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Introduction 

Elastic pion-electron scattering has been studied at the 76 GeV Serpukhov accelerator 
in an experiment designed to measure .the electromagnetic radius of 77 ~ -mesons. The 
high energy 50 GeV pion beam available at Serpukhov made such a direct measurement 
pnictical because, contra~y to the situation at lower energies, the four-momentum transfer 
is sufficient_ly" high so that the electron field probes dimensions comparable to the pfon· 
c:;'ompton waveleng~. T7e aim of the experiment was to measure the pion radius with an 
accuracy of 5-10% 1-:3 ·.The experimental setupwas.designedto record 77- e elastic 
scattering· with high efficiency in the recoil electron energy rangefrom IS GeV up to the 
kinematic limit of 36 GeV and to utilize the highest beam intensities available for 50 GeV 
pions. The maximum four.momentum. transfe~ squared was about q. 

2 
= 0.036 (GeV /c)

2 

(Recall that l=2m (E_;m )::I if E where E is the electron recoil energy). Since thfJ 

pion radius was :xpected to be of the order 0.6-0.8 x lo-13 em, the maximum effect of 
the pion form factor was expected to be 12-18% of.the Mott scatt~ring cross section so that 

great care in minimizing systematic errors was required. 

Experimental Layout 

.,,,, . A beam of 50 GeV 77-- -mesons was incident on electrons in a 50'cm liquid hydrogen 
.targe~; The mai.n.kinematic factors in this collision,•that· influenced the experimental setup, 
~are shown ·in .. fig.l which gives scattered pion ·and electron angles.as well: as the pair . 

opening angle v s . r.ecoi I electron energy (or q2 ); 



The experiment was installed in channel 12 of the_Serpukhov accelerator; the setup 
is shown in fig. 2. It consisted .of the hydrogen target, three blocks of magnetostrictive 
spark chambers, triggering by appropriate scintillation counters, two proportional cham-

v . •. 
bers, ·the magnet, and two shower Cerenkov counters. Beam particles were monitored by 
scintilla~ion counters s1 s ~ s3 s4 and, U_POn an appropriate trigger, their tracks recorded 
in the five magnetostrict1ve spark chambers and two proportional chambers.of Block I. 
Two scintillation counters S P and S e situated at the rear of the experiment after 
the magnet recorded the passage of a secondary 11 meson and an electron. For elastic 
scattering the pion and electron momentum must sum to 50 GeV/c; thus for a point beam 
of zero angular divergence, location of· SP and S e on either side of the 25 vGeV line 
provided an efficient trigger. Pulse heights of particles in two lead glass shower Cerenkov 
counters were recorded providing some electron identification. Magnetostrictive chambers 
in Block II in front of the magnet recorded the scattered pion and electron trajectories, those 
in Block Ill recorded their trajectories after being deflected in the magnetic t'ield. Several 
anticoincidence counters were used. A H reduced unwanted beam "halo", A-5 rejected 
part of the inelastic events produced in the target, and finally A B . , placed so as to 
intercept particles of 50 GeV/c momentum, signalled that a primary beam particle had 
disappeared and also helped reduce unwanted triggers from primary beam interactions in 
material downstream from the magnet. Counters A 1 -A 4 surrounded. the target on four 
sides and were used to record inelastic interactions via latches. A 3.5 m steel muon filter 
was located at the rear of the ~xperiment to aid in identification of p. ..:.. e scattering 
events. 

The. experimental equipment was arranged such that all events with recoil electron 
energy greater than 25 GeV were recorded with near 100% geometric efficiency and those 
below 25 GeV to about 15 GeV with a geometric efficiency sufficiently high that it could 
be accurately calculated by Mon~-:..carlo-meth~ds. This efficiency as afunction of recoiling · 
electron is shown in fig. 3 for a particular incident beam size and angular divergence. 

Figure 4 shows a. block diagram of. the apparatus and its control byoperators through 
the. on-l.ine c~mputer. Computer. output via print -out .or storage-scope display generated 
,operator' responses through eit~er push-button control panels or a teletype. The data 
coll~ction system could be triggered by the fast electronic _log i.e only when both the computer 
and readout electronics were in a ready state. When an event satisfying the fast logic trigger 
criteria occured the spark chambers wer~ fired and spark coordinates enregister~d by 
the readout electronics. Simultaneously, data from the proportional chambers, scintillation 

~ . 

counters and shower Cerenkov counters, as well as certain voltage measurements were 
encoded. These. data were then transmitted to the computer appropriately manipulated and 
~nalysed by "Ofl-:line" progr;-ams·. and ultimately written on magnetic tape. Results from 
the ~n:-line program were presented mainly in the form of about 200 hi~tograms that could 
either be displayed on. a storage oscilloscope or printed on a line printer and then.exami~ed 
by the operator which could take control action if appropriate. 
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Beam 

·The optic of the channel. preparing ·the beam for the target o· 
is shown in fig.5a. For generation of secondary particles the al' 

·diameter and 20 mm long pi aced at the 24th. magnet of the ace 
. particles with the momentum of 50 GeV/c at zero degree wer 

At the input the beam was limited by horizontal Cl and vertical ,c 
The objective of the quadrupole 01-04i connected in a doublet sc 
into the center of the momentum collimator C3 horizontally and 1 
vertically. The deflecting magnet Ml with an influence of the dispe 
rator produced the momentum dispersion of the beam equal 4.4 mm 

(where f'.. p is the p~rticle momentum divergence), and because 
in that place was 2 mm, gave a good possibility to select the momer 

The deflecting magnet M2 compensated partially the influence ol 
characteristics and defined the channel direction. The duplicat' 
06 formed the beam of needed sizes for experimental apparatus 
were selected to have minimum possible multiplicator coeffici 
experimental setup and a small dispersion at that 'p~int. The 
target at .QE_ = ,t,l% were 5.5 em in horizontal and 4 Cl 

capture· soli! angle of the particles was 30 ster, and the intensi· 

f'.. . 12 at _P_-= + 1% and 10 of 70 GeV primary protons. The p1 
p -

proportion~! chambers at the experimental setup made it possible 
of the beam and its momentum divergence (fig.7). In particular, th 
image of the target at the' center of the momentum collimator C:J 
the current of the quadrupoles 01-04 and measurements oft~ 
of particles (fig.Sb). 

Hydrogen Target 

A 50 em hydrogen target made by the cryogenic division ol 
in the experiment /4/ . The target was pressure stabilized, had 

· and contained a copper foil shield which conducted bubbles arour 
region where interactions took place. This construction allows a 

of hydrogen path length to a precision of 0.05%. 
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Beam 

The optic of the channel. preparing the beam for the target of the experimental setup 
is shown in fig.5a. For generation of secondary particles the aluminium target 2 mm in 

-diameter and 20 mm long placed at the 24th. magnet of the accelerator, was used. The 
. particles with the momentum of 50 GeV /c at . zero degree were taken into the channel. 

At the input the beam was limited by horizontal Cl and vertical ,C2 aperture collimators. 
The objective of the quadrupole 01-04~ connected in a doublet scheme, focused the beam 
into the center of the momentum collimator C3 horizontally and made it little convergent 
vertically. The deflecting magn.et Ml ~ith an influence of the disperse? field o~the accele
rator produced the momentum d1spers1on of the beam equal 4.4 mm per 1 % 7 . 
(where i., p is the particle momentum divergence), and because the image of the target 
in that place was 2 mm, gave a good possibility to select the momentum range -¥ ::::_1%. 

The deflecting magnet M2 compensated partially the influence of dispersion on the beam 
char~cteristics and defined the channel direction. The duplicate of the quadrupoles 05, 
06 formed the beam of needed sizes for experimental apparatus. Its. position and regime 
were selected to have minimum possible multiplicator coefficients of the target at the 
experimental setup and a small dispersion at that 'p~int. The sizes of the beam at the 
target at k = ±,1% were 5.5 em in horizontal and 4 crri in vertical (fig.6). The • 
capture· soli! angle of the particles was 30 ster, and the intensity was 4 x 10 5 per spill 

/). P d 10 12 of 70 GeV prim~ry protons. The presence of the spark and at __ -= -t-1% an 
p 

proportion~! chambers at the experimental setup made it possible to check the momentum 
of the beam and its momentum divergence (fig.7). In particular, the position of the vertical 
image of the target at the' center of the momentum colli[nator C3 was chosen by changing 
the current ~f the quadrupoles 01-04 and measurements of the mome~tum diyergence 

of particles (fig.5b). 

Hydrogen Target 

A 50 em hydrogen target made by the cryogenic division of LHE in Dubna was used 
in the experiment 14 / • The target was pressure stabilized, had special flat and windows 
and contained a copper foil shield which conducted bubbles around the central cylindrical · 
region where interactions took place.-This construction allows a knowledge of the amount 

of hydrogen path length to a precision of 0.05%. 
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Magnet 

Momenta of secondary particles were analysed in: a standard H type magnet SP-12 
·with a useful volume 50 em (horizontal} x 20 em (vertical} x 300 em (long}. Three com

ponents B X. By. Bz were mapped at 70 000 points with a systematic error of order 
0.1%/s/. Calibration of the Hall probe was made·using NMR. These measurements were 
used to construct a Fourier series representation of the field, events generated by a 
Monte-Carlo program were inte-grated through the magnetic field, and the resultant momenta 
were fitted to obtain an expression for momentum ·as a function of the input and output 
positions and angles of particles using Tchebycheff polinomials. For the trajectories ki
nematical-ly available in this experiment, the direct field integral was shown to be valid 

to 0.2%. 

Triggering System. 

., The experiment was triggered by a system of scintillation counters.and two shower 
Cerenkov counters using a fast (100 MHz} electronic logic system. Information from other 
scintillation_ counters was strobed by the trigger, latched and read into the computer for 

further use in the analysis. 
The dimensions arid positions of all· scintillation counters were chosen on the basis 

of kinematical considerations and using the known beam characteristics. All dimensions 

are listed below. 

Counter Size in mm Thickness in mm 

S! · and s2 150 X 150' 5 

s3 and s 60· mm dia circle 5 
4 

se 200 X 180 10 
s . 200 X 420 10 

p 

AH 400 x 400 with an 10 
80 mm dia hole 

As 400 x 400 with a 10 
100 mm dia hole 'i 

AB 150 X 150 10 

Aj -A4 400 X 600 10 

At..::A2 500 X 250 5 

The efficiency of·- only two of these counters, SP and Se .; enters directly into the·_ 
cross section. These two counters were each viewed by two photomultipliers, one on 
either side: a pulse from either phototube being considered valid by the fast electronic 
logic. Since both phototubes were "latched" into the computer on each event, the resultant 
data could be, used to evaluate the counters efficiency. Voltage characteristics of these· 
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t.vo counters are shown in fig.8; the two phototubes are denoted by 

Se• , respectively. All counters used FEU-30 photomultipliers 
divider. The last three dynodes on all tubes were also connected 
supplies to. prevent voltage sag during the beam spill. Voltages 01 

were sequentially measured and read into the computer. 

., 
Cerenkov Shower Counters 

v 
Two Cerenkov shower counter's deootedby ACCI andACC2 were 1 

to aid in electron identification. Each was made .from a block· 
200 mm x 240 mm x 400 mm, the latter dimens_ion corresponding to a 
mately 12 radiation le9gths. Pulse heights. from the FEU-49 photomulti 
by an analog-to-digital converter (ADC} and read into the computer 
most of the experiment, they were also used in the trigger logic, a 
corresponding to an electron energy of about 1/3 the minimum al 
being set for each counter. Both counters wer~ calibrated using a : 
minimum ionizing energy muons, and ultimately electrons from c 
scattering events; The resolution of the counters is shown infig.9 as 
events. During calibration the res_olution was shown to be ± 4.5% and 

Fast Electronic Logic 

Two parallel sets of electronic logic were used in the experi 
at the 0.5% level providing a powerlul- check that no mistakes we• 
was made from commercially available EGG, LRS and Chronei 
from modules produced in LHE at Dubna. Since high beam intens 
important to have a _short spark chamber memory time. Therefc 

·located near the beam line at the point which minimized the tim 
particle through the apparatus, and development of the trigger and ~ 
pulse. A delay of abouf300-400 nsec was achieved. 

Figure 10 shows a block diagram of the fast electronic logic. 
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two counters are shown in fig.8; the two phototubes are denoted by S P ; S p• and Se ·, 
S e• , respectively. All counters used FEU-30 photomultipliers with a resistor chain 

divider. The last three dynodes on all tubes were also connected to high current power 
supplies to prevent voltage sag during tile beam spilL Voltages on each photomultiptier 

were sequentially measured and read into the.computer. 

., 
Cerenkov Shower Counters 

v 
·Two Cerenkov shower counters denotedbyACCI andACC2 were used in the experiment 

to aid in electron identification. Each was made from a block of PEMG-2 lead glass, 
200 mm x 240 mm x 400 mm, the latter dimension corresponding to a thickness of approxi
mately 12 radiation le9gths. Pulse heights; from the FEU-49 photomultipliers were converted 
by an analog-to-digital converter (ADC) and read into the computer on each event. During 
most of the experiment, they were also used in the trigger logic, a pulse height threshold 
corresponding to an electron energy ot about 1/3 the minimum allowed electron energy 
being set for each counter. Both counters wer~ calibrated using a 32 GeV electro~ beam, 
minimum ionizing energy muons, and ultimately electrons from observed pion-electron 
scattering events. The resolution of the counters is shown infig.9 as obtained from TT ,_ e 
events. During calib~ation the res_olution was shown to be ± 4,5% and ± 5.0%, respectively. 

Fast Electronic Logic . I 

Two parallel sets of electronic logic were used in the experiment, their agreement 
at the 0.5% level providing a powe-i-ful ·check that no mistakes were being made. One set 
was made from commercially available EGG, LRS and Chronetics modules; the other 
from :modules produced in LHE at Dubna. Since high beam intensities were used, it was 
important to have a short spark chamber ~emory time. Therefore the electronics was 
located near the beam line at the point which minimized the time between passage of a 
particle through the apparatus, and development of the trigger arid subsequent high voltage 

pulse. A delay of abouf300-400 nsec was achieved. 
Figure 10 shows a block diagram of the fast electronic logic. A trigger was defined 

by the condition 
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About one trigger per 10 4 mesons in the beam was produced corresponding to 
about 20 times the expected number of TT _:·e ~lastic interactions. The main source of' 
backgrounds ca'me 'from interactions' of the beani' particles in the region behind the magnet. 



Spark Chambers < 

0._ ~ .> ~ 

Two sizes of spark chambers were used in-the experiment, 12 chambers 250 mm x 
x 250 mm and 6 chambers 420 mm x 600 mm; both with I mm wire spacing' and both 
using magnetostrictive r~adout /6/ . ,Chambers were arranged in thre~ blocks. Block I, 
situated in front of the target, had 5 sma'll chamber:-s spread on a 6 m base ~nd .was used 
to measure the incoming pion position and angle. Block II, situated between the target and 
magnet, had 7 small chambers on a 5 m base and measured the scattered electron and 
pion positions and angles. Comparison with the first block provided a measurement of the 
scattering angles. Bock Ill, situated after the magnet, had 6 large chambers on a 4 m base 
and served to a measure .the- angles and positions of particles exciting from the magnet. A 
comparison with Block II gave particle momenta. One chamber in Block I, two chambers 
in Block II and two; chambers in Block Ill were rotated 45 ° t? remove ambiguities. 
Chamber sizes were chosen to ensure an aperture large enough to record all 7T - e events 
~with electron-energy greater than 25 GeV. 

Spark coordinates were readout with a conventional clock-scaler system constructed 
at LHE in Dubna 17/ • · The total number of scalers was reduced by ~toring pulses on 
an intermediate delay I ine; up to six. sparks per plane were recorded. Chambers in Block II 
were read from both sides of the magnetostrictive wand to insure efficient detection of 
sparks separated by a distance as small as I mm in projection. Block I and Block Ill sparks 
could be recorded if separated by 5 mm in projection: Leading edge discrimination_ was 
used on the double wand readout in Block II; zero-crossing was used on all other chambers. 
Block II· chambers show an additional, non~electronic, double spark inefficiency below 
5 mm presumably caused by local reduction of the high ,voltage ("robbing"). Spark chamber 
efficiencies are shown in fig. II even for heavy loading (2-3 sparks in addition to the two 
TT- e sparks) efficiencies were greater than 90%. Note that the low.efficiency for the last 
chamber (75%) is an aperture effect; many particle trajectories do not pass through this 
chamber. 

All chamber coordinates were determined by precision surveying measurements. 
Positions transverse to the beam were also accurately determined by particle trajectories 
during periodic runs with zero magnetic field. Typical coordinate accuracies are shown 
in fig. 12 calculated by taking the position difference between sparks and fitted I ines. 
Accuracy was of the order of ± 0.4 mm and ± 0.3 mm for X (high voltage) and Yr gro~nd) 
planes, respectively. 

Proportional Chambers 

Two proportional chambers, one X and one Y , each with 40 wires.and 3 mm wire 
spacing were used in the experiment /8/. These chambers were s-ituated in front of the target 
in Block I and were used as an efficient track-finding aid since their 100 nsec memory time 
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is approximately ten times smaller than that of _the magnetostrict 
valid trigger from the fast electronic logic the_proportional chamt 
and their state sent to the on-line computer. Chamber efficiencies. 
of ± 1.2 mm were observed although the effective efficiency for 77 _ 

to 94% by dead time e{fects., 

Readout Electronics .. 

The readout electronics/7/ was composed of 'control circuitry 
ing data and circuitry'for transmitting the data to the computer. Fig 
block diagram. The system recorded up to 300 spark coordinates 
c~ambers, data fr?m 80 wires of the proportional chambers, 40 I: 
the counts in 16 scalers, fixed data from input switches, and a volt 
points of the experimental layout. All of this information, 3J6 sixt 
event, was transmitted to the HP 2116 B computer in about 2.4 msec. ,· 

Computer 

All data from the experiment were collected, formatted, writ 
and a portion, analysed by a11 HP2116B on-line computer (16 bi 
'cycle time, 32K memory, '184K eighteen msec access-time disc)/ 
equipped with a teletype; fast tape. reader and punch, line printe 
display, disc, and. two: magnetic tape units. 48 input-output cham 
all were used. In ~ddition to those used for conventional periphera 
were used, ol)e for. a remote control panel used by operators_for co1 
the other for- data transfer:. from the readout electro_nics. The con 
a real-t_ime sys!em and could .~ake up to 12p events per 1_.8 secon1 

· data were collected in a five event buffer, then written-onto disc. Dl 
b~tween spills- the d~ta was· taken, from the disc, writte~ onto j'llag 
by analysis and histq_gramming pr<?_grams, , _ _ ,_ .,. -

·,. 

On-Line Programs 

All on-line programs were designed to process and provide' 
of the experiment. So'me programs also were used to give a prelir 
experimental results. Appropriate raw data from all events were ~ 
histograms; in addition about 30% of the events passed through~ 

• and analysis program. Some of the more useful histograms of raw d 
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is approximately tim times smaller than that of the magnetostrictive chambers. At each 
valid trigger from the fast electronic logic the p~oportional chambers were interrogated 
and their state sent to the on-line computer. Chamber effici~ncies of99% and resolutions 
of ± 1.2 mm were observed although the effective efficiency for ir-e events was reduced 

to 94% by dead time etfects. 

Readout Electronics . 

The readout electronics/7/ was composed of control circuitry, circuitry for record
ing data and circuitry'for transmitting the data to the computer. Fig. 13 shows the relevant 
block diagram. The system recorded up to 300 spark coordinates from magnetostrictive 
chambers, data fr?m 80 wires of the proportional chambers, 40 latches of_ fast memory, 
the counts in 16 scalers,. fixed data from input switches, and a voltage from 32 sequential 
points of the experimental layout. All of this information, 336 sixteen-bit words for each 

event, was transmitted to the HP 2116 B computer in about 2.4 mse~ . . ,· 

Computer 

All data from the experiment were collected, formatted, written onto magnetic tape, 
and a portion, analysed by al') HP2116B on-line computer (16 bit word-length, 1.6 flSe_c 
cycle time, 32K memory, 184K eighteen msec access-time disc)/9-/ The computer was 
equipped with ~ teletype, fast tape. reader and punch, line printer, storage oscilloscope 
display, disc, and two: magnetic tape units. 48 input-output ch~~nels were available, not 
all were used. In ~ddition to those used for convel')tional peripheral devices, two channels 
.were used, o_l)e for a remote control panel us~d by op{!ratorsfor control of the experiment; 
the other. for. data transfer from the readout electrorics. The computer software utilized 
a real-t.ime sys~em and could .~ake up to 12,0 events per 1_.8.second accelerator spill. :The 
data were collected in a five event buffer, then written onto disc. During the 4-6 sec period 
b~tween spills- the d~ta was· taken. from the ·disc, writte':l Ol')to rnag~{!tlc tape, manipulated 
by analysis and histqgramming prqgrams~ ,_. ,_... . 

On-Line Programs 

All on-line programs were designed to process and provide "feed-back" for control 
of the experiment. So'me programs also were used to give a preliminary estimation of the 
experimental results. Appropriate raw data from all events were presented in appropriate 
histograms; in addition about 30% of the events passed through a complete track-finding 

' and analysis program. Some of the m9re useful histograms of raw data were . 
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I. dist~il:iution of monitor counts for each trigger; 
2. time overlap disb.:ibutio~ 'ot the master coincidence; 
3. latches for all scintillation counters; -- - - ., - - - - .. ---
4~ shower Cerenkov counter pulse heights; · · 
5. spark position dis~ributions in X andY planes for all chambers; 
6. distribution of the number of sparks in each plane. 
The track-finding program reconstructed the tracks of particles in each of the three 

blocks independently and included a complete least-square fit to the line. Thus spark 
chamber accuracies, efficiencies, etc. could be _observed. The most important uses of 
this part' of the program were 

I. bea·m Characteristics _(shape· and mo'ment~m distribution); 
2. reconstru'ction of 17..:. e events; ' 

3. control of chamber effidencies and accuracies. . . 
Perhaps the most useful ·program of ail was that which reconstructed th'e topology of an 
event enabling the operator to view- events in x and v projection on the sto-rage oscilloscope. 
Figure 14 Shows these· . views f~r a probable 77 - e event as photographed from the 
display during the course of the experiment. Event number and Run number are also shown. 
The X view is distorted in Block Ill from the characteristic "V" topology by chamber 
shifts and the bend in the magnetic field. 

"'-! 

Summary 

Using this equipment about 3 X 10
6 

events were recorded on magnetic'tape, about 
4-5% of these being identifiable as eiastic 17 _ e · scattering events. Additional inforri1ation 
about the performance of the equipment has been obtained from the off-line analysis. Figu
res 15 and 16 show 'the accuracy oftrack matching in the target and the center' of the magnet, 
respectively. These accuracies agree with that 'estimated on the basis' of the accuracies 
of individual ·:chambers. Figure 17 shows the angular match in Y (Y slope match) between 
Block fl and Blo~k ill. - - · 

In 'summary the magnetic spectrometer meas'ured angles to'' about ± O.r'S mrad 
and momenta to about ± 0.4% permitting accurate application of kinematic constraints 
to pion-el~ctron scattering events. The system collected data rapidly, efficiently 'and 
precisely and permitted an accurate determination of the pion radius. 

'-· 
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Fig. 6a. Beam profile in X view from the proportional chambers (in front of the target). 
Bin size corresponds to 3 mm wire spacing in the proportional chambers. -

-_.-., 

Fig. 6b. Beam profile in. Y ;,iew from the proportional cgambers (in f 
Bin size corresponds to 3 min wire spacing· in the proportional chambers 



il ~hambers (in front of the target). 
-tiona I· chambers. 

Fig. 6b. Beam profile in Y view ~r'?m the proportional cgambers (in front of the target). 
Bin size corresponds to 3 min wire spacing· in the proportional chambers. 
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EXPERIMENTAL -
LAYOUT-

OPERATOR I ... , 

GATE 

, OPERATORS~ 
ACCELERATOR 

TRIGGERS 

CONTROL 

COMPUTER 
HP 21161 

!TELETYPE, 
PUNCHER, 
fAST REAOER, 
MAGNETIC UNITS, 
DISC. 
OISPLAY, 
LINE PRINTER I 

Fig.I3.Readout electronics block diagram. 
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OPERATOR 

SPARK CH. TRIGGER __ ,.. 
FAST EtCTR. GATE 

Fig. 14a. Event topology viewed ori a storage oscillos-cope display(Xview}. - . . . . . . 
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X INTERCEPT DIFF IN THE MAGNET Y INTERCEPT DIFF IN THE MAGNET 

Fig.l6. Spatial accuracy of track matching between the second and third blocks of,spark 
chambers in the middle of the magnet. Bin size is· equal to 0.5 mm. ' 

I II I Ill I 

Y SLOPE DFF IN THE MAGNET 

Fig.l7. Angular accuracy of track matching between the second and tl 
chambers in Y projection. Bin size is equal to 0.05 mrad. 
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econd and third blocks of spark 
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Y SLOPE DFF IN THE . MAGNET 

Fig.l7. Angular accuracy of track matching between the second and third blocks of spark . 
chambers in Y projection. Bin size is equal to 0.05 mrad. 
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