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Before we start...
Some Logistical Info

ransparencies of all Talks

= After your talk, please give your transparencies
to Ginny (reg. table) or to one of our 3
undergrad assistants — they'll be returned!

= If you plan on giving your talk using the
computer, please contact Ginny asap

» QOur web page will have all talks posted soon
after the Workshop ends; CDROM available for
$5 (see Ginny).

= Registration

« Please make sure to see Ginny (outside this
room) to pay and obtain receipt.

= Parking Permits

« We have some at the reg. desk if you plan on
driving here from the hotel each day.

= HIGS @ TUNL User Meeting

« 7:30pm tonight in Maritime Room, Westin Hotel
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Now to Start!
Motivations for having a
“LOWq” Workshop
(i.e. why are we here?!)

= Regional / National Interest

= My arrival here last year gave SMU the only 2
subatomic researchers at a Canadian university
east of Montreal.

« Both (Sarty/Butler) have an interest in low-
energy EM nuclear reactions and have
substantial contacts/history at MIT-Bates

« MIT-Bates is “in our backyard” regionally.

= Broader Interest

= "Low/Medium Energy” electron machines are
either closing or being threatened (SAL and
NIKHEF closed; MIT-Bates “threatened").

= The dominant electron facility, Jefferson Lab, is
posed to focus at higher energies (12 GeV)
after last Nuclear Physics “White Paper”.

= Leads to the Question: Is the field in danger
of “missing” important physics accessible
only by “low energy” (E <=1 GeV) EM
facilities?
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Focus of Workshop

= Renewed opportunities for precision
measurements on nuclear systems
at low momentum transfer.

s Field poised to capitalize on new
Theory developments:
« Chiral Perturbation Theory
=« Effective Field Theory
- = Improved Phenomenology in Potential
Models
s EXisting “low energy”
electromagnetic facilities offer
Impressive new precision

measurement capabilities
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Overview (Reminder!) of
“Low Energy” Facilities

s The experimental facilities which are
relevant for this Workshop — and
which will all be referred to in talks
over the next 3 days — are:

« Jefferson Lab (800-5500 MeV e°)
= MIT-Bates (MA, USA)
~ »« MAMI (Mainz, Germany)
« HIGS @ TUNL (NC, USA)
= MAX-Lab (Lund, Sweden)
= [ohoku (Japan)
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The Bates Program

» SAMPLE Experiments
= contributions of strange quarks to
proton’s magnetism
-~ anapole structure of proton
s OOPS Program
— study of N—A transition

— measurement of nucleon’s
polarizabilities

— few body structure

m BLAST Program

— broad study of electromagnetic spin-
dependent scattering from nucleon +
few-body nuclei

— charge distribution of nucleon

— search for medium modification of pion
cloud

— few body structure
— nuclear astrophysics
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Program at MAMI

o MAMI B (180 MeV < E < 885 MeV) :
from 1999 to 2003 and beyond

o MAMI C (136 Mel < £ 5 1500 MeV ) .
after 2003

1. Structure of the Nucleon
e form factors G, G%,G a
e polarizabilities at @Q* =0 and Q* > 0
e spin structure

e nucleon resonances in selective decay channels

2. Mesonic Structure of the Nucleon
» threshold production of mesons 7, 2w, 5, 1. 21, p.w. ...
¢ structure of mesons: formfactors, polarizabilities

¢ mesonproduction in the region of the resonances

3. Strange Hadrons - Strangeness in Strongly Interacting Systems
e strange meson production at threshold: chiral dynamics
¢ K" formfactors
e hyperons: formfactors, polarization, resonances

e hypernuclei: L/T structure functions
lifetimes in separated channels



4. Parity Violation in Electron Scattering
e electric and magnetic flavour singlet form factors:
strangeness in proton and neutron
5. Few Nucleon Systems

e structure of few nucleon systems:
wave functions, MEC, RC, BC, ...

* GDH sum rule in few nucleon systems
e E2/M]1 ratio for bound nucleons

6. Hadrons in the Nuclear Medium
# shell model and nucleon-nucleon correlations
¢ nucleon resonances in the nuclear medium

¢ mesons in the nuclear medium



HIYS

MonoEnergetic Gamma-Ray Production
Using Compton Back-Scattering Inside
Duke Free-Electron-Laser Optical Cavity

Duke Storage Ring (1.1 GeV) e-Beam LINAC Injector
-— _ {280 MeV)
FEL Phaton B

Electon @/ \_/

—._ Complon Scattered Gamma-ray

7.

e
Mirror Modukator Suncher Radiator Mirror
OK-4 FEL To Gamma-Vault

E{photon) —— 3¢V -12.5¢eV
E{(gamma) ~. 4y ?E(photon)
E{gamma) ——= 2.00 - 225 MeV



0r

Mirror

HIYS
Facility Upgrade

1.2 GeV Booster Injector

Duke Storage Ring (1.2 GeV)
=

FEL Fhoton

Compton Scattered Gamma-ray

I‘II

Maodulatar Buncher Radialor Mirror

OK-5 FEL

Ei{photon) — 3eV-12.5¢¥
Efgamma) ~. 47?E(photen)
E{gamma) — 2.0 - 225 MeV

1.2 GeV Booster Injector

g-Baam LIMAC Injector
(260 MeV)

D-i —=To Gamma-Yault
a



HIyS Properties

Gamma Energy, MeV Flux, ¥/s Tirwe-Line
2-50) 1. 17 NOW™
2-50 18- 109 In Ome Year™™
2.235 LT In Three Years™"

* Beams are presently 100 % linearly polarized.

s QK-35 (a helical undulator system) is expected to be installed and
running in one year, providing both liner and circular polarizations;
=+« With the 1.2 GeV Booster Injector.

HIyS Advantages

® [nira-cavity back-scattering gives HIGS a factor of 103 more
intensity than any existing facility;

® Self-Aligning;

® No tagging, no "unwanted” photons on target;

® (Gamma energy resolutions of better than 1 % possible with
collimation.



Upgrade of the tagged photon facility at the MAX-laboratory, Lund, Sweden.

Upgrade expected to be finished early 2003, —im L i
T
Beam parameters:
Max energy 250 MeV i . Sy ,r_
Duty factor S0-80 % e
Beam emittance  1.25 mam-miad e
| !
f
Es Enee | Fprange | AE, | Tagger 1
(MeV) | (MeV) (MeV) | (keV) |
100 | 18-82 2K 450 | ™T |
100 40 - 63 20 335 | MT | i
150 | w-m 31 503 MT H
250 o8 - 163 52 842 MT &
| e e El
125 | 91-113 I 269 ET o
150 | 109-135 | 20 | 313 ET i}l
175 | 127-157 n 376 ET m
200 | 145-180 | 77 a%0,_| ET
250 181 - 25 13 538 ET Fnaken
f o
MT = main tagper

ET = end point tagger




Planned nuclear physics programme at MAX-lab.

s«  Pion phetepreduction on nucleons and nuclei with

high-energy resolwtion. We plan for a two amm =°
spectrometer aimung at resolving e.g. coherent and
incoherent w" production. For detection of the decay
photons different matenials are considered, c.p.
leadglas, Csl{Tl) and PHbWO,. Resolving excited
states in the residual nuclei will allow a determination
of the matter distribution form factor and the
transition form factor for inelastic n° production. For
n' detection a stacked Ge-telescope (delayed signal
timing techniques) will be used for e.g. (v, 1) studies
of halo nuclei. A Csl(T1) array is also considered for
these studies.

*  Compion scatiering on light nuclei to extract the

polarizabilities of bound nucleons. A continuation of
the measurements on deuterium is envisaged in order
to determine the polanizabilities of the neutron.

+  Particle knockout reactions in light nuclei. We

foresee a continuation of the present high-energy
resolution programme to higher energies using Si-
strip detectors in combination with Ge-detectors and
TOF neutron detectors. The (y, NN) reaction will be
investigated in order to study the influence of MEC
and A currents in light nuclei as well as the influence
of 3N forces in the 'Hely, ppin reaction. Further
measurements on 'He are planned with an active
target (total and the (y, n°) cross sections).

*  Neuntron cross-section measurements for dosimetry

planning in connection with radiotherapy treatments.
Measurements are done with liguid scintillators using
pulse-shape discrimination techniques. These invest-
igations include studies of neutron leakage within a
phantom.






