


Proposed scheme of u31ng RICH—counters 1n a trlgger for

; o flxed target experlments fké\;'
. Flrst of all we. want to mention the ma1n characterlstlcs
of the partlcle 1dent1f1cat10n 1n the h1gh and ultra—h1gh

energy reglon' P

Many partlcles pass through the detector 31multaneously.
:The interaction rate' is- high: enough (~ 106 int.s/s), .
Wthh imposes some 11m1tat10n on the- rap1d1ty reactlon of “a

- detector. - e »jfﬁ CRfnfrE L andnen sk ohe oiien

3. Partlcle° are 1dent1f1ed far i enough from =the
1nteract10n ‘vertex (e*- 1dent1f1cat10n in-e. m.,calorlmeters,
u - 1dentification behind- the iron ~'wall,.: etc. oIt leads
usually. to ‘the 1mp0331b111ty ~of u31ng the results ~of .
1dent1flcat10n in-a lowest: 1evel tr1gger o~ 100—200 :n8). ’
‘ ‘It =is - d1ff1cult' practlcally x1mp0331ble,, to use
threshold Cherenkov - counters: for :the ¢ 1dent1flcat10n of the
partlcles w1th momenta 2100 GeV/c Moreover,,,f ~the.
1dent1f1cat10n ‘of secondary partlcles 1t is; sometlmes much
better to use detectors other than Cherenkov oneS'i~~' SRR TN

»»»»»» a) for e —»1dent1f1cat10n it s convenlent to use (€M,
calorlmeters, whichallow the e/h—separatlon up: 10:10" 3'10
,> “b)” for u - 1dent1f1catlon the1r penetratlon" propertles
are-’ used. N ; : NI AR St S SR i T

Thus, one is needed actually to 1dent1fy only, adrons - x
K- mesons and protons - 1n the. experlment . ,' .

However, it is well known that the ma1n part of secondary
hadrons (290%) are T-mesons. So, if we' can 1dentrfy K -mesons
and protons, we: can classify all the others as plons.

In this artlcle we suggest to solve th1s problem by u31ng
RICH- detectors’ 1n some'- ‘specific’ way.. Ve . con31der the,_
p0331b1e scheme of the: Multl—Partlcle Spectrometer for UNK/
as a typlcal flxed—target apparatus where.wA L 20

';— there 1s an. analy21ng magnet fn f o ‘F:héifﬂm”,, i
;— RICH detectors are placed behlnd th1s magnet L*f*;; ,
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- there are at least three 501nt111at10n (or equ1valent)

pad hodoscope planes wh1ch are placed in front of and behind:

the magnet: and heh1nd “the’ RICH detectors (the third one).

Within this scheme from hodoscope 1nformat1on it is poss1b1ek*

fast enough to. determ1ne both the partlcle momentum and the =

.coordinate of the" Gherenkov r1ng 1mage center 1n the photo—v-
detector: plane. Avs1m1lar scheme for the determ1nat1on of the
. particle momentum or transverse momentum was used. in ‘the’ NA-fh

‘and is proposed to

10 exper1ment is used.now in E-7717 /6/
-be used in several new exper1ments both in f1xed target and
1n coll1der future programs/7 8/; e

loreover, ‘the: part1cle momentum be1ng determlned glves ‘us -
~the poss1b1lity to calculate the ‘values of: the radii of the -
,Gherenkov r1ngs for d1fferent types ‘of::particles -at; that

e

momentum and ‘the center coord1nate g1ves us -‘the - p0881bll1tyaf:

to’ def1ne the: part of the correspond1ng ‘ring iin the sensitive:

,reglon of the f1n1te d1mens1on photodetector.>

After that 1t is - poss1ble ‘to compare fast: enough the*

’ d1stances from the hodoscope def1ned center to fired- elementu?ﬁ‘“

of the: photodetector w1th values of: Cherenkov rings radii: for -

d1fferent types of hadrons and to identify them. Add1t1ona1f~“
vconf1rmat1on of ‘the val1d1ty of such identification.goes from?rii
7 the compar1son of the number: of - hits ‘in ;the sensitive part of 'f;
the r1ng w1th the number of photons for the definite- type of~f,j

' the hadron.-

We know that for a gas—rad1ator w1th the def1n1te 1ndex of':fF

.refract1on, n one haS'_‘

’ eﬁher . 2n-1)= 1/r2 = 2(n—1)—

me
b +m2

HGher ph‘ N0 L s1n BCher = N0 L: Bgher
where 82 Rchif ring f tgecher“ f: Bcher’ ' :

Cher e -square: Gherenkov angle,: wh1ch 1s the
function of ‘the particle momentum_(p), 1ts or1g1n (m) and
the character1st1c of the gas—rad1ator (n-1)
‘focus d1stance of the detector optics used and the’ 1ength of

v

f, L= are the

‘the radiator, and~N6";“{ei

constant wh1ch depends on - the E
photodetector propert1es..tv G dpnrientinmd ol el Tenl 0
- Naturally, for :unambiguous: part1cle 1dent1f1cat1on _one :
must have as- m1n1mum ‘AR-p: 25, -where AR = R-—RK (or - RK p,f‘

etc. ) is the difference of rad11 for the particle momentum
defined - by hodoscopes . and [N the s1°e of ‘the;
photodetector sensitive element (plxel 81ze) ' ’
- By the. spec1a1 selectlon of the geometry, optlcs and gas—

radiator we. can achieve the cond1t1on when in a certain

momentum region the’ rad11 for %/K/p are not1ceably d1fferent/‘
and the number of Cherenkov photons is as large as poss1ble
' It chould ‘be - mentloned that 1n “the momentum reglon '
(°0 150) Gev/c, for ‘any gas rad1ator ‘the radii” for pions are?
changed only by < 20%, but the rad11 for kaons and protonsy
can be- made notlceably different.

In order to reduce the number of partlcles cross1ng an;
1nd1v1dual Cherenkov detector for sat1sfy1ng the above_
mentloned condltlons, we propose to 1nstall at least two sets

"of Cherenkov detectors w1th dlfferent gas radlators for d1f— -

Lferent momentum reglons (for example = (°0 70) GeV/c and” (70—~'

150) GeV/c ) w1th 4 6 321muthal,sectlons 1n*each setk(see;
Flg. 1) - : PRR S : Ll
“ The magnet1c f1e1d strength 1s also 1mport tf(espec1ally
‘1n f1xed target experlments) for the a21muthal splltt1ng of'
secondary partlcles , o ’ o
For photodetectors we propoce to use the fastest dev1ces'.
like mult1anode PMTs or, photodlodes matr1x 1n the follow1ng'
scheme. " Photon s1gnals' from photocathode fmust be‘
amplified and divided into two fluxes. One flux ‘goes to a.
small (rough) matrix (16x16 or 32x32)of- photodetector
elements with' fast” readout (<0.5us)+ for “the: pre11m1nary
decision, thls dec1s1on is supposed to “bex used in the
trigger. Mult1anode photomult1pl1ers or equ1valent dev1ces
can be’ used for this type- ‘of ‘elements. The second flux: goes
to the fine'-' structure ‘matrix. - (100x100 ‘or - 200x200) .of

'photodetector elements For ‘this’ purpose a CCD or’ photodlode



L

matr1x can“be: used..S1gnals from thece elements are stored 1f :

the = event is accepted or - cleared ~if e t: The f1nal

identification.of the part1cle is done in off-line- analyses

of: 31gnals from.the fine=- structure;matrlx (see- F1g.2).

RICH = Tr1gger Electronlcs Proposed for the Mult1— e

Part1cle Spectrometer UNK.%
Con31der1ng the layout of the hodoscopes H1, Ho; H3 and
photodetectors (PD)

expected values for radii of Cherenkov r1ng 1magec Rs, number
ofrphoton.,,NCher o radlated by expected part1c1es protons,
- K- and. t-mesons), . and coord1nates, X Y of r1ng image
<centers 1n the -PD:plane.

These values for the whole access1ble range of track -

\angles_1n the XZ and YZ planes are then stored in the. memory
100k = up. tables (LUT)

up tables the RJ

calculated real - R N 1;

Cher i values,

one to celect event candldates and generate
31gnal.ﬁ ff;f

Th1s tr1gger electron1cc was des1gned w1th the follow1ng Lt

1n1t1al parameterS'

w—»tr1gger -decision t1me < 500 ns;

- maximum number of particles detected by RICH. - 2 (if more,

an ’accept’ signal is generated and particle 1dent1f1cat1on
is performed by off-1ine analys1s)
= 31ze of. hodoscopes and photodetectors H1 °Ox3° pads HZ’
;H3 —32x48 pads; - PD: -32x32 p1xe1es of rough matr1X' H2 and H8
‘have -6 segments each (correspondlng to: 6 RICHs) meas ur1ng

P

6

R et B
-

~the magnet1c field strength and the .
parameters of- RICH detectors _we pre11m1nar11y calculate the -

Hence the task of the trigger
e1ectron1cs 1s to measure w1th hodoscopes the/ part1cle

NCher 3 XC,Y values and then having read 5
- out . the 1nformat1on from /PDs . of « every RICH detector fand
‘compare these two sets‘
of values w1th1n the given range of errors. Th1s w1ll allow'

the tr1gger o
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FIG. 2. Proposed scheme of 1nd1v1dual RICH photodetector for

~the Multl—Partlcle Spectrometer UNK



‘_15x16 pads,i”

- read out electron1cs converts the 1nformat1on from H1,H°,Hrlik

and PDs to pos1t1on coded b1nary—1mages.f“”

‘Trigger electronics functlonsgi
independent blocks: eléctronics fov‘
~-and photodetector data?process1ng electronlcs.

' a)Hodoscope'data processing L
: o

As . post—magnet -tracks of particles in the YZ plane remain ’

unchanged and depend only on  the particle em1ss1on and
deflectlon angles
‘particles' that have pasSed through - the. RICH - detector: by

tr1ple 001nc1dence of its: s1gnals with those of PMTs arrayed‘
s1gnals from. 16

To do that
and 32 PMTs in the H1 row are

in- proper rowo'of hodoscopes.
PMTs in -the row of H2 and H3

'loglcally added. This ’OR’ s1gnal corresponding to the given:
track :projected ‘onto’ the YZ- plane is . transferred- to- the -

coincidence ‘scheme for primary selection and starting of
trlgger electron1cs The H1 array 1s assumed to be divided
1nto two parts, 10 rows each (upper and lower about the’ beam
axis).
common strobe s1gnals for coincidence: schemes of each of the
three correspondlng sectlons of the hodoscopes H2 and H3 (see
Fig. 3)
for mult1p11c1ty tests
detector section must not exceed two. As the probability

exists ‘that ‘two partlcles hit one row of the section,

mult1p11c1ty tests are also- performed for rows selected w1th
. related coincidence schemes.

After being selected in the coincidence schemes, active
rows s1gnals ‘from H2 and H sections and from two H parts
come to the ‘priority encoder which identifies the exc1ted row
numper. (Fig.4). By this number ' the:multiplexer . selects -the
~active row whose information is also encoded with ‘the
priority ‘encoder. Position codes of excited cells of the

e i

8

are fulfllled by two
”‘odoscope data process1ng_“

“one can ‘find :these -angles for the -

Loglcally added row s1gnals of each H sect1on are the -

Signals from -the c01nc1dence schemes are also used-
= ‘the number of partlcles per RICH -

L ozl

,u"/&m"’(A“%“ 7“’« -

fig.5.

e

hodoscopes come as addresses 1nto 6 memory LUTs from whlch:

the 1nformat1on on expected rad11, number of;»photons ‘and’
center: coordlnates of ring 1mages is: read .and" transm1tted 1o -
the PD ‘data’ process1ng electronlcs. Each LUT volume is: BK 40—
= bl't words.- - . - T s e ke
"The ‘delay time of the hodoscope electronlcs 1s found by'f
s1mple summation: of delay times "at: the 1nput reg1ster tRG,
the AND-OR- gates tAND OR’ “the excited- row pr10r1ty encoder
t “the ‘row: selectlon multlplexer th, ¢he prlorlty

row enc’
encoder of the ‘active pads T “‘and RAM tRAM

cell enc o
T tRG+tAND 0R+trow enc+tmx+tcell enc+tRAM -8+1O+20+8+20+35—100nq

These delay t1mes are for TTL ICs, wh11e w1th ECL ICs.they
can be reduced by a factor of two.f‘ . fiA’v i

RIS PR BN L R

\'ab)Photodetector data}processingaelectronics :

PD data electronlcs measures rad11 of Gherenkov rlngf

images RX to: compare - them- w1th expected - Rx RK R values,hf

and .counts:PD-cells:excited by. a. particle: to be«ldentlfled.

The number .of. .counts 18 .- then. compared ‘with the expected =

number: of photons Nx’ NK’ Np. .Once the, compar1son glves thecfu

values w1th1n the glven -error.- 11m1ts, the tr1gger s1gnal,’”
*accept’ develops. To reduce electronlcs cost |the data on. -

each of two partlcles are processed in success1on. Then the
processing time. per partlcle must not exceed 250 ns. ”The‘

problem- formulated can be - solved by tabular methods w1th the,'

help of high speed RAM or PROM. However, RAM has an‘advantage
over PROM of easy 1nformat10n substltutlon anq soﬁof easy

adJustment of LUTs contents to the requ1rements of the?.

experlment., L ;

“The functlonal -diagram of the electronlcs 1s shown in
Information from PDs is transm1tted via. the 1nput :
register to the prlorlty encoders adJusted to encodlng notﬁ'
more than two po1nts per area- of 16" cells, Th1s 11m1tat10n,,

|
i



+

folloWS from~the -fact-'that -the. conditional‘probability'for

more than:two points to appear on the area-indicated is small
-enough. Programmable ‘logic arrays are used - as ‘the priority
’.encoders»here.‘The code from the encoder is- part of the LUT
‘address; and the expected values'for XC, Yc’ the.ring image
center coordinates, form the-.other parts of -the LUT address.
So with.the:help-of the table-of 16Kx5.one can determine-the

- unknown' radius R . The radius R, obtained is compared within

“error limits to the ring image radius in.LUT, expected for
-one of the particles After that the signals»from all ‘the..PD
, p01nts exc1ted by the given part1cle are added and the sum is
"compared to the expected number of" photons rad1ated by the

wm;partlcle. The operatlon is accomplished in two. steps. Flrst,

,'w1th the. help of . PROM, the number of ’1’ b1ts 1n pos1tlon
,codes of radius reference LUTs are counted and the resultant
codes are  summed up by conventlonal adders. Secondly, either

'Nm’ or NK, or Nilvalue is® subtracted from thls sum ‘and’ the

glresult is compared to the allowed dev1at10n from the real

a;value of respectlve N. e PR SESELE RIS A

“For~ p1pe11n1ng the data proces51ng blocks are connected

f,bla reglsters Let us calculate the-total operatlon ‘time* of

Qsthe trlgger electronics on condltlon that the data“ ‘on_ not

Vmore than two particles are . processed ‘and’ the: number “of
. exc1ted PDo over 16 cells is also not ‘more than two

«First: partlcle L

e

data processlng

{ . second particleii
data processing

10
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H1,H2 hodoscope operation t1me per part1cle

A - pr10r1ty encoder operatlon t1me

'BA;‘R LUT operatlon time

Cg%lradlus compar1°on LUT operatlon t1me
;,D;e/PROM and adder operatlon t1me to calculate
“?,number of photons :

"'Ehf accumulator and number of‘photons compar1son

. ‘d,scheme operatlon t1m : ; : _n”uﬂ - o

The total operatlon time 1s 500 ns,ﬂi.e; & intervals of
~6O ns each.‘Thls fact allows the use -of TTL ICo :in the
functlonal blocks wh1ch are descr1bed above AS 1n the case
of. hodoscope pased schemes, this™ operatlon t1me ‘can be made
shorter ~by using ECL, but the, electronics cost will be
h1gher

‘The: task of deslgnlng the first. level. tr1gger for the RICH
detector is rather easily fulfilled by the application of

“tabular.- methods, high operation speed being achieved by
parallel - processing of -the signals from each row of

“hodoscopes -and. photodetectors. and by the p1pe11n1ng of- the
trlgger electron1cs In add1t10n to- the accept’ ,1 ‘reset’
-signal: formed, PD data process1ng electronlcs 1s capable of
:wr1t1ng 1nto FIFO memory ithe coordlnates of exc1ted PD cells
for each part1cle Th1s makes. the operatlon of:a h1gh level
trlgger ‘or off-line analyses of data- from full scale PD
arrays more eas1er and faster. The use of LUTs m1n1mlzes the
var1ety of PCB types, thanku to: the absence of cross1ngs.
LUTs also help (if- necessary) to eas1ly ‘increase the. tr1gger
capablllty to 1dent1fy part1cles ‘when the1r number or varlety
of the1r types increases.

-The hardware can be cons1derably decreased, if the trlgger

-is adjusted ‘to the particle identification of one or two
types only. (Figs. :4,5 . present the schemes -for the
identification of three types of particles).
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_We think that this. way of using the RICH-detectors is
possible for the low level trigger ( <1 us) with good
reliability. ' : SR

v‘.Conclusion
In ‘this“'article the method for the fast. partlclek'

1dent1f1cat10n us1ng RICH detectors 1n the low level trlggerh
scheme. is. proposed for the Mult1 Partlcle Spectrometer UNK.‘

kWe belleve that - th1s method can be applled to’, further 1nf”

fixed- target and colllder experlments.,:.«
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