( D R A F T 3.1)

A concept of the support and cooling of the centre-tap designforward modules

Geoff Taylor, Gareth MoorheadUniversity of MelbourneY. UnnoPhysics, KEK

1. Introduction

The use of a centre-tap module similar to the barrel module in the forwardgeometry is appealing because of the expected better noise performance as well as theprobable better cooling performance with the shorter cooling path to the cooling blockcompared with the end-tap geometry. In this note, a brief description of a centre-tapforward module is presented, and ideas for the module layout and cooling loop arediscussed.

2. A centre-tap forward module

The concept of the centre-tap forward module is very similar to the barrelcentre-tap module proposed by KEK. A schematic drawing is shown in Fig. 1. Themodule cooling is provided via a heat conductor (PG: 1300 W/m/K) between the twosingle-sided detectors. The bridged hybrid’s pedestal touches the heat conductor atextended ears. One side of heat conductor has a wide extension to have good thermalcontact with the cooling block.

3. Alternating module layout

Since the cooling contact of the module, which is also the mechanical fixationpoint, is extended sideways out from under the silicon detector area, no adjacentmodules can be put in the circumferential direction. A solution to place and supportthe modules is to have an "alternating layout" in which adjacent modules alternatebetween the front and back of the overall supporting disk structure.

3.1 Requirement for overlapping the adjacent modules

In order to overlap the modules correctly, two cases must be considered: 1)overlap of the inner and the outer modules along the axial direction, "axial overlap",and 2) overlap of the modules around a ring, "circumferential overlap". Bothrequirements are driven by the separation, d, of the modules sandwiching the diskstructure.1) Axial overlap: This overlap is required when the outer of the two modules isthe closer to the vertex, a condition to be minimised or avoided where possible. The worst case is in the first disk. The required overlap for stiff tracks is given by theformula

za=d�rmid/z(1)In the current geometry, taking

d = 20 mm, rmid

= 44 cm, and z = 83 cm, therequired overlap is

za = 11 (

d/20 [mm]) [mm]. (2)2) Circumferential overlap: In the circumferential direction, the requiredoverlap is driven by two factors: the circumferential component of the transversemomentum, pt, in the

r·f plane, and the longitudinal momentum,

pl, in the r·zplane. The former component is given by pt�sinx, (3)as shown in Fig. 2, where

x is the particle dispersion angle relative to the normal linefrom the interaction point. When the separation of the two modules in the

zdirection is d, the required overlap,

zb, is given by zb=d�ptsinx/pl. (4)Since the worst case occurs at the outer edge of the first disk, the factor

pt/pl ispt/pl=rmax/ z, (5)and the dispersion angle at the radius is

sinx=0.3H�rmax/(2

pt). (6)Inserting the eqs. (5) and (6), the required overlap is obtained by

zb=0.15H�d�rmax2/(

z�pt). (7)Taking the values of

H = 2 T, rmax

= 0.56 m, z = 0.83 m, pt = 1 GeV/c, and d = 20 mm,the overlap is required to be

zb= 2.2 (

d/20 [mm]) [mm]. (8)A module requires overlap, plus the edge insensitive area, on two sides. Assumingthe edge insensitive area is 1 mm, 6.4 mm space is required to overlap two detectors.Figure 2a shows a plot of the required overlap of the active area as a function of ptforvarious values of pseudorapidity, in the range covered by the forward wheels. The plotcorresponds to the z= 0.83m forward wheel. It can be seen that the above estimate ofthe worst case coverage described above is quite generous for most of the phase spacerequired. The necessary overlap falls quickly with pt and with pseudorapidity, theoverlap being less than 2mm for

h>1.5 and

pt>1GeV.

024681 0 012345 h = 1 . 2 5 h = 1 . 5 h = 2

Required Overlap [mm] pt [ G e V / c ] z = 83 cm

Figure 2a. Required �Circumferential� overlap as a function of pt, for various valuesof pseudorapidity

3.2 Layouts

We consider two possible arrangements of modules in the alternating geometry.One has an unequal number of modules in the inner and the outer rings, as shown inFig. 3. The other has an equal number of modules, as shown in Fig. 4. Since the diskgeometry forces a fan (or wedge) shaped module, an unequal number of modules ineach ring allows maximisation of the detector area from one wafer. In this case,however, the "axial overlap" requirement is large because the inner and the outermodules are not aligned at one edge. The alternative layout with equal numbers ofaligned inner and outer modules, the "sector module" layout, does not involve alarge "axial overlap" requirement, although the innermost detectors become verynarrow and the outermost detectors very wide. Both layouts require the same amountof "circumferential overlap" because of their alternating geometry.3.2.1 Unequal number of modules in the inner and outer ringsTaking the number of modules in the inner and the outer rings to be 40 and 52respectively, the maximum detector sizes (Fig. 5) are calculated so as to fit within a 90mm diameter, the maximum useable area of a 4 inch wafer. The inner- andoutermost radii are 26.1 cm and 56.0 cm respectively. If more (side-) overlap isrequired, these radii would be smaller. The detector lengths are tabulated within Fig.5. The total number of silicon wafers per disk is 184

·2 for the case of back-to-backsingle-sided detectors, plus the 40

·2 GaAs wafers for the innermost modules.A concept of the module support and cooling pipe is shown in Fig. 6. A conceptof cooling loop is shown in Fig. 3. Two sets of modules, i.e., 6 modules (countingseparately the innermost 7.5 cm module), can be serviced with one cooling loop.

Some cooling loops may have to service one extra module in the outer ring because ofthe unequal numbers of modules per ring. Electrical cables use the same route. Thecooling loop concept presented here has the advantage that each loop can be servicedwithout a manifold in the disk structure.3.2.2 Equal number of modules in the inner and the outer rings - the �sectormodule� layoutIn this layout (Fig. 4), minimising the number of wafers (and hence maximisingthe detector area) results in the choice of 46 sectors. The cooling loop and electricalcable route is relatively straight-forward and �clean�. The equivalent required numberof silicon wafers is 184

·2, which is the same as in the "unequal number" case, with anincrease to 46x2 of wafers for the innermost modules, a total increase of only 2.7% inthe number of wafers required (ignoring the difference between silicon and GaAs). Thedimensions of the detectors are shown in Fig. 7. The outermost module,incorporating detector numbers 3 and 4, has a width of 7.7 cm at its centre, a widthwhich might increase the difficulty of wire-bonding to the hybrid. Reduction of thedetector width by 10 %, should it be necessary, would increase the number of wafers by10 %.One interesting idea applicable in the case of an all-silicon forward solution is toreduce the number of electrically distinct modules from three to two per sector side asshown in Fig. 8. This would reduce the amount of electronics by 36 % per disk at theexpense of increasing the strip length from 12 cm to 15 cm. The noise penalty ofincreasing the strip length would be only 10 to 12 %, equivalent to that gained bychoice of a centre-tap geometry over an end-tap geometry.

4. Summary

A concept for centre-tap modules for the forward geometry has been presented,together with module, support, and cooling loop layouts. Since the moduledimensions are similar to those in the barrel centre-tap module design, one can expectthe similar thermal and electrical performances. The proposed �alternating module�layout has adjacent modules alternating between the front and back of the diskstructure. The circumferential overlap requirement is small (2.2 mm per side) eventhough the front and back modules are separated by 20 mm. A simple andmechanically �clean�, �sector module� layout has been proposed which uses a slightlygreater number of detector wafers than an alternative �unequal module number� alsoconsidered. In both options, the cooling loop enters directly from outside without therequirement of a manifold within the disk structure.

Fig. 1 A forward centre-tap module concept (= Wedged barrel PG-based centre-tap module)