- )na,p/PF +

S ;o 4
. OED as paobe o the shuchuce of hod (7

| — — q - :
o) elashc e p™me u™ 1N LAB () af mel)
fi) é@}@){ 7 fj‘f"‘"{,‘"‘::’f {zﬁjf i48 L’}H{J L1 ar

5) & %:} e 5 ¢ loahc sraftiiin g
3)e poe )/ plats aneloshe S It g
{
" PY T ING,.
4) B igfen BloUNg
) B

5) Hhe QuaLk Pm%om mocel of hadons

74
6) ?a/{/né[ﬁ/? fy’}"?()/ﬁ/ﬁf ;{i}f )Q/meﬂ }'?Qg “ ﬁi? ,,ﬂ{,!,;-‘";f ¢ v} / {""



t A1 "f’)ﬁ' LA /%

0) € ey

We oure 76,3:* 1L tg fo @ r"“fé{ ::i%s,_!:i,,ilfifwé««ﬁ #9Y @?f e oucle //}ﬁij%

fo KrowiNg e hot wre

w%ﬁw to sl Jp[y the Lo G

how Whé’f‘) ﬁiw%gf" I 8 o-.,/(,g” |

« ; L) (LN P /)
We wld f??f;;;‘:zm;mff“ Fheae prodsen LS iy o Aoy

h L o g 7 i O Cry CELAL
\UV: en 19 on @ﬂ_@«fﬁ)d«&;&% 1,_.:5,} a,F&%uAM 4’1«‘ Cf} ~

z 9
- s
ﬂfw =S dete. (Amuor b
C%(“ L oum »;Afkfléwﬁf) the helioily
‘ )

-

;()g;m@(w)?? Ued ’
% ~ @ 4 U,.véuw( P>

| mum mog’ |

Q



/< g%um\ Cﬁ.}f" Me =0 Nt G

ni

ESE o 2 .
}/’//{ Mé LCK ')CKP}—'(Kgﬁ)(K@'—*ﬂ’“l Ciﬂtw::‘)]
2z X
Kz KL e =6
MSH’)% ‘2 me =&
b ‘?- o oty EE a8
O ('Y = -2 = 2EE(1-W080) = he€' 310 7
Klo=ME |
kP:ME >
J
KF,\K(WBC’ K‘)~KP - KK MF*%— A PUARY
v b N- Kk ) 2s =79 —-Z(FEOM
Ko = K{ ié’-ﬁp*K)i %4 4—-”& :ME‘“&.
A
;;;'7‘7//2' 5;5,(./ M’?.,» [/ EE’)._.O(Z - O[Q- )6 6({ mfﬁ/ﬂﬁzﬁ q 5/?
S0 y N | <y B
NI f*gf; 6 Cpr-p )
e ) “Fo
inined fu v

iwp«-v» ) S(z?m £R L, .

YR =37V < A \_“\,q))_zzg

5@8(&77\4 E Po)”’"ﬂ){ MrE-E - %!77[?:?

Using 1 C-E =R Rl F4E 9 ws O
= (F-£7-92

OSMIE -£ ~Po> =&( M+ - rEr
Q\wm/m g -0 = 2™y r Lo



Jnk et wesr

We sawthot jOP € =2 €A | i
£, 5>
(A(J_é)uée/)\ 0(2 -
= - ws 8 _g? emz?.] S/ Q2
W\}% Q - _UEE smz/ V=E-E"’ |
2 > g
For S e (/GE T T ) 7‘6/’\// Z'C/F[é
€P = = ) byl
o | L [yl 95 262
Mfd&« v LA Y& H’? 3 | | MWW P (z;
"Fumchcm&c.\?(q'f)i, ' o ’19
Vo be dlelermined porm do O“., | [ - Zg [_
| ot ol — 5
orep X D’.S.v se cle ;5 = [P,
| | ’7‘(,8 B : ‘ ‘
O{U-: D'%{ _ ({2 g ll.wp{‘ec v_/d/@<\
) Y
(i«EdSZ’ LA B qq // y b(/_‘_?) 1)} Zlnd@emﬂ% [ﬂlﬁk«(/é)
R\ P B\t =2Q T
I/- [l,C 2‘6'\4 ¥ f 7@qé { l&fjﬂr" & Yy
;fncw/ﬂ ot < %‘*
We need B
Oj Whia e LY, o _igo e

be o2
I+mus+be o @%4& femnsor

iy B P
+ he Ay Wi R
- most ne ‘ | ¢ be cxris
=) + u%+ .ZDé’ (Mmm@ o G g‘mgy\,d,!}f* 0( 3/2:
- l 1“}““\

1S 33mm.ef7¢

448
¢ L-ele



the moat %ééwmﬁ («:{W SANRE

W = (T 9 v e (30 Eﬂ@

d\t"\ ’&)
W’ ﬂ W (A’ J)({J 9 é-»’gf
Wy q4W) 2 i
f €
v) pa«»fcww /v:zf OUL | (g/fm Mmoo Jhe

Wf
wm OAAL fu/a&a(

W’{) z}q) 6 (q’

*""’M”’i’?’? o fhe bin hoolonie
Aw} Y. f‘*fmif“(}&
e Fodunic uuau s wni'ch

-y% e Al PCA

b be €x foielLeel

bf(:{,‘(j/fge : J’!/\ 'l S NSt eCA,
L \ .
V\/ 5?3%__ jx \}x (ax U X pe &

ﬁ‘“«“ﬁzﬁ - ' & m‘gv
| Bty s manete Wul gPLWs (oo %s
- ~wWy P+ \é%( poDP* ;’i 17+ 22 (P

_ @{ K4 +Wa i+w$ (PC“:K%”

M - > !

*P@L;%C?)%WJ (‘f}"\‘w) e =

e

E - DD W/
= WBz “‘“("‘%15 W WZ/ e o4
- o /2, q@‘\(“gﬁ i
o | EORAL™ \
~ \/deé 2 )= W2 LY e j 0 08
AN C{Z' W ( p‘%«ﬁ% ﬁ:?%} {”g?’fi* ra.Gh )



X Ay / 2 .
Qo L \)Uq/b*-—r g Wi CO{ L) (¢ +< W}fff?’z (zg'pw:xpuqf‘; -
| M=

= yEE (2 W (v 2iFE + Wagh) wEZ
Z o=
00 DS 0(2
ey {J/ (V) bos” = 2w () BZ

LR %E'%N@
7



b
_S(v+9° »2\/f‘ w-q S =
2 M o2 I JMF} A .
J&:’*Q q = ,2&”;‘"&;% 82
i A= 1*‘“’:’5‘%? &in s
" e =D ,
- o 2
d%’<~1\</ AN = E a5 d S
So u.)é?ocval’“‘

T E U €A i _
Asral? s o

' il
%2 A be twes

Ye 5!/‘31'8/ E) o 5.
%ocm@ :r‘imhfjmm

Ling mcmc vauehl

; )
\V'\LQ %3 3 ‘f} A 9 E Wi M{;} g.

P I A ?M ,
O\U ({?}J W}()//’ 3 } — _9/__3——» é:{i/&\) .@;;._ iﬂg i 2 :j
IS — . ~ ﬂ-. £ pog b

o
/ z ‘ aZ 2 .2
wih £ - & o 3{;% ~E-€ = ﬁgii i -
) #2E Si ;")“9 o/ MT”'?FS§;'¥%



@%}”/Of/gﬂ/@r‘op ».CL /’/ﬁﬂ:&?@ OQQLMM«*‘?QL(

e

o AT

TN aassiald em Hie sl fl-"if"g_b cl e oulo et
alahe chouge oluchubidh o 2?55 Lemd (D oblouux

o hou aboit b ahuchu

&%Cmfﬁwwg/( e labe = KW' |=E
6;; " 9_ —9\—(%;\ --‘= ~>o
7 :qezepi
N\ ZPC ) =, () weknow E ovnoJIL
4 meosit @ DY

se hornedis J o Sasr=

TO OZIDW /(.,{,(%4:1?1,,(;,(,{0_,.,/)0(,( OL/L)‘JC—F) € [,0:,(,(/30(/(}

ASZ chas qs2.
QL fhe a4 !E@fﬁﬁ@. #Okm fg:za/oy

f
ol r ﬂ‘fl& ! { } ! (g (}
Efi//ff? e Kfig‘:‘j: hwug m,/ s p
Fg)= € Pr) dBF

g ine We {’””)ODLZ 1’%@91’/77@%4 ‘Q?CF) ck ; - A
=) F(03 - A



|, ]
Foras fkouoa/ﬂq Syrmen< olis b

< -
0LONn mMoc g1 ' ‘Qf ~ o0

F(’Q‘) E jym r dfdlws@Jd(o@

exposdang I k1
F(lal’ﬂ: A-1 5 Y”B Cry J"Y’WS/JQSQJ

-1 Jﬁl P(mjdw:aﬁmeij
DZ ks

o S aiw,s@
=4 - \w_f & r2d5ri
o Ty
the dgjwwwdw% cs



@ G_P — &€ P
I e
Lo e~ saleuny
~ A 3 p/é/@wm.
We ot i“‘f‘ﬂumg ° ;c:*::{m L Qe lox Do e Zp ‘6 er;
onlo aprof? D~ o 72 4 ol inch
N %Pw"l ‘

/
e
(=(E, m ﬂ\\ww ¥ -

@\\\0)\

- p=(r,0) b

K E O ok

As | B 6).1 X

» adm 2 T e e
e !
Bub for (o poln UUPCPJL =1
W@k”m,u mi o
'?3 Co W! (4 -L€ ‘O)\ Q Or{
N us\-be%“’m‘d widh P
M

2
. muctbe (o Sired NAY &molm O DQD(&TMM



&
Fhe roat qeuwal Jorm  Leufpns dnese wnduhom (o

L?l = T3 CQf‘) 'Hv”’«w E(#)U@@

Wi ' )
2
K. = Gprofon -2 E&nonQO(U wagwf"ic SO

e Forim Jors
@), g ”f}&do@va%ﬁ? c jore /Ci
j Al W 0
| ihe shu chue

o) oe ous @fmwa %
W;M’%/ t’)(/@ VMLJ&%/OJQ

PACHAEL

*’m:,u
s wfon . trhey mm% Le oL/

&O 9-3 éy A nY the W%@yﬁm ol &

P

F‘/"fo,/(_ym

A i
Tor §—° ‘O]Z O
, w’)“&l dﬁw%ﬁ

uﬂ@ Pmajrcn ‘;;QQ,_:; }/‘M

WW@C@M G cmzfc; Mwmﬁd’“ £

:f) r,u’@):; = o) = 4.



Trlk Qr(_,a:fmg fhe p%ase spac wgf@’”@:u T c:‘;m@

T -
Y epip ! 20E )
I _ L=ae s K 2
LR
< &V fq
21
Iﬂ’ﬁ f)/’;‘iv 2 15 %C)E‘if& @ Uee (Nl M@LMCJ@@M < f::’L

cua A f} wWhieh Ao ot | éafa/wu

Gg (9°)= FLgt) + “’ﬁi )= elec! he Jorm pacien

2«
7 M (q - Fa )+ MT’Z(q‘l) = magm noo
\n\&o()ojmq) 9E wih the e (a»t{‘ T
L 2
dd € P%’P) - f’f.,«% = (&jff&f"? wg9 +2 Z,VMS:’?,-B
ol Lo E\ e
Lﬁf)? 7
wmf\ =" 8,,_,../)/
4
Dofa on e"r,-;:.ae; P 1S nsed o Jof Hhese Porm g,ﬁ
We ,,é&\. 5 .
G e =0 29°
gl ) A | ,.,»,.,m e 1+ <1 -
q K ot GEV o HEVF
(= |2 N
m.(:‘-,{‘wf! - I :“«*(0'8%?1"}’")3

S><r
%o{aﬂ qu } 031y



(%) Deep mﬁ((g@fuc Sca,}%mr\g e-P Se X @

-

I(}}Y) &"}/)f Cmt.) (,,Of%,:f;l@f@ﬂ »th 6— hMS}{V‘S’ 0 gw%;} lgl
bo the P/LOILDV) mLcm\\Wa(( D oaud then the
%ﬁi’? aJ Q‘ﬁa.(/ﬁ W*ﬂ e @ &5@’3?5’(* OUu a%;” pooliou &

A

ms, Kaons: ) (eheu cok

newhons , P/
/ b
o b D uelashe stisn g.
(DI])

2 d \
Q= k- = 2EE (.- 050)
-~y EE/@”Z(%Z

(:/D/LO'/”@U.%/

)

|
wKp=ME =) \<Q= M(E-E
K‘P:ME' =My

\/)7 ' Qeuc: We
0(7,

Lt we aLO/UJO‘J' oW whalt 22, UJ/M»@ f@ éo()d

S X com e ma”%”})ﬁ/“"f afolsg.



- whol ’ e rou obuoy L oAk @)
But wholew Otro@)a < we ¢ oy

Mg:}?_ff /—- L& Kp{ (X\)
\M‘ qC} N .

N o 5 gt
Whew [)ﬁ —-ai«(M +»<£>D< Zg ]

. A ~ J & |4 #C“ 1
He cwoss Sechon in 1he b AB ool Ssng O ULAT X

LFEN TI de @.ﬂ)éq( -

T =l e 16X @ TTRE: ~74>f>
LAB é/wi[, X AM
AT AL )
I J ela(&/fﬁz X
rE 3 )
A A dlf'dj?. B 3 ﬂqéﬁf '
%IV)CQ O{ < = E D{B 2%{0( {}()“;%2 ﬁpu Czic (M—g’.l\ &
av” 7= e’ é,/ L elec (;\;_” X il (J
,} [ = — Y E’ M -
ddE |, 169" —s
«> E’



k\‘\‘j ‘ ¥ . q f“' ?’x
ow we houe o Pous out the moet geueas >

£ o O ©
For cachh X WE (e ne He X immww(} man
‘P‘O’m Corie vt Z2)
mx = Zﬂ) = CP""OQ +2’:q+q
M+A”u¢/@r 7?_"-*{‘4)(“5;“4{9!

S0 59’” eoch M e 1S O Qo betwen Qr on b
_ Ly betwen £ onct G- But 05 mx S
'13{._{?;{(?0‘ lw’fz_;z,,uge e @dd  couh g eehs U 1
ong X how 1ne i““wawuﬁmfy B o) ) or(¢fiv

ouL e ‘au,w&‘k“‘

M/V}aj 35//*%6 M%f ?F,L.«é,exa,f p@fﬂ’) g W
I‘f‘mu%f‘” be O L@w{z LerSor (sine Leiec, fg*)
= |t must be moads ik, @,P A of
‘Hﬂét/mﬁt W@ﬂ ézof‘m (&

W WA—(Q,)U)%DK& \)UZ(C% V} ;%‘)b( >

*@2,
!mqu (a4 D) Q_q - Wg(bjzlf‘)<% fbf, qu%jﬁ)

— T oS



):
/ngmgqc MOLU Oté%/8 bf’@’,{lse L_ 6(1@ iy gfjm;’ﬂﬂl‘?c@
r@.ﬂzwﬁ 138 QUL LGUOCMY of bhe

e CUMIUTE - ‘Hweg ) o be exhach

e U4 c/in‘?’“ﬁ ﬁjfj{;}f% AL ﬂ{,,/iﬁ(’*wq oYV,

W/L} 2)("‘}§ ( O{ LJ}
aoarm ok the hox ot
”‘jnmn da:/a Rut ro* h

béﬁﬂ#ﬂqwﬁm - CW)uMwM#
e “/Sx :58 ke 0 Jx =0 (wugem«hm
"
= %W%’ QpW P=0 .
gt (FEDT
E3

O““g'vjd*fﬁqu9P4A&L
o[~ w +W” q +VJ5C:F>®1
P [tP@QWZ +\19,2q?§

MZ o

~ ) 2
= ,f"",. Z +‘ V‘//L (PQ
> ’\’“Y)MO A\W(;zgiaW4‘ Cfﬂ

N

(2)=0 = Wp= -ED We
C@ ol | Of’ééﬁ Lher

/3 :./) = qu U) ':3 ﬁ

b VP

P @ TR

\/\2



®
S LBl =4 Wi @) o) 2324 (3rrfcd)
™

LA _—
28 D) oS QJS
i%.qgg—; [2 wﬁ'(qzv) 6m§ J—Wz(fc'?‘u) L =

A > 9Esm

| et
L .



@ % f\(‘“k@ "“k ‘""3 (ﬁ,ﬁ} ﬂ%

DR S

l~
L et's w%’k ‘ wf«w EXPIESSIOUS WEQL

0@*‘9\_9
L - i o LV 7’ 2w OELEY
9 é:?ém 2.
Lne
Y OJ)M@L; _qu,: L{@:E’a ?@- oven V=E~ E:' ,{m%@q .Zlmd.pﬁm{mﬁ
2 ?- o ¢ A VUA y20e
(\*\AA 0 \:z) @i (¥, )

dg-@ww%% s L@(@?)% ~9 4”2 (; (@?}%m 9%0)45“

Q}Aﬂ%f’/ﬁh | &*L
Ly =ow-8 w’; L o022 \
Z



<0 Udﬁeﬂ & Q(O»htvKfa OMO\FOET‘)’%’ r"’%/g F’f”ﬁ‘;mﬁ

e %@%mméﬁ C;%; U sl 7@’ oud ! @/ J@UME '

\f‘% _
e f:am‘t”

MWL @ty

Wiﬂ“ g

No W @uue Doole OUE } e ofoton §om

ax Cou X D we F ek %vﬁ“f}a%(f“

DS . ®&. POLX {}({’ » |

L 2l

M A (@ %) R Fuutﬂ :F}\,),ﬂ;w‘:é,’;f‘ﬂ

% WQ (’ (gz L) “..,WW,,,,M_.,Mwwwé r.?.[ ) Q oL %
)Or"f’” UMUMMW ré«*")

S when@ shug = Yhe ™ hos ey €
e DS behowﬁ oS i" Hhe € Wos Sl
Sr)(le \)U}myi’ oud wnok (8 vhe

es }l’mﬂﬁ
ﬁ‘gg}’“%\‘{‘ﬁgﬁ (,J’ X&%@‘{ifg{b\b& U,Jf/?

e ny olen



ST

190 Partons

mass scale is explicitly present; it is set by the empirical value 0.71 GeV in the -

dipole formula for G(Q?) which reflects the inverse size of the proton, see (8.20),

As Q? increases above (0.71 GeV)?, the form factor depresses the chance of ]

elastic scattering; the proton is mo
functions, on the other hand, depen
and no scale of mass is present.
momenta Q2 p,

The discussion can be summarized as follows: if large Q? virtual photons
resolve “point” constituents inside the proton, then

Mu,l(w' QZ)M_T‘;:FI(“,)’

d only on a dimensionless variable 0%/2my,
The mass m merely serves as a scale for the

Wy (v, Q) >— Fy(w), (9.5)
large 02
where
w= 2‘;7'2” - %. (9.6)

Note that in (9.5) we have changed the scale from what it was in (9.3). We have
introduced the proton mass instead of the quark mass to define the dimensionless
variable w. The presence of free quarks is signaled\ by the fact that the inelastic
structure functions are independent of Q? at a given value of w [see (9.5)]. This is
equivalent to the onset of sin~*(6,/2) behavior for large momentum transfers in
the Rutherford experiment, which reveals the “ point” charge of the nucleus in the
atom. A sample of data is shown in Fig. 92 vW, at w = 4 is independent of 0%
the photon is indeed interacting with point-like particles. No form factors, leading
to additional Q2 dependence as in (9.4), are present. Are these particles (called

partons by Bjorken) the same as the quarks discovered in the spectroscopy of
hadrons (Chapter 2)?

05 =

04}

ey g

02}
0.1
w=4
0 ] | ] | | | | |
0 1 2 3 4 5 6 7 8
0? (GeV/c)?

Fig. 9.2 The structure function vW, determined by electron-proton

scattering as a function of Q2 for w = 4. Data are from the Stanford
Linear Accelerator.

re likely to break up. The point structure

9.2 Partons and Bjorken

Now that scaling is an a|
identification of (9.2) expl

Equation (9.7) recognizes
the proton (i = u,d,...,«
latter do not interact with
fraction x of the parent pi
momentum distribution

which describes the proba
proton’s momentum p. Al

Here, i’ sums over all the.
the photon. The kinemati

Prot
!
Energy E
Momentum PL
pPr=
Mass M
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Fig. 9.6 The ratio F;"/F;” as a function of x, measured in deep
inelastic scattering. Data are from the Stanford Linear Accelerator.
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Fig. 9.8 The difference F;” — F;" as a function of x, as measured

in deep inelastic scattering. Data are from the Stanford Linear
Accelerator.
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