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ABSTRACT

The use of scintillator hodoscopes to gef time mark and
high p, triggering Zfor end-cap muon system 1s proposed. The
systenm oI scin;illator counters (SC) should cover the region of
1.5¢IMi<3 and consist of 4 SC planes installed before and behind
the end-cap magnets. The total square of the system is ~ 4CC m2,
a mass of scintlllator 1Is ~ 4 tones, the number of PMs 1s «~
1680. The expected time accuracy 1s < ! ns, p, cut off is 10
Gev.

A pecssirility of new high rates Resistive Plate Chamber
creation for the purposes of p-triggering 1s under discussion.

A mixed SC & RPC triggering system 1s also proposed.



1. INTRODUCTION.

It is known /1/ that the Resistive Plate Chambers (RPCs)
/2/ are good candldates .as trigger hodoscopes for muon
triggering 1n the ATLAS/1/ are . These detectors have good time
resolution (< 1ns), large response for m.l.p.( amplitude of
signal » 100 mv/50 Omh), good space resolution ( ~ few mm),
possibility to work at stron,g' magrietic fields (up to 2 T1), low
cost of materials and rather simple mass producticn technolegy.
But the RPCs counting rate should no%t exceed 50-100 Hz/cmP.
Therefore, RPCS can not be used in the end-cap region at |m| >2,
where the muon fluxes exceed 100 Hz/cm®.

In the end-cap reglon, at 1.5¢ |m; <3, for mucn triggering
purposes we propose to install. 4 hodoscopes of scintillating
counters (SCs). These SCs hcdoscopes give a possibillity o have
a good time resolution ( < 1 ns) and cut-off muons with low p,-

We also discusse our plans for developing a new type of
RPCs with counting rate ( > 1kHz/cm2).



. .

2. SCs END-CAP TRIGGERING SYS
We propose to put SCs planes before and behind the end-cap
magnet, as shown 1n Fig.1. The reglon covered by the SCs systiem

would be 1.5< |m| <8. Charged partlicles rates in thls regilons

are /1/ : < 10%Hz/em® for 1.5<|M|<2;  <10%Hz/cm® for 2<|m|<3.

Estimated values of magnetic field In the poinits of PNs
alignment do not exceed 0.3 Tl.

A crucial polnt 1n reallzatlon of this sysizsm Is a
necessity to work in strong magnetic fields, thus 1t neecs 1o
have a PM, working in these flelds. At the moment there is only
one industrial produced PM for that. It 1s Hamamatsu R2490-05 PM
/3/. The cost of R2490-C5 1s 1600 US ¢ per unit. Thus the cost
of the system 1s mainly due to the cost of PMs. Therefore we

intend to develop a PM for strong magnetic fleld In russian
industry. It should be cheaper ( about 106 US 8$). Expected
characteristics,of thls Russlan PM are listed in Table 1. First
prototype of high magnetic field Immunity PM will be ready In

July 1993. :
Table 1. Expected characteristics of the Russian P¥s,
for high magnetic environments.
Current amplification - 3x10° (0 KG);
- 1x10° (5 ¥0);
: 1x10° (10 %63
Rise time - 3 ns;

Pulse width - ' 8ns;
Transit time - 15ns;
Quantum efficiency at 410 nm -  20%;
Tube dilameter - 36 mm.
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To recelve effective p, -trigger we propose to use Iwo
highly segmented scintillator pianes installed before and behind

the end-cup magnet. Prcposed for P, ? 10 Gev segmentation 1s shown
in Fig 2 (a,b). In this case the counters inefficiency due t0
particle fluxes and counter dead time would be much sm2ller than

1%.

Foer a radius less than 4m a constructlon of SCs 1s shown In
Fig. 3 (a). For a larger radius another construction of SCs can
be designed and 1s shown in Fig. 3(b). The dlfference between
two versions of SCs 1s due to a limited light attenuation length
of the scintillators and large areas of outer SCs.

The countefs are made from polystyrene based scintlillators.
As WIS we plan to use PMMA based shifters with & attenuation
length better than 3m. The thickness of SCs 1s varying from Smm
for inner counters up to 25mm for outer counters. The minimal
rumber of photo-electrons should be not less than 10. The total
area of the trigger system, covered by SCs 1s =~ 4QO m2, a mass
of scintillator being ~ 4 tons, and the number of PMs benig =~

1680.

Due 10 light registration from both ends of the 5Cs 1% 1s
rossible to compensate time dependenée of the trigger signal
from a place of a particle passing and to have reasonable
resolution.

Functional scheme of the trigger signal shaping 1s s@own
in Fig. 4. A signal from the PM 1s amplified to a necessary

level and
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then passes through the constant fracticn shaper ( CFS ) which
shapes 1t witnh the time pcsition Indspendent from the inpus
signai amplitude. After tne CFS pulses from both ends of the
counter pass to the mean-timer scheme ( MT ), which form a

trigger signal proportional to (t1+t2)/2, where t, and t, are

_ 2
light propagatlon times from emission polnts to PMs.

Taking Into account expected parameters of the SCs designs
( 1ight emission time for the scintillator and the WLS, the PM
pulse rising time 3 ns and minimal number of photo-electrons-10)
we can reach the time accuracy abcut 1 ns ( sigma ).

These expectations are contirmed by our experilence with the
trigger scintillating system of the Target Neutrino Facllity in
IHEP /4/. (Obtained characteristics are 2 ns time accuracy, 98%
efficlency with the average number of'photo—electrons about 5
for FMMA scintillator and the slow PMs with the rising time of

about 10 ns.
Deac time for the proposed counter design can be defined as
follows:
Tdt = Tpl * Tle
where:

+ Tpmt + Ts,

Tplm10ns is maximal light propagation time, T, _~bns 1s emission

time ror scintilliator and WLS (T;o~ 3 ns Ifor scintillator only),

T pt~10ns 1s‘PM pulse width, T ~15ns is dead time for a shaper.
Thus we can expect T, ~ 40 ns. If we want to have

occupancy less thah 1%, the rate of the SC should be less than |

2.5%10%/S (Hz/mF).
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The p,-trigger logic 1s rather simple. A hit 1n the first
plane counter defines a window on the second plane,centred on
the extrapolation of the first hit line interaction point. The
widih o this window defines <he irigger momentum cut-off. This

~ o o 1o
logic can ©

[t

c£asily implemented with a system of coincldences

betwe

[y

n the two scintiilating planes.

3. MIXED SC & RPC END-CAP TRIGGERING SYSTEM

- N

In cur cpinion a more attracilve version 1s a combinatiion

¢ 2PCs and SCs In the end-cap trigger system, where RPCs will

n

work in the reglon with rather small particle fluxes < 'C
Yz/cnf (1.5<|nj<2) and SCs will work In reglon where particle
rates are »10° Hz/em® (2¢< im <3). In this case- the number of

S{s crannels are decreased by a facter of 1.5.
4. DEVELOPMENT OF RESISTIVE PLATE CHAMBER

Methodical iInvestigation of a prototype of Inexpensive
RPC with the counting rate of > 1kHz/cm® was started in June 92.
The counter prototype we bullt has a sensitive area of

120«120mm® and consists of two parallel plate resistlve
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electrcdes, ctonnected to the high voltage supply, between which
argon-isobutane (60% Ar 1In volume) gas mixture at ordinary
pressure 1s Zilled. The gas gap was 2mm. The signals are read

- WA

-

cut by copper sirips which are Cmm In widih and ''mm In pltch.
or resistive =zlectrodes -the commercial avallable material
bakellt, having a bulk resistivity p-*,o1 Q xcm and dielectric
constant €=3, was utillzed.

e ccounter was tested with cosmic rays and radlactive
and Ru'°®. The main results obtalned for our RBPC
are nsXi: tTime resolution 2us; pulse amplitude 200wV ZCQ,

2

maximon counting rate (at efficiency 90%) 50d8z/2m°, nols

(D

, 2
S.18z/cm™, efficiency plateau 95% start at 8.5 KV high voliag

(SR V]

[(2]

at discriminator threshold 5Cmv.

Sur results are 1n colncidence with results nf cthar 220
groups /2/, whers ihe maxlimum ccunting rate 100Hz/cm®  was
reached. Certainly, these counting ratss are nct <o high 1o use
this RPC type for the end-cap tfigger system at imi>2.

The counting rate (N) 1is mainly due to the values of bulk

L d

resistiyity (p) and the dielectric constant (g): N» 1/p€8,, S,
is the discharge dead area on the resistive electirode surfaces
.(~15mm2). To have high counting rate as seen from this

expression 1t 1is necessary to decrease the p value.
Now we have some material samples with low bulk resistivity

p=O.5*1OQQ*cm and start 1nvestigations of a possibllity
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to use this material for new hilgh rate RPC.

Al pregsent from our experience with the RPC we do not see

any pnisical reasons to realize high rate RPC with N~ 1kHz/cme.

5. COST ESTIMATION

Roeughly estlmated cost of the proposad system may be found
in table 2.

TABLE 2. Cost estimations (end-cap SC hodoscopes).

. ltem . price for unit(US $) ameunt total cost .
l | : (US $)
i rolysiyrens 104 /tonn _ 4 ton 400CC

shir<er S/m_ 4300 m , 22C0

PM™ 10C/unit 1680 unlt | 17C0GCO
| .

electronics 20/chan. 1680 chan. 3400C

i

Total sum 1s-246 US k3.

“In case of the HAMAMATSU R2490-05 PM usage the total sum 1s
about 2.7 US M$. = |



in the case of RPCs usage only total cost 1s about 65 US
K$.In mixed version (SCs and RPCs) the total cost 1s about 200
US K3. ‘

6. R & D PLANS

ns See O R & © plans as foiiows:

1) Zavslopment gproiciype of russian 7N

for nigh magnetic fleid envircmments —.............. July 93.
2) Test of scintllilators and WIS —..ciiiieiainae... -March 93.

3) Test of full scale scintillating counter

mocules with magnetlic fleld lmmunity PMs -.....Seplember 93.
4) Development of new materials for high

>+ KHz/cm®) counting rate RPCS —..cvceiiencnnnnnn ...May 93.
5) Investigations of gas mixtures for high

TALE RPCS —ceiveeernsnsenenacansaccnnaasasasannssas olne 93,
6) Test of RPC prototype with rates > 1 KHz/cm? —eee...july 93.
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FIGURE CAPTIONS.
Flg.! Conceptuzl scintillating hodoscopes layout In the end-cap .

Fi1g.2 Segmentation of the scintillating planes :
a) before end-cap magnet;
b) behind end-cap magnet.
Flg.3 Proposed design of scintillating counter:
a) with polystyrene llight guldes (for radius < 4m);
b) with wis (for radius > 4m). .
Fig.4 Functional scheme for the trigger signal formation.
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