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The MAC experiment,situated at the PEP e’=e” storage ring at SLAC,

hag accumulated 75 pb"‘1 sincé the- installation of the electronic exten=-
sion to read out the specific ionization (dE/d%) for every cell of the
central drift chamber (CD).

The goal of the project was to obtain a 30 separation between high
energy electrons lying on the Fermi pldteau and pions near the minimum

ionization point, i.e. resolution of 20-25% for a ratio plateau/mini=
mum = 1.6.

We destribg Here the performance of the system under actual data
taking conditions and show how we can use it to improve our particle
identification.

1.~ INTRODUCTION

The MAC detector (Fig. la) has been described elsewhere(l). Here we

point out only the salient features of the central drift chamber (Fig.lb).




The CD contains 833 drift célls arranged ih ten cylindrical layers inside
a common gas volume filled with 90% argon, 10% methane. The material bet-
ween the interaction polrt and the first sctive layer amount to 0.036 ra-
diation lengths for normal incidence particles. The CD is ingide a sole-
noidal magnetic field (B = 5.7 Tesla). The ten layers are located at equal
ly spaced radii with the innermost layer at 12 cm and the outermost at 45
¢m from the beam intersection. Each c¢cell (see Fig. 2a) has two ¢losely spa
ced sense wires, connected to a differential readout electroriics, which
measure the drift distance without left right ambiguity. In Fig. 2b is

sketched also the structure of the dE/dx readout.
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F1G. 2 -~ a) Structure of a CD cell; b) .Sketch of the dE/dx readout.

2.~ PERFORMANCE

FEach particle passing through the CD is sampled up t6 ten times. Ih
this study only tracks having at least five samplings are considered {that
i8& 100% of reconstructed Bhabhas and 85290% of reconstructed multihadrons).
Each individudl pulse height has to be at 1east 2 sigmas away from the pe-
déstal to be cohsidered a good samplitig:. This criteria eliminates . all those

samples in which the particle goes through the two setise wires releasing



essentially the same amount of ioniZatioén on both wires (the geometrical
probability is & 2% for thifsérm illumination). This samplés are also re=
moved by regquiring consistency of the sign of the pulsge height with the
sign of thHe tinme measured By thHe TDC system.

Thie only monocromatic particles(2> are electrons and positronsg from
Briabha scattering (energy 14.5 GeV), g pairs and cosmi¢ rays. The electro
nic gain for each chanrel is evaluated from the response to a Known pulse
injected before the preanp, while the gas and cell gains for eveéry chan-
nel are evaluated from Bhabha evétits. This is done for groups of runs to
talling =2 pb“l (from two to threé days of actual running time). The
pulse height of eveéry cell 18 corrected for the particle incideént angle,
for the azimtuthal bending due to the maghetic field (this correcticen is
of the order of a few percert only for low momentum tracks), and for the
observed dependéncy of the inteprated pulse height from the distance from

the sense wire, i.e. the drift time (Fig.3). The most probable value for
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FIG. .3 - Dependence of pulse height on drift time.

the dE/dx for a given track is egstimdated averaging the smallest 70% of the
samplings; 70% has been c¢hosen because it minimizes the discrete jumps due
to the limited number of samples. THis 18 becomihg a standard technique to
eliminate the Landau tail fluctuation of the differeptial dE/dx distribu-
tion in the estimation of the most probable value of the distribution.
Looking &t the average dE/dx vs. scattering angle we see no saturation
effect, which could show up at large absolute etriergy loss, i.e. at small

angles (Fig. 4).
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The distribution for Bhabhas, cosmics and mu pairs are shown in Fig.
5. The actual mean values and @'s (in arbitrary units) are tabulated inh

the Table I.

TABLE I
Cosmics W Bhabhas.
{P.h.] N 0. . 9¢
£P.h )tmmated 0.65 0.85 0.99
0.19 0.21 0.21

The ratio between them is in good agreement with theoretical predictio£32
Part of the differerice in resolution can be explained naively if one ex-
pects the resolution to depend in a Poisson fashion on the number of in-
dividual ionization clusters so if we have 1.6 more "losses" for Bhabhas
than for minimum ionizing we expect a factor qu% = 1.26 which is close
to what we actually see. We see that the resclution scales with the sgua
re root of the number of samples as expected (see Fig. 6).

The resolution of our device has two components: one s the intrinsic
resolution which depends on the gas, density, pressure, sample thicknhess;
the other is the posgible systematics! differefit behaviolir 6f some chan~
nel, noise and so on. To observe the effect of the intringic resslution
we split 10 hits tracks into 2 segments, say Front and Redr respectively,
and compute separately the mean pulse height, %X, In Fig. 7 i8 shown the

distribution of the dquantity
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FIG. 5 - Distiibution of
truncated averdge for
Bhabhas (a); W(b), and
cosmics (g).
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RESOLUTION (%)

FIG. 6 - Resolution (&/peak) wvs.
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whose r.m.8. is equdl %6 two times the ihtrinsic resolution for 10 hit
tracks (diO) and the factor 2 ig equal to ('/E'fOr the half numbeér of

gsamples) ( UE since we are cohiparing two independently varying variables).

S6 we Have:

2 2 2
g, . = 3 .
10 Ointrinsic * asystematic
Lo varies Between 17% 4nd 18% dépending or thé period; O tpinsic = 17%,

so we are left with a systeématic effect of at most 6% to be added in qua
dpature. The fact that the mean value is O assures us that there are no

systematic variation, in the evaluated dE/dw, along the track.

3.~ APPLICGATION

orie of good features of the gtructure of the cell is the differential
readout: any O«charge integral pulde like c¢rogg=talk induced pulses, 1is
cancelled ocut. Moreover one can use tHi& Tact to detect hit caused by a

ctoss talk induced pulse which had orie edge asbove threshold (see Fig.8).

, PR TRACK' , Incidentally we notice that
;g)T ‘ ' : ' : the wire differential read-
2.0+ () o o out. has another good charac-
LS] \i - teristic. as far as drays are
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I TS . P round the sense wire under

’ 1 i ZHXT;Krw: ° ’ ° the influence of the magnet
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limited by the relatively poor resolution. In a limited momentum range, i.
e. below the minimum ionization point of protons,;the dE/dx can be used to

separate (statistically) protons from kaons (see Fig. 9).
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FIG. 9 - dE/dx vs. momentum for multihadron events.

The main application, however, will be its use ir conjuction with ca-
lorimetry to separate electrons from pions to tag heavy flavor semilepton

ic decay. In Fig. 10 is shown, for example, the dE/dx distribution for the
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candidate electrons from B decay as determined by calorimetry before any
transverse momentum cut (the only cut apart from those regarding the lon
gitudinal shower development is on the momentum which is required to be
greater than 2 GeV)(42 Montecarlo studies expect around 50% pion back-
ground: with dE/dx we can clearly eliminate part of this background, by
cutting away the low ionization peak visible in Fig. 10. Another back-
ground which is the explanation of the tail at high dE/dx is due to mig
identification of double tracks in the central drift (for example ¥y con
version in the beam pipe). This type of background is being studied by

means of the dE/dx information.
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