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b { Abatract 2. Design Challenges
‘There are many problems that must be solved in the design
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Progress in the development of a time projection atyle pbo-
toelectron detecior is reported. The developmant is intended
to demonstrate the principles and determine spaclfications for a
practical deaign of the large CRID device receatly deccribed in
the SLD dewign report, wherein a large detecior for ibe Stanford
Ligear Collider s described. The drifs detector utilises lhe lech
pique of phote-ionisation of Cerenkov light in i
amino-ethylene {TMAE) vapor at (1700-2200 A), and dnfmng
the photoelectrons ten's of centimetets to a proportional cham.
ber picket fence, where the drifi time provides one coordinate
apd ibe wire pumber the otber coordinate. Results are reported
on the drifting of pbotocleatfons from the Ceregkov light and
light pulser over distances of lo to 60 centimeters,

1. Inthdnetlon

Cerentov-rlng -imaging promisey to be a very effective method
of particle identification in colliding begm physics and bas been
chesen as the method of identification for the new SLD spec-
trometer at the Stanfard Linear Collider. The technique was
chosen because of its supsrior performance over & large momen-
tum range whep compared to other types of particle identib-
catipn. This js Jargely due to {be pew dual radiator approach
laken here.

The principle of Cerenkov-ring-imaging was first put forward
by Arthut Roberts' and was recently relntroduced by the prac-
tical proposal from Ypailantis and Seguinot.? The SLD desigu
bas evolved from niany discussions with them about their work.
Otber designs bave pow been adapted o several quite different
experimental geometries.?

A quarter croes section view of the BLD detoctor is shown
in Fig. 1 and a more detailed cross-section of the CRID device
is sbowa in Fig. 2. Particles emerging from the interaction fimt
pass through the vertex and trackig detestors before entering
the CRID. The trajectory first takes it through a thin iayer of
the Jiquid radistor (C6-F)4, perfiuoro-n-bexane) whose index of
refraction is 1.277, Cerenkov light is produced in a Iarge cone (up
to §3 degrees Cerenkov angle) which hecomes 2 Jarge ring when
it lntercepis the plave of the detector. The trajectory continues
into » region filled with & radiator gas (ischutans) whose judex
is 1017, Cetenkov light in this region is produced at an angle
of up to 50 milliradians and i» imaged by spherical mirrors back
dowp to the detector plane,

* Work supporied by the Depariment of Energy, contract DE-
ACN3-T6SFO051B, the National Science Foundation, grant no.
82-11410, and KEK, the National Laboratery for High Energy

Physics of Jupan.

of this CRID device:

(a) Minimising all sources of aberrations of the Cerenkov
circle on the detector plane;

{(b) Developing a large area, high-quantum efficiency pho-
tocathede to detect the image of the Cerenkov clrcle;

{c) Developing an efficlent, single-electron detection sys-
tem wbich is immune to regenerative feedback back-
ground;

{d) Keeping a1l gases, Bquids and aurfaces clean such that
the UV reflectapce and trausmission are maintained
near their maximum value for Ilue life of the experi-
went;

(¢) Maintalning good contral of all fields alfecting the drift
of the single photoelectrons;

(f) Signal procesing iu az environment of small single
photoeleciron avalanches and very large beam ionisa-
tion avalanches;

(g) Patiern recognition;

{b) Choice and bandling of the gas and liquid radiators.
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Fig. 1. Ove-quarier cross-section of the SLD detector a8 BLC.
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Fig. 2. One-quarter crosa-section of the SLD CRID barrel and #0d cap design.

3. The Ploton Detector R & D Status

The photon devector shown in Fig. 2 consists of = 4 cen-
timeter thick box with UV transpacent quarts windows on both
sides. The Cerenkov photons from the charged particle pasa
through these windows and are converted by photo-ionisation of
TMAE vapor, which has a high quanium efficiency in the range
1700 10 2200 A The detector box is wound with a field cage
establishing an electric drift field aloag the axis of the detector
box, as shown in Fig. 3. The photoelecirons drift at constant
velocity down the box uuntil they arrive at the detector, which is
a picket feace of raulti-wire proporticnal counters with opagee,
cenducting blinds betwee:: cells. The coordinates of the point of
origin of the photoelectrop are recorded as the drift time of the
electron and the wire address at which the electron was counted.

4. Ring Images

Cerenkov tiny images have beer observed with a short 20
centimeter drift box built io the described manner and illus-
irated in Fig. 4 along with the beam line experimental layout.
Ring images wera obtained from a liquid radiater placed very
‘close to the drift box In crder to contain moet of the image (al-
. though some was still lost due to the large Cerenkov angle from
" <11 GeV/c picns). Figure S shows a radius plot of single photo-
* electrons from msoy tracks af'or radiator-empty data has been
subtracted. The right baad slope from 6 to 7 centimeters results
from the 11 millimeter absorption length of the TMAE vapor.
This effect will be removed when the converaion depth coordi-
nate is read oud using charge division on the anode or cathode
of the picket fence detector. In an effort to measure NO, the
Cerenkov efficiency parameter, the ring images weee intention-

ally offset in the short drifi detector so that one-quarter of the
ring image was in the center of the the detector. The image
of approximately 200 heam tracks is shown in Fig. 6. When
the number of photoelectrons in the left 90 degree quadrant
were counted (and the radistor-out count subtracted), five net
photoelectrons per track wereseen. With 2 larger detector which
fully covered the Cerenkov ring each ring image would have had
an average of 20 photoelectrons detected. This results in an NO
of 50, similar to the expected value of 50-55.
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Fig. 3. Photon detector schematic.
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Fig. 4. a) The drift box and Cerenkov radiation cell. (b) The drift box and beam chambers.

6. Long Drift of Single Photoclectrons

The device shown in Fig. 7 bas been built to study the
problems of drifting Cerenkov rings in a system which bas the
same emential dimensions as the SLD design. Tt is built with
liguid and gas radiators and a mirror in'positions carresponding
o the SLD design report, approximately. The long drift box
is longer than the longest drift required in the SLD) CRID and
the entire system is mounted between the pole tips of a magnet
capable of exceeding the field specified for the SLD solenoid.
‘The system is in an 11 GeV/c pion or kaon beam at SLAC
where it will be studied in late 1984 and 1985. The device bas
been studied in recent months with a pulsed, focussed nitrogen
lazer light in order 1o measure the Life-time {and consequently
the attenuation-length}, and diffusion of aingle electrone drifting
long distances ir the detector gas {methane-isobutane). The
method involves removal of the mirror and ita flange so that a
focussed laser spot <an be scanned vertically and horisontally
over the 20 by B0 centimeter surface of the drift box quarts
window.

6. Electron lifetime

The electron lifetime was measured in methane{70% ) - isobu-
tane {30% } by focussing the laser spot onto a peint in Lhe drift
hox 60 centimeters away from one wire in the multi-wire picket
fence detector. By varying the drift valtage applied to the far
end of the drift box, the drift time is vatied and recorded by the
\ime-ol-Aight electronice. The counting rate decreazes with in-
creasing drift time as seen in Fig. 8 The lifetime corresponding
to the 1/e poirt is 40 micressconds.

The drift velocity for methane isobutane results from this
meazurement and is ahown in Fig. 0.

The lifetime was alho measured by scanning the laser spot
over the length of the drift box at fixed voltage in order to
directly the loss of photoelect vzrsus drift distance.
The results shown i Fig. 10 give an attenuation length of 120
cm at 560 V/em, which eorresponds to a lifetime of 34 micro-

seconds for the 70% - 30% mixture with 20 PPM oxygen.

An attempt was made to measure the lifetime of metbane
witkout isobutane. The results indicate a lifetime of 75 g2 or
longer with 20 PPM oxygen. Since the drilt velocity is much
higher, 9 cm/us, the attentuation length is much longer, i.e.
several meters.

7. Diffusion

Longitudinal diffusion has heen studied by looking at the
time Aistribution of elecirons from the small laser spot as a
function of drift distance. The results are shown in Fig. IL.
The value of 180 u/cm?/? results in a worst case photoelectron
resolution of 1.5 mm at 75 ¢m, the maximum drilt distance.

The transverse diffusion is eomewbat harder to measure us-
ing this apparatus. The technique ulilizes the rectangular cell
structure of the picket fence detector wires and the smalluess of
the [aser spot (200 microns). It is assumed that the electrostatics
of the drift box and picket fence cell results in a gero or 100 per
cent chance of detecting the electron on the anode wire depend-
ing on whether the electron drifts to the wire or the blind. In
the abeence of diffusion a scan of the small laser spot acroes the
4 am cell would result in a pearly reciangular response curve
shown in Fig. 12. Introduction of a ganmsing diffusion of the
electron as it drifts down the bax, will result in a blurring of
this sharp profile. Data taken at two drift distarces is shown
in Fig. 13. The dominaace of the diffusion over the intrinsic
cell electrostatic width is apparent. The cffect of a magnetic
field collinear with the electric field was also measured to see if
expecied shrinkage of the transverse diffusion is significant. The
shrinkage is related entirely to the drift velocity, given a fixed
electric and magneti~ field as follows:

=(0)
VIt

B is the maguetic field {10 kilogaues in SLD, 2.5 kilogauss here),
E is the electric field (500 V/cm}, a~d U is the drift velocity.

o(B) =

LY

ur—E
" E
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Fig. 6. (a) Ring images made with the apparatus in Fig.
4. {b) Radius projection of x-y residuals for the blinded

detecter. Radiator-out data was subtracted.

The measured and calculated results are shown in Table 1.
The magnetic field has a smil) effect on the diffusion io the
cooler mixture with isobutane but the effect is larger in metbane
alone. That the shrinkage is nol as great as the calcolated value
for metbane is probably due to systematic error that is pot yet
understood in the technique used.

Table 1

Methane (70% )- Methane

Isobutane(30% )

(meas.) (calc.) (meas.} ({calc. or

Rel. 4)

Field off 0.211 0.231 0.250
Fieldon 0.186 0.169 0.103
Ratio 0.88 0.82 0.73 0.41

8. Counclusion
The R & D resulia seen at SLAC are as follows:

» An NO of 50 has been measured for the short drift, TMAE-
methane-isobutape deterter. Ring images with 10 to 15
photoelectrons have been observed.

Single electron attenuation lengtha in methane(70% ) -
isobutane (30% ) with 20 PPM oxygen bave been measured
to be 120 to 140 centimeters for $00 V/em , corresponding
to a life time of 30 to 40 microseconds. The Lfetime in
pure methane with 20 PPM oxygen Is much longer.

Lopgitudiral diffusion in methane-isobutane is 180
microna/em!/?, which results in 2 1.5 mm errer at 75 em.

Transverse diffusion is somewhat larger (230 microns/cm!/?)
for botb methane and methane-iscbutane(30% ).

A parallel magnetic feld improves the transverse diffusion
slightly with 30% isobutane and more dramatically witk
pure methane.
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Fig. 6. Scatter plot of residuale from the beam track for ap-
proximately 200 beam tracks. The riag Image was offset to get
& clean count of photaelecirona in the left quadrant.
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