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-Gross-Section-Golden Rule

W

1+2-> 3+4+...+n

do= |M

2 % S« 1 *[ cdp3 x...x———————Cdzpn ]*
4+ (plep2)? - (mim2c2) e (2+m)°+2+E3 (2%m)% «2+En

(2+m)**6* (pL+p2-p3-p4 ... -pn)

i
= do gives cross section where p3 is in range d” pJ, plfis in range d° p#, etc.
Typically look for angle at which particle 3 emerges. So integrate over all other final momenta and |p3]

Find differential cross section do/dQ for scattering of particle 3 in solid angle dQ

m pi is 4-momentum pi=(Ei/c, pi)
Ei® = | pi|? +(mixc)

§ enforces conservation of E and p: pl+p2 = p3+...+pn

szl_[’j’_=1 () for j multiplicity of each particle.

Generally M is a function of p2, p3,.., pn so it stays in integrand.
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= Example of 2 body scattering in CM frame

m 1+2-3+4

In CM: p2 = -pl
m2, m3 # 0

M (p2, p3)

(E1/c, pl)

p2=(E2/c, p2) = (E2/c, -p1)

p3 = (E3/c, p3) = (\/532 + (m3xc)?, pB)
p4 = (E4/c, p4) = (Vpa?+ (maxc)?, p4)

pl

Observe that pl+p2=E1xE2/c? + p1* which implies that v (plop2)? + (ml m2 c2)* = (E1+E2)«|pl| /c

So

do - (Zey? e Selilee . L 5% (pl+p2-p3-p4) & p2d’°p3

& (pl+p2-p3-p4) =& (EEEEEEL) « 5% (-p3 - p4)

Replacing 6* by new form and evaluating d® p3 where we substitue p4=-p3

do = ( n )2 . S« [M|2xc . *5(%2——\/932+(m4*c)2—\/p32+(m3*c)2) d
T 8 (E1+E2) = |p1] Vp32+ (m3xc)? «Vp32+ (mdxc)?

3p3

In this case | M |2 depends on direction of p3 (angles) as well as magnitude so cannot integrate over angles
as before.

dPp3= | p3|%2 «xd|p3| «dQ

So
do _ , h \2 Sxc |M|2*c5(ifi—\[pBZ*r(mcl*c)z—\/p32+(m3*c)2) 2 3
@ = (gx) * TETm2) TRl Tp37r (m30)? ~Vp3es (mdrc)? *|p3| xd'P3
| |
So
do _ ( h )2 . Sxc
dQ "~ \s8n (E1 + E2) = | p1 |
2
J‘|M|2*6<§1*TE?——\/p32+(m4*c)2—\/p32+(m3*c)2) 5 o3
- * | p »d’p
Vp3Z+ (m3xc)? xVp3®+ (md«xc)?
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Letp= | p3| andE=c»* (\/p32+ (m3 % c)? +\/p32+ (m4 + c)?

a5 _ By p
do /p32+ (m3+c)? »Vp32+ (mdxc)?

do Axc\?2  Sx|M|? | p3 |
Hence ——— = ) * *
de ( 8 7 (E1 + E2)? | p1 |
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