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OPTIMIZATION OF u;cmmmm MULTIPLIERS FOR TRACKING
MINTMUM IOMIZING PARTICLES

K. Oba™and P. Behak
Physics Department
Brookhaven Natioual Laboratory, Upton, NY 11973

D. Potter
Serin Physics Laboratory
Rutgers University, Piscatawvay, Naw Jersey

Abstract

The progress in developmant of special Microchan-
nel Plates for particle tracking is reported. The re-
quiremsnts of i) high spatisl resolugion, 1i) high den-
aity of inforuaticu snd, 11i) rate capability vere
found to be satisfied in a thick Microchsnnel Plate
with a Csl coating operating in & focusing magnetic
field. The msasuraments of tha Microchsnnsl Plate de-
taction efficiency, zain and noise are prasented for
several detectors. Tha picturas of the passage and
interscticn of the high enargy charged particles inside
the decector are showm.

Introduction

There has besn a great incerest receantly in the
developmant of tracking detectors with very high spa-
tial resolution and high race capabilities. The need
for such detectors becams apparcut with the discovery
of particles cartying the new flavor quantum numbers
chara and beauty.

The predicted lifatizs of new particles requires
spatial resolution of a few microns for the diract life-
tize measuresent or for the particle ideatificacion via
an obgervacion of the secondary vertex. The expected
production cross-sections are so lov that in order to
collect faw avents the detsccor has to psrform under
high races up to the MHz region.

The principle of a particle trscking detector con=
sisting of microchennel plates (MCP) and phosphor screen
is shown in Fig. 1. A fasc charged particle passes
through the MCP crossing a large number of chammael
walls., Along the particle path secondary electrons are
amittad {nto soms channels of the MCP and generate ava-
lanches inside the channels. Tha svalanche procsss in
MCP retains the position ianformation of the primary
particle, which is made visible on a phosphoric anoda.
If the deasity of secondary electrons producad by the
particle passage is sufficiently high, ve can see a
chain of spots corresponding to a projection of the
particle trcjectory onto the phosphor screem.

Several festures of the MCP- make chis scheme 2
suicable candidste for the high rasolucion tracking da-
tector;2 1) Small channel dismeter (v 12 um) allows in
principle to schieve the positicn resolutiou of twms 5
um. ii) The intrineic rasolving tiss of the MCP excited
by the charged particle i9 less than ons umucond-‘,
thus the detection at high rates is, in priaciple, pos-
sible. 111) The MCP is "live™ so the informsacion from
it can be used for the event salection (trigger).

In this paper we describe the wsy to salect MCP
paramsters to optimitze the performsace of an MCP-track-
ing detector. The considered paramaters ara i) the con—~
figuration of MCP, 11) the macerial of chsnnel walls,
11i) the external sagnecic fiald, iv) ths electric
field applied o the MCP, and v) the electric field he-
tween the MCP cutput and the phosphoric snode. The per-
formance of such a detector is raported and the picturaes
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Pig. l. Principle of the MCP detector for tracking min-
imum {ionizing particles. A bezm particle pass~-
es through the upper part of the MCP excites
some channels along its trajeccory. The pro-
jection of the parcicle pach is made visible
on the phosphoric anods.

of the interaction wizhin the decector are showm.

Constraints on MCP Tracking Detector

7ig. la shows the clsssical Chevrom counfiguration
of MCP used for particle tracking detector. We immedi-
ataly ses a certain loss of the spatisl resolution at
the incerface of MCPI and MCPII. The channels of the
sucond MCP are almosc at random position relacive to
the chamnels of che firsc placte and in averags, an elec~
tron cloud from a single channsl of tha first MCP spreaads
to thres channels of the second plate® resulting in a
degradation of the positiou resoluticn. To praserve
the resolucion only ons chick MCP is used (Fig. 1lb).

The achar parameter related to che positcion resolu-
tion is che spot size dus to the transverse spread of
avalanche electrons arriving et the phosphor screea.

The ceancer of tha spot rectains most of che position in-
formation, howgver, for complicated mulciparticle evauts
the small spot size is desirable. Fig. lc shows Che
idea of cthe reduction of the spot size by a smagnetic
focusing obtained by applying an external magnstic field

parallel to the «lectric field betwsen the MCP and the
phosphoric anode.
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Additional constraints for the MCP follow from the
requiresent of tha high spot density produced by & min-
imge ionizing particle crussing the effective thickness
of che datector in the upper part of cha MCP.

The brightnsss of differsnt spots ou the phosphor
scraen should be iodependenc of the depth of the parti~-
clea passage. It masns chat the MCP should provide about
mmmmcotmch-tzca::hnou:put-or:hc
MCP should wotk in a satutated region. Io an opposita
case of a wida distribucion of the spot brightnass, thas
spots at the lowver and of the distribution would bde
lost in a subssquenc optical recocding (dynamic range
limications) resulting in au appareat decrease of the
spot density.

The uniformity of the output charge from an MCP in
a sacturated region is a rasult of the slectronm spece
charge inside the MCP channal.l At sufficiently high
charge in the avalsnche, the secondary electrous aze
tepulsed back onto the channel wall before they can
gain enough anargy (from che electric field) to produce
additional secoudaries at the impact with the wall.
The secondary electrun yield is reduced to unity and the
avalanche reaches the state of dynamic aquilibrium prop-
agating down the channel. After axiting from the chan-
nel ths space charge "blows" electrons apart increasing
the spot size. We see that che raquiremsnt of uniform
spot brightness has an adverse effect on tha spot size
making the magnetic focusing even more important.

Optimizatiom of the Detector

Magnecic Focusing. Magnezic focusing of electroms
in an MCP dztector working in the saturacion region of
the MCF i3 a direct analogy of a well-krwm siangle loop
focusing. 1r is achieved by applylag a homogenious
magnet field parallel to the acceleracion alsctric filaeld
betwesn MCP and che phosphoric anode.

An ele.cron from the alectron cloud moving from the
output plawvr oi the MCP coward the phosphor screen is
subjected to the dafocusing accion of the elactric field
producad by all electrons in the cloud. The resulting
tTansverse motion of the eleccron (in a projection to
the plane of the phoephor scraen) is similar to the
motion of an electzon in a sagnecroa. The electron is
acceleratad awsy from che center of the avalanche and
ag its transverse valocity incresses, ths clectrom is
subjected to incrassing magnecic forcs which turns the
electron back toward the avalanche center. Coming back,
the electron movua seainsat cthe elactric fiald, loses its
energy and spends some cilms close to the cester of the

electron cloud before it i3 moved again avsy from the
center.

The tima needed for an electron to accouplish ous
such cycla is mainly s fumction of the applied magustic
field and depends only weskly on the initisl transverse
velocity of cthe elecczom and on che streagch of the de-
focusing fisld. If che cycle time of this transverse
alactron wotion is aqual to the time of flight of the
elactzon between MCP and the phosphoric snode, the alece
troc rteaches che anode while being close to the ava=-
lanche center thuis aintimizing tha spot size.

Focusing conditions can be expressed as
g €, (1)
whers t. 13 the time of flight of electron betwesan MCP-

gutput aand phosphor screem and : is the above mene
tionad cycle cime.

The real situation is complicated by the spread
of iunitial longitudinsl elsctrom energies at the outpuc

b r

of the MCP. The elactron tima of flight thus depends
not oculy on the acczleration potsntial aand on the die=
tance, but also om the longtltudinal velocity of =iec~
trons exiting the MCP. We cin express che elsctron
tine of flight spread as a ‘unction of the alectron
initial longitudinsl energy spread de,

[acg[ & 1/qE * vm/2¢q - acy C(2)
where q ='is the electron charge,
E = sccalarating field between MCP -and phosphor
screen,
u - alectron uu,
~ initial longitudinal energy.

?o:ml.a (2) assumas that ¢; << q°E*s vhere s is the MCPa
phosphcT screen distance. We see that in order to mine
imiza the alectron time of flight sprssd (and hence the
spot sice) the acceleracion electric flsld has to be as
strong as possible.

To calculate the transverse motion of electrsns, a
aunarical method is needed. Fig. 2 showa the calculaced
spot size in um for the MCP detector as a function of
the accaleracting voltage for differemt valuas of the
nagnecic fisld. The assumptions about the MCP avalanche
are written on Fig. 2, whare ET. is the mesu inmitial
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Fig. 2. Calculated spot size in um ag a function of
the acceleration fiald betwsen the output plane
of the MCP and the phosphoric anode for dif-
farent valuas of che focusing magnetic field.
Paramaters of the electron avalanche at the
MCP output are axplained in the text.

loagitudinal energy, £. is the mean transverse energy,
B tha focusing magnetif field aud 4¢ - (space charge)
is the potential differsnce between the center and the

bordar of a cylindrical electrom avalanche exiting the
MCP.

The optimal spot size decreases with the magnetic
field dus to the stronger compression of the transversa
electron motion inside the magnetic field.

To obtain the focusing conditions for a differsnt
distance between the MCP and the phosphor screen s, the
accaleration electric fisld has tc be changed in such
& way as to give the same mssn electron time of flighe.
The values of the focusing field for B = .6T are given
in Table I balow:
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s(mm) B (kV/mn) Vv = 3-E(kV)
1.3 2.4 3.1
1.5 2.8 4.2
1.7 3.2 S.4

The larger distance s requires the highar acceleration
field E and according to formula (2) gives smallar
spread in |At,| resulting in a smailer spot size. The
practical t for E inside the detaector gives the
optimal distance s around 1.5 mm,

Single MCP as an Elactron Amplifier in a Magnetic
Field. The focusing magnetic field of the order of 0.6T

is required in the spacs between the MCP and the phos-
phor screen. For any practical fisld configuratior it
means that the MCP has to perform inside the magnetic
field of the sama intensity.

~ Performance of an MCP as an alactron amplifier
inside the magnetic field vas scudied in order to de-
termine the optimal bias angle of the MCP.

The Hamamarau MCP used in the tast measured 25 mm
in diameter, was 1 mm thick, and had a 0° bias angle.
The channel's diasmpeter was 12u giving length/diametar
ratic of about 80.

The anode was connected to the charge sensitive
preamplifier folloved by a single delay lins amplifier
with che integracing tima v = 1 us. The equivalent
noise charge (ENC) was about 600 electroms.

Figure 3Ja ashows the mosc probable gain (peak po-~
sition) as a function of the magnetic field at different
angles between the field and the channel axis. The MCP
wvas excited by UV light and the applied volcage V. on
the MCP was high snough toe obtain a saturated response.
We sea that the peak position first increases and later
decresases with Cha magnetic field.
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Fig. 3(a). Most probable gain of ths single electron
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Fig. 3(b). The relative width of the single electron

response of the 1 mz thick MCP as a function
of the magnetic fleld for differenc angles
between the channel axis and che direction
of the magnecic fiald.

Figure 3b shows the ralative width of the charge
distribution FWHM/peak' from tha same messureze:t as
plotted ir Pig. 3a. Wa see that a 159 an3! 3ives about
the best performanca for the magnetic field intensity
above .5T which is requirad for focusing.

Distribution of the output charge has a tail cor-
responding to gain fluctuations toward high valuss (oot
shown). The tail which is a consequence of the positive
ion feedback becams uaimportant for the magnetic field
above 0,3T at the non zero angle betwsen the magnetic
field and the channel axis. The presence of the magnez-
1c field allows us to achieve a saturated gain from a
single MCP without che usual problems connected wich
tha positive ion feedback.

We have conclud:4 that an MCP with a 15° angle be-
tween the channel and MCP axis (15° bias) should opti-
mize tha performance of the MCP as an electron smpli-
fier in the MCP datector.

Stud~ of the Excitation Mecasuiss of cthe MCP. The
high spot density of the track tecordad by MCP detector
is particularly desirable for the pattern recognition
of the complicated interaction topologles.

The cheory of secondary ni.n:l.nus pradicts that
the probability for a particla to excite a chamnel of
the MCP is proportionsal to tha lo spacific ioniza=
tion d8/dx. The previous atudy“’~ showed ths probabil-
ity of the axcic=iion for a minimum ionizing particle
being in a few percent region which tesults in a den=
sity of a few spocs per m for the track inside the MCP.

In this study we have applied a CsI coatirg inside
the channels of the MCP in an attempc to incraase tha
spot density. A Csl coating should increase ths spot
density by two differect processes. First, by its




har secondary electron mission coefficienc (st
?20: for lov euscgy slectrons); and secoudly by acting
as a UV=sengitive photocathode inside the chammel. A
simple straightforward calculation shovs that the Cer-
sakov light emitted by a minimum iouizing perticle in
the Pbeglass of a MCP into the near UV-region should in-
crease the spot density by a fasctor of two if the quant-
un efficiency of the UV light to photoeleetron couver-
aton is about 102,

Figure 4a shows an ipcrease of the MCP - afficiency
due o the Cal coating. The test wme perfornal at the
4=1 test beam at the BNL AGS. The particles (3.5 GeV
™) passsd through MCP under an incident angls of 60°.
They crossed relatively few clmnnels in the offective
denth of the MCP tius the efficiency gives a direct zea-
sure of the excitation probebility of MCP channels.

A
100+
TWO LAYER Cal
80~
.4
>
(]
g
wl
2 -
lul:‘o i 4"’
wl
as 8Q*
zat- AsiQuis2
BEAM 35
NEGATIVE sev
Q et S— - iy
1900 1600 1700
Vucp (v
Fig. 4(a). The efficiency of the MCJ detector when

transverssd by a minicum fonizing particla
at the angle of §0°, Note the effect of
charnel costing with CsI.

Figure 4b shows the depsmxience of the excitation
probabil ity (directly relatad to tha spot density) on
the kinemstics psrameter n » P/mc of the fast particle.
(P is the particle nomentum, = the pazrticle mass, and
c 1s the spead of light.) The shmpe of the protmbility
curve follows a well-known dE/dx curve showing that the
Cerenkov light does not concribute apprecishle to the
excitation process of the MCP. (The Ceraninv light has
a threshold at about n = .8 and rises sharply at that
value.)

Parformance of the MCP Detsctor

Based on the studies describted in the precesding
section, two single stage MCP-detectors wvere produced
by Eamamatso. 3oth detectors had the MCP's 1| mm thick,
bias angle 15°, chamnel dismeter 12 u, phosphor P-11
and MCP-phosphoric anode discance 1 mm. One detector
used a standard MCP, the second had chammela coated
with CsI.

The tast was performed ac the Ml-beam at Fermilab.
To record tha izages ve used an optical system consisc-
ing of a lens, a gatad four-stage magnetically focussed
imsge intensifier, vhich sexrved as an optical swicch
and an optical amplifier, and a fila camers.

Tha spot size shown in Fig. 3 as a function of
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Fig. 4(}). Ralative probability of excitation of MCP
as a function of n = P/mc. Tha probability
follows the dE/dx curve showing tbet the
Cerenknv light does not coatribute signif-
icaatly to the exeitation procass.
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Fig. 5. Measured spot size as a functiom of the focus-

ing magnetic fiald for the deteccor with and
without the Csl costing. Flectric £ield of the
imsge inrensifier used in the optical system is
a parametexr of the uppexr part of Fig. 5.
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- the focusing magnetic fiald includes the size degrada~-
tion (flare) in tha used optical image intensifier, If
a simpler optical systmm ware used (we do not need an
opticsl amplifisr) the spot size wuld decremse dowa to
15u as wvas measursd by a direct plotographic recording
without the image intensifier. Figures Ga aod 6b show
the response of detectors as a function of the depth
coordinate of the detected particle inside the MCP for
tha detector without and with the CsI costing, respec~-
tively. We ses that the Csl layer incresses substan-
tially the active depth of the detector.
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Fig. 6. The efficiency of the MCP detactor as a func-
tion of the detector depth. (a) detactor with
oo Cal; (b) detector with Csl layer inside the
channel. The thiciness of the beam defining
counters ws .2om,

The exmmples of the imsges of 200 GeV/c 7 irter-
actions within tha detector are shown in Fig. 7. Ex-
aminacion of a larger sample of photographs provides a
oeasuremeit of the spot density for the ninisis foniz~
ing particles. The messursd spot density (2.8 = .5
spots/mm vas essentislly tha same for both decectors.

The RMS displacement of the dot centers from a
least squeres ficted line ig about 5 ;m. This mmbaer
is a fair estimate of the position resolution of the

deteactors and {s besically limited by the size of the
charmel.

The excess of dots unrelated to tha incersctions
on Fig. 7 is due to the relatively long decsy tima of
the phosphor of the image intemnsifier, thus a few spots
frols previcous events were recorded. The intrinsic time
resolution of the detector was of ths order of 1 us

linited by the decsy time of the "P-11" phosphor used
at the detectsr anode. .

The rate capability of the detector vas estimuied
from the cutput charge measurament to ba in 10°/sec re=-
gion. For some applicatione an improvement via a lower:
MCP blesder reaistance may be needed. B
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Fig. 7. Two examples of the intersction of 200 GeV/e
° 7" inside the MCP datector. Short blurred
tracks are probably due to hwvy fonizing m-
clesr fragaents. The incidear particle wmas
coming from the bottom.
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