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Trigger scheme of the ionization hodoscope
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The electronics and the tr igger scheme of the ionization hodoscope have been consid-
ered in [1,2]. Nevertheless. for the tr igger electronics onlv a basic logic was schematicai ly
shown. In this note there are suggested the versions of practical realization of the ioniza-
t ion detector tr igger fol lorving [2] and going further.

The ionization hodoscope (l11) consists of trvo planes each of l6 vert ical ly oriented
strips. The planes are sirifted by a half-ividth of the strip to remove an inefficiency due
to gaps betrveen the strips. The logic should select the events lvith a double ionization
in any single or two adjacent strips from the background of single-ionizing particles and
pairs crossing non-adjacent strips. As far as in this experiment the equal conditions for
detection both of real and accidentai pairs have to be ensured, the accidental "false"
double ionization events (rvhen trvo uncorrelated particles hit the same or adjacent strips
within the resolution time and their integrated charge overcomes the double ionization
threshold) should also be accepted.

A positive decision of the IH logic is a subtrigger 2. A iotal trigger 2 includes also
the decision from the SciFi detector logic. For short. in this note the iH subtrigger2 is
named T2. The IH electronics should provide also the subsequent Trigger 3 scheme with
a bit-pattern rvhere non-zero bit(s) correspond the number(s) of strip(s) which detected
the double ionization.

In the logic suggested in [2] the events are analyzed for double ionization in single and
adjacent strips separately. For this aim the signals from every strip are split in a linear fan-
out unit to two branches. For single strips the modified LeCroy FERA ADC 43008 with
a fast output of the integrated signal [1] is used. For adjacent strips usual discriminators
followed by coincidences of pairs of all adjacent strips fulfill the needed selection.

The IH logic is triggered by Trigger 0 (T0) signal arranged using the vertical he
doscopes and preshower signals [3]. At the expected high rate of T0 (over 100kHz) there
will be essential dead time inserted by ADC. To avoid this V.Karpukhin suggested to use
two ADC per plane instead of one supplemented with a dedicated commutator unit which
distributes gate signals among the ADC. Normally oniy the first ADC is in operation but
if the interval between the adjacent triggers is less some guard time (defined by the ADC
dead time), then the gate is directed to the second ADC thus sharply decreasing a dead
time. V.Karpukhin developed and produced the prototype of this commutator unit (K426
module).



In  F ig.1 t l - rere is  s i rou 'n the.c i ien ' re  r , , ' i r ic i t  io l lou 's  t i re  iu ,J ic  or ' i2 ] .  . \ l l  u- toc iu les are

standard LeCrol ,proc iucts  c t iccDt  i i te  commuIator  un i r  anc i  l l te  r t lenr ior rec i  upgrade of

FERA ADC1300B.  . \ i " te l  i inca l  i 'a i r - rn / fan-oul  l2EF t i re  s inq le s t r ip  l r ranch sp l i ts  in to

two i r r regra l ing. \DCl  ( -1 :1008) .  ,n iv  one o i  t i rern is  gated in  cac i r  c \ "ent  bv T0 s ignal  v ia

the commutator  un i t .  
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i r r tes larec i  s ignal  f lom t i re  iast  ouIput  comes to the d iscr imi-

nator D,z G1I2) rvirh 1 threshold sct a[ the clouble ionization le't 'el '  The outputs of trvo

discr iminators are summcci  in  i516 nrodule conf igurated as OR uni t  (16 pai rs  of  s ignals

in  one module) .
The adjacent str ips blanch from i irrearfan-inTfan-out, is connect'ed to t l ie ci iscriminator

D1 rv i th  a threshold corr .esponci ins to  s ing ie- ion iz ing par t ic les.  fhe d iscr iminator  is  a lso

gated b1,T0 ( rv i rh  70 appi ied to  t i re  Veto input)  to  have the same t iming l ike in  the s ing le

, t r ip  brunch.  Then rhe orr tputs  o i  OR in  the n- th  channel  o f  the s ing le s t r ip  branch and

of two Dy of the channels rz ancl rz - I  are connected to the logic module AND/OR (4516)

where there is made AND of tn'o adjacent str ips signals fol lorved by OR rvith a single str ip

double ionization signal. The outpur of .1516 aftel fan-out in '1518 module is directed to

three points: l)  to OR ol i6 channeis of the probable clouble ionization decisions of the

plane ( in  4564 moduie) :  2)  to  FER.\  r 'cq is ter  for  readout  (FERA regis ter  is  programmed

on the base of  LeCrol '2 .166 r rn iVers: r i  ioq ic  module) :  ;3)  to  b i t - to-b i t  OR ( in  4516)  wi th

another  IH p lane to  prepare the i r tpr r t  pat tern for  the Tr igger3 logic '

The electronics of the second III  plane iras the same structure. The OR of the f irst as

rvell  of the second plane and OR oi both planes are made in a single '1564 module. This

f inal OR of trvo planes is the T2 signal rvhich indicates that somewhere in the f irst or the

second plane there is recognized the clouble ionization in a single or trvo adjacent str ips.

Readout data i1 this scherne are: I  ) the double ionization patterns of the f irst and

second p ianes ( l rom FERA leg is tersr :2)  the charges measured by in tegrat ing ADC. The

countin! rate of the cloubie ionization decisions can be measured for everv piane and for

their sum from 4564 outputs. The counting rate of the separate strips can be taken from

the second available outputs of Dr and D2 for single and double ionization threshold

levels, respectively. (Double ionization counting rate can be measured at standard data

taking oni-v for single str ips. to measure it  for adjacent str ips the parameters of AND/OR

4516 should be changed.)

The total number of modules in this scheme is:

Linear fan-in/fan-out 428F
Fast integrating FERA ADC 43008
Discriminator 3412
Logic OR and AND/OR units 4516
Logic fan-oui 4518
OR unit 4564
Register 2366

8 NIM, 4 ch.
I  CAMAC, 16 ch
6 CAMAC, 16 ch.
5  CAMAC,  16ch.
2 CAMAC, 16 ch.
1  CAMAC,64ch .
2 CAMAC, 16 bi t

Starting from
more advantages
The main idea is
integrating ADC

the above scheme we came to another version which seems to have

than drarvbacks compared to the previous one. It is presented in Fig.2.

that the clouble ionization for adjacent strips is analysed in the same

that for single str ips.



The number of l inear fan- inrfan-our units is doubled hcre. The lrrst  rorv of these

modules makes fan-out of er.en'  scint i l lator st l ip signal.  The seconci rorv makes fan- in of

pa i rs  o f  ad jacent  s t r ips  s iqna ls .  The ourpurs  o f  th is  fan- in  come to  t rvo  in tegra t ing  ADC

and then to the discr irninators D2 r ' , ' i rh a double ionizat ion threshold fol lorved by 4516

OR scheme.  Thus  a t  t i re  ou tpu t  o i  the  n- th  d isc r im ina tor  (and o f  the  n- th  O R)  there  w i i l

appear  a  s igna l  i f  the  doub le  ion iza t ion  is  de tec ted  in  the  s ing le  ( t  -  l ) - th  o r  s ing le  n - th

str ip or in the sum of adjacent str ips ( t . ,  -  i )  and n. Then after fan-out in 4518 module

the signals go, l ike in the previous scheme. to OR schemes and registers.

The total number of modules in

Linear fan-in/fan-out 428F

the scheme of  F ie.2 is :

Fast integrating FERA ADC 4300B
Discriminacor 3412
Logic  AND/OR uni t  .1516

Logic fan-out 4518
OR uni t  4564
Register 2366

16 NIN{.  "1ch.
I  CAMAC.  16  ch .
4 CAlvlAC. 16 ch.
3  CAMAC.  16  ch .
2  CAMAC.  16  ch .
I  CAMAC.  64  ch .
2  CA\ IAC.  i6  b i t

Let us consider rvhat is different in perfomance of this scheme from that of the first
one and mark by' signs */- the advantages and drarvbacks of the scheme of Fig.2.

1.  (++)  The complete ident i tv  in  detect ion of  double ion izat ion in  s ing le s t r ips and

in adjacent str ips. This is the main and really essentiai advantage of the scheme2. The
single or adjacent str ip signals in this scheme go through the same logic path and the
same modules thus removing anv probable difference in thresholds and time windows for
accidentals. This helps to exciude sistematic errors in handling of these two types of
events.

2. (+) The scheme 2 is logically more simple.
3. (+) The events corresponding to double ionization in a single or in adjacent strips

can be separated at data handling, if needed (it can be useful for the analysis of the
detector and trigger pelfomance. especiaily at the first stage of the experiment): when

the tr igger is init iated by a double ionization in a single str ip n then in the register there

are always "f in two adjacent bits n and (n + 1); otherwise, if the trigger is caused by

adjacent strips n and (n + 1) then "1" is found only in the (n + l)-th bit of the register.
In the scheme 1 such separation could be realized only with doubling of the number of
registers.

4. (+H The scheme2 takes 8 NIM modules more (428F) but 4 CAMAC modules

less (3412 and 4516).
5. (-) Somewhat less rejection factor in the subsequent T3 trigger stage: around 5%

decrease of the rejection factor is expected according to calculations of 1996 by Yaakov.
This occurs due to two (instead of one) valid adjacent bits sent to the T3 scheme Per a
single strip with double ionization. It is approximately equivalent to twice more coarse

sampling of the ionization hodoscope as seen by the T3 scheme.

In conclusion let us make trvo remarks which do not depend on the choice between the

versions.



The i ' tegrat inq. \DC, i  I I I  is  qar ,ec i  br ,  f0  s ignai .  i ru t  for  t i re  usefu l  events the con-

cl i t ions of Trigger i  s5ouici be i tr l f i i led. I lence. one has to select from tire T2 signals of

II{ oni l , those accompar}ieci b1' f  i .  [or this purpose a coincidence mociule is needed rvith

inputs Tl and T2. The Tl signai siroulcl be deial,ed a I i t t le rvith the aim just T1 defines

the t iming of coincidences. This excludes t ire j ir ter oi the f inal 
' f2 rvhich could be observed

if IH rvould. define t ir is t inrine. (The j ir tel of the IIf  electronics output in respect to T1 is

due to T0 j i t ter  caused b l ,absence of  meant imers in  T0 scheme.)

Another remark concerns the signal clelal 's of the IIf  counters' Deveiopment of T0

signal takes around 50ns i3l.  The gut" r ignui to the ADC shouid come 20ns before the

uriulog signals [4]. I f  the Trigger0 rr 'as produced by accidental coincidence then its t iming

(and of fnC gate) is d"f in"J1u the last of trvo coinciding signals and hence. not to loose

acidentals in the charge integration process. the integration should begin i0-20 ns earl ier

than if  rve rvould be inreresreci in the real coincidence only. In addit ion. the f l ight t ime

of 28 ns along 8.5 m distance betrveen the ionization and vert ical hodoscopes has to be

taken inro account. f  ig.3 i l lusrrares this consideration. As a result.  the delay in the signal

cables of IH shouid be around 120 ns more than in VH cables (neglecting the difference

in t rans i t  t imes of  I I I  anc i  VH photomui t ip l iers) .
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