


11.C Deep Inelastic Scattering

® FElastic ep scattering
® DIS kinematics

® Inelastic ep scattering
® Bjorken scaling

® Parton model

® Extracting PDFs



Basic idea

* Study the scattering of an elementary particle of a proton

* Extract the information about the composite object (p)

* From QM

form factor

do do /

- = 2
= 10 F(q)

point

* For continuous matter/charge distributions F'(q) — 0 for g — oo

* For exponential charge distribution

¢ —2 -
F(q) (1 > : .

m?2




Elastic ep scattering

* We can parametrize the proton current as

JH = eu(p’) [Fl(QQ)v“ I 2MFQ( )w“”qy} u(p)
with  F1(0) = F»(0) =1 L
E

* The cross section is then

do a2  FE (GL+71GY, 20 o 2 ?
— — COS — T 1Il —
A, 4E?sin*S E 147 2 M
2 —q2
GE:Fl | 4]\32172 : GM:F1—|—/£F2 ] 7':4]\42
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Nucleon Form Factors Versus Q2
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DIS kinematical variables

* Independent Lorentz invariant variables

pP-q

2
d J—
e V'

in the proton resting (lab) frame v =F — F’

« We know that W?* = (p+q) = M? 4+ 2Mv + ¢*

 Useful dimensionless variables

xr = 0 = 0 and y:M
2p-q 2Mv D -

* Physical range
s — M?

0<z<1 ; 0<y<1l; 0<Q@*<2Mv ; 0<v<
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k'
Inelastic ep scattering e+p—oe+ X J
K ;

M = [a(k)(—iev* yu(k)] _qw (X|.J,|P)

\ p % X
non perturbative part

* Leading to the cross section broton contribution
do 40 M? | L —
= (L) Wi

dE’dS) B q4 \

electron contribution

W= 252 [T (57 85)

> (p, sl THX)(X| ] p, s) p+q—ZP'

) 7 'UFA!




* Certainly we don’t know how to calculate W,

* So we introduce form factors (why this form?)

HgP 1 p-q p-q
WH? = Wi(g*,v) (—9“5 | qqg ) 'Wz(q V)2 (p“ - ?(J“’> (pﬁ q5>

we don’t know

* Leading to

do o2 v, v,
_ Wo (2 27 L oW (02 .2 Y
dE'dO) . 4E2 Sin4 g _ 2((] 7V) COS 5 —+ 1(q 7V) S11 2_

* For a point particle (Q=+1)

2 2 , 2
Wpoznt Q 2 <V Q ) 7 Wgoznt _ 5 (V Q > ’ QQ — _q2
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* Certainly we don’t know how to calculate W,

* So we introduce form factors (why this form?)

HgP 1 p-q p-q
WH? = Wi(g*,v) (—9“5 | qqg ) 'Wz(q V)2 (p“ - ?(J“’> (pﬁ q5>

we don’t know QMWMV — C]VW’MV = (

* Leading to

do o2 v, v,
_ Wo (2 27 L oW (02 .2 Y
dE'dO) . 4E2 Sin4 g _ 2((] 7V) COS 5 —+ 1(q 7V) S11 2_

* For a point particle (Q=+1)

2 2 , 2
Wpoznt Q 2 <V Q > 7 Wgoznt _ 5 (V Q > ’ QQ — _q2
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Bjorken scaling (DIS)
2 2 . 2
I, Wpoznt Q (1 Q ) ; ngoznt _ 5 (1 Q )

2mu 2mu 2mu

point form factors depend on a single dimensionless variable!

* For elastic scattering (x = ()

QQ

Welastzc _ (Q ) b (V QQ )
e 2M

* If there are elementary constituents at large Q? we should have

MW (Q*,v) — Fi(x) 07 s 00 and & — 0?2

fixed
VW (Q2, 1) — Fy(x) omy
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* QCD predicts scaling violation

F;n-lloglo(x)
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Parton Model
o(e(k)p(p) — e(k)X) =




2 2
point Q _ Q — _ f
WPt = 5 (1 2my> =6 (1 2Mw> =5 (1-=)

Fy = vWo = Z/dw fi(w) e? VWfOint = Z/dw fi(w) 6? 0 (1 - g)

j J

— Z@?ZEfJ(ZC)

J

* Analogously,

MW = QM s (1 oh ) =5 (1 = f)

4Am2y 2muy 22 W

F1 — MWl — Z/dw fj(w) 6? MWfOint
J

1
J 3 Callan-Gross relation



Extracting PDFs

* First let’s rewrite in terms of Lorentz invariant variables

g-p FE —F ,
'“kp  E 1=y
2 AW / 2(9
Q°=—(k—Fk") =4FFE sin 5
QZ E(l — y) . 9 0 M LY
U= pg T Ay LTSt =it = e )

* From this we have

do  2rMy do

dedy — 1—y dE'dSY|,,
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* Starting from

do

dF'df)

we get

with

la

a2

py 4B sinT 3

do 4ra’s
— Fixy? + Fo(1 —
Flewl and FQIVWQ

Wa(q?, v) cos® 5

0

oW1 (q?, V) sin® =

M
:x_FQ}

2F




* Starting from

do o i , 0

9"
_ 2 2
dE'dY|, . - 4E2?sin? g Wa(q”, v) cos 2

2W1(q*, v) sin 5

we get
do Aras

dxdy - Q4

x M
{FlmyQ + Fh(1 —y) = ﬁFQ}

with
Fir =MW, and Fy=vW5s

Fi= 5 ) = 5 | (ule) + a(o) + ) + o(o) + 3 (da) + dla) + s(2) + 5(0)
Fa= Y chafi(o) = o | (ule) + ala) + c(o) + o)) + 5 (d(o) + (o) + 5(2) + ()|

We need further infermation to extract PDFs



*Let’s use neutrino scattering

v, +nucleon — p  +

hadrons

v, T nucleon — 4 +

* We parametrize the cross section as

do” G5 ME
dedy 7T
do¥  GLME |
dedy s
rF3 = 2x |
FYy = 2x
v FY = 2x _

(oo

M

2K

) i
xy> FY + zy* FV + <y—|— %> rFy

hadrons

2£IZ’F1 — FQ



* There is data
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* There is data e i
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Doing the job

* Variable count 6:

w(z) , u(z), d(z), d(r)

e Some constraints:

Jo defu(z) —a(z)] =2 ;

Jy dz[s(x) = 5(z)] = 0

* Reasonable hypothesis

u(r) = uy () ‘|‘USM(33) ; d(z

u(z) = us(z) ; d(z) =ds(a

)

)

dy(x) + ds‘(x) ; us(x) =

Now we can fit!
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Further tests

» The neutron PDF is obtained from the p ones by u(x) <= d(x)

Ey" =2z (u(z) + s(z) + d(z) + é(z)
rFY" = 2x u(a:) + s(z) — d(x) — E(x)
Fy" =2z [d(x) + c(x) + u(z) + 5()
rFY" = 2x [d(x) + c(z) — u(x) — 5(x)

B = |2 (d(a) + d(x) + cla) + (@) + 1 (u(a) + () + 5(2) + 5(2)
 Consider ignoring s, c..
[do [FP@+Rr@)] /2 s

[do [F5P(x) + F§"(2)] ~ QZ+Q%F 5

* Gargamelle collaboration: 3.4 &= 0.7 evidence for fractional charges

20




* Gross Llewellyn Smith sum rule:

/ dz YN (z) = / dz () + d(z) + s(z) — @(z) — d(x) — 5(z))

* Gargamelle: 3.2 0.6

* Momentum sum rule:

/ dr [FYP(z) + FY™(x)] = / dx zlu(z) + d(z) + s(x) + a(e) + d(z) + 5(z)

* Gargamelle: 0.49 £+ 0.07
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