
P424 Assignment 1 Solutions
100 pts. total

(a)  From 
 
E = !! ,  0.502 ps-1 = 0.502 x 1012 x 1.05 x 10-34 Joules =

0.502 x 1012 x 1.05 x 10-34 / (1.6 x 10-19)  eV/c2 =

0.502 x 1012 x 1.05 x 10-34 x 10-9 / (1.6 x 10-19) GeV/c2      =      3.3 x 10-13 GeV/c2. 10 pts.

(b)  1.395 x 108  eV/c2 = 1.395 x 108 x 1.6 x 10-19 Joules =

(again from  E = !! ) 1.395 x 108 x 1.6 x 10-19 / (1.05 x 10-34) Hz =

1.395 x 108 x 1.6 x 10-19 / (3 x 108 x 1.05 x 10-34) m-1  =  k (wave number).

The Compton wavelength !
c
= 2"

k
#

!
c
=  2! x 3 x 108 x 1.05 x 10-34 / (1.395 x 108 x 1.6 x 10-19) m     =     8.87 fm.  10 pts.
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(a)  The mass is invariant, so we can calculate it in the lab frame instead of the CM

frame.  We can neglect the mass of the electron (0.000511 GeV), so the total 4-vector is
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,  so the invariant mass is 2.938
2
! 2

2
= 2.15GeV. 7 pts.

(b)  We have, by conservation of 4-momentum, 
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As this is 3 equations with 4 unknown variables, it of course does not have a unique

numerical solution, but we can solve for p
e
as a function of !,  as the question asks for.

From energy conservation, p
p

2
+ 0.938

2
= 2.938 ! p

e
"  p

p

2
= p

e

2
! 5.876p

e
+ 7.752.

Then, from y-momentum conservation, pe sin! = p
p
sin" #

! = sin
"1 p

e
sin#

p
e

2 " 5.876p
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(
) .   Then, from x-momentum conservation,

p
e
cos! = 2 " p

p
cos# $ p

e
=
5.876 + 4.511" 45.024 cos2!

4 + 6cos
2!

 (after a fair amount of

algebra, which I omit). 7 pts.

(c)  While the probability density distribution of !  would (depending on the directions of

polarization) change if one has a polarized beam and polarized target, the relation above,

i.e. what is p
e
 as a function of !,  merely follows from conservation of 4-momentum and

is independent of spin and polarization. 6 pts.
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(a)   The maximum possible ! + momentum will be when the two ! 0 ’s share the same

momentum and fly opposite the ! + .  Thus we have
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( pmax = 134  MeV/c. 5 pts.

(b)   The maximum momentum would then be

0.495

0

0

0

!

"

#
#
#
#

$

%

&
&
&
&

=

0.139
2
+ p

2

p

0

0

!

"

#
#
#
#

$

%

&
&
&
&

+

0.320
2
+ p

2

' p
0

0

!

"

#
#
#
#

$

%

&
&
&
&

( p
max

= 86  MeV/c.  (The minimum

momentum would be zero.) 5 pts.

(c)   The ! 0  momentum that will maximize m
!
+
!
0  occurs when the chosen ! 0  flies

directly opposite the ! +  and the other ! 0  is at rest.  This is given by the negative value

of p for which 0.320 = 0.135 + 0.135
2
+ p

2
! p = "126  MeV/c.  Thus we have
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0 = 347MeV/c. 5 pts.

(d)  Near the edge of the Dalitz plot, at least one of the particles in the decay is near the

minimum momentum allowed by the reconstruction.  Since background tracks typically

occur more often at low momentum, such events usually tend to have more combinatoric

background. 5 pts.
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(a)  The lower the mass, the more bremsstrahlung radiation will be created

(bremsstrahlung power is proportional to m-6).  This dominates for particle with ">~100,

i.e. the electron, and the electron will have the greatest energy loss.  The others are

dominated by ionization energy loss, which has a form that can be seen on p. 2 of

https://particle.phys.uvic.ca/~jalbert/424/lect6_424.pdf.  Using that formula, in order of

largest to smallest energy loss, we have the ordering: e, p, µ, ! , K . 5 pts.

(b)  Particles that are moving faster than the speed of light in the medium, c/1.5, will emit

Cherenkov radiation, thus ! >
1

1" 1
1.5

2

= 1.34.   ! = E m "
m
2
+1.5

2

m
> 1.34 "

m
2
+ 2.25

m
2

> 1.8 ! m < 1.67GeV/c2 for any particle that radiates Cherenkov radiation.

This holds for all of the above particles so they all will radiate Cherenkov light. 5 pts.

(c)  At 1 GeV momentum, the speed of the kaon is 0.896c and the speed of the pion is

0.990c.  Thus the kaon will arrive at the TOF at approximately 3.72 ns and the pion will

arrive at 3.37 ns, a time separation of approximately 350 ps.  Thus the TOF must achieve

an approximately 115 ps time resolution to achieve 3 sigma separation.  (That is difficult

but doable for plastic scintillator + phototubes + very good timing electronics.) 5 pts.

(d)  The last positrons will be produced with momenta approximately at rest, so final

pairs will be produced from photons of energy ~= 2 x critical energy ~= 2 MeV.  Each

pair contains 1 positron, so from conservation of energy there will be approximately 500

positrons produced from the final pair-producing photons.  (If one instead were asking

how many positrons, counting both final and intermediate, are produced, the answer

would be approximately (500 + 250 + 125 + …) ~= 1000.) 5 pts.
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