ES, IS, DIS, SIDIS
and Hadron Structure
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Blastic chﬂer}ns — Fejnman dc‘as ram. Form Factors
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Elastic scattering

Ao 4042(hc)2E’2cos2%£’ (G%(QQ) +7G2,(Q?)

- 14+ 7
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where T = 1?/Q%.

Inelastic Scattering x =P
P

W: y*-p invariant mass

Ao dma®(hc)’E'cos?(0/2) (W2 (Q?,v) + 2tan®(0/2) W1(Q?,v))

AQ?*Av Q*E . 2 GeV limit
’]\ 04 | 4 GeV limit
i 6 GeV limit
Ao 4ra®(hic)?E'cos?(0/2) W1(Q3%,v) A |

(1+€R(Q%v))

AQ?Av Q'E e(1+7)
with € = (14 2(1 + 7)tan?(6/2)) 1 PR
Ao 4wa?(he)*E'cos?(0/2) 1 5 1 e ’
AQ2AY Q‘E (;Fz(x)—|—2tcm (9/2)MF1($)) = e
=W2/Q2 +1
Picture from F. Gross,
F1 (.27) = MW1<Q2, V) F2 (-73) — VWQ(Q27 V) «Making the case for Jefferson Lab»

The first decade of Science at Jefferson Lab



Deep Inelastic Scattering (DIS
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Deep Inelastic Scattering (DIS)

Reminder: Elastic scattering

Ao _ 40?1 B cos?l B () +rG5@)

A QZ_ Q* E 1+71
Elastic scattering from quarks:

+ 27 taan G?W(Q2)>

_ ArzZo” (he)?E'cos®(6/2)

Ao OB

(q(x)Az 4 207 /Q*tan?(0/2)q(x) Ax) AQ?.
(12)

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

Ao _4m2<hc>2E’0082(9/2)<§z§q<m)+imn2<e/2>z§q<x>>. (13)

AQ2AY Q*FE M
Reminder: IN-Elastic scattering
NOTE: =
Ao 4ma?(he)*E'cos?(0/2) |1 5 1 F.=2xF
= —F5(x) +2tan”(0/2)—F(x 2~ 1
AQ*Av Q'E (V 2(7) o/ )M 1)) Callan-Gross

= Fi(z) = % (g () + a(z)] + % d(x) + d(z) + s(z) + 5(2)] + ) No Q2!



Quark-Parton Structure of the Proton

alx)  ~ <P,s‘qy“q|P,S>
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“axial charge”, similarly G(x) and AG(x) for gluons

Spin Sum Rule: S

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

Ao Ara?(he)?E'cos?(0/2) 1 1
AQ2AV - = : C>Q4ECOS o/ )(;F2(5L')“‘275@”2(9/2)MF1(37))

AQzAv M_AQ Ay 0 Q E2 [(E+E'cos0)g, - 2xMg, |

Unpolarized:  Fy(x,Q?) and F,(x, Q?)

Polarized:  gy(x,Q2) and g,(x, Q?)

Parton model:

| 2
Fi(x) =5 efq;(x) and Fy(x) = 22F (x)
]
1 2
g1(x) =3 Y ef Aq;(x) and g5(x) = 0
]
the structure functions g, and g, are linear combinations of A; and A,

2 T 1
X, =— (A + —= A~ F;
gl( Q ) 1+‘IS( 1 \/; 2) 1

i = quark flavor

e; = quark charge

gz(x,Q2)=i(«/%A2—A1)Fl T=§



Virtual Photon Asymmetries

Virtual photon
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Parton Distribution Functions

« The 1D world of nucleon/nuclear collinear structure:
— Take a nucleon/nucleus

— Move it real fast along z
= light cone momentum
P, =Py + P, (>>M)
— Select a “parton” (quark, gluon) inside
— Measure its I.c. momentum

p+ = Po + p, (M=0) EF) [
— = Momentum Fraction x = p,/P,”) D)
— InDIS™: p,/P,= & =(q,- v)IM > e
= Xgj = Q2/2Mv [ q=K-—
— Probability: f1(x),i=u,d,s,....G 0’ =—4'q, Ny =E-E
_ 5% 2
In the following, will often write “q{(x)” for f;/(x) p.
. X
") Advantage: Boost-independent along z (P,,P)
) DIS = “Deep Inelastic (Lepton) Scattering” p,n,A




Parton Distribution Functions
and NLO pQCD

Two effects modify simple
parton picture:

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

a,(0") )C) a(Q)AG@)
27

g (x, Q )pQCD Z" (M+AQ)®(1+

q " ,0C, —Wilson coefficient tunctlons

2) pQCD evolution makes
PDFs Q?-dependent
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Inclusive lepton scattering

Callan-Gross Wandzura-
Parton model: DIS can access  F)(x) = %Eel.qu.(x) (and|F, (x) = 2xF,(x))|  wilczek

l

g (x)= %Eeiqul'('x) and g,(x) =|-g,(x) + f gl;y) dy

1

At finite Q2: pQCD evolution (g(x,Q?), Aq(x,Q?) =
DGLAP equations), and gluon radiation

13, = A(p JOR-A (0 JUI: oA
g (x,0 )pQCD_zgeq[(Aq+AQ)®(l+ 27 &C,)+ 7 AG® Nf]

= access to gluons. dC ,5C; —Wilson coefficient functions

SIDIS: Tag the flavor of the struck quark with the
leading FS hadron = separate gi(x,Q2), Agi(x,Q2)

Jefferson Lab kinematics: Q2 ~ M= target mass effects,

. N2 WaY
Q(xa Q7), <h ' H>C](X,Q ) higher twist contributions and resonance excitations
Traditional “1-D” Parton F, (4M*x* HT ww
Distributions (PDFs) " Non-zero R=—_= ( R +1)—1, g (X)=g(x)-g, " (x)
(integrated over many ! 1
variables) = Further Q*-dependence (power series in—) 15



— Our 1D View of the Nucleon

(depends on x and the resolution of the virtual photon ~ 1/Q?) Low Q2
W = final state invariant mass = \/M2 +(%—1)Q2 oGy ChPT
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