BAck —To INELASTIC SCATTERING !

g PRoToN HAS ENERGY
E TRANSFEREN To ZT

L
DV RHAS A Comt PonENTS

4 Y E~NERGY

)
A —
/"",,,,,P % B! i 3- MoMENTUr
w

D
Now AVE o VARIABLES InN $¢AT77 ERING ﬁ:Nj’:f;rﬁl:ﬁjf)
FoRr FAC70RS DEPLEND ON — 5 7,{,11
2 % 2 »S7TRUCIUR E
—
F’(j ) Wi (g’ v) W (9 V) T Bt ons
ELAS T C DEEP IN ELASTIC



REPRISE onNn ErccTRoN SCATTERING FROM NuciLcul

‘ ELASTIC SCATTE R,A/ 6
9{ 2 o FRer SinNéGesE NUcLEON
N StD =
olr:'glJ'L; NUCLEAR / E NUCLEUS
- L EXCITATIoNS ¢ M“; e )
Zd..- JTECTD
7, [RESONANCES) / s
-1
0'-- ,,NL PO PRoduections

ELASTIC

rd
o T s - 1)) = %-Ee
PEAK f‘i" f/.Zmu,r

NUucL=u s
QOUASI- ELASTIC S’c:ﬁ-??é-eﬁfé%
e ENERGY TAREN UP BY SINOLE NUCLIEOns

s FERMI MoTlon OF NuctEoN W Nucl'=ds

RROADENS QUASI ELASTIC PEAK

f- ;?:EQ My Mk i ;bﬁ: N;]NMGLEaN ~ Et ~ ‘400 M‘QVC



v 19/

e MUcrEoN INSIDE NUucecwsS ABSOoRBS
4 - HoM EN T LM G2 FrRor VIRTAAL Dot

o INITIAL 4= MOMENTWA pF NuUcCLEON P
2 2
CP“" *j-) = My
4

Pty Rpeg T e

- 97 - Rbwg = M%)
S Adm, Y
v 13

A M 5



DEEP INSIDE THE NUCLLEONT

RASE D © A~
MickowWAVE
TECHNOLOCY
USED BY
HOF S7TAD 77

> 20 6/
ey v

W ) MILES
e B LONG

R g/iuxi0

“' SENEERLEER he 3 0°
STAN FORD AINEAR A CCELERATOR In 2005

L L




SLAC SPECTROIMETER

206 FRIEDMAN & KENDALL
LIGULD
HYDROGEN
| i 16GeV e
QO Gﬂf‘/ e——o | Target J b 3
ELEZECT7RONS
. Incident [t 7ii-t 0000 = j a8
‘' Be-a“ﬁ?|--,-..~.:.-r.--.:.-::-1:-'-'- : 5| Exit Beam
}‘} F-‘ - Detectors 1
—_— =1 g
: Shielding *1
8 GeV B
=/

rirtmrail F
L | F

L L LT

-0

MEA SURE SCAT7ERING AnGLE B
AND FINAL S7A7E MOMEnNT7HT ;"

OF SCAJ7ERED [FLECTZRONS



CLAC SPECTROMETER

20 GV TARGE T SPECZRorm E7ER

EhZ CTIRON S
PHYSICIST Haene7




INELASTIC SCAT7ERING RESULTS

NU cLi=r3i
ELASTIC ScnTITERIN G FRoM NUWCLET —» S7TRUCTURE

INELAS7IC SeaA77ERiNG FRorM FRo7ONS —» PROTorS

STRUCTUR &
ELASTIC SCATIERING
e B
d?y F VERY SiMiLAR To
!
dide | EXUTATION oF PRoTOR S’m‘”’g’@{"rﬁ' FRoM
MeTT ' gTMCTuEE "'JH CL.E I
NGRS =
| RESONANCES EVIDEMNMCE ©OF
| W PrRoTON STRUCTURE
'}% 1 - E'zE-yp
40€aV {Cav 0
NO QUASI-ELASTIC PEAK . WHATEVER PROTon

S7euczurs /S —F CANVNANO7 L= KNoOoockEeED oOwy
CoNFINED JNSI1DE PRo7On™



210

5

w

—

Lo

Picobarns /(GeV - ster) x 108

| ELASTIC 1

SLAC DATA Ep -+ L X

FRIEDMAN & KENDALL

(a) | ’A {‘ ,ﬁ\
ﬂ ALY i T
. ;% ni %f il bl
W

ak
i
-

PrROTON

E =10.029
6= 57988
Scale = 8.5

L]
*

05 ’ )
PEAK - y \ K PRo7on BRzAKS WP
i |4 Cprtmeao. - ..
. ! / "'s‘-\l‘ X 1 B r P ] —
| _/' W rasron S

Picobarns /{GeV - ster) x 10%

i Exci7e pro7onN
'm S7Ruc7uRr =

4t 4t NV

20—



DEEP INELASTIC ScAT77ER/NG § DiscovERY oF PUARKS

EXPRIMENT — R.E=E.7A7LOR — BORN MEDICI~NE
NoOBEL prRIZE /5 85 HAT—- ALBER74

THEORETZICAL /N 7ER PRETATIoNT — RICHARD FEYNMAN-
PUNARK - PRR70N  ToDEL

E(ECTRON (4N AC p=Ha

2 MILES C

PROPERTIES  O6F £~ "om wme
b B NALY ZE oM
R=con/n6 HADRONIC SYSTEr OF SCATTEREDN ELECTIRON

E_& = V'F/}?’JP 3

— _— -/ Wh.

Ph~ Pe” Pe 3
INVARIANT HMASS OF

LecoilinN' G~ HADRoONIC SYS7erg

- 11+MP1+2V/M;



DIScovERY o©Ff PARTONS — SCALIN G-

10

=y

MASS OF RECOILIN(~

CRo5S SECTIoN FADRINIC SYSTEM

CortPARD To Poin7 )
CROSS SECTIonr

107! _
'm - _ ¥ l
o — INDEPENDENT OF ?
2un ® Firrxed w-

G| B NO FoRM FACToR
o P N7 TARGE
MEASURE  da E;_%_ 1072 S P v
Agr |3
107? E
E Elastic Scattering ______;. W = M p
[ i FoaMr FACTOR
16-4 I L1 L1
0 1 2 3 4 5 6 7
-q* (GeV/cy
ELASTIC INELASTIc e
« No Fo
da [FORM FACToR A CToR
dau?f EXTENDED TARGET . POINT TARGE 7

« Ruzncpe FokD ¥V
9™ 22 :



VoLUME 23, Nusees 16 PHYSICAL REVIEW LETTERS 20 OcToRER 1969

OBEERVED BEHAVIOR OF HIGHLY INELASTIC ELECTRON-PROTON SCATTERING

M. Breidenbach, J, I Friedman, and B, W, Kendall

Department of Physics nand Laboratory for Huclear Soienos,*
Massachusatis Institue of Technology, Cambridge, Mossachusetts 02139

and
E. Dn Bloom, D, H. Coward, H. DeStaebler, J. Drees, L, W, Mo, and|H

— Dick TTAYLOR

Sanford Liptar Acceleralor Genh:r,f Stanford, California 94305
(Recelvad 3E Augast 1965)

Results of electron—proton inelastic scatlering ab 6° and 10° are discussed, and valoes
of the stricture function Wy are estimated. I the interaction is dominated by transverse
virtual photons, vWy can be expressed as & function of w = ZM 1 within experimental
errors for &1 (GeV /el and w >4, where v is the invariant energy tranafer and ¢f is
the invariant momentum transfer of the eleotron, Various theoretical models and sum

rulee are briefly discussed,

In a previous Letter,' we have reported experi-
mental resulte from a Stanford Linear Accelera-
tor Center -Massachugetta Institute of Technol-
oy atudy of high-enerpgy inelastic electron-pro-
ton scattering, Measurements of inelastic spec-
tra; in which only the scattered elocirons ware
detected, were made at seattering angles of 67
and 10° and with incident energies between 7 and
17 GeV, In this communication, we discuss some
of the galient features of inelastie spectra in the
deep continmum region.

One of the interesting features of the measure-
ments is the weak momentum -transfer depen-
dence of the inelastic cross sections for excita-
tions well beyond the resonance region, This
weak dependence is illustrated in Fig. 1. Here
we have plotted the differential cross section di=-
vided by the Mott cross section, (o%/df1dE’)S
{do /d1) ., a5 2 function of the square of the
four -momentum transter, §°=2EE'(1-cosd), for
constant values of the invariant mass of the re-
coiling target system, W, where #%=2M(E-E’)
+M* =g, E i= the energy of the incldent electron,
E' ig the energy of the final electron, and @ is
the seattering angle, all defined in the labora-
tory system; M is the mass of the proton, The
cross section s divided by the Mott eross sec-
tion

AR
di Ay AE? .sin:Eﬂ
in order to remove the major part of the well -

known four-momentum transfer dependence aris-
ing from the photon propagator, Resulte from
both 6% and 10% are ineluded in the figure for each
value of W. “As W increases, the ¢ dependencs
appears to decrease, The striking difference

between the behavior of the inelastic and slastic
croas sectlons is also illustrated in Fig. 1, where
the elastic crogs section, divided by the Mott
eross section for §=10° is incloded. The ¢° de-
pendence of the deep confinoum is also consider-
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FIG, 1. (d%0/d0dE* )iou,,, In GeV=', ve ¢ for W
=2, 4, and 3.5 GeV. The lines drawn through the data
are meant to guide the eye. Also shown is the cross
section for elastic e=p seattering divided by ougyy,
(oo /Ay oygnqpe oaleulated for § =107, using the dipole
form factor. The relatively slow variation with ¢ of
the inelastic cross section compared with the elastie
croas section 18 clearly ahown.

935



PARToN-  MODEL OF DEEP /INELASTIC SAT7ERLING

« Da7A —= SCATIERING FRoM FREE Pan7 CHARGES
* HADRONS —» QuARKs No0T FREE -» TiGhTLY BouUND

R EXnMinNE QUARRS DUR NG
SHoRT SPACE - TiME
Al ~ + INTERVAL — MOTION FROZES
A | For TME << B,y GuARK
K - Witr. APPEAR FREEFE EVEAS
&MMZ}) . < {'-'hﬂ'q Titto' TIGHTLY [2OUND

— (MPULSE APPROXIMA TiIoN
To INVES7IGATE A SrAssl SPACE - TIMFE
NTERV £ b
INTERVAL (_jp) BOTH LARGE

SHeR7  “L— wAveLENETH'
SMALL SPRcC- TiME INT7ERVAL



PHYSICAL  INTER PREZATION

ExXPERIMENT.

JeT OF
HADRON S

FEYMAN DrAGRAM!'
SMALL CPME
TlHE INTERVAL

ﬁ_j_ﬁ 7 "
= 4]~ (e E) o/

2
MEAN (Ct-m RG r—:)

n > > 1y
PRoTON ) W N g/ 'E
3[( 2, _) _L)z‘] 6'2. i 5 N 4 |
) z
N

s 4‘6’ N ,_{_ PoNT Sc:,n'r-n-e.:g
3 3 0~ CHARGE



ELECTRON - PRoTON SCATTERIN G~ (B HEEA




R A7)05 oF (CRess Szc7ion s

N O ~ L et KiNERATIC FACTORS
Q/I)EP:—;MDM‘& ON EXPER IHENT

—DRoPS oOUT i RATIOS

NEWUWTIRO S o‘f.yiu MEHM(G#HQGE)l
SO e
2et
eP/ ‘-? = /2_
DERTEFR /UM — SAMIE f# PRo—To~NS ~ N/ZA7RON S

SOSCALAR
— SAME 4 U ~ o quARkg ({T{qegg?

Tas et ) Ltz ) «3(EyII~ LS

9
ets 3 . 5 /S
2 g e b

L)@uiD DEUTZELIY M

- E =
LIGu1d A7DR o CEN Op



DeEEP INELASTIC ScATTERING & Scacin -

PRoToN 4-tHtoeHEM Turr F
EAcH PAR70W HAS 4-MIMEN TUlM o P
PAR7on~ ARSoRRBS j From Vir7uaL SV

JCP"L )mel ~ O — THEY G< HAVE
( ﬁ Pﬂ&?ojﬂ/ Alles THig
;x,"‘Pz _,;_?2 e PZ = 0O
= arptent ML, L GE = gt e2aPgl
X= =% 2 Mp, o)y 4
= —_— r, 2 y - c:? M 'Y"
— 492 IME N LIZSS
X = T MoV — D@,\JLﬁmeNE CenTT=RiNG YAR IARLE
\ NN ELASTIC PoInT SCATTERING-

JcAunNG W(a}{u) —p W(‘if%) — F (%)



VISUAL 1ZA7)o"  oF SCARLINN G-

., 7

> ? 3 " VALENCE" QUARKS

e

(R oM
X - QuUARK HoMeNTud o P o= [ = o P)
PROTON M oMENTWMT 7

ClLUoN ——

OuARR [PAR 7o
se = /P (0LKx41) momeEnTm DisTRIBUTION
INS1DE PRo7oN

Wi ( ‘7,1, V) /= (o) } LCALE

W o, Ccﬁm V) F,, (%) INVARI AN CE



STRUCT7TURE FUNCT7/OoN S

1.0 T T l I T

THESE ARE TiHeE MOMEN Turr DISTR)BR w7LonNS$
OF VARIouS QUARK SPECIES INSIDE PRoOToN



WHERE Do THE ANTI QUARKS CoME FRoM ¢

e

PR. OTDI\r Proton <«




If the Proton is then F5P{x)is

A quark: ::>

x
Three valence quarks
1/3
X
;
Three bound valence quarks : i
% S ll
H |
= 1
g ' 3 < |
L= I
L= I
) 1
1/3
x

Three bound valence
quarks + some slow Sea
debris, e.0., g+ qq

5 >
E P

Small x

. Valence

NN

Il e

ey
(]



MoMENTUuM Dis7RiBuTioN oF Vaence QunrkS

C 1 I i | | I i 1 1

0.1} | PEAK A7 _
S L pRoTONT MoMENTUM
F% — F§" |— + ++++ ; 3 —
Jf++ t +++ _
| ﬂ t ot
! +++ B
P
4117 ¢ _
¢ .
¢ 4
0 -- ________________________
5 | | | I 01'5 :It‘ 1 i I TR

MEUTRON == PRoO7oN HAVE SAME SEA
DISTBI1BNTIoN — DIFFERENCE — VATIENCE



Summ ARY

cFOR DEEPL INELASTIC SCAT7TERING N EENERA L

+ TWo KINEMATIC VARIABLES 9/=6 (v D)
« TWO SZTRUCTURE FUNC TI ONS

Wy (Y, 9 ) Wz(‘éj/i)

2. VARIABLE S
e FOR LARGE ?9‘ o R NH- S7TRuUC TUWRE FANCT7)0NS
D/iZPEND O ONE VARIABLE . _ ‘}z/o?%.,,

STRUCTURE FUNCTIONS — £ (x)  F (X)

e ARISES FRoH ELARS7IC SCAT77ER/NG FRO»

N

Pau\r*f Far 70N NO AENGCTH SCALE
(@u&&ms) SCALE /1N VARIANCE




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22

