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LECTURE 10:
ELECTRON-PROTON SCATTERING
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° | hopeitwentokay.....

e solutions are now posted on the website



FUNDAMENTAL VS COMPOSITE

e Particle physics typically focusses on “tundamental”

particles

o “elementary” particles

* once we find a particle is not elementary/fundamental, the
field tends to move on from it

* How can we determine it a particle is “fundamental”?

e what are signs or indications that there is substructure of
spacial extent?



DIFFERENT VIEWS:

e




ELECTRON-QUARK SCATTERING
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e same method as before
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: I e we can write out helicity states for each
" of particle and evaluate the matrix element
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O * in this case the situation is more complicated

Q

since more helicity contributions contribute

* but the basic idea is the same.
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A FEW NOTES
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* Note that there is only one degree of freedom in the

scattering apart from the incident electron energy E;:
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e j.e.ifwe know one of E3, B, or Q2, the others are determined.



SPATIAL EXTENT

* What it the particle we are dealing with is not

fundamental?




FORM FACTORS: APPROACH 1

* Accounting for spatial distribution ot an arbitrary

charge distribution: |
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ANALYSIS
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e First term is matrix element for a point charge

M= Q / dr / B! i) gia ) P
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e / Frenr p(x') = 6(0)

* Express as a modification of the matrix element of a point charge.

M = Mo x F(q?)

* also consider the distribution of magnetic moment to get another factor



BACK TO THE CROSS SECTION
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e Connecting to the previous discussion

o |f Q2 «M2then to a good approximation Q2 ~ g2
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PARMETRIZATIONS
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* Measure the form factors as a function of g2 or Q2

o effectively measuring the Fourier transform of the

Dirac fermion
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* many results use the "dipole” parametrization

F(¢*) =

1

1+ 4

uniform Fermi
sphere function
> » I
“sinc-like”
—» > |7

40Ca nucleus

|
PROTON

1.00|x-#

0.90
080

0.70|-—-
0.60[-—-

EXPONENTIAL MODEL — ]

0.50(--

= 0.80 x 16" cm

040

030 3
8 ~200 MEV
® ~ 300 MEV

0.20
4 - 400 MEV

O.ls_." 500 MEV
X~ 550 MEV

f
0.0 L
(o] 2 4

r'
|
1
6 8 0 1

F1G. 8. An example of a model which fits the experimental values of 2 This model
gives the proton an exponential charge density and an exponential magnetic-moment
density with rms radii 0.80 <10~ cm. Other close models fit equally well.



SEPARATING THE FORM FACTORS

do Q

° B3 [GH(Q%) 4+ 7G3,(Q%)
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e Electric form factor (Gg) is dominant at low Q2

agnetic form factor (Gy) is dominant at high Q2

e M
e General strategy:

e Vary beam energy

* Measure cross section vs. angle at a fixed Q2

e compare relative to "Mott” Cross section:
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FORM FACTORS: APPROACH Il

* Another approach to form tactors:
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e \WWhat form can the hadronic current take?

* it must carry the Lorentz indices uv

* Lorentz quantities with indices: gu, p2,

* pa=p2tq

P4, 9

« can be a function of Lorentz scale quantities (masses, q.)
H,, = Hi(¢*) g + Ha(q?)papp2w + H3(0%)quav + Ha(q?) P24y + P2vy)

» Other considerations (charge conservation) lead to relations that reduce the number of

independent functions to two

quark current H,




CONTEMPORARY TOPICS

| T1HI | L L ”l | U AL | TTITTII | | T] | | ITII |
1.4 )
i T | 11 : -
1.2 I o [t iﬁ’_I
v sl 4
I ‘J 1»—. oooooo .‘.I:;T..| --------- -EL*L.. ' io .......... -—
_ —_ ‘
Iy - = uf[*Ta]e T 10T
o LT O 1 l* l'l T o
1Y o l
Q 1-‘.*- ooooooooooooo c---|_¢_-: p-‘oulpo:'{ oooooooo - . - l -3
o b (1] "R ; _A_f‘.’" [ ..'..AH 3
-~ » Qattan (Jlab 2005) L7 —T el - » Qattan (Jlak 2005)
o w - ) ‘ W 1 e =09 | -
o = Christy (Jlab 2004) -A; ! A 0 »  Christy (Jiab 2004)
0.8l Andivahis (SLAT 1934) gl _ Andivahis (SLAC 1984)
Walker (SLAC 1894) v | Welker (SLAC 1994)
- » Simon (Mainz 1980) L ~ 0 8 | Sl (SLAC 1993) |
= EBorkowski (Mainz 1975) (1 ' Bosted (SLAC 1990)
0.6| . nupnyisaskatoon 1973) | = Borkowski (Meinz 1975) I
v Barlel (DESY 1973) 4 v Bartel (DESY 1973)
[ Eerger (Bonn 1971) ] 0.7 * Eerger (Eonn 1971) 41
O 4 Litt (SLAC 1970) Litl (SLAC 1970)
' « Bartel (DESY 1967) |~ Bartel (DESY 1967) !
Janssens (SLAC 1566) Janssens (SLAC 1965)
Lol Lol Ll 0.6 | Ll [ 1l Lol |
107 107" 1 10 1072 107 1 10
2 N 02 ' G v/ 2
Q" / (GeV/c / (GeV/c)

Deviations from dipole form
Can we obtain a more fundamental understanding of the proton form
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e would later connect to “quarks”



IGNORANCE

* Form factors are a way to parametrize things we don't know or
cannot predict fundamentally.

* connect it to some physical picture (e.g charge distribution)

* or appeal to things we do know (Lorentz symmetry) to provide a
generalized framework for what it should be

e Typically arise when we have strongly interacting systems

e e.g. bound quarks in baryons and mesons
e can't predict a priori all the dynamics, etc.
* decays of hadrons also have form factors

e depending on the degrees of freedom, the form tfactor will have different
kinematic dependences.

e "blob"” < "form factor”



NEXT TIME

* Reading
* 10.1-10.3
e 104
 10.5,10.5.2, 10.6




