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ABSTRACT

We describe the construction and‘operation of a small -

spark chamber with magnetostrictive delay~line réadoqt which

is useful for measuring the spatial profile of particle beams, '

The beam profiles are accumulated directly in the merhory of 4

a multichannel analyzer. The advantages of this beam profile
detector are good spatial resolution and accuracy, rapid accu-

mulation of data, and convenience of use.
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I INTRODUCTION
Var1ous methods can be used to determlne and momtor :
the prof1le of part1c1e beams at accelerators. In mtense prxmary

beams, Pola.roui film or television-viewed sc1nt1llators dre use-';' A

- %

-ful, In less intense secondary beams, scintillation counter or : S

R

spark chamber techniques can be used. One published' method
employs a small counter mounted on a motor-dnven ca.rnage

Alternatwely, one can use a scintillation counter hodoscope

A Both these methods have the advantage that data. can co?vemently

- be accumulated, displayed, and read out in'a conventxonal pulsew.fll". \

height analyzer, The disadvantage of ‘the movable counter is that |

at low beam rates too much time is requlred to a.ccumulate ade - e

i

quate statistics. The counter hodoscope makes maximum use of

the mcommg data, but presents cost and constructmna.l problems 4

-when high resolution is required,

"By using a spark chamber, one €an combine high- spatial. l: '. '
resolution with eff1c1ent accumulation of information at low bea.m
rates, The most straightforward readout method is photographm -
One can get a density profile of the beam on film by makmg a |
multiple exposure of many sparks, In one method, 2 the spark‘

chamber plates are semitransparent and the sparks are viewed_{;-_:?:j' o

along the beam line, However, with photographic readout one !
sacrifices the instantaneous data accumulation and quantitative
display features of the counter methods using multichannel ana- -

lyzers,



_poss1ble refmements of the method.

5 :Fig" 1. There are two actwe gaps. The center (h1gh voltage)

. _plane is made of 4 -mil aluminum, The two outer (ground) planes
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To combme the best features of both methods, we have

constructed a beam profrle detector spark chamber usmg mag- f “

netostnctwe delay—lme readout, 3,4 We give in th1s artrcle the B

constructmnal detaﬂs of this system, and we also suggest some ': L

L CONSTRUCTIONAL DETAILS

- A cutaway drawing of the spark chamber 1s shown m‘

-are made of 4-mil fiberglass epoxy plus 1-mil copper lammate.

A pattern ‘of 20-mil lmes and 20-mil spaces is etched on the

copper, and the lines on the two planes are orthogonal, The -

"11nes on each plane are connected to a ground strap at one edge

of the plane. Slots in the central Lucite frames accommodate

the pickup wands. Tbese wands carry the mckel magnetos_trlctxue .
ribbon, and have a pickup coil and shaper-ampliﬁer at one end.

The wands are identical to the ones described elseu)here'.'f Two "
edges of the central Lucite frames are polished to perrmt vmual
observation of the sparks, Three-mil outer Mylar wmdows con- S

tain the gas and prevent ground plane bowing due to unequal gas- S

. pressure,

The apparatus produces a readout. srgnal in the followmg
way., When a spark occurs, it conducts current to ground through

one (or perhaps two) of the copper lines on the ground plane. Tl’ns

current, and ‘the image currént induced m the alummum wand, ins '

duce a changmg magnetic flux in the nickel ribbon at the p-omt '
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where the éo_pper line and nickel ribbon cross; since nickel is‘
magnetostrictive, an acoustic pulse is ind.ucédlin the ribbon and
travels away in both directions at the velocity of ;sound in nicke‘l;‘_ -
The pulse4 is absorbed in damping pads at both ends of the ribbor{;-'- ”
however, at one end the ribbon passes through a pickup coil be- :
fore reaching the -damping pad. This coil is in an éxiai magﬁetic’v .
field of ~ 100 gauss produced by a small permanent rr.xa.gnet.' Thué
by the inverse magnetostrictive effect, the acoustic pﬁlse iﬁduégé' '
a voltage in the pickup coil, The time between the prod'u_étlion of‘
the spark and the reception of the.magnetostrictive sigz‘mal is pro-
portional to the distance between the pickup cc;il and the »copp‘er

line carrying the spark (the constant of proportionality is the in-

‘verse of the velocity of sound in nickel, 5 mm/psec),

Cn.aometrical alignment and calibration are allowed fqr. by
a system of fiducial signals, Each fiducial signal is produced by
connecting the free end of a printed line (in a region outside t.he..
active region of the chamber), through a resistor and a bloc}cing
condenser; to the high-voltage plane, Thus each time the cham-
ber is pulsed, current flows through each fiducial line, and induces
corresponding magnetostrictive signals, There is a total of four |
fiducials, two for each readout plane; in effect the system is selff
calibrating. Cross hairs for optical alignment are mounted on the”
outer spark chamber frame, and the alighment of cross hairs and‘
fiducial lines is maintained to within 5 mils by optical ali'gximent
techniques during assembly, |

The various planes are assembled with epoxy cement,
Sl

\
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exeept that the joints between the ground planes and the central
frames use O rmgs a.nd are demountable. The hlgh-voltage and
ground planes are stretched tight, and care is taken to ensure
that they remain taut over a wide ambient temperature range, - |
despite the effects of differential expansion. The frarri‘es‘to -

which the circuit boards are glued are made of NEMA-G, a .

material having a coefficient of expansion similar to that of the .

.

circuit planes. The circuit planes are glued under tension at ai_‘. :

temperature of 40° F,

The active area of the chamber is defined by the 6. S-m -

squa.re cutout in the 3-mil Mylar sheet that is glued over the |
ground plane. This opening is made smaller than that in the
central frame, in order to prevent edge sparking, The.vMylar-
also ensures that the O-ring seal is gas tig}lt. | |

Figure 2 is a photograph of the chamber in its ‘-r-r.lounting
frame. Its spark-gap pulsers’6 is mounted on the sarﬁe frame,
All the gas and electrical connections to and from the.ch:ambe_r‘ .
are bundled together in a single, 100-ft-long umbilica.l corvd'lea.d‘-'
ing to the relay rack containing the electronics and gas-handlmg
system, The rack also has a reel for the cord, and a holder for.
the chamber when not in use., The only external requxrements ‘,

are ac power, a neon soﬁrce, a compressed air source for the

high-voltage pulser if the chamber is to be used near a hydrogen: |

target, and a connection to the input of a multichannel pulse -

height analiner. \



" of 90% NeLAO% He:” With a flow of 1 ft

. of vifiyl tubing, the chamber can be brought from air to normal
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A block dlag.rarn of the eystem is shown in Flg, e The
ehamber may be trlggered either from 1ts own sc1nt111at1on coun-'f -
ters, whose connections are included in the umb1lzea1. cord, or
from an external beam-~defining telescope, In case one. Wam‘s to :f :
avoid the delays introduced by the long cables and the relatively- B
slow electronics, it is possible to run a tfiggering line f:ror.nhar_x_:”f | ' )

external fast source directly to the pulser on the spark jehan"'-xbe‘r '

- frame,

For some beamx-finding applications, a simpler ti'iggering_

" scheme may be useful; the chamber can be triggered c'ompletely
~ asynchronously (or in synchronism with the accelerator bursts

~at a pulsed accelerator). This method can be used provided the :

5

instantaneous beam rate is high enough (107 to '106' particles per

second) that a particle passage is i:robable during the__sensitive R
time of the chamber.

The chamber is operated with a continuouslvy flow~i'ng filli'ng' . |

3 per hour through 100 ft

-

Lo e’ |

operating conﬂgtmns in a few hours, Stability is mamta1ned by a e

flow of a few tenths ft3 per hour, The add1t10n of alcohol for

quenching is not necessary, ' ' AR BT

III, READOUT

A typmal signal from one of the plckup wands 18 seen m

Fxg. 4, wh1ch shows the spark nome, first f1duc1a1, spark szgnal

and second.‘tﬁducxal. The block diagram of the readout sylstem 1s. o

shown in Fig. 5. This readout system is designea to usé__standard" '



,tfmu'ltxchannel analyzer, The 31gnal which triggers the chamber

“also provides the "start' signal. The magnetostrictive readout
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la.bora.tory electronics modules, It reada out one piece of infofma- ,
tion per spark The timing information is converted to an ampli-

tude signal by the time -to-height converter, for analy,ms by the

signal (Fig. 4) provides the '"stop" signal., However, the initial

' . part of the readout signal is gated out by the gate, G, Normally'v
~ the gate width is set so that both the spark noise and the first ..

-fiducial are gated otit. The ''stop' signal thus comes from'v_th‘c-*

7 -spark signal or, if no spark is present, from the second fiducial, ™

‘For the first few hundred sparks of a profile, however, one man-
- ‘ually reduces the gat-erwidth slightlry so the ''stop'! signal ‘comes.'
“from the first fiducial rather than the spark or the s_eéond_ fiducial,

. Thus the information stored in the analyzer consists of a sharp

peak corresponding to the first fiducial, the beam'profilé, and

- another p_e'ak for the second fiducial; in this way the system is

- self-calibrating,

A beam profile measured with the system is shown in

. Fig. 6, This profile was taken in the 315-MeV/c pion beam of

an experiment in progress to measure the 1r+ and w~ lifeAtimes.

'rhe beam wés defined by a scintillation counter coincidence- .
anticoincidence telescope befqre the spark chambér, aind a focuﬁ-
ing liquid hydi-ogcn Cerenkov counter after it, : - s
~ As determlned in other work, 4 the linea'rity is better than ' e
- :

1X 10 a.nd the correlation of the spark readout posltxon with the :

v tra.Jectory of the pa.rtxcle is < 0.5 mm,
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IV, . POSSIBLE IMPROVEMENTS A

A more flexible readout system could have | some advantages

In particular, if both spark signals and all four f1duc1al mgnals B |

could be read out simultaneously, the time required to accvumulate‘
a complete set of profiles could be cut tol'less than half-,_. .A‘ccoin-‘:-
plishing this would require some sort of temporary sto.ra'g'e,' analog
or digital, o
In some critical beam-alignment problems. it mé.y be 'de'si;r'-—
able to determine not only the spatial profile, but also ‘th_'e -a;ngﬁla:i;. |
profile of the beam. This can be done by a straightforwgrd ekteq-
sion of the present éystem. A second chamber, locaféd a suitable.

distance downstream in the beam, is required, The readout systend '

- needs to record the difference in coordinate between sparks in the -

two chambers, This could be done with the simple system shown in "
Fig. 7; alternatively, a more flexible (and hence more complicated)

system could be used,
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FIGURE CAPTIONS .~ 7
Fig., 4. Cutaway drawing of spark chamber, -  ’ B o '

Fig. 2. Photograph of chamber, mounting frame, and pulser,

Fig. 3. Block diagram of spark chamber system, o
. 3

Fig, 4. Typical signals from readout wand. Scale is 'S: 'pséc/crh

horizontal, 1 V/cm vértical.
Fig, 5. Block diagram of readout system, .
Fig. 6. Measured beam profile. Calibration factor 9.9 channels

per inch, Clearing field 20 V. The peak in channeis 8 'anvd‘8.7 '
: : v e

are the fiducial counts,

 Fig, 7. Readout system for angular divergence of beam, ;
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