PSD EM User Manual

Version 1.1 (5/4/2000)
Author : J. Knddlseder



1. SCOPE OF THE DOCUMENT

The purpose of this document is to provide a user manual for the PSdlEddsembly. Thisanual
shouldintroduce theuser inthe general functionality of theystem,and should provide eeference
document that allows for a proper configuration and usage of the system.

2. REFERENCE DOCUMENTS
RD1 EM software version 228 / V1.07
RD2 PSD Software description (TBD)
RD3 SPI INTERFACES SPECIFICATION, SPI-SI-0-1324-CNES, TBD

3. GENERAL FUNCTIONALITY

The scope of this paragraph is the presentation of the general functionality of the PSD subassembly in
order to clarify the meaning of the PSD parameters.

3.1. Multiplexing

The PSD subassembly is equipped with 19 input channels (alsormatiechannels each connected

to one of the 19ast detector outputhannelsEach of the 19 channels can be enabled or disabled
individually in order to activate or to suppress pulse-shape discriminationdfeidual detectors. On

the EM, only channels 0-6 (7 channele implemented. These channatsrespond to connectors
J14 - J20.

Pulse Shape Discrimination for background reduction is only meaningful for élanhtse contained

within one germanium detector. Therefore it has been decided to have only one PSD system that treats
all 19 detectors with an input multiplexing. If signals occur on seve®&D inputs within TBD, the

event is considered as a multi-detector event and is not treated by the PSD subassembly.

3.2. Triggering

After multiplexing, there is a hardware triggering system that is commalh detectorchannels. The
hardware trigger(or front-end trigger) ischaracterised by three quantities: tRRONT END
TRIGGER LEVEL (FET) , theLOWER LEVEL DISCRIMINATOR (LLD) , and theTIME
WINDOW (TW). All three quantities are configurable by telecommand. The najorof the
hardware threshold is to trigger the PSD systerdedactorpulses and tgeparate real evetriggers

from noise triggers. Consequenttiie optimum trigger parameters will depend on ribése in the

system. The 3 front-entiigger parameters are tineostcritical parameters of theSD systensince

noise triggers can easily exceed the expected event rates, leading directly to an exceed in time-tag rates
sent to DFEE.

The following logic has been implemented for the 3 front-end trigger parameters:

1. The detector currembust first rise abovéhe FETlevel which aims in discriminatingeal pulses
against noise. The FET threshold should usually be set just above the noise level.

2. After a FET, the detector current must rise above the LLD within a time interval specified by TW.

A forth quantity,the UPPER LEVEL DISCRIMINATOR (ULD) is fixed and discriminates
events that exceed a given threshold. In the EM, this level roughly corresponds to TBD.



3.3. Digitisation

After triggering,the detector current is digitised by 4 interleaved ADCs fatguency of 25MHz,
leading to a@ime resolution of 10ns. The ADCs have aesolution of 10Bits, but only the 9 most
significant Bitsareused forthe analysis. Fothe EM, the conversion function is roughly 7 digits /
mV. With a typical baseline of 48igits, this corresponds to rmaximum voltage of 67 mW\or a
maximum ADC value of 511.

3.4. Veto

The PSD system may receive a veto signal floeenDFEE inorder to suppressventprocessing. In
the case that no DFEE cable is connected to the PSD, no veto is active, i.e. all events are processed b
the PSD.

The Veto signal is hardwired in the PSD and cannot be influenced by configuration commands.

3.5. Gain range

There are two gain rangesailable in thd?SD. Forthe EM, these gain rangerrespond to TBD.
The gain range is common to all detectors and may be selected by configuration coiradmeht-
end trigger characteristics are not influenced by the gain range selection.

3.6. Event identifier emission

The PSD system communicates with the DFEE subassembly by two signals:
1. Atime-tag signal that is emitted if a trigger occurred in the PSD system

2. A data bus for identification of valid events (DFEE ID)

If a front-end trigger occurs ithe PSD system without ®eto signal active, dime-tag is emitted to

the DFEEsystem.The PSD system ishen integrating ovethe measuregulse shape using a 9 Bit
hardware integrator in order to estimate the energy of the event. This energy estimate is then compared
to a validity range, specified for each detector individually by th& OWER ENERGY
THRESHOLD (LET) and theUPPER ENERGY THRESHOLD (UET). The LETand UET

are configurabldor each detector by configuratim@mmands. Ithe pulseintegral falls within the

validity interval, an event identifier is emitted to the DFEE.

The relation between tHeardware integrator Bit value and the energy is rather complex since the
integral is composed of both the pulse area and the baseline area. The baseline may vary as function of
time and event frequency.

3.7. HSL

Scientific data is transmitted on thSL from the PSD subassembly the DPEsubassembly. The
scientific data consists of:

1. event data
2. curve data

The number ofcurvesthat are transmitted in HSL dataframe, andthe frequency of curveata
transmissiorcan be configuredising configuration command$he transmission ratemay differ
between the operational mode and the calibration or diagnostic mode.

Detectorpulsesthat were accumulatedaiuring cycle n of the 8 HAHSL clock aresent tothe DPE
during cycle n+1. A newcycle begins withthe falling edge of the 8 Helock. At this moment the
PSD subassembly prepares the data frame in a FIFO buffer. It may happen that at the moment of the 8



Hz falling edge not all events of cycle n are yet processed, hence they would be lost since they are not
allowed to be sent iycle n+2. Forthis reason, a post processing of eM&nts atmaximum is

allowed after the falling edge of the 8 Hz clambcurs.The FIFO buffer is only preparedfter this
postprocessingThe maximumnumber of events to be postprocessad be set by configuration
commands.

3.8. Pulse shape discrimination

Pulse shape discrimination is performed by comparing measured detdsmishapes toldorary of
pulse templates. As result &fe comparison, arevent may be flagged as single site eembst
significant Bit of thePSD wordset to 0) or asnultiple site evenfmost significantBit of the PSD
word set to 1). Event selection statistics are maintained in the housekeeping telemetry.

Library templates can be uploaded using telecommfamd=ach individuadetector.The libraries are
stored in EEPROM. Two library sets may be uploadeatdchdetector.The selection of the library
set is donevia configurationcommand. Furthetthe number of time-stepssed forthe pulse shape
analysis and the number of library templates are also configurable.

3.9. DSP32 software

The PSD subassembly houses a DSP3fi@ltal signal processor.This processor handles all
communications with the environment (LSL, HSL, DFEE) and perfdh@scientificanalysis of the
digitised pulses shapes. The software in the PSD is composed of two parts:

1. The functionalsoftware (eng.s)that handlesall interfaces and thedata accumulation and
preparation

2. The scientificsoftware (science.shhat analysesthe pulse shapes and handlése library
management

In the EM, the functionalsoftware has version number 228 ahd scientificsoftware has version
number V1.07.



4. COMMANDING THE PSD

The scope of this paragraph is to providemmand descriptionghich allow the modification of
configurable PSD parameters. The command structure is defined in RD3.

4.1. Enabling / disabling detector channels
Aim :
Enable or disable individual detector channels.

Command sequence:

Configuration Action Affected Bytes
command in command
01 Hex Enables / Disables individual detectors 3-5&7-9

Verification sequence:

Housekeeping Action Affected Bytes
command in command
01 Hex Read detectors enable / disable status 3-5&7-9
Range :
Flags:0Oorl
Default :

All detectors are enabled in all scientific modes (all Bits are set to 0).

Procedure :
no details

Notes :

1. Different set of detector channels can be enabled or distbleither operational / calibration
mode or for diagnostics mode. Operational / calibration mode channel selections are determined by
Byte 3-5 of the configuratiorcommand. Diagnostiasiode channel selections are determined by
Byte 7-9 of the configuration command (see RD3 for the detector - Bit correspondence).

2. A Bit set to0 meansnable a Bit set tdl meandlisablethe detector channel.



4.2. Specify pulse trigger characteristics

Aim :

Define the pulse trigger characteristics to adapt to the actual noise level and detector gain.

Command sequence:

Configuration Action Affected Bytes
command in command
01 Hex Sets FET, LLD, and TW 5-6 & 9-10

Verification sequence:

Id

Housekeeping Action Affected Bytes
command in command
01 Hex Reads FET, LLD, and TW 5-6 & 9-10
Range :
Parameter| Minimum | Maximum Unit Comment
FET 0 7 Dec higher FET value means lower FET thresi{old
LLD 0 7 Dec lower LLD value means lower LLD thresho
T™W 0 7 Dec time window(ns) = 300 + TW * 160
Default :
Parameter| Value Unit Comment
FET 2 Dec
LLD 4 Dec corresponds roughly to 630 keV
TW 1 Dec corresponds to 460 ns



Conversion function / table :

FET: Thefollowing conversion function hakeen established between lower puseathreshold
(pulsearea at half maximumand FET (the pulsarea is the net integralver the digitisedpulse,
baseline subtracted; this tise most precise measure thfe event energthat is avaliable to the PSD
subassembly):

channel conversion function

PA =900 - 658.6 * FET

TBD

TBD

TBD

TBD

TBD

Ol O ] W] N| | O

TBD

Using the relation between PA and energy as given in set#prihe following conversion function
result between lower energy threshold (in keV) and FET:

channel conversion function

Energy (keV) = 102.37 - 84.82 * FET

TBD

TBD

TBD

TBD

TBD

ol O | W] N|] | O

TBD

LLD : Thefollowing conversion function hakeen established between lower puseathreshold
(pulse area at half maximum) and LLD:

channel conversion function

PA =-500 + 500 * LLD

TBD

TBD

TBD

TBD

TBD

ol O | W] N| ]| O

TBD




Using the relation between PA and energy as given in set#prihe following conversion function
result between lower energy threshold (in keV) and LLD:

channel conversion function Minimum Maximum
0 Energy (keV) =-491 + 212 * LLD 0 993 keV
1 TBD TBD TBD
2 TBD TBD TBD
3 TBD TBD TBD
4 TBD TBD TBD
5 TBD TBD TBD
6 TBD TBD TBD

Note that there is no strict LLD / FET - energy relation since for a given energy the peak height varies
with the shape of the pulse; the above relation should be considered as an average relation.

Procedure :

In the following a procedure is described which allows tdhestront-end characteristider various
noise conditions:

1. Initialise: Set FET=0, LLD=7, TW=1

1. Determine FET value: The FET serves to discriminate real pulse triggers against noise triggers.
For this reasorthe FETthreshold shouldie above thenoise level. Todetermine the critical
threshold, sethe FET to itsminimum (0) which corresponds tthe highest FETthreshold.
Monitor the registeregbulse shapes imither configuration odiagnostics mode. Risthe FET
(from O - 7) until noise triggers occur (visible either by a naisgve display or an increase in the
jitter of thecurve start time)Fix the FET to the highedével (= lowest value) where no noise
triggers occur (for security one might lower the FET 1-2 digits below this value).

2. Determine LLD value: This valuemainly setsthe lower energy threshold (sedove). Lower
LLD (from 7 - O)until the desired energgvel was reached. If noise triggers occur, lower FET
again until they disappear.

3. Set TW value: This value should be set between 0-1. For TW=0 less noise triggers should occur
thanfor TW=1, but scientificdata could bdiased forTW=0. Thus toreduce noise triggers one
could switch from TW=1 to TW=0.

Notes :

FET : Increasing the FET valugeducesthe FETthresholdlevel (inverse relation)! Or in other
words, increasing the FET value makes the PSD emeitive. Ifthe FETthresholdlevel is
too low (i.e. the FET value too high), noise triggers will appear.

LLD : The relation of LLD value to detector current is a linear function with a possible offset.

TW: The minimum timewindow (TTW=0) corresponds to 30@s, the maximum (TTW=7)
corresponds to 1560 ns. For TTW=7 the time window is ineffective since it exbegudse
accumulation time.



4.3. Specify gain range

Aim :

Switch between normal and extended PSD gain range.

Command sequence:

Configuration Action Affected Bytes
command in command
01 Hex Set gain flag 6&10
Verification sequence:
Housekeeping Action Affected Bytes
command in command
01 Hex Read gain flag 6 & 10
Range :
Flag Gain range
0 0-2 MeV (TBC)
1 0 -6 MeV (TBC)
Default :

Flag = 0 (0-2 MeV gain range) (TBC)

Procedure :
no details

Notes :
none




4.4. Specify energy thresholds

Aim :

Specify the energy range for each detector chdonetvhich aevent ID will be emitted to thBFEE
sub-system and which will be analysed by PSD subassembly.

Command seguence:

Configuration Action Affected Bytes
command in command
02 Hex Set lower energy thresholds (LET) for detectors 0{8 5-22
03 Hex Set lower energy thresholds (LET) for detectors 9-[L8 3-22
04 Hex Set upper energy thresholds (UET) for detectors (-8 5-22
05 Hex Set upper energy thresholds (UET) for detectors 9;18 3-22

Verification sequence:

Housekeeping Action Affected Bytes
command in command
02 Hex Read lower energy thresholds (LET) for detectors Q-8 5-22
03 Hex Read lower energy thresholds (LET) for detectors 9-18 3-22
04 Hex Read upper energy thresholds (UET) for detectors|0-8 5-22
05 Hex Read upper energy thresholds (UET) for detectors p-18 3-22
Range :
Parameter Minimum [ Maximum Unit Comment
LET 0 511 Dec values > 511 will be interpreted as 511
UET 0 511 Dec values > 511 will be interpreted as 511
Default :
Parameter Value Unit Comment
LET 10 Dec 0 keV for EM
UET 511 Dec ~ 8 MeV for EM



Conversion function / table :

The following conversion functions have been determined betthegiulsearea(PA) andthe LET
and UET parameters for the different EM channels:

channel conversion function

PA = -4969.5 + 49.231 * LET (UET)

TBD

TBD

TBD

TBD

TBD

ol O | W] N| ]| O

TBD

The following conversion functions have been determined between the pulse area (PA) and the photon
energy in keV for the different EM channels:

channel conversion function

PA = 658.6 + 2.358 * Energy (keV)

PA =601.6 + 2.362 * Energy (keV)

PA =597.6 + 2.304 * Energy (keV)

TBD

TBD

gl | WO N] ]| O

TBD

6 TBD

The typicalenergy resolution fothe pulsearea(PA) is betweer2-3 % (1 sigma).The conversion
function is based othe analysis of calibratiomlata takerwith a germanium detector afdCo and

?28Th sources. For the calibration only multiple site events were used since they provide a better signal
to noise ratio for gamma-ray lines. Note that for a given energy, the grelseslightlyincreases with
increasing TTP while the scatter of the pulse area decreasdsdsdg. Note thatfor a narrow TTP

range the pulse area energy resolution is between 1-2 % (1 sigma).
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Fig. 1: Mean (left) andstandarddeviation (right) of thegulseareafor 2615 keV photons. Thpmilse
area increases with increasing TTP while the scatter of the pulse area diminishes with increasing TTP.



Based orthe above relations tHellowing conversion functions have bedatermined between the
LET and UET parameters and the photon energy in keV for the different EM channels:

channel conversion function LET =10 UET =511

LET (UET) = 114.32+ 0.0479 * Energy (keV) OkeV | 8281 keV

TBD

TBD

TBD

TBD

TBD

Ol O ] W] N| | O

TBD

The actual conversion functions on the SPI EM meyiatefrom this due to gain and pul&aseline
differences. Irnthe idealcase,the conversion function should bedeterminedising the following
procedure.

Procedure :

In order to determine the threshold converdiamction, the following procedure habeen applied at
CESR:

1. Connect the germanium detector fast output to one of the activated PSD channels

2. Collect~2000 HSLframes (~5 minutes) of®Th sourcedatawith the LET/UET set to narrow
intervals (110-112, 120-122, 140-142, 180-182, 220-222, 240-242, 260-262, 280-282).

3. Determine the megpulseareafor all files and derive a (linear) relation betwegunlse area and
LET/UET value.

4. Collect ~10000 HSL frames (~20 minutes¥®Fh / ®*°Co sourcedata {**Th source very close to
detector to dominate over room backgroufidp at 1.5 m). Th&®Th source has @ell separated
strong gamma-ray lines at 583 keV and 2615 Ke\e 583 keV is blended withthe 511 keV line
and is of limited use. THCo source has to nearby gamma-ray lines ray 1173 keV and 1333 keV.

5. Determine theulse area spectrunfior single andmultiple events.Gamma-ray lineshould be
dominant in the multiple event spectrum.

6. Fitthe 1173 keVthe 1333keV and the2615keV lines in the multiple spectrand determine the
linear calibration relation between pulse area and gamma-ray photon energy.

Eventually, the 2.6 MeV #**Th line may fall out of the PSD energyrange for different gain
adjustments. If this happens than another sourc&@kemay be used in conjunction wifiTh.

Notes :

none



4.5. Specify 8 Hz post-processing

Aim :

Specify the number of eventisat arepostprocessedfter 8 Hz falling edge and befoHSL FIFO

buffer preparation.

Command seguence:

Configuration Action Affected Bytes
command in command
02 Hex Set number of events for 8 Hz post processing 3
Verification sequence:
Housekeeping Action Affected Bytes
command in command
02 Hex Read number of events for 8 Hz post processing 3
Range :
Parameter Minimum | Maximum Unit Comment
postprocessed events 0 10 Ded 0 means no post processi
Default :
Parameter Value | Unit Comment
postprocessed events 1 Dec 1 event is postprocessed

Procedure :
no details

Notes :

Note that this parameter has an impact onHB& timing. Eachpost processedvent may add up to

1.25 ms processing time.



4.6. Define curve transmission rates

Aim :

Specify the curve transmission rates in the different scientific modes.

Command sequence:

z clck)

Configuration Action Affected Bytes
command in command
OA Hex Set curve transmission rates 3-6
Verification sequence:
Housekeeping Action Affected Bytes
command in command
OA Hex Read curve transmission rates 3-6
Range :
Parameter Minimum | Maximum Unit Comment
8 Hz rate 0 255 Dec period in units of 125 ms
subrates 0 5 Dec number of shapes
Default :
Parameter Value | Unit Comment
OP mode 8 Hz rate 32 Deq 1 shape every 4 seconds (1 per 32 8 H
OP mode subrate 0 Ded not relevant
CALIB & DIAG mode 8 Hz rate 0 Dec use subrate information
CALIB & DIAG mode subrate 5 Dec 5 shapes per 8 Hz clock
Procedure :
no details
Notes :

8 Hz rate has priority with respect to subrate informafidre 8 Hz ratespecifies theate atwhich 1
pulse shape is sent in the HSL data (i.e. 32 means send 1 pulsewgp@?2 cycles = 4econds).

Only if the 8 Hz rate is set to 0, subrate informationssd.The subrate specifidsow manyshapes

are sent in the HSL data (i.e. 5 means send 5 pulse shapes per HSL frame).



5. DISCRIMINATION CONTROL
5.1. A/D offset control settings
Aim :

Adjust the software gain and offset correctiontfur 4 interleaved\DCs. Thisadjustment is needed
to optimise the scientific analysis of the pulse shapes.

Command sequence:

Configuration Action Affected Bytes
command in command
06 Hex Set gain and offset adjustments 3-10

Verification sequence:

Housekeeping Action Affected Bytes
command in command
06 Hex Read gain and offset adjustments 3-10
Range :
Parameter Minimum | Maximum|  Unit Comment
gain adjustment -128 127 Dec signed 8 Bit integer
offset adjustment -128 127 Dec signed 8 Bit integer
Default :
Parameter Value | Unit Comment
gain adjustment 0 Dec
offset adjustment 0 Dec

Conversion function / table :

The pulse shape is corrected in software using the formula

pcorrect= pulse * gain + offset

where
gain = 1.0 + (gain adjustment value) * 0.0005
and
offset = (offset adjustment value) * 0.05
Procedure :

no details



Notes :
none



5.2. Library selection and control
Aim :

Specify the library set, the number of time, dinel number of library templatesed for pulse shape
discrimination.

Command seguence:

Configuration Action Affected Bytes
command in command
07 Hex Set library selection and control for detectors 0-6 3-28
08 Hex Set library selection and control for detectors 6-12 3-28
09 Hex Set library selection and control for detectors 13-18 3-26

Verification sequence:

Configuration Action Affected Bytes
command in command
07 Hex Read library selection and control for detectors 0-p 3-28
08 Hex Read library selection and control for detectors 6-12 3-28
09 Hex Read library selection and control for detectors 13418 3-26
Range :
Parameter Minimum | Maximum|  Unit Comment
Library set 0 1 Dec only two sets (0,1) fit into memory
Number of time steps 6 64 Dec
Number of template$ 0 38 Dec
Default :
Parameter Value | Unit Comment
Library set 0 Dec only one library set is loaded in EEPROMSs
Number of time steps 64 Ded
Number of templates 26 Ded
Procedure :
no details
Notes :

The number of time steps is required to reconstruct the information that is compressed into the 16 Bits
of the PSD information word.



5.3. Library upload
Aim :

Library templates may be uploaded into Bf&8D system and stored HEPROM after calibration of
the system. Each detector has at maximum 2 attributed sets of library templates.

Command seguence:

Upload Action Affected Bytes
command in command
0B Hex Send library template definition and data items 0-3 3-20
0C Hex Send data items 4-13 3-32
0D Hex Send data items 14-23 3-32
OE Hex Send data items 24-33 3-32
OF Hex Send data items 34-43 3-32
10 Hex Send data items 44-53 3-32
11 Hex Send data items 54-63 3-32
Verification sequence:
Read HKO (status) and make sure that no CRC error occurred.
Range :
Bytes 3-6 specify the reference of the library template.
Parameter Minimum | Maximum|  Unit Comment
Detector selection 0 18 Dec
Curve selection 0 37 Dec special value 255 loads library parangeter
block
Set number 0 1 Dec
Data items 64 Dec usually 64
Default :

not applicable

Procedure :
no details

Notes :

Normally, the curve selection parameter is comprised between BandHowever, if acurve

selection parameter of 255 is specified, the data items are interpreted as library parameter information



and not as a library template. Library parameter information is ndedéde tuning of the scientific
PSD software and for setting the discrimination characteristics.

Library template building using the EM as standalone system :

The following recipesmay be applied to build single site interactpuise shapeemplate libraries
using the EM without having access to the enanfgrmation. Forthe calibration 228Th source is
used which leads to a double-escape gamma-ray line at 1560 keV.

1. Set LLD=7 inorder to suppresthe low energygamma-raytail in the spectrum (seealibration
relations of section 4.2).

2. Set LET-UETaroundthe 1560 keV energyrange. Forexample:for EM channel 0 awindow
around 190 may be used, i.e. LET=185 and UET=195 (see calibration relations of section 4.4).

3. Accumulate data placing™dTh source as close as possible to the germanium detector.

4. During data analysis, select only those event with pulse areas close to 1560 keXanffae: for
EM channel 0 select onlgulses with PAH4300,4380] (sesection4.4). One mayfurther select
only those pulseshat were flagged bythe PSD as singlesite interaction,which, however,
introduces a bias with respect to @tual activdibrary. Toimprove the signal tooiseratio one
could establish a more refined relation between pulse area and energy as function of TTP value, an
select only those events which are around the double escape line.



6. SOFTWARE MAINTENANCE

The PSD system is equipped with a DSP3{ital signal processingnit. In the EM, the DSP32C
software resides in EEPROM which can be reprogrammed via an IDE interface (tA8EMox has
to be opened for this reprogramming). €mrt-up,the EEPROM code is copied inRAM and

executed there.

The software is designed as modules wlaich connected via jump call vectors. Softwarean be
maintained either by replacing code directly in RAM or by adding software modules and redirection of
the jump or call vectors. For this purpose a specific software maintenance mode is foreseen which can
be accessed whetine system is set to configuratiomode. The DSP32C code for software
maintenanceesides inEEPROMand consists of eeduced command interpreter. Whersaftware
maintenance mode, the only commands allowed are memory upload, ndumagpyand status HKO

(TBC).



7. Monitoring the PSD

7.1. Technical housekeeping data
7.1.1. Voltage control

Aim :

Collect information about the PSD subassembly voltages.

Command sequence:

Housekeeping Action Affected Bytes
command in command
12 Hex Read voltages 3-10

Conversion function / table :
TBW

Notes :
none




7.1.2. Temperature control
Aim :

Collect information about the temperatures in the PSD subassembly.

Command sequence:

Housekeeping Action Affected Bytes
command in command
12 Hex Read temperatures 11-18

Conversion function / table :
TBW

Notes :
none



7.1.3. Software control
Aim :

Collect information abousictualsoftware performance arafatus.Mainly used for debugginglso
used for the reconstruction of the rate time information.

Command seguence:

Housekeeping Action Affected Bytes
command in command
12 Hex Command count, last received command code and 19-26

identifier, last DFEE ID sent, 8 Hz counter

13 Hex Events and curves in buffers, error count since laist 3-8
power-on, last error type

1C Hex RAM checking, analogue control 17-22

Conversion function / table :

The command counis a roll-over counter of the number of commands received by &z EM,
including the housekeeping commands.

Thelast received command coBgte contains the last command cdlat was received by the PSD
EM, excludinghousekeeping commands. The following table summarises possible return values:

Value Meaning
43 Hex (C) Configuration command
44 Hex (D) Memory dump command
49 Hex (I) Library upload command
4C Hex (L) Memory upload command
4D Hex (M) PSD mode command
50 Hex (P) Parameter command
52 Hex (R) Software maintenance command

Thelast receiveccommand identifieByte contains the last command identifieat was received by
the PSD EM, excluding housekeeping command$he possible return values depend on the
command code :

Command code Possible command identifiers
43 Hex (C) 01 - OAHex (command identifier)
44 Hex (D) Most significant Byte of start address
49 Hex (1) OB - 11 Hex (library upload identifier)
4C Hex (L) Most significant Byte of start address
4D Hex (M) 53(S), 58 (X), 43 (C), 59 (Y), 44 (D) (all hex)
50 Hex (P) parameter identifier
52 Hex (R) 4D (M), 52 (R)




Thelast HSL identifier sent to DFE€bntains the last 16 Bit identifier that was sent to the DFEE.

The 8Hz countercontains theactual value of thé®SD internal 8 Hz roll-overcounter.The least 3
significant Bits (Bits 5,6,7) of this counter are always 0 on the EM.

Notes :

RAM checking is not implemented on the EM. The corresponding Bytes should always be 0.



7.2. Scientific housekeeping data
7.2.1. Channel rates
Aim :

Collect information about the detector channel rates, i.e. the eventhatesepassed tahe analysis
software (TBC).

Command sequence:

Housekeeping Action Affected Bytes
command in command

13 Hex Compressed channel rates for detectors 0-17 9-26
14 Hex Compressed channel rate for detector 18 3

Conversion function / table :

The channel rates for each detector are compressed into 8 Bits using the following scheme:

7 6 5 4 3 2 1 0

exponent mantisse

Decompression leads to a 16 Bit value given by
value = mantisse * 2 * (exponent + 4)
Units for the decompressed value are events per 64 seconds.

Notes :

none



7.2.2. Selection statistics
Aim :

Collect information about the scientific selectgtatistics, i.ethe number of eventdhat have been
identified as single interaction events or multiple interaction events per detector.

Command seguence:

Housekeeping Action Affected Bytes
command in command

14 Hex Compressed selection statistics for detectors 0-10 5-26

15 Hex Compressed selection statistics for detectors 11-18 3-18

Conversion function / table :

The selection statistider each detector areompressed into 8 Bitgsing the scheme described in
section 7.2.1. Decompression leads to a 16 Bit value. Units for the decompressed value are events pel
64 seconds.

Notes :

none



7.2.3. Rate history

Aim :

Track the history of global front-end LLD and ULD rates (no breakdown per detector). The LLD rates
are the number of pulses within 2 seconds that led to a front-end t(iggepulseghat exceeded the

LLD within TW after a FET trigger). The ULD rates are the number of pulses within two setbaihds
exceeded the ULD. These parameters may be useful for deadtime estimation.

Command sequence:

Housekeeping Action Affected Bytes
command in command
15 Hex Rate history for 2 second intervals 1-2 19-26
16 Hex Rate history for 2 second intervals 3-8 3-26
17 Hex Rate history for 2 second intervals 9-14 3-26
18 Hex Rate history for 2 second intervals 15-20 3-26
19 Hex Rate history for 2 second intervals 21-26 3-26
1A Hex Rate history for 2 second intervals 27-32 3-26

Conversion function / table :

Uncompressed 16 Bit values. Units are triggers per 2 seconds.

Notes :

none



7.2.4. Library status
Aim :
Collect information about pulse baseline and noise running averages.

Command sequence:

Housekeeping Action Affected Bytes
command in command
1B Hex Read running averages 3-26
1C Hex Read running averages 3-16

Conversion function / table :

The running average is given by
ravg = 0.25 * (running average value)
where 'running average value' is the unsigned 8 Bit integer value as read from housekeeping.

Notes :
Noise running averages are not implemented on the EM. The content of all Bytes should be 0.



