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Abstract

Th« progress In development of special Microehai*-
nel Placaa for partlda cracking la reporeed. Tha re-
quirements of i) high spatial resolution, 11) high den-
aicy of information and. Ill) raca capability war*
found Co ba satisfied In a chick MicroChannel Plata
with a Csl coating operating la a focnalng magnetic
field. Tha measurements of tha Microchanaal Plata da-
caction efficiency, gala and nolaa ara praaantad for
several detaccora. Tha plcturaa of tha paasaga and
interaction of cha high anargy charged particles inslda
che deteccor ara shorn.

Introduction

There has seen a gnat interest recently in the
davelopoanc of tracking detectors with vary high spa-
tial resolution and high rata capabilities. The need
for such datactors became apparcnc with the discovery
of particles carrying Che new flavor quantum numbers
chara and beauty.

The predicted lifetime of new particles requires
spatial resolution of a few microns for cha direct life-
cime oeasurcaent or for the particle identification via
an observation of the secondary vertex. The expected
production cross-sections ara so low chat in order to
collect few evenca che detector has to perform under
high rates up to the MB* region.

The principle of a parclclo tracking detector con-
sisting of nicrochaunel placaa (HCP) and phosphor screen
is shown in Fig. 1. A fast charged particle passes
through tha MCP crossing a Urge number of channel
walls. Along the particle path secondary electrons are
emitted into soaa -!«"'«'« of tha MCP and generate ava-
lanches inside the channels. Tha avalanche process in
MCP retains the position intonation of che prlaary
particle, which is aade visible on a phosphoric anode.
If che density of secondary electrons produced by the
particle passage is sufficiently high, we can see a
chain of spots corresponding to a projection of the
particle trajectory onto ehe phosphor screen.

Several features of cha HCP1 asks chis scheme a
suitable candidate for the high resolution tracking de-
tector;2 1) Small channel diameter (y 12 urn) allows la
principle to achieve the position resolution of cms S
us. ii) The intrinsic resolving time of cha HCP excited
by che charged particle is las* than one nanosecond^,
thus the detection at high races Is, la principle, pos-
sible, ill) The MCP is "live1* so tha information from
it can be used for tha event selection (trigger).

la this paper we describe cha way to select MCP
parameters to optimize the performance of an MCP-track-
ing datactor. Tha considered parameters are 1) the con-
figuration of MCP, U ) the material of channel walls,
ill) the external magnetic field, iv) cha electric
field applied to che MCP, and v) ehe electric field be-
tween che MCP output and che phosphoric anode. The per-
formance of such a detector is reported and the pictures
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Fig. 1. Principle of che MCP detector for tracking min-
imum ionizing particles. A beam particle pass-
es through che upper part of the MCP excites
some »H««m.i. along it» trajectory. The pro-
jection of che particle path is made visible
on tha phosphoric anode.

of ehe interaction ---ithin che detector are shown.

Constralncs on HCP Trac^—ff Detector

rig. la snowa the classical Chevron configuration
of MCP used for particle tracking detector. He immedi-
ately see a certain loss of the spatial resolution at
tha interface of MCPI aad MCPII. The channels of tha
second MCP a n almoat at random position relative to
ehe channels of tha first plate sad la average, an elec-
tron cloud from a single channel of tha first MCP spreads
to three ••'•ii"*1 • of ehe second plate* resulting in a
degradation of ehe posicion resolution. To preserve
che resolution only one chick MCP Is used (Fig. lb).

The other parameter related to tha posicion resolu-
tion is the spot size due to che transverse spread of
avalanche electrons arriving at the phosphor screen.
The center of tha spot retains most of the position in-
formation, however, for complicated multipartlcle events
the small spot size is desirable. Fig. lc shorn the
Idea of che reduction of Cha spot size by a magnetic
focusing obtain**! by applying an external magnetic field
parallel Co cha electric field between ehe MCP and ehe
phosphoric anode.



Additional constraints foe cha MCF follow from the
requirement of ehe high spot density pcoduead by a min-
i m a ionising particle crossing eh* effective chleknasa
of th* dataccor In tha upper p a n of cha MCF.

Tha brightness of different apoca on tha phoaphor
acraan should ba Independent of cha dapch of Cha partl-
d a paaaaga. It maana chat tha MCP should provide about
cfa* same amount of tha charge at cha output - oc tha
MCP should work in a saturated region. In an opposite
eaaa of a wlda diatribucion of tha spot brightness, tha
spots at tha lover and of cha distribution would ba
lost in a subsequent optical recording (dynamic ranga
limitations) resulting In an apparanc decrease of Che
spot danslty.

Tha unlformlcy of cha output charga from an HCP in
a saturated region is a result of cha electron spaca
charga inalda tha MCP channel.1 At suffidantly high
charga in cha avalanche, cha secondary electrons axe
repulsed back onto cha ffhwme/1 wall before chay can
gain anough anargy (from the electric field) to produce
additional secondaries at Che Impact with cha wail.
The secondary aleccron yield la raducad to unity and the
avalanche teaches cha state of dynamic equilibrium prop-
agating down che rfi«m^i - After exiting from the chan-
nel tha spaca charge "blows" electrons apart increasing
tha spot size. He see that Che requirement of uniform
spoc brightness has an adverse efface on che spot size

che magnetic focusing even more important.

*a.tion of che Dececcor

**1*̂ 1 .̂ Magnetic focusing of electrons
In an HCP dsceccor working in the saturation region of
cha MCP is .1 direct analogy of a well-kc<iwn single loop
focusing. It is achieved by applying a honogeniouo
magnet field parallel to Cha acceleration alaccrlc field
between MCP and che phosphoric anode.

An electron from the electron cloud moving from the
output plau.f at the HCP toward cha phoaphor screen is
subjected co the defocualng action of tha electric field
produced by all electrons in cha cloud. Tha resulting
transvera* moclon of cha electron (in a projection co
tha plane of che phoaphor screen) la similar Co Che
motion of an electron in a magnetron. The electron Is
accelerated away from the center of the avalanche and
aa lea transverse velocity Increases, che electron Is
subjected co increasing magnetic force which turns the
electron back coward the avalanche cancer. Cooing back,
the electron OOVSA saainac the electric field, loses its
energy and spends some cioa dose co che cancer of che
electron cloud before It is moved again away from the
center.

The time needed for an electron eo accomplish one
such cycle Is mainly a function of che applied magnetic
field and depends only weekly on che <"«Mil transverse
velocity of the electron and on the strength of che de-
focuslng field. If che cycle time of this transverse
electron moclon Is equal Co th* tlae of flight of th*
electron between MCP and the phosphoric enode, che elec-
tron reaches cha anode while being dose co th* ava-
lanche center tbca minimizing that spot size.

Focusing conditions can be expressed as

ef " e c (1)

where cf Is che time of flight of electron between MEP-
output and phoaphor screen and tr la Che above men-
cionad cycle tlae.

The real situation la complicated by che spread
of initial longitudinal electron energies at th* output

of tha MCP. The electron time of flight thus depends
not only on ehe acceleration potential and on the dis-
tance, but also on che longitudinal velocity of siec-
trona exiting the MCP. He c m express the electron
tine of flight spread aa a function of cha electron
Initial longitudinal energy spread Aet

Ae,|atf| * 1/qE • «W2

where q - ' la Che electron charge,
E - accelerating field between MCP and phosphor

(2)

m - electron mass,
&£ - initial longitudinal energy.

formula (2) assumes that «i « q*S*s where s Is che MCP-
phosphcr screen distance. Be see Chat In order Co min-
imize che electron time of flight spread (and hence che
spoc sice) ehe acceleration electric field haa eo ba aa
strong aa possible.

To calculate Che transverse motion of electrons, a
numerical mechod Is needed. Fig. 2 showa che calculated
spoc size In urn for Che MCP detector aa a function of
tha accelerating voltage for different values of ehe
magnetic field. The assumptions about Che MCP avalanche
are written on Fig. 2,-where L is the mean Initial

MMflatnc racusiiM m A
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Fig. 2. Calculated 3pot size In urn as a function of
ehe acceleration field between ehe output plane
of the HCP and the phosphoric anode for dif-
ferent values of the focusing magnetic field.
Parameters of the electron avalanche at the
HCP output are explained in che text.

longitudinal energy, E- la che mean transverse energy,
B che focusing magnetic field and A* - (apace charge)
Is che potential difference between Che center and ehe
border of a cylindrical electron avalanche exiting che
MCP.

The optimal spot size dacreaaaa with ehe magnetic
field due Co ehe stronger compression of the transverse
electron motion inside ehe magnetic field.

To obtain the focusing conditions for a different
distance between che MCP and the phoaphor screen s, ehe
acceleraeion electric field haa to be changed in such
a way aa co give the same mean electron tlae of flight.
The values of the focusing field for B - .6T are given
In Table I below:



s(ma) E(kV/mm) •BCkV)

1.3
1.5
1.7

2.4
2.8
3.2

3.1
4.2
3.4

The larger distance s requires the higher acceleration
field E and according to formula (2) gives smaller
spread la |&tJ resulting In a smaller spot size. The
practical limit for E Inside the detector gives tha
optimal distance s around 1.5 maw

Single MCP aa an Electron amplifier In a Magnetic
Field. The focusing magnetic field of tha order of 0.6T
is required in the space between the MCP and the phos-
phor screen. For any practical field configuration it
means that the HCP has to perform Inside the magnetic
field of the same intensity.

Performance of an MCP as an electron amplifier
inside the magnetic field was studied la order to de-
termine the optimal bias angle of the HCP.

The Hamamatau HCP used in the test measured 25 on
in diameter, was 1 ma thick, and had a 0° bias angle.
The channel's diameter was 12u giving length/diameter
ratio of about 30.

The anode was connected to the charge sensitive
preamplifier followed by a single delay line amplifier
with the integrating time T * 1 us. The equivalent
noise charge (EHC) was about 600 electrons.

Figure 3a shows the nose probable gain (peak po-
sition) as a function of the magnetic field at different
angles between the field and the channel axis. The HCP
was excited by 0V light and tha applied voltage Vy— on
the MCP was high enough to obtain a saturated response.
We sea that the peak position first increases and later
decreases with tha magnetic field.

MCP THICKNESS* I mm
BIAS AMOLC'O*

2 3 4 5
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Fig. 3(a). Host probable gain of tha single electron
response.

°0

Fig. 3(b). The relative width of the single electron
response of the 1 an thick MCP as a function
of tha magnetic field for different angles
between the channel axis and tha direction
of the magnetic field.

Figure 3b shows tha relative width of tha charge
distribution FHBM/peak- from the same oeasuress-it as
plotted ir Fig. 3a. We see that a 15° m~! j'.-res about
the best performance for the magnetic field intensity
above .5T which is requlrsd for focusing.

Distribution of tha output charge has a tail cor-
responding to gain fluctuations toward high values (not
shown). The tall which is a consequence of the positive
ion feedback became unimportant for the magnetic field
above 0.3T at the non zero angle between the magnetic
field and the channel axis. The presence of the magnee-
ic field allows us to achieve a saturated gain fron a
single MCP without the usual problems connected wich
the positive ion feedback.

We have condutf i that an MCP with a 15° angle be-
tween the channel and HCP axis (15° bias) should opti-
mize the performance of the HCP aa an electron ampli-
fier In the MCP detector.

StudT of tha Mi|<ifi#nlsmv of cfaa MCP. The
high spot density of the track recorded by HCP detector
is particularly desirable for the pattern recognition
of the complicated interaction topologies.

The theory of secondary omission predicts that
the probability for a particle to excite a channel of
the MCP Is proportional to tha local specific ioniza-
cion dE/dx. The previous study2»3 showed the probabil-
ity of the axci^i^ion for a minimum ionizing particle
being in a few percent region which results In a den-
sity of a few spots par mm for the track inside thai MCP.

In this study we have applied a Cal coating inside
tha channels of the HCP in an attempt to Increase the
spot density. A CsX coating should increase the spot
density by two different processes. First, by its



higher secondary electron emission coefficient (at
laaat for low energy elaotrone); sad secondly by acting
aa a UV-seneitive phatocatbode Inside the channel. A.
simple straightforward calculation shows that tha Cer-
aakev light emitted by a minimum Ionizing particle la
the Pb-glaaa of a DC? Into the near tJV-rejlon should In-
crease the spot denaity by a factor of two If tha quant-
ma efficiency of the 07 light to pbotoelectron conver-
sion is about 101.

Figure 4a shows an Increase of the MCP efficiency
due to the Csl coating. Tha test was performed at the
A.-Z test beam at the SSL AGS. Tha particles (3.5 GeV
O pesaed through MCP under aa Incident angle of 60°.
They crossed relatively few channels la the effective
depth of the MCP thus the efficiency gives a direct mea-
sure of tha excitation probability of MCP channels.

100 -
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TWO LAYER C U
0NE LAYER C*l Fig. 4(b). Ralativa probability of excitation of MCP

aa a function of n - P/ac. Tha probability
follows tha dE/dx curve showing that tha
Caceakov light doaa tut contribute signif-
icantly to the excitation proeaaa.
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Fig. 4(a) . The efficiency of the HC' detector when
transversed by a min-ltsma Ionizing particle
at the angle of 60°. Sote the effect of
channel coating with Cal.

NO S c l

Figure 4b shows tha dependence of the excitation
probability (directly related to tha spot density) on
the kinematics paraeter n " F/ac of the fast particle.
(F i s the particle aoasntnm, A thai particle oaas, and
c i s tha speed of l ight.) Tha shape of tha probability
carve follows a wall-feaowa dE/dx curve showing that tha
Cerenkov light does not contribute appreciable to the
excitation process of tha MCP. (tha Cerenkov light has
a threshold at about n " .8 and rises sharply at that
value.)

Performance of the MCP Detector

Baaed on the studies described In the proceeding
section, two 9lngle stage MCF-deteetors were produced
by BaaamatsB. Both detectors had the ifCP'a 1 aa thick,
bias angle 13°, channel diameter 12 u, phosphor P-ll
and HCF-phoepboric anode distance 1 m. One detector
used a standard MCP, tha second bad channels coated
with Cal.

The taat waa performed at the Hl-beset at Fernilab.
To record the ioages we used aa optical systea consist-
ing of a lens, a gated four-stage nagaetlcally focuaaed
Image lntensifier, which served a» an optical switch
and an optical amplifier, and a film camera.

Tha spot slsa shown la Fig. 3 as a function of

E*4000
£•3600

TOTAL HVS.9HV

__j a,,(h6)

SO

MCP WITH Csl

9.1k

3.3 6.6

Fig. S. Measured spot sire aa a function of the focus-
lag magnetic field for the detector with and
without the Csl coating. Electric field of the
image laceasif ier used la the optical system i s
a parameter of the upper part of Fig. 5.



• the focusing magnetic field include* tha size degrada-
tion (fflara) in tha uaad optical fence iatenalf ler . If
a simpler optical system wave used (we do not aaad an
optical ampllf iat) tha tpot slxe mold deereaae down to
lSu aa was measured by a dlract photographic recording
without eh* image inteaalf i«r. Figures 6a and 6b show
tha response of detectors aa a ftmetlon of the dapth
coordinate of tha datastad particle inside tha MCP for
tha datactor without and with tha CaZ coating, respec-
tively. Wa aaa that tha Cal layer lncraaaaa substan-
t ial ly thai active dapth of tha datactor.

tha rata capability of tha datactor was aatlBki,6i
froa tha output charga measurement to ba In loVsac re-
glon. Mr some applications an lmprovenant via a lower
MCP blaadas raaiatftaca nay ba naaded.
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Fig. 6. The efficiency of tha MCP datacter aa a func-
tion of tha dataetor depth, (a) detector with
no Cal; (b) detector with CaZ layer Inside the
channel. The thickness of tha baaa defining
counters tas ,2am.

The examples of the ioagea of 200 GeV/c w" ir.tar-
actlona within tha dataetor aza shown In Fig. 7. Ex-
amination of a larger sample of photographs provides a
oeasuremut of tha spot density for tha alnlmlm ioniz-
ing particles. Tha measured spot density (2.8 t .5)
spots/an was essentially tb? same for both detaetors.

Tha H»B displacement of tha dot centers from a.
least squeres fitted l ine la about S urn. This number
la a fair estimate of tha position resolution of the
detectors and la basically limited by the size of the
channel.

Tha excess of dots unrelated to tha interactions
on Fig. 7 la due to the relatively long decay tlma of
tha phosphor of tha image intanslfier, thus a faw spots
from previous events ware recorded. The Intrinsic time
resolution of the dataetor was of tha order of 1 us
limited by tha daeay time of tha "P-ll" phosphor usad
at tha dataetor anode.
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Fig. 7. Two examples of ehe laearaceloa of 200 6eV/c
T" inside ehe MCP d at actor. Shore blurred
tracks are probably due to hanry ionizing no-
clear fragaenes. The lncldcsx particle uaa
coming froa eha boetoa.
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