Chasing Quarks in Virginia: Nuclear Physics at JLab
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Chasing Quarks - What Do We Know?

From the Edge of the Universe t

the Earth to ...

10" m

hominids to ...

-10
10 m

. the Atom to...

the nucleus to* 15
10 m
Protons and ’

... are made
of quarks.

neutrons ...
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The Periodic Chart

The Periodic Table of Elements
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The Periodic Chart
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What Do We Know?

matter constituents

# The Universe is made of Adlilieh e e
Leptons spin =1/2 Quarks spin =1/2
quarks and 1eptons ancl | . | p— o -
the force carriers. e L e [T
Yy jaes, | (0-0.13)x10-9 0 W 0.002 2/3
_g/alectmm: 0.000511 —1 @ down 0005 —1/3
'_J:w sl (0009 013)><109 0 - Tg_c'n'm_"i _13_?—2vs b
) e 0.106 -1 W@ sters 01 | 113
o hevest | .0a-0.1a)c10| o [l @ e 73 | o
z L\@:au 1777 e &) vottom 42 | -1 '
#® The atomic nucleus is made
of protons (uud) and neutrons .
(udd) bound by the strong force. ~ Nucleus-
# The gquarks are confined inside — 3
the protons and neutrons. - K“u “f'f:"‘-
» Protons and neutrons are NOT L

confined.
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What Do We Know?

The Universe is made of
guarks and leptons and
the force carriers.

The atomic nucleus is n
of protons (uud) and net
(udd) bound by the stror

The quarks are confinel
the protons and neutror
Protons and neutrons a
confined.

matter constituents

FERMIONS <pin = 1/2, 372, 5/2, ...

Quarks spin=1/2

| Approx.
Mass

GeVic? |

Leptons spin =1/2

Mass
GeV/c?

Electric
charge

Electric
charge

Flavor Flavor

lightest
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What Is the Force?

# Quantum chromody- :
namics (QCD) gets
the force among
quarks and gluons
right at high energy
(Nobel Prize in 2004).

| | | | | | |
02 04 06 08 1 1.2 14 1.6
r (fm)

® The hadronic model
uses protons and neu-
trons (nucleons) to de-
scribe data at low en-
ergy. This ‘strong’
force 1s the residual
force between quarks. I A I I I

n-p Separation

Potential Energy

\\\\\\\\\\
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How Well Do We Know It?

pp — Jets

® 0.0<n<0.5
O 05<n|<1.0
A 10<n|<1.5
O 1.5<n|<2.0
Y 2.0<n<3.0

® QCD works real goood!
(B.Abbott, et al., Phys. Rev.
Lett., 86, 1707 (2001)).

— QCD-JETRAD

transverse
energy

d2a/(dEpdn) (fh/GeV)

ET(GV)

effective target area / T

® SO0 does the hadronic model \ RN, ag i
L[ Ve ]

(L.C.Alexa, et al., Phys. Reuv. TTE R ed—eld

Lett., 82, 1374 (1999)). F o Dew M

E  Van Orden et al. ", \qa
F N

RIA //p\\’;\ »
1078 E Hummel & Tjon N =
E ~

RIA //\7 Y ‘\'\\T\ E

o I Van Orden et al. E ~
1079 — N —
E 3

3
4-momentum transfer squared —*> ¢ [GeV/o)]

A
=
Z
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What Don’t We Know?

® Matter comes in pairs of FERMIONS mom oo ars ars. .
quarks or triplets. Leptons spin =1/2

Approx. .
Flavor GM?/S/S : e Mass ELectrlc
eVic Gey/c2 | charge

® We are made mostly of the [ S = =aes oo > 23
triplets (prOtonS and neu_ \ej electron 0.000511 -1 @ down m -1/3
Yy midde . 10.009-0.13)x109 0 [l (@) cham B 23
tronS). M) muon 0.106 B @) srange | 0.1 -1/3
0 Vil neairinox | (0.04-0.14)x10-°| 0 &) e 173 2/3
.. More than 99 A) Of Our L{/ tau 1.777 -1 @ bottom 4.2 _1/3J

mass is in nucleons.
® The protonis 2 ups + 1 down; the neutron is 1 up + 2 downs.

® How much does the proton weigh?

&l

Chasina Ouarks - June 27. 2011 — po.



What Don’t We Know?

Matter comes in pairs of
guarks or triplets.

We are made mostly of the
triplets (protons and neu-
trons).

More than 99% of our
mass IS in nucleons.

matter constituents

FERMIONS <pin = 12, 312, 512,

Approx.
charge

Leptons spin =1/2

Mass
GeV/ 2

Mass
Flavor
-

W ninor (0-013)x10° 0

@ electron 0.000511 1 ~1/3

W Tiadie 1+ 1(0.009-0.13)x10-°| 0 B 23

) muon 0.106 0.1 /3

Vil nectrioox 173 2/3
L‘_J tau 4.2 -1/3 J

The proton is 2 ups + 1 down; the‘neutron is 1 Up + 2 downs.

How much does the proton

weigh?

My = 2Mup + Maown = 2(0.002 GeV/c?) + 0.005 GeV/c?
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What Don’t We Know?

® Matter comes in pairs of FERMIONS ;";;“iff;;“sg',;*e;;;
quarks or triplets. Leptons spin =1/2

. Approx.
Flavor GM?/S/Sz e Mass ELectrlc
eVic GeV/ , | charge

® We are made mostly of the 5 &

J neutrino® (0 -0. 13)X10_9 0

triplets (protons and neu- | & 00005t

middle 4 ‘
\w neutrino* [(0-009-0.13)x10-9 0 1.3 2/3
tronS) - ‘l}/ muon 0.106 0.1 -1/3
heaviest k
\_B’ neutrino* 173 2/3
® More than 99% of our t
k-/ tau 4.2 —1/3J

mass is in nucleons.
® The protonis 2 ups + 1 down; the‘neutron is 1 up + 2 downs.

® How much does the proton wergh?

My = 2Mup + Maown = 2(0.002 GeV/c?) + 0.005 GeV/c?

= 0.939 GeV/c* OOOQOPS!I????
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What's Up? Or Down?

The strong force produces an intense
field that stores a huge amount of energy.

Remember the 3 tons.

That intense, high-energy field has mass!

We know the missing mass
IS In there, but don’t yet
have a working theory.

Maybe soon (after the 12
GeV Upgrade at Jefferson
Lab)!

Charge/Current

Anticipated
Statistical uncertainties only

; Green - Previous World Data
- Blackl- CLASlF anticipa‘ted

——

Cloet et al.

2 4 6

xxxxxxxxxx
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How Do We See Inside a Nucleus?

# High-energy electrons can throw a diffraction pattern
when they shine on atomic nuclel. - _Jefferson Lab

#® Need a big accelerator!
# And a big detector!
# And lots of help.

- - N A
Pire E — gy -\
¥ | —y 4’\ 2 \
| A T (2 \ A
g : . - \
W D = — o A ¥
& = L \
‘ W 5 \
g \
5z Y R §
i |
| 1|l
i 5
I
|
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How Do We See Inside a Nucleus?

# High-energy electrons can throw a diffraction pattern
when they shine on atomic nuclei. _Jefferson Lab

#® Need a big accelerator!
# And a big detector!
# And lots of help.
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How Do We See Inside a Nucleus?

# High-energy electrons can throw a diffraction pattern
when they shine on atomic nuclei. _Jefferson Lab

#® Need a big accelerator!
# And a big detector!
# And lots of help.

- / 8 i, B ;\ By

1073 -

do/dQ(cme/sr)

[
T

10-33

plr)(e-fm=3)x102
F

n
T

10-35
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A CLAS Event

Drift Superconducting

Chambers Toroidal Magnet

35,000 wires JBdl =17 T-m
Og =350 um

Cerenkov
Counters

216 channels
99.5% efficient
over 50 m? area

electron beam direction

Electromagnetic

Time of Flight Counters —______ Shower

Calorimeters
1700+ channels
o/E = 10%/E%3

500+ channels, 145 ps resolution

Drift chambers - Charged particle trajectories.

Cerenkovs - Separate electrons from pions.

Scintillators ——»

\

Scintillators - Light produced by particles.

Calorimeters - Energy.

ICHMOND
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A CLAS Event

Drift Superconducting

Chambers Toroidal Magnet

35,000 wires _[Bdl =17 T-m
OR =350 um

\:ectron beam direction

Electromagnetic

Time of Flight Counters Shower

Calorimeters
500+ channels, 145 ps resolution 1700+ chanmnels

o/E = 10%/E*S

Drift chambers - Charged particle trajectories.

Cerenkovs - Separate electrons from pions.

?intillators —_—

Scintillators - Light produced by particles.

Calorimeters - Energy.

A
=
Z
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What Do We See?

Where are the charges and the currents?

1.8 v+ —

A :
1.4 3

12
(.7:1'0 +2':

i) ;\:-:0.8 3
o o, "
& 306 :
= 04 ]
o 0.2 -
= 1
5 0.0 .

ICHMOND
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What Do We See?

Where are the charges and the currents?

1.8 prrr —

A ]
1.4 E

1.2 £

(.'J:I 1.0 +x‘
\mo.a ]

B |
& 306 :
= 0.4 :
> $
0.2 3

-
3 0.0 .
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What Do We See?

‘The shape I'm in. (If you're a proton.)

B
&
Z
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What Do We See?
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=
g
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‘The shape I'm in. (If you're a proton.)

We thought it was a ball.
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What Do We See?

‘The shape I'm in. (If you're a proton.)

We thought it was a ball.

RICHMOND

Chasina Ouarks - June 27. 2011 = p. 1



What Do We See?

‘The shape I'm in. (If you're a proton.)

We thought it was a ball.
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What Do We See?

la

=
g
Z

‘The shape I'm in. (If you're a proton.)

Sy

Not your mama’s proton!
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What Do We See?

Maybe we can see stuff we can’t see!!

Triangulum Nebuylar M33

Some of the matter in the
Universe is invisible or ‘dark’.

xxxxxxxxxx
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What Do We See?

Maybe we can see stuff we can’t see!!

Triangulum Nebuylar M33

Some of the matter in the
Universe is invisible or ‘dark’.

Actually most of it dark!
4%

m Matter
m Dark Matter
m Dark Energy

A
g
Z
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What Do We See?

Maybe we can see stuff we can’t see!!

Triangulum Nebuylar M33

Some of the matter in the
Universe is invisible or ‘dark’.

Actually most of it dark!
4%

m Matter
m Dark Matter
m Dark Energy

We're going Heavy Photon Search at JLab
analyzing magnet

h u ntl n g ! target J Si tracker electromagnetic —

calorimeter

A
=
Z
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What Do We See?

Maybe we can see stuff we can’t see!!

Triangulum Nebuylar M33

Some of the matter in the
Universe is invisible or ‘dark’.

Actually most of it dark!
4%

m Matter
m Dark Matter
m Dark Energy

We're going Heavy Photon Search at JLab
analyzing magnet

h u ntl n g ! target J Si tracker electromagnetic s

calorimeter

A
g
Z

0.01

01 1 |
my (GeV) :
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Basic Science - Why should YOU pay for it?
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Basic Science - Why should YOU pay for it?

1. Over the last 100 years, the economists tells us that at least
50% of the growth in our standard of living is due to
technological change.

A
=
Z
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Basic Science - Why should YOU pay for it?

1. Over the last 100 years, the economists tells us that at least
50% of the growth in our standard of living is due to
technological change.

2. It's expensive!
JLab cost about $500 million in 1994 (about 1/4 — 1/2 a Space
Shuttle mission).

A
=
Z
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Basic Science - Why should YOU pay for it?

1. Over the last 100 years, the economists tells us that at least
50% of the growth in our standard of living is due to
technological change.

2. It's expensive!
JLab cost about $500 million in 1994 (about 1/4 — 1/2 a Space
Shuttle mission).

3. Technological spinoffs: NMR—MRI, WWW, transistors,
computers, ...
At JLab about 100 devices have been patented.
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Basic Science - Why should YOU pay for it?

1. Over the last 100 years, the economists tells us that at least
50% of the growth in our standard of living is due to
technological change.

2. It's expensive!
JLab cost about $500 million in 1994 (about 1/4 — 1/2 a Space
Shuttle mission).

3. Technological spinoffs: NMR—MRI, WWW, transistors,
computers, ...
At JLab about 100 devices have been patented.

4. Production of trained scientists, engineers, technicians. .... all
from basic physics research.
About 200 doctoral theses have come out of JLab.

&l
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Basic Science - Why should YOU pay for it?

1. Over the last 100 years, the economists tells us that at least

3. Technological spirges ’g , transistors,
computers, ... ) v
At JLab about 100

4. Production of trai
from basic physica®
About 200 doctors

ds, technicians. .... all
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To Learn More ...

# Including things to do
in the classroom go to

Science Education

SEARCH SCIENCE EDUCATION

L

education.jlab.org.

As a world-class research facility, Jefferson Lab is a valued
partner to the local, regional and national education community. Tl
Jefferson Lab's long-term commitment to science education L i

. - x . All About Atoms
. . P continues to focus on increasing the number of teachers with a ST C e
’ S C I e n Ce aCtIVItI eS fo r Teacher o substantial background in math and science, strengthening the S I
Resources motivation and preparation of all students, especially minorities SCL Fraclice Tests

and females, and addressing the serious under representation of ~ YhoWanis o Win...

- .
St;df"t 6 minorities and females in science, math, engineering and Sc“*““f? SO e
elementary and mid- = © meen "

Games & Surprise me!

Puzzles Office of Science Education
e SC OO eaC e rS i 628 Hofstadier Roac, Suite 6
] Science P Y
- L y Newport News, VA 23606
Cinema
phone: (757) 269-7567

Programs © fax: (757) 269-5065

Physics Fest. e

Yesterday's Most
Popular Elements:

Oxygen, Fluorine and Carbon

High school student -
honors program.

Now Showing:

°

°

Dubnium and Protactinium

This page is maintained by Steve Gagnon Citation and linking information

Teacher night.
Open House.

e o o

RICHMOND
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http://education.jlab.org/
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