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Our View of the Proton

Point-Like 1919
Finite Size with Radius 1930s-1950s
Quark Model 1960s

QCD: Quarks and Gluons 1970s
Puzzles and Anomalies 1980s-present

Quark Sea of the Nucleon
Baryon-Meson Fluctuations
«Statistical Features



Nucleons: Building Block of Matter

« Nucleon anomalous magnetic
moment (Stern, Nobel Prize 1943)

« Electromagnetic form factor from
electron scattering (Hofstadter,
Nobel Prize 1961)

» Deep-in-elastic scattering, quark
underlying structure of the nucleon
(Freedman, Kendell, Feldman,
Nobel Prize 1990)

O valen'::e O antiquark @ quark TEF gluon
quar

Understanding the underlying nucleon structure
from quantum chromodynamics 1s essential



Surprises & Anomalies
about the Quark Structure of Nucleon: Sea

Spin Structure:
>=Au+Ad +As ~0.3

“puzzle”: where is the proton’s missing spin

Strange Content
’ As#0 s(X)#S(X)

Brodsky & Ma, PLB381(96)317

Flavor Asymmetry u=d

Isospin Symmetry Breaking Up +# (:Tn ch # U,

Ma, PLB 274 (92) 111
Boros, Londergan, Thomas, PRL81(98)4075



The Quark Model
---Starting from 1964: ZEHERIFIRH

« Gell-Mann and Zweig proposed the Quark Model
Hadrons are baryons composed by three quarks,
and mesons composed by a quark and an antiguark.
Baryons: p=uud, n=ddu, A=uds, ...
Mesons: a quark and an antiquark
The findings of ¢ quark, b quark, and t quark
« QCD as the basic theory of strong interactions

guarks and gluons as the fundamental building
blocks of hadrons or new forms of matter



|Hadron States®E 7|

‘Hadrons (Mesons and Baryons) are classified as multiplet of
SU(3) flavor group
-> constructed of 3 quarks only,

I'L-“ IIL-...
¥-(dds)
T T
K~ h’il
meson octet with JP=0 baryon octet with JP=3*

JNEZS ANEERA




| Baryon States +E

s

Strangeness
AN A’ A A°
° L] r L
{d,0,d) (d,d,u) {d.uu) {u,uu)
2 - 2 *0 E *+
-> =+ -
-1 Y 0 +% +1 Isospin
(s.d.d) (s.d.u) (s,u.u)
(s.5.d) (s,5,u)
L 5
ke = *0
(8,8.8)
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Deep Inelastic Lepton-Nucleon Scattering

..... A powerful tool

leptan:l’

leptan: |
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The Early MIT-SLAC Experiment

----- The weak Q% dependence
|E" I I 1 | — T
i g=10"
Al . —W=2 Gev
_‘\__ = - W=3 GeV

«——W=35GeV |
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The weak Q? dependence of the DIS cross section

Q% = 2EE'(1—cos0)



The Early MIT-SLAC Experiment
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The scaling behaviours of structure functions

2MWy (v, Q%) = Fy(w).

v Wa(r, Q%) = Falw).

w = 2Muv/Q*

The scaling behaviors of the structure functions »Ws5 and 2M W,

Tmott | Wa (1, Qg) +2W (v, Qz) tan? g]



The Parton Model

----- Established in the infinite moment frame of the nucleon
leptan:l’
lepton: | the ¢th parton has momentum k; = x; F
'.--'-_..I I:f
W Fy(v. Q) = vWa(v, Q?
Nucleon- P. M .HH 2':!-"' o :I B 2':!-"' s :I
. o2 i
H-'é”[u.@gj = Effﬁ{u — Q% 2M ;) = 2 2A(x — QF/2M )

L/

1 = Q% /2M
Falz) = Z ng v fi{x)d(z — Q% /2My)dx te = el
P 0



The Parton Model

..... Identify the partons as quarks (1)

The Callan-Gross ratio R = Ef 1+ &zl =1

spin 1/2

rule out pions as constituents

quarks or bare protons



The Parton Model

..... Identify the partons as quarks (2)

1/2 [IF5P (@) + Fg(@)lda €3+ &3

1/2 [[FyP(x) + Fy™(z)]dz 2

1/2 [[F5"(z) + Fs™(z)]dx =
2 2 . o _
% f[,l 1:['?_,{.1_)(,1'} + -uﬁ +dy(x)+ d—i](];{f — 0.14 £ 0.005;

J_"r}f Fl!}'—' _|_Fi/?1{ }]{ll —
o[y () + 72 + dy(x) + d]de = 0.49 % 0.07.

18/5=3.6.

3407



The Parton Model

..... Identify the partons as quarks (3)

- ‘s ~ 1 N N ‘
I'he Gross-Llewellyn Smith sum rule Sars = 5 [, [F5Y + F§N]dz =3

Sars = (number of quarks) — (number of antiquarks)

3.2+ 0.6



The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966

>—< — 2 Time-Ordered Perturbative Theory

t—'}t 2*-}1:1

L-5L

t|—5t2

Dynamics at infinite momentum
Steven Weinberg, Phys. Rev. 150 (1966) 1313-1318



The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966

1. To75 RehmAebr & 75 5
(1). 1H&E Rl

TETL T Reh@Abbr R J7iET, HTIRZERTERoAN S, (A BER DT
A DIk, RS ROR .
(2). B EIEZAK (Dilation) AW

1B — M AA bR R AR — DN ER IR 58 T RGN, BT 58 T IRRHE KL
10 Bem, SREH TR E RIS 2OETHE, FR1G 9T 45 BB 154510 /e~ 1072580
AAT o 1023042 0~ P o A ELAE FH () ML ARSI fa) RORE, BRI, 3XRR R 1R
HEFS 2 501 Py B BUAE F S B



The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966

CORPAE — AR AR bR 8 Hh il B 0 R HE v T8 95 KARKR RO A R R . (58 T
VAT 73 KA EIZ s AR =9, T Einstein™f (B ZAK RN, 581 A & ) AH B
VER AT LA SR, DR iy FAR AR I (i KT 1072380 . IR AnfE om 132 30 1
e FL 7 W) FIREH RN L 9m 1 R g0, BTy 1) E TR [a) AR RN, PRI ()
A A DRI, R RAASE AR I [ e /)N T g5 P RS ) se A ELAE RIS TA], A
iy LU A 2 MR 15 911 N BSOS B

XYL, ToT5 Rl a abs AL fe s T a5 T, BAa e — 0y
IRAE LLEARHI L e



The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966

(3). LR

FE— N 4 B 3 #E98 All Feynman-Dysonfl L L F1, HT RITFAEES
R R ORI R B S |0) A 2 e W AR RS o IXAE, TR
EEA R FHFock#Sa™t |0) (ot 2= A Skiiid Y ERLf-.

FETC 73 R EAbr 1M, HT RA A n#lo R T Za E vk, HA
FOVF IS th P2 A I E R, TR, |0) 2 4 ms BB I AR AS o IXFE, vl
FHFock 2 KA iR P BERE 1~



The Theoretical Foundations of the Parton Model

----- Infinite momentum frame technique by Weinberg in 1966

(3). LR

FE— N 4 B 3 #E98 All Feynman-Dysonfl L L F1, HT RITFAEES
R R ORI R B S |0) A 2 e W AR RS o IXAE, TR
EEA R FHFock#Sa™t |0) (ot 2= A Skiiid Y ERLf-.

FETC 73 R EAbr 1M, HT RA A n#lo R T Za E vk, HA
FOVF IS th P2 A I E R, TR, |0) 2 4 ms BB I AR AS o IXFE, vl
FHFock 2 KA iR P BERE 1~



The Theoretical Foundations of the Parton Model

----- The Light-Front Dynamics by Dirac in 1949

P.A. M. Dirac, Forms of relativistic dynamics,
Reviews of Modern Physics 21 (3) (1949) 392-399.

DiracHilight-front dynamics OGRIEN /15 BIIR G EAERIE T-1949F 3k i v
KXW (Reviews of Modern Physics) H1[1"Forms of Relativistic
Dynamics"# 77

FEIZWCH, DiractEH T B SOHXT 85 3) 71 5 G B iR IR M 45 & 1 2 M7
X W T EMARMER: BEEENX (nstant form)  fER (point form)
M (Front form) , HA AT RIDGETS) )57 1A .



The Theoretical Foundations of the Parton Model

----- The Light-Front Dynamics by Dirac in 1949

1. B 2)) 7757 (Instant-Form Dynamics)
L, = (t,x,y, 2 )R &R, B2 FRANITTAP, = (H,P), %
AN RNT, T 25 NE (Boost) A2 NIt K. 4

1
Jp = —§551R?1¢?\-fﬂ1ﬂ, K; = M. (3.3[])
ilEe]
[P*, PY] = 0;
q [MHY MPT] =i (MHMPGYT + MV7 ghe — MVPgho — MHT gVP): (3.31)
[M#¥, P7] = =1 [P*g"7 — PYg"?]

HA A gloon e, MRS 2 s e i) -+ A ko, 38(3.31) B IR A 44X
.



The Theoretical Foundations of the Parton Model

----- The Light-Front Dynamics by Dirac in 1949

fE Fib A oo, {6t = o AL TR A R E /S
P, 1 (3.32)

eI vizal 2 kot . HaRERoTH. KINWE: = ol =242 50, A8 A3

T2 T .
MR )80 115 7240, AT
-P?' = Frs ﬂ'frs = Yrts — YslPr:
Pr; qrp qsp (3.33)
Py = (psps + m*)2, Mo = qr(psps +m?) V2.
X 2R 2%, HAERMITH
R' — s ﬂ'{rs — {irl’s — 4sPr ),
2P > (arps — aspr) (3.34)
Py =S (psps + m*)V2+V, Mo =3 qr(psps + m*)V2 +V,.

Horr VAV, R BAR I, e B3R ML A 1 70 (3.34) i AL 52 I R 2 AU KR
A, BIA(3.31)



The Theoretical Foundations of the Parton Model

----- The Light-Front Dynamics by Dirac in 1949

2. 47127 (Point-Form Dyvnamics)
A2 LA i
¢qu = r* Hrg >0, (3.35)

RAB T BAE RGN TBE, WIEEFERITCE A, A
M, = Z(Q,u-pv — GuPp): (3.36)
{5 k2T (3.35) B BU BN 2 AR OB DUAS, A
Pu=> App+ @B ps —m*)} + Vy, (3.37)
Horb Bl 2 261

L+ 2p*q, B+ ¢"q,B(p"ps — m?) = 0. (3.38)



The Theoretical Foundations of the Parton Model

- = == The Light-Front Dynamics by Dirac in 1949
3. JaHT ) /12 (Front-Form Dynamics)
Plgt = (t — z,z,y,t + 2 )VEAT XN TATE, Hfr =+ — 24 W
], Z =t+ 2z 9] XMz & . BT =t — 2 = Ol IAE T HHAE vigs)
FORE MUK R AEROTA
Pi=pi, Po.=p_,

Za) | | i=1,2 (3.39)
Mz = qip2 — q2p1, Mio = qip—, My =qyp-;

v, ) Pr= i +pi+m?)/p-,
gy ) Tr=® S )/p— i=1,2 (3.40)
ﬂ-irH_ = {qi (Pf + 'p% + ??1—2)/p_ — g_|_pg-} .
Yoottt = g & as. SR RAIEENE A TN R T2 A, 20922
LA
i=1,2 (3.41)

Py =3 (pi +p3 +m?)/p_ +V,
Miy = 3" {ai(p +p3 + m?)/p- —aypi} + Vi

FANEER], AL sa) 2L ol =13l )2 2L kot



The Theoretical Foundations of the Parton Model

- = == The Light-Front Dynamics by Dirac in 1949

LT = t + x - nf— W R, € XaT = ap £ n - a, MWiEsh2E4 N
JCAP . Pt J;. K3, E = K| +n x J. -0 @2 lioc P, F =
K, —nxJ L=".

X APl )22 S F R T8l /7% (Front-Form Dynamics or Light-Front

Dynamics) .



The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

— AL B SRR N

T, Y, 2z, t; )
(3.42)
P’EFPQ'.-PZEP?:*

55 Rel&Aebn R &N

-."-J'r'yf'.r’z!?tf: 3.43
P, P, P, P o
R TS B



The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

B TE 75 KA R AL b R LA BEV I — A bR R 2 D7 [iE 3y,
=,
y! =Y, ,
< (3.44)

= (z+Vt)/(1=V2)/2,

= (V) /(1= V)Y
Py = Py,
Py =Py,
Pl =(P.+VP)/(1-V2)l/2
Pl = (P, +VP.)/(1-V2)/2




The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

B TE 75 KA R AL b R LA BEV I — A bR R 2 D7 [iE 3y,
=,
y! =Y, ,
< (3.44)

= (z+Vt)/(1=V2)/2,

= (V) /(1= V)Y
Py = Py,
Py =Py,
Pl =(P.+VP)/(1-V2)l/2
Pl = (P, +VP.)/(1-V2)/2




The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

B TE 75 KA R AL b R LA BEV I — A bR R 2 D7 [iE 3y,
=,
y! =Y, ,
< (3.44)

= (z+Vt)/(1=V2)/2,

= (V) /(1= V)Y
Py = Py,
Py =Py,
Pl =(P.+VP)/(1-V2)l/2
Pl = (P, +VP.)/(1-V2)/2




The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

IE)ZG = P;(]_ — F—z)ley g”v’r —r ]_Hr‘l‘sr
a—P +P.. (3.46)

BTk, FETE 95 KB R AT ik, = Pl ky = P o — PUERZIRAE.
LA, 4 P 7E— AR R P I B SR — 27T R R



The Theoretical Foundations of the Parton Model

- - = = The connection between IMF and Light-Front Dynamics

C 55 KaEh AR & b A T

AR AR P AE T

Py Py

P, P,

P a=FP +F,
e R J! J.

Iz K, +J,

J! Ky — Jx

K! K.

XTIt = 01 ANt 4 2 = O [

p; H — Pt - Pz
i) K, K, —J,

K ; Ky+ J»

Horb I6 95 ek by & 2 s 2242 oo X N T4 = Ol L, 1 — AR AL bR £
I zE s A R e N T+ 2 = O] .
L ERGb e, FRATE 0 A 458

S R E L IRARNBRI I NFFAT —REFFRRIERIZN N E.




The Theoretical Foundations of the Parton Model

- = = = Derivation of the parton model from light-cone formalism

Asymptotic Sum Rules at Infinite Momentum

J.D. Bjorken (SLAC) (Sep, 1968)
Published in: Phys.Rev. 179 (1969) 1547-1553

Inelastic Electron Proton and gamma Proton Scattering, and the Structure of the Nucleon

J.D. Bjorken (SLAC), Emmanuel A. Paschos (SLAC) (Apr, 1969)
Published in: Phys.Rev. 185 (1969) 1975-1982

Very high-energy collisions of hadrons

Richard P. Feynman (Caltech) (1969)
Published in: Phys.Rev.Lett. 23 (1969) 1415-1417

Photon-hadron interactions

R.P. Feynman (Caltech, Kellogg Lab) (1973)

Modification of Impulse Approximation and Scaling Variables

Bo-Qiang Ma (Peking U.) (1986)
Published in: Phys.Lett.B 176 (1986) 179-184

New scaling variable from light cone perturbation theory
Bo-Qiang Ma (CCAST World Lab, Beijing and Peking U.), Ji Sun (Peking U.) (Dec 17, 1990)
Published in: IntJMod.Phys.A 6 (1991) 345-364



The Theoretical Foundations of the Parton Model

- = = = Derivation of the parton model from light-cone formalism

", ke

kh—kﬂl

ELL Lo L

K 8 e % IR AR EU 9m ik E WL, BT

Wonla.p) = o D AP Ju(0) [ X)(X] 1, (0) [Py (27) 6% (p + ¢ — px)
X

W lq.p) = / d*z exp (iq - z) (P Ju (), (0)|P)




The Theoretical Foundations of the Parton Model

- = = = Derivation of the parton model from light-cone formalism

)
o — (ot M2/t 0 | |
) Pu= P MEPTO00) 2 02 g = M

G = (0, Eﬂ-fiufp"', q.).

\

ki, = (;I{.:_, ( ?EJ_ + ?:r?..zjﬁﬂj, k1) = (z;p", (k.fJ_ + m?) J,f;,r:.l;_g_}—’_, k1)

Un (P kys kg ki ) 167°6% (pr — ) ki )0(1 =) ;)

1=1 1=1



The Theoretical Foundations of the Parton Model

- = = = Derivation of the parton model from light-cone formalism

Vo A 352/ - S ki )6(l—a— S d?k dfﬁ
2 .F.F+

» 352 A/ nooq, ‘ N7 n sd k cN
1670 (]]J_ — li_ — E i=92 ]\iJ_)(S(l — T — E i—2 Li JW

"oy, 2K ARt o APk dES
Un(prh by -k JUn (P By - By ) S [ par

B4 S b 1) (6,0 ) ] L ) ).

] A%k | A& p(k)
W iy — / 1673 Jot . Wy Ufg :Il'.'r)

\ A2k, dk Z - | .
p(i}' — /H ]_6,.,,3,51—'_ 16:1352[])J_—lxj_ l\u_ - nriJ|'?.v"-'1ﬂ(E: i*izin”z
i=2 =2 1=2

_ SRR NA 1 A’k Ak o a3, 7 . /— — I
wuw (kK'Y = 3= [ T 2r) 6% (K —k—q)o (K~ + > ki —p~ —q7)

(k| J,(0) [E") (K] J,(0) |k)
= sz [,I{“,I{L + ,f;,“ﬁl-,p — g“p(k i - _”1_2)] O™ +3 7 ok, —p~ —q_}'

aEs




The Theoretical Foundations of the Parton Model

- = = = Derivation of the parton model from light-cone formalism

Tp —>

Nair . A -E- o Qﬂ—l—mﬂ il
Weizmann“e & Tw = g Ok, A
T /l'{. . -}2 r i
Bloom — Gilman & o' = 5 ij e PHEK A\, m (3.96)
: AL B )2 |
Bjorken”s & r — 2(;[{1/ ZHEK | N, m, M

fEBjorkentl PRy — oo, Q% — coflle = Q?/2Mv N0 — 1 DX [a] 1) [ 5 8 15

|\- y | l.j‘ ”/ﬁ

Fy(v,Q*) = Fy(z) = Z Z e?;,r:fn(.r\}, (3.97)

fo () T 1% S0BN& J3AT BRI AL

. d?k  dE+ .
folz) = / = (k).

1673



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

leptan:l’

leptan: |

I -..'-..I q

(e e
—_—_ W
Nucleon: P, M .
'\-.\..‘-.\.

B4 BT )

Bjorken”¥ &
BT R HEAZE
FHXF 1R AR &

]

He

lad

414

k, = (E.k),
K= (EK),

Qu = (f”"vq) — (EI_Eakf_k)
P, = (M,0)

Q* = —¢*
r=—q¢/2p-q=Q*/2Muv,
y=p-q/p-k=v/E,
S=2p-k=2MF = Q?*/zy.



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

W T TR AR B A K

Ao B 4l S
dedy Q4

{my?me,@2)+‘}1—¢ﬂ——$§§f]fﬁ@ncfw}+ (4.5)

{EBjorkentltfR ), £ — oo, MaAly#P N0 — 1X 8] F )& E{E, ﬂftiﬁxggf HJ
uﬁ&%ﬁ%c



Deep Inelastic Lepton-Nucleon Scattering
----- Useful formulae
7R b 2 4 oy B XA K A

Fi(2.Q%) = MW, (z,Q?),
F2 (il?, QZ) = V I"I"'Tg(;l‘-, Qz)

¥ F B8 T Ak ) R F @ o Feop

1H';Tl (;1‘-._. QZJ - 47{;’&6’?’
Wa(z,Q%) = B-(or+ JL)QEL;?
SRR NG TR T 8 RIS R TSR RE T8 2 b
op Wy v
f=Cr—mUtge) L

{EBjorkentl [R , =236 FRILR — 0. tHitbn] 151 FoE R



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

Callan-Gross % % 2.:
FQ ('.1‘-._. Qz) = 2'.1‘-F1 ('.1‘-, Qz) (—19)

fEBjorkentlz R &, HEAAER 719 HREL/ 20 OB 5 I JlAL . oG 28 3 UH S5
St AR HEWT H 1 A= e i) — MR dE . X RIE A A I & T 2L QCDIZ Ik
FIEE B RN S S



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

LE A R B G B LA R R A
EBjorkentl fR
Fy(z) =2zFy(z) = Y _elnfi(w), (4.10)

Horp SRANZR 0 B W s 43 3l e W6 40 13k i, B S e 5 S e. 34T
WL HPRIdq(x) = f,(0)Ramg BT WL TP RIEE 70,



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

Jin 5 Ae P ) FE A o AL

| R 1 . , . 1 o
—Fy(2) = Gl (a) + ()] + [cﬁ )+ d (@) + 5[5 () + 5 ()] + -
1 T —1 T —T A n/{ .0 1 —TL
?FQ{ ) = 5[-11. (x)+7 (.r}]+5[d () + ]+ [ () +3"(x)]+---
(B 57 ¥~ A Y- A7 A [R)ASE e 0 Rk
u =d" =u, W= d =

_}.} —
dP =u"=d, d =u"=d;

sP =s" =35, SP=35"=7%,

, (4.11)

. (4.12)



Deep Inelastic Lepton-Nucleon Scattering

Useful formulae

P RF B AZ T 6 R AR R AR TR A

AR s Al g DA A e R B B B G W R S g A TR

S NS AW E AR AR EUN . H— Ay

d20¥7  G2S

n 9w, v . 9 - - I'y_'."'vf
dl‘dy n 27 {ly Fl {‘IISQ )—l— {(1 y)

2F

fEBjorken iR~ &5 0] LU Ik
PY7(r,Q%) = qlz)+7q().
Fy7(r, Q%) = 2xlg(x) +g(x)),
F7(x, Q%) = 2q(x) —q(x)).
ks T AR s AR O 2] B R

d2ovN=e" X G228

da dy

N\ +
Q2oPN—=+TX 2,8

dax dy - 2n

[@(x) + (1= y)*q(x)] .

2 o) + (1= )%a()]

| 7@ 00 - HET et

(4.16)

(4.17)

(4.18)

(4.10)



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

HA TR 5e 2 5 [ v, w53 B LA A -

PR A IR 55 A EH

vd— pu;

vu— pd;

Vs —r ,u._f:.: 1/

[ PR A W 55 et A

vu— ptd;
vd— putu;

UVS—utc Us

vd— pc
VU —r [t S

S — U,

Uu— puts:

vd— ute

— pt.

TS B R oTgkis, 147525 FE Cabbibotfl & i >k 1Y) 52



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae

R3-SRk F0ER | % RS A H N

1
N, = / da qg(x).
0

1
/ dzfu(z) — u(x)] = 2,
0

1
dafd(x) — d(z)] = 1.

S~

1
dz[s(z) —S(x)] = 0,

S~

1
dxlc(x) —c(x)] = 0.

S~



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae 2 F R FNER 1

Gottfried K A= M) ;
s -1 H -1 18] [EMSE BE X AR A% i oar, HoAZ -1 B w il d = v i 10 55 FR 2

a(z) = d(z), (4.27)

VIlE ] - 1

S¢ = / R @) - B @) = 5.
SR AT B Gottfried 2 Hi o Gottiried Z Il Sq £E F A SEI6 i i R Bl 411 /3,
MeAE BB TR TR Z — (BT A SEII E 45 N Se = 0.235+
0.026, ULSRATEI TR, A% 7 I T u-d AN RR MR EI5 -1 -1 1] [R) 57 1
SRRV B RRR .

(4.28)



Deep Inelastic Lepton-Nucleon Scattering

..... Useful formulae 2 F R FNER 1

Gross-Llewellyn Smith 4 F=#0 0] :
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Deep Inelastic Lepton-Nucleon Scattering

..... A powerful tool
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Conclusion

« Parton model is established in the IMF or

light-cone formalism.

- The identification of partons with quarks are
supported by experimental evidence.

- A proper understanding of nucleon structure
relies on the quark-parton model in IMF or
light-cone formalism.
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