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lines of
produced in collisions with atoms

- (only neutral targets to date)

- Charge state q-dependence
— high precision Binding Energy determination of atomic levels

- Atomic Structure of high-Z few-electron ions (relativistic effects)

This will require electron observation in the bearm direction
known as Zero-degree Auger Projectile Spectroscopy (ZAPS)
Of relativistic electrons with lab energies up to about 0.5 MeV
Combined with a spectrometer resolution of Ap/p <10+
access to the natural line widths I'" should also be possible



Irsll:s;: ron & Electron linac e Circumference:

from RESR PRETSIL TEMEEE . M : Vacuum:.

& to FLAIR | Ion energies:

* Jon beam species:

» Radioactive beams:

RF-cavities (50 - 80 MHz)

Il < Injection

\ e Jon charge states:
septum Extraction ./ .
septum —> * Number of 1ons:
| o R~ . = - .
Electron ____Qgs_-jgt Seam par 'Ten i g
€ target NESR target l 0.1 — 1 mm-mrad
~0m ‘ S 10-4
] <— Injection {Extraction — |]
kicker kicker - G&S‘j ef target (extrapolation from ESR)
s i 12_1013 2
’ RF-cavities (0.8 - 5 MHz) 4% Aveal Density: 1011015 #/em
%, | J e Length: 1.4 -4 mm
T D Background pressure: 10" mbar
Electron cooler




Zero-degree Auger Projectile e- Spectroscopy (ZAPS)

* used successfully in the 1950-1970’s at high flux reactors or
with radioactive sources to measure conversion and Auger electrons
 emitter: stationary high-Z neutral activated target atoms
e large radius (e.g. 50cm Uppsala, 100cm Chalk River, 50cm BILL) double
focusing magnetic spectrometers:
lab electron energies € < 3 MeV and R,= Ap/p ~ 0.01- 0.05%

The SPARC electron spectroscopy initiative
1s expected to combine both expertise
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Selective production of Auger electrons from fast projectile
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* Only a involved
- considerable simplification of lines in spectrum
—no line blending (mixture of different charge states)
- “1on surgery” collisions with low-Z few-electron targets (He, H,)
- very successful in isoelectronic studies

technique with relatively
- AE/E~0.1%, A6~1°, AQ~104 sr
- Resolution good enough to resolve most lines

- Much
(for high Auger yield, no window absorption, large AQ)

e Determination of double differential
- collisional energy dependence of well defined transition

 Deceleration stage provides useful variable resolution
- low resolution or high resolution can be used as needed

Question: How can ZAPS be done effectively in the NESR?
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Target nL Beam [,nL

density (1013#/cm?) Current | (102 #/cm?s)
n [ =I/qe
(1013 #/cm?) (1010#/s)
160 0.6-60
(50mTorr)
NESR 16* 0.1-0.4 1.6-64 | A/q<2.7| 1250- 20 -700
(5mTorr) 2388992+ | 11000%**

*projected from experience with ESR jet target
** Assuming a constant 108 particles in the NESR over the 4-740 MeV/u energy range and for =92

NESR advantages (+) vs disadvantages (-)

(+) High particle current, increases with collision energy

(-) jet target: smaller density and effective length (but note Grisenti talk on liquid targets)
Question: Possibility of cell target? Would increase rate by at least x500!
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NUCLEAR INSTRUMENTS AND METHODS 9 (1960) 245-286
A ONE-METER-RADIUS IRON-FREE DOUBLE-FOCUSING \/ 2 SPECTROMETER [/)) — ray spectroscopy
FOR $-RAY SPECTROSCOPY WITH A PRECISION OF 1: 105 - -
R. L. GRAHAM. G. T. EWAN and ]. S. GEIGER

Physics Division, Atomic nergy of Canada Limiled, Chalk River, Ontario

Parameters for optimum luminosity when using a counters)
Resolution £ (%) 0.01 f 0.1 1.0
Source width s = 2k, (cm) 0.034 ; 0.34 5.4
Source height 24, (em) 3.7 | 1.6 37
Source area 4 {cm?) 0.126 3.94 126
Transmission?) 0/4x 0.06 0.20 0.80
Luminosity L = A /47 (cm?) 7.6 % 1078 7.9 x 107° 10.1 x 101
Counter slit width (cm) 0.034 0.34 3.4
Counter acceptance factor ¥ 0.83 0.83 - 0.83
Effective luminosity LF (cm?) 6.3 x 108 6.6 x 1073 8.4 x 107
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NUCLEAR INSTRUMENTS AND METHODS 154 (1978) 127-149

THE DOUBLE FOCUSING IRON-CORE ELECTRON-SPECTROMETER *BILL"
FOR HIGH RESOLUTION (n, ¢") MEASUREMENTS
AT THE HIGH FLUX REACTOR IN GRENOBLE
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Fig. 2. Schematic view of the spectrometer BILL demonstrating the arrang of the
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Envisioned two-stage magnetic spectrometer
(original ESR proposal Rido Mann et al 1988 — GSI)
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15t stage (deflector)
* low dispersion, low resolution
 uniform field dipole

e target spot size Imm x 1lmm
e large angular acceptance 5-10°

2nd stage

* high dispersion, high resolution

e 1™ B -field (n=1BILL, n=2 Chalk River)

e entry slit widths ~0.1-1 mm
small angular acceptance 0.1-0.5°

«2-D PSD




[''=100eV, £¢'=80keV

Projectile-energy 1.6310 21.805 58.677
Spread (eV)

Spectrometer 20.066 63.963 132.92
AE (eV)




Important technical issues to take into consideration/resolve:
* Iron or Air -core magnet design?
- Air-core seems better but needs more space!
- Iron -core: problem of magnetic field uniformity over 1 m radius?
problem of Remanent magnetization”
* Solid angle considerations - small AG~0.1" (to limit kinematic broadening for
line width measurements) will severely limit count rate — PSD necessary
* Good design, optical alignment and slit/baffle controls will be critical
* High quality non-magnetic materials to be used in the entire target area
* Need for highest areal density target (liquid H,/He)?
* At the 10~ precision level
- Earth magnetic field annulment (u-metal shielding/large Helmholtz coils?)
- Temperature stability to ~0.1° C

Anybody up to the challenge?
Come join the SPARC electron spectroscopy group!

http://www.gsi.de/fair/experiments/sparc/electron-spectrometers_e.html




Accelerator -Based

Atomic Physics Techniques and Applications, ed. S.
Shafroth and J.C. Austin,

. Mampe et al.,

R.L. Graham, G.T. Ewan and J.S. Geiger, NIM 9
(1960) 245-286.

For more information also check my home page:
http://www.physics.uoc.gr/~tzouros
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[''=10eV, ¢'=50keV

proadening (€V

Projectile-energy 18.963 51.949
Spread (eV)

Spectrometer 53.065 115.84
AE (eV)




[''=10eV, ¢'=1keV

Projectile-energy 0.3678 11.124 34.056
Spread (eV)

Spectrometer 1.2258 23.851 69.620
AE (eV)
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For V /v'>1 (B,/p'>1) thereis
a maximum lab observation angle0__ :
Py

P7y

€’=131800eV

0__ = Arcsin|

m

Strong beaming for small electron energies
Practically total cross section measured aro
All differential information averaged out
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Mild enhancement and stretching
in momentum analysis!!
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PHYSICAL REVIEW A 69, 052718 (2004)

Elastic resonant and nonresonant differential scattering of quasifree electrons
from B*"(1s) and B**(1s?) ions

E. P. Benis,"* T. I. M. Zouros,™*" T. W. Gorczyca,4 A. D. Gonzélez,” and P. Richard'
\James R. Macdonald Laboratory, Department of Physics, Kansas State University, Manhartan, Kansas 66506-2604, USA

zDepar.*menr of Physics, University of Crete, PO. Box 2208, 71003 Heraklion, Crete, Greece
SInstitute of Electvonic Structure and Laser, P.O. Box 1527, 71110 Heraklion, Crete, Greece
"Depar?men! of Physics, Western Michigan University, Kalamazoo, Michigan 49008, USA
e onsejo Nacional de Investigaciones Cientificas vy Tecnicas, Argentina
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