Lawrence Berkeley National Laboratory
Recent Work

Title
ON-LINE WIRE SPARK CHAMBER SYSTEM USED AS A MASS SPECTROMETER.

Permalink
https://escholarship.org/uc/item/1tx8w7q4

Authors

Graven, Robert M.
Neu, Franklin D.
Stellrecht, Hans H.

Publication Date
1968-05-14

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1tx8w7gz
https://escholarship.org/uc/item/1tx8w7gz#author
https://escholarship.org
http://www.cdlib.org/

S

.'\\;@3&3

| om0 N NS NS N e NS Y NS NSl 0% oS N et Nl NS 0

fg:\/l‘[ \‘:(7

' uﬁ%\ N ,:\\;’fja_::
 §¢:®?%ww@Mw»@@w%@@@
& 0’\\ DifieD) 9}@@@ &)@JQ&@CR@E\ fafiad)

Dﬂ;}ﬁ{ﬁ@ S

“@%@«@

/

N

bﬂéq§§/giuj2

This is a lerary Clrculatmg Copy

f)mw%@g

”/tf Lﬁiww »‘@ }Jju

Z

\ ; &\.ﬁ

2 SEE&O SIS Iy
OrN o> Ny
‘@$$)ﬁa§§g@ﬁg@5 @%@ﬁ
NGNS

T\X/O WEEK LOAN COPY

which may be borrowed for two weeks.
For a personal retention copy, caH

Tech. lnfo Dwts'on, Ext. 5545

R e R o K
xW/IRE\SQ;A”é WS

IDOAS, AN V L\”[ﬂ- \}
o) %%@n%%@%gb

e

E\.u'/;, AN \v/% Qx

4 @D%RK@AT 6 7
o

LL?‘

\m oL @u@m (@x%&%@% @?ﬁ\(&ﬁ&y 2ol g&? /)fﬁ_(gg?@;m e E /\lﬁ ay@

-%ﬁ&“ﬁf@@ﬁ%@@umwmyi

) (77 SN2
=2
Qx,/ ;,%‘

CrE Ly
ARATA ¢ ‘“?\r W
NI X[LB

ano.~, P18

e

\\\Jk(f; V\\ [// [\'J

@%@%M@

="

a/iig@ﬁé@@&&@(.&\h

/.

74 F.Tﬂ%? ;,

\.\v,/", \v
SHET -
4 \){ # ,,\ s
@ 3,\_,., o
/ = W

{l ﬂ
- A\ ZNS =
‘@ e @ (@Q Mm@ @D@:@L\g@ = @

TN 7
%ﬁ5

— =
A N
- .

%@B%@ad%fg@’f tE i"*": a 7 Yo

'P

‘ ,:»ﬁv”‘-\.‘(‘ I NIAR s m
. ﬂ-u} ,}N&u / ( : /




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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| ABSTRACT_ |

~An on- Iine .wire spark chambei’ system l;ias been built and
tested té mea;su'rev the momehtum spectrum of a high-energy éecondary
beam at the Lawrence Radiation I'Jabo_ratory's Bevafron. The systerﬁ
consists of six dual-plane chambers with one spark per plane, inter-
faced to a PDP-5 qvompute'r. The interface also includes 'readouf for
a digital voltmeter, time-to-amplitude converter, anci scale.rs used
in recording the beam. The computer permits accumulation 6f statis—
tics for beam tuning and detection and measurement of the desired
mass components. The observed spat1a1 resolution of any one chamber

is approximately 0.6 to 0.8 mm.
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1. INTRODUCTION

v’A data aéqﬁiéition a.nd. display éystem for wire Spar;k charhbers
hés”.be:én..built as'paft of a missing-mass spectrometer sétup at the LRL
Bevatron to‘me‘a'."s'\i'i'et'ith:e: deutéron momentum Spectvxv'um’in the reaction
pt+p—>d+ MM, ‘fof:vi"nc.'id'e‘n't momenta of 4 to 7 GeV/c. Figures :l.and
2 s‘hbw:fhé elvé.‘ctf'dhic.s. and.vépavrk chamber systems respectively. ”
Block diagrams of the experiment and the corresponding timing séquence
are shown in Figs. 3 Iancvi 4 réspectivély.

The presence of a deuteron is signalled by an appropriately timed

coincidence among the scintillators S,, S,, S;, and S, along with an

1’ T2
v, v

anti-coincidence from the water Cerenkov counter(C). Under these

co,nditiotns,‘ ,l_:he spark chambers ai'e,vtriggered and spark data are trans-

ferred to the scaler logic. - This device, constructed of TTL integrated

circuits, digitizes and displays X and Y coordinates and fiducial infor-

métion from six wire spark chambers (W).

II. COMPUTER
The PDP-5 computer is used during the early phases of beam

operation to optimize spark-chamber operation and to assist in tuning the

' beam. - These tasks may be done continuously with no need to shuttle data to

and from the main computing facility with its attendant turn-around time.

During actual runrﬁng of the experiment the computer is used to monitor -

and record magnet currents, incoming beam intensity and other signifi- |
cant data. Spark chamber coordinate information, scintillator pulse

heighté, and particle time of flight for each event during a Bevatron spill
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(500 fo 800 ms) are read inté the éomputer. Accqmulated daéa for many
‘events are analyzed to obtain stétistical information for memory .scope
'di.spla}.rs of the beam rriqmehtmn and the missing-mass spectrum. - The

data are r..ecordedvo.n maghetic"‘t‘a'pe',. which provides a hard copy of the

experimental results for subsequent detailed analysis on a la.rger com-
putef.

Thevversatil_‘ity. and economy of computer control versus equiva-
lent hgn‘d—_w‘ired_belectrqﬁic‘s ‘are_evident. The computer allows modifi-
cation of data-checking procedures, new testing methods, systems
tuning, and display of any desired parameter or data iooint by only chang-
ing the operal»:‘i‘ngprqgram_. , No down time is required for any of these
qptioné, and the computer input— output facility provides the experimente‘r

with precise control of the apparatus.

III. CHAMBERS.

An inforfnatioﬁé'i block di'ag.l'.a;m fér one chamber is éhdwn in
Fig. 5. A trigger pulse initiates a breakdown of the ‘spark gap, wlﬁch
| places a.5-kV pulse on the chambér. The ché.mber then discharges |
along f:h:e ion path left by the charged particle responsible for the trigger.
- The coordinates of the spark are digitized and stored in the X and Y
scalers until they are requeéted by the computer or sent to a digital tape
recorder. .The magnetosfrictive sensors'1 have lucite instead of me.tal
bars to reduce the capacitive loading of the bars when mounted on the
chambers. These baré permit the usé'of smaller driving capacitors for

a given spark size and épeed of operation.
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vf‘i.f‘ty';p'e'::i_-cént of the s:pa.irk'c':'haﬁlbe’r gas (90% Ne, 410% He) is
passed over alc‘.o.hdlﬂa.t 0°C 1n a nonrecirculatihg fashion. .The use of
alcohol signifi'éan't'iy redgée'é the number of double sparks (twd sparks

in one éhamberj' without ihcre‘asing the number of misses for a 10-ms

eVe_nt rate. _Rei’gnition is reduced, since the alcohol acts as a quench-

ing agent. Each chamber has a total flow rate of about 30 ci:n3/min;
The overall efficiency for three chambers, defined as the percentage of

all events that are ‘cplline\a.r (1%, + X, - 2X_1, |Y1+ Y

1 3 -2 3

'isﬂSQ%.. For a 4-ms event rate, this efficiency is reduced by about 10%.

-'--'Z_Yélé 5 mm).

‘T}:1e »sens’irtiye area of the éhambers is 25 by 25 cm with a 4-cm
gap. Copper wires o__f_?-mi'l'_diam (25 wir_es/in_ch) are used in construc-
tion o‘f 'the chamber;. A _'140 -V de ciéaring fie’ld is used, and the overall
delay from the ’tillrne'. the particle is detecfledruntil the high voltage is ap-

plied to the chamber is about 400 ns. More detailed information about

wire spark chambers is available in the literature. 2

IV. ELECTRONICS
Figure 6 is a schematic drawing of a printed-circuit board con-
taining four 412-bit scalers, the gating 1ogic, and a display of the content

of each scaler. The pulse 'sequen.ce from the magnetostrictive delay

line consists of two fiducial pulses t, and t, and the spark pulse t -

1

The first fiducial pulse t, opens both the X-fiducial and X-coordinate

1

gates. This pulse permits the two binary scalers to clock at the
10-MHz rate.

Scalers X_ and X, are stopped by the spark pulses t,and t,
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res‘,pec.t.iv'ély.‘ The nurhbéré_ in Xc and .X-f lare _propbrtional to the dis-
tance of the sPark from the first ﬁd.uclzial,b and the interfiducial distance
vrespectively.v If no spark occurs in a chamber, scaler XC is stopped
by the sécond fiducial pulse tz,' while the fid’u'ciial scaler: continues

counting. In order to stop all scalers, a ''preset' pulse is applied at

ty (t3> tz)‘, which turns off all gates controlling the scalers. An 18 s
pulse is applied to all reset poiﬁts on the scaler board starting at to
v;rh‘e:-n' the spark occurs to ihsﬁre that everything is held reset until spark
noise has been di,ssipated.‘ |

The control logic pro'videvs the choice of either writing the scaler
information directly onto vmz.a,gnebtic tape or transmitting it td_ the com-
puter for further analysis. The control logic éoﬁtains all necessary
électroﬁics to control the tape transport and to multiplex the chamber
data, either under c;ompﬁ,ter control or under its own automatic control.
In the former case, the logic accepts data-request commands from the
computer and provides the .data from the selected device. Information
may be transmitted to the computer either one word or many words per

request.

V. EXPERIMENTAL RESULTS
A histogram of the collinearity functions X'1 + X5 - ZX2 and

Y,1 + Y3 - 2Y2 for the three-chamber system previously discussed, in-
cluding 1964 minimum ionizing events, is shown in Fig. 7. Analysis of
these data indicates that the resolution per chamber on the ground plane

is 0.6 mm and 0.8 mm on the high-voltage plane; Thus, it is advan-

tageous to mount the ground. plane wires vertically to provide the best

2
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possible measurement of the momentum, which'is done in the horizon-

tal plane.
N Durihé ;;ihalys;is of these data it has been noted that, for the
same interfiducial distance, the i’rfagnetostrictive wire oh_ the. pulséd

plane appears to.b'_'e 1% longer than the sensinég'wire on the ground plane.

Thls effect and the related p_oorer re'solu_tiori on the pulsed plane is -

caused by surface corrosion of the pulsed plane sense wire. . This phe-

nomenon apparently reduces the aco'ustié-veloci_ty and advérsely' affects

- the pulse shape;
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FIGURE LEGENDS

Fig. 1. Overall view of digitizing electronics, computer, and tape
unit.
Fig. 2. Beam-=line view of upstream half of mass spectrometer,

including three dual-plane wire chambers, magnetostrictive
sensors, and helium bags used to minimize gas scattering.

Fig. 3. Block diagram of the experimental layout.

Fig. 4. Event timing sequence, showing particle detection (nano-
second scale), event digitizing and recording (microsecond scale),
and chamber recharging (millisecond scale) separately.

Fig. 5. Block diagram indicating chamber-triggering and event-
digitizing system.

Fig. 6. Scaler board schematic including timing diagram (bottom of
drawing).

Fig. T Plots of the quantities X1+ X3 - ZXZ and Y1+ Y,
(a) the high-voltage plane and (b) the ground plane of three dual-

- ZY2 for

plane wire chambers as shown in Fig. 2.
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XBB 685-2594

Fig. 2
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed: or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. o

As used in the above, "person acting on behalf of the —

Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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