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4. Cross section and phase space

A+B—->C+D 21’
T 4 2
Pa P W; = V—45 (pA+pB_pc_pD)'|Mfi|
. A :
cross section = ———"——(number of final states)
(initial flux)
Ps Pp
W.
Differential cross section: do =—dn,

dn; number of final states
F, incident particle flux of A and B

4.1 Number of final states

n=1
Quantum mechanics restricts the number q vd3p vd3p l vd3p
of final states dn; of a single particle in_a ne = 3= 3 3= 3
volume V with momentum ¢ Fﬁ, p+ dﬁ] 2Eh 2En°(2r) 2E (27)
f

Factor 2E is result of

normalization of the wave

function: 2E particles / V
For particle C and D 3 3
scattered into momentum dn, (A+B —C+D)= Vd'p. Vd'pp
elements d3p and d3p, ' 2E.(27)°® 2E,(27)°
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4.2 Incident particle flux F;

Choose system where patrticle B is at rest
F, = (flux density A) x (density B)

v - 2B, 2E T D
Va F=\V S with v, = =4
A—2—> @B [ |A| VERRY; ATE,
Other cases:
Vi, g Ve F = iy —Vy|- 2E, - 2E5 = = ((paps)? —mzm2)"?
A — B — _\7|VA_VB|' Ve (PaPg)” —Mzmg
p p 4 4
AQ—A’Q‘—Ei B F:\7|pi|'(EA"‘EB):\?|pi|\/g
Pa=—Pg =B

4.3 Lorentz invariant phase space factor

W..
Putting everything together do = ?“dnf
[
27)" . V? vd’p,  vd’
dO‘=( 4) 54(pA+pB_pC_pD)'|Mfi| = ) P 3 pD3
Vv V.2E.2E, 2E.(27)° 2E,(27)
|Mr|2 4 .4 d3p d3p
= —=—"(27) 6 (Ps+Pg —Pc —Pp)- h >
(V|2E, 2E, AT TP 2B (27)° 2B, (27)°
Particle flux F, Lorentz invariant phase space factor d @,

Remark: volume V drops out !
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do —L J'ch -

Phase space factor d® for two-particles final-state

1 o
4—”2_[53(pc + Pp)S(E, + Eg — Ec — Ep

CM System:
ﬁc = _50

6A = _ﬁB

)dspC dspD
2E. 2F,

1 |F3f|

4% 4ys

dQ

[do

5f = r_jc :_50
S =(EA +EB)2
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putting everything together

4 .4 Differential cross section ...
Pa Pc
A+B—->C+D
Ps Po
2 =
d0:|Mﬁ| dd = 12.E.|E_f|.||v|ﬂ|2dg
F 647> s ||
do _ 1 .E.M.|M_|2
dQ e4z° s ||
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5. Decay width, lifetime and Dalitz plots

5.1 Decay width
1
2
n

L or-zn

T =

Two-body decay:
A—>1+2

‘E:EA:mA

Diff. decay width:

AL (A > 1424 +n) = Vi gn,
Na

2

q ] P

IR (277)5(pA Pr—Ps—.. pn)

T 2E,
d’p, . d’p, L d’p,
2E,(27)° 2E,(27)° T 2E,(27)*

M oy M 3 B
2E, 2E, 47° 4s

wie oben

dij(A—>1+2) =

[ .
dir(A—>1+2)= M. | dQ
(A1+2) 327°m: H f'|

Three-body decay:

flatin E; and E,

1
[do =ﬁIdEldE2

A—>1+2+3
I 1 1
| dri (El!EZ) = —3_|Mﬁ|2dE1dE2
scalar 647° 2m,
Remark: Instead of variables E, and E, one m’ =(p, +p,)’
can use variables m;, and m., : ,
= invariant mass of pairs (i,j) dE,dE, =C -dm,,dm,,

| —

dri (m1zv m23) =

1 1 2 If phase space is
256 g __8 |Mfi| dm12dm23 flat in E; then it is
My also flat in m;

Experimental method to explore behavior of My;: Dalitz Analysis
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5.2 Dalitz Plots Method:

Put every measured decay into a 2-dim,.
(E,,E,) distribution. A flat distribution over
the allowed region corresponds to a “flat
matrix element”. Structures in the
distribution point to a varying matrix elem.

Ey Grenze Kincmat-
h evluvkie Berich

Ex.: K’ > ﬁi,uiv

Dalitz Plot: 7 K p final state at 3 GeV

m'"""‘E""""""""
2
(m|1+m2)

8 [ b — e ———— (M‘m1]2 —
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Figure 34.3: Dalitz plot for a three-body final state. In this
example, the state is 77 K% at 3 GeV. Four-momentum
conservation restricts events to the shaded region.
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Dalitz Plot: Example
K +po>z'7 A

e pr

= 2 bands at An* inv.
masses of ~1385 MeV

Explanation:

Arn* form an intermediate
resonance state:

3°(1385) > Az

Mass of Az~ pair (MeV)
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48 Dalitz plot of the Ax "=~ events from reaction (4.36), as measured by Shafer
for 1.22-GeV/c incident momentum. The effective An "™ mass spectrum is shown at
ished curve is that expected for a phase-space distribution (ordinate equal to the inter
within the Dalitz-plot boundary), while the full curve corresponds to a Breit-W
nece expression fitted to the An” and An~ systems,

Experiment: Kaon beam on a liquid H,
bubble chamber




