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Proposal for a CLEO Precision Vertex Detector

I. Introduction. ,Li. .._ /--- -- :.' . .

Fermilab experiment E691 and CERN experiment NA32 have demoustrated the enor-

mous power of precision vertexing for studying heavy quark physics. Nearly all collider

experiments now have or are installing precision vertex detectors. This is a proposal for a

precision vertex detector for CLEO, which will be the pre-eminent heavy quark experiment

for at least the next 5 years.

The purpose of a precision w'rtex detector for CLEO is to enhance the capabilities for

isolating B, charm, and tau decays and to make it possible to measure the decay time. The

precision vertex detector will also significantly improve strange particle identification and

help with the tracking. The installation and use of this detector at CLEO is an important

step in developing a vertex detector for an asymmetric B factory and therefore in observing

CP violation in B decays.

The CLEO environment imposes a number of unique conditions and challenges. The

machine will be operating near the T (4S) in energy. This means that B's are produced

with a very small velocity and travel a distance about 1/2 that of the expected vertex

position resolution. As a consequence B decay time information will not be useful for most

physics. On the other hand, the charm products of B decays have a higher velocity. For the

long lived D+ in particular, vertex information can be used to isolate the charm particle

on an event-by-event basis. This helps significantly in reconstructing B's. The vertex

resolution for D's from B's is limited by multiple Coulomb scattering of the necessarily

rather low momentum tracks. As a consequence it is essential to minimize the material, as

measured in radiation lengths, in the beam pipe and the vertex detector itself. It is also

essential to build the beam pipe and detector with the smallest possible radius. A Monte

Carlo decay distance distribution for D+ decays from B decays is shown in Fig. 1.

At CLEO, charm physics is studied with the jet like continuum c_ events which are

30-40% of any CLEO data sample. CLEO is already a leading source of charm physics

especially for the Ds, the D**'s, and the charmed baryons. Charm decays from continuum

c_ production are more easily studied with a vertex detector than those from B decays,

because the hard charm fragmentation ensures that 1) the two D vertices lie on a line that

contains the event vertex; 2) the D flight paths are longer, and 3) the E decay products

have higher momenta, and less multiple scattering. These events are more favorable from

the vertex detector point of view since the charm particles are predominantly energetic,
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and since the vertex topology is linear with the two D vertices on opposite sides of the

event vertex. The vertex situation for charm at CLEO is much like that of E691 except

that the background is intrinsically several orders of magnitude less. There is a very wide

range of charm physics that CLEO can exploit.

The tau lepton lifetime is of fundamental significance in the Standard Electroweak

model. The precision vertex detector will allow CLEO to make a tau lifetime measurement

with significantly smaller systematic errors than the current measurements. The present

statistical error is inflated because the resolution of previous experiments is larger than

the lifetime. The statistical error will therefore be reduced by a large factor even with a

comparable number of events.

In addition to the physics motivation for near term CLEO physics there is another

compelling reason for installing a vertex detector in CLEO as soon as possible. This will

be the test bed for asymmetric B factory vertex detectors. The conditions and requirements

for a CLEO vertex detector are much the same as those for a B factory.

" 1. Resolution. In both cases the particles are rather soft so that vertex position resolu-

tion is dominated l:y multiple Coulomb scattering. This means thin detectors with 2

dimensional readol,t, and small radius beam pipe and detectors. It also means that

the intrinsic detector resolution and alignment tolerances are somewhat relaxed.

2. Spherical event structure. Pixel detectors are not required since track separations are

large.

3. Fierce environment. We are planning the detector for a luminosity of 1033 and expect

the CLEO luminosity to be at least 5 x 1032. This is within an order of magnitude

of an asymmetric B factory. We are planning for beam pipe heating of 1 Kilowatt

per meter. The detector must be shielded from beam induced radio frequency pickup.

This detector will be a crucial test for ideas for masking synchrotron and spent particle

backgrounds. The electronics will have to cope with a high beam crossing rate.

The precision vertex detector is the truely essential part of an asymmetric B factory

detector since it provides the decay time distribution for the CP violation measurement.

Double sided silicon technology was chosen for this detector in order to optimize the

amount of information per radiation length. The capacitively coupled detectors to be used

have been under development at Cornell in collaboration with Hamamatsu Photonics, Inc.

Prototype tests were carried out at the Fermilab by the UCSB/Cornell group in the summer

of 1990 (Ref. 1) and by Nagoya University (Ref. 2). Prototype mechanical structures
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have been designed and tested at UCSB. The design and fabrication of the detector is a

collaborative effort between Cornell University and UCSB. UCSB is responsible for the

mechanical design and fabrication and some testing, and is requesting funds for this part

of the project.

The UCSB high energy group has decided to make a large committment to the CLEO

experiment for roughly the next five years. The present participation consists of Rollin

Morrison (faculty), Hiroyasu Tajima, (post doc), and David Schmidt (graduate student).

Current plans axe to increase the faculty participation with the addition of Harry Nelson,

Jeff Richman, and Mike Witherell. During the summer we expect to add Scott Menaxy

as a post doc and Dan Sperka as a graduate student. We intend to add two more post

docs and more graduate students. The University of California is willing to negotiate cost

sharing to the extent possible in accordance with agency requirements.

UCSB has made a considerable financial contribution to the CLEO project. Morrison

was given the fall quarter of 1990 off from teaching to spend full time at CLEO. University

funds have been used for a major upgrade of the loam computing facilities including three

Decstation 5000's, three Vaxstation 3100's, a large increment in disc capacity, 8 mm tape

drives and a number of X terminals. Of direct importance for the mechanical design of

the vertex detector is the addition of AutoCad software and a CompuCad workstation.

It is extremely important to have this detector ready for installation at the end of the

current CLEO run at the T (4S) which will be ending in the Spring or Summer of 1993.

This can be achieved only if funding is committed very soon.

II. Overview of the CLEO vertex detector

The geometrical layout of the detector is shown in Figs. 2 and 3. It consists of two layers

of do,lble-sided detectors separated by 9 mm just outside a 2 cm radius Be beam pipe.

The detectors are arranged in azimuth as an octagon with about 1000 microns of overlap

° for alignment purposes. Each detector plane is composed of two silicon detectors mounted

to join in the center plane of the experiment and with readout electronics mounted on the

ends which axe out of the detector acceptance. A list of detector parameters is given in

- Table I. Ttae readout pitch in the R-¢ coordinate is 110 microns with capacitive coupling

to an intermediate strip to be readout by charge division. The effective pitch is therefore

55 microns. This gives an intrinsic resolution at the detector planes of about 16 microns

not using charge sharing. Since the R-¢ strips are longitudinal (run parallel to the beam

direction) it is natural to read them out at each end. The transverse strips measure the
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z-coordinate and axe on the opposite side and have a pitch of 131 microns. The resolution
i,

depends upon the polar angle o; _lle track. In order to minimize the material in the detector

acceptance we choose to use a multilayer readout with the readout of the transverse strips

also at the detector ends. This is accomplished by reading two transverse strips, separated

by 1/2 the detector length, on the same readout line. The ambiguity in the Z measurement

is easily resolved when finding tracks.

The readout is accomplished by the CAMEX 64 channel readout chip. This chip gives

a voltage level which is the result of a fourfold before and after sampling. It was chosen

because of the very short CESR bunch spacing and can be run asynchronously with 3 of

the 4 samples containing signal. The CAMEX pitch is 100 microns which conforms to the

silicon pitch via a small strip pitch compression at the end of the silicon detector. The

power dissipated per strip is 1 to 2 milliwatts depending upon the noise conditions chosen•

A important advantage of chips mounted only on the outboard ends of the detectors is

that heat does not need to be removed from the center of the detector (the adjacent beam

pipe is cooled).

Since this proposal is for the UCSB contribution which is mechanical and testing we

will focus on these issues.

III. Mechanical issues

Vertex detectors in collider experiments confront the incompatible requirements of very

precise mechanical alignment and stability and very low effective mass. In addition the

detector is in an extremely constricted space and must be cooled. In our case the detector

must fit outside a 2 cm radius beam pipe, which flares to larger radius, and must fit within

the 4.1 cm inner radius of the CLEO PTL vertex chamber.

We have decided not to use the standard approach involving beryllium parts due to

questions of safety, cost., and complexity. Instead the central mechanical concept is that

of a truss formed from a boron carbide (B4C) foam center with the inner and outer silicon

detectors glued to the inner and outer surfaces of the foam structure. The cross section of

this structure is shown in Fig. 4. The complete detector is made from 8 trusses formed as

an octagon.

The boron carbide foam has a density about 10% that of solid B4C. The elastic modulus

is proportional to the relative foam density squared. Since B4C is the hardest material,

after diamond, this structure is extremely strong while also being very light and of low Z.

It also has a thermal expansion coefficient of about 4 x 10 -6 per Degree centigrade which
_
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is almost identical with that of silicon. It is unaffected by humidity and is chemically inert.

The effect of the silicon detectors glued to the two surfaces of the foam will be to make

an extremely strong and rigid structure with negligible thermomechanical problems. The

relative alignment of the 4 detector segments of each truss will be done very precisely and

will be accurately surveyed with a precise travelling microscope. The amount of material

in the foam corresponds to 0.1% of a radiation length when averaged over the detector

azimuth.

The outboard ends of each detector are glued to the ceramic board which carries the

readout chips and associated electronics. Ultrasonic bonds from the chips to each strip are

made. The thermal load on each board is about two watts for each end of each truss. The

present plan is for completely passive cooling. This will rely on the thermal conductivity

of the board, which therefore will be either aluminum Nitride (AIN) or beryllium oxide

(BOO), and the pillar between the inner and outer detector boards. A pillar of A1N would

lead to maximum temperature differentials on the two boards of about 8° C. This is

probably adequate and can be reduced by about a factor of two with the use of a heat pipe

booster through the center of the pillar. An advantage of A1N is again a match of thermal

expansion coefficients with Silicon and with B4C.

The vertex detector is supported inside the PTL detector in a thin Be tube of radius

3.85 cm. Since the beam pipe flares in radius and captures the vertex detector the Be tube

will be split in a clamshell structure which can be fitted over the beam pipe. The Be tube

wil be brazed to extensions so that it can be supported at the ends from the supports for

the PTL. This is to ensure that the silicon vertex detector is well aligned with respect to
lt

the PTL and is decoupled from beam pipe motions. The details of the structures which

support the trusses to the Be pipe have not yet been worked out. They must allow for

small differential expansions of the Be with respect to the the detector trusses. The heat

flow from the trusses to cold sinks near the ends of the PTL will be via heat pipes. Readout

: and clocking cables and heat pipes will be dressed on the inside of the Be tube. Provision

will be made for r.f. shielding of the detectors and readout electronics.

Precision vertex detector alignment has traditionally required large resources in terms

of money, people and time. In order to save on all three of these resources we take the

following approach:

The truss structure was conceived so that gravitational sag and thermomechanical

effects will be negligible. The intention is to align the four detectors very precisly, as they

are glued, by means of well designed fixtures. The trusses are rigid bodies with the relative
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alignment of ali parts done to a precision of 10 microns and flat to 15 microns.

The support pieces which hold the trusses at the ends will be machined or ground to

standard numerically controlled tolerances of 5 microns. The placement of these pieces in

the Be tube halves wiU be done with precise fixtures. The detector will then be built to

tolerances of about 10 microns. Experience has shown that this level of precision is much

easier and less costly to achieve than the 5 micron precision required for vertex detectors

operating at the Z. We intend to develop means for certifying this precision before the

detector is installed.

Once installed the precision vertex detector must be aligned with respect to the rest

of the tracking system by means of tracks, since there axe no useful survey functions

built into the drift chambers. CLEO has a very large number of Bhabhas and tt pairs

for this purpose. The ten strip overlap of adjacent trusses will mean that many tracks

go through four detectors which will provide checks on the internal alignment within the

vertex detector.

It is clear that the boron carbide foam structure is central to the mechanical design.

To test the concept we have obtained similar structures in silicon carbide foam. Silicon

carbide foam was used since it is more common and a special and expensive run with boron

carbide was avoided. It is believed that silicon carbide and boron carbide foams are very

similar. Ali crucial aspects of the fabrication were tested including the precision grinding.

The structures are very strong and the grinding precision is adequate. This gives us strong

reasons to believe that the boron carbide structures will be satisfactory but this will not

' really be known until a boron carbide run is cai-ried out.

IV. Fabrication and Testin_

The main components for the heart of the precision vertex detector are the double-sided

detectors, the CAMEX chips, the hybrid boards which carry the chips and are bonded to

the detectors, and the boron carbide foam and the aluminum nitride parts of the truss. In

addition there are truss supports and lots of electronics, cables, heat pipes, etc.

The three crucial items which must be started soon (NOW) are:

1. Final design of the double sided detectors from Hamamatsu with prototypes.

2. Fabrication of the boron carbide foam-aluminum nitride trusses.
=

3. Design and production of the hybrid boards
.

The final fabrication involves the following steps:
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a) Stuff and test hybrids with mounted CAMEX chips.

b) Fabricate and test detectors.

c) Glue the detectors to the hybrids and wire bond all strips

d) Test that the detector-hybrid combination meets specs for noise and fraction of

functioning channels.

e) Glue the detectors with hybrids to the trusses in a precision fixture one at a time.

Test that those are already mounted still function before gluing the next detector

to the truss.

f) Complete the two clamshell Be tube-ring structures.

g) Mount the completed trusses into the clamsheU structures with a precision mount-

ing tool.

h) Check the alignment with a spindle alignment fixture.

i) Connect cables and heat pipes.

j) Mount the two clamshell structures around the bemnpipe with a precision transfer

fixture.

k) Install in CLEO.

l) Connect readout electronics.

The crucial first UCSB responsibility is determining the feasibility of the boron carbide

structures. It is essential that this concept be proven very soon so that in the event of

serious problems another solution can be devised. Due to the cost of a boron carbide

run by the manufacturer, testing is nearly the same as fabricating the entire order.

I

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

_ bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
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ence herein to any specific commercial product, process, or service by trade name, trademark,
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mendation, or favoring by the United States Government or any agency ther_f. The views
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The laminar flow bench willbe used to provide a clean environment for phases of the

fabrication in which the detectors or precision components are exposed. The travelling

microscope is the basic alignment tool and is expensive as a result of the large range of

precision travel. The microscope will need precision calibration standards and possibly

special lenses for measuring the z coordinate. The temperature distribution on the struc-

ture and the effective thermal conductivity of the heat pipes will need to be measured

requiring temperature sensors with readout. The parts of the mechanical fabrication and

the gluing and transfer tooling have been described in the previous section.



In order t,o test the functioning of the detectors readout electronics is required. This

requires a moderately complicated pulse sequencer with the multiplexed analog signals

read sequentially by a CAMAC ADC. The testing of the individual channels is probably

best done by scanning a small pulsed light spot across the detector. The present thinking

on checking the detector alignment after the trusses are mounted involves mounting the

det,ector half on a precision spindle and reading out the location of the light spot.

VI. Summary

The precision vertex detector will bring new capabilities for CLEO and will be testing

nearly all of the requirements for an asymmetric B factory vertex detector. An asymmetric

B factory will not be able to study CP Violation (the function it is designed for) if its vertex

detector does not perform extremely well. This is true whether the B factory is built at

SLAC or at Cornell.

The concepts for the proposed detector have been under development for some time

and have been tested in a Fermilab test beam. In order to install the detector after th,e

current (4S) run construction must start immediately. The vertex detector is a joint project

_ with Cornell University.

The UCSB responsibility is the mechanical design and fabrication and related testing.

The novel mechanical design is intended to lower costs while satisfying all the requirements

of low mass, mechanical stability, precision alignment, and adequate passive heat transfer.

The central design concept requires boron carbide foam structures which can only be

fully proven by a boron carbide run by the manufacturer. This mechanical design will be

significantly cheaper than an alternative with precisely machined beryllium parts and will

be safer and generally more satisfatory. Once proven, we expect this to be a significant

advance in precision vertex technology.

The majority of the UCSB faculty has chosen CLEO as their main focus for the next

few years. The vertex detector project is the hardware committment for CLEO. If the B

factory is built at SLAC the vertex detector will be used with CLEO until CLEO can no

_ longer compete. If the B factory is built at Cornell the vertex detector will be used until

CLEO is turned off for the B factory construction. This date is very uncertain but we
!

_ would expect at least three years of physics use. In either case the detector will provide

invaluable experience with a B factory type environment and B factory type requirements.
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Table I

Inner Layer Outer Layer

Radius to inner surface 23.000 mm 32.000 mm

Number of sides 8 8

Number of CAMEX 3 4

Channels/CAMEX 64 64

Number of R'¢ channels 192 256

Z strips per readout 2 2

Number of R-¢ strips 192 256

Number of Z strips 384 512

R-¢ readout pitch 110# 110p

R-¢ sensitive pitch 55# 55#

Z pitch 131# 137p

Active width 21.120 mm 28.160 mm

Active length 50.481 mm 70.235 mm

Thickness 300# 300#
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Figure Captions

m

Fig. 1. Monte Carlo distribution of the separation, s of the D and B vertices in B 0

D+Tr+Tr-Tr- with D + _ K-Tr+Tr +. The separation is normalized to the separation error.

The solid distribution is for true events and the dashed is for the background where at

least one of rbe D+ decay products is incorrect. The relative normalization is arbitrary.

The significant feature is that the events with large s contain almost no background.

Fig. 2. Beam's eye view of the vertex detector. The red surfaces indicate the physical

silicon planes. The green regions indicate the sensitive detector regions. The hatched

regions indicate boron carbide foam. The scale is 1.5 times full size.

Fig. 3. Side view of two silicon detector trusses in place. The detector planes are in red.

The beampipe and masking is in blue dashed. The CAMEX readout chips are in blue.

The aluminum nitride boards and pillars are in green.
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