Elementary Particle Physics: Assignment # 7
Due Tuesday March 22nd

1 The lagrangian for electromagnetic interactions of an electron ¢ (charge
-1 and mass m) and a scalar ¢ of charge e; and mass m, with an electric
field (photon) A is

L=1 (107" — ey Ay — m) P+[(0,+iee; A, ) 9] [(0" +iee; A) ¢]T—m?|¢|?
— With this Lagrangian the amplitude for
e (k,r)+s(p) — e (K,7") + s(p) is
ee; -
7

M =

(K)(p + ) (k)

— Obtain the unpolarized squared amplitude and the corresponding
differential cross section dg% in the LAB system (where p =
(ms,0)). Neglect the electron mass. As usual E’ and 2 are the
corresponding energy and solid angle of the outgoing electron.

— With the results above obtain the differential cross section dEd,‘[’m

for the DIS e™p — e~ X in a parton model with partons being
scalars.

— Predict the expected scaling and relations between the form fac-
tors Fi? and F;? in this scalar-parton model

2 If we define the variables x = 5 sz and y = £ show that in the LAB
frame
: [ Mz
E' =FE(1—y), s1n2§:W_yy), dEdQ—QMW(l )dzvdy

Write the prediction of the parton model for

do
dxdy

(ep — eX)

U,

in the lab frame in terms of the “x” and “y” variables.

3 Suppose that you are looking for a heavy 4th-generation fermion F
with electric charge —1 and mass M which can be pair produced in



quark-antiquark collisions ¢;q; — F'F' via electromagnetic interactions.
QED predicts the fundamental cross section to be

o(8) = 47;‘;“ J1—ami/3 1)

Compute the cross section pp — FF X in nb (nanobarns) and for pp —
FFX for \/s = 7 TeV (center of mass energy of the hadron-hadron
collision) for masses M=100, 1000 GeV. Suppose that the up and down
valence quark distribution in the proton are given by w,(x) = 2d,(z) =
6(1 — )% and that all the sea are uy(r) = us(r) = dy(x) = Us(x) =
(1 — x)3/(4z). Neglect the contribution of the strange quark. Discuss
the difference between the result in pp and pp (see Hint behind)

Hint: You are going to need to evaluate first some integrals which
can be done analitically. And then a second integral has to be done
numerically (for example with Mathematica)

Here are the answers of the first integrals (you may also check them):
|
L(r) = / do—5 (1= 2) (@ —7)* = 3(> = 1) = (2 + 47 + 1) In(7)
/dx—l—:c ¥z —1) = /d:v—l—:c Yz —1)° =
1
L1072 — o7 +-+18) + (7% + 67+ 3) In(7)
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3(7'3 —1)+972 - (7‘3 +97° 4974+ 1) 111(7‘))

3
L(r) = /dey(l—:z) (z—f)?’:



