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Elastic scattering

Ao 4a®(he)*E”cos*§ E' [ G3(Q?) +7G3,(Q%)
Af Q* E 1+7

+ 27 tcm2g G?W(Qz))
(

where 7 = 1?/Q?.

Inelastic Scattering

Ao 4mwa*(he)*E'cos?(0/2)

AQPAy 0L (Wo(Q?,v) + 2tan?(0/2) W1(Q?, v))

Ao 4ma?(he)’*E'cos?(0/2) W1(Q?,v) |
AQ2Av Q*E e(l1+17)

(1+ eR(Q2 ) = |
with € = (1 + 2(1 + 7)tan2(6/2)) o
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Deep Inelastic Scattering (DIS)

Reminder: Elastic scattering
Ao 40’ (he)?Ecos*s E (GQE(Q2) +7G2,(Q?)

6
G 2¥ ~2 2
AQ 0t B 1+ 7 + 27 tan 2GM(Q ))

Elastic scattering from quarks:

_ AmzZa?(he)?E'cos®(6/2)

A
o 0L

(q(z)Az + 2% /Q%tan®(0/2)q(x) Az) AQ.
(12)

We can use the relation Ax = —Q?/(2Mv?)Av = —xAv/v to rewrite this as

Ao 4na®(he)*E'cos*(0/2)

AQZAY O'E (%Z(?CJ(JU) + %tan2(9/2)z§q(x)). (13)

Reminder: IN-Elastic scattering

Ao 4ma®(he)*E'cos?(0/2)
AQ2AY Q*E

(%FQ(Q;) N 2tan2(0/2)%F1(a:))

> Fi(o) =g (g u(z) + a(x)] + % [d(z) + d(z) + s(z) + 5()] + ) No Q2!



Quark-Parton Structure of the Proton

alx)  ~ <P,s‘§y“q‘P,s>
r) = gt D-gH@+TM@-HE ~ (Pslgry’qP.s)

“axial charge”, similarly G(x) and AG(x) for gluons

Spin Sum Rule: S

1 1
p=5=5 g+AG+ L, + Lg

A



Simple (Constituent) Quark Model

Flavor | Isospin [ I3 Strangeness S | Charge Q | Baryon Number B
U 1/2 +1/2 0 +2/3 1/3
D 1/2 —1/2 0 —-1/3 1/3
S 0 0 —1 —1/3 1/3

[ATF D) =1UTU1TUT)
AT ) =1/V3([UTUTDN)+|[UTDIUN+[DIUTUT))

The case of the proton is a bit more complicated, since the wave function
cannot be symmetric in spin and flavor separately. The most intuitive way
to derive the proton wave function is by observing that 2 of the 3 quarks are
equal (U), and therefore their relative spin wave function should be symmetric
also. This leads to the conclusion that the two U—quarks couple their spins to
a total spin of one. Let’s denote the case where this spin has a z-projection of
+1as (UU ) :=|U T U 1), while the projection with S, = 0 will be indicated
by (UU =) :=1/V2(UTU |)+|U | U7T)). We can now combine the spin
1/2 of the remaining D quark with the spin 1 of the UU pair in two ways to
get total spin and projection 1/2; the proper way follows simply from insertion
of the correct Clebsch-Gordon coefficients:

P 1) =1/V3 (V2I(UU 1)D 1) — [(UU =)D 1)) 2)



Quark Model:

SU(6)-symmetric wave function of the proton in the quark model:

ph =%(3”T[“d]5=0 +”T[”d]5=1 "“ﬁ’”[”d]sa ‘\EdT[””]Sﬂ ‘2d¢[“”]5=1)

In this model: d/u =1/2, Au/u =2/3, Ad/d =-1/3 for all x
=>A,,=5/9,A;,=0,A;p=1/3 %)

Hyperfine structure effect: S=1 suppressed =>d/u =0, Au/u=1, Ad/d =-1/3
forx->1=>A,,=1,A;,=1,A;p=1

pQCD: helicity conservation (g1 1p) =>d/u=2/(9+1)=1/5, Au/u=1,Ad/d =1
forx>1

Wave function of the neutron via isospin rotation:
replace u ->d and d -> u => using experiments with protons and neutrons one can extract
information on u, d, Au and Ad in the valence quark region.

4/9-u-Au/u+1/9-d-Ad/d 4 -Au/u+(d/u)-Ad/d
4/9-u+1/9-d 4+(d/u)

*) Alp _



Virtual Photon Asymmetries

Virtual photon

=l
WWW

A =+1

O,,-0 O,
A, = 1/2 3/2 A, = LT
GT GT

related to quark polarizations
Aa/q



Spin Structure Functions

do |- do 1= 40 °E"
dE'dQ"" dE'dQ MvVQ’E

[(E + E'cos)g, - 2ng2]

Unpolarized:  F;(x,Q?) and F,(x, Q?)
Polarized: 9:(x,Q?) and g,(x, Q?)

Parton model:

T \ s =
Fl (x) 9 E € 4q; (x) and F2 (x) ZXFI (x) 1= quark flavor

l

g1(x) = %Eeiqui(x) and g, (x) =0

I

e; = quark charge

the structure functions g, and g, are linear combinations of A; and A,

2 T 1
X, =— (4 +—=A4»)F;
g1(x,07) 1+T( By 2)F

gz(xaQ2)=i(\/¥A2 - A F T=§



Parton Distribution Functions
and NLO pQCD

Two effects modify simple
parton picture:

1) (Gluon) radiative
corrections change
elementary cross section '

gl(x,Qz),,QCD:EZe [(Aq+AQ)®(+ ;Q )5C)+“(Q )AG®

oC,,5C; —Wilson coefficient tunctlons

2) pQCD evolution makes
PDFs Q?-dependent



