3.6 I Kinematics of inelastic scattering on proton at rest

K’

g=k-k'

p=(M,0) W2 = p?=(p+q)’ W - invariant mass of final state
(has to contain at least one baryon)

q

, - . 2
P =[PSR 2GR W2 =M? elastic collision
=M*+2Mv+q° W?-M?=2M v-Q*>0
Q= aeersin?? - —¢? P-g g . .
2 V= V =E—E' v-energy lost by the incoming electron.
2 x — ‘Bjorken x’, W?-M*=2p-q-Q*>0
X=— q 0<x<1 inelastic collision =2p-a>Q°
. = - .. Q2
2p-q x=1 elastic collision _ o<t
y= pP-q y — fractional energy loss of incoming particle
P y_PO_ME-E)_, E
k-p EM E

Variables are not independent. Kinematics can be described by any 2 of the above
(except for v and y).
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il Bjorken’s scaling variable x
QZ Q2
2_ M2 _0? X= =
W -M*=2M v-Q 2Mv  2p-q
Q*=2M v—(W2-M?)=2M v x +— “scaling”
W2 -M?
X=1l-——; 0<x<1
2M v
Q2 W=M & x=1
Wl
W2
x=0.5
x=0.2
Kinematic relations — 2 My
_v_pa_2pg W=
Y"ETME s
2
_ Q 2p'quQ2
2p-q s
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S.Stein et al., (SLAC E61) PRD 12, 1884 (1975)
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35 ] Inelastic ep — scattering

T rrrrrrr1rr1r o T T TT
12|l £t o foans] 2 independent quantities require to
10 - n,o independent measurements:
08
06 | it
o4 - ’ - — observables: (E’,0)
0_2[- . '-N-'d"~--—«\--.h,,.__f o LIS-150
O‘; = e o ] For interpretation derive: (Q%4v)
A ] (e
20 oo e e, & 087-113 ’
FospE o B (x.y)
3 10 E
5 0.5[— : _
2L J
C N u '._ i H H .
R o osr-o4r J Characteristic feature:
- W<2GeV resonance excitation

W>2GeV structureless ‘deep inelastic’ — scattering
(with many particle final states)

Y (Unexpected) observation:
L/ \w/\ﬁw—&. 45  0o06-008 | Deep inelastic cross section drops off
Lo L1l el L L L much less than elastic one.
0 2 14 e 1B 20 22 24 26 28 3D
W GeV]
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10° T T T T T T
d?o/(dE'dQ) \ [} w: 2 ge\l
da/d() % (= = 3 GeV
( Toton } A e W =35 GoV
101

1072

108
E AN E
E . . E
[ Elastic scattering S ]
L . -

1 1 1 L 1 \I\
1 0_40 1 2 3 4 5 & 7
Q2(GeV/ic)?

M. Breidenbach et al.,
PRL 23 (1969) 935
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EXX] Deep inelastic ep —

scattering

« Elastic Q2- dependence

do/ dE'dQ ~[ 1 JZ -0

(do/dQ)y,  \(A+Q?/0.71)

* in deep — inelastic regime:

very weak Q? - dependence
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E] Inelastic cross section formula
Differential cross section for elastic electron scattering on spin : - particles:
4= Q&
4M2
do) o E|GHQ)+A(QY) .0 . (. 20
(&)= o T LT s fragi@an' ] | ab rame
2 ] e

{
do | _4m® 1y MY ) 1 s (2 invariant
(a2 - efay-Me fedyenie)

Double differential cross section for inelastic electron scattering on spin : - particles:

d’c 4o’ E'1 6 2v ., 0
=————=|F,(x)cos” = +=—F,(x)sin* =
dQ’E - Q' E V|: 5(%) 2+M ,(x) 2:| Lab frame
d’c _4ma’(1 5 M2y, .
——=—0-FKlX 1-y—=— [+ Y FRX,
szdX Q4 [X 2( Q y Q2 y 1( Q )
1Q*>>M?y?
d’c _ 4na’ (F,(xQ?) , , o
= 1-y)+y'Rix invariant
- O ( )Y RE Q)
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If scattering is caused by pointlike constituents (partons)
structure functions must be independent of Q2.

Compare elastic to inelastic cross section:

d 4dro® 2 M?y? 1. 2
A S )

L pointlike: f,(Q%)=1
do _4ma?((, = M?%?) 1,
o))

=> F,,, should not have any Q? dependence.
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E] Bjorken scaling hypothesis (1967)
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25 ] Measurement of structure function F,
+6° o |18°
x 10° a 26°
0.5 T T T T T T T
04 .
O o #iF 4 ‘%
FQ(.’F’ 03 + ’ # +:! .
0.2 -
o L x=025 _
0 1 | L 1 : 1 1 L
0] 2 4 6 8
Q?/GeV?
J.T. Friedman, H.W. Kendall,
Ann. Rev. Nucl. Sci. 22, 203 (1972)
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36 |

Compare:
Elastic scattering of electrons
on spin %2 particle of mass M

(da)
2
Bt 142 tan2?

(dgj oM 2
dQ Mott

Scattering on spin 0 particles:
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Scattering on spin "z particles:

Parton spin

Cross section parametrisation with
structure functions F, and F,

d’c
%=%|:FZ(X)+%F1(X)KMZ%:| - Q? _ Q?

(&)
dQ Mott

=

— _ QZ
Fo(X) l+% ::1?)3 - §:| Y 2mx

v M 2Mx x F (x)
2

_ X 142 Q2 X Fl(x) il 9}
= 2

4 u=Mx

_Rwf,, 22X, g}
- 2

1+——
vl 2/,2 FZ(X)

F2 (X) = 2)(F1(X) Callan — Gross - relation

F,(x)=0
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$ 1.5 < Q¥(GeV/c) < 4
4 5<QUGeVic) < 11
H § 12 < Q%(GeVicy < 16

0.5

05
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25 ] Callan - Gross — Relation

Scattering from spin 'z particles:

F, (X) = 2xF (X)

Scattering from spin 0 particles:

F,(x)=0

J

Partons have spin %.

09/11/2011

transvers momenta and masses
q pquark = §P
L'ﬁ:"% Park = Poark = (Pggani + )
parton = Park + 2Pqurc -9+
= pguark +22P-q-Q°
U
24P-q=Q°

Cross section for electron — quark scattering:

E] Quark — Parton — Model

IMF: e IMF - “Infinite Momentum Frame”

can be neglected

QZ
2x*M 2

d’c 4no* E ,| .0
=———€’|cos” ~+
i’ o' E 2
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‘o QZ _ QZ

2p-q 2Mv
szg
2
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Cross section in Quark — Parton — Model

Cross section for electron proton = incoherent sum of electron — quark scattering:

I

O = ZCIi (X)o,

e

84/
XP %
“quark

quark density: probability to find quark i
in momentum interval [x,x+dX]

dQ%dx Q* E4

d’c  4nmo® E'« ¢ 6
S ol gf o G st

Qg 29}

Structure functions:

F.(x)= X3 [ defa (£)6(x- &)= X3 €9 ()
1o
Ly a

Fl(x) =%
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EX] Parton distribution function F,

F(x)= XZ‘ &g (x)

T | T

2 (GeV/c)2 < Q2 < 18 (GeV/c)?

T status 1982

From double differential

dQ%E' Q' Ev

Note:

cross section measurements

2 2 '
d’c _ 4ma’ E 1[':2()()005

2g+& Fl(x)sinzg}
2 M 2

dQ%x Q%

do__ 41 (1 ok )+ xR, (x)
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ﬂ Interpretation of parton distribution function

Halzen - Martin

Thrae valence quarks
EEEEEEEE——————
- =5

_—

113 1

Three bound valence quarks

apogo

Three bound valence
quarks + some slow
debris, e.9., g = g

%-‘C—-—Smnx ’
x
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35 ] Quark composition of the proton
P .
Quark composition of proton:

U +u, +d, Hu +T )+ (A +d, )+s +5)

Heavy quarks in ‘sea’ strongly suppressed.

valence quarks

sea quarks

oo occ

Flavour composition of proton:

F_y ¢a

— (T ()5 (@0 + () + S () +5°()
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i' Quark composition of the nucleon
Flavour composition of neutron:
B (%) _ 40 nfoya cnfy))e L 1 nie n
T = S0+ ()4 5 (@ (0 7 () +5 (8" + ()

Isospin symmetry:

q
Neutron: F;"(x) _ 4 (d(x)+ a(x))+1 (u(x)+(x)) +1 (s(x)+3(x))
X 9 9 9
Nucleon: EN=1(F>+F")
=13 (A+d)+EUrB)+(s+9)
+1(u+T)+24(d+d)+1(s+9))
=2 x-[u+T+d+d]+3 x-[s(X) +5(X)]
~Sxu+t+d+d)
N.Herrmann, Uni Heidelberg ol
3.6 I Sum rules

-

J‘dx ux)-o(x))=2

0

dx (d(x)-d (x))=1

Oy

dx (g, (x)- q,(x))=0

O ey

Momentum conservation:

fdxx W)+ T+ d () T(x))=2 [ ok B2 (02 0.5

Experimental observation:
electrically charged partons carry 50% of proton momentum.

Remaining momentum is carried by gluons.
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0.9
0.8

EMC - effect

| PA/FD(2)

) _ Farmi-Baw .3 —
anti-shadowing /

f——_'_‘__-""‘\.

shadowing

EMT Effelt

0.01

FA(X) % A-F'(x) = EMC-effect

A =40 - 56 (Ca, Fe)

Kinematic regions:

— shadowing: x< 0.1
—enhancement:  0.1<x<0.2
— EMC-effect: 0.2<x<0.7
— Fermi-motion: x> 0.7

X
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