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Abstract

Jefferson Lab had its 25" anniversary a year ago. After
successful operation of its 6 GeV continuous wave
superconducting radiofrequency accelerator for a
decade, the laboratory is constructing an upgrade to
double the energy of the accelerator to 12 GeV, and
to extend its experimental capabilities. The result will
be an exciting physics program, which will extend
well beyond 2020. The beautiful superconducting
radio-frequency technology also offers other
opportunities, for example, in photon physics.
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The Talk

« Jefferson Lab today

« 12 GeV,; The Physics Opportunities
« 12 GeV,; The Project Status

* Other Initiatives

e Conclusions
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JEFFERSON LAB TODAY

>1200 active member international user Newport News, VA
community engaged in exploring quark-
gluon structure of matter.

Superconducting electron accelerator
provides 100% duty factor beams of
unprecedented quality, with high
polarization at energies up to 6 GeV.

CEBAF’s delivery of beam with unique properties to
three experimental halls simultaneously. Each hall offers |
different capabilities. |



Electron Scattering: A picture

proton

Virtual vy,
W.Z

.Jeffer&n Lab



The Structure of the Proton

Naive Quark Model: proton = uud (valence quarks)
QCD: proton = uud + uu + dd + ss + L
The proton sea has a non-trivial structure: u # d

The proton is far more than just its up + up + down (valence) quark structure
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QCD and the Origin of Mass

Rapid acquisition of mass is

_ gftect of gluon cloud

—— m = 0 (Chiral limit)
- m = 30 MeV
~— m =70 MeV

Quark momentum [GeV]

B 99% of the proton’s
mass/energy is due to the
self-generating gluon field

— Higgs mechanism has
almost no role.

B The similarity of mass
between the proton and
neutron arises from the fact
that the gluon dynamics are
the same

— Quarks contribute
almost nothing.
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P-ReX

PREX : 208Pp Radius Experiment — I8

Low Q? elastic e-nucleus scattering : 8

Wt A ;
(E = 850 MeV, ©=6°) 2.9
Z  (Weak Interaction) couples mainly to neutrons

0

d—A=3% — aR, =1%
A R,

-« Fundamental check of
Nuclear Theory

- |Input to Atomic PV Expts

« Neutron Star Structure
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New Opportunity: Search for A’

N
Search for new forces mediated

by ~100 MeV vector boson A’
with weak coupling to electrons

Motivated by dark matter anomalies:

» excess of 10-100 GeV e* flux found by PAMELA

satellite (Nature 2009, 1 citation/day)
» excess of few-100 GeV e* + e flux by Fermi
satellite/HESS
But - no excess of anti-protons observed!
- observed annihilation rate is large!
- Suggests M, <1 GeV

DM YA

—> decay to protons .
kinematically forbidden N ot

DM -

S
=~

S

9

my (GeV)

A’ (“dark photon”)
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107
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107"
107
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g — 2 preferred!

Irrespective of anomalies:

* New ~GeV-scale force carriers are important category of physics beyond the SM
* Fixed-target experiments @dJLab (FeL + ceeaF) have unique capability to explore this!
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12 GeV Upgrade

=
N~

New Hall

20 cryomodules

cryomodules

lower pass beam energies
Enhanced capabilities in existing Halls

Maintain capability to deliver
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Four Halls

Hall D - exploring origin of confinement by
studying exotic mesons

{ )l
i The GlueX/Hall D Project

Hall B - understanding nucleon structure via
generalized parton distributions

Hall € - precision determination of valence quark
properties in nucleons and nuclei

Hall A - short range correlations, form factors,
hyper-nuclear physics, future new experiments
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Hall A (equipment beyond project)

GEMSs

Super Bigbite Spectrometer:

= large dipole magnet

— GEM trackers (~100,000
channels)

= hadron and EM calorimeter

— Trigger and DAQ

operating in open geometry at a
luminosity of 1038 cm-2s-"
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PCAL

FTOF

Silicon Tracker

]
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Hall C

°* New Super High Momentum Spectrometer
(SHMS) Horiz. Bender, 3 Quads + Dipole
P —-11 GeV/c

dP/P 0.5 -1.0x10-3
Acceptance: Smsr, 30%
5.5°< 8< 40°

* High Momentum
Spectrometer (HMS)

P —7.5GeVic

AP/P = 0.5 -1.0x10-3

Acceptance: 6.5msr, 18% r Nl = "

10.5°< < 90° _ e AT |

* Minimum opening angle: 17° |
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Hall D Glue)

BARREL LEAD GLASS
CALORIMETER\ DPETECTOR

CITATIONS

GLue %,

PERIMENT
SOLENOID
TARGET
COHERENT BREMSSTRAHLUNG & y

PHOTON BEAM

TIME OF

NOTE THAT TAGGER IS

PN erecron " Forward Drift LIGHT
Chambers (FDC)
|
CERENKO
Central Drift CoRu:szl:
Chambers (CDC) (DESCOPED)

ELECTRON BEAM FROM CEBAF
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12 GeV Physics seen by the Physics Advisory Committee

The Hadron spectra as probes of QCD
(GlueX and heavy baryon and meson spectroscopy)

The transverse structure of the hadrons
(Elastic and transition Form Factors)

The longitudinal structure of the hadrons
(Unpolarized and polarized parton distribution functions)

The 3-D structure of the hadrons
(Generalized Parton Distributions and Transverse Momentum
Distributions)

Hadrons and cold nuclear matter
(Medium modification of the nucleons, quark hadronization, N-N
correlations, hypernuclear spectroscopy, few-body experiments)

Low-energy tests of the Standard Model and Fundamental
Symmetries
(Mgller, PVDIS, PRIMEX, ..... )
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Kinematic Coverage of the 12 GeV Upgrade

10
Study of high x; domain
requires high luminosity
8
>
D
() |
e I
T 4 |
|
| _
“““ : The 12 GeV Upgrade is well
> | matched to studies in the
St valence quark regime.
o L L I~
O | | |
0.1 0.2 0.3 0.4 0.5 0.6
Xg
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“Topmoucieelld  onmnemen]

Small Distance Large Distance
High Energy Low Energy
Perturbative QCD Strong QCD

High Energy Scattering Spectroscopy

€ q

Gluon Gluonic
Jets Degrees of Freedom
Observed Missing
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Hybrid mesons and mass predictions ;

transverse phonon modes .
P Hybrid mesons

I - 1 GeV mass difference

Normal mesons

ground state

Lattice
1+1.9 GeV ¢
2*- 2.1 GeV
0+ 2.3 GeV

Lowest mass expected to
be p,(17*) at 1.91£0.2 GeV
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Measuring High-x Structure Functions

REQUIRES: 0.6
* High beam polarization i *
* High electron current 05 +
« High target polarization i +
« Larae solid anale spectrometers  ,, [
Xqi"n‘l'l"'l"'l"'l"' l : +
- Q= 5Gev? 3 + +
0.8_— T‘g - T 0.3 +
o ~-~ NLO(94) i + +
06 /I — NLO - - + +
A \H\_\. Y v e ] 02 +
o4/ NI\ i i
0.2 N\ ] 0.1 -
Q . . e JLab projected data
N \ RN L
0 e 0% [ | | |
0.4 0.6 08 1 OIIIIIIIIIIIIIIIIII

X
12 GeV will access the regime (x > 0.3), 0.2 0.4 0.6 0.8 1.0

where valence quarks dominate X
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Generalized Parton Distributions (GPDs)

X. Ji, D. Mueller, A. Radyushkin (1994-1997)

R

Proton form factors,

transverse charge & Structure functions,
current densities Correlated quark momentum quark longitudinal
and helicity distributions in momentum & helicity

transverse space — GPDs, TMDs  distributions
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The Nucleus : The EMC Effect

1982

EMC Effect Observed

12

L N

0971

08

Size of EMC Effect

0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.00 0.02 0.04 0.06 0.08 0.10

2009
Origins Still Obscure
Local Density Effect?

........................

PR [N S SN NN SN N TN W T T N SN SN A T [

Effective Nuclear Density [frn‘a]
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Nucleon-Nucleon Short Range Correlations

[
o
o
=
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& 3

I I I I I I I I
1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75
«  Strong multi-nucleon Xg

component indicating short
range correlations

 p-ndominates

« Plateaux x>1 scale with
EMC slope 0.35<xg;<0.7 ?7?

Experiment from Jefferson Lab
Graphics from CERN Courier

Short Range Correlations and
EMC Effect have common
origin???
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Weak Couplings

0.18 -

SLAC: D DIS

Qf, = —2(2C1, + All Data & Fits

Plotted at 1 o

APV TI
0.16

o
—_
AN

0.12 Standard Model

Prediction
Q~weak

Isoscalar weak charge
C1ut+Cra

0.1

-08 -07 -06 -05 -04
C14.—Ci4 Q-weak expected

Isovector weak charge precision
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Mgaller & Deep Inelastic Scattering Parity Violation

Layout in Hall A

 Dedicated Mgaller Experiment
with toroids

 SolLID general purpose deep
inelastic parity violating
experiment with solenoid
—  Semi-Inclusive Program
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0.25

0.245

0.23

0.225

sin?0,,

—— existing measurements

—— future measurements (anticipated uncertainty)

=== S\ (MS scheme including higher orders)

SLACE158 @ 4 Q._.,_.(p)} NuTeV

Cs APV  Yul8)
JLab 12 GeV

Z-pole leptonic

curve by Jens Erler

1 IIlI||I| 1 IlIJIIII 1 ILIIIII| | IIIIIIII 1 IIIIIII| ] IIlIIJII

Z-pole

semi-leptonic

111 lJJIJI L1

0.001 0.01 0.1 1 10
Q [GeV]

100

1000
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Upgrade Project Status

«  Overall Project (End of July 2010)
—  Funding $145M
—  Cost Performance Index 0.95

—  Schedule Performance Index 1.00
* On average less than a month behind schedule
« Contingencies maintained

—  Contingency ~$53M,
~43% of Est. To Complete.

 FY11is very constrained
« Availability projected for FY12 and FY13

—  Effort on Project exceeds 120FTE

« Lehman Review (September 2010)

—  Satisfactory Review
 Manpower management , appeared satisfactory
« Schedule holding, civil schedule recovered

— Concerns
« Hall D Solenoid, Hall B Silicon
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12 GeV UPGRADE SCHEDULE

Frod | Fros | Fros | Fror | Froe | Fros | Fr1o [ Frae | Fyaz [ Fraa | Fraa | Fras
Activity Name
123412341234123|412|3|412341|2|3|41|2|34123412341234123|4
1 T 1 1T 1 ||
o - Accel
Critical Decisions 0 1 2§ 3O [ (A | | [ v ®
Accelerator including Civil N | : : : - ‘ ‘ ‘ ‘ ‘ down an| 4
(=]
Hall D including Civil T T ‘ |
Haill C
" ——
Hall B
=== | | | |]]]
Legend
RED
ACD Effort
PED Effort
Ciwil Construction
Procurement & Assembig
Installation & Chechout
Beam Commissioning
FY 04 FY 05 FY D& FY o7 F¥ D8 FY 09 FY 10 .T FY 11 FY 12 FY 13 F¥ 14 F¥ 15
1)2] 3|4 12|24 12| 3|4]1]2]2]4|1]2|3]4[1]2] 24| 1] 2[3]«4[1]2] 34| 1[2]|3]4]1]2]|2|4|1]|2]2]4]|1]=2]3]4
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CIVIL CONSTRUCTION - Hall D Complex

Hall D

June-July
2010

Counting House
Basement Walls/Stairwell

Hall D — NW Corner
Last wall lift




CIVIL CONSTRUCTION - Central Helium Liquefier (CHL) #2

*CHL Building Addition

*Erected Steel

Lillri }

LT

*Ready for Equipment — May 5t

* five months ahead of Level 2
Milestone Date

*Cryogenics equipment installation
underway

»:;f CJ A 4effers':::n Lab



Accelerator Construction Highlights
« Major Procurements (::- $500K) nearly complete

= o e g
— cryomodule cavities = First 4-meter I:llpnle Magnet at JLab,
— beam transport magnets [ (11 out of 37 ordered now on site)

. 4 8 ._F———.J- . ‘—
— cryogenics coldbox - «*w- —
— vacuum valves , ' %-I!";

: ‘.E= 1 Flrst two 12 GeV

— cold tuner . .‘- @' cryomodule cavities on site
— etc. etc. etc. =~ ' =i P

Beam Transport
Quadrupole Magnets at JLab
(114 - total order - now on 5|te]
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Hall B Detectors

& ] SVT sensor bonding and probe
Fﬁ! testing (UNH and Moscow State)

HTCC prototype molds
and mirrors (JLab)

FTOF PMTs and timing test
results (US Carolina, JLab)

o -P‘J‘_'h\,;_

_'I —— Width 15 e¢m (panel 1a)
3 - o e ]
. 3 L
&0 /Daﬂel 1a o
b E ’ ___,,_ffr—’j/ o <
DrlftChamberRZ 2 ool
Z e Vi
wire stringing . _ FRQ@AF)& BC L08
(ODUa and Idaho 0.0 o ' 100 200 300 L 400

Counter Length L {cm)

State) i / =' \
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Hall C - SHMS Infrastructure

Support Structure and Shield
House Manufacturing Design
progressing

gy

- M

Magnet Control Racks

ol N LDl WO I—ab
L]



Central Drift Chamber Endpla’res
Hall D Detectors pates




Jefferson lab 12 GeV Upgrade

An exciting scientific opportunity

= Explore the physical origins of quark confinement (GlueX)

= New access to the spin and flavor structure of the proton and neutron
= Reveal the quark/gluon structure of nuclei

= Potential new physics through high precision tests of the Standard
Model

Strong User community involvement

= NSF MRI and NSERC funding to universities for detector elements
= Strong international collaborations and contributions

= > 32 PAC-approved experiments — ranking in progress

Accel-Civil-Physics scope leverages the existing facility

Construction is well underway !
New Proposals and collaborations are welcome

.geffergon Lab



Jefferson Lab Light Source

High-voltage

Accelerator R&D and devel.

Electron gun power supply
funded by Navy (ONR) and Air Force szi% |20 Recimulation Are
2 = ;m .
1/4 Cryomodule il /—} IR Light To

I Experimental Labs
Output

‘\
‘r Coupler Mirrors

E =120 MeV emittance 5 microns

135 pC pulses @ 75 MHz 150 fs %}

Reﬂeclor
(\ wy Mirrors #
r ’@}

/_> UV Light To

Experimental Lab 4

ERL 2 FELs

1. IR (1-10 microns), 14 kW
2. UV (down to 300nm)

4 eV in fund. 12eVin

34 harmonic

A VUVI/IR/THz 4t Generation Light Source
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Jefferson Lab UV Source

1E23 JLab Amplifier

1E20 JLab UV-FEL Harmonics
1E19 | d

1E18 E Advanced Light Source

Average Spectral Brightness
ph/s/0.1%/mm?/mrad’

High Harmonic Generation 3

1E13 |
1E1ZE 1 ] 1 ] 1 ] 1 ] 1 %

0 20 40 60 80 100

Photon Energy (eV)
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Potential New Science with JLab VUV FEL

 Electronic structure of correlated materials.
Johnson (BNL), Shen (Stanford)

Combustion dynamics. Osborn (Sandia)

 Atom Trap Trace Analysis (ATTA). Zheng-Tian
(ANL)
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Atom Trap Trace Analysis (ATTA)

Polar Ice
Groundwater
Water or Ice l l l | ] ] | | |
Sample Size (L) 17 106 10° 104 103 102 10 1
- | | | | | | | |
Efficienc
Y 103 107 106 10- 104 103 102 101 1
LLC ATTA-1 AMS ATTA-2 ATTA-3 ATTA-4
1969 1999 1997 2003 goal goal
PB2L g 10nm
AT 81Kr half-life 229,000 years — ideal for water/ice in
5s[3/2]", the 10°> — 10° year range.
Metastable 14C half-life is 5,730 years
124nm
4pb
Ground
Energy level diagram for Kr Courtesy Lu Zheng-Tian ANL
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Jefferson Lab: Potential 100 eV Source

* 4 steps

* 600 MeV, 2 pass acceleration

e 200 pC, 1 mm mrad injector

* Up to 4.68 MHz CW repetition rate

* Recirculation and energy recovery

e 10eV-100 eV fundamental output, GW peak power

e harmonics to 2nm

e Pulse widths down to 50 fs 1 l
A

@ NIy 1 1 &/Hﬁn

ST ey, \\“—n@;um;u.
X" AR S e e | NN N L—, s %
*egmi R N |wg/| Iy - T S S T B B v,
N Z
. ol
A d
’/ \\ <
b X N
N T B L T L I IS I B e R B B S B N e e R 8 '-'

R T I I I - )
—a - I - T - - - T ‘
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Average Brightness Plot for Light Sources

--I-I-|I T T ---u'l':l T T |||I-I'|I I | e

o
5

ANL-08/39

BNL-81895-2008
LBNL-1090E-2009
SLAC-R-917

-
O
i

-
o
8

Average Brightness (phisimm®/miZ 0.1% BW)

10°
Photon Energy {eV])
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Potential 100 eV Physics Program: (from JLAMP Proposal)

Condensed Matter Physics

« Chemical Physics and Atomic, Molecular, Optical
Physics (AMO) and Laser-like VUV Pulses

* Imaging Biological and Soft Condensed Matter
Systems
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Accelerators and Nuclear Power

Long history of proposals for using accelerators in the nuclear
power industry

— 1950 — Lawrence, High power accelerators for producing fissile
materials

— 1952 — Lewis, proposed use of thorium with intense neutron
generator

— 1992 — Bowman, Energy generation with ATW
* Accelerator Transmutation of Waste
— 1993 — Rubbia, Energy amplifier

Concept
—  Enable Sustainability
* Avoid criticality
 Enable waste disposal
« Enable alternative fuel cycles
Require
— High Power (10, 20 Megawatt), Reliable Accelerator

.geffekgon Lab




Accelerators and Nuclear Power

EEU Projects
—  Eurotrans
—  MYRRHA - ADS demo at Mol, Belgium; CNRS/IN2P3 involved

India
— No Uranium
— Foresee Thorium Cycle
— Power from U-233
China
— Lots of discussions
UK Thorea - Full Proposal for ADS demo
United States
— Discussions TIJNAF with Brinkman about SRF progress
— Possible Project X interest
— Henderson Panel
It depends on SRF progress

.geffekgon Lab



800C, 2hrs (G.Ciovati):Large grain CBMM”’B1”

CBMM-B1 Large grain CEBAF single cell

[ mT=16K +T=1.7K,baseline |

CBMM-B1 Large grain CEBAF single cell
Barrel Polishing, BCP 1:1:2, 800C/2h HT
Eoee [MV/m]

‘ » Data —BCSFit  Baseline —BCSFit

1E-06 3
— ~ | \ S
Record Q Values ‘o7 | sisszin .
First results from DOE-NP | \

9 ARRA-funded Program

AJKT, = 1.874 £ 0.023
Res=3.6 0.1 n0}

1=23 £33 nm
1E-08 -

J

Ay =32 nm
£=62nm
T.=925K

Surface resistance [ohm]

1E-09
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Electron lon Colliders

Design Goals for Colliders Under Consideration World-wide

Energies S Design
Luminosity
(M)EIC@JLab Up to 11 x 60+ 240-3000 Close to 1034
Future Up to 11 x 250 11000 Close to 103
ELIC@JLab (207? x 250) (200007?)
Staged Up to 5 x 250 600-5000 Close to 1034
MeRHIC@BNL
eRHIC@BNL Up to 20 x 325 26000 Close to 1034
(30 x 325) (39000)
ENC@GSI Upto3x15 180 Few x 1032
LHeC@CERN Up to 150 x 7000 4200000 Close to 1033

Present focus of interest (in the US) are the (M)EIC and Staged MeRHIC
versions, with s up to ~3000 and 5000, resp.
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Physics Workshops

The 5 Workshops

Partonic Transverse Momentum in Hadrons

. H Gao

Electron Nucleon Exclusive Reactions, |
R Gilman

Nuclear Chromodynamics

Electroweak Physics
K Kumar,

, C Hyde

Each workshop had ~30-35 people

&) CA 48 Jefferson Lab



EIC Science

» Hadrons in QCD are relativistic many-body systems, with a fluctuating number of
elementary quark/gluon constituents and a very rich structure of the wave function.

* With 12 GeV we study mostly » With an (M)EIC we enter the region where the

the valence quark component, many-body nature of hadrons, coupling to
which can be described with vacuum excitations, etc., become manifest and
methods of nuclear physics the theoretical methods are those of quantum
(fixed number of particles). field theory. An EIC aims to study the sea
quarks, gluons, and scale (Q2) dependence.
O CTEq e parton

Xq —

I : 2 distribution functions .
L Q% =10 GeV? .
3.0F gluons ]

L

Q2= 5 GeV 3.5

0.81 i
- NLO(94)]

—— NLO 2'5:

0.6/ 2
I 2.0F

0.4/ 1.5}

\ 1.0)
0.21¢

Momentum Fraction Times Parton Density

0 02 04 06 08 1 0.0001 0.001 0.01 0.1 1.0
X Fraction of Overall Proton Momentum Carried by Parton
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EIC Realization Imagined

12 Gev Upgrade
FRIB

EIC Physics Case
NSAC LRP
EIC CDO

EIC Machine
Design/R&D

EIC CD1/Downsel
EIC CD2/CD3

EIC Construction

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2022 2023 2024 2025
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Summary

The 6 GeV nuclear physics program is pushing
through to 2012 Completion

The 12 GeV Upgrade Project is making excellent
progress

Exciting future nuclear physics program

Future Directions

— Photon Physics Opportunities: Immediate and
longer term

— Accelerator Driven Systems- R&D
— Electron lon Collider

Jefferson Lab: The Next Decade and Beyond
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