
The Drift Distane TriggerS. VlahosJuly 29, 2002AbstratA simple real time event seletion method is proposed for the DIRAC experiment thatis based on the new Miro Drift Chambers (MDC) plaed upstream the experiment'sdipole magnet. The method is using the wire hit maps of all the MDC planes to hooseevents with two lose-by traks, without any referene to other DIRAC detetors. Pionpairs form pionium breakup are seleted with an eÆieny higher than 95%. Coulombpion pairs are also aepted by the system with 90% eÆieny whereas bakground twopartile events is redued by a fator of 3. An appropriate hardware implementation ofthe proposed algorithm would evaluate an event in about 100 ns. An additional slowerstep is also proposed whih is based on the time measurement in eah MDC setor. Theorresponding better two trak resolution allows a seletion of 97% of atomi pairs whilereduing the data rate by a fator of more than 8.1 IntrodutionIn the near future a new drift hamber will be installed in the DIRAC experiment upstreamthe dipole magnet of the spetrometer. This Miro Drift Chamber ( MDC)[1℄ onsists of9 double planes, three along the x diretion, three along y and 3 along w (a plane inlinedby 5 degrees with respet to the x plane). Eah double plane is made of two superimposeddrift hamber planes of 32 ells. The seond plane is displaed with respet to the �rst oneby half a ell width to allow a �ne double trak resolution. Given the small size of eahell (2.54 mm wide and 2 mm deep) and the operating onditions (gas and high voltageapplied), the maximum drift time expeted is less than 25 ns. One an therefore use thishamber for online purposed onsidering eah ell as a detetor giving a signal in a 25 nswindow whenever a partile rosses it. Figure 1 shows an overview of the MDC hamberswith respet to the inoming beam. Figure 2 zooms in two superimposed setors of asuper-plane for a detailed view of the signals indued by a single partile passing throughthem.A new trigger sheme is proposed (Drift Distane Trigger, DDT) that uses these signalsto disriminate lose lying partiles from bakground.Furthermore the �ne two trak resolution of the hamber an be exploited fully bya more preise (and hene slower) trigger level (DDT-2). It uses the timing informationfrom eah hit in the hamber to detet events with very lose-by traks (a signature typialof atomi pion pairs).
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1Figure 1: An overview of the 9 MDC super-planes. For onveniene all planes are drawn withtheir sense wires in the same diretion. In reality three di�erent diretions are used: x, y andw (a planes rotated with respet to x by 5 degrees). For the present trigger study the relativeorientation of MDC super-planes is of no importane. On the same �gure two partiles omingfrom the interation region are drawn. Also for larity not all 32 setors per plane are drawn.

Figure 2: A zoom in two superimposed setors of an MDC super-plane, with a single partiletransversing it. In suh a ase the sum of the distanes between the partile and the sense wiresis onstant independent of the partile's entry point in the hamber (assuming it rosses thehamber perpendiularly). Given the thikness of the hamber (2mm per plane) this assumptionis quite reasonable.
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Figure 3: The Qtot distribution for atomi and oulomb pairs (events to be seleted) and othertwo trak events (to be rejeted). For larity the sale of eah plot is di�erent.2 Event ClassesFor a proper study of an event seletion algorithm the events that have to be seleted aswell as the one to be rejeted have to be properly de�ned in advane. For the presentstudy three kinds of events were evaluated:1. Atomi pions: Pions pairs originating from a pionium breakup.2. Coulomb pairs: Pion pairs with oulomb interation at the target, and Qtot < 20MeV/.3. Aidentals: Two trak events with Qx and Qy more than 10 MeV/All events evaluated had at least one hit in eah Vertial Hodosope (downstream theDIRAC magnet). This restrition allowed an evaluation of the seletion algorithm forevents with 2 traks in the detetor, and a realisti estimation of the rate redution. Itis however not obligatory to implement it together with the seletion algorithm based onthe MDCs. In addition it was also required that all 18 MDC planes had at least onehit. This restrition an also be relaxed without altering any performane onlusions (asit was implemented for internal onsisteny reasons). After these preliminary uts, theevent sample ontained approximately 70000 events of lass 1, 70000 of lass 2 and 4000of lass 3. Clearly an event seletion method should distinguish lasses 1 and 2 as GOOD,and lass 3 as BAD. Figures 3 and 4 show the Qtot and Qx distributions of the three eventlasses used for this study. The Qy distributions are almost idential for eah event lassand hene are not presented.The mean multipliity in the MDC for the three kinds of events is shown in �gures5, 6 and 7 for the atomi pairs, oulomb pairs and aidentals orrespondingly. The3



Figure 4: The Qx distribution for atomi and oulomb pairs (events to be seleted) and othertwo trak events (to be rejeted). For larity the sale of eah plot is di�erent.�gures show the mean number of partiles through an MDC plane, not to be onfusedwith the number of setors hit, as for example in the ase of atomi pairs most probablyboth partiles will ross the same MDC setor in a given plane. Eah �gure ontains 4distributions obtained with di�erent event requirements. The �rst shows the distributionof all the events analyzed. The seond the one of the events that have at least one hit ineah VH arm downstream the dipole magnet. In addition if the events have one hit in eahx-plane of the IH detetor upstream the magnet the orresponding distribution is shownin the third plot. The last one onerns only those events that have at 17 or 18 MDCplanes with at least one hit. These di�erent onditions may well orrespond to di�erent`pretrigger' requirements for events to be analyzed by DDT. In any ase the results shownin what follows remain valid. In addition the multipliity obtained for aidental pairsompares well with measurements performed lately with an MDC prototype hamber inthe DIRAC setup. The mean hit multipliity was measured to be around 1.3 to 1.4, avalue that is lose to the one in plot (a) of �g7 (1.11) if one takes into aount that forthe present study only two trak events were evaluated, and no e�ort has been made tosimulate realisti multipartile bakground.In all what follows, only events with at least one hit in eah VH downstream and atleast one hit in eah IH x-plane upstream are used. Results for other kinds of preseletedevents are however similar.
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Figure 5: The mean MDC multipliity (for all the 18 planes) for atomi pair events undervarious seletion riteria.
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Figure 6: The mean MDC multipliity (for all the 18 planes) for oulomb pair events undervarious seletion riteria. 5



mean MDC multiplicity
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

N
u

m
b

er
 o

f 
ev

en
ts

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Entries  20320
Mean     1.11
RMS    0.5805

All Accidental Events
Entries  20320
Mean     1.11
RMS    0.5805

mean MDC multiplicity
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

N
u

m
b

er
 o

f 
ev

en
ts

0

200

400

600

800

1000

Entries  4478
Mean    1.556
RMS    0.4358

Accidentals with at least 1hit in each VH
Entries  4478
Mean    1.556
RMS    0.4358

mea MDC multiplicity
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

N
u

m
b

er
 o

f 
ev

en
ts

0

200

400

600

800

1000

Entries  4421
Mean    1.571
RMS    0.4178

Accidentals with hits in IH and in both VH
Entries  4421
Mean    1.571
RMS    0.4178

mean MDC multiplicity
1 1.2 1.4 1.6 1.8 2

N
u

m
b

er
 o

f 
ev

en
ts

0

200

400

600

800

1000

Entries  3889
Mean    1.658
RMS    0.3423

Accidentals with hits in Ih, Vh and in 17 MDC planes

Entries  3889
Mean    1.658
RMS    0.3423

Figure 7: The mean MDC multipliity (for all the 18 planes) for aidental events under variousseletion riteria.3 DDT Seletion AlgorithmThe MDC signals arriving at the DDT are formated in 18 hit-maps, eah one orrespond-ing to an MDC plane. Furthermore a single hit-map is made out of the two for eahdouble plane. This `super-plane' has aordingly twie as muh setors, or in other wordsin this super-plane the double trak resolution is half a MDC setor width. In what fol-lows all distanes between traks are measured in these semi-setor units (s-setors). Ineah super-plane the two losest hits are found and their distane is used to alulate themean distane between losest by hits in all the 9 super-planes. This mean distane is thedisriminant variable whih allows an identi�ation of GOOD events. It should be notedhere that no partiular searh is performed for pairs of traks with small or large openingangle (whih would give a dereasing or inreasing distane as the MDC super-planes arerossed).4 DDT Seletion PerformaneFigure 8 shows the mean distane between the losest hits for the three lasses of eventsunder study. The power of this simple variable is evident. Quantitatively if event withmean distane less than 10 s-setors are seleted to be read-out, the following performaneis expeted (based on the event sample desribed earlier):� Aeptane for atomi pairs: 99.2%,� Aeptane for oulomb pairs: 87%, 6
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Figure 8: The mean distane between the two losest hits in the MDC for the three lasses ofevents under study. The units are in semi setors (s-setors). Again for larity the sale of eahplot is di�erent.� Aeptane for aidental pairs: 25% (i.e a rate redution of a fator of 4).In ase the aeptane for oulomb pairs is not onsidered high enough, one an easilyhange the seletion threshold to 15 and obtain the following:� Aeptane for atomi pairs: 99.7%,� Aeptane for oulomb pairs: 98%,� Aeptane for aidental pairs: 40% (i.e a rate redution of a fator of 2.5).For implementation reasons one an also use diretly the available spare signal outputsfrom the MDC front end eletronis without any hardware modi�ation. These outputsprovide the OR of four onseutive wires and hene eah single MDC plane has onlyeight input signals. The same analysis an above an be performed with these signalswithout deterioration of the seletion performane sine the di�erene between GOODand BAD events is onsiderable. Figure 9 shows the hit multipliity expeted in theseORed hamber signals, for various onditions as in �gure 7. As expeted the distributionsdo not hange at all and the mean values are all the same. Figure 10 is the equivalent of�gure 8 where one more s-setors of a double plane are formed from the ORed signals.Again as expeted the distanes are divided by a fator of 4 without any other modi�ation7
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Figure 9: The mean MDC multipliity (over the 18 planes) for aidental events under variousseletion riteria using the ORed signals (i.e. 8 signals for eah MDC plane).in the distributions. The seletion performane using these ORed signals and seletingevents with mean distane less than 2 suh s-setors, is expeted to be the following:� Aeptane for atomi pairs: 99.1%,� Aeptane for oulomb pairs: 85%,� Aeptane for aidental pairs: 24% (i.e a rate redution of a fator of 4).Again in order to inrease the aeptane for oulomb pairs, one an easily hange theseletion threshold to 3,5 and obtain the following:� Aeptane for atomi pairs: 99.8%,� Aeptane for oulomb pairs: 975%,� Aeptane for aidental pairs: 40% (i.e a rate redution of a fator of 2.5).5 Hardware ImplementationThe DDT implementation in hardware should not pose any partiular problem as thenumber of input signals is manageable (18 � 32), the MDC drift time is short enough foron-line purposes without being to fast for standard eletronis (25 ns). A deision for thequality of an event should in priniple be provided in about 100 to 150 ns form the timeMDC triggers. Figure 11 shows a simple DDT implementation based on Look Up Tablesfor the various data proessing steps. For larity the initial step of a register to store theinput data is skipped. This register would make out of 10 ns pulses ones with 30-40 nswidth so that at a given moment signals from all wires an be evaluated together.8
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Figure 10: The mean distane between the two losest hits in the MDC for the three lasses ofevents under study. The units are in semi setors (s-setors) of double plane formed form the8 ORed signals available per MDC plane. Again for larity the sale of eah plot is di�erent.6 DDT-2 Seletion algorithmThe main input data for this trigger level are the TDC measurements of the drift times ofthe hits in all MDC planes. It is assumed that the time of the losest hit to the anode wireis reorded (and hene that later signals are ignored). For eah reorded hit the MDCplane, setor and time are available for further proessing. The drift time vs. distanefuntion of the MDC an be approximated with high preision by a straight line and henetime measurements an easily be onverted to spae oordinate measurements. In whatfollows the atual spatial distane between a hit and the orresponding anode wire hasbeen used. A realisti implementation however will be using the times measured. Sinethere is a linear relationship between the two, the algorithm and the seletion resultspresented here are diretly appliable to a real trigger system.The fat that MDC planes are superimposed in pairs with one plane shifted withrespet to the other by half a setor allows a very eÆient identi�ation of events with twotraks through the same setor. The disriminant variable is the sum of the times in thetwo planes of suh a super-plane. If this sum is equal to half the setor width, the signalsare produed form a single partile (assuming it rosses the hamber perpendiularly,a pretty weak assumption given the hamber's thikness). Sums less than this valueorrespond probably to two traks passing through the same setor in an MDC plane. Togeneralize the idea to 9 MDC super-planes a multi-step algorithm id followed:9
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two x-planes of the IH detetor. Again these requirements orrespond well to the earlyDIRAC trigger stages.In order to be able to use the available OR-ed signals, a similar proedure as for DDTis followed. Instead of using the individual setor time measurements, one an also use thetime measurements of signals originating form the available OR-ed MDC setors (8 perMDC plane). For eah suh OR-ed setor the minimum time measurement found is takenas the one to be ombined with the orresponding ones from the adjaent plane of thesame super-plane. The DDT-2 algorithm is then followed preisely as before. Figure 13ontains the graphs of the average time measured along all the 9 MDC super-planes Theseletion performane obtained using suh OR-ed setors is the following:� Aeptane for atomi pairs: 98%,� Aeptane for oulomb pairs: 89%,� Aeptane for aidental pairs: 22% (i.e a rate redution of a fator of 4.5).The two trigger stages desribed above are quite independent both in input data andseletion algorithm. They an therefore be ombined for an improved overall performane.Sine the event evaluation using the OR-ed signals for both systems provides a reasonableevent seletion performane with minimum input data requirements (8 instead of 32 signalsper MDC plane) these two algorithms were ombined with a logial AND or OR funtion(the threshold for DDT was set at 2 and for DDT-2 at 0.123). The `OR' ombination ofthe two systems has the following performane:� Aeptane for atomi pairs: 99.8%,� Aeptane for oulomb pairs: 96.1%,� Aeptane for aidental pairs: 40%Nearly all atomi pairs are seleted with this ombination and still a rate redution of2.5 is obtained. The overall seletion performane obtained with the `AND' ombinationis (in parentheses the perentage of events preseleted by DDT that was also seleted byDDT-2):� Aeptane for atomi pairs: 97% (98%),� Aeptane for oulomb pairs: 88% (89%),� Aeptane for aidental pairs: 12% (27%) (i.e a rate redution of a fator of 8.5).It has to be stressed out however that this `AND' ondition is quite restritive as it seletsvirtually only events with two very lose-by traks, thus it exludes atomi or oulombtrak pairs that hit adjaent or even more widely apart setors.The `OR' ombination seems to be the best suited for maximum aeptane of atomipair events, whereas the DDT-2 system alone provides an exellent rate redution in aseit is needed.8 DDT-2 hardware implementationThe DDT-2 deision should be available not more than 300 ns from the moment allthe timing measurements in digital form are available. The required TDC resolutionto ahieved the performane presented in the previous setion is of the order of 250 psassuming a maximum drift time of 25 ns. The signal shaping takes plae on the front-endeletronis of the hamber These eletronis format the inoming signal in 6 ns to providedi�erential ECL pulses for the OR of 4 adjaent ells in eah plane. The digital pulses have12
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Figure 13: The average of the time minima in the 9 MDC super-planes for the three lassesof events used in this study. The red areas indiate the part of the distributions remaining byseleting events with this average less than 0.123. The present plots are obtained when usingthe OR-ed MDC signals whih provide 8 signals per MDC plane
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Figure 14: The drift time of the OR of all the MDC signals. The plot is obtained using atomipairs but it is idential for all other event lasses. Note one more the units in m, whihassume a linear relation between drift-time and distane from the anode wire.a width of 10 ns , with a rise time of 1 ns. The stability of these signals with respet to thearrival time of the analog detetor signal is better than 10 ps and hene they an easilybe used for on-line timing purposes. Given these signal harateristis it is not advisableto transmit them over a long distane, for example to the DIRAC experimental barraque.Hene DDT will be installed in the DIRAC experimental hall, as lose as possible to theMDC detetor.8.1 First possible implementationFor timing measurements one needs to measure the time di�erene between two signals.In a typial TDC appliation measuring the time STOP-START, START signal must bewell orrelated with the initial physial interation that produes the deteted partiles.It must also have very small jitter in order to allow for a preise time measurement of theSTOP signal. For the ase of DDT the usual approah of using the general trigger deisionis not possible, as this is only available 700 ns after the proton-target interation. Henea spei� DDT-2-trigger has to be used. Two options are possible: Either make/modifya sintilator detetor with very good timing harateristis to be used as a fast externaltrigger, or use an internally generated trigger by ombining the OR of all the input signals.This OR will presumably be onstant between events (sine there are a few traks perevents and 18 MDC planes, whih makes approximately 30{35 hits per event, equallydistributed in drift-time). A Monte-Carlo simulation has provided the distribution in�gure 14 for the drift time or this global OR signal. Using the drift-time vs distanedependene from [1℄, the mean of this distribution is about 0.5 ns. However it has quitea long tail towards longer drift-times. Using this global OR as the DDT-2-trigger whihstarts all time measurements, the distributions in �gure 15 are obtained. The seletionperformane obtained using the OR-ed setors and time measurements with respet tothe DDT-2-trigger is the following when events with an average minimum time less than0.11 (...m ) are seleted (in parentheses the overall performane when ombining in ORthis event seletion with DDT at a threshold of 2):� Aeptane for atomi pairs: 95% (99.7%),14
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Figure 15: The average of the time minima in the 9 MDC super-planes for the three lasses ofevents used in this study. The OR-ed MDC signals are used and all times are measured withrespet to the DDT-trigger (the OR of all the inoming MDC signals per event). The red areasindiate the part of the distributions remaining by seleting events with this average less than0.11.
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Coincidence
Unit

Delay Unit

Delay Unit

OR of all
coincedences

OUTPUT

DATA

IN

IN DATAFigure 17: A blok diagram of a typial meantimer implementation with disrete digital ele-tronis. The delay unit delays its input for a �nite number of �xed times. For eah of thesesteps the signal is also send out to be ombined with the orresponding signal form the seonddelay unit in a simple oinidene (AND funtion). The OR of all these pairwise oinidenesis the �nal output of the iruit. The meantimer funtion is ahieved by having the two delayunits `fae to fae' and the oinidene taking plae between signals that in total have had aonstant delay.study. It should be noted here that for alulation onveniene all (maximum nine) timesmeasured are used for the alulation of the mean. If in the hardware implementationonly the non-zero values are used (i.e. exluding the signal used as `start') the expetedperformane of the system shall be idential as only one signal in the whole MDC ham-ber system will have a value 0.0. A detailed simulation of the hardware implementationon�rmed this statement.The seletion performane obtained using the OR-ed setors and time measurementsas desribed before is the following when events with an average minimum time more than0.005 (...m ) are seleted (in parentheses the overall performane when ombining in ORthis event seletion with DDT at a threshold of 2):� Aeptane for atomi pairs: 97% (99.8%),� Aeptane for oulomb pairs: 92% (97%),� Aeptane for aidental pairs: 24% (i.e a rate redution of a fator of 4.2) (44%).Figure 19 shows a blok diagram of the DDT-2 implementation proposed in this se-tion. The meantimes may either be ommerially available 16 hannel modules or ustom-made devies implemented in the DDT-2 layout.9 ConlusionsA very simple disriminant variable is proposed for DDT, to selet lose lying traks byusing only the new MDC detetor in DIRAC. This trigger may well be ombined with thestandard DIRAC triggers to inrease aeptane for good events and redue bakground.It may also be used as an independent trigger whih would allow more detailed studies ofaeptane for the on-line as well as the o�-line seletion methods.17



Average of measured time difference (...cm)
0 0.02 0.04 0.06 0.08 0.1

N
u

m
b

er
 o

f 
ev

en
ts

0
200
400
600
800

1000
1200
1400
1600
1800
2000

ORed sectors
Entries  83400
Mean   0.03732
RMS    0.0186

Atomic pairs
ORed sectors

Entries  83400
Mean   0.03732
RMS    0.0186

Selected events (97 %)

Average of measured time difference (... cm)
0 0.02 0.04 0.06 0.08 0.1

N
u

m
b

er
 o

f 
ev

en
ts

0

500

1000

1500

2000

2500

3000

ORed sectors
Entries  77109
Mean   0.04621
RMS    0.02223

Coulomb pairs
ORed sectors

Entries  77109
Mean   0.04621
RMS    0.02223

Selected events (92%)

Average of measured time difference (...cm)
0 0.02 0.04 0.06 0.08 0.1

N
u

m
b

er
 o

f 
ev

en
ts

0

200

400

600

800

1000

1200

1400

1600

1800

ORed sectors
Entries  4421
Mean   0.01339
RMS    0.0231

Accidentals
ORed sectors

Entries  4421
Mean   0.01339
RMS    0.0231

Selected events (24%)

Figure 18: The arrival time average of the earliest signal from eah MDC super-plane (omingout from the meantimers and measured with respet to the overall earliest signal arrived for theevent) for the three lasses of events used in this study. The OR-ed MDC signals are used. Thered areas indiate the part of the distributions remaining by seleting events with this averagemore than 0.005 (...m). 18



16 channel 
meantimer

I

II

(I i, II i)

(I i, II i−1)

the two planes
of an MDC
super−plane
(ORed signals)

8

16

8

8

the earliest one
OR of the 16 signals to select 

9 times (one per super−plane)

OR of the 9 signals
to define ‘start’

TDC
start

stop

9 TDCs 

Decision
Logic

Average
time 
calculation
and
threshold

1/0 event decision

stop is the earliest signal of each super−planeFigure 19: A blok diagram of the DDT-2 implementation using meantimers to shape MDCinput signals. Only the part onerning one super-plane is shown for larity. One 16 hannelmeantimer is used per super-plane. The 8 signals from plane I are used twie. One with theorresponding setors of plane II and one with the setors in plane II shifted by 1 setor, toaommodate the overlap of half a setor between the two planes.The seond layer of the DDT trigger (DDT-2) an e�etively isolate atomi pionipairs from bakground with very high eÆieny. The use of timing information makes theevent lassi�ation deision longer but muh more powerful. A hardware implementationof this system will ertainly be a big step towards a multitude of independent triggers foran eÆient, redundant trigger system without any unknown systemati e�ets.Referenes[1℄ The DIRAC Miro Drift Chamber Projet, V. Kruglov and L. Tausher, DIRACinternal note.

19


