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ABSTRACT

A new designed multi-channel (18 channels), multi-hit
{«255) and multi-event {«<255) Time-io-Digital-Converler
(TDC) system, consisting  of Discriminalor- and TDC-
modules, is described. The TDC with a thme resolution of
10n5 is designed for a RICH detecior and optimized for fast
readout al high event rates. To achieve high speed thronghput
the gystem is built up in VMEbus lar fuil 32 bit datu tansfer
in combination with powerful VME processor medules for
data processing. All uming, channel and module Information
in several modules in the VME crate can be read out by one
bluck mansfer.

INTRODUCTION

A new readout system for a new byperon bear: experiment
(WARS) nsing the OMEGA facility at CERN [1] has been
designed and built a1 the Physies Institute of Heidelberg, The
system has to handle 1280 channcls from 1he UV-detecting
chambers of a RICH (Ring Imaging CHerenkov} counter,
which have to be read out very fast (<50ps) for trigger
purposes, and 576 changcls from the drill chambers in the
decay Tegion, which can be read out slower (no wiggering).
The whole system {eacloded the preamplifiers} will hast in
VME. Tt will comsist of 3 parls: discriminaters, Time-to-
Digital-Converters (1'0Cs) and microprocessors [2].

This paper describes the deleelor physics, the experimental
setup with its readout scheme and the Discriminalor modoles
and the TDC modules in detail, which are optimized for
muliihit deteetion and fast readont of data.

PHYSICS
The new byperon beam caperiment (WABD) will
investigate the following wopics:
- production and decay of charmed-strange baryons

- verification and investigation (if it cxists} of rhe
U(3100}, an exotic state possibly consisting of two
quarks and (wo antiquarks

- semrch for the doubic-strange dibaryon H
- study = and €} resonances

The particles are produced with an 360 GeV/c Hyperon
beam, consisting of ®— and £~ with ratio 2/1, with spmc
percent Z°, and some £37, produced with 450 GeV protons
Iram the CERN SPS. Al these states will decay into (at least
onc) Lambda, Kaon and Protons, and Pions. For example, the
™ (quark content ¢su) bas been observed in the channel

Ec¢t— A K atat (3 Itk
& and the U in the channcls
U— A°+p+ms [4.5]. [PAl

To identify thege siates, one have to reconstruct the A®
{decaying inlo p =™} and one har to discriminate a high
momenturn negative particle (K- or P} against x's for
morenta up to 150 GeVie. The leading negative particle will
be most prebable not a 1, so this criteria should be build
inta the trigger. A principle layout of Lhe experiment is shown
in fig.1.
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Fig.1:

Deteetor Layout of the WASTY experiment

The momenta of the (charged) panticles are determined by
the curvatare of the wacks inside the Omega Magnel with a
bending power of & Teslamater, A decay zone equipped with
drifichambers (0 detect the A®s is situated upstream the
magnet. Downstrcam a RICH detector is used 1o determine the
velocity of the chargaed particles. In addition, a electromagnetic
calorimeter is necded o ideniify 7°,

The data are taken in a spill structure, The SPS delivers the
protons fer =2sec, with a 15sec cycle time. In the 2sec {on
spill} we cxpect =10k [irst level wiggers 500msec after the
interaction, whick will be reduced by slower decisions wilhin
300msec o <1000 with the aid of 4 special trigger system
(REBNIM); which also delivers track information for the




. Block Data Transfer

The read ot of the TBCs will be done o Block wransfer

mode with aid of the daisy-chained IACKINTACKOUT lines
on the VME backplane. Bacli' siiodile therafore knows whet to™ -
1ake gver in the block-transfer from its: left neighbour. Only
modudes with valid data will participate in the block wansfer. . -

‘For the processor (hese daw took: like oné-contiguois: block
where the eod of the block transfér will be signaled.{by

crate.

Each 32 bit word holds the information of onc "hitshi":
10 bits time, 18 bifs channel patigin and 4 bils for the module
number. Fig.11 shows a typlcal mcmory }ayuut of ope TDC. -

moxdale.
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Tn COMMON START mode tmiy addresses betow the cutrent

. hit counter {alter stop) contlaiiy valid, g The hiteounter oa "
every module therefore detetinines-thie ditioint of. data gach

madule contributes to the block transfer St

T COMMON STOP miode the pdsition of thé hitconntor in

interrupt or BusError) by the st -right T:DC module ia the.
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each module is random To a\'(}td thig madcmt_ csf a]i data par )

module (256 words!}-

scanned to stop for- the: vahd (b range Jinthe presem des:gn '

a special data monitor nicdnle fn the crate watches the datgin

the hlock transler 0 zwitch coﬁhﬁl to thé aext-TDC module :

for participating ir ke block IIanstr

Each crate is comnéeted to ifs own microprocossor for

perallc] readont, with thess. microprosessots hosted together in

a special VME crate. We are miminf for.a ieadout time of less
than 500 ns per "hitslice”. For 16 TDC wmiodules inohe VME

crate with approximately 5 hit/module this results in a total

- readout time of 40 s for the whole systein, -

PRESENT STATE -

Presently a subsystem of 90 discriminator. modules a0d 90 -

TDC modules for 1440 anatog channels has been build op and
succossiully sested.
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]he principte of this cm:muy with a two bic smn rcgrsmr :md
acoincidence gate can he secn dnt- ﬂg 8 s

Clock (<100 MHzj = . -
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Fig.8: Trigger Cirouilry for leading edge detection |

These signals are oW syﬁdﬁoﬁiiad ﬁ:i 'tﬁii:'clock_.ar,]d alsb .
represent a channgl data pantern lor. the input. pulses which .

started in the carcit time slive. of: s, All signuls are dse
combined (OR =80y oo a gesieral: lngger

curtent channe! patten 1 the CHANNEL MENORY.

After recording thé hit (on one or more clumnels) Lhe HIT .

COUNTER, which determiries the address 1o the RAMs, will be
incremented by Lme aid- thie, Girciti

this time (=1023} will be stored, TE there’

foll time range {until the- hit’ councr ﬂve:ﬂows) can be
reconstructad {See-alsh Flg.11 fgr memory l.aycml)T T

The CD\ITROL LOGIC‘ it I;l'le TDC mod\ue handlcs a]l the .

" and tesigd by softvwsare, p
recording modes available (as. showt in g0 ang: Eb 16 whuh

can be programmed in-geveral aspects through. some mode

bils in & command register o the FRC:

vhich cagsesthe -
writing of the clirrorit-time € the TIME MEMORY and of the . -

it Wity e thi riext it On.
averflow of  itié time- comfsr.(afm'l(}m) a-marker-hit with
4156 a-teal signal
trigger at this' moment the. acwrdl 1¢” chaiinel - pattém is -
recorded the same way. Therefore no hitg will bs lost.and the

Bit8 { AutoStop on Time Counter Qverfiow! for a recording

length of 100z (100 Mz dock)

AutoStop on Hit Commnter Overflow: 1o atsura that no

hits. will be overwrinter!

Giated Maode: The START 51gml Sarves s a combined

START/STOY signal (GATE) fer simplicity. No Stop

Marker will be wiitten! The STOP signal iz disabled.
Trigger Mode: The STOP signal setves a5 an external
TRIGGER signal (leading eilge) to' initiate the writing

Bit9

Rit10

Ril2

ah AntaStop o in Sated Mode'
Table 1: Mode bite in DEADL conunsnd tc@m&r

of ; hit with time and channel infosmution. S;o_p either

L .‘.kulelup.
Everis -,
GATE
or
START .
STOR |
- Fig.9: COMMON STARY fécarding mode

"Fig.? shows the ljpi.cal'C{.}MMON START mode where

- after an early cxperiment m'ggcr the rmhg of {ollowing

externat s;gnal {(STOF; end of GATE) or an AumStop on time
counter overflow of hit.connter averflow. The HIT COUNTER
can be read ont to see how nmny ‘hit§ are aconmnlated!

"Fig.10: COMMON SToP tocomding mods

- Tn many cascs it is nof possible to provide an carly star
signal fer the TDC. The events eccure before a general

" experiment trigger is available. and have 1o be tecorded in

advaice. Fig.10 shows the COMMON: $TOP mode where the

TDC {3 already. ronning and wifl then be- stopped by an
- extemnal signal-afier. the events. The meimory is therefore flled
-~ with the pretistisry which can bo redenstrucied unambigously,
~(throngh the- n:mrdmg af ume ovsrﬂaw markers!) gp 10

2,7ms.

Data Readom

The RAMs have a-depth of 256 words, o hitpatteres of
256 different timings can bz accumulated. There is mo
coaversion lime and-only valid data are recorded o fulfil the

- reguiraments for fast readout. The data bas to be read out
- sequentially. in reverse -order where the hilcounter will be !

decreinensed antomatically 1o peint te-the current hitslice. The
hitcounter can always be read Gut.to give the number of

‘Based en & YME module already désigned, built and tested
in our institate [7] a-new design has been endertaken Lo
optimize the readots also with block ransfer,




channel VME board and how me chazmel suln:nodulcs are
interponnecied,
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Blackiliagram of DL504 Discrishinator hoard

Fig.5:

"The threshold of every iput: “chianhel 0::.15 can be

programmed mdcpcudcmly and-determines the appropriate -
ontpit. The signals from the _second: thicshold {common

threshald 16 and 17} ara cotnbined
one common output per groap, This
signal outpuls from the discrimingics modalé, which ars
transmitted via twmmd pmr cablcs w-ﬂw TDC mﬂdulﬂs 40
melers away. .

wo groups of 8, with

1% djffamntzal BOL

I DC MODULES

Fig 6 shows the THC mndule (DLSﬂl) in VME which
houses 18 channels accordingly; The provisions for the -5.2
Volt supply are the same as for the DL304 Ddiscriminator
modnle.
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- Fig.6: Layoul of DLS61 Timte to-Digital- Comerter

bosrd

“The digital inipnts até diffcrential ECL signals, all other
comrol and statns signaly sre in NIM sisndard. To understand

. the furictions of tie T'DC module refer. 10 the hlockdiagram in

~Fig, ‘?
comvoare==d] o L] e
resET=—d| | U | i
BUBYDATA% o

VMEbuEs

Blockdingeum of the DL50T TDC

Fig.'? :

~The system CLOCK of =10 MHz can be cither generated
by an onboard quanz oscillazor or has to be supplicd {fora
multi module system) from the front, This clock 1 couetled by
a TIME COUNTER (10.bits) and -determines the basic time
resolution of 1) us,

A spocial digital differen “afion cireuitry (TRIGGER LOGIC)
for every input channel detects the starting of an input pukse
and outputs a clisemed signal for the rising adge of each signal,




output of the discriminaicrs is Useh transporled via wisted pair - -

cables to the TDCs, which are: gituated, in the counting baraque
together with.the eleclmmcs for the o!her detex:mrs of the
Omcga famhty : S

For the 1280 sease wmes of thc RICH detector and 16

chanpels per modale, we need B0 dtscrlm_nalm_' and 80 '_T_'DC
modules. These modudes: will be digtiibwicd -over 6 Coates. to
have the. same amount of da

Each crate i connected via a
VME-VSB interface {DL502) 10 15 owh: ticroprocessor (wilh

VSB port). For parallel readont thése hit processor boards

{HiP1-6} are housed mgether in:a specidl VME crate, The -

TDC modnles for the clccay rcgmn ‘chambérs: (5‘?6 Lha:mels) -
;s (DL502) and are’ connected: to-'

are silting in 3 Crates jog
anpther hit processor {Hi
for tl‘lg T pUrpa

1s Jetectnr, io fast readout

S,lf,cﬁdl .l-mma-iﬂii&

{TrzP} is contmllmg I;hc whic le (,rate Lal(,ulmnb the: track.'..- S
coordmatcs ior obiammg ﬁw THIg CofibTs and Wik mg the: dana_ S

crate. Hers lhe data are’ combr
writtcn via 4 mlcmVAXI

microprocessors invilved. We sfe nging the: pmcessor boards
from CES (PIC8230) “with-a 24Mbz 68030 mmmprocessor 1
MByie static DRAM and DMA Conrotiar, - :

" already runmit TDCS for thi- déca “Fegion are. stoppcd
y E’ y e ~is essential. Unlerunaiply this is not provided in the VME

- staiderd and therefore has to b forseen addmonaiy One .

(Common Swop), After.Bsec (maximuini- drify time in the

RICH drift ¢chamber) (ke readout of the I‘DCs is’ starwd m_

block transfer mude on 7 HiPs'in. pdrzﬂlcl
finished after < 50psecfor ihe RICH an ~300usec for Lhe
decay region. In the meanwhile-the TraP: :

FastClear signal to-the restof the cxpe "mc :
activities, the system: can. foeeive a-Fasté

 trigger systom. AN data from-ong spill ars stored i the HiPs. E
OFf spill, the TraP collects the. data imm the HiP’s snd wiites

it over the VSB pott to.a. FVSBI sm.mg ina fastbus crazefﬁ]

In the following the d;fferen: frontend ‘modiles are
described in detail.

in each crate, with-a maximum .

‘to tapc Tnistotal :hcrcarcs...

DtsCRrMINAthk Mobmss

Fm- reasons -of modularity ﬂexlblllly and also

'-muﬁ'nue problams of wWansmission of analog signals over

long distances, the dmmm;na_tors for the analog signals from
the preamplifiers (which sit dircedy at the detoctors) are housed
in & special VME module. Fig. shows this board (DL504)

-with 16 channels.

T VME

S ST
oy

- 'Fig3: | Layout of DLSO4 Discriminator board
. For Tist BCL based electtonics & highpower -5.2V supply

supported soluncm iz e dse the-omter row. pins-of the

..wnneuorPZ(UserUO : propesmbymenewVX{standard.

Thiz. negds -@n. apprepiiawe P2. backplane in the crate. For

coordinates of the leading. pm'u fe uid - ﬂlsmbutea it 1o “thie. . standard VME crates thie 52 \"alt gan alsu ‘be fed in from the

HiPs. They will calcalate the 1aditis' snd- the TraP-can: dix:ldc A
whether this particle is a pion. The TraP will’ m_en enerdie 2,

from.

The dlsmmnms are,. cmﬁguwd as reg}acabk. submodules
8 G ‘the Twisted Pair

" Diseriminaters
& TWP-Drlvar

‘Fig.4: Discriminator Submodule for one channel

- Bach channel hias two comiparators witk separate thresholds
in order 1o distinguash belween lhe. pulse originating from a
photoclcctron and. the dE/dx signal of a passing charged
particle. Fig.5 -shows the blockdiagram of a complete 16




leading particles. During spill, the data is collected in fast
memorias, which are read oul off spill, This is necessary,
because the rate is limited by the writing to tape.

RICH detector

H & particle is passing through.a medinm with a velocity -

greater (han the speed of light in 1his mediom, light is emitted

under a certain angle respective to the paricle (rack |

{Cherenkav elfloe(). The angle thela is given by

il

.. with v the pasiicle veloeily, o the speed of light in vacoum and

" 1 the refractive index of the medium.This light (mostly UV
photons) is focused by spherical mirrors to a circle with rading
1, which is given {for small angles) by

el S

where L is the rading of curvatere of the mitrors. For our sx:i:up

_ ratdius difference between Kacns and pions of

The centers of the rings will be diswibated owver an arca of
© approx, 120cm horizontal and 40¢m venical.

_ Tetra-kis-Methyl-Ethylen (TMAE) to produce electrons via
. phictoeffect ut atmosphéric pressure, operated at samrated drift

high veltage electrode in the middle of the chamber, the
- photelecons axe drifting upwasds or downwards Tespectively

“velocity of approx. Sem/usec. The impact point of the, phiton
wire, where the electrgn. .

" - produced via the dE/dx signal of the passing particls iscll,

main contribution 1o the space esolution i3 -due 10 difTusion,

which has a a=1mm. transversal and longifudinal to the drift
dircction. The wire spacing is 2.54mm, leading to a wual -

nmber of 1280 readout charmels.

I'tie electromic for this detector must fulfill the following

conditions:
- measure the drift time with an accuracy of 655nscc

- discriminate between a single photoelectron add the
electrons from the dE/dx signal

with a focal length of Sm, the maximum radius for very fast -
- particies (B — 1) will be 85mm, AL 160 GeVic, this leads tna

Gk =13mm [&'}-_'

To meastre the impact of the. photons; ‘a UV sensitive |
driftchantbet of 160cm: 80 and 6o thickness is istaliedin
-the focal plane, The counting gas is ethan with some ppm of

velocity. The absorption lengihi for photons ig'=lem, With the .

“ 1o the sense wires, with a-makimim drifi path of 40cm anda

"is than determified by the wire: and by the drift time to- this '
-aftives.” In- addition -t the
photeelecirens, much moie electrons '{some hundred). are -

" With 14 photoslectrons per ring, the posizion-of ene eléctron . -
hag to be measnred with an accuracy of o<I.5mem, in order 1o
be able 1o separae K and v at 180GeV/e with-4 std.dev. The -

- more than one electron can arrive at the same wire
{overlapping rings)

- more than ene electron can arrive at the same time at
different wircs

e '.'fast Teadiit {=50usca,) to-use this information aboul the
L Teiiding pmlclc Alrsadly en the tgeer lovel

- . time- measutemenr. can-he staned with the [irst level
trigger signal

Lambida chambers {Decay region)

These chatabors ‘arc normal drift chambers with &
maximus - Gift. time of 500nsec and a.space resolution of

=300um, opetated with a mixtire of Ethan, Methane and

Isobutan 88/1072. The drifl time bas- 10 be measured (19 an
accracy of gs5nsec; These.de 'tl:‘u;'s‘-have tagether 576 sense
wires. D to the short drifl timve, the time measurement has

- to be stopped with the trigger stgnal in order net to loose any

informiation.

RFADOUT SYSTEM _

Thc gcncra.l ]ayom: for thc rcadout qystcm is shown In

| Diseriminators

Comenm
" Readout system for WASS éxperiment

Must of the sleclrorics s housed in a barsque 40m (RICID

~ and 20m (decay region) away from the detectors. Fo dvoid the

trangmission of analeg sighdly ovér these Iong distances, the
diseriminators aré placed near the detectors. For the RICH the
distance is only 3m, for the decay region it is 1om, The digital



