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Structure of the Proton

Hit it hard with “photon” probe radiated from high energy electron

1. e-nucleus scatt. -- scaling
--scaling violation = substructure
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3. e-quark scatt. -- scaling \/
-- scaling violation - substructure

- Nno evidence, just more
and more QCD scal. violat"s

First, a brief sketch of this interesting story
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e - proton scatt. q Two variables

P, | X, Q2
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e - proton scatt. q Two variables
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Increase Q further

A replay ? !
quark

No evidence of

peak at x = 1—12 ? preon ? q substructure




Instead of (é@“
finding q W@iﬂ (compare & )

substructure find QCD QED

(ép+4q)* = m2 ~ 0

Consequence

as Q increases, more and 2%p-q—Q* ~ 0
more partons are involved. Q2

Each parton, on average, E = =z

must have smaller x. 2p-q



2 [ ]
As Q" increases, each parton has, on average, smaller x

F, (x,Q%)
higher Q
T

lower Q2 scaling part oL P log ~
| (fn of x only)
QCD scaling
violations (x,Q2 )
> X

Famous experimentalist said to Wilczek :
You expect us to measure logarithms ! ?
Not in your lifetime, young man !
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DIS Invariant variables
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What exactly do experiments
measure in DIS ?

Measure F(x,Q?)

How many, 1=1,2...7
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What do the proton
structure functions,
F(x,Q?), measured

In DIS, tell us?

Can we predict
their values?

-1 2 3 4 5 6
190 1 10 10 10 10 10 10
-.-N 10 = T T \\HH‘ T T \\HH‘ T T \\HH‘ T T \\HH‘ T T \\HH‘ T T \\HH‘ T T \\\HE
:‘ g x=0.000063 E
— r fwe*  x=0.000102 Proton ]
% X —
) g o B s KT ZEUS ]
s . R x=0.0004 <5 BCDMS 1
107 ek X=0.0005 O E665
- w .
g T x=0.000632 % ¢, E
I x=0.0008 ]
B I x=0.00102 ]
108 ., o7 x=0.0013 .
E ok x=0. E
L° o 0.00161
B X ]
- ., x=0.0021 1
103k .° . g xR x=0.00253 .
E fq °o ., x=0.0032 E
10 [+° 52" T st e x=0.008 E
F o0 o¥ R S Sl i x X E
B 00°° e o e i tE%e x=0.013 ]
3 I oot o oo POER o & 4T IR FERTY x=0.021 ]
10° opo o g BEY s args s x=0.032 E
F o OB o POR # o E
B oo _ nggémdjo:‘* ook gE Ky 5 K x=0.05 1
102 P ppro abRER R ¥ 8 (20,08 -
F Ab AMEMINDOE O BRSNS x axkak TARE g s 4 * K g E
E . v v ¥ 5 x=0.13 ]
L AMAAA AAM%DMWE?@%% xe KHFIIEE K g ¥ ,‘F «x=0.18 ]
10 ¢ - g wxenennety %y 4 ) 025 E
E P T ‘f ]
g tposac,prtbe ity 4 1
1 L R x=0a4 i
E o E
1 L %m""““’%w 0% JE ,;; 1 ]
- a, * [ % -
10 ' " \ H‘»‘ { } \ ‘ x=0.65 .
E N E
F AN x=0.75 ]
2 s, T
10 T N
E *a x=0.85 (i,=1) ]
10-3 L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L Ll L1l
-1 2 3 4
10 1 10 10 10 10 z1

(GeV

2




Mamndelr
lam  vasiabos for A+B
- C4+D
Ler i

@




Quark Parton Model

& con he




At HE

. d% ATCo*
" dede* | xat Zjdﬁ‘r(g)

Imscﬂ'nk o Y dzgwdmcz

d_ts‘ _ 2To2e: (824 44
de =~ &2 * ( g2 )
. -l
S=xs 2
g i - s (1+(1—‘6) )
4'1 = —x(\-lﬁ)s

1 A-4)

e,q, Same heliedy

ey, o]:PMaJB

Must vamish £or
403 conserv? a& Jz

£{t+0-9"] 862

eqi scaglt in c.m . frame
J

B=T (y=1)

‘
(femuwh. Ma.ig corserved ak gauge Boson verlex) (g, 3?\



Buark poton medel | 10
. d% 4T | 2
- f e B § o s

r{'o be chufa-red, tHA amu-nlforrmla.

ignore Z exch

dx dQ* e

. Ye= 14 (1-4)
dr(Spac) | TVEL ooy ) { i = 1% (i-y)

Yo R = 22Fy = %J}lx ;f?(g) xe; §(x-F) = %e‘;‘ x £, | <=

p——
Caum Gwss SCAL\NG

(SFmOc‘uuks F'1 O)



Flaveur suwm Auled

/‘o’rohm =  auund +- aﬁ, FM

“Valwnce. cvua#zs “sea. Wtfu
(cau-r% cimos)

When Fw‘eot of scale & all {loneurd MQV,\,Q are actue
Netakion: £ () = MBe) = My +Usen

&E Go = () = Ageq

[ (a-2) e = [ a1y e
[ (@-2)d= ﬂf:dvdx

I
N

)
P~

9
y 3 1 4 4a+dA+is )
K, %P = x(;u+§d+95+ +3M+gdtg5+
E™ - x(%’d+%u+%5+ +§§L+-‘§E+é§+..)






Y, =1+ (1-y)? Y. =1-(1-y)?
CC: ep->vX of wp->mX i
dote) | SLLNRT S e
daed®* 2T \ Q*+Mpy [’;. W L

1 (1-4)° l J

e U~ vd e‘a-;v-ui} .x(u-ﬁ&) d, 8]
TR L R
e u->d et d >vu } x(d+k) ox(d-w) O
RR RR ')

G(Tp) ~ Uy

fwla(,x{ é.;cc (e+P) - ({_a}) xdvd

~6 (€ F) > g‘[eff:)



~/pb GeV "

de/dQ

|
[

Neutral and Charged Current

Hlep Hle'p
. oNC 98-99 «NC 94-00
* . CCH98-99 =CC 94-00

L
e p = y ,Z
W
Ii [
e Ng
. D iy
e+ (] =
p ] o D
]
%
|
[ ]
Vs =319 GeV
y<i0.9
H1 PDF 2000
10° 0’

H1 Collaboration



INC: ep - eX
ACEPTALI

Blep) = x(Fu+iu+fdsgdt.)
F2 (en) = .x(4d % -éu+-9l41+)
F(eN) = x(u+u+d+d,+ )

P-ftwdton,

F@0~-F@w|

L Vp - /‘-X

R(p) = xc(u+d+..)

E(v’,) = oc(Mu+d+ ¢ +§)

BOn) = x(d+& +c+53)

RON) = x(utii+d+d
/ +2¢+25)

jf-;alx = mMON. Cartied ,63 ?més



5t 10<Q2< 20 GeV? v

N ; szN
eN

_ 18 .
of ¢ B -

_[: F:Ndx = J"JC-Z do

L \ =mm.wﬁ,edb8.c;’s
T N P

3

025 050 075
p 4

P —— e —— =
|




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 28

