Metadata, citation and similar papers at core.ac.uk

Provided by GSI Repository

L epton spectroscopy at storagerings:
from electrons at ESR to positrons at HESR*

P.-M. Hillenbrand?, S. Hagmanh?®, F. King?, Yu. A. Litvino¥, S. Schippers K. E. Stiebing, and
Th. Sbhlker*>

1GSI Darmstadt:2Universitat Giessen3Universitat Frankfurt:*Universitat Jena®Helmholtz-Institut Jena

Electron spectroscopy at ESR Positron spectroscopy at HESR

In collisions of heavy highly-charged projectile ions with Based on the experience gained with the magnet elec-
atomic targets, the energy distribution of the emitted-eledron spectrometer at the ESR, an experimental concept
trons is a characteristic observable for the underlying eldor positron spectroscopy at the high-energy storage ring
mentary processes. At the experimental storage ring ESFESR at FAIR was developed [4]. The high projectile
at GSI, a dedicated magnetic electron spectrometer wasergy of up to 5 GeV/u accessible at HESR facilitates
built downstream from the gas-jet target, which enabled thhe study of electron-positron pair production processes
measurement of high-energetic electrons emitted in iothrough coincidence experiments observing the emitted
atom collisions within a small cone in the forward direcpositron and the singly or doubly charge-exchanged projec-
tion. Using this electron spectrometer in combination withile. For the example of collisions¥" + Ar two processes
detectors for emitted x rays and charge-exchanged prbave been contrasted in Ref. [4]:
jectiles, the study of the collision systentJ + Ny @ (a) The process diound-free pair production (BFPP)

90 MeV/u revealed three processes resulting in the emigesults in the emission of a positron and a singly charge-
sion of electrons with a velocity similar to the projectileexchanged projectile:
velocity, i.e., cusp electrons: 92+ 91+ X

(a) The process oflectron loss to continuum (ELC) U +Ar — U + A"+ e
corresponds to the ionization of an electron from the prdts theoretical description requires a relativistic twenter
jectile into the projectile continuum during the collisionapproach, since the electron-positron pair is generated in
with the target, the combined Coulomb field of projectile and target nu-

., - cleus.
U7 Ny = U+ [No "+ e (b) The hitherto unobserved process négative-
For the ELC the measured spectrum was compared tontinuum dielectronic recombination (NCDR) results
first-order perturbation theory using fully-relativisilirac  in the emission of the positron and a doubly charge-
wavefunctions [1]. exchanged projectile:
(b) The process oflectron capture to continuum 92 90 *
(ECC) corresponds to the capture of a target electron into U™ 4 Ar — U™ ¢ [Ar+] et
the projectile continuum, while the excess energy is cdrridts theoretical description requires a relativistic sexgl
away by the recoil of the generated target ion: center approach, since the electron-positron pair is gener
’8 88 * _ ated by the energy released in the recombination of a target
UP* + Ny — U+ [NJ]" +e. electroyn into a bgznd state of the projectile ion. °
For the ECC the measured spectrum was compared toElectron-optical simulations for the design of a positron
calculations in the impulse approximation using semispectrometer at the HESR derived from the electron spec-
relativistic Sommerfeld-Maue wavefunctions and to calcutrometer at the ESR were performed and resulted in the ap-
lations the in continuum-distorted-wave approach [2].  plication of BMBF Verbundforschung for developing and

(c) The process afadiative electron capturetocontin-  building such a positron spectrometer.
uum (RECC) corresponds to the capture of a target elec-
tron into the projectile continuum, while the excess energy References

is carried away by a photon:
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