P424 Assignment 1 Solutions

1) Matural wnits

[a] The neutcal B mesons oscillate belwesn particle and anti-particle states, The proba
bility of & particle initially produced as a B” to be detected & a B" is usually written
s [using “natural” units)

—ffr

P[E“ . El,l-h _ &

5 [1 — oosl A d]]

and Am is quoted to be 0502 pa ™", Le. i trested as a frequency. Express Am in units
of mass and give the numerical walue in an appropriate system of units, like GeV/e®.

(b] A pion las invartant mass 0.1385 GeV/e?, What = its Compton wavelength in Fermi
(b7

(a) From E = hw, 0.502 ps” =0.502 x 10" x 1.05 x 10™* Joules =
0.502 x 10”x 1.05 x 10/ (1.6 x 10™") eV/c* =
0.502x 10”x1.05x 10*x 10°/ (1.6 x 10"°) GeV/c> = 3.3x 10" GeV/c™.

(b) 1.395x 10* eV/c* =1.395 x 10°* x 1.6 x 10-" Joules =
(again from E =hw) 1.395x 10°x 1.6 x 10"/ (1.05 x 10°*) Hz =
1.395x 10°x 1.6 x 10"/ (3 x 10* x 1.05 x 10**) m" = k (wave number).

The Compton wavelength A = 2% =
A =2mx3x10°x1.05x 10*/(1.395x 10°x 1.6 x 10™”)m = 8.87 fm.

21 Beattering kinemaslies
A2 GeV oeleciron beam s incident an a thin Carbon tanget, Asswming the electrons
geaiter domsimantly froon individual protons, caleulate

[a] the mvariant mass of an & -p pair 1o e CM frame

(b] the epengy of the seattered (fnal state] electron a8 & funetion of its angle wret the
electron beam for elastic eollisions (Le, when the proton does not gel broken apart].

(] Does your answer to (b)) change if vou seatter polarized electrons fram & polacized
Larpel?
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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

2 0.938 2.938

2 0 2

0 + 0 = o I so the invariant mass is v2.938> —2> =2.15GeV.

0 0 0

2.938 p. Jp?+0.9382
2 cos
(b) We have, by conservation of 4-momentum, = P ) ¢ + p PCOSO
y

0 p,sing p,sin@
0 0 0

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,as a function of ¢, as the question asks for.

From energy conservation, ,/p; +0.938° =2.938-p, = pf, =p’ —5.876p, +7.752.
Then, from y-momentum conservation, p,sing = p sinf =

p,sing
Jp2—5876p,+7.752

0 =sin™ . Then, from x-momentum conservation,

5.876 + \/4.51 1-45.024cos’ ¢

p.cosp=2—p cosb = p, = (after a fair amount of

4+6¢c0s” ¢
algebra, which I omit).
3 Deecay kinsmatics
Consider the decay K= — == 2"2", where m}, = 495 MeV, m_+ = 130MeV and m_. =

135 eV,
()] What s the maxiimem momentum of the = o the B et frame?

(b] Suppose the experimental apparatus cannot record decays where the invariant noass
of tlee 7', mioooe, 8 less than 320 MeV, What are the allowsd momenta for the =~
uncer this restrbction?

fe] What s the maxiimemn allowed -0 wnder the conditons of part (b7

(d] One often kods that random ecombinatoraal background [combanations of particles
Lhat did nol comse bam the decay of & single parent particls) popalates the ares near
the boundary of & Dalitz plot. What charactesstae do the decavs that lie near the
boundary of the plot share?
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(a) The maximum possible 7* momentum will be when the two 7°’s share the same
momentum and fly opposite the 7*. Thus we have

0495 (0.139>+ p* | [J2%0.135) + p?

0 _
= P + P = p._. =134 MeVre.

0 0 0

0 0 0

(b) The maximum momentum would then be

0.495 J0.139% + p? J0.320% + p?

0 p -p -

= + = Po = 86 MeV/c. (The minimum
0 0 0
0 0 0

momentum would be zero.)

(¢) The n° momentum that will maximize m_. , occurs when the chosen 7° flies

+

directly opposite the 7* and the other 7° is at rest. This is given by the negative value

of p for which 0.320 =0.135+4/0.135> + p> = p=-126 MeV/c. Thus we have

V0.139° +0.086> | (0.135%+0.1267 | (0.349 ) [ /m’., +0.040’

_ —0.040 ~

0.086 . 0.126 _ _ 0.040 .
0 0 0 0
0 0 0 0

m. , = 347 MeV/e.

(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.
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4] Interaction of pariicles 1o matter

[a] The amount of energy a 1.5 GeV particle loses when travessing malesial depemds
on the particle type. Assuise the particles o g o7, K oasd p,oesch with 1.5 GeV
pecanentam, traverse & mediom of thickness 001X, Which, on average, loses the
pecal enecgy (order thens from largest bo smallest enecgy hoss]7?

(bl The particles [rom {a) enter & quarie bar with index of refraction n = 1.5, Which
partieles will eput Cherenkoy radiation?

(] Sugpose you messere K oand =7 b ovourr detector, Yoo imessiene Uee track meonentam
with high preciaon. In addition, pou measure the ansound of time cequired For the
partiele Lo travel the Tm between the production vertex and a time-of-Maght [TOF)
detector. What tinse resalution o; st the TOF detector have inarder to acievs a
5 standard deviation separation between 77 amd K at 1 GeV o momentom?

(d] Consider an eleciromapnetic shower initiated by a 1 GeV positron in Lesd. If we
pzoadel the shower process as o series of bremsstrahhong events and subsequent pair
production from the photons, estimate [eradely] how many positrons we expect Lo
produce. (Hint: ihe eritteal energy in Lead = about 1 Bed']

(c) At 1 GeV momentum, the speed of the kaon is 0.896¢ 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.)
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