is;))_

= 5 18+ )i+ D+ (g = )T+ 1) —s(s + 1]}
g =2u, =558 g =-382 g =1 g, =0
u, =Asin(Kr) r<R Be™ r>R

K=£v2M(Vo—E) &= 4+/2ME,

-
2.

!/z

Mom. mag. deuterén: ug >~ u, + u, = 0.8797uy

Pot. local: V(1,2) V. + V(07 - 0y) + ViS1u(F) +
V;512(§)+VLSE §+VQ(Z 5)?

51223(01 )( ) —(d1—0,) (7 )2=rp—L2
§12 3772 51 Sz— 401 (o 51 Sz 2(§2—§12_§22)
Pot. Parls S 1 V(1,2) = Va(r) + Vp(r)S1(F) +
Vio(P)L - (01 +G7)

S=0V(1,2)=V,(r) o
Reid soft: V =V, (ur)+ Vi,(ur)Siy + Vig(ur)L - S
Yukawa: ng¥

Lennard Jones: Vp;(r) =4Ep, [(%)12 —( )6]

=19

\

TEMA 1.3: Interaccion nucleéon-nucleon:

J

fnR
A~ S—
37'51‘

Rxry AV rg>r~1fm

Densidad de carga: p(r) = %1/2 A>20 t=4.4a
I+e—a

R,=1.1284"% R,, =R,—0.89A47'/3
po=0.172fm™® a=0.54fm
Energia enlace: B(Z,N)=[Zm, +Nm, — m(Z,N)]c?
Energia separaciéon: S,,(Z,N) = [m(Z,N —1) + m,, —
m(Z,N)]c>=B(Z,N)—B(Z,N —1)
E.pairing: 6,(Z,N)=S,(Z,N)—S,(Z,N—1) Npar
Numeros magicos: 2,8,20,50,82,(126,184)* *

nfi impar—impar

=< (n+ 1%)?7 nucleos —impares

0 par—par
- g-x , Q > Ox7
V=[LDdr v It B B AR ~ B
Mom. mag. nuclear: u=g'j+(g*—g') <s, >
—ol(i— 1)y les 41
n=g(—3)+38 j=l+;
103 _ jg a1
=& T+ T ag+n /T2

Tensor 4pol: Q;; = [ (Bx{x]’. — r’25ij)1/;*(r’)1/;(r’)dr’
Vo = ZeieQ—ZeQ,
Q= [(Bz? =) () (r')dr’

Funciones spin angular:

j=0+1/2, / 1/2
@/J [Zm _ 1ml::t (+m+1 Ym / (0, ¢)xspin++

+y/tFm+ 1y, ¢)xspm_]

1 0
Xspin+ = (0) XSpin— = (1)

Q=—(")3hz (M) =L u)r*dr () =R
2j—1

Q=Q,(1-24 11) Qp=—(r") 50

3~ decay: ZXN +1 Yy_1+e +7»

B* decay: 5Xy =5 | Yy et + v

TEMA 2.1: Propiedades generales de los niticleos

Ex de m: A(Z,A)

—m(Z,A)

=M(Z,A)—Am, = (M(Z,A)(u) —A)u
1 Z
Masa nuclear: m(Z,A) = M(Z,A)—Zm,+ = >,._, B;
Energfa enlace: B/c®> =Zm, + Nm,
=Zm, +Nm,—[M(Z,A)—Zm,]
=Zm(*H)+Nm, —M(Z,A)

Pairing term: Bs =

+( 1)Z+( I)Na AL/2

Término de asimetria: B,

TEMA 2.2: Modelos nucleares

Modelo de gota liquida:
Energia de volumen: B; =a,A
Energia de superficie: B, = —a,A*°® a, = 4nR?
Energia de Coulomb:

By=—a.Z?AY% a.=32(Ze)*/R

= g,

A A

6 par par

0 impar §~A2q,
—0 impar impar

2
e

B(Z,A) = a,A—a,A?® —q, £

(z=A/2)
S

ac =0.71 MeV/c?
ap = 11.46 MeV/c?
om(Z,A)

9z | A=const

E(p)
2f," dn(E)=

ay = 15.85 MeV/c?,
, 4, = 92.86 MeV/c?,

3 (T )=
E,=[m(z,A)—m(Z—2,A—4)—m,]c*>>0A> 150
E; =[m(Z,A)—2m(Z/2,A/2)]c* > 0A> 90
Modelo del gas de Fermi:
dn(k) = gp4nk?dk  dn(E) = 22

2v/2m*?d®
3m2h°

—1/2
a,A

(ZA)—Zm +(A—-2)m, —a,A+ aA*® + a2
T
2

ag = 18.34 MeV/c?

=0=>2Z,=

cA1/3

A

+

2m2h3

1.98+0.015A2/3

L2 e g1/2 g

()" =2, py=z/a

(n) 3/2
Ep _2v2m®Ped (((n) _ _ 3
2f0 dn(E)—W EF =N. pn—N/Cl
_n 2 2/3 _® 5 2/3
Er(p) = 45 (37°p,)"",  Ex(n)= g (37%0,)" .
_ 4/2mEg _ 3 _
kp=Y5— (Ex)=:Ep Er=(E)A
Modelo de capas:

Orbital | Acumulado | Energia || Orbital | Acumulado | Energia
1sy/, 2 0 2ps3/2 32 3hw
1ps/n 6 hw 1fs/2 38 3hw
1p1/2 8 e 2p1/s 40 3few
1ds/, 14 2hew 180/ 50 3w
2512 16 2hw 1g7/2 58 4hew
1d3), 20 2hw 2ds), 64 4hew
1fs 28 3hew 1hys 76 4

J=Jptinolip—

Ntcleos impar-impar — Numero de Nordheim:
‘/szp_ep+jn_en SlJV:OJZ |jp_jn >
Ja




TEMA 3.1: Radiacion

Ntmero de dtomos: N(t) = Nye ™t dN(t) = —ANdt
Actividad: A=—9 A =2, +2,+

Semivida: N(ty,,) =No/2 ty;= Z”TZ

Mean lifetime: T = %

Actividad modo k: A, =— (dditk)k = AN = A Nye ™
Ne=2N,(1—e ) A =2-P;

dn,
Des. en cadena: —* = A;_1N;_; — A4;N;

Si N,(0) = 0,N5(0) = 0... — N;(t) = N;(0)(hye ™ ¢ +

hye %2t + ... + h;elit)
Equilibrio: % = %2 = ..
Datacidn geoldgica:
Numero de isétopos padre e hija: P+D=Py,+D,

_ —A(t—t —A(t—ty) — 1+Dy/P
P= POE ( o) ( o) ITO 1+D0/P0

Isétopo descendlente D' At=t—t,
4= AP —ApD’ siA—0 AD,=O =9

o~ 0 — AlNl e AzNz = ..

ER = 8ot yaque D' =Dy = § = f [eM0 1]+ 3
Probabilidad de transicion:

Energia: W = E; —

TEMA 3.2: Regla de oro de Fermi

Probabilidad de transicion:

Energia: W = E; — %

Y(r,t) = p(r)e W/ [ (x, t)1* = [p(x,0)|2e

e—th/ﬁ — e—(iEo/ﬁ+l/2)[ f A(E)e—lEt/ﬁ dE t>0
—00 ] =
w(t) — Q(t)e—(iEo/fHA/z)t

A(E) = g1 [ -3 gy
1 _ 1

- AE) = ity A EAE) = oy

r=mA=h/t

Hamiltoniano con perturbacién: H =Hy +V
U =3 a,(t)y,e Et/M usando ih‘é—f =HUV
ak= hz a an t: knszszndﬂ‘—
Vkm(l e @T)  sin?(Bgfn)T )
G= g5, G =WVl gy
Regla de oro:
2
A(m—> k)= |Clk(;')| —
A= Mm — k)

2?ﬂ:lvkmlz‘S(Ek - Em)

TEMA 3.3: Desintegracion alfa y fision

a decay:
Probabilidad de decay: P, =A =~ 3T 715~ %
thue = % ~26-10723.A1/3

Coef. transmisién: T, o< e 2¢

\/lezze Y (R,

72G

Factor Gamow: G =

T=14-€* A=71y"-

o P _R 2 _ 1/3 | 41/3
Ta™ gme To=cy aem R=To (A r, TAR, )
y(x) = arccosy/x — 4/x(1—x) ZlZZE =E = imv?
x=R/R'=E/V. V.= leze %rc/2—2ﬁ
Fision:

AB = 2B(A/2,7/2)—B(A,Z) =

=a, (1_21/3)A2/3_ac( —2/3 1)A1/3

AE = a,A*? (262 +...)+a.z2A 3 (—1e2...)

AE <0 si —> ‘~51

TEMA 3.4: Desintegracion beta

Qp-= (MZA_MZ+1,A) c?

Qﬁ*‘ = (MZ,A_MZ—I,A_Zme)Cz

A= %I//tiflszNT, con M;; = fl,b}“l/l,bid3r
2

MER = 2, |17 (S ) i d*r|

dN. = pfdpgv _ Ee(Ez—m c4)1/2dE
e 2m2h° 2m2h3 3

da _ F(ZE)| My
dE, = 2n3ﬁ7csf Ee(Ee2 - mgc4)1/2(ET _Ee)2
, 1/2
Plot Kurie: [%]
F(Z,E)E(E2—m2c*)

54524 4.
P |5 ) f(Z,Ep) ff1/z _ @’ 1

27:3717 gZmsct TP
1/2
f = s Jta F(Z, E)E (E = m?c*) y (E; —E)*dE
Transiciones: l —l +0+3§
I, = lf +/ (Ferml) [, = lf +{¢+1 (Gamow-Teller)

Transicion { | Am || Al Fermi | Al Gam-Tell
super-permitida 0| + 0 0
permitida 0 + 0 0,1
primera prohibida | 1 — 0,1 0,1,2
segunda prohibida | 2 + 1,2 1,2,3
tercera prohibida 3| — 2,3 2,3,4

TEMA 3.4: Desintegracion gamma
=l <T<L+1;

Amn=1— E par y M impar

An=-1— E impar y M par

UNIDADES Y MATES

1 fermi= 1fm =10"'° m=10"'% cm

1 barn — 107%*cm?=10% fm?

1 u= (1/12) m (*C)=1.660538921 10727 kg=
931.494061 MeV/c?

Integrales armdnicos esféricos:

J 17/ (6,9)*(3cos? 0 —1)sin6 dOd¢p = 2e+3

Y/ 76, ¢9)=v2l+1cos0 Y/ (6, 9)

le’“] 1(0,¢)?(3cos’0 —1)sin0d0dp =—1+ 57
Para j = 1 —1/2 ( I+ 2£+3)2lz1+1 + ( 2%3)2%1 =
2-20 _ _ 2j—1

+20 —  2j+2
Unidades radiacion:

— Actividad:
e Curie (Ci): 1Ci= 3.7-101° desintegraciones/s
» Becquerel (Bq) : 1Bq= 1 des/s= 0.27-1071°Ci
* Rutherford (Rd): 1Rd=10° desintegraciones/s

— Cantidad radiacién:

* 1Roentgen= 1R= lesu/lcm?® de aire=
=2.58-107* C/kg de aire

—Dosis absorbida:
e 1rad=10"2 J/kg=100 ergs/g de material
* 1Gy=1 J/kg de material =100 rad
— Dosis equivalente:
* lrem=wgx (dose in rads)
 Sievert (Sv): 1Sv=wyx (dose in Gy)=100rem

Propiedades de las deltas:

. —Ax2 . i
6(x) =1limy_, o Ae A% = 1lim, 00 %
T 1 sinzlx_ e
=1lim;_, oo == lim, ¢+ e

6(ax) = |(11—|5 (x) aesuna constante real cualquiera
6(F(x)) = ZJ ‘F,(X 5 6(x—x;) x;0s simples de F(x)
lim, Lo+ = = VPE Fin5(x),

donde (VPL,¢)=1lim, . Jixize dX 2(x)

x|=e X




J
5

_ ) Identidad Bianchi: J,F,, + 0,F,, + 0,F 0, =0 Differential cross section:

(R

— a1 . 5 d (+ —— + 7) _ 2
d—>Md, M= (2?;3 C(S)lsnee), Potencial : A, = (V,A), F,,=3J,A,—3d,A, et = anOém(l +cos? 6)
I — AV _ Ix™
_.T_)(M-»)T_-»TMT MT_ cos 0 sin @ X _AVX J_deta’§V
a o= ’ “\—sinf cosh)’ E=/p2+m2>~m+ 4 . -

bTd — (Mb)'™Md = b"M"Md = b"1d = ba. Particula sin masa: |p| =E pj - py = |P1l|Da]cosb ey ‘ g
Invarianza relativista: E> = m? + |p|* ek v
pz(E:ﬁ):(E:px’py’Pz) p_p=p2=E2_|p>|2 ) g time }
I S ~ TEMA 4.2: Teorfa de grupos.

1. Elemento identidad: a-1=1-a=a

\.

J

=p“nu,p”
Wl o o0 o0\ 2. Inversa: a-a '=al-a=1
0 -1 0 0 3. Grupo cerrado: a- b = c en el grupo er P2
nt” = 0 0 -1 0 Pu="NuwpP" 4. Operaciones asoaciativas: (a-b)-c=a-(b-c) . ‘
0 0 0 -1 Algebra de Lie: M = ¢/*'T" = v (p2)a’ur(p1).
Transformadas de Lorentz: - A" Conmutador: [T, T"] = if abere -/ P
FPu T By Py iobl=ienhy [Loi.]=il. [Z, %]=ie, R
¥ 0 0 Yﬁ [p j]_leukk [x; y]_lz [2’2]_161]k2
r 00 rf Isoespin: (plp) = {nln) =1 {pin) = {nlp) =0
AY = Singlete: —=(|pn) — |np))
»~lo 01 o0 giete: vz py 1P et
B 0 0 7 Triplete: |pp)  —5(Ipn) +Inp))  [nn) v ale
b ‘ P ] y, _
P-4 =pun""q, = ppA, 1" A% = P, (v£(pa)o ue(pr))” = uh(pr)ovu(pa) =

\. J

PN MPON g, =pun*Tq, A MPINT =nM P\
Ec. Klein-Gordon: (aa—:z -V + mz) $(E,t)=0 _ : )
G(F,t)=eP* p.x=FEt—p-% Prob scattering of py, py...Pn = lout (P1P2---PnlPaPE); 1l

o - - De Broglie: A;; = - Compton: A, = -& v=ﬁ _ s _ _ _
(E>—[B* —m?)¢ (X, £) = 0 sols: E = £+/m? + |p|* ot Tpl oD AC T e g M (ej ey = pppg)" = Mgy = epe;) = Mege, =
Lagrangiano KG: 25 ¢ = V2¢p —m2¢ PP SCaTIe] 8 roms seeton: 2 PRl

L ;at; 2 . R o= ﬁEIVA—vBHout (flpApB>in| |./Rﬂ(lé+e— N IJ'+M_)|2 = |s(ete; — ‘u+‘u—)|2 =e*(1+
E. cinética: k = 5 (ﬁgb) Hamil: H=[ d¥(k +u) Regla de oro de Fermi: cos 9)13 L RML LR LMR
108 2\, 14 . & 2 _ 11 1 no [ d*p 2 2 ’
E.total: k+u=; (7:¢) +3V¢ Vo + 53¢ o = a5, ) iz [(2n)42”5(Pi _mi)] |-#(A+ |t (efe; — uiug)l? = |M(efeg — piu)? =e*(1—
Ec. Dirac: (iy, 0" —m)y =0 B—1+42+--+n)2(2m)*™ (ps+pp— 2oy Pi) cos 6)2.
_ 2
Tu= (&0 O(-)“)Clifford algebra: {y,,v,} =2n,, AMA+E = 1424+ 1) Zaue (PrPo--PalPapy)in )
u ) . J TEMA 5.2: Quarks y gluones
0, =(,01,05,03), G,= (].L —01,=032,—03). TEMA 5.1: Quantum electrodinamics P1+ Py =D3+ D4
oy = ((1) (1)) oy (? T)l) o= ((1) _01) Massless Dirac Ec. : iy - 91 =0 Variables de 12\/Iandelstam:2
Y - . s=(p1+p2)” =(p3+ps),
o‘io'j:6l.j+ieijko'kq det(p- o) = p> ) Y =(¢; Weyl eqs: iG -9y, =0 io-dyYz=0 tE(pll—pi)2=(pz—pZ)2,
V'ETPL) VXB—g—f=J; V:-B=0, a—f"‘VXE:O Y = uge PX p=E(1,si¢:1/2cos¢9),sinquan),cosQ) UE(P1_P?6)2=(P2_P4)2-
JH = p,J“ FHVZ_FV,LL e_i COoS = st+t+tu=
= = +2E . 2 do(ete”>qd) _ 3ma® A2 2
0 E, E E uv ug(p) =v.(p) 0i9/2 sin% T = %Qq(l + CSS 0).
_|-Ex 0 —-B, B, oG e i#/26in 8 Drell-Yan process: pp—e*e” +X qG=— ee”
FI“’ - _Ey Bz 0 _Bx F,uv - AuAvaU uL(p) = VR(p) =+ 2E —6i¢/2 COSZQ &= (P +p/)2 — (k + k/)Z’ f — (p _ k)z — (p/ _ k/)z’
—-E, —B, B 0 - 2 G=(p—k)>2=(p' —k)? §=E2
5 = g vy Ux wug =ulu, =vivp =viv; =2 wlu; =v/vg=0 +p_ . b o on
weo efe, > utuy, efex - utu, olete” = qd) =45 X quars Q-
6F“O=80F00—31F10—82F20—83F30=§-E=p e 1o e 32 = +,—) — 4nd g
SZF‘“’—Jvzo AS(3,F**—J")=0 reL T Ml CRe T Halhy o(qgqg—e’e )=5Tzqquarstq

| ) a—ﬁ(i—i)zfdcose(1+cosze)

. 2
Cte de estructura fina: a = j—n




s=(Pp+P,))2=2P,-P, §=x7%y5=2(x;P;) (x,P,)

d?o(qg—ete” 4 ma?
tg‘)lcti dx, ) = 97§ q quarks szq(xl)fq(x2)
d*c(pp—oete’) _ 4 md? 2 fa(x1) f3(xs) 2 a
—ddg T 9 s ZuqquaksQgx x, Q=38
X1%2 1 E+, 1
1d1 . Pz __ X1
Rapidity: y = logE_p §logx—2
E 2
E= X Em Em — X1+Xy Ecm’ X, = QTe}’
E E X1—X 2
D = X135 =2 E . xzzv%ey
LESINNCESY e’ JLey
J=| 9@ 9dy |=| 2@ s 1
9xp 90Xy e Q? -y s”
3Q2 ay ZfQZ - Te
d*>c(pp—ete”) _ d*o(pp—eter)
dQ2dy - dxy dxy J

_ 4na? 2 /Q [Qz _
T~ 9Q%s qquarstqfq( Tey)ffi( S € y)'

w — [qw U= eia“T“ [Ta, Tb] — ifabcTc w — U’Lpl

L =(iy-0 + gy -A'T*W AZ —>AZ + AAi

Covariant dervivative: D, = 3, —1 gAZ T;

D, —»UD,U" £ =4)iy-Dy

D,D,—D,D,=[D,,D,]

= 9,0, —1g9,A,T* —igAlT*9,— g?ALAYT T — 9,0,
+igd,Al T +igAST?d, + g AL A TP T*

= —ig (9,41 — 8,42 T* —igA"AP[T%, T"])

=—igF] T Fl, =9A%—0,A! +gf AN,

tr[ToT?] = 35

Killing form: %5cp =— quVF F¥" 4 apiy - D

Gluon: FJ |,—o = 9,A7 — 3,A],

2

[5((1) = Qg_g ﬂSM(a) =3 a? Zfermions i le’
e

Ct(Q) 1_—a(Q0)1°g( Qo )

Strong coupling: a, = &7

aS(Q) = aS(QZO)

1455200 (1125, ) log( & )
Bianchi: (D,F,,)* + (D,F,,)* +(D,F,,)* =0.
fabdfdce +fbcdfdae +fcadfdbe =0.
[T, [T T+ TP, [T, T*1)+ [T, [T, TP]] = 0.

TEMA 6.1: Violacion de la paridad

Paridad: PX =—X PV=-—V PL=L
Pseudoscalars: P’ = —n°
PE=—E, PV=-V, Pp=p, PB=B
PI=—J, PLZ=% PO=n—0, Pp=¢+m.
P(UR(P)) _ (0 1) (UR(P)) _ (UL(P))

u,(p) 1 0/\w/(p) up(p)
Time reversal: Tt =—t Tp= —p

TE=E, TV=Y, Tp=p, TB=-8,
TJ = —J, Tjt——ai TH=H Ti=—i

1
TuR = euR = (_01 O) uR

Conjugador de carga: Cq = —q

\.

UNIDADES Y MATES
2 X3
=I+iX—5 —i%+.

fdx5(y f(x))—fdx m 5(X—f_1(J/))
f(x)=1 x=f"1(1) d’c:%dx dx = z-dt

_ Inx
log10X = fi16

MASAS Y CARGAS

Quarks
Simbolo Masa Carga Espin
(MeV/c?)
~2.2 +2 3
~ 4.7 —% %
c ~ 1280 +2 3
s ~ 96 - :
t ~ 173100 +2 3
b ~ 4180 -1 3

Leptones
Simbolo Masa Carga Espin
(MeV/c?)
e 0.511 -1 3
u 105.66 -1 3
T 1776.86 -1 3
v, <1 0 3
v, <0.17 3
v, <18.2 i
Bosones de Gauge
Simbolo Masa Carga Espin
(MeV/c?)
Y 0 1
g 0 1
z° 91190 0 1
w* 80390 +1 1
Boson Escalar
Simbolo Masa Carga Espin
(MeV/c?)
H 124970 0 0
Hadrones Compuestos
Simbolo Masa Carga Espin
(MeV/c?)
p 938.272 +1 3
n 939.565 0 3
t 139.570 +1 0
m° 134.977 0 0
i 139.570 =il 0




