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DIS and Quark Parton ModelÜ CrossSection- NucleonStructureFunctions
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F � � /F� � in Quark Parton ModelÜ Assumeisospinsymmetry:

� � ���
	 ! "$#%���
	 ! � ���
	" � ���
	 ! � #%����	 ! "%���
	
& � ���
	 ! & # ���
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(Similarly for antiquarks)Ü Protonandneutronstructurefunctions:ð �ã á � ï ä ' � � ÷ (� 	 ÷ �' �)" ÷ ("*	 ÷ �' � & ÷ (& 	 û
ð #ã á � ï ä ' �)" ÷ ("*	 ÷ �' � � ÷ (� 	 ÷ �' � & ÷ (& 	 û

Ü NachtmannInequality:+
, - . �� / . �� - 0
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SLAC/MIT and CERN data

Ü Nachtmanninequalitysatisfiedøê 1 ð #ã32 ð �ã 1 ä
Ü � � 4 5 ð #ã 2 ð �ã 6 �

Seaquarksdominatewith� ÷ (� á " ÷ (" á & ÷ (&
Ü � � � 5 ð #ã 2 ð �ã 6 øê

High momentumpartonsin proton(neutron)are
up(down) quarksand & ÷ (& á 4

.
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SU(6)SymmetryÜ Wave functionfor apolarizedproton:

7 8 á � ö � 8 � � "*	 9;:=< ÷ � �?> � 8 � � "*	 9;: ø
þ �@ � A � � "*	 9;: ø þ �@ " 8 � �B� 	 9;: ø
þ ö

@ " A � �B� 	 9;: ø
Ü � ���
	 , "%����	 havesameshape:

� ����	 á ö "%���
	
Ü ð ã ratioand C #ED �ø

asymmetries:

ð #ã 2 ð �ã á ö
@ � C � ø á F' � C # ø á 4
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Quark Model with BrokenSU(6) GÜ Diquarkconfigurationwith & á �

suppressedrelative
to & á 4 ð #ã H I <J����	 ÷ @ I ø�����	ð �ã H ä I <J���
	 ÷ ö I øK����	Ü If I ø?���
	 � 4

as
� � �

then:ð #ã 2 ð �ã � øê" 2 � � 4Ü Spinasymmetries

C � ø ���
	 á ä þ ãL I ø ����	 2 I < ���
	ä ÷ ö I øM����	 2 I <N���
	
C # ø ���
	 á � þ I ø?����	 2 I <N���
	� ÷ @ I ø ���
	 2 I < ���
	Ü If I ø ���
	 � 4

as
� � �

then:O C � ø � C # ø � �QP
R
Close(1973)
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ReggeTheoryÜ Probabilityto find singlevalencequarkwith

� 6 4
is (Feynman):S T  ��� 6 4 	VU H ��W=X � � Y â Y �[Z FÜ Considerprobabilityto find pair of valencequarks
with

� 6 4
: ð �� ����	ð �� ���
	 \ � ÷ @ â � � þ �
	ä ÷ ö â � � þ �
	

For
� � �

:
ð #ã 2 ð �ã � øê" 2 � � 4

Carlitz (1975)Ü Extendmodelto spinasymmetries

For
� � �

:
O C � ø � C # ø � �QP

Kaur (1975)
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Hyperfine-Perturbed Quark Model G

Ü Hyperfineinteractionperturbsproton’senergyÜ Perturbationresultsin mixedsymmetry
distributionsthatallow thed quarkto have
adifferentprobabilitythanthetwo u quarksÜ Quarkpairswith spin1 have their energiesraised
Quarkpairswith spin0 have their energiesloweredÜ Up quarksacquire higheraverageenergy thandown
quarksÜ As

� � �
:ð #ã 2 ð �ã � øê" 2 � � 4 � O C � ø � C # ø � �JP

(SimilarpredictionstoolderSU(6)breakingmechanisms)

R
Isgur(1999)
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Perturbati veQCD GÜ Whendiquarkspinsaligned,only exchangeof

longitudinalgluonsis permittedÜ Comptonamplitudesuppressedby
� � þ ��	K]�Ü Quarkcarryingnearlyall momentumof nucleon

(
� 6 �

) musthave samehelicity asnucleonÜ Predictionsfor
� � �

:ð #ã 2 ð �ã � @ 2N^ � é ô[_ � 2 äa` 	" 2 � � � 2 F � é ô[_ 4 ` 	C # ø � C � ø � �
Ü Notedifferent

ð #ãb2 ð �ã and
" 2 � predictions!!

Ü Quark Counting Rules result in same predictions
[Brodsky etal. (95)] R

FarrarandJackson(75)
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Limits for c d eð #ã 2 ð �ã d/u C # ø C � ø

SU(6) 2/3 1/2 0 5/9

ScalarDiquarkModel 1/4 0 1 1

H-PQuarkModel 1/4 0 1 1

pQCD 3/7 1/5 1 1

CountingRules 3/7 1/5 1 1

Reviews : Isgur, Phys.Rev. D59,34013(1999)

Brodsky etal.,Nucl. Phys.B441,197(1995)

MelnitchoukandThomas,
Phys.Lett. B377,11 (1996)
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Binding/EMC Effect in DeuteronÜ Deuteronstructurefunctionconvolution:ð fã ��� � ü ã 	 á "hg ij��ga	 ð àã ��� � ü ã 	

ð àã á ð �ã ÷ ð #ã
ij��ga	

: accountsfor FermimotionAND bindingij��ga	
calculated using relativistic deuteron wave

functionwithin acovariantframework

MelnitchoukandThomas

Ü Densitymodel:
EMC effect for deuteronscaleswith nucleardensity
asfor heavy nucleið k�ð �� ÷ ð �� \ l m km�n þ m k

ð n�ð k� o l
FrankfurtandStrikman
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M. Botje, Eur. Phys. J. C14, 285-297, 2000
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p
He and

p
H Structure FunctionsÜ Nuclearstructurefunctionin impulseapproximation:

ð q : Lã ����	 r "hg i àts q ��ga	 ð àã ��� 2 ga	
! i àus q v ð àã

Ü For

L
He:ð �xw Þã á ö i � v ð �ã ÷ i # v ð #ã

Ü With isospinsymmetry:i # s � w á i � s � w Þ ! i �i � s � w á i # s � w Þ ! i #
Ü Thenfor

L
H:ð �xwã á i # v ð �ã ÷ ö i � v ð #ã
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F � � /F� � Extraction fr om F

L�y{z
� /F

L�y
�Ü CompareEMC ratiosfor C á @

mirror nuclei:

ÿ � L�| � 	 á ð � w Þãö ð �ã ÷ ð #ã � ÿ � L�| 	 á ð � wãð �ã ÷ ö ð #ã
} á ÿ � L | � 	 2 ÿ � L | 	 ��~�� ô[� _��a��ô ��� � ô��*�K� 	

Ü Measured

L
He/

L
H ratio:ð � w Þãð � wã á } ö ð �ã ÷ ð #ãð �ã ÷ ö ð #ã

Ü ð #ã�2 ð �ã ratioextractedvia:

ð #ãð �ã á ö } þ ð � w Þã 2 ð � wãö ð � w Þã 2 ð � wã þ }
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Tritium Target

Ü Gasat45K, 225psiÜ Density0.028g/cm

L
Ü Maximumcurrent80 ¶¸·Ü Densitychangewith beam0.1¹ 2 ¶º·Ü H 30cmlength, H 2 cmdiametercellÜ Luminosity H F » � 4 LN¼ ó � W ã æ�W ø
Ü Totalactivity H 20kCiÜ Measure density by using replica cell at higher

temperature( H idealgas)Ü L
Hecellsin samestructure
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SpectrometerÜ MAD is the IDEAL spectrometerto cover
��� � ü ã 	

plane
R

with 11GeV.Ü 30msrsolidangleÜ 25 ¹ momentumbyteÜ 1-6GeV centralmomentumÜ Standardelectrondetectorpackage:Ü CalorimeterÜ ThresholdCherenkovÜ Drift ChambersÜ ScintillatorsÜ Systematicsstudies(MAD helps!)Ü Checkthat
ÿ á Ý � 2 Ý � is samefor

L
Heand

L
HÜ MeasuretargetdensitiesÜ Cover maximum ½ ã

and
ü ã

rangepossible

R
Similar to SLAC experimentsonnuclear

ÿ
andEMC

effect (E139,E140,E140X)
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CrossSection
p
He/

p
H Ratio

Ü High statisticscapability 1 4 Z ö F ¹Ü MostcorrectionscanceloutÜ SolidangleÜ DetectorefficienciesÜ BeamcurrentÜ Radiativecorrections(partially)

Ü Systematicserrorsdominatedby:Ü H 4 Z F ¹ targetdensitiesÜ H 4 Z F ¹ radiativecorrectionsÜ H � ¹ total systematic(comparableto SLAC)

Ü Theoryerror 0 -1 ¹
Ü Totalerror 1-1.5 ¹
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Helium/Tritium E = 11GeV DIS Kinematics

x ½ ã ü ã å ý õ ¾Æ2 �[(GeV)
ã
] [(GeV)

ã
] (GeV) (deg)

0.82 4.0 13.8 2.00 46.6 52
0.77 4.7 12.9 2.10 43.8 43
0.72 5.5 11.9 2.20 41.0 36
0.67 6.2 10.9 2.35 37.8 27
0.62 6.9 9.8 2.55 34.4 19
0.57 7.6 8.9 2.65 32.1 19
0.52 8.3 8.1 2.75 29.9 18
0.47 9.0 7.2 2.85 27.7 19
0.42 9.6 6.3 3.00 25.2 18
0.37 10.2 5.5 3.10 23.1 19
0.32 10.7 4.6 3.30 20.6 18
0.27 11.2 3.8 3.50 18.1 18
0.22 11.6 3.0 3.65 15.8 19
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Helium/Tritium E = 11GeV DIS Ý ’sand Times

x Ý (

L
He) Ý (

L
H) t(

L
He) t(

L
H)

(nb/sr/GeV) (nb/sr/GeV) (h) (h)

0.82 0.0146 0.0117 10.3 12.8
0.77 0.0308 0.0240 4.5 5.8
0.72 0.0639 0.0491 2.0 2.6
0.67 0.130 0.0996 0.9 1.2
0.62 0.261 0.202 0.5 0.5
0.57 0.463 0.364 0.5 0.5
0.52 0.801 0.639 0.5 0.5
0.47 1.35 1.10 0.5 0.5
0.42 2.35 1.95 0.5 0.5
0.37 3.89 3.30 0.5 0.5
0.32 7.00 6.07 0.5 0.5
0.27 12.8 11.3 0.5 0.5
0.22 23.3 21.1 0.5 0.5
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Summary

Ü DIS from

L
Heand

L
H at11GeVatJLabcanprovide:Ü Bestmeasurementsof. �� / . �� ¿§ÀÂÁ Ã /ÅÄ4 Z�� Y � Y 4 Z¯> öÜ Distinguishbetweendifferentpredictionsof Quark

ModelandpQCD/CountingRulesÜ Crucial C á @
datafor EMC effectstudyÜ Input to light nucleistructuretheoryÜ Input to structurefunction parametrizations,

R
and

GottfriedSumRuleÜ Need

L
H/

L
Hein onecryotarget!

R " 2 � neededto predict hard scatteringcrosssections
of ep,pp,p

(Æ collisions
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