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Rutherford Scattering - The Size of Nuclei

The experimental setup shown below is analogous to Rutherford’s used to
discover the nucleus. A beam of SLi-nuclei is accelerated to an energy
Eiap = 73.7 MeV in a cyclotron. It strikes a lead (2°®Pb) target scattering
6Li into a AE — E silicon detector. The plot shows the differential cross
section measured as a function of 6. (1) How do these results compare to
the Rutherford cross section? (2) What is the distance of closest approach
(DOCA) of the SLi to the 28Pb target before the SLi and 28Pb actually
collide?
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The Differential Cross Section do/d{2

z SLi trajectory .
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The Plan:

@ Transform the Lagrangian to the
center-of-mass coordinate system.

©

Calculate the projectile trajectory for
Coulomb repulsion.

Relate b and 6s.
Construct do/d<Q.

Get do/dS) for random impact parameters.

©000

Compare with data.

Simulation is here.
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The Center-of-Mass Frame and the Reduced Mass 14

For two particles m; and m» interacting through some force we will use a
particular coordinate system called the center-of-mass (CM) system. In
the CM frame the total momentum is required to be zero so the CM is

v mr + mara
cm —
my + mp

and it acts like this. The two particles in the system now behave as single
particle with a different mass called the reduced mass.

mymy

my + my
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Recall A Not-As-Complicated Example

The potential energy between a Na™ ion and a C1~ ion is

A B
V(r) == —7 + ﬁ
where A =24 eV — A and B = 28 eV — A?. Is the attractive part of V
consistent with the force between two point charges? Where is the
equilibrium point? What equation describes the ions’ separation near the
equilibrium point? What is the energy of the system? At t = 0, the
separation of the ions is 2.0 A and their relative velocity is zero.

4

We treated the vibrations of
the Na-Cl system as a single
harmonic oscillator with an
2 ‘average' mass.

Energy ineV
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R in Angstroms
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Angular Momentum

Initial Rutherford scattering geometry

Jerry Gilfoyle Rutherford Scattering 9 /40



Angular Momentum

Initial Rutherford scattering geometry

T 208

Re-scale it to see the angles
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Angular Momentum

Initial Rutherford scattering geometry
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What is an Angle?
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Rutherford Scattering - The Size of Nuclei

The experimental setup shown below is analogous to Rutherford’s used to
discover the nucleus. A beam of SLi-nuclei is accelerated to an energy
Eiap = 73.7 MeV in a cyclotron. It strikes a lead (2°®Pb) target scattering
6Li into a AE — E silicon detector. The plot shows the differential cross
section measured as a function of 6. (1) How do these results compare to
the Rutherford cross section? (2) What is the distance of closest approach
(DOCA) of the SLi to the 28Pb target before the SLi and 28Pb actually
collide?
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o, SLi+*%PD, Eigp=73.7 MeV
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The Differential Cross Section do/d{2
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Rutherford Trajectories

Rutherford trajectories for different
impact parameters

ylb
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Relations Among Trigonometric Functions

Phase Relations for Trignometric Functions

sin(m—0) =+sinf sin(6+ %) =+cosf

cos(m—0) = —cos cos(6+Z%)=—sinf
tan(m —60) = —tanf tan(6+ %) = —cotf
csc(m—0) =+csch  csc(f+ %) =+secd
sec(m —0) = —sec sec(f+75)=—csch
cot(m —0) = —cotd cot(§+35)=—tanb
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Choosing the Sign
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More Relations Among Trigonometric Functions

Negative Argument Formulas for Trignometric Functions

sin(—60) = —sinf
cos(—6) = +cos¥d
tan(—0) = —tané
csc(—0) = —csch
sec (—0) = +sech
cot (—0) = — cot b

Negative Argument Formulas for Inverse Trignometric Functions

Jerry Gilfoyle

arcsin (—x) = — arcsin (x)
arccos (—x) = 7 — arccos (x)
arctan (—x) = — arctan (x)

arccot (—x) = 7 — arccot (x)
arcsec (—x) = m — arcsec (x)
arccsc (—x) = —arcesc (x

Rutherford Scattering
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Even More Relations Among Trigonometric Functions 34

Negative Argument Formulas for Trignometric Functions
sin(—60) = —sinf
cos(—6) = +cos¥d
tan(—0) = —tané
csc(—0) = —csch
sec (—0) = +sech
cot (—0) = — cot b

Phase Relationships for Trignometric Functions
sin(3 —0) = +cosf sin(f +7) = —sind

cos(5 —0) = +sinf  cos(f + ) = —cos b
tan(5 —0) = +-cotf tan(f+ )= +tanf
csc(y —0) = +sect csc(f +m) = —csch
sec(5 —0) =+cscl sec(fd + 1) = —sect
cot(f —6)=+tanf cot(fd+ )= +cotd
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Rutherford Scattering - The Size of Nuclei

The experimental setup shown below is analogous to Rutherford’s used to
discover the nucleus. A beam of SLi-nuclei is accelerated to an energy
Eiap = 73.7 MeV in a cyclotron. It strikes a lead (2°®Pb) target scattering
6Li into a AE — E silicon detector. The plot shows the differential cross
section measured as a function of 6. (1) How do these results compare to
the Rutherford cross section? (2) What is the distance of closest approach
(DOCA) of the SLi to the 28Pb target before the SLi and 28Pb actually
collide?
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The Differential Cross Section do/d{2
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The Differential Cross Section do/d{2

z SLi trajectory .

o

The Plan:

@ Transform the Lagrangian to the
center-of-mass coordinate system.

©

Calculate the projectile trajectory for
Coulomb repulsion.

Relate 65 to input parameters.
Construct the cross section.
Get do/dQ.

Compare with data.

©000

Simulation is here.
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Constructing The Differential Cross Section do/df2 38

beam
particles

beam
area

Abeam

Jerry Gilfoyle

target
particles

Rutherford Scattering
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molar mass Ay g
density pP¢gt
Avogadro's N 4
beam current [y,
beam charge Qpeqm
target thickness Ly g¢

beamtime on target At

beam area Apegm,
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The Differential Cross Section Components

particle rate dN incident  areal angular
scattered into = dts X beam X target X detector
dA of detector rate density size
st dNinC
o X n x dQ
dt dt st

st _di « dNinc
da  dQ dt

X Ntgt X dQ2

dNine _ ANinc _ Ipeam lpeam - beam current

dt At Ze Z - beam charge

Prgt Ptgt - target density
Nege A NaAbeamLigt _ Prgt NaLege Atgr - molar mass

Nigt = = =
Abeam Abeam Atgt Abpeam - beam area
Ligt - target thickness

dAge: - detector area

_ dA et _ AAger
rdet - target-detector distance

2 - 2
Fdet Fdet

dQ = sinfdOd¢

Jerry Gilfoyle Rutherford Scattering 24 / 40



What is an Angle?

Jerry Gilfoyle Rutherford Scattering



What is an Angle?

Y

ds ds

1%

Jerry Gilfoyle Rutherford Scattering



Jerry Gilfoyle

1.0;

Rutherford Scattering

' /0.0

-0.5

/0.5

26 / 40



Solid Angle
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Solid Angle
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The Differential Cross Section Components

particle rate dN incident  areal angular
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Constructing The Differential Cross Section do/df2
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Constructing The Differential Cross Section do/df2 53

db;

4He trajectory

The Plan:

111 @ Transform the Lagrangian to the
center-of-mass coordinate system.

©

Calculate the projectile trajectory for
Coulomb repulsion.

Relate 05 to input parameters.
Construct the cross section.
Get do/dNQ.

Compare with data.

©000O0
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Rutherford Scattering - The Size of Nuclei

The experimental setup shown below is analogous to Rutherford’s used to
discover the nucleus. A beam of SLi-nuclei is accelerated to an energy
Ejap = 73.7 MeV in a cyclotron. It strikes a lead (2°®Pb) target scattering
6Li into a AE — E silicon detector. The plot shows the differential cross
section measured as a function of 6. (1) How do these results compare to
the Rutherford cross section calculated with only the Coulomb force
active? (2) What is the distance of closest approach (DOCA) of the 5Li to
the 298PD target before the 6Li and 2°®Pb actually collide?

|

(=]
o)

o, SLi+?%Pb, Eipp=73.7 MeV

o
=

o,
",
‘-..

-
o
o
o

do/dQ (frf)
e

o

AE-E silicon telescope

Scattered 6Li 5 1 *e
—»}L»j PRC, 22 (4), p 1522 (1980)
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Rutherford Trajectories

Rutherford trajectories for different
impact parameters
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Rutherford Scattering - The Data
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Rutherford Scattering - The Results
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d Scattering Results From Rutherf
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d Scattering Results From Rutherf
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Plotting the Homework (Nuclear sizes)
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Fixed impact parameter, changing energy
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Plotting the Homework (Nuclear sizes)
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Plotting the Homework (no.
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Plotting the Homework (no. 10)
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