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Abstract

An occupancy and readout time study of the SVXII is presented for antiproton-proton collisions at 2 TeV with pile-up.  Charged particles travel in straight lines (no magnetic field) and a simple geometric cluster model is used to convert particle tracks into "hits" in the silicon chips.  The effects of multiple interactions (pile-up) are included but we do not include the secondary scattering of the particles within the silicon (or within the detector material).  The overall number of detector hits (event size), the chip with maximum hits (max chip occupancy), the readout pathway (HDI) with the maximum hits (max path occupancy), and the event readout time are some of the observables studied.  When pile-up is included the occupancy level for SVXII R-Z chips can become quite high.  For example, for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) with a  3.1% noise level, there are, on the average, 5 R-Z chips per event with occupancy greater than 75%, 24 with occupancy greater than 50%, and 132 with occupancy greater than 25%. For top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and a noise level of 1.6%, the average readout time is 9.4 ms (4.1 ms for the R-f component).  For a 3.1% noise level and with <6> min-bias and sz = 30 cm, the average readout time increases to 12.1 ms (5.7 ms for the R-f component) with a long high time tail to the distribution.  





I.  Introduction

Using geometry and a simple cluster model we simulate "hits" in the SVXII and the ISL.  The ISL results are presented in a separate CDF note. Charged particles produce straight line "tracks" through the silicon detectors (no magnetic field).  The effects of multiple interactions (pile-up) are included but we do not include secondary scattering of the particles within the silicon (or within the detector material).  We use ISAJET 7.32 [1] to simulate top quark events and minimum bias (min-bias) events in antiproton-proton at 2 TeV.  We have not tuned the Monte-Carlo to fit data  The number of min-bias collisions per event are generated according to a Poisson distribution and the interaction point, z, of the top and the min-bias collisions are generated with a Gaussian distribution.  The mean number of min-bias collisions per event and the root-mean-square deviation from the mean, sz,  considered in this paper are shown in Table 1.

Table 1.  Beam conditions for antiproton-proton collisions at 2 TeV examined in this paper.

Average Number of 

Min-Bias Interactions�Width of Interaction Region

sz��3�30 cm��6�30 cm��3�45 cm��

Fig. 1 shows the overall charged particle multiplicity distribution resulting from 5,000 top events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  On the average, there are roughly 277 charged particles per event (assuming no cuts).
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Fig. 1.  Overall charge particle multiplicity (no cuts) for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

Fig. 2 shows the charged particle pseudo-rapidity distribution resulting from 5,000 top events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  A single ISAJET min-bias event at 2 TeV has about 4 charged particles per unit rapidity in the plateau region (dNchg/dy = 4) which for pseudo-rapidity translates into an average charged particle density, dNchg/dh, of about 3.7 for |h|<4.  For an average of 3 min-bias collisions per event results in a pseudo-rapidity density of around 11 as seen in Fig. 2.
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Fig. 2.  Charged particle pseudo-rapidity distribution for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm). Each bin corresponds the charged particle density dNchg/dh.

The event topology of hadron-hadron collisions is clustered (i.e. consists of jets) with large fluctuations.  Quite often average quantities are misleading since no single event ever looks like the average.  In addition to studying average quantities and distributions, it is instructive to examine the detector response to one event.  We call this one event "Event #1".  Event #1 has an overall charged multiplicity of 331 (above the average of 277) and consists of the six interactions (top plus 5 min-bias) shown in Table 2.

Table 2.  Interactions points of the six collisions in Event #1 (Nchg = 331).

Interaction�Interaction Point  z (in cm)��Top Production�28.9��Min-Bias�-30.4��Min-Bias�21.9��Min-Bias�-19.9��Min-Bias�-73.5��





II.  The SVXII Chips and Readout Pathways (Notation)

The SVXII consists of twelve wedges in f with each wedge containing 5 layers (0, 1, 2,…,4) as shown in Fig. 3.  
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Fig. 3.  SVXII wedge (1/12 of 360o).

Each layer contains R-f and R-Z chips which are connected to form readout pathways (HDI's).  Table 3 shows the number of chips per layer within one SVXII wedge.

Table. 3.  Number of SVXII Chips in a wedge.

�       SVXII Chips����Layer�R-f�R-Z�sum��0�2�2�4��1�3�3�6��2�5�5�10��3�6�4�10��4�7�7�14��sum�23�21�44��

Twelve wedges make up 360o in f and form a "half-ladder".  There are two half-ladders per barrel with the SVXII consisting of three barrels.  We label each half-ladder along the z-axis by iz (iz = 1, 2,…,6) as shown in Fig. 4.
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Fig. 4.  SVXII half-ladders and barrels.

Table 4 shows that the SVXII contains 1,656 R-f chips, 1,512 R-Z chips, and 360 readout pathways.  There are 4 chips per readout pathway (HDI) in layer 0 increasing to 14 chips per readout pathway in layer 4.

Table. 4a.  Number of SVXII R-f chips per layer (0,1,…,4) and half-ladder (iz = 1,2,…,6).

SVXII��R-f Chips�������Layer�iz=   1�2�3�4�5�6�sum��0�24�24�24�24�24�24�144��1�36�36�36�36�36�36�216��2�60�60�60�60�60�60�360��3�72�72�72�72�72�72�432��4�84�84�84�84�84�84�504��sum�276�276�276�276�276�276�1,656��Table. 4b.  Number of SVXII R-Z chips per layer (0,1,…,4) and half-ladder (iz = 1,2,…,6). (Note that layers 2 and 4 are R-f'.)

SVXII��R-Z Chips��������1�2�3�4�5�6�sum��0�24�24�24�24�24�24�144��1�36�36�36�36�36�36�216��2�60�60�60�60�60�60�360��3�48�48�48�48�48�48�288��4�84�84�84�84�84�84�504��sum�252�252�252�252�252�252�1,512��Table. 4c.  Number of SVXII readout pathways (HDI's) per layer (0,1,…,4) and half-ladder (iz = 1,2,…,6).

SVXII��Number of Pathways�������Layer�iz=   1�2�3�4�5�6�sum��0�12�12�12�12�12�12�72��1�12�12�12�12�12�12�72��2�12�12�12�12�12�12�72��3�12�12�12�12�12�12�72��4�12�12�12�12�12�12�72��sum�60�60�60�60�60�60�360��Table. 4d.  Number of SVXII chips per readout pathway (HDI) in each layer (0,1,…,4) and half-ladder (iz = 1,2,…,6).

SVXII��Chips per Pathway�������Layer�1�2�3�4�5�6�ave��0�4�4�4�4�4�4�4.0��1�6�6�6�6�6�6�6.0��2�10�10�10�10�10�10�10.0��3�10�10�10�10�10�10�10.0��4�14�14�14�14�14�14�14.0��ave�8.8�8.8�8.8�8.8�8.8�8.8�8.8��



III.  The Simple Cluster Model

A.  R-Z Chip Cluster Model

We use a simple cluster model to determine the number of wire hit (i.e. cluster size) when a charged particle passes through an R-Z chip.  The cluster size, Ncl, is generated at random according to a Gaussian distribution with mean, <Ncl>, computed as follows:

<Ncl> = z/p + 1.5,

where z is the z-component of the track length L (z = Lcosq) and p is the R-Z pitch (1/p is the density of wires) as illustrated in Fig. 5.
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Fig. 5.  Illustration of the simple R-Z cluster model used in this paper.



The standard deviation of the Gaussian distribution, s, is computed according to, s = fss0, where s0 = 0.8 and the factor fs is given by

fs = (z/p+1)Q0/Q,

where Q is the amount of charge produced by the track (Q = lL) and Q0 = lT is the amount of charged produced by a track when q =90o (straight through).  The chip thickness, T, is 300 microns and the amount of charge per unit length along a charged track, l, is about 80 electrons/micron.  If a track deposits less the 2,000 electrons of charge then it goes undetected (this happens rarely).  Note that Q0/fs is the amount of charge per wire for the track (fs is the wires per Q/Q0).  The idea here is to make the fluctuations from the mean, s, larger when there is less charge per wire.  However, this effect is not large since fs only increases by about a factor of three at large angles (see Fig. 6).  
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Fig. 6.  The factor fs used to determine the width of the cluster (s=fss0, s0=0.8).



The number of "hits" per track is given by

Nhit = Ncl + NN + Nover,

where NN = 2 for nearest neighbor hits (one on each side of the cluster) and where Nover is the overhead.  In this paper we consider the following three overhead possibilities:



Table 5.  Three overheads considered in this paper.

Nover�Comment��1�No Noise��7 = 3x2+1�Noise of 2 per chip (1.6%) plus nearest neighbor��13 = 3x4+1�Noise of 4 per chip (3.1%) plus nearest neighbor ��

Fig. 7 shows the generated R-Z cluster sizes, Ncl+NN, for top events at 2 TeV with pile-up.  The average is 9.5 with a large high cluster tail to the distribution.
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Fig. 7.  Distribution of R-Z cluster sizes Ncl+NN for per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

Fig. 8 shows the generated R-Z cluster size, Ncl, for three angular ranges, q, for top events at 2 TeV with pile-up.  The average is 1.6 for 89o<q<91o and increases to 41 for 2o<q<4o.
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Fig. 8.  Distribution of R-Z cluster sizes, Ncl, for three different angular ranges, q, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

Table 6 and Fig. 9 show the maximum R-Z cluster size, Ncl+NN, per event.  Layer 0 has an average maximum R-Z cluster size, Ncl+NN, of around 60!  Large R-Z clusters arise from charged particles with small angles, q, traveling long distance, z, through a chip (with sz = 30 cm some charged particles have q as small at 1o).

Table 6.  Average maximum R-Z cluster, Ncl+NN, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm). (Note that layers 2 and 4 are R-f'.)

SVXII��Average Max R-Z Cluster: Ncl+NN�������Layer�iz=   1�2�3�4�5�6�all��0�45.6�38.8�34.7�34.8�38.8�45.3�59.8��1�33.6�29.0�26.2�26.2�29.2�33.9�43.9��2�5.6�6.0�6.2�6.2�6.0�5.6�7.8��3�18.0�16.0�14.7�14.7�16.0�18.1�22.6��4�5.6�5.9�6.1�6.3�5.9�5.5�7.6��all�47.9�40.6�36.1�36.0�40.6�47.9�60.1��
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Fig. 9.  Distribution of the maximum R-Z cluster, Ncl+NN, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).



B.  R-f Chip Cluster Model

We use a same simple geometric cluster model for R-f (and R-f') chips. The cluster size, Ncl, is generated at random according to a Gaussian distribution with mean, <Ncl>, computed as follows:

<Ncl> = x/p + 1.5,

where x is the x-component of the track length L (x = LsinDf) and p is the R-f pitch (1/p is the density of wires) as illustrated in Fig. 10.
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Fig. 10.  Illustration of the simple R-f cluster model used in this paper.

The standard deviation of the Gaussian distribution, s, is computed according to, s = fss0, where s0 = 0.8 and the factor fs is given by

fs = (x/p+1)Q0/Q,

where Q is the amount of charge produced by the track (Q = lL) and Q0 = lT is the amount of charged produced by a track with Df = 0o and T is the chip thickness (300 microns).  For straight through particles (Df = 00), the above formula yield <Ncl> = 1.5 and s = 0.8 which agrees with SVX' data [2].



Fig. 11 shows the generated SVXII R-f cluster sizes, Ncl+NN, for top events at 2 TeV with pile-up.  Unlike the R-Z case where the cluster sizes were very large, here the average is only 4.2 with only a small tail to the distribution.
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Fig. 11.  Distribution of R-f cluster sizes Ncl+NN for per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

Fig. 12 shows the maximum SVXII R-f cluster size, Ncl+NN, per event.  The average maximum cluster size,  Ncl+NN,  is 8.7 for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  The R-f cluster sizes are much smaller than the R-Z clusters because geometry restricts Df to the range, -18.6o < Df <18.6o, so that Df never becomes large.
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Fig. 12.  Distribution of the maximum R-f cluster, Ncl+NN, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).



IV.  Geometric Acceptance

Fig. 13 shows the probability of at least one hit in the SVXII for charged particles produced in top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) as a function of  the pseudo-rapidity of the charged particle, while Fig. 14 shows the number of SVXII R-f chips hit by the charged particles.  The peak at 5 corresponds to the five layers of the SVXII.  It is interesting to note that, on the average, only about 25% of all the charged particles produced in a top quark event go undetected by the SVXII.  The results presented in this paper have no transverse momentum, PT, cut on the charged particles.  We did several runs where we demanded that charged particles have  PT > 10 MeV/c and saw essentially no difference in the results.
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Fig. 13.  Shows the probability of at least one hit in the SVXII for charged particles produced in top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) as a function of  the pseudo-rapidity of the charged particle.
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Fig. 14.  Shows the number of SVXII R-f chips hit by charged particles produced in top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

Fig. 15 shows the number of SVXII and ISL R-f chips hit by charged particles produced in top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm)  as a function of  the pseudo-rapidity of the charged particle. In the central region, on the average, a charged particle passes through about 4.6 SVXII layers and about 1.8 ISL layers.
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Fig. 15.  Shows the number of SVXII and ISL R-f chips hit by charged particles produced in top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm)  as a function of  the pseudo-rapidity of the charged particle.

Fig. 16 shows the total amount of SVXII silicon traversed by a charged particle with at least one hit as a function of the pseudo-rapidity of the particle, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  On the average, a charged particle with at least one hit passes through 3.8 mm of SVXII silicon.
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Fig. 16.  Total amount of SVXII silicon traversed by a charged particle with at least one hit as a function of the pseudo-rapidity of the particle, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  On the average, a charged particle with at least one hit passes through 3.8 mm of SVXII silicon.





V.  R-Z Chip Hits and R-Z Chip Occupancy

Table 7a shows the maximum number of charged particle tracks passing through a single SVXII R-Z chip within a given layer and half-ladder for Event #1 (Top plus 5 min-bias, see Table 2).  The jet structure of the event is evident with one R-Z chip in layer 0 and half-ladder 5 having 24 tracks but with most of the chips having less than 4 tracks.  Table 7b shows the maximum R-Z chip cluster, Ncl+NN, within a given layer and half-ladder for Event #1.  Layer 0 has very large cluster sizes.  Table 7c shows the maximum number of "hits" produced in a single SVXII R-Z chip within a given layer and half-ladder for Event #1 assuming no noise (Nover = 1).  The chip in layer 0 and half-ladder 5 that had 24 tracks has become saturated since it has greater than 128 hits.  This chip would be useless in reconstructing the event.  

Table 7a.  Shows the maximum number of charged particle tracks passing through a single SVXII R-Z chip within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias, see Table 2).

SVXII��Maximum R-Z Chip Tracks���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�3�4�2�4�24�7�24��1�2�2�2�4�17�5�17��2�2�2�2�4�8�3�8��3�2�2�2�8�5�3�8��4�2�1�2�5�4�4�5��all�3�4�2�8�24�7�24��

Table 7b.  Shows the maximum  SVXII R-Z chip cluster, Ncl+NN, within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias).

SVXII��Maximum R-Z Chip Cluster: Ncl+NN����Event #1���Layer�iz=   1�2�3�4�5�6�all��0�61�48�41�30�44�17�61��1�40�35�42�47�31�16�47��2�6�6�5�7�8�6�8��3�22�19�16�14�9�21�22��4�5�8�6�6�7�7�8��all�61�48�42�47�44�21�61��

Table 7c.  Shows the maximum number of "hits" produced in a single SVXII R-Z chip within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum R-Z Chip Hits���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�109�89�56�71�166�51�166��1�41�41�47�78�119�50�119��2�8�10�10�27�33�14�33��3�23�52�29�77�34�29�77��4�9�9�10�24�19�20�24��all�109�89�56�78�166�51�166��



The chip occupation is computed by dividing the number of chip hits, Nhit, by the number of channels (i.e. 128),

Chip Occupation = Nhit/128.

 Table 7d shows the chip occupation for the SVXII R-Z chip with the maximum number of "hits" within a given layer and half-ladder for Event #1 assuming no noise (Nover = 1).).  A chip with an occupation greater than 75% is most likely useless for the event reconstruction.

Table 7d.  Shows the  SVXII R-Z chip within a given layer and half-ladder with the maximum occupation (corresponds to dividing the "hits" in Table 7c by 128) for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum R-Z Chip Occupation����Event #1���Layer�iz=   1�2�3�4�5�6�all��0�85.2%�69.5%�43.8%�55.5%�129.7%�39.8%�129.7%��1�32.0%�32.0%�36.7%�60.9%�93.0%�39.1%�93.0%��2�6.3%�7.8%�7.8%�21.1%�25.8%�10.9%�25.8%��3�18.0%�40.6%�22.7%�60.2%�26.6%�22.7%�60.2%��4�7.0%�7.0%�7.8%�18.8%�14.8%�15.6%�18.8%��all�85.2%�69.5%�43.8%�60.9%�129.7%�39.8%�129.7%��



Event #1 is not a typical event since not all events result in a saturated SVXII R-Z chip (100% occupancy). Fig. 17 shows the distribution of the number of charged particle tracks in the SVXII R-Z chip with the maximum tracks per event and the distribution of the number of "hits" in the SVXII R-Z chip with the maximum hits per event (not necessarily the same chip that had the maximum number of tracks), for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).  
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Fig. 17.  Distribution of the number of charged particle tracks in the SVXII R-Z chip with the maximum tracks per event and the distribution of the number of "hits" in the SVXII R-Z chip with the maximum hits per event (not necessarily the same chip that had the maximum number of tracks), for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 8a shows the maximum number of charged particle tracks passing through a single SVXII R-Z chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm)  and Table 8c shows the average maximum R-Z chip hits.  Table 8b shows the average SVXII R-Z chip cluster size, Ncl+NN.  On the average, the R-Z chip with the maximum number of hits has about 100 hits resulting in an occupancy of around 78% (see Table  8d).  Fig. 18 shows that for these beam conditions (<3> min-bias, sz = 30 cm, no noise) about 14% of the events have at least one saturated R-Z chip (100% occupancy).  



A large R-Z chip occupancy can arise in two ways.  The chip could have one particle track with a very large cluster size or the chip might have many particle tracks each with small cluster sizes.  Both effects are important.  For example, in Table 7a we see that for Event #1 an R-Z chip in layer 0 and half-ladder 5 had the maximum tracks, 24, with the chip with maximum tracks in layer 0 and half-ladder 1 having only 3 tracks.  On the other hand, Table 7b shows that the largest cluster in layer 0 and half-ladder 5 was 44 while a chip in layer 0 and half-ladder 1 had the maximum cluster in the event, 61.  Table 7c shows that this resulted in an R-Z chip in layer 0 and half-ladder 5 having 166 hits and an R-Z chip in layer 0 and half-ladder 1 having 109 hits.  

Table 8a.  Shows the maximum number of charged particle tracks passing through a single SVXII R-Z chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

SVXII��Average Max R-Z Chip Tracks�������Layer�iz=   1�2�3�4�5�6�all��0�3.4�4.4�5.1�5.0�4.3�3.5�11.2��1�2.7�3.5�4.0�3.9�3.4�2.8�8.0��2�2.3�2.8�3.1�3.1�2.7�2.3�5.7��3�2.4�2.9�3.3�3.3�2.9�2.4�5.9��4�2.0�2.4�2.6�2.6�2.3�2.0�4.5��all�3.8�4.8�5.5�5.4�4.7�3.9�11.2��Table 8b.  Shows the average SVXII R-Z chip cluster, Ncl+NN, within a given layer and half-ladder for 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  (Note that layers 2 and 4 are R-f'.)

SVXII��Average R-Z Cluster: Ncl+NN������Layer�iz=   1�2�3�4�5�6�all��0�13.2�10.8�9.8�9.9�10.8�13.3�11.0��1�11.5�9.5�8.8�8.8�9.6�11.7�9.8��2�4.3�4.3�4.3�4.3�4.3�4.3�4.3��3�8.0�7.0�6.6�6.6�7.1�8.1�7.1��4�4.2�4.2�4.3�4.2�4.2�4.2�4.2��all�8.6�7.5�7.0�7.0�7.5�8.7�7.6��Table 8c.  Shows the maximum number of "hits" produced in a single SVXII R-Z chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise  (Nover=1).

SVXII��Average Maximum R-Z Chip Hits�������Layer�iz=   1�2�3�4�5�6�all��0�67.5�65.0�64.0�64.0�64.8�66.4�99.3��1�46.8�45.0�44.5�44.6�45.4�46.8�68.2��2�11.4�13.4�14.9�14.8�13.4�11.1�26.4��3�26.3�26.0�25.9�26.0�26.0�25.7�39.4��4�10.1�11.7�12.6�12.6�11.5�9.8�20.7��all�71.0�67.6�66.1�66.1�67.6�70.3�100.1��Table 8d.  Shows the  SVXII R-Z chip within a given layer and half-ladder with the maximum occupancy averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise  (Nover=1).

SVXII�   Average Maximum R-Z Chip Occupancy��������Layer�iz=   1�2�3�4�5�6�all��0�52.7%�50.8%�50.0%�50.0%�50.6%�51.9%�77.6%��1�36.6%�35.2%�34.8%�34.8%�35.5%�36.6%�53.3%��2�8.9%�10.5%�11.6%�11.6%�10.5%�8.7%�20.6%��3�20.5%�20.3%�20.2%�20.3%�20.3%�20.1%�30.8%��4�7.9%�9.1%�9.8%�9.8%�9.0%�7.7%�16.2%��all�55.5%�52.8%�51.6%�51.6%�52.8%�54.9%�78.2%��
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Fig. 18.  SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

The large occupancy for the SVXII R-Z chips is a consequence of pile-up.  This can be seen in Fig. 19 and Fig. 20 which show the SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with no pile-up (sz = 30 cm) and for the min-bias events, respectively, assuming no noise  (Nover=1).  For top events without pile-up only about 2% of the events have a saturated (100% occupancy) R-Z chip.
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Fig. 19.  SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with no pile-up (sz = 30 cm) assuming no noise (Nover=1).
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Fig. 20.  SVXII R-Z chip with the maximum occupation per event for min-bias events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

It is important to understand how many large occupancy SVXII R-Z chip there are per event.

Fig. 21 shows the percent of events with N SVXII R-Z chips with the occupation greater than 100% and greater than 75% for 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise  (Nover=1), and Fig. 22 shows the number of R-Z chips with occupation greater than 50% and greater than 25%.  On the average, there are roughly 6 R-Z chips per event with occupancy greater than 50% and about 43 with occupancy greater than 25% (with no noise).
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Fig. 21.  Percent of events with N SVXII R-Z chips with the occupation greater than 100% and greater than 75% for 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).
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Fig. 22.  Percent of events with N SVXII R-Z chips with the occupation greater than 50% and greater than 25% for 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Fig. 23 shows the SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming 1.6% noise (Nover = 7) and Fig 24 shows the increase in the maximum R-Z chip occupation when the mean number of min-bias interactions per event is increased to six (<6> min-bias, sz = 30 cm).  Fig 25 shows the maximum SVXII R-Z chip occupation for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover = 13).  For <6> min-bias and 3.1% noise, Fig. 26 and Fig. 27 show that there are, on the average, about 24 R-Z chips per event with occupancy greater than 50% and around 132 R-Z chips with occupancy greater than 25%.
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Fig. 23.  SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming 1.6% noise (Nover=7).
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Fig. 24.  SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 1.6% noise (Nover=7).

� EMBED Word.Picture.6  ���Fig. 25.  SVXII R-Z chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13).

� EMBED Word.Picture.6  ���Fig. 26.  Percent of events with N SVXII R-Z chips with the occupation greater than 100% and greater than 75% for 5,000 top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13).

�� EMBED Word.Picture.6  ���Fig. 27.  Percent of events with N SVXII R-Z chips with the occupation greater than 50% and greater than 25% for 5,000 top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13).



VI.  R-f Chip Hits and R-f Chip Occupancy

Table 9a shows the maximum number of charged particle tracks passing through a single SVXII R-f chip within a given layer and half-ladder for one event for Event #1 (Top plus 5 min-bias, see Table 2).  Since each silicon strip has an R-f readout on one side and an R-Z readout on the other side, the number of tracks in Table 9a is the same as in Table 7a.  However, the R-f and R-Z cluster sizes, Ncl+NN, are quite different as can be seen by comparing Table 9b with Table 7b. Table 9c shows the maximum number of "hits" produced in a single SVXII R-f chip within a given layer and half-ladder for Event #1 assuming no noise (Nover=1).  The chip in layer 0 and half-ladder 5 that had 24 tracks yielded 100 R-f hits (78% occupancy, see Table 9d).  

Table 9a.  Shows the maximum number of charged particle tracks passing through a single SVXII R-f chip within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias, see Table 2).  (Note, these are the same tracks shown in Table 7a.)

SVXII��Maximum R-f Chip Tracks���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�3�4�2�4�24�7�24��1�2�2�2�4�17�5�17��2�2�2�2�4�8�3�8��3�2�2�2�8�5�3�8��4�2�1�2�5�4�4�5��all�3�4�2�8�24�7�24��Table 9b.  Shows the maximum  SVXII R-f chip cluster, Ncl+NN, within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias).

SVXII��Maximum R-Phi Chip Ncl+NN����Event #1���Layer�iz=   1�2�3�4�5�6�all��0�6�7�6�5�9�6�9��1�7�6�6�5�8�8�8��2�6�5�5�6�9�7�9��3�6�6�5�5�9�8�9��4�7�7�5�6�8�6�8��all�7�7�6�6�9�8�9��Table 9c.  Shows the maximum number of "hits" produced in a single SVXII R-f chip within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum R-Phi Chip Hits���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�13�18�11�16�100�33�100��1�9�11�10�18�84�22�84��2�11�11�10�32�29�13�32��3�11�14�9�34�21�11�34��4�10�9�10�25�19�21�25��all�13�18�11�34�100�33�100��Table 9d.  Shows the  SVXII R-f chip within a given layer and half-ladder with the maximum occupation (corresponds to dividing the "hits" in Table 9c by 128) for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum R-Phi Chip Occupation����Event #1���Layer�iz=   1�2�3�4�5�6�all��0�10.2%�14.1%�8.6%�12.5%�78.1%�25.8%�78.1%��1�7.0%�8.6%�7.8%�14.1%�65.6%�17.2%�65.6%��2�8.6%�8.6%�7.8%�25.0%�22.7%�10.2%�25.0%��3�8.6%�10.9%�7.0%�26.6%�16.4%�8.6%�26.6%��4�7.8%�7.0%�7.8%�19.5%�14.8%�16.4%�19.5%��all�10.2%�14.1%�8.6%�26.6%�78.1%�25.8%�78.1%��



Fig. 28 shows the distribution of the number of charged particle tracks in the SVXII R-f chip with the maximum tracks per event and the distribution of the number of "hits" in the SVXII R-f chip with the maximum hits per event (not necessarily the same chip that had the maximum number of tracks), for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).  Comparing with Fig. 17 shows that, although the number of tracks are the same, the maximum R-Z chip has, on the average, considerably more hits than the maximum R-f chip (about a factor of two with no noise).  
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Fig. 28.  Distribution of the number of charged particle tracks in the SVXII R-f chip with the maximum tracks per event and the distribution of the number of "hits" in the SVXII R-f chip with the maximum hits per event (not necessarily the same chip that had the maximum number of tracks), for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 10a shows the maximum number of charged particle tracks passing through a single SVXII R-f chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm)  and Table 10c shows the average maximum R-f chip hits assuming no noise (Nover=1).   Table 10b shows the average SVXII R-f chip cluster size, Ncl+NN.  On the average, the R-f chip with the maximum number of hits has about 50 hits resulting in an occupancy of around 40% (see Table  10d), which is about one-half the average maximum R-Z chip occupancy.  The saturation of R-Z chips (100% occupancy) is not as much of a problem for the R-f chips.  As can be seen in Fig. 29, rarely is there an R-f chip with occupancy greater than 75%.

Table 10a.  Shows the maximum number of charged particle tracks passing through a single SVXII R-f chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

SVXII��Average Max R-f Chip Tracks�������Layer�iz=   1�2�3�4�5�6�all��0�3.4�4.4�5.1�5.0�4.3�3.5�11.2��1�2.7�3.5�4.0�3.9�3.4�2.8�8.0��2�2.3�2.8�3.1�3.1�2.7�2.3�5.7��3�2.4�2.9�3.3�3.3�2.9�2.4�5.9��4�2.0�2.4�2.6�2.6�2.3�2.0�4.5��all�3.8�4.8�5.5�5.4�4.7�3.9�11.2��Table 10b.  Shows the average SVXII R-f chip cluster, Ncl+NN, within a given layer and half-ladder for 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).

SVXII��Average R-f Cluster: Ncl+NN�������Layer�iz=   1�2�3�4�5�6�all��0�4.3�4.3�4.3�4.3�4.3�4.3�4.3��1�4.2�4.2�4.2�4.2�4.2�4.2�4.2��2�4.3�4.3�4.3�4.3�4.3�4.3�4.3��3�4.2�4.2�4.2�4.2�4.2�4.2�4.2��4�4.2�4.2�4.2�4.2�4.2�4.2�4.2��all�4.2�4.2�4.2�4.2�4.2�4.2�4.2��Table 10c.  Shows the maximum number of "hits" produced in a single SVXII R-f chip within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise  (Nover=1).

SVXII��Average Maximum R-f Chip Hits�������Layer�iz=   1�2�3�4�5�6�all��0�16.2�20.5�23.3�23.0�20.5�15.7�50.1��1�13.4�16.2�18.3�18.1�16.2�12.9�35.9��2�11.4�13.4�14.8�14.7�13.4�11.1�26.3��3�10.6�12.3�13.5�13.3�12.2�10.3�22.7��4�10.1�11.7�12.6�12.6�11.6�9.9�20.6��all�18.1�22.1�24.9�24.6�22.1�17.5�50.5��Table 10d.  Shows the  SVXII R-f chip within a given layer and half-ladder with the maximum occupancy averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise  (Nover=1).

SVXII�   Average Maximum R-f Chip Occupancy��������Layer�iz=   1�2�3�4�5�6�all��0�12.7%�16.0%�18.2%�18.0%�16.0%�12.3%�39.1%��1�10.5%�12.7%�14.3%�14.1%�12.7%�10.1%�28.0%��2�8.9%�10.5%�11.6%�11.5%�10.5%�8.7%�20.5%��3�8.3%�9.6%�10.5%�10.4%�9.5%�8.0%�17.7%��4�7.9%�9.1%�9.8%�9.8%�9.1%�7.7%�16.1%��all�14.1%�17.3%�19.5%�19.2%�17.3%�13.7%�39.5%��
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Fig. 29.  SVXII R-f chip with the maximum occupation per event for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Although the R-f chip occupation is much less the R-Z chip occupation, there can be some R-f chips with large occupation.  Fig. 30 shows the percent of events with N SVXII R-f chips with the occupation greater than 50% and greater than 25% for 5,000 top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13).   With <6> min-bias and 3.1% noise there are, on the average, about one R-f chip with occupancy greater than 50% per event and about 27 chips with occupancy greater than 25%.  Also, it is not uncommon to find greater than 40 R-f chips per event with greater than 25% occupancy.
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Fig. 30.  Percent of events with N SVXII R-f chips with the occupation greater than 50% and greater than 25% for 5,000 top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13).



VII.  Readout Pathway Hits, Maximum Readout Pathway Hits, and Max Readout Pathway Occupancy

The output from the R-Z and R-f chips are combined to form readout pathways (HDI's) as shown in Fig. 3 and Table 4.  For example, in Layer 0 two R-Z and two R-f chips form a readout pathway and in Layer 4 seven R-Z and seven R-f chips form a readout pathway.  Table 11a shows the total number of SVXII readout pathway hits within a given layer and half-ladder for Event #1 (Top plus 5 min-bias, see Table 2).  For this event, about 27% of the total readout pathway hits occurs in Layer 0 with 30% of the Layer 0 hits occurring in half-ladder 5.

Table 11a.  Shows the total number of SVXII readout pathway hits within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias, see Table 2).

SVXII��Number of Pathway Hits���Event #1����Layer�iz=   1�2�3�4�5�6�sum��0�599�686�376�653�1,268�579�4,161��1�282�366�611�545�1,054�687�3,545��2�244�337�291�413�714�507�2,506��3�402�394�334�611�594�557�2,892��4�309�295�340�491�577�461�2,473��sum�1,836�2,078�1,952�2,713�4,207�2,791�15,577��



Fig. 31 shows the distribution of the total number of SVXII readout pathway (HDI) hits per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).  Event #1 with 15,577 hits is above the average of 12,825 hits per event.  The R-f  contribution to the total readout pathway hits is about 40% with a mean of 5,122 hits per event.  The total number of readout pathway hits represents the "event size" and is very sensitive to the noise level.  For top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming 1.6% noise (Nover=7) there are, on the average, 31,830 total readout pathway hits (15,060 from R-f).  The event size can become quite large.  For top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) and a noise level of 3.1% (Nover=13) there are, on the average, 54,360 total readout pathway hits per event (26,060 from R-f).
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Fig. 31.  Distribution of the total number SVXII readout pathway hits per event and the R-f component of the total readout pathway hits per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 11b shows the maximum number of hits produced in a single SVXII readout pathway within a given layer and half-ladder for Event #1 assuming no noise (Nover=1).  Of the 1,268 hits that occurred in Layer 0 and half-ladder 5 (12 readout pathways), 331 occurred in one readout pathway.  Table 11c shows the R-f component of the readout pathway with the maximum number of hits for Event #1.  Table 11d shows the maximum readout pathway occupation within a given layer and half-ladder for Event #1 assuming no noise (Nover=1) and no z-ganging.   With no z-ganging, the readout pathway occupation is computed as follows:

Pathway Occupation = (Nhit(R-f)+Nhit(R-Z))/(128 Nchip),

where Nhit(R-f) and Nhit(R-Z) are the number of R-f and R-Z chip hits that combine to form the readout pathway, respectively,  and Nchip is the total number of chips (R-f plus R-Z) contributing to the readout pathway.

Table 11b.  Shows the number of  hits in the single SVXII readout pathway with the maximum number of hits within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum Pathway Hits���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�169�160�93�109�331�97�331��1�58�53�100�151�300�106�300��2�38�43�46�76�195�63�195��3�66�74�53�135�158�69�158��4�52�42�56�111�138�74�138��all�169�160�100�151�331�106�331��

Table 11c.  Shows the R-f component of the single SVXII readout pathway with the maximum number of hits within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Max Path Hits (R-f only)���Event #1����Layer�iz=   1�2�3�4�5�6�all��0�19�23�16�24�136�38�136��1�16�15�17�24�126�42�126��2�19�22�23�39�89�33�89��3�21�20�21�47�76�34�76��4�25�23�28�56�67�36�67��all�25�23�28�56�136�42�136��

Table 11d.  Shows the occupation of the single SVXII readout pathway with the maximum occupation within a given layer and half-ladder for one event (Event #1: Top plus 5 min-bias) assuming no noise (Nover=1).

SVXII��Maximum Pathway Occupation����Event #1���Layer�iz=   1�2�3�4�5�6�all��0�33.0%�31.3%�18.2%�21.3%�64.6%�18.9%�64.6%��1�7.6%�6.9%�13.0%�19.7%�39.1%�13.8%�39.1%��2�4.9%�5.6%�6.0%�9.9%�25.4%�8.2%�25.4%��3�5.2%�5.8%�4.1%�10.5%�12.3%�5.4%�12.3%��4�2.9%�2.3%�3.1%�6.2%�7.7%�4.1%�7.7%��all�33.0%�31.3%�18.2%�21.3%�64.6%�18.9%�64.6%��

Fig. 32 shows the distribution of the number of hits in the SVXII readout pathway with the maximum hits per event and the R-f component of the readout pathway with the maximum hits, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).  We see again that Event #1 is not typical since it has a readout pathway with 331 hits (Layer 0, half-ladder 5) and the average maximum readout pathway hits is around 202.  On the average, the R-f component to the readout pathway with the maximum hits is about 38% of the total (mean = 77).
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Fig. 32.  Distribution of the number of hits in the SVXII readout pathway with the maximum hits per event and the R-f component of the readout pathway with the maximum hits, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 12a shows the number of hits in the SVXII readout pathway (HDI) with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1) and Table 12b shows the R-f contribution to the  readout pathway with maximum hits.   Table 12c shows the occupation of the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1) and no z-ganging.   

Table 12a.  Shows the number of hits in the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

SVXII��Average Maximum Pathway Hits�������Layer�iz=   1�2�3�4�5�6�all��0�105�113�118�117�112�103�199��1�88�95�100�100�95�87�167��2�49�59�66�65�59�47�123��3�66�73�78�78�73�64�127��4�50�59�65�64�59�49�110��all�115�122�127�126�121�114�202��Table 12b.  Shows the R-f component to the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

SVXII��Average Max Path Hits (R-f only)�������Layer�iz=   1�2�3�4�5�6�all��0�23�30�34�33�29�22�75��1�23�28�32�32�28�22�66��2�24�29�33�33�29�23�61��3�24�29�32�32�29�24�57��4�25�30�33�32�29�25�55��all�31�37�41�41�37�30�77��Table 12c.  Shows the occupation of the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1, no z-ganging).

SVXII�     Average Maximum Pathway Occupancy��������Layer�iz=   1�2�3�4�5�6�all��0�20.5%�22.1%�23.0%�22.9%�21.9%�20.1%�38.9%��1�11.4%�12.3%�13.0%�13.0%�12.3%�11.3%�21.8%��2�3.8%�4.6%�5.1%�5.1%�4.6%�3.6%�9.6%��3�5.2%�5.7%�6.1%�6.1%�5.7%�5.0%�9.9%��4�2.8%�3.3%�3.6%�3.6%�3.3%�2.7%�6.2%��all�20.8%�22.2%�23.1%�23.0%�22.1%�20.5%�38.9%��



Fig. 33 shows the distribution of the occupancy of the SVXII readout pathway with the maximum hits per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1) and no z-ganging.  The average maximum readout pathway occupancy is around 39% without z-ganging (z-ganging increases the readout pathway occupancy).
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Fig. 33.  Distribution of the occupancy of the SVXII readout pathway with the maximum occupancy per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1, no z-ganging).

Table 13 and Fig. 33 shows the effect of adding 1.6% noise (Nover=7) to the maximum readout pathway occupancy.  The average maximum readout pathway occupancy per event increases from around 39% to around 44% (no z-ganging). 

Table 13a.  Shows the number of hits in the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and noise (Nover=7).

SVXII��Ave Max Pathway Hits (Nover=6+1)�������Layer�iz=   1�2�3�4�5�6�all��0�129�137�142�141�136�127�223��1�124�130�136�136�131�123�203��2�108�119�125�125�119�107�183��3�126�133�138�137�133�124�187��4�134�143�149�148�143�133�194��all�155�163�168�168�162�154�234��Table 13b.  Shows the R-f component to the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and noise (Nover=7).

SVXII��Average Max Path Hits (R-f only)�������Layer�iz=   1�2�3�4�5�6�all��0�35�42�46�45�41�34�87��1�41�46�50�50�46�40�84��2�54�59�63�63�59�53�91��3�60�65�68�68�65�60�93��4�67�72�75�74�71�67�97��all�68�73�76�76�73�68�102��Table 13c.  Shows the occupation of the SVXII readout pathway with the maximum occupation within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and noise (Nover=7, no z-ganging).

SVXII�     Ave Max Pathway Occupancy (Nover=6+1)��������Layer�iz=   1�2�3�4�5�6�all��0�25.2%�26.8%�27.7%�27.5%�26.6%�24.8%�43.6%��1�16.1%�16.9%�17.7%�17.7%�17.1%�16.0%�26.4%��2�8.4%�9.3%�9.8%�9.8%�9.3%�8.4%�14.3%��3�9.8%�10.4%�10.8%�10.7%�10.4%�9.7%�14.6%��4�7.5%�8.0%�8.3%�8.3%�8.0%�7.4%�10.8%��all�25.5%�26.9%�27.8%�27.7%�26.8%�25.2%�43.6%��
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Fig. 34.  Distribution of the occupancy of the SVXII readout pathway with the maximum occupancy per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and 1.6% noise (Nover=7, no z-ganging).

The effect of different bean conditions on the readout pathway with maximum occupancy is shown in Fig. 35 and Fig. 36.  For <6> min-bias, sz = 30 cm, and a 3.1% noise level (Nover=13) the average maximum readout pathway occupancy is around 54% and rarely gets higher than 80%.  It is much more likely for an R-Z chip to saturate (100% occupancy) than for a readout pathway to saturate.  This is due to the jet structure of the events.  Readout pathways consist of at least two R-Z chips and a jet of particles may saturate one of the R-Z chips but then the other chip will usually have less occupancy.
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Fig. 35.  Distribution of the occupancy of the SVXII readout pathway with the maximum occupancy per event, for top quark events at 2 TeV with pile-up and noise  (Nover=7, no z-ganging) for the three beam conditions  (<3> min-bias, sz = 45 cm), (<3> min-bias, sz = 30 cm), and  (<6> min-bias, sz = 30 cm).
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Fig. 36.  Distribution of the occupancy of the SVXII readout pathway with the maximum occupancy per event, for top quark events at 2 TeV with pile-up and noise  (Nover=13, no z-ganging) for the three beam conditions  (<3> min-bias, sz = 45 cm), (<3> min-bias, sz = 30 cm), and  (<6> min-bias, sz = 30 cm).



VIII.  Maximum Pathway Readout Time

The overall readout time of the event is governed by the readout pathway with the maximum number of hits.  The readout time is simply the number of hits in the readout pathway with the maximum hits divided by 25 MHz.  Table 14a shows the readout time (in ms) of the SVXII readout pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).  The R-f pathway component is readout first and is used in the trigger (Table 14b).  Fig. 37 shows the distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 14a.  Shows the readout time (in ms) of the SVXII pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

SVXII��Ave Max Readout Time (ms)�������Layer�iz=   1�2�3�4�5�6�all��0�4.2�4.5�4.7�4.7�4.5�4.1�8.0��1�3.5�3.8�4.0�4.0�3.8�3.5�6.7��2�1.9�2.3�2.6�2.6�2.3�1.9�4.9��3�2.7�2.9�3.1�3.1�2.9�2.6�5.1��4�2.0�2.4�2.6�2.6�2.3�2.0�4.4��all�4.6�4.9�5.1�5.0�4.8�4.6�8.1��Table 14b.  Shows the R-f component of the readout time (in ms) of the SVXII pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

SVXII��Ave Max Readout Time (R-f only)�������Layer�iz=   1�2�3�4�5�6�all��0�0.9�1.2�1.4�1.3�1.2�0.9�3.0��1�0.9�1.1�1.3�1.3�1.1�0.9�2.6��2�1.0�1.2�1.3�1.3�1.2�0.9�2.5��3�1.0�1.2�1.3�1.3�1.2�0.9�2.3��4�1.0�1.2�1.3�1.3�1.2�1.0�2.2��all�1.2�1.5�1.7�1.6�1.5�1.2�3.1��
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Fig. 37.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming no noise (Nover=1).

Table 15 and Fig. 38 shows the effect of a 1.6% noise level (Nover=7) on the readout times, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm).  The average readout time is 9.4 ms (4.1 ms for the R-f component), with a long high time tail.

Table 15a.  Shows the readout time (in ms) of the SVXII pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and noise (Nover=7).

SVXII�        Ave Max Readout Time (ms)   Nover=6+1��������Layer�iz=   1�2�3�4�5�6�all��0�5.2�5.5�5.7�5.6�5.4�5.1�8.9��1�5.0�5.2�5.4�5.4�5.2�4.9�8.1��2�4.3�4.8�5.0�5.0�4.8�4.3�7.3��3�5.0�5.3�5.5�5.5�5.3�5.0�7.5��4�5.4�5.7�6.0�5.9�5.7�5.3�7.8��all�6.2�6.5�6.7�6.7�6.5�6.2�9.4��Table 15b.  Shows the R-f component of the readout time (in ms) of the SVXII pathway with the maximum hits within a given layer and half-ladder averaged over 5,000 top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and noise (Nover=7).

SVXII�    Ave Max Readout Time (R-f only, Nover=6+1)��������Layer�iz=   1�2�3�4�5�6�all��0�1.4�1.7�1.8�1.8�1.7�1.4�3.5��1�1.6�1.8�2.0�2.0�1.8�1.6�3.4��2�2.2�2.4�2.5�2.5�2.4�2.1�3.7��3�2.4�2.6�2.7�2.7�2.6�2.4�3.7��4�2.7�2.9�3.0�3.0�2.9�2.7�3.9��all�2.7�2.9�3.1�3.0�2.9�2.7�4.1��
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Fig. 38.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and 1.6% noise (Nover=7).

Fig. 39 - Fig. 42 show the effect on the readout times of varying bean conditions and noise levels for top quark events at 2 TeV with pile-up.  For a 3.1% noise level (Nover=13) and with <6> min-bias and sz = 30 cm, the average readout time increases to about 12.1 ms (5.7 ms for the R-f component) with the high time tail approaching 20 ms.
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Fig. 39.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) and 1.6% noise (Nover=7).
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Fig. 40.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 45 cm) and 1.6% noise (Nover=7).
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Fig. 41.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and 3.1% noise (Nover=13).
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Fig. 42.  Distribution of readout times for the SVXII pathway with the maximum hits per event and the R-f component of the readout time, for top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) and 3.1% noise (Nover=13).





IX.  Readout Time Comparison: SVXII & ISL

Fig. 43 shows the distribution of the event-by-event total readout time difference (R-Z plus R-f) between the ISL and the SVXII, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and 1.6% noise (Nover=7).  At this noise level the total readout time for the ISL and SVXII are comparable with the ISL time greater in 26% of the events and the SVXII time greater in 74% of the events.  Results for other bean conditions and other noise levels is presented in our ISL CDF note.
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Fig. 43.  Distribution of the event-by-event readout time difference between the ISL and the SVXII pathway with the maximum hits per event, for top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and 1.6% noise (Nover=7).



X.  Summary and Conclusions

Our naïve simulation of the SVXII has taught us the following:



1. SVXII R-Z Chips with Large Occupation 

Pile-up produces large numbers of low angle charged particles.  These particles travel a long way through the SVXII R-Z chips producing large cluster sizes that can saturate the chip (100% occupancy). For top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13) there are, on the average, 5 R-Z chips per event with occupancy greater than 75%, 24 with occupancy greater than 50%, and 132 with occupancy greater than 25%.  Also, it is not uncommon to have greater than 30 chips in an event with occupancy greater than 50%.



2. SVXII R-f Chips with Large Occupation 

Although the R-f chip occupation is much less the R-Z chip occupation, there can be some SVXII R-f chips with large occupation.  For top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) assuming 3.1% noise (Nover=13) there are, on the average, about 1 R-f chip per event with occupancy greater than 50% and about 27 R-f chips with occupancy greater than 25%.  Also, it is not uncommon to find greater than 40 R-f chips in an event with greater than 25% occupancy.



3. SVXII Event Size 

The total number of readout pathway (HDI) hits represents the overall "event size". The event size is very sensitive to the noise level.  For top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) assuming 1.6% noise (Nover=7) there are, on the average, 31,830 total readout pathway hits (15,060 from R-f).  The event size can become quite large.  For top quark events at 2 TeV with pile-up (<6> min-bias, sz = 30 cm) and a noise level of 3.1% (Nover=13) there are, on the average, 54,360 total pathway hits per event (26,060 from R-f).



4. SVXII Readout Pathways (HDI's) with Large Occupation 

Although it is quite likely to find some R-Z chips with very large occupancy, readout pathways generally have lower occupancy (and they almost never saturate).  Due to the jet structure of QCD events all directions are not populated equally.  Some of the chips contributing to the readout pathway may be heavily populated, but then the other contributing chips will usually be less heavily populated.  For top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and a noise level of 1.6% (Nover=7), the readout pathway with the maximum hits has, on the average, an occupancy of around 44% (with no z-ganging).  For a 3.1% noise level (Nover=13) and with <6> min-bias and sz = 30 cm, the average maximum readout pathway occupancy increases to 54% (with no z-ganging).



5. SVXII Readout Times 

For top quark events at 2 TeV with pile-up (<3> min-bias, sz = 30 cm) and a noise level of 1.6% (Nover=7), the average readout time is 9.4 ms (4.1 ms for the R-f component), with a long high time tail.  For a 3.1% noise level (Nover=13) and with <6> min-bias and sz = 30 cm, the average readout time increases to 12.1 ms (5.7 ms for the R-f component) with the high time tail approaching 20 ms. 
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