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(b) Compute the cross section for this process using the relevant Feynman diagram. Ex- 

press your final answer in terms of Æ,, M,, Mp, Me, and M where M is the matrix element 

in the amplitude. 

(c) Assume that M = 2 as we did for neutron decay. Numerically evaluate the cross section 

(in barns) for E, = 2.5 MeV. 

23.08. Antineutrino cross section, 

Consider a process in which an antineutrino with energy £, is absorbed by a stationary 

nucleus X, converting it into a nucleus Y and a positron: 2, + X => Y +e*, Assume 

that Æ, is low enough that the kinetic energy of Y is negligible. This means that the lab 

frame and the CM frame are basically the same, so you can calculate everything in the 

CM frame, ignoring the kinetic energies of the X and Y, 

(a) Determine the minimum energy E, required for this process to occur, in terms of 

Q = mx — My — Meg, where my and my are the masses of the nuclei. We assume that 

Q < 0, otherwise the X would be unstable to Bt decay. 

(b) Assume that E, is above the threshold calculated in part (a). Determine the energy 
E. and momentum p, of the final-state positron in terms of /,, me, and Q. 

(c) Draw the Feynman diagram for this process and write the amplitude A, making the 

same assumptions we did in class for the spin and nuclear stuff. Express your result in 

terms of mx, E,, Me, Q, and the nuclear matrix element A7 (as well as fundamental 

constants). 

(d) Compute the differential cross-section (da/dQ)om for this process, starting from the 

general 2 — 2 formula that we derived in class, expressing your final answer in terms of 

mx, E,, Me, Q, and the nuclear matrix element M. Finally, you may assume that E, and 

Q are both much less than mx, alloving a simplication of your result. 

(e) Since the differential cross-section is independent of any angles, the total absorption 

cross section o is obtained by simply multiplying it by 47. Numerically evaluate o for 

the absorption of an antineutrino of energy Æ,, = 2.5 MeV by à proton, expressing your 

result in fm? and also in barns. Note that since the Feynman diagram involves the same 

particles that were involved in neutron decay, we can use the same matrix element, namely, 

M & 2.3. 
p 

64, 23.08. 19.08. Since 2015, Cowan-Reines antineutrino detection experiment, 

In the first direct neutrino detection experiment, a beain of antineutrinos from a nuclear 

reactor traversed a tank of water. A schematic of the experiment can be found on Canvas. 

The lateral dimensions of the tank of water were 1.83 m x 1.32 m, and the height of 

each of the two water-filled sections was 7.6 cm. The beam flux through the tank was 

F = 1.2 x 1017 antineutrinos per second per meter squared. 

(a) The average energy of the reactor antineutrinos was about 2.5 MeV. Show that this 

is sufficiently high to be absorbed by the hydrogen nuclei but not by the oxygen nuclei in 

the water. 

(b) The cross-section for antineutrino absorption by a proton at the relevant energy scale 

is about 1.1 x 1071 barns. This is very small but the flux is very high, Compute the 
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