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1. (5 points)
The squared four momentum of the scattered parton is

(4 +€P = m?e.
By expanding this and multiplying with x%/Q?
q2+2€qP+52P2 :m2C2
¢* + 26Mv + E2M? = m2c? (. q-P= Mv, P> =M?

2 M?c? m2c?
0 &+ x¢ — 2° <1+ % ) = 0.

Solving for &,

x2M?c? m2c?
. —1+\/1+4T (1+ L )
N xM?3c? '
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The given approximate formula with € = 4% o ¢ and ¢’ = sz gives
2 M?2c? m2c? r?M3c? m2ct 22 M?c?
\/1+4 o <1+ QZ)%l—FQ oz (1—1— oz O )
Employing this yields
m2e2 — M22a2
E=a |1+ 02

2. (5 points)

Sea quarks result when gluons produce quark-antiquark pairs. This process has the great-
est probability of zero (or very low) energy and falls off as the energy increases. So the sea
quark distribution peaks at x (momentum fraction) = 0.

The valence quarks on average would carry % of the nucleon’s momentum, were it not for
the gluons. The data show that the gluons carry approximately % of the momentum. So (zgy)
peaks at © ~ 0.2. Because of the interactions among the quarks, the distribution is broad,
extending all the way from = =0 to z = 1 (z = 1: single quark carries all the momentum!).



3. (15 points)

Then,

1 1 3
4/ zuP(z)dx —i—/ zdP(x)dr = =
0 0 2

(2) e swei+ (3) e« @) + (3) e + )

% [4uP(z) 4+ d¥(z)] + %S(m) where S(x) = sea quark distribution
1 4

! (w) + )] + 25

é [4d¥(x) + ub(z)] + %S(m) by isospin symmetry { ZEEB : zzgg

since sea quarks carry very
little momentum.

(1 [ o [t )

1 1 1
8/ zub(z)dx + 2/ xdb(x)de = 12/ zdb(z)dx + 3/ U
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4. (10 points)
From Problem 3,

Py @) = L up@) + @) + 25()
%an(x) = % [4dP(x) + ub(x)] + gS(x).

50 Fp(z)  ub(x) + AdP(z) + 125 (x)

FP(z)  4ub(z) + db(z) + 125(x)°
If at given value of z, F}(x) was dominated by up quarks, and FJ(z) by down quarks (which
have the same distribution as the up quarks in the protons),

Fy(z) 1
FP(z) 4

~—

If FY(x) was dominated by down quarks and Fj'(z) by up quarks, then

If the sea quarks dominate, as they do at very low =z,

£y (x)
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Adding the same quantity to numerator and denominator will always bring the ratio close to
1. So ,
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5. (10 points)

a)

Q* 4GeV?/c?

= ~ 0.003
2ME  2(0.938GeV?/c2)(600CeV)

— Lmin =

b)
Normalizing constant A,

! Y1 —a)? 32 105
dex:A/ dr=A—=3 — A= —.
/0q<) 0 (x) 35 32

Integrating the parton distributions,

105\/5 6 2
o(z)dz = 2 — 20 4 —a? — Zg°
/q(x):l: 32 < v 5x 71:)

o6 35 o6 14 8 1
/qs(x)dx =04 <lnx — 87 + 142? — gx?’ + ?x‘l — gx‘r’ + gxﬁ - ?x7 + gxs)

15 20 15 6 1
/g(x)dx =4 (lnx — 6z + 3:1:2 - €x3 + Ix4 - 5x5 + 6x6) :

So, one finds

‘ Valence quarks ‘ Sea quarks ‘ Gluons
x>0.3 0.30 0.005 0.126
x> 0.03 1.90 0.41 4.92
x > 0.003 2.64 1.25 13.51




