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icec
LISTM
o
MUX
ouT
WART
RGDB
PAaTT
TVD

- TRIGG

of abbreviations

~uxiliary crate bus,
Auxiliary crate controller
Analog-to-digital converter
BDlack=-white

Dedicated crate controller
Dircct memory access

Direct memory increment
Histogramming mecmory
Inteligent crate controller
List mode memory
Microprocessor
Multiplexer/Router

Output parallel register
Random access memory
Red-green~bluc

Pattern module

.TV driver

Fast logic trigger



I. General description

DARS is designed for the measurcment of both single cnd
coincidence spectra in nuclear spectroscopy. Single spectra
are recorded in OMI modec while the coincidence ones in LIST
node. The meaosured data are stored on magnetic tape attached
to the host computer. The present configuration allows to
measure up to six single spectra and their mutusl time rela-
tions (coincidences).

DARS is built in CAMAC and occupies two cratcse. In order
to make DARS faster each crate performs its specific function
autonomously as thecy are controlled by their own processors.
Thesc two crates arc connected by one parallel channel to

transfer data measured in LIST mode.
I.1 Hardware configuration

The block scheme of DARS is shown in Fige. I.l1.~1. The
following functions are performed by the two crates:

Crate 1: = display of single and two parametric spectra
including the display of slices of many para-
metric spectra

- preprocessing of LIST data to create required
slices

- data manipulation

- data storage on mag. tapc of the host computcr

- data acquisition (DMI mode)

Crate 2: = data acquisition (LIST mode) and their transfer
to Crate 1

I.1.1 Operational description

Detectors’ analog signals are processed by the correspon-
ding ADC's. Their words are transferred (on line) via iiUX to
HISTI in DMI mode (single spectra)e. In tihe case of valid coin-
cidence event PATT activates Crate 2 for data acquisition. PATT
and ADC’s data are transferred via DMA modules to tho part of
ICC operating momory sorving as a LIGT mode buffor (4 K). Once
the buffer is full the data are transferred to LISTHM in Crate
1 via OUT registoer. At the same time the transfer of LISTH
data to the host computer (TPA=70) is activatecd and data are



stored on the magnetic tape. Then the LISTM data are proccs—

sed by ACC to create coincidence spectra and their slices for

display. These data are stored in the frecc portion of HIS .
Any part of HISTHM can be transferred to the TPA-70,

1.1.2 Description of modules used
ACC - Auxiliary Crate Controller, model 216C, CES (Crea=~
tive Electronics Systems), Switzerland
ACC is based on TEXAS TMS 99110 pP running at 6 MHz. It
contains 16 K (156 bit) two=port memory (EPROM/RAIM combinations
possible), RS232C interface and programable timer., ACC decodes
23 NAF instructions.

HISTM = Histogramming memory, model 2161, CES

HISTM is specifically designed for ACC model 2160, Its
capacity is 64 K (24 bit) and can be devided to B regions 8 K
(24 bit) each. Three modes are avaliable: histogramming (DMI),
multiscaling and liste. In DARS part of the HISTM is used for
storage of (required) coincidence spectra and slices,.

MUX - Multiplexer/Router, model 1001, CES
MUX generates highest significant bits of adresses and
routes data from a given ADC to a required region of HISTH,

-ITV 574 = RGB TV Interface/Driver, Dubna, Soviet Union

TVD module consists of two parts. The first part contains
all circuits needed for the work with RGB display. However its
memory is sufficient for BW display only. The second part re-
present the memory extension needed for RGB display. The reso-
lution is 256x256 pixels. TVD decodes 20 NAF instructions.

oDC - Dedicated Crate Controller, Institute of Physics,
Bratislava, CSSR
ODC is a modified TPA=70 CAMAC Crate controller (model
CAM 1,03, Hungarian Academy of Sciences, Hungary) fulfilling-
the function of the minimal crate controller according to the
LUR 6500 standard. Thus DCC facilitates conncctions of crate
1 with TPA=70 while the control of Crate 1 is under ACC,

Diia - Direct Memory Access module, model CAl 1,15?31,
Hungarian Acadeny of Scicnces, Hungary
Dli\ module serves for fast data transfer frowm specificd
nodules of the crate to the operating wmemory of ICC. It con-



teins 16 word of memory to store the data transfer progrome.

The transfer is controlled by LAl signals. One DI\ module cun
nandle waximuim 4 modules and cooperates exclusively with ICC,
medel CaAld 1.15,. The data transier with Db is 10 times fos-

ter compared with the use of NAF instructions.

ICC - Intcligent Crate Controller, model CaM 1.15, Hungja-
rian ~cadeny of Sciences, Hungary
ICC is bzsed on Intel 80OLO th It contains 60 Kb kali/4 b
Pi:OM memory and is connected with double floppy disc driver.
ICC can control either one crate or = using Branch Extender

Driver - a CAMAC branch (EUR 4600).

~DC - In DARS one can use different types of convertors

depending on details of the experiment. They have to
have two additional features: Each ADC (i) must represent a
CAIMAC module and (ii) must be equiped with the output connec-
tor for MUX,

PATT = Pattern module, Institute of Physics, Bratislava
Cssi
PATT is a multipurpose module which starts the data acqui=~
sition in Crate 2, gencrates the word containing information
about which ADC is takin¢ part in the valid coincidence event
(from TRIGG) and contains timers facilitating proper function

of OMA modules.,

I.2 Software

Similarly as the DARS hardware also its software consists
o7 three programming units. Each unit controls onc of the thrce
processors involved (TPA=70, ACC, ICC) in order to perform
- with the attached hardware = the required functions of OnRS,
At the same time, however, each programming unit contains prog-
rans facilitating the necessary cooperations between proces-

In the following the corresponding programming units for

sors once it is required,

ACC (display, manipulation and preprocessing of measured data),
TPA=70 (data storage, two-way transfer of data and programs
between TPA=-70 and Crate 1) and ICC (data acquisition in LIST
mode) will be described,



I]. Data visualisation

Display, manipulation and preprocessing of measurcd daty
is performed by ACC which is controlled by DAVIS (DAta VISuu-
iisation'program). Initially, DAVIS is stored on TPA=70 digi
in the DAVIS,DAT file,

II. 1 Initialization of DAVIS

Here, tho step by step procedure-is given to transfer
DAVIS from TPA-70 to ACC and its initialization:
1) Switch DCC (Crate 1) to "ON LIKE"
2) On TPA=~70 terminal:
@) call Data Transfer Program DTP (see part III.) by
.DTP  CR (carriage return)
b) identify the program to be transfered by
DAVIS DAT CR "
c) identify the direction of the transfer by
W CR (write to ACC)
After the transfer is completed DAVIS is autostarted and
the basic configuration for oneparesmetric display is seen on
the screen.

11,2 DAVIS' commands

DAVIS is an interactive program which - after initializa-
tion = is in COMMAND mode (it waits commands from the user),

From the point of view of the required functions the
DAVIS' commands can be devided in two groups:

a) display commands

b) data manipulation commands

The user can enter the display commands (via ACC termingl)
without the need to wait for DAVIS response, However this res-
ponse can last up to several scconds for twoparamectric spectra.‘
On the other hand the data manipulation commands can be enterecd
only individually i.e, DAVIS accepts the next command only
after the preceeding one has been executd, ,

From the point of view of their structure the DAVIS’ com-
mands can be divided in other two groups:

i) paramectric

ii) nonparametric



The format of the parametric commands is

MG ,PAR1 ,PARZ, . ¢ PARN CR
where MC is the mnemonic code (two alphabetic characters) for
the required function and PARi arc numerical parameters wihich
characterize this specific function. Some commands of this
type are fully charactorized by the mnemonics and, thercfore,
no parancters arc rcquired after entering mnemonicse. The rcqui-
red function is performed after pressing CR.,

The format of the nonparametric commands is:

C ARROWL ARROVZ2 4660 ARROYIN CR
where C (bne alphabetic character) indentifies the requirec
function and ARROVWi its "direction", AfTter pressing arrow (their
nuinber is not limitted) the rcquired function is immediatcly
executed, Function C is cancelled by pressing CR.

For editing commands (parumeters) the user can use DEL
key. Once an invalid command/parcrneter is enterd BAVIS respon-
ds by printing wessaje COMMAND ERROR or PARAMETER ERROR.

II.3 Organization of the memory space in HISTH

In the present configuration of DARS the HISTM is divided
to 8 region (each with & K/24 bit). One of these region is as-
signed to each ADC gttached to the systems As the ADCs' conver-
sion gain arc usually less than 8 K it is advantageous to uti=-
lize the unused memory space for e.g. the storage of data crea-
ted by data manipulation or preprocessing. Therefore DAVIS gl-
lows to divide each memory region to 1,2,4 or 8 groups. Then
the specific segment of the HISTM is defined by the number of
ADC’ region and the number of group in that region. After ini-

tialization DAVIS assumes one group for each ADC region,.
I1I1.4 Onepzgranetric spectra

D\VIS consists of two indcpendent parts:
i) display and manipulation with oncparametric spectra
ii) display, manipulation and construction (from LIST

modec data) of twoparametric spectra

After initialization DAVIS is in (i) mode. The mcdo (ii)
is called by DD command (sect.Il.5.2.1) and (i) mode is called
by DM,D0,DA commands (sect. II.4.2.2)., The parameters of the
‘current mode remain unchanged when switching to other modo.



I1.,4,1 Display configuration

‘The maximum display capabilities of DAVIS are shown in
fige Ile4e=1. Referring to this figure DAVIS allows to display
three spectra: Main spectrum -~ line 1, Overlap spectrum - line
2 and Above spectrum - line 3, Using the window (lines G to 9) .
the user can choose region of interest of displayed spectr
(Main, Overlap or both). The expanded window can be displayed
in the upper right part of the screen defined by lines 12 and
13 (the spectra 4 and 5 in the expanded view correspond to
spectra 1 and 2 in the window). By moving the marker (line 10)
one can read the number of counts in a channel and its energy.
The marker moves along the spectrum which is identified by the
pointer (the sign at GRM,GRO,GRA parameters - see bellow).
This spectrum is called the actual spectrum.

The parameters on the left part of the screen and those
bellow and above the displayed spectra contain further infor-
mations about those spectras. They have the following meaning:

YSC: Y SCale-it can bc either linear or square root,
Format: LINR or SQRT

GRM: GRoup of Main spectrum = the number of ADC region and the
number of corresponding group which is displayed as the
main spectrum

GRO: GRoup of Overlap spectrum -~ the number of ADC region and
the number of corresponding group which is displayed as
the overlap spectrum |

GRA: GRoup of Above spectrum = tHe number of ADC region and
the number of corresponding group which is displayed as
the above spectrum

xem: Format of the preceeding three parameters is: a -‘g;
a,ge <1,8» _

D5C: Display Start Channel = the channel number displayed
x1(=88), fige II,4.=1

DCEC: Displzy &nd Channel = the channel number displaycd at
X5=255, fige Ile4.~1 : .

kem: The parameters DSC and DEC are common for all- even not

)
-~

displayed - spectra
D3E: Display Start Energy = the energy corresponding to the
channel DSC
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DEE: Display End Energy = the energy corresponding to the
channel DEC

RSC: Region Start Channel = the channel number corresponding
to the left side of the window and displayed at x, (fig.,
I1.4-1)

REC: Region End Channel the channel number corresponding to
the right side of the window and displayed at xg (fige
I11.4.-1)

RSE: Region Start Energy - the energy corresponding to the
channel RSC

REE: Region End Energy = the energy corresponding to the chan=-
nel REC

RTC: Region Total Counts - the sum of channel contents disp-
layed within the window for the actual spectrum

RzC

RTC = E Y(i); Y(i) = channel content
i=RSC

RNC: Region Net Count = RTC corrected for the "linear background"
RNC & RTC = (Y(RSC) = Y(REC)).(REC-RSC+1)/2

MCN: iMarker ChaNnel - position of the marker displayed at X5
(figeIl.4.=1)

.MEN: Marker ENergy = the energy corresponding to the channel
MCN

MCT: Marker CounTs = the content of MCN channel

HCN: Highest ChaNnel = the maximum channel content of the
spectrum

[ICE: Highest Channel Energy = the encryy dorresponding to
HCN channel ‘

HCT: Highest Channel counTs - the content of HCN channel

Rem: The parameters DSE,DEE,RSE,REE,RTC,RNC,HCN,HEN,HCT,HCN,
"HCE and IICT are valid for the actual spectrum marked by

the pointer (<€) = see fig.II,.4.~1

Format of the parameters 0SC,DEC,RSC,REC,HCN and HCWK is I4
Format of the parameters D5&,DEE,RSE,REE,MEN and HCE s FG6,0
rormat of the parameters RTC,RNC,MCT and HCT is IS

11



Parameters displayed above/bellow spectra (figeII.4.-1):

mcfs ¢ Main spectrum Count Full Scale = the channel content
of the main spectrum at full scale corresponding to
the position at y; (figeIl.4.-1)

ocfs

(23

Overlap spectrum Count Full Scale =~ the same as mcis

but for the overlap spectrum |

acfs : Above spectrum Count Full Scale = the same as mcfs but
for the above spectrum

mblc : Main spectrum Base Line Counts = the minimum channel

content of the main spectrum displayed at Y, (fig.

II1,4.-1)

oblc : Overlap spectrum Base Line Counts = the same as mblc

but for the overlap spectrum

ablc : Above spectrum Base Line. Counts = the minimum channel
content of the above spectrum displayed at Yy, (fig.
11,4,-1)

mrcfss Main spectrum Region Count Full Scale = the channel
content of the main spectrum at full scale in the window
corresponding to the position at Ys (figeIIledae=-1)

. orcfs: Overlap spcctrum Region Count Full Scale - the same as
mrcfs but Tor the overlap spectrum

mrblc: Main spectrum Region Base Line Counts = the mininum
channel content of the wain spectrum in the window
displayed at y, (fig.II.ﬁ.-l)

vrblc: Overlap spectrum Region Base Line Counts - the samc os

mrblc but for the overlap spectrum

The relation between parameters of oncparamctric spectra
and the data stored in HISTHM is shown in the uppcr pari of
figell.sd.=-2,

The organization o7 the screen for display of paramcticrs,
spectra and the expanded window is shown in the lower part of
that figures , .

In the expanded window only the relevant parts of the nuin
and the overlap spectra are displayed. The parameters RSC and
REC arc, however, the same for all displayed spectra.
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II.4.2 Graphics

DAVIS allows to display "“live" spectra i.e. their channel con-
tent is continuously updated during the acquisition. Correspon-
ding parameters (RTC,RNC,MCT,HCN and HCT) are also updated.

1I1,4.2.1 Command for HISTHM division

Number of Groups per ADC arca
Format: NG, adck, #groups CR
Parameters: = adc# is tne number of ADC region in HISTH
(1 to 8)
-~ ggroups is the number of groups per ADC
region adc®# (allowed values are 1,2,4,8)

I11,4.2,2 Display commands

a) Display Main spectrum
Format: DM, adck, grk CR
Parameters: = adc} is the number of ADC region in HISTH
- gr# is the group number in adcé.
(grit € ¥groups for a given ADC region)
Response: «~ display the specified memory space as
the main spectrum
- update all relevant parameters and the
expanded window
b) Display Overlap spectrum
Format : DO, adchk, grk CR
Parameters: have the same meaning as in 0il cowwand
Response: = display the specciticd memory space in
HISTM as tihe overlap spcctrum
- update all relevant paraméters and the
expandod window
c) Display Above spectrum
Format: DA, adc{§, gri CR
Parameters: have the samo meaning as in DM comman
Response: =~ display the specified memory space in:
HISTr as the above saccetrun V
- update all relevant paramcters
- generate lines no. 11 and 13 (fig.II.4.~1)
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d) Display Window
Format: Dv/ CR
Response: - generate lines no., 12 and 13 (fig.1I.4.-1)
- display the expanded window
e) Erasc Main spectrum
Format: EM CR
Response: = erase the main spectrum and its portion
in the expanded window
f) Erase Overlap spectrum
Format: EO CR ‘
Responset: = erase the overlap spectrum and its portion
in the expanded window
g) Erase Above spectrum
Format: EA CR
Response: = erase the above spectrum
- erase lines no., 11 and 13 if the expanded
window is not displayed
h) Erase Window
Format: cW CR
Résponse: - erase the expanded window
- erase the line no., 13 if the above spectrum
is not displayed

I11.4,2,3 Dilatation of axes commands

This group of commands allows to change limits of displa=-
yed spectra both in the horizontal (number of channels) and
the vertical (number of counts) directions and tihc linearity
of the vertical (Y) axis. These limits are confined betwcen

24
C and 2

rininun dimension of displayed groups) in the Horizontal dircc-

in the vertical diroction and O and RL (Right Limits=

tion.

Position of the marker (and the window) on the scrcen is
not influenced vy commands changing the horizontal limits.,
riowever the parameters RSC,REC and iCMN do change and gencratce
changes of other related parameters,

| To simplify description of commands in this section thic

following convention is introduced:

14



and

o o
1]

mctfs
ocis

acfs

The actual spectrum is characterizcd by the parameter "“a

3 represents the main spectrum

1 represents the above spectrumn

2 represents the overlap spectrum

The following parameters arereassigned accordingly:

= c¢fs(3), mblc
cfs(2), oblc
cfs(1), ablc

blc(3), mrcfs
blc(2), orcfs
blc(1)

rctfs(3), mrblc
rcfs(2), orblc

a) Shift D3C and DEC to the right

Format: S—>»

Response: = DSC = DSC + 1; DEC = DEC + 1
- update displayed spectra and

rameters
b) Shift DSS and DEC to the lef
Format: S <

t

Recsponse: = DSC = DSC=-1; DEC = DEC=-1

~ update displayed
ramneters
c) Zoom right
Format: Z ~»
Response: = DCC = DSC + (DCC
- updatoe displayed
rameters
d) Zoom lcft
Format: Z <
Responsc: = DiC = DSC + (D&C
- update displaycd
ramecters
e) Zoom up
Format: Z 4

spectra and

- DSC).Z
spoctra and

- DSC)/2

spoectra and

rolc(3)
rblc(2)

relevant pa-

relevant pa-

relevant pa=

relevant po-

Response: = cfs(a) = (cfs(a)-blc(a)).2 + blc(a)
‘ - update the actual spectrum and relevant

parameters.
f) Zoom down
Format: Z¥

Response: = cfs(a) = (cfs{a) - blc(a))/2 + blc(a)
- updatc the actual spectrum and relevant

parameters

15



16

g)

h)

i)

k)

1)

m)

Fine zoom right
Format: F =»
Response: = DEC = DEC + 1
- update displayed spectra and relevant
parameters
Fine zoom left
Format: Fe—
Response: = DEC = DEC - 1
- update displayed spectra and relevant
parameters
Fine zoom up
Format: F%
Response: = cfs(a) = cfs(a) + 1
- update the actual spectrum and relevant
parameters
Fine zoom down
Format: F
Response: = cfs(a) = cfs(a) - 1
- update the actual spectrum and relevant
parameters

Tune at biggest
Format: T4
Respons: - cfs(a) = max {Y(i)} , 1€ <D3C,DEC >
- update the actual spectrum and relcvant
parameters
Tune at smallest
Format: T¥ _
Response: = blc(a) = min iY(i)}; i€ < DSC,DEC >
- update the actual spectrum and reclevant
parameters
Cut at biggest
Format: C4 :
Response: - cfs(a) = max iY(iH ; 1€ <RSC,REC>
- update the actual spectrum and relevant
parameters
Cut at smallest
Format: C¥
Response: - blc(a) = min {¥(i)} ; i€ <Rsc,reC>
- update the actual spectrum and relevant
parameters



o)

p)

q)

Bascline shift up
Format: B4

"Response: - blc(a) = blc(a) + 1

- update the actual spectrum and relevant
parameters
Baseline shift down
Format: By
Response: ~ blc{a) = blc{(a) = 1
- update the actual spectrumrand relevant
parameters
Home right
Format: H=>
Response: = DiC = RL
- update displayed spectra and relcvant
parameters
Home left
Format: He—
Response: = DSC = O
- update displayed spectra and relevant

paramecters
Home up
Format: HA
24
Response: = cfs(a) = 2 - 1

- update the actual spectrum and relevant
parameters
Home down
Format: iy
Response: = blc(a) = O
- update the actual spectrum and relevant
parameters
Set lincar Y scale
Format: YP
Response: - set Y scale to linear
- update displayed spectra and relevant
parameters
Set square root Y scale
Format: Yy
Response: = set Y scale to square root
' - update displayed spectra and relevant
parameters

17



II.4.2.4 Marker commands

a)

Fove marker to the right
Format: M—>

Response: = IMCN = MCN + 1

~ update relovant parameters

b) tiove marker to the left
Format: lie—
Response: = MCN = MCN =

1

- update relevant parameters

11.4.2.5 Window commands

18

a) Upper line of window up

b)

c)

Format:

TEN

Response: =

rcis(a) = rcfs(a) + 1

shift the line no. € up (fige.Il.4.,~-1)

update the actual spectrum
panded window and relevant

Upper line of window down
Format: UV

lesponse: -

Ground linc

Format:

G

Responsc: =

Ground line

Format:

C¥

Response: -

rcfs(a) = rcfs(a) - 1

shnift the line no. 8 down
update the actunl spectrum
panded window and reclevant

of window up

rblc(e) = rblc(a) + 1
shift the line noe. G up
update tie actual spectrum
panded window and relevant

of window down

rblc(a) = rblc(a) - 1

shift the line no. 6 down
update the actual spectrum
panded window and relevant

Right line of window to the right

Format:

R >

Response: = REC = REC 4+ 1
- shift the line no. 7 to the right

in the ex-

parameters

in the ex=

parameters

in the ex-

parametcrs

in the ex-

parameters



f)

g)

h)

j)

k)

- update spectra in the expended
window and relevant parameters
Right line of window to the left
Format: R =<
Response: = REC = REC - 1
- shift the line no. 7 to the left
- update spectra in the expanded
window and relevant parameters
Left line of window to the right
Format: L—>
Response: = RSC = RSC + 1
- shift the line no. 9 to the right
- update spectra in the expanded
window and relevant parameters

Left line of window to the left
Format: L <
Response: = RSC = RSC = 1
- shift the line no. 9 to the left
- update spectra in the expanded
window and relevant parameters
Window up '
Format: W4
Response: - rcfs(a)=rcfs(a)+1; rblc(a)=rblc(a)+1i
- snift lines no., G and 6 (fig.TI.4+=1)up
- Update spectra in the expanded window
and relevant paramcters
Window down
Format: W¥ :
Response: = rcfs(a)=rcfs{(a)=1; rblc(a)=rblc(a)-1
- shift lines no, 6 and 8 down
- update spectra in the expanded window
and relevant parameters
Window to the right
Format: W ->»
Response: = RSC=RSC+1; REC=REC+1
- shift lines no. 7 and 9 to the right
- update spectra in the expanded window

and relevant paremeters

19



1) Viindow to the left
Format: Wd&
Response: ~ RSC=RSC-1; REC=RCEC-1
- shift lines no. 7 and S to the left
- update spectra in the expanded'window

and relevant parameters

I1,4,2.6 Commands for change of actual spectrum

The actual spectrum is marked by the pointer (the symbol< )
at the parameters GRM,GRO,GRA (fig.II.4.-1)

a) Shift pointer of actusl spectrum up
Format: ST
Response: = shift pointer to the line above
- put the marker on the new actual spectrum
- update relevant paramcters
'b) Shift pointer of actual spectrum down
Format: SV
Response: = shift the pointer to the linc below
-~ put the marker on the new actual specirun

- update relevant parameters
Ii..4,3 Data manipulation commands

This group of commands allows to manipulate with all-not
only displayed-data. The parameters DSC and DEC are the same
for all groups defined in HISTM,

a) ftOve spectrum ‘
Format: 0 ,adcks,qgris ,adci#d,grid CR
Parameters: = adcks, number of the ADC rogion in HISTH
serving as the source of data to be ma-
nipulated with
- grls, number of the {source) group of
the specified adciys
- ads§d, number of the (destination) ADC re=-
gion in HISTH to which the result of the
manipulation will be transferod
- gr{d, number of the {destination) group

ot the specified adckd

20



Rems.: Thoe parameters gris, grifd have to be less than
#groups defined for corresponding ADC regions s

and d respe. |
Response: transfer specctrum from the group s to the
"group d within the limits from DSC to DCC

b) ADd two spectra
Format:AD,adcbs,gr#s;adcnd,grnd CR

Parameters: have the same meaning as in MO command

Response: add two spectra in groups s and d and
store tho result in the group d:
Yd(i)=YS(i)+Yd(i); ie € D3C,DEC >

c) SUbstract two spectra

Format: SU,adc#s,grks,adckd,gritd CR

Parameters: have the samec mecaning as in 10 coumand

Response: substract the spectrum in the group s fron
tnat in the group d and store the result
in the group d:

Y (i)=Y (i)=Y _(i); i€ < DSC,DEC >
d) MUltiply two spectre
Format: iiU,adcds,gris ,adchid,orhd CR

Parameters: have the samc meaning as in MO command

Response: multiply the spectrum in the group d by the

spectrum in the group s and store the result

in the group d:
Yd(i)=‘(d(i).Ys(i); i€ < DSC,DEC D
e) DIvide two spectra
Format: DI,adcWs,grks,odchd,grad CR
Parameters: have the same weaning as in MO command
Response: divide the spectrum in the group d by the
spectrum in the group s and store the
results in the group d: '
Y (i)=Y (3)/Y_(i); i€ <DS(2;‘10F.C >
ist(i) = O than Yd(i) = 2 -1
f) compute FRaction spectrun
Format :FR,fpn,adcls,grs,adchd,grid CR
Paraweters: -~ fpn, decimal number { >0 or ¢0) multi=-
~ plying the data in the group s
- other parameters have the same meaning

as in MO command
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g)

h)

3)

k)

Response: substract the spectrum in the group s multi=-
plied by fpn from the spectrum in the group
d and store the result in the group d:
Yd(i)=Yd(i)-fpn.Ys(i); ie < DSC,DeC >
Rem,: the spectrum in the group s remains unchanged
NOrmalize spectrun ‘
Format: NO,fpnm,fpnk,adcl,grit CR
Parameters: = fpnm,Tpnk are decimal -nunmbers (wulti-
' plier and constant, both <0 or »0)
- adc#i, numnber of ADC region in HIGTIA
- grif, number of the group of the speci-
fied ADC region |
Response: normalizc the specified spectrum as:
Y(i)=fpnw,¥(i) + fpnk; i€ < DSC,DEGC >
Siooth spcctrum
Format: SM,ints,adcH,gr¥ CR
Parameters: = ints defines the degree of smoothing;
ints = 3 or 5
- other paramcters have the same meaning
as in NO command
Response: perform 3 or 5 point smoothing of tihe speci-
fied spectrum in the interval < DSC,DCC >
and store the result in the original group
SQuare root of spectrun
Format: SQ,adc,gr4 CR
Parameters: have the same mcaning as in NO command
Response: compute the square root of each channel of
the specified group and store the result in
that group:
v(1) = W(i); i€ <psc,oec >
CLear spectrun
Format: CL ,adcl,grk CR
Parameters: have the same meaning as in NO command
Response: Y(i)=0; i€ < DSC,DEC »
InteGraute spectrum
Format: IG,adcd,gr# CR

Parameters: have the some meaning as in NO command

Response: integrate the specified spectrum and store the

result in the original group:
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Y(i) = zz: Y(k); i€ € DSC,DEC >

k=DSC

1) DiFfarcentiate spectrum

Format: DF ,adcl,yrg CR

Paramcters: havo the same weaning as in NO command

Response: rewrito the specificd group as

Y(i)=V(i)-Y(i-1); i€ -(DSC,DEC >

Energy calibration

This comaund consists of two parts and refers to the

actual spectrum:

1) nuwber of points for Energy Calibration

Format: EC, Hpoints CR

Paramecters: # points (integer, 2 3) defincs the

number of points to be used for the

energy calibration

Response: define the number of input points for

the second part of the command

2) input of valucs Channel=Energy pairs

Format: CE,

Parameters:

Response: -

Rem.:

DAVIS

channel, encrgy CR

channel, energy - integer, decimal
numbers assigning the energy to the
specific channel

input # points data pairs channcl,energy
fit the data by the second order poly-
nomial

Energy=r\.channel2 +B.channel +C using
the least square mcthod

update energy dependent poraneters
print the massage CALIBRATION READY on
the ACC terminal »

allows to calibrate all displayed spec-

tra independently. Defcult values of calibra=

tion constants are ~=0,8s21,C=0,

n) SearCh for peaks in spectra
Format: SC,m,r,b,adcl,gré CR

Parameters: = m, intcger € € 1,3)» , defines the weigh-

ting function w

- r, decimal number used in the function C

"defining the existence of a peak:



1/2

C(k):Z w(i) [Y(k+i)- iA(k)+r. Q«(lf)}]

i==1/2
where 1=3 m and A(k) is given as
N ke+l/2
1
Alk) = — E V(i)
1
i=k=1/2

The criterion for the cxistence of a pouk
are at least thrce succecding positive
values of C(k). Tho position of a peak

is calculated as

p+l/2 i=p+l/2
E 1.Y{1) / 2 Y{1i)
i=p~1/2 i=p=-1/2 ‘
where p is &an estimate of the peak

position obtained from the behaviour of C(k)
- b, decimal number used to calculate the

net peaﬁ arca (see fig.Il.4.-4)
- other parameters have tnc same wcaning

as in NO command

Response: search for pealks in a given spectrunm
between channel D3C and DEC
- calculate parameters of the identified peaks
(position, energy, total and net area) and
print the results on the ACC terminal
o) Hard Copy o
Forimat: HC CR
Response: = copies the picture from TV screen to grap-
hie line printer,

Kem,: Can be used also for twoparametric spectra.

11.5. Twoparametric spectra
I11.5.1 Display configuration

DAVIS displays the specific memory region of HISTI definod
by parameters shown in fig. II1.5.-1 {(they arc described bgellow).
The basic display configuration of twoparametric spectra is
shown in fig I1.5.-2. The spectrum is displayed with thc hoelp

of a grid which - approximately - follows its shape. Density of
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the grid is specified by tihe parameter DTP (density of peints)
dcfining the nuwber of nodes in tho grid in both (X and ) dircc-
tions. DTP is the same for both directions. The larger is DTP
the better is the spectrum shape reproduced,

Using the window tive user can dcfine region of intcrest,
The movable marker provides further informastion about the spec-
trum in a similar way as in the case of oneparametric spectra.
An example is shown in fig, II.5.,-3. DAVIS allows to display
vurious slices. _ ‘

The user can look on the displayed spectrum at various
angels o, 8 (sece fig. II.5.-1), If c(+/§ =90° the spectrumn is
displayed witih the help of "equipotentiols"™ (the look from above,
in the direction - Z) ~ sce fige. II1.5,-4,

Along the Z direction the data are divided into count re=-
gions. Their number is defined by DTC parameter. Only those
points of count regions are displayed which are inside the dis-
played counts in region defined by the parameter WCR = see fig.
I7.5.,~4 for details,

Description of displayed parameters (fige. II.5.-2):

£.3 = Count Full Scale

'+ C = Base Line Counts

GA - Display Start channel for X axis

07X = Display End channel Tor X axis

S5Y « Display Start channel for Y axis

OCZY - Display End channel Tor Y axis

ISX - Region Start channel for X axis; the first channel in
the window in X direcction

REX - Regibn End channel for X axis; the last channel in the
window in X direction

RN5Y = Region Start channel for Y axis

KiZ¥ = Region €nd channel for Y axis

KTC - Region Total Counts. RTC is evoluated as follows:
First, DAVIS sums up the contents of channels Z(X,Y)
defined by X,Y coordinates '

S =2 Z(X,Y)

where _
' DEX=DSX ‘ DEY=-DSY-
X = i+ D3X; Y =

DTP DTP

j + DSY
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for i,je€ {0,DTP). In the same timec X € < RSX,REXD>and
Y€ < RSY,REYD . Then RTC is cvaluated as

RTC = a.b.S

where
DEX=DSX DEY-DSY
a = H b = femeens
DTP DTeP -

The situation is depicted in fig, II.5.~5. RTC is eva-
luated excatly only if DTP=DEX-DSX=DEY-DSY,

RNC - Region Net Counts. The sum of channel contents of the
region defined by the window corrected for the linear
background:

RNC=RTGC=(REX~RSK )(REY-RSY) {Z(Rsx RSY )+Z(RSX ,REY) +

(REX,RSY) + Z(REX,RCY)} /4

N

+

rICA - tarker Channcl X axis coordinatec
(iCY = Marker Chaonnal Y axis coordinate
MCT - Marker CounTs. Content of the channel defined by MCX
and MC( coordinates
Rem.: Marker is displayed only if the window is dis-
played.
. HCX = Highest Channel X. X coordinate of a channel with tho
highest channel content
HCY - Highest Channel Y. Y coordinate of a channel with the
hiubest channel content.
Rom, : Paramcters HCX,ICY are searched for only at nodus
of the ¢grid, i.e. for '
DEA-DSA DEY=DS5Y

X = 54DSX; Y =
DTP DTP

Jj + DOoY

where i,je <0,DTP)

HCT = Highest CounTs. Channel content Z(!iCX,HCY)
Rem.: Parameters RTC,RNC,MCT ,HCX ,HCY ,HCT are updated only
if DWW command wos entered .
DTP -~ DensiTy of Points, The number of nodes in the grid for
display.
DensiTy of Count regions. The number of regions betwecn
BLC and CFS = fig. II1.5.,~4.

(o}
(@)
1

26



WCR = Width of displayed Counts in Region = see 73ige II.5.-4,
Rem.: Parameters DTC,WCR are defined only for dispiay
with the help of cquipotcntials.
A = Angles.Current'valuéé of anglec of rotation e(,/Q,T\
Xifs € <0°,90% , Te <0°,350°) ; step 10° - fig. II.5.-1.

Format: Ay XX, XX XXX
II1.5.2 Graphics

DAVIS allows to display twoparametric spectra which are
cither constructed during equisition from the LIST - mode data
or are transfered to HISTM from TPA-70,

In the followind description of commands it is implicitely
understcou that after execution of a cowmand the spectra and

the relevant parameters are updated whenever necessary.
I1.5,2,1 Display commands

a) Display Double parai.eter spectrum
Format: DOD,adci,gri,dx,dy CR
Parcmeters: = adc§f, the number of ADC rogion in HIST
- grd, the number of the grour in the
specified ADC region (gri#SHiyroups for a
given ADC region)
- dx, dimension (number of channels)
of the displayed region along X axis
- dy, dimonsion of tho displayed ragion
along Y axis
Reme: Faramecters adcl,grih defince the'starting terory Joco-=
tion in HIBTM (the first channel in the group grifi)
at which the twoparametric spectrum starts. It iu
assuined that all highcf location (up to G4 ) in
HISTH are avaliable for the twoparamctric spectrunm.
The product dx.dy must not excced this avaliable
area. |
Response: initialize DBAVIS' routino for a twoparametric
display
b) Display Window
Format: DW CR

Response: - display window and marker (see figé.
II.S.-S and II’S.-G)
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- update all relevant parameters (RTC,RNC,
HCT ,HCX , HCV ,HCT)
c) Erase Vindow

Format: &v/ CiR

Response: erase window and marker

d) Display slice for given X
Format: DX CRrR
Response: display slice X=lMCK (sce fig. II.5.=7
for OTP=1) ’

¢) Display slice givch Y
Format: OV CR
Responsc: display slice ¥V=MCY (see fig. II1.5.-8
for DTF=8)
. Reme.: To display only the required slice the 'uscer chould
devine DTP=1 (see bellow;. ioving the warker the

slice is updated corrcspondingly.

f) Erese slice for given X
Format: &X CR

Responsc: ¢rausc the slice define by OX command

g) Lrase slice for given Y
Format: &  CR
Response: erase the slice dofined by DYV command
h) SPan region |
Format: SP CR
Response: display only the regioh dofined by thae
window (sec fig, II.5.=-9)

I11.5.2.2 Commands for dilgtation of axes

The motions - to the right, to the left,up and down -
- used in this section coincide with the movement of the
~figure on the screen only for T=0° (ieee if no rotation

around Z axis was introduced).,
a) Shift specfrum to the right
Format: S-»

Response: DSX=DSX+1; DEX=DEX+1

b) Shift spectrum to the left
Format: S«
Response: DSX=0SX-1, DEX=DEX-1]
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c)

d)

f)

a)

h)

i)

)

1)

Shift spectrum up
Format: sf

Response: DSY=DSY+1; DEY=DEY+1

Shift spectrum down

Format: S¥ ,
Response: DSY=DSY-1; DEY=DEY-1

Zoom righf
Format: Z2=»
Response: DEX=D5X

Zoom left

Format: Z &

Responses: DEX=DSX + (DEX-DSX)/2

Zoom up
Format: zZ 4§

Response;: DEY=DSY + (DEY~DSY),2

Z2oom down
Format: Z¢

Response: DEY=DSY + (DEY-DS5Y)/2

Fine zoowing right
Format: F —»

Rosponse: DEX=DEX+1

Fine zooming left
Format: F e

Response: DEX=DEX+1

Fine zooming up
Format: F
Response: DEY=DEY+1

Fine zooming down
Format: F ¢
Response: DEY-DEY-1

Tune up
Format: T 4
Response: CFS=max

+ (DEX-DSX).2

(21,33

j& LbSsY ,DEY>

for i€ @Sx ,DEX> .
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P)

q)

s)

t)

w)

x)

Tune down

Format: T ¥

Responsc: BLC=min {Z(i.j)}
j€ <OsY ,DEY >

Cut up
Format: C )

"Response: CFS=max {Z(k,l)}'

1€ &ksY,REY

Cut down

Format: C ¢

Response: BLC=min {Z(k,l)}
1€ <:SY ,REYY

Bascline up

Format: B %
Response: BLC=BLC+1

Baselinc down
Format: B ‘
Responso: BLC=DBLC-1

eXpand count full scale up
Format: X4

Response: CFS=BLC+(CFS=BLC),.2

eXpand count full scale down

Format: Xv

Response: CFS=BLC+(CFS~BLC)/2

for i€ {QSX,DEXD ,

for k& SX,REX) ,

for icé@SX,REX) .

change count full scale by One up

Format: O
Response: CFS=CFS+1

change count full scale by One down
Format: OV '

Response: CFS=CFS-1

Home right
Format: H->

Responset: DEX=dx

Home left
Format: H <€
Response: DSX=g



y) Home up
Format: HA
Response: DEY=dy

z) Home down
Format: HY
Response: DSY=fg

II.5.2.3 Marker commands

Remes: Marker commands are operational even if the window is
not displayed and, therefore, the marker. All parame=~
ters connected with the marker are updated as usual.

a) Marker to the right
Format: M=—>
Response: MCX=MCX+1

b) Marker to the left
Format: bi(—
Response: MCX=MCX=-1

c) Marker up
- Formats M4
Response: MCY=MCY+1

d) Marker down
Format: My
Response: MCY=MCY=1

II1.5.2.4 Window commands

Remst Window commands are operational even if the window is
not displayed., All parameters connected with the window

are updated as usuale.

a) Window to the right
Format: W—> '
Response: RSX=RSX+1; REXsREX+1

b) Window to the left
Format: We-
Response: RSX=RSX=1; REX=REX=1

c) Window up
Format: w1
Response: RSY=RSY+1; REY=REY+1
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d) Window down
Format: WV
Response: RSY=RSY=1; REY=REY=1

e) Right line of window to the right
Format: R~> -
Response: REX=REX+1

f) Right line of window to the left
Format: R <
Response: REX=REX=-1

g) Left line of window to the right
Format: L=
Response: RSX=RSX+1

h) Left line window to the left
Format: L <
Response: RSX=RSX=1

i) Upper line of window up
Format: U}
Response: REY=REY+1

Jj) Upper line of window down
Format: uv
Response: REY=REY-1

k) Ground line of window up
Format: G%
Response: RSY=RSY+1

l) Ground line of window down
Format: Gv
Response: RSY=RSY=1

1I1,5.2.5 Commands for rotations

This groups of commands serve to change the user's angle
- of view (angles « ,/’,e <0%,90% ) at twoparametric spectrum
and to rotate it around Z axis (angle Te <0%,350% )e All
angles can be changed in 10 degrees steps.
. The sense of arrows which are used in these commands is
" derived from the apparent movement of the point A (fig. II.5=-1):

~ (<) the picture on the screen rotates as if the point A
would move to the right (to the left)
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f(&): the picture rotates as if the point A would move up
(down)

a) increase o, decrease[& Angles
Format: Aep .
Response: - if )6 =0°% the command is ineffective
-  =¢( +10°%; p=p ~10°
(compare figss IIeS5e=2 and I1I,5.-10)
b) decrease ¢, increase/.). Angles
Format: A =<
Response: = if & =0° the command is -ineffective
- of =X =10°; B = +10°
c) decrease & , decreaseﬁ Angleos
Format: A% .
Response: & =max {o( -100,00} H IB =max {ﬁ-lOO,OO}
(compare figse Il.5.-2 and II.,5.~11)

d) increase & , increasef Angles
 Formats: A
Response: = if o + =90° the command is ineffective
- if x+fp =60° then o =« +10°; ﬁ:ﬂ :
o .0
- %= x+10°; A=4 410 |

e) turn View counter-clockwise
Format: V—>
Response: = T=T+10°
= the picture rotates around Z axis passing
through the point (DEX-DSX)/2, (DEY=-DSY)/2
counter=clock=wise (fige II.5.=12)

f) turn View clockwise
Format: V €
Response: = T=T~10°
- the picture rotates around Z axis passing
through the point (DEX-DSX)/2, (DEY=DSY)/2
clockwise

I11.5.2.6 Commands for density of displayl

a) multiply number. of Nodes in grid by 2
Format: NP
Response: DTP=DTP.2
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b) divide number of Nodes in grid by 2

c)

d)

Format: Ny
Response: DTP= [DTP/Z] e L ...] represents the
integer part '

increment number of Nodes in grid

Format: N>
Responset: DTP=DTP+1

‘decrement number of Ngdes in grid

Format: Ne
Response: DTP=DTP=1

Remes: Using N commands the parameter OTP vary between 1

e)

f)

g)

h)

i)

i)

k)

and nin {dx,dy} o« Examples for DTP=1 and DTP=64
are given in figse II1.5.-7 and II.5.-13 resp.

multipiy density of count regions (DTC) by 2
Format: PA '
Response: DTC=DTC.2

divide DTC by 2

Format: PY

Response: DTC= [DTC/2] ; [...) represents the integer
part

multiply width of displayed counts region (WCR) by 2
Format: P—>
Response: WCR=WCR,.2

divide WCR by 2
Format: P&~

Response: WCR= [WCR/Z] ;]:...] represents the intecger

part

increment DTC
Format: Qf
Response: DTC=DTC+1

decrement DTC
Format: Q¢
Response: DTC=DTC~-1

incremecnt VICR
Format: Q=
Responses WCR=WCR+1



1) decrement VWCR
Format: Q <
Response: WCR=VWCR=-1

Rem.: The effect of commands P and Q is visible only if
o(+'3 =90° i.e. for display with the help of "cqui-
potentials®,

Equipotential display of pyramide for different valucs
of OTP and WCR are shown in figs. II.5.~14 and II.5.~15

I11, TPA=70/Crate 1 communication

The following two programs (DTP and HiHRW) were designed
for two-way transfer of data betwsen TPA-70 and ACC 216OI(DTP)
and HISTM (HMRW), These programs sre not a part of DARS data
acquisition software and in this sense the user can use them
only “off=line”.

II1I.1. Data Transfer Program DTP

DTP serves for comﬁunication between ACC 2160 agnd TPA-70,
The purpose is the two-way transfer of data/programs stored in
ACC memory or on a disk file in TPA=70,

In the following the step by step procedure for initigli=-
zation and use of DTP is described:

1) Switch DCC to "on line"

2) Using TPA=-70 terminal call DTP typing
.DTP  CR

3) Specify file name (FILNAME) and extension (EXT) from
(to) which data/program will be transfered typing
FILNAMEXT CR

Rem, : It is implicitly assumed that the specified file
is on TPA-70 DK1 disk (exchangable) and in USRLIB
4) Specify the direction of transfer typing
R CR (read data/program from ACC to TPA=70) or
W CR (write data/program from TPA-70 to ACC)
5) Once the transfer is completed switch DCC to "of linc"
or call DTP again '

I11,2 Histogramming Memory Read/Write program HMRW

HMRW serves for communication between TPA=70 and HISTM,
The purpose is the two-way transfer of the block of data stored
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in HISTM or on a disk file in TPA=70. The length of a block
equals to the number of channels of a group in a specific ADC
region in HISTM as defined by the appropriate command of DAVIS.

In the following the step by step procedure for use of
HMRW is describad :

1) Using TPA=70 terminal call HHRW typing
«HMRW  CR

2) After loading HMRW prints the message:
IS DCC ON LINE (Y)?
The user should switch DCC of Crate 1 to "on linc™ and
type
Y CR

3) Then HMRW asks for the specific ADC region in HISTH (adch)
and prints{
ADC(1,2,3,4,000,8)7
The user should define this region typing
adch CR (adch € < 1,85 )

4) Then HMRW wants to specify the number of the group (gr#)
of that region and prints
GROUP (1~-8)7
The user should specify that group typing
grg CR
(gr# & W groups per given adch)

5) HMRW then prints the message
READ FROM HM OR WRITE TO HM (R,W)?
The user should specify direction of the transfer typing
R (or W) CR

6) HHRW then prints
FILE NAME (DK1:FILNAMLEXT)?
The user should specify the file name (FILNAM), its ex=-
tension (EXT) and the library name (LIBNAM) on DK1 disk
of TPA=70 (exchangable disk) from (to) which the data
will be transferred typing
DK1: FILNAM,EXT [LIBNAM] CR

7) After completing the required transfer HMRVW prints the
message ' '
CONTINUE WITH ANOTHER TRANSFER OR END (C,E)?
-The user might continue the transfer typing
C " CR
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and HMRW starts communication from point 3) or

E CR

Now HMRW reacfs_by printing

IS DCC OFF LINE (Y)? '

The user should switch DCC to "of line" and type
Y CR

and the transfer is finished

Warning: Should DCC be "on line" when the user types
Y CR (in the step 8)
the ACC memory and HISTM will be cleared!
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