hasshaown this to be a requiremen for operating a high eld solenoidinsidethe torus
at full eld. The CLAS Torus will alsobe modi ed to allow for the addition of the
Certral Detector, SolenoidMagnet, and iron ux return. This will require that the
badkward (upstream) end of the coils are moved out, and the following items will
needreplacemet

badkward support ring
forward xings

a new cold ring may be needed. The cold ring provides cryogenic distribu-
tion to all 6 coils;it alsocortains quend protection circuitry and temperature
stabilization

Issuesthat require further study:

impact of iron of the Certral Detector a ecting Torus eld lines
impact of iron of the CD on Torus OOP and IP support
hysteresisof iron a ecting magnetic eld

guendiing and ramping of magnets. Sequencingand interlocking

swaying of the Torus either beamleft or right due to attraction to the iron

After all modi cations have beencompleted,the position and geometrywill be sur-
veyed, and the magnetic eld will be mapped in the region where particle tracking
will be done,i.e. up to about 40 in polar angle,and for all six sectors.

To optimize the installation sdedule a cold ring will be procured in advance
of the end of 6 GeV CEBAF operations. When the upgrade starts, CLAS will be
disasserhled, and ead of the 6 coils will be removed from the superstructure. The
original cold ring will be removed. The top coil will be hung from its support rods,
and the coilswill be reinstalledin a similar fashionto the original system.

Support for the 20,000kgof iron will be from the o or of the Hall whereasthe
Torus will remain hung from the superstructure.

4.3 Central Detector

4.3.1 Intro duction

The CLAS™ detector consistsof a forward detector system(FD) which is sensitive
to chargedand neutral particles emitted at lab anglesbetween5 and 40 degreesand
a certral detector (CD) which coversthe angularrangefrom 40to 135degrees.
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Figure 4.2: Central detector region shawing (from the outside to the inside) the ux return
iron, the super-conducting solenoid,and the layout of the certral EC and TOF, the certral
tracker, and the microstrip detector assenblies.

The certral detectoris locatedwithin a small superconductingsolenoidalmagnet
which performs a dual function: it curls emitted low-energyM ller electronsinto
tight spiralswhich are directed into a cylindrical absorbingtube, and it providesthe
B- eld for the certral tracker. The designof the solenoidal eld involvesa compromise
betweena desirefor alarge-radius,high-currert solenoidwhich would curl the M llers
into the tightest radius and the necessi to keepthe magnetic forceson the main
torus which result from the stray B-eld aslow as possible. An iron ux-return
surrounding the magnetaccomplisheghesecortradictory goals.

A major thrust of the experimertal program will be deeply exclusivwe scattering
(DES). DES ewerts are characterizedby the presenceof the scattered electron and
oneor two hadronsin the forward spectrometer,and typically onerecoil baryonin the
certral detector. Becausewe rely on the missingmasstechniqueto idertify reactions
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and to reject badkground we wish to optimize the missing-massresolution and to
maximize the multi-particle acceptance.

Ideally, we would like to match the cortributions of the certral and forward de-
tectors to the missing-massesolution;i.e. (E + Hsyq) (Hecoil). Sincewe expect
the forward electron and hadron to have roughly 5 GeV/c of momenum, and we
expect a momerium resolutionof 0.1%* P or appraximately 0.5% (for ead 5 GeV/c
particle), then the expectedabsoluteresolutionis about 50 MeV/c or better for ead.
The recoil particle will have a momenium of appraximately 1 GeV/c. This momen-
tum must be measuredwith an accuracyof about 5% to cortribute an equalamourt
to the missing-masserror budget as the other two particles. As presetted in the fol-
lowing sectionon the certral tracker, a tracking devicewhich measuresa 25 cm long
track in a 3T solenoidalmagnetic eld with a 100micron accuracyon the sagitta will
have a resolution on the perpendicular componert of the momerium of about 2.2%.
This setsthe scalefor the accuracyrequiremens of sud a tracker; the value varies
linearly with the accuracy inverselywith the B- eld value and asthe inversesquare
of the tracking length. Similarly, we expect the forward tracking systemto have a
polar angleaccuracyof about 1 mrad, resulting in an inaccuracyof the perpendicular
componert of a 5 GeV/c track of about 5 MeV/c. The expected8 mrad accuracyof
the certral tracker will likewiseresult in an 8 MeV/c resolution of the perpendicular
componert of a1l GeV/c particle. The absolutemomerium and angular resolution of
the certral tracker is thereforewell-matchedto the expectedresolutionof the forward
tracker.

In addition to the tracking devices the certiral detector consistsof an array of scirtil-
lator paddlesusedto measuretime-of- ight (CD-TOF) of the chargedparticles, and
a certral electromagneticcalorimeter (CD-EC) useto measurethe energyof photons
emitted in the certral region.

With the projectedtime resolutionof 50 psthe CD-TOF will be ableto separatepions
and protons up to 1.2 GeV/c, and kaonsfrom pionsup to 0.6 GeV/c. In addition it
will be very important in rejecting the out-of-time hadronic background. This canbe
accomplishedwith time resolutionson the order of 1 ns.

The CD-EC will complemen photon detectionin the forward calorimeter, cover the
full azimuthal angular range, and the polar anglerange from 40° up to 13%. Most
of the photons hitting the CD-EC will have energiesfrom 50 MeV to up to 1 GeV.
The CD-EC hasbeendesignedto have su cient \depth" to fully cortain the energy
deposition of 1 GeV photons, and allow detection of photons in this energyregime
with approximately the sameenergyresolution asthe forward angle calorimeter.

A layout of the certral detector and solenoidis shown in Fig. 4.2.
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4.3.2 Superconducting Solenoid Magnet

At the coreof the ceriral detectoris a superconductingsolenoidto provide a cerral
longitudinal magnetic eld of up to 5 Tesla. The solenoidmagnetsenesthe following
functions:

determine particle momerta and charge via tracking in the certral tracking
devices.

keep M ller scattered electronsfrom reading the detectors by guiding them
to a shielding pipe made of heary metal. The maximum luminosity CLAS™

can be operated at is limited by the degreeto which tracking chambers are
shieldedfrom the M ller electronsand secondaryparticles. This technique has
beenusedsuccessfullyduring the CLAS eglruns, with the magnetic eld pro-
vided by the 5 TeslasuperconductingHelmhlotz magnetwich wasusedwith the
CLAS polarized target magnet. This arrangemeim resulted in better shielding
than that provided by the mini-torus magnetwhich is the standard shielding
con guration in CLAS for usein experimerts with unpolarizedtargets.

provide the magnetic eld for a solid-state dynamically polarized target. This
requiresa 5 Teslapolarizing magnetic eld with aninhomogeneiy of B=B

5 10 “ for polarized NH; material. The polarized target operation adds
homogenely constrairts which will require additional correction coils.

Magnet Design

A magnetic designusing TOSCA®) 3D has been performedto establishthe basic
magneticrequiremerts, provide 3D eld mapsfor M ller badkground analysisand to
produce basic engineeringinformation about the magnet. A single layer, Supercon-
ducting, warm iron yoke magnetwas chosenas the optimal con guration. The eld

excitation rangesfrom 2T to 5T. The designconstrairts were as follows:

reducethe fringe eld in the proximity of the CLAS coilsto minimizethe CLAS's
out of plane forces.

have a su ciently large internal radius to housethe certral detectors,and
an outer yoke radiusto t within the modi ed CLAS cryostat

an openingin the forward regionto allow detection of particles from 5° to 4(°.

An important aspect of the iron yoke is to avoid magnetic interferencewith the
toroidal magnetwhich may otherwiseproduce unacceptablyhigh out-of-planeforces
at the torus coils.
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Table 4.1: Magnetic Properties

Type Superconducting Solenoid
Aperture 0.78 m warm bore
NI 60%Packing factor 45x 10° A-Turns
Certral Field 2T to 5T
Integral Field 55T.m
Yoke 19 metric sons(1006 Steel)
(2.96mOD x 1.10mID x 1.18mlong)
Coil and Cryostat 2.7 metric tons stainlessSteel
(2.20mOD x 0.78mID x 1.055mllong)
Stored Energy T 7.64MJ

Table 4.2: Conductor Parameters

Type Nb/Ti,w et wind, semiorderedepoxy lay up

Cable Diameter 1.39mm
Copper/SC ratio 1.75:1.0

Ic (4.2K, 5.3T) 1405amps

Current Density 14,000A-T/cm 2

Pading factor 60 %

Current/T urn 354 Amps
Number of Turns 12,653

The magnetic designusesa TOSCA-generatedsolenoidcoil. The yoke, which is a
simple cylinder with an outer diameter of 1.96 m. and an inner diameter of 1.10,
was modeledas a nonlineariron (1006 steel). The length of the yoke is 1.18 m. The
Superconducting coil is 0 certered within the yoke by 0.1252m. The peak eld
producedwithin the yoke is 3.1 Teslaand within the coil windings of 6.4 Tesla.

A projective view of the magnetin the cryostat and the ux return yoke is shawvn in
Fig. 4.2. The magnetic properties are summarizedin Table 4.3.2,and the conductor
parametersare summarizedin Table 4.3.2
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Figure 4.3: Field distribution in the solenoidmagnetand the ux return yoke. The certral
eld is 5 Tesla. The eld in the iron yoke is typically lessthan 2 Tesla. Saturation eld
levels of up to 3 Teslaoccur only in a few localized areasnear the edges.

The iron ux return reducesthe total current required, increasesthe eld homo-
geneiy, and reducesthe fringe eld. An important aspect of the iron yoke is to
avoid magnetic interferencewith the toroidal magnetwhich may otherwise produce
unacceptablyhigh out-of-plane forcesat the torus coils. Sinceshieldingthe M ller
electronsrelieson the fringe eld the geometryof the ux return hasbeenoptimized
to avoid reducingthe shieldinge ect.

Fig. 4.3 showvs the magnetic eld density distribution in the magnetbore and the
ux return iron. The iron is sizedto minimize saturation e ects, while keepingits
sizeand weight compatiblewith installation in the Torus magnet. At the bottom the
distribution of the magnetic eld densily in the r-z planeis shovn , wherez is the
axis along the beamline, and r is the radial distance from the solenoid symmetry
axis. The distribution alongthe beamaxis variesrapidly while the variation alongr

161



is much more uniform. The extendedfringe eld is important for guiding the M ller
electronsfar enoughaway from the interaction regionto a shieldingpipe (not shavn)
wherethey can be absorked.

4.3.3 Central Electromagnetic Calorimeter
Overview

The certral electromagneticcalorimeteris an essetial part of the CLAS™ Certral
Detector. It coversdetectionanglesin the polar rangeof 40° 133 andin almost
the entire azimuthal range Q° 360. It is designedfor the reconstruction of

°and by their neutral decgs, therefore, for the detection of multi - ewerts .
The designparametersare de ned to meet an operational luminosity of L~ 10%®
cm 2 sec 1. The following sectionsdescrite the technical requiremerts, the detailed
conceptdesignand estimatesfor the calorimeter performance.

Requiremen ts

The compactstructure of the wholeCertral Detector, which is ertirely mourted inside
a superconductingsolenoidof strong magnetic eld, determinesthe basicparameters
of the calorimeter. The available radial spacefor the calorimeter material, inside the
magnet, is limited to 10 cm. The calorimeter must provide adequateenergyand
spatial resolutionsto cleanly idertify ° and . Typical energiesof decg photons,
produced under large angles(> 40°) at beam energiesof 12 GeV, are up to E
1GeV. Reasonableenergyresolutionswith thesesizerestrictions canonly be achieved
if very densematerials are used. The ©° and massresolutionsare function of the
energyand angular resolutions. In order to provide su cient massresolution, i.e.

m 1=3(m .=2)
for °and , it is necessaryto have energyresolutionsof about

() 6%

at E 1 GeV and angular resolutions of 0:8° 1:.4°. The angular resolution
dependson the number of channelsusedto measure and . Taking into accourn
that transverseshawver dimensionsare expectedto be of about 20 mm ( 80%
cortainment), the lower limit of the angular resolution is estimated to be 1°.
To detect ° of the lowest energy the calorimeter must provide an energythreshold
of about 50MeV. To prevert major shover energyleakages,for photons under
anglescloseto = 9(° (worst case),the calorimeter shouldbe 10 11 radiation
lengths deepat E = 1GeV. Table 4.3 shows the main design parametersof the
Certral Calorimeter.
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Total Radiation Length 10-12
Radial Space (radial thickness) 10cm
Energy Resolution 6% E
Angular Resolution, = 1°
Timing Resolution, t few ns
Energy Threshold,E™" 50M eV

Table 4.3: Certral ElectromagneticCalorimeter parameters

Scintillating Fib er/T ungsten Powder Calorimeter Design

The overall view and basic dimensionsof the certral calorimeter mourted inside the
solenoidmagnet are shovn on Figure 4.4. DenseTungstenmetal powder is usedas
the absorber. The calorimeterhasa cylindrical shape: thin plastic scirtillating b ers
run in the direction parallel to the beamand are read out from one upstream end,
seeFigure 4.5. Fibersare grouped in sectorsof equal size. Each sectorconbinesall

b erscovering an azimuthal anglerange 0:6° forming single photo-multiplier

tubesreadout channelsthat provide energy and timing information. In the radial

direction, there are one or two layers of b ers (seeFigure 4.6) all bend at same
radius with both endsrunning out of the sensitive volume as shovn in Figure 4.7.
This circular layer of grouped b ersprovidesindependert measuremets of the polar
angle of the shaver. To have resolutionsof 1° there will be a total of about

50 channelsper polar anglemeasuremets. To allow all these b ersto run through

the main volume, seeFigure 4.7, there is a narrow gap not wider then 5 mm along
the beamdirection for readout purposes. This gap producesonly a small reduction
in the angular acceptanceof the calorimeter (about 1-2%).

The implemertation of sud topology of scirtillating b erswithin essenally the same
sensitive volumeis only possiblebecausef the powder technology the volumeis lled
by loosemetal powder. Sincethe so called \green density" of the Tungsten powder
to be used as absorker is of about 12 0:2 g=cm?, the whole structure becomes
very e cient, especially providing high samplingratios and frequenciesvith b ersas
thin as 0.5 - 0.75 mm or even of smaller diameters. This particular feature allows
matching two requiremerns, i.e. to have su cien t energyresolutionand small overall
dimensionsat the sametime.

Exp ected Performance
To estimate the calorimeter response one can use parameterizationsbasedon sim-

ulation and previous calorimeter data. We have used parameterizationsduring the
initial design phasefor a fast estimation of the calorimeter basic dimensionsand
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Figure 4.4: A perspective view of the certral electromagnetic calorimeter inside the
solenoid magnet.

characteristics. The cortainment of the shaver is parameterizedusing [216]:

L(98%)= 2:5 [Iog(E)+ 1:2] Xo(cm)

L givesthe length in certiimeters that cortains about 98% of the energy of the
showver. E is the energyof the incoming photon, the critical energyof the mate-
rial and (X,) the radiation length of the mix in certimeters . The material in the
calorimeteris a mix of tungsten powder and scirtillating plastic (Polystyrene) b ers.
The radiation length for the mix (X,) that cortains a fraction y of scirtillating plastic
per volume and a fraction (1 y) of tungsten powder absorter, is obtained using:

1 .y @y
(X 0) X Sci X P owder

For the powder with a fraction x of the pure tungstendensity the radiation length
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Figure 4.5: Central calorimeter. The tungsten powder volume and some of the axial
readout b ersare showvn at the left. Someof the radial b ers are indicated at the right
side. The radial b ersare brought to the readout end through a slot at the bottom of the

calorimeter.

Figure 4.6: Certral Calorimeter: radial b ersview. The radial b ersare interleaved with
the axial b ers. They provide shower position information alongthe beamdirection. Since
they are not usedfor the energy measuremen only a few layers are neededto provide the

position information.
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Figure 4.7: Central Calorimeter: radial b ersread out (detail) in the slot at the bottom
of the calorimeter.

XPowder = xPureTungsten:X

The critical energyof the mix is obtained using:

=Ysat (1 y) P owder

The resultsareshavn in gure 4.8. The valuesof L are plotted versusthe fraction
of scirtillating plastic by volume for three values of the powder density: x= 0.62
(current loosepowder), x= 0.8 (cold presseddensity currertly obtained) and x= 1.0,
pure tungsten. One can seethat if the radial thicknessof the calorimeter, usingloose
powder at x= 0.62,is limited by 10 cm, then the fraction of scirtillating plastic
should not exceed 35%per volume.
The other important gure-of-merit is provided by the samplingerrors (in the energy
measuremets). For a given material (x= 0.62), thesesampling errors are a function
of the fraction of scirtillating plastic in the calorimetery (sampling fraction), and the
diameter of the b ers, (samplingfrequency). The correspnding parameterization
for sampling errors are given by [217]:

(mm)

\
u
(E)sampling = 0:02 t

fsampl

where fsampi, the sampling ratio for minimum ionizing particles (mip) is calculated
using:
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Figure 4.8: Containment versusfraction of plastic.

1

1y) dE
+ ( W
1 y X dEsg;

where,dEy and dEs are the energydepositions by minimum ionizing particles
in 1cm of tungsten (22.1 MeV/cm) and polystyrene (2.0 MeV/cm), respectively.
Figure 4.9 shows the sampling errors versusthe fraction of scirtillating plastic by
volume for four dierent b er diameters(0.25, 0.5, 0.75and 1 mm), at a powder
density of x= 0.62. One can seethat for an absorker density of 11.8 g=cm® (x=
0.62), a tungsten powder basedsampling calorimeter built with b ersof 0.5 mm in
diameter and with a fraction of scirtillating b ers of 35% per volume can reat
energyresolutionsbetter than 6% at 1 GeV energies.Theseresolutionsare similar
to the onereadedby the the KLOE [218 and JETSET [219 calorimetersusinglarger
amourt of scirtillating b ers. In the same gure alsois shavn the value obtained
by the KLOE collaboration [218]with a sampling calorimeter of 23 cm of radial
thicknessbuilt at y= 0.5, using lead absorker and 1 mm polystyrene b ers.

fsampl =

Protot yping and Simulations

The proposedsampling calorimeter is made using a new calorimetry construction
technology there are open questionsthat needto be answered, although someinitial
tests already have beensuccessfullycarried out.

An important test will be to establishthe more e cient asserbly procedure
when b ers having di erent directions and shapes are installed in the same
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volume.

We needto explorethe limits on samplingfrequenciesavailable with this tech-
nique, especiallywith b ersof smalldiameters.Small b ers(  0:25mm) cannot
be usedwith other techniques(grooving), unlessone agreesto have lots of air
gapsor glue. Also the technical limits for samplingratios with Tungstenpowder
radiator hasto be found. First tests have shavn that designsare possiblewith
asamplingratio  17%and 340polystyrene b ersof 0.5mm in diameter using
loosetungsten powder, A density of not lessthan 11.8g=cm® can be achieved.
Further tests are in progress.

The main featuresof the calorimeter with a given realistic geometry needde-
tailed simulation (i.e, using GEANT). This simulation will de ne the expected
energyand angular resolutionsto be comparedwith experimertal test values
that can be usedin planning of physicsexperimerts.

A prototype consistingof 12 modulesis currertly beingdesignedo examineall
basic properties of the calorimeter. The goal is to test the calorimeterunder a
photon or electronbeamin the very near future. This rst full prototype will
have 10 cm of thickness( 11 radiation lengths) with a fraction of plastic of
35%by volume using polystyrene b ersof 0.75mm in diameter.

4.3.4 Central Time-of-Fligh t System

A conceptualview of the certral TOF systemis shovn Fig. 4.10. The active scirtilla-
tor areaconsistsof a cylinder of radius 26 cm and length 50 cm. The thicknessof the
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Figure 4.10: Perspective view of the certral TOF system. Scirtillator material shovn
in red color. In this option the scirtillator light is transported to regionsof reduced
magnetic eld usinglight guides(shown in translucert light blue color)

detectoris 2 cm. It is located inside the solenoidal eld and must thereforebe able
to operatein the high magnetic eld. The designgoalis to acieve timing resolution
of =50 ps. This timing resolution allows separationof pions from kaonsup to 0.64
GeV/c and pions from protons up to 1.25GeV/c (Fig. 4.11). This assumesa \4 "
di erence in time betweenthe two particles and allows iderti cation of a signalin
the presenceof other particles with ten times higher rates.

Exp ected Rates

The rates in the scirtillators for the existing CLAS detector have been studied at
two di erent beam currents and usedto predict the courting rates at a luminosity
of 10®cm 2s ! [220. We summarizethe results here for both the certral and the
forward detector systems. The rates are given in Table 4.13at two thresholds. The
expected integrated rates for the certral and forward detectors are appraximately
equal. The current threshold setting for the courters is 20 mV, but e cient opera-
tion can be adhieved at a threshold of 30 mV, which reducesthe rate considerably
(Fig. 4.12). The forward detector elemens will have a typical rate per courter at
30 mV of about 750kHz. At this threshold, the cerral detector has an integrated
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Figure 4.11: Time di erences between protons and pions, and between kaons and
pions over the 25 cm path length expectedfor the outer TOF system.

rate of 40 MHz. In order to keepthe rates belon one MHz per courter, we require
appraximately 50 channelsof electronics.

Options

The traditional scirtillator detector array for TOF measuremets in the certral de-
tector is challenging due to the magnetic eld of the solenoidwhich may operate
at seeral Tesla. Hybrid photomultipliers sud as HamamatsuR7100U-07and DEP
model PP0350Gcan operate in magneticgreaterthan 1.5 Teslawith no reduction in
pulseheight. The eld in the regioninsidethe solenoidnearthe endsof the scirtillator
is lessthan 1 T, sohybrid PMTs are an option for usewith short light guides.

A secondoption is to uselight guidesto bring the light out of the high magnetic
eld to the region outside the yoke and use standard PMTs. The magnetic eld
outside the iron yoke of the solenoidis shovn in Fig.4.14. The magnetic eld is
plotted as a function of z (beam direction) for slicesin x (radial distancefrom the
beamline). The slicesin x are 16.67cm wide and the eld is plotted for intervals of
2 cm, the averagex value is indicated on the plot. The eld surroundingthe yoke is
no lessthan 70-100G, where standard magnetic shieldingis challenging, though not
impossible. We note that in the regionsoutside the solenoid,the magnetic eld of
the torus cannot be neglected,although it is not includedin the presen eld tables.

Finally, an alternative technology is being deweloped which matchesour require-
mens. Atmosphericmulti-gap resistive plate chambers (MRPC) are under dewelop-
mert for the STAR detector [221]. The resolution of thesedetectorsis about 63 ps
as shown in Fig.4.15at voltageswheretheir e ciency is >98%. Approximately 400
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channelsof MRPC are requiredto cover one layer of the TOF cylinder, as ead pad
coversan areaof about 20 cm?. However, two layersare requiredto avoid gapsin the
detection system. Implemertation of two layers would therefore increasethe space
necessaryor the CD-TOF detectorby additional 6 cm diameter. A certain drawbad
of MRPCs is that they do not provide energyloss (dE/dx) information. dE/dx is
of particular useat the relatively low momeria in the certral regionwhereis could
provide additional information for particle iderti cation.

4.3.5 Central Tracker

The certral tracker is located inside the certral solenoid. Fig. 4.2 shaws the
layout of the entire area. We are currertly pursuing two options for the tracking in
the certral region. In the rst option a gas- lled wire chamber occupiesthe ertire
radial spacefrom 5 to 25 cm. In the secondoption, the radial spacefrom 5to 11.18
cmis occupiedby a silicon strip detector, and the outer radial spaceis againoccupied
by a cylindrical wire chamber.

The wire chamber designis cylindrical with axial anode wires arrangedasfour, 2-
layer (staggered)superlayerswith inside,inner and outside cathode foils. Foils reduce
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Figure 4.15: Resolutionof a prototype multi-gap resistive plate chamber for the STAR
detector. The thicknessof the detector is lessthan 2 cm.

the needfor additional eld wiresand lower the wire tensionand thus, the thicknessof
the endplate. The endplatesare angledsud that the wiresall subtendappraximately
the samerangein scatteredangle,from 40to 135degreesn the laboratory frame. A
perspective view is shavn in Fig. 4.16and a detailed view is shovn in Fig. 4.17.

There areatotal 4 super-layers, 2 layersead), 80 anodewiresand 80 eld wiresper
layer, with the drift distancevarying from 0.22to 0.91cm. The anode wires provide
the electric eld to producethe avalanchesand resulting gasgain. The anode wires
will be readout to provide a precisetime measuremenhaswell asa phi measuremen
by corverting the drift time into a drift distance. The z-position-sensitive readout is
primarily via cathode pads;a drift-time measuremengivesa measureof the azimuth,
phi, while a charge measuremen of se\eral cathode pads gives theta information.
When the anode avalandhe multiplicit y is one, the anode time information will be
usedfor the phi measuremen In caseof higher multiplicit y on one anode wire, the
time information will comefrom the cathode strips.

The inner-most wire layer has an averageradius of 5.53 cm with 80 anode wires
in azimuth with 80 eld wires between,resulting in a 2.2 mm drift. This layer will
be covered with 800 cathode pads, of dimensions4 mm X 16 mm; the secondlayer
alsohas 80 anade wires and 800 cathode pads of about 4.5 mm X 18 mm size. Each
success superlayer will have the samechannel court (160 anode wires and 1600
cathode pads) but will scaleup in sizeby a factor of 1.5. The accidental rate is
proportional to the solid angle of the pads relative to badground sourcetimes the
time window. Comparedto the presem CLAS detector, we will have roughly the
samenumber of channels per layer as Region 1; and a time window on the inner
layer a factor of 10 smallerthan Region1. The major reduction in electromagnetic
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Figure 4.16: Cathode chamber view of two superlayers.

Figure 4.17: Cathode Chamber - cathode pad (yellow) and cathode wire (black) detail
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badground comesfrom the solenoidalshieldingsdeme. Testsusinga Helmholtz coil
and cylindrical absorker shaved that the dominant badkground was directed forward
from the source (the mouth of the absorbing cylinder). We thus expect that the
central tracker will be adequatelyshieldedfrom any M ller badkground.

Sincethe momenum resolution from this chamber is expectedto be dominated
by multiple scattering, the fractional resolution P=P is a constarn, independen of
momertum. A simple calculation shows that

P, S 27 P

P, R2B ’
where B is the solenoid eld in Tesla, P the momenum in GeV/c, Ry the radial
extert of the chamber in meters,and S the sagitta of the track in meters.

For B=3 Tesla,P = 1 GeV/c, 20cm path anda 100 m accuracy S, we estimate
that

Poere ~ 5905,
?

Twenty cm of an Argon-dominated gas mixture and 12 plastic foils of 50 micron
thicknessead givesa total of .0025radiation lengths of material. This resultsin a 1
mrad multiple scatter on the angleof the track. The theta resolution of the cathode
chamber will not be this good. The position resolutionin z will be about 0.8 mm for
the inner-most layer, growing to about 2.7 mm for the outermost layer, resulting in
a polar angleresolution of about 8 mrad. The dE/dx losswill be appraximately 1.3
keV/cm of Argon for minimum ionizing particles, resulting in a small energylossfor
recoil hadrons.

As an alternative option asa certral tracker we consideruseof six layersof a silicon
microstrip detector combined with a gaschamber of the sametype asdescritedin the
previoussection,but radially restricted to the regionfrom 10 cm to 25 cm, while the
strip detector would occupy the radial regionfrom 5 cmto 10 cm. At the sametime
the silicon strip detector would provide track information in the polar angle range
from 5° to 40° and in the full azimuthal range.

4.3.6 Silicon Strip Detector

The limited radial spaceavailablein the Certral Detectorregionfor particle detection
forcesthe charge particle tracking detectorsto be located very closeto the target in
order to retain acceptablemomertum resolution. Use of a small microstrip detec-
tor nearthe target can provide excellen position resolution, which will provide both
position measuremets closeto the interaction point for excellen angle and vertex
resolution, aswell asproviding good momerium determination for large angletracks.
Theseaspectsare of particular importancein the detection of relatively low momen-
tum protons and recoil hyperons,e.g. ! p , aswell asin resolvingthe decas
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Figure 4.18: Concept of a Silicon Strip Detector covering the angular range from 5° to
13%. The orientation of the strips is indicated as well. We anticipate that the signal read
out will be in the badk. A total number of 50,000 readout channels are neededfor full
coverage.

vertex of K ! . The microstrip detector will also provide tracking at forward
anglesto aid in the reconstructionof high momenum tracks and in regionswhich are
blocked by the torus coils. The track segmets nearthe target can be linked up with
tracks reconstructedin the forward angle tracking chambers to improve angle and
momenum resolution. This is especially important for the CLAS™ con guration
wherethe rst tracking chamber is located at a distance of about 2 meter from the
target.

Fig. 4.18shaws a possibleconceptuallayout of a silicon strip detector, arrangedin 6
layers around the target. The six layers (only the 3 superlayers are shaovn, ead con-
tains two stereolayers) provide 3 spacepoints (X, Y, z) for a giventrack. Alternating
layers have strips at di erent anglesto provide stereoreadout and resohe ambigui-
ties. In the large angle region the strips can be arrangedto provide 10° readout.
This will provide near optimal momertum resolution for tracks in the longitudinal
solenoid eld, while at the sametime giving good polar angleresolution due to the
excellen position resolution. In the forward regionthe strips are arrangedto have a
much larger crossingangle, giving excellem angleresolution for forward going tracks
down to anglesof 5°. The graph shows also a possiblestrip layout of the silicon
wafers. A strip pitch of 300 m is assumedwhich is expectedto result in a position
resolution of better than 100 m. The rst two layers may consistof 100 m thick
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silicon wavers, while the four outer layers, which are considerablylarger could be as
thick as 280m . Using thinner wafersfor the inner layers would allow detection of
recoil protons down to lower momena. To limit the e ect of multiple scattering, we
considerthe possibility of having strips on either side of the wafer for the outer four
layers, which would reducethe multiple scattering e ect considerably and improve
the momertum resolution. Howewer, sud designconsiderationswill have to be care-
fully balancedagainstcomplicationsin the detector construction, and the reduction
of the readout signal for minimum ionizing particles, amongothers.

Signal readout of the SSD

Requiremen ts

The SSDconsideredor CLAS*™ hassectionsof variouslengths. The longersections
are about 20 cm long and the shorter sectionsare about 4.6 cm. The total inter-
strip capacitanceshould be lessthan 10 pF to minimize signal loss and noise and
the coupling capacitanceshould be larger than 10 pF/cm for AC-coupledstrips. A
strip resistanceof lessthan 30 /cm is desirableto minimize signal dispersion. The
operating bias voltage, which is related to the full depletion voltage of teh detector,
shouldbe in the rangeof 50V to 200V. The poly-silicon bias resistor should be about
2.5M for low thermal noiseand production uniformity.

Readout Electronics

Although the number of channelsfor this detectoris lessthan in other SSDs,channel
density is expectedto be similar. This requiresthe useof high density custom chips
mourted in closeproximity to the detector and includesampli ers, discriminators,
bu ers, logic and driver circuitry. Power dissipationand costare two variableswhich
must be kept in chek. The followowing high density custom chips are in operation
in di erent experimerts and are good represetativ es of the currernt state of the art
in high density, low power and low cost readout electronicsfor SSDs:

ABCD

- Detector signals are amplied and shaped. A level/edge discriminator with
programmablethreshold followd and data are stored in the binary pipleline at 25 ns
intervals, For ewery trigger, data from three consecutie ewerts are transferred from
the pipelineto the de-randomizingbu er and compressedor serialreadout. Readout
is e ected via a token ring. Six chips canbe read out on oneoptical b er.

AToM

- Detector signalsare amplied and shaped. A lewvel discriminator follows and
clocks bits into the pipeline at about 67 ns intervals correspnding to the Time-
Over-Threshold (TOT) for the shaped detector pulse. For this type of shager, the
number of pulsesis logarithmically proportional to the chargeinjected, yielding 4-bit
resolution for position interpolation. For ewery trigger, a region of every channel's
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pipelineof up to 2 sis seartied and the results stored into a sparce/storagebu er.

Readoutis e ected via token ring on di ferential serial lines. Only a single hit can
be recordedfor eat channeland is readout asa 16-bit header,followed by 16 bits of
data and terminated by a 16-bit trailer.

SVX4

- Detector signalsare integrated and stored in teh analogpipeline. Digitization
is e ected by meansof a Wilkinson-type ADC (ramp down and comparator) and a
courter (7-bit). The courter valueis then storedin a FIFO wheredata is sparci ed.
An 8-bit output bus providesthe data in a sequencef bytesidentifying the chip, the
time slicein teh pipeline, the channel number and the data.

The ABCD chip is a multihit binary readout chip that provides leading egetiming
information only. As a result, time walk of the order of 15 ns s inevitable and this
must be taken into accourt when consideringthe required spatial resolution.

The AToM chip providesleadingedgetiming information and a coursedigitization
for position interpolation. Additionally, the peakingtime is adjustable which is of
interest for detectorswith strips of di erent lengths. Howewer, this chip dissipates
considerablymore power and dosenot have multi-hit capability.

The SVX4 chip. although functionally attractiv e, has beendesignedstrictly for
experimerts where bundh crossingsprovide an acquisition trigger. Therefore, the
SVX4 is not usefulfor the application with CLAS** at Je erson Lab.

As most chips usedsofar have beencustomdesigned availability is questionable.
The possiblealternativesare:

Singlechip implemertations - ABCD, AToM,..

Multi-c hip readoutimplemenations have benusedin the pastwhereonecustom
chip may include seeral anpli ers/discriminators and a secondcustom chip
include the logic/bu er/driv ers. (RHIC-Phenix, STAR, LHC-Atlas)

Designa custom chip for Je ferson Lab.
Instrumen tation

The readoutchips, in die form are attachedto a substratethat is attachedto the SSD.
The substrate provides a pitch transition from the detector (300 m) to the readout
chips ( 50 m), allows mounting the chip cloaseto the strip, allows a certain degree
of thermal matching and medanical support, providesthe routing for bias voltages
and cortrol signalsand sernesasa support for the output cable/ b er assemlies.

The substrate(s)may be FR-4 or polyimide High Density Interconnect(HDI) (a.k.a.
ex interconnect). Ceramic substrates (Al 03, BeO, AIN) are attractiv e for their
thermal performance. For example,AIN hasa coe cient of thermal exoansionvery
similar to silicon. On the other hand, BeO hasvery high thermal conductivity. The
wire bond pads must be gold-plated for reliable bonding.
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The strips are wire bondedto padson the substrate. Thesepadsare routed to the
appropriate chips and wire bondedto the padson the chips. All chips' padsarewire
bondedand routed out through bondedHDI asserblies.

The logic signalson the HDI asserblies are routed away from the detector along
the support structure and connectto optical b er driver boards. Multiplexing may
be implemeried through high-speedoptical links (5 GHz) or by use of Wavelength
Division Multiplexing (WDM) and multimode optical b ers.

Radiation damage

Silicon detectorsat hadron madines have su ered from radiation damageand some
had to be replacedafter someyears of operation. The main causeof the radiation
damageat hadron madineswasfound to be due to low energyprotons or neutrons.
This situation led to the dewelopmen of radiation hard doped silicon wafers. Proton
yields of up to 10°cm 2 are considereda limit for the operation of sud silicon
wafers. For an electron beam ervironment the main badkground is due to M ller
electrons. The SSDwill be shieldedby the superconductingmagnetfrom nearly all
low energyM ller electrons. The remaining sourceof badkground is then dominated
by low momenium protons knocked out of the target in (quasi-) elastic ep scattering
with minimal momerium transfer. At 11 GeV theserates are far belov a critical
level where signi cant radiation damagemay occur on a time scaleof 10 years of
operation.

Protot yping

Silicon strip technology hasmatured during the past decadeand is now widely usedin
high energyand nuclear physicsapplications. Yet, detectorshave often very speci c
applicationsin experimerts, are usually custom made,and require someprototyping
e ort. We are currertly in cortact with the Brookhaven National Laboratory Instru-
mertation group[222}to construct onesegmen of the proposeddetector, which would
then betestedin Hall B in conjuntion with the solenoidmagnetcurrertly plannedfor
the DVCS experimert. The prototype work is expectedto commencean early 2003.

We also like to point out the excellem experiencemade with silicon strip detectors
implemerted in the ep energy measureingarrangemen installed in Hall A by the
Clermond-Ferrand group [223. Thesedetectorsoperate at considerablyhigher lumi-
nositiesthan what is articipated for CLAS™ .
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