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Rough Idea of Current Work

E12-06-105
E12-10-008
Nuclear R

Nuclear R-SIDIS
CLAS A=3 program
3He high-B target
3He test lab

Hall D program
DNP development
EIC Detectors

EIC Polarimeter

Side Quest
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EMC effect
Future
Half-done
Future
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At UT
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Silicon
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Completed 2023
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On the boundary of nuclear and particle physics
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QUARKS

(6 types of quarks: up, down,
charm, strange, top and bottom)
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Scattering Experiments — a proven technique

 Make a model of what’s inside an atom

Plums — negative charges
Pudding — positive charges

Test 1t with a scattering experiment
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Scattering Experiments

'sea’ of positive

charge electron Expectation = alpha particles will come out at forward
angles (very little deflection)

Plum-Pudding Model

Flash of

light Microscope

o Fluorescent
% o S, B . screen
Scattering
angle
Polonium Gold
sample foil
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Scattering Experiments

'sea’ of positive
charge electron

Expectation = alpha particles will come out at forward
angles (very little deflection)
Reality - Particles scatter through a large range of

angles
1’ F
Plum-Pudding Model w0k
§ Geiger and Marsden's
% 0’k data points
[ 1
Flash of E10'r Thearetical scattering
light Microscope T .l ; ona point charge
210 another
o Fluorescent .?;
@ - 4@ - 0 screen 10’k
Scattering " o
angle 0°F 20° 40° 60° 80P 100° 120° 140F
Polonium Gold Secattering angle
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Scattering Experiments

'sea’ of positive

Expectation = alpha particles will come out at forward

angles (very little deflection)
Reality - Particles scatter through a large range of

angles

Plum-Pudding Model
Geiger and Marsden's

data points
Theoretical scattering
of one point charge
off another

e 20F 40 600 BOF10D0F 1207 140°
Scattering angle

NOT a plum pudding

What can explain such high deflection angles?

Scattered alpha particles
=

10
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Scattering Experiments

'sea’ of positive

Expectation = alpha particles will come out at forward
angles (very little deflection)

Reality - Particles scatter through a large range of
angles

mﬁ L

Plum-Pudding Model

Geiger and Marsden's

% 5L data points
NOT a plum pudding %m
E10'r Theoretical scattering
. . . = of
What can explain such high deflection angles? g0t urru:naumpu::t eharge
g

Let’s think: the alpha is positively charged, what
10

would repel it through a large angle? 207 4° 60 B0 100° 2 140°
Scattering angle
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Scattering Experiments

'sea’ of positive

Expectation = alpha particles will come out at forward

angles (very little deflection)
Reality - Particles scatter through a large range of

angles

Plum-Pudding Model
Geiger and Marsden's

3
. 2 105} data points

NOT a plum pudding 2

;?- 10 Theoretical scattering

. . . = of one point charge

What can explain such high deflection angles? g 0%t off another

3 Rutherford

2
107 | formula

Let’s think: the alpha is positively charged, what

would repel it through a large angle? 207 4° 60 B0 100° 2 140°
Scattering angle
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Scattering Experiments

Most alpha particles are undeflecte

\( A few alpha particles are slightly
deflected

A few alpha particles bounce off
Nucleus

|

' o 1 Ze? 1
- Scattering into a small area « ( 2) 7
ATTEQ MV sin42—
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From Rutherford to today

Rutherford cross section

Mott Cross section

Add recoil of the target

Rosenbluth do

do _ a
dQ  4E’sin*(6/2)

do a’
dQ 4E’sin*(0/2)

cos’(8/2)

1 do
—_— _
1+(2E/M)sin*(6/2) (deNS

Cross section dQ

2

2 Q 2

= > + -G, tan”| —

dQ ) 0 2M 2
1+ 5

4M

Scattering from an infinitely massive

target

Account for electron spin

Scattering from a nucleon with

internal structure

Inelastic Scattering from a nucleon

do a? cos?(0/2)

dE'dQ 4EZsin2(6/2)

[2F; (v, Q?) tan?(8/2) + F(v, Q?)]

Structure functions

dl|

Similar form for scattering from nuclei
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Electron Scattering is our microscope

1

=
q

A=

1G] =+/Q2 + (E — E")?

6
Q? = 4EE’ sin? >
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Electron Scattering is our microscope

1

=
q

A=

4 =/0% + (F - £y

Q* = 4EE’sin® -




Electron Scattering 1s our microscope

Callan-Gross relation:
2xF; (x) = F(x)

F,(x)

X

4
2F; (x) = z efq;(x) = [u(x) + u(x)] + = [d(x) + d(x)] + [s(x) + 5(x)]

i
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Electron Scattering 1s our microscope
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- |o Aubertetal., (EMC), Cu
o Benvenuti et al., (BCDMS), Fe
12~ 1 A Gomez et al., (SLAC E139), Fe

1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
X

4
z efq;(x) = [u(x) + u(x)] + = [d(x) + d(x)] + [s(x) + 5(x)]

i

F,(x)

X

2F;(x) =

F(x) # ZF} (x) + NE,' (x)
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Electron Scattering 1s our microscope
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Ave. Nuclear Density [fm™®]

F,(x)

X

4
z efq;(x) = [u(x) + u(x)] + = [d(x) + d(x)] + [s(x) + 5(x)]

i

2F;(x) =

F(x) # ZF} (x) + NE,' (x)
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Electron Scattering 1s our microscope

| N. Fomin et al., PRL 103, 092502 (2012) |
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Electron Scattering 1s our microscope
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Linacs
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Experimental Halls

Thomas Jefferson
National Accelerator
Facility

now with an 11 GeV
electron beam!!!

§
.4"-
(5>

add 5
cryomodules
20 existing

cryomodules
" = -
' <

20 existing
ryomodules

cryomodules



To Beam Particle Detectors inside the SHMS

/6

Preshower &
Shower
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Casey Morean Wins SCGSR Award from the
US Department of Energy

May 27, 2020

Physics Graduate Student Casey
Morean is among 62 graduate
students nationwide recently
selected for the US Department of
Energy Office of Science Graduate
Student Research (SCGSR)
Program. This award will help
support his research at the Thomas
Jefferson National Accelerator
Facility (TUNAF), under the
supervision of Associate Physics

Professor Nadia Fomin. The
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Travel To Virginia
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