ISTITUTO NAZIONALE DI FISICA NUCLEARE

Laboratori Nazionali di Frascahi

LNF-86/59

G. Battistoni, C. Bloise, P. Campana, A. Ciocio, E. larocci, V. Chiarella,
G.P. Murtas, G. Nicoletti, L. Satta, ....cccua. , B. D'Ettore Piazzoli,

P. Galeotti, G. Mannocchi, P. Picchi, O. Saavedra et al.:

LIMIT ON MONOPOLE FLUX IN THE MONT BLANC NUSEX
EXPERIMENT

Estratto da:
Nuovo Cimento 9C, 551 (1986)

Servizio Documentazione
dei laborstori Nazionali di Frasceli
Cos. Postale 13 - Frascati (Rome)




IL NUOVO CIMENTO Vor. 9C, N. ¢ Marzo-Aprile 1986

Limit on Monopole Flux in the Mont Blanc NUSEX
Experiment.

G. Barristont, C. Broisg, P. CaMpana, A. Crocro, E. Iaroccr,
V. CHIARELLA, G, P. Mugrtas, G. NICOLETII and L. SATTA

Istituto Nazionale di Fisica Nucleare - Laboratori Nazionali di Frascati, Italia

G. Boroena, C, CASTAGNOLI, A. CASTELLINA, B. D’ETTORRE P1azzorr,
P. GarreortI, G. ManNoocHt, P. Piconr, O. SAAVEDRA and S. VERNETTO

Istituto di Cosmo-geofisica del O.N.R. - Torino, Italia
Istituto di Fisica Generale dell’ Universitd - Torino, Italia

E. Berrorri, E. Frorini, C. Licuorl, P. NEGRI, A. Purria, 8. Racazzr,
M. RoruEr and L. ZANOTTI

Dipartimento di Fisica dell’ Universits - Milano, Iialia
Istituto Nazionale di Fisica Nucleare - Sezione di Milano, Italia

D. C. CunpY and M. PrIicE
OBERN - Geneva, Switzerland

(ricevuto il 12 Agosto 1985)

Summary. -— A trigger dedicated to the search of superheavy monopoles
operates since about two years in the NUSEX apparatus, installed in
the Mont Blanc tunnel. Monopoles are identified by time of flight and
visualization of the pulses involved in a trigger. The present upper
limit on monopole flux is 2.3-10-13 gm-2 g1 sr~t (90% ec.l.).

PACS. 94.40. - Cosmie rays.

The NUSEX apparatus, installed in the M. Blane tunnel at a depth of
about 5000 hg/em? standard rock, has been running since May 1982. It is
composed of iron plates 1 em thick, interleaved with plastic streamer tubes
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planes, operated in a gas mixture of Ar-CO;-npentane, in the proportion 1:2:1.
The apparatus is a cube 3.5 m side and is sketched in fig. 1. It has been de-
seribed in detail elsewhere (%).

- o 3.5Mm ————

e & 3,5 M e

Tig. 1. — NUSEX calorimeter sketch with the detail of the single tubes layer: 1, 2
iron plate and spacer, 8 plastic streamer tubes section, 4, 5 », y pick-up strips.

Although designed for detecting nucleon decay, the apparatus ean provide
information on monopole flux by exploiting two features of the streamer tubes,
i.e. their time resolution, with a ¢, ~ 30 ns, and. their efficiency for the detection
of a single ion pair, measured to be 109, (2). This latter characteristic allows
the build up of a trigger sensitive to low ionizing particles.

For monopole search we constructed a dedicated trigger for particles with
B down to 10—4, and ionization as low as a few percent that of minimum partiele.

(*) G. Barristoni, E. BELLOTTI, (. BoLoGgNa, P. Campana, C. CasraeNoni, V. Crra-
RELLA, D. C. CunpY, B. D’ErtoRRE Prazzovri, E. Frorini, E. Jaroccr, G. MANNOCCH],
G. P. Murras, P. NuerI, G. NicoLerTI, P. Piccai, M. Price, A. Purria, 8. Ragazzi,
M. ROLLIER, O. SAAVEDRA, L. TrASATTI and L. Zaxorri: Phys. Lett. B, 118, 461 (1982).
(2) G. Barristoni, P. Campana, U. Dewxi, B. D’ExtorrE Piazzori, E. Iaroccr,
M. MescuiNT and F. RoNGa: Nucl. Instrum. Methods A, 235, 91 (1985).



LIMIT ON MONOPOLE FLUX IN THE MONT BLANC NUSEX EXPERIMENT 553

To guarantee the required sensitivity, the streamer tubes planes are divided
in 16 groups of 8. The 8 planes of each group are OR-ed together, ensuring a
good detection efficiency for low ionizing particles. Twe successive groups of
8 planes are in turn OR-ed together, except the two outermost ones, where the
singles counting rate due to the natural radioactivity of the surrounding rock
is higher.

These nine signals are the inputs of a ninefold delayed coincidence, with
total aceeptance time of 125 us corresponding to a veloeity §>10-* The trigger
is symmetric for nupward-going and downward-going monopoles. In fig. 2 the
scheme for the coincidence of two successive groups of planes is shown.

continuing trigger
downward. going ;?,’;n%%‘g&,‘d going
monopole trigger
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— one shot
or from planes —
n — n+7
» = 15 us
[ — one shot

or from planes

I
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e programmable logic unit

v
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monopoles

Fig. 2. — Logic unit for the monopole trigger that refers to the 16 planes OR-ed
together; the AND between 9 of these logic blocks constitute the required coincidence.

When a trigger is obtained, the = and y position and time for each hit
involved in the trigger are recorded. Time is digitized by scalers running at
1 MHz. It should be noted that time is recorded for each group of 8 planes,
even if two successive groups are OR-ed in the trigger logic.

In this way an event will be composed of 9 # and y co-ordinates and of a
number of times varying from 9 to 16.

In fig. 3 the acceptance for monopoles is shown as a function of the primary
ionization of the traversing particle, expressed in units of the ionization of a
minimum particle. For 8> 2-10~* the acceptance depends only on ionization.
Full acceptance is reached for I/I,~ 6-1077.
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Fig. 3. — Monopole trigger acceptance vs. monopole ionization power normalized to
the primaries numbers due to a minimum ionizing particle. For 8 values greater than
2-10™, the efficiency does not depend on the velocity.
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Fig. 4. - g-distribution for the events with a good time alignment,
the Monte Carlo results obtained for random coincidences.
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The trigger has been working since April 1983, with a counting rate of
~ 3-10-5 Hz, consistent with the accidental rate expected from the singles
frequencies of the groups of planes defining the trigger.
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Fig. 5. — a) time-alignment and b) spatial configuration for one of the events selected
as good-y% events. f= 2.0-10"%

The collected events are analysed in two stages. In the first stage the
recorded arrival times are linearly fitbed vs. their position along the vertical
direction 2, which is known only with the approximation of a group of 8 planes.

They are accepted or rejected aceording to the x* value of the constant
crossing velocity hypothesis. This procedure was applied to a p sample. The
resulting B and y® distributions are in good agreement with those expected
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for a uniform time distribution 1 s wide, eorresponding to the electronic time
resolution.

About 409, of monopole triggers survive this first stage of analysis. Thig
is not surprising since the trigger logic automatically selects events with a
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Fig. 6. — Upper limits on the monopole flux by experiments using different techniques:
Utah-Stanford (3), scintillators; Tokyo-ICCR (4), scintillators +MWPC; Kamioka (),
scintillators; Berkeley 2 (¢), thick plastic scintillators; Soudan I (%), proportional tubes;
NUSEX (this work), stream tubes; Berkeleyl (3), CR39-Lexan; Baksan (%), seintillators;
Kitami (1), Daicel.
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reasonable time alignement. Figure 4 shows the § distribution of the « good x*»
events, compared to a Monte Carlo calculation performed in the hypothesis
that the triggers are random coincidences between the group of planes, and
assuming as input the measured counting rate of the planes.

In the second stage of analysis, these events are examined to check their
spatial configuration, and to establish if it is compatible with a straight line
in both XZ and YZ projections.

Figures 5a) and b) show a typical good x* event. In fig. Ba) the relative
time of the hits is plotted vs. the tubes planes. The space pattern of hits is
drawn in fig. 5b).

No event has survived both stages of analysis.

In fig. 6 the upper limit to monopoles flux set from our experiment is pre-
sented as a function of B, together with results of a few other experiments (>*°).

This limit, of 2.3-10-%% em~2 s~ gr—* at 909, e.l, corresponding to ~15000
hours live time, deserves a few comments. In the § region extending up to
~ 0.1 it relies on time measurement and space pattern observation, while for
B > 0.1 it velies on ionization. A fast monopole is a highly ionizing particle
(at = 0.1it ionizes ~ 50 times a minimum particle). It has been experimentally
demongtrated (1) that the streamer tubes respond to high ionization by in-
creasing the hit multiplicity. Thus for 0.1 < <1 the limit corresponds to
the absence of events with unusually high multiplicity. For § below 0.1 and
down to ~10-%, there is almost general agreement that the mechanisms by
which a monopole loses energy traversing matter are understood (). To be
conservative, the binary encounter approximation sets a threshold for ionization
in argon to f = 2-10-% At lower velocity, 10-*<f<2-10~?, our result should
be interpred as meaning that we did not observe any slow particle with ionization
as low as a few percent that of a minimum particle.

(1Y) C. De Marzo, O. Erriquez, N. Gierirrro, F. Posa, M. ArroriNi, F. BALDETTI
G. GracomerLi, ¥. Grrawtr, A. Marcrorra, P. Serra, B. Barisn, C. Laxg, G. Liv,
P. MUsstT, G. PouLarp, . SteTTEN, F. CECCHINI, P. GALEOTTI, M. DARDO, R. STEIN-
BERG, G BarTisToxni, H. Birokon, C. Broisg, P. CamPana, V. CHIARELLA, A. Crocro,
A. Grirro, E. Lsroccr, A. Marint, A. Riwpi, F. RoNea, L. Satrs, M. SPiNETTI, L,
TrASATTI, V. VaLeNTE, 8. ABLEN, B. BraBsow, R. CRIrTENDEN, R. HEINZ, S. Mur-
son, H. OGrAN, J. Musser, J SToNE, L. SuLag, G. TarRLE, C. ANGELINI, A. BALDINT,
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G. Rosa, A. Scrussa, M. Severi, R. WeBB, M. ARNEODO, G. BORREANT, P. GIUBELLINO,
F. MARCHETTO, A. MaRzARY, S. PaLEsTRINT, L. RaMELLO, 8. TOoRRES and P. TROWER:
MACRO proposal (1984).
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N.M. Krorr, M. T. MupLrer, S.J. Parke and M. A. RUDERMAN: Phys. Rev. Lett.,
50, 644 (1983).
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® RIASSUNTO

N

Da circa due anni & operativo sull’apparato NUSEX, installato nel tunnel del Monte
Bianco, un trigger dedicato alla ricerca dei monopoli previsti dalle teorie di grande
unificazione. L’identificazione dei monopoli & basata sul tempo di volo e sulla localiz-
zazione nello spazio degli impulsi coinvolti nel trigger. Il limite superiore fino ad oggi
raggiunto per il flusso di monopoli & 2.3-10-12 em~2 s~ sr—* (909, e.l.).

Ipemen ma worox mowonoseii 8 NUSEX sxcuepuvente nox Mon Biamom.

Pesrome (*). — TpurrepHas cxema, HpeIHA3HAYCHHAS VI ITOMCKA CBEPXTSKEIBIX MOHO-
nonel, qelCTBYeT B TEYGHWE IOYTH JBYX JIST B YCTAHOBKE NUSEX, pacmonoxedsod B
Tynnene mox Mon Bramom. HpenTnbHKanms MOHOMONE! OCHOBAHA Ha BPEMEHH mpo-
JleTa, a JOKaIA3aldsl B MPOCTPAHCTBE OCYIIECTBIASTCA C IIOMOINBIO UMIYILCOB B TPHI-
repuoii cxeme. Hacroamuii Bepxmmit Tpemen Ha IOTOK MOHONONEH cocraBinger 2.3
1078 em2 ¢t ept (k 90% BEPOATHOCTHIO).

(") Iepesedeno pedaxyueil.
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