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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
- infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California: The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A Cerenkov Detector for Heavy Ion
Velocity Measurements

D. L. Olson, M. Baumgartner, J. P. Dufour’, J. G. Girard™’,
- D. E. Greiner, P. J. Lindstrom, T. J. M. Symons
Nuclear Science Division, Lawrence Berkeley Laborat.ory
Berkeley, CA 94720

H. J. Crawford
Space Sciences Laboratory, University of Cahforma
Berkeley, CA 94720

We have developed a highly sensitive velocity measuring detector using total-
internal-reflection Cerenkov counters of a type mentioned by Jelly! in 1958. If the velo-
city of the particle is above the threshold for total-internal-reflection these counters
have a charge resolution of =0.18e for a 3mm thick glass radiator. For the velocity
measurement wé use a fused silica radiator so that the velocity of the particles are
near the threshold for total-internal reflection. For momentum-analyzed projectile
fragments of 1.6 GeV/nucleon *“YAr, we have measured a mass resolution of 0=0.1u
for isotope identification. o

Principle of the Detector

Cerenkov light is produced at an angle €,=cos™ 1(1/ Bn) relative to the direc-
tion of a particle with velocity 8 passing through a material of index of refraction n.
When the particle is traveling through a medium for which all the surfaces are either
perpendicular or parallel to the direction of the particle the Cerenkov light is trapped
within the medium if the angle 6, >sin “l1/n=¢ crit+ the critical angle for total inter-
nal reflection. By placing a photomultlpher in optlcal contact with a radiator of this
type and offset from the position of the particle track one gets a threshold counter
where the velocity threshold depends upon the material used. Since real materials are
dispersive (n=n(A) ) the light is produced over a range of angles and this threshold is

‘not a step function but has some width in 8. The result is that this type of counter is

sensitive to velocity in the threshold region of €, ~ @apit -

The theoretical response of this type of detector is given simply by considering the
paths of all of the light rays and whether or not they are transmitted or reflected at
the surfaces of the radiator. The geometry is a little involved but the various factors
affecting the response are shown in the integral below. The number of photoelectrons
produced in the photomultiplier tube for a particle with velocity f and charge Z pass-
ing through a material of index-of-refraction n with incident angle « is ‘

Npe=J[epc(A)[3R1/ aNat(n(A). A, B(t)) ] (. A n(A).B(t))dAdt

where A is the wavelength of éhe light, £n.{A) is the wavelength dependent photo-
cathode quantum efliciency, 91/ BABt(r‘F 3\ g) is the number of photons produced
per unit wavelength interval per unit thickness of radiating material, and f (a,A,8,n)
is the fraction of the Cerenkov light which is trapped in the radiator by total internal
reflection and is the term with all of the geometrical dependence folded into it. The -
integral over t results from energy loss in the radiator which contributes a small but
significant effect. Depending upon the choice of material for the radiators, one can

~select different velocity ranges for which the device is sensitive.

Expenment.al Results

We have performed both detailed tests of this detector measuring its response as
a function of § and a. We have also used it for isotope identification in a charge-

changing cross section experiment. For the prototype tests we used detectors with 6



mm thick fused silica radiators. We exposed these devices to a 1.9 GeV/nucleon 56 e

" beam which we degraded in energy with varying thicknesses of Cu in order to measure
the detector response as a function of the velocity of the beam. The result of this
measurement is shown in Fig. la, where the measured points are shown in comparison
with a curve calculated from the theory. By rotating the detector relative to the beam
direction we measured the response as a function of incident angle for two beam ener-
gies. These results are shown in Fig. 1b, again in comparison to the theory. Note that
within a band of about 10 mrad about O degrees the response is fairly insensitive to
angle and that an angular range of about 10 mrad is larger than that for the production
of heavy projectile fragments.

From these results we can estimate that the resolution in velocity corresponds to
a mass resolution of 0 =0.07u for equal rigidity isotopes of Fe. One should note that
the predicted mass dependence of this device is proportional to A/Z and so depends
only weakly upon the mass of the particle.

The charge-changing reaction experiment was largely a repeat of a previous exper-
iment? where we have replaced the lucite radiators with 3mm thick BK7W glass and
2mm thick fused silica radiators. The resuits we report here are from the running
mode in which we fragmented a 1.6 GeV/nucleon 40Ar beam at the input to the LBL 0°
spectrometer and looked at fragmentation products with this detector. With a rigidity
acceptance of 0.5% we were able to resolve isotopes of Ar with 0=0. 1u as seen in Fig.
2, where the velocity measurement is from a single 2mm thick fused silica radiator.
Figure 3 is a scatter plot of all of the isotopes observed and combines data from many
rigidity settings. Note that our trigger threshold cut out the low mass fragments.

The dynamic range in 8 for this detector covers 4-5 mass units of equal rigidity Si
isotopes. However, we never observed more than two isotopes of Si for any one rigidity
setting in this experiment.

Conclusion _

Encouraged by these results, we are proceeding with the construction of a 0.3m by
1.0 m hodoscope for use at the LBL HISS facility which should provide excellent charge
and velocity measurements for projectile fragments in the 1.45 to 1.75 GeV/nucleon
energy region. This hodoscope consists of a layer of BK7W glass radiators for the
charge measurement and a layer of fused silica radiators for the velocity measure-
ment. When coupled with momenturmn analysis from HISS, this device will provide a
clear isotope identification signal for heavy projectile fragments that was previously
impossible,

This work was support.ed by the Director, Office of Energy Research, Division of
Nuclear Physics of the Office of High Energy and Nuclear Physics of the U.S. Depart-
ment of Energy under Contract No. DE-AC03-76SF00098.
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