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Summary

‘ We have constructed a large-aperture ring-imaging
Cerenkov ccunter, intended to identify high momentum
hadrons in a high Pe experiment at Fermilab (£603).

To date we have performed a preliminary analysis on a
small subset of ogur data, taken during the initial
aperation of our counter (April-June 1982). Ws have
cbtained »/K separation with good efficifency from about
PO GeV/c to 12Q GeV/c in momentum under high lymingsity

conditions (5 x 109 protons/second on target). Approx-
imately 84% of atl single-track events having at least
one detected photon have been unampiguously identified.
Cerenkov photons were detected by a muiti-step ava-
lanche chamber via the pnotoionizatfon of triethylamine
(TEA) vapor, and a mean number of 2.8 photons per svent
was detected for the highest velecity particles. I[m-
provements in photon reconstruction are expected,
especially as we refine gur tracking procedures.

Experimental configuration. Fiqure 1 is a diagram
of Fermilab Experiment 605. Qur Cerenkov counter is
separated from the target by two spectrometer magnets
(total kick ~6 Ge¥ far this data) wnich help reduce
particle fluxes at our counter. e accept particles
over a wide angular range {:=60 mrag¢ vertically). Had-
ronic trajectories were selected using cur calorimater
system and tracked by our chamber system.

Cerenkov Counter Description

Radiatdr vessel

The design of our Cerenkov counter is based upon

a successful prntatypel. We used pure helium as the
radiator gas in order ta limit chromatic dispersion.
The radiator vessel is a thin-walled (3/32 inch) alu-
minum (6061-T6) box. Al1 permanent joints in this
structure were welded, taking care to avaid pinholes.
Non-permanent jeoints (2t the detector and monitoring
parts} were sealed with viton O-rings. Structural
strength was provided by aluminum channels and [-beams
exterior to the vessel. The side walls were allowed
to flex under pressure changes without cracking any

welds. The vessel is 15.Z2 m long and 3.1 x 2.8 m? in
cross section at its widest point (near the detectors).
The iength is sufficient to obtain atout 6 detected

p@otons from one partic1e1. assuming 100X He transmis-
sion, and_the Cross section was chosen to contain all
trajectories of experimental interest.

The vessel has twe detector ports, one on each
side. For this initizl run, only one port was used.
The ports are located sutside the experimental aper-
ture, =nd 50 only Cerenkov photons are sean by the
detectors.

Our paramount concern in constructing the Cerenkov
vessel was that the helium radiator gas should not be-
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Fig. 1. Expericent E-605.

came contaminatad. Since purity better than 1 ppm is
required against some contaminants (oxygen), care was
taken to eliminate all materials from the vessel other
than aluminum, steel, vitem, glass, Mng, and Can.

The.vessel was cleaned with freon. flushed with nitro-
gen gas and baked at (00 C for 48 hours before filling
with pure helium from 1iquid boiloff.

The radiator gas was maintained at room tempera-
ture and slightly abgve atmospheric pressure. For
typical running conditions, the mean index of refrac-

tion was n%-1 = 72.0 x 10'6,

118, This translated into threshold momenta of 16
GeV/c for x's, 58 GeV/c for ¥'s, and 110 Ge¥/c for p's.

giving a threshoid T ®

Gas purification system

The photon transmission of the He gas was main-
tained by recicculation through a purification system.
As” the gas enters the purifier it is mixed with a
small amount of hydrogen and put through a Oeoxo cata-
lyzer (Engelhard Systems, N.J.). The gas then passes
through & dryer and a liquid nitrcgen cold trap, which
extract and freeze out gas impurities.” Gas purity was

monitored using a UV light scur:el. and the gas trans-

mission was measured to be about 80%, a value scmewhat

lower than anticipated. Flcw rate through the purifier
was approximately two volume changes per day.

Mirrors

The full mirror assembly consists of a 4 x &

array of mirror segments, each a 25 x 26 inz rectangle.
For this initial rum, only 8 of the mirror seaments
were available. These segments were placed in the two
central columns of our array, subtending ar area

52 x 100 in2 fhalf the aperture). Both mirrgr columns
were focussed onto the right {as seen by an incident
proten) detector part.

We used the largest segments available consistent
with good reflectivity at 1500 angstroms. Each seg-

ment? was ground from a 7/8 inch thick blank of an-
realed plate glass to a spherical radius of 16.00 =2.02
m. The surface was polished to an rms roughness less
than 30 angstroms. The figure accuracy of the spheri-

" electrostatic instabilfties.

cal surface was better than 20 urad (errar in the haor-
mal) gver any 18 cm diameter circle. The spherical
surfaces were coated with aTuminum and HgF to attain

a raflectivity of 751 at 1500 angstroms.

The mirrars were hung from abave us1ng piang wire.
Adjusiments in mirror orientation were made from be-
hind, relative to a light aluminum grid. The mass of
tnis grid is mastily lacated in the mirror gaps in an
attempt toc kezp th2 mass distribution uniferm across
the mirror surface. Each mirror segment is held in
its own aluminum frame, cushioned by viton.

The mirrors were aligned visually ta =1 ¢nm accur-
acy in image position on the detector plame. Qur $yS-
tem is seif-caiibrating using particle tracks with
three or mare photons tach mirrar was independently
aligned so that ring images from adjacent mirrars’
werg non-overlapping. This is done te minimize confu-
sian in paint recomstruction. Mirror alignment angles
were chosen so as to minimize the necessary detector
arza required to see trajectories aqver the whale
aperture.

Calcium fluoride windaw

The window assembly separating the radiataor gas
from the detector gas was & 4 x 8 mosaic of Can

crystals, each 10 x 10 cm2 in area and 4 mm thick.
Each crystal was ¢glued ta a heavy brass frame, whose
thermal expansion properties were similar to those of
the crystals. The frame was maintained at the same
voltage as the first grid of the detector to minimize
The transmission of the
crystals was typicaily 70%. :

Photon detector

The photon detector was a multi-step proportionai

chamber with a2 30 x 80 cmz active area. Figure 2
shows schematrcally the Can window, the conversion,

preampiification, and transfer gaps {made of stainless
iteel grids}, the proprtional wire chamber, and an
external douhle mylar window. This structure was simi-
lar to that of the smaller prototype detector de-

scribed previously1’3
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Fiz> 2. The ouiti-step avalanche chamber,

showing spacing between planes and typical operating
voltages.



Spacers ware necessary in the PA gap to maintain
uniform gap thickness and thus avoid huge increases
in gain in the center of the chamber due to eiectro-

: - I
static attraction of the two grids™' . Three care-

fully machinead fiberglass spacers were used, with
mylar gquard rings. Gain variations were iess than 50..

The proportional chamber arode plane consisted of
192 verticzat 20-micron diameter wires scaced avery
2 mm. The cathode wires were griented at :d5 degrees
with respect t3 the anodes. zach catihode contaired
2 % 3134 S0-wmicron diameter wires spaced every 1 ma.
The chamher was operated with a He(S7 },TEA{3.] gas

mixture at a gain of about 107-

Readout system

The anade and cathode wires were vead out every
2 mm intg LeCroy 2280-series 12-bit ADC's. The LeCroy
ADC system js controlled by a processor module which
automatically performs pedestal subtraction and data
compression. The processor data was read out via
CAMAC into an on-line POP 11/45 computer. Qn-line
monitoring of the detector was performed via the

Fermilab MULTE software package.

h

Fig, 3. An off«line display of a S5-photoa K
event. Cathode pulses are seen angivd in the lefr and
right wargins, and anodz pulses at the top. The re-—
constructed photon positions are indicated by *'s,
and the pradicted ring center by +.

Particle Identification Procedure

Puise height information from the ABC's is used
to measure thw coordinates of each Cerenkov photon.
Cathode pulses are spread over 5-6 ADC channels, and
a center-of-gravity method is used to find the pulse
center. Anode pulses generally cover a single wire.
The point reconstruction algorithm searches for
cathode-cathode-anace triplets, rejecting ghast trip-
lets by ragquiring approximately equal ampiitudes in
all three planes.

The particTe track is defined by two sets of
drift chambers on either end of the Cerenkov vessel
{fig. 1), and the momentunm is calculated from the
particle trajectory. 'we caiculated 3 radii from the
momentum, one for each particle type hypothesis, =z,
K, or p. Them, for eacn mirror capable of intercept-

ing ang refletting photons {rom the particle, 2 ring
center is calculated on the detector plane, Tnis is
done oy treating the particle trajectory itself as if
it were a photon: its path is traced to tha mirror
syrface, then reflected cnto the detector piane, wnere
it defines the ring center. We than measure ‘re
distance between each photcn candidate point and each
calculated ring center, and try to find a set of radii
consistent with one of our particle hypotheses.

Effects of Aberrations

The asymmetric geometry of our current sa2tup
introguces various aberrations. One effect is the
distortion of the ring image from a circle to an ap-
proximate eiliptical shase. The amount of distcrtion
varies frcm mirrer to mirror, and depends ucon the
pheton trajectory, but can be calculated fer each
event, pravided the particle track is known. The
difference between major and minor axes i$ no worse
than 1.4%, and can be corrected by the photon
reconstructian pregram.

Another problem arises from the long radiator
length: photons emitted at various psints along a
particie's trajectary do not come to 2 well-defined
focus. The best that can be done is to place the

detector at the circle of least confusions. where we
obtain the optiriim average focus. The.-ring images are
also astigmatic: they are out of focus at points near
the major and minor axes of the eilipse, and in focus
at points in between.

For the set of mirrors on the same side of the
apparatus as the photon detector, the astigmatism is
very small and produces a typical uncertainty in ra-
dius of £0.07% rms. The mirrors on the away side
generate a larger astigmatism, and their ring images
have uncertainties in radii of typically =0.37% mms.

When the second detector and the full complement
of 16 mirrors becomes availabie, a more symmetrical
arvangerent of mirrors and detectors will result in
reducing the uncertainty due to astigmatism to =0.07%
for all mirrers. Gtven so, the astigmatism in the
current run is tolerabie with respect to particle
identification.

Chromatic disgersion. Chromatic dispersion arises
from the depsndence of the helium index of refraction
upon photon energy, and generates an rms uncertainty
of +0.7% in the radius. This effect can be reduced
by adding about 10% CH4 to the chamber aas, wnich

1,3

absorbs highar energy photons

" Pressure and temperature effects. The index of
refraction also depenas upon pressure and temperature

as nz-l = p/T. The temperature at various points
within the Cerenkov vessel were measured by thermo-
couples. We observed 2 ron-uniformity in termperature
within the vessel. The chserved rms uncertainty in
temperature was 0.9 K, causing an uncertainty 'in ring
radius of =0.15%. While both pressure and temoarature
fluctuated over the course of a run, the ratio p/T
tended to rerain roughly constant, and the drift in
radius over the course of a run of several nours
duration was on the order of (0.03%.

The sum in quadrature of all the above effects
gives an uncertainty of =0.78% in radius. For a pion
having a radius of 68.0 mm, this js an uncertainty
of +0.53 mm.

Other factors. The two other major factors in-
fluencing radius resoluticn are the uncertainties in



calculating the ring center duc i trachking uscortain-
ties (involving drift cnamber resolution and surveying
errars), ang the inherent resolution of the muliti-step
chamber itself. Identification ¢f one- and two-photon
events is ooviously crucially dsnengent ucon tha care-
ful measurement of the ring center, wheregas three- aor
mare-- phaton everts have actually n2an used i3 —arrect
our survey data, inparticular the mirror alignment
angles, )

Preliminary Analvsis Reqults

The track reconstruction crocequres for this ex-
periment zre still in a deveilopmental stage. -ence,
tracking uncertainties ccmpletely <dominate qur errors
at tats time, ard all resuits stated below are srelim-
irary arnd are expected %0 improve with improvements
in track reconstruction efficiency. °

Numoer of Phaotons

The mean rumber of photons groduced by a particle
is precportional to s1’n2 sc' where ec_is the Cerenkov

angle. Ffor the datectar to be effactive, the mean
numbe? of detected photons must te high enocugh so that
the prcoability of an evenrt gernerating zera ohotcns i5
“small; on the other hand, the mezn number of detected
photons must be low enough so0 that reconstruction
efficiency coes not become cripplied by inmability to
separate many overlapping coordinztes. In our appli-
catien, about 5 or 6 photons per event is the optimal
situation, and we have designed qur counter with this
number of photons as a goal.
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Fig. 4. Distribution of the number of photons
for r's, A Poisson distribution with a mean of 2.8

is superimposed. For this_fit,'xz = 11.0 for 8 degrees
of frecdom.
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Fig. 5. Scatter plot of radius vs momentum for
events having at least one reconscructed photen.
Curves showing the expected radii for w#,K, and p are

superimposad.

We have measured the mean number of photens from
identified pions, all of which have radii near the
maximum, to be about 2.8 per event. The number of
phatons fits a Poisson distribution rather well (fig.
4), and extrapoiation gives the result that about 55
of the pions are lost because of zero photons. The
reasons for the lower than expected number of photons
is under study. We are aware that the reldtively paor
helium transmission is a factor.

==K Separation

Kaons have -been identified with a mean number of
photons aquai tz 1.8 per event. Llooking at a scatter
plot of radius vs. momentum (fig. 5), we see a clear
separation between the v-K bands aut to 12Q GeV/c.

A few proton events are also observed. The width of
the = peak as seen in the radius distribution of fig-
ure 6 is about 4 mm FWHM. Reduction of this width,
which will become possible with improvements in track-
ing and surveying, will enable =-K separation at
higher momenta.

Particle Identification Results

Table [ summarizes the particle identificatign
results over a variety of rums, including data from
Be, Cu, and VW targets. These events required a hadron
calorimeter trigger threshold energy of about SO GeV.
We have so far analyzed only single-track avents; we
plan to reconstruct multi-track events at a later
stage. The major problam of multi-track events is the
prooiem of disentangling overlapping ring images fram
different perticles.

Fer the singie hadran sample, we have unambiqu-
pusly identified 83.67 of the svents havirg one or
more photons. Eoth positive and negative hadrons have
been identified.
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Zero-photon events. The large number of zero-
photon events is found to be consistent with the exnec-
tation of a lzrge number af below-threshold protors.

An estimate of the contribution of ='s and-K's ta the
zero-photan sample is calculated as a function of mo-
mentum, based an the obsarved mean numper of photons.

de find the n+/K+ ratio, including the estimated con-
tribution for events lost due to zere photons, is
roughly constant with total momentum and is approxi-
mately equal to 2. After subtracting the =-K contribu-
tion to the zerc-pnoton sample, we find the ratio

w+/p to be approximately 1.2 and constant over a momen-
tum range 60-100 GeV/c. Both observed ratios are in
rough agreement with measurements by a previous

experiment®. e find that from about 75 GeV/e up to
proton-threshold at 110 GeV/c, zero-pnoton events can
be interpreted as protons with 80% or better confidence.

Total number of evenis in sample = 13542

Particles identified by &t least one photon:

2 = 5184 7 = 534 total = = 5720
& = 1397 KW= 338 total ¥ = 1245
p = 25 Po= 1 total p,p = 26

Ambiguous events = 1515
Zero-photan events = 5165

Table I. Summary of preliminary particle identi-
ficatian results for single-track hadron events.
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