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ABSTRACT
Operation of the Alvares 4-inch hydrogen bubble chamber in a
high-energy phoioa beam is described, the tecl_mlque‘a employed in several
modes of opsration aée_ discussed, and the coiréapond;ng bubble chamber
conditions are tabulated. Reduction of electron background was accomplished
by beam hardening and by using a Mylar beam-entrance window on the
| chamber, l‘
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L INTRODUCTION

The development of hydrogen bubble chambers at this laboratory
has been carried on by Prof. Luis W. Alvares and his group, and their physics
* program for the various chambers has been largely oriented toward the
Bevatron. We have applied the Alv;éon 4-inch-diameter hydrogen bubble
chamber to problems of photon interactions at the Berkeley synchrotron,
and have made extensive use of Proteaior Alvarez's apparatus and basic
techniquea. Thin low-2Z beam windows on the chamber were required to
reduce electron background and make éperation of the chamber in a high-
energy photon beam feasible. This note concerns the window modifications
and the problems peculiar to the use of a bubble chamber in the photon beam
from an electron meclér&tor. |

John M., Teem and David Alyea (California Institute of Techaology)
firet showed that a hydrogen bubble ‘_:hu‘nher- could be operated successfully
in a high-energy photen beam by placing ihe unmoedified Alvarez 4-in,
chamber in the Borkel&y synchrotron beam and obtaining photographs of
photopions and eloétvaa_ pairs from hydrogen. These investigators determined
electron energies by measuring curvatures of the tracks in a pulsed 10-
kilogauss _ﬁald appueé to the cha#zbet. Obiervutiom were difficult because
the tracke were paétiuuy obicured in excessive electron background from

‘erk done under the auspices of the U. 5. Atomic Energy Commission.
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.the thin stainless igeel beam-entrance window. Somewhat later, the authors,
and independently Donald H. Miller and David A. Hill at General Electric
Company Research Laboratory, used bubble chambers equipped with very thin,

low-Z beam windows to dtudy photon reactions in hydrogen and deuterium, !

ﬁ. APPARATUS AND PROCEDURE
The major problem in ocperating a bubble chamber in a photon beam
~ arises from the undesirable clectron background produced in and near the
chambe.r by Compton;receﬂ and pair-creation processes. In the investigations
at Berkeley, the primary photon beam fron;x the syachrotron was passed through
the chamber as shown in Fig. 1. |

The electron backgroﬁnd_ from sources external to the hydrogen
iteelf was reduced to a lo_ﬁr level by sweeping all charged particles out of the
‘photon beam after it entered the vacuum window (located as shown in Fig. 1),
by pm‘*\rmmgj open beam holes in t&»eomr heat shield, and by providing thin
entrance and exit 'wﬁdowa on the bﬁbble chamber.

The thin low-Z window which admits the pure photon beam into the
interior of the 5uhbie ehambef is the most important modification of the original
Alvarez chamber, and is essential to efficient éperation in a photon beam, The
Subble chamber wall is provided with av‘ flange and double lead gasket for holding
a 15/16-in, -diameter Mylar beam-entrance window of 0,0075-in. -thickness,
wh‘léh is the only source of charged-particle background with the exception
of the hydrogén itself, Details are ihow# in Fig. 2, and are élue to Miller
aand Hill, One Mylar window han gustained 300.000 chamber expansions with
no apparent damage to the plastic. The 0,.0075-in, -Mylar window has also
Withstood static pressure testz of 165 peia at 24° K, and also at room

!Donald H. Miller and David A. Hill, Threshold Photopion Production in
Hydrogen, to be submitted to Physical R.Qvlcw.
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tempetatuio. wi;heut damage, ‘Mylar windows of 7/8-in. diameter can be
- safely cmt%#ctéd of M;rla.r only 0,004-in. thick, but it was felt that the
-, ea&ra aaféty‘ 'in’h'eram :in‘tha thicker window was desirable, particularly since
‘the electron background from the thicker window wasg only 15% of the electron
productlon within the hydrogea iteelf. An exit window of 0.010-in. stainless
stecl was har@-ac,ldered, onto the bubble chamber wall, and an open bsam hole
in the exit face of the copper heat shiold was provided to minimize the backward
flux of heavy chargsd particles into the chamber from photo interactions in the
chamber exit wail and in the mtghboﬂug heat shield. mgure 3 shows a typical
flux of heavy particles arising from the thick exit wall of the zmmodiﬁed bubble
chamber, where the quanturn limit energy of the incident bremsstrahlung was
340 Mev and the iuc.idon't bremestrahlung flux was 10% Mev. Atter the in-
stallation of the thin exit window, backward tracks arising from this source
have bo;\n sesn only extremely rarély. |
B Neutrons produced & negligibly omu comribmion to the background,
mauureé by the observed rocoil tracks originating in the chamber outside the
region of the photon beam,
A, Beam Ka.rdener
A mjor portion of the charged~particle background from a normal

{unhardened) bromnuhlung beam consisted of Compton electrons, which

are produced principally by photons of energy less than 1 Mev. In order to
dacreaaa this ﬁnckgroand. the low.energy ﬂxoten flux was gelectively reduced
by three orders of magnitude per 200-Mev photon by a photon beam hardener
made of ltg& elements (& column of LiHi1/10 H,0, 100 g/ em? 1n length). The
' high-energy Compton recail mkgrenad was reduced by a factor of 1.7 per
200-Mev photon. In all runs the bremutrmw beam from the synchrotron
passed through the hudomi before entering the bubble chamber. The
spectrum tnnamitte_d by the hardener was determined by measuring the
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photon transmission of the hardener as a function of energy, using a standard
- patr--pectromot& absorption technique. The results of this measurement,
shown in Fig. 4, were uéd to calculate the spectral shape of the hardened
beam, auumiug a Schiff breinntnmang spectrum incident upon the
hardener. These spectra are shown in Fig. 5.
B. Chamber Alignment |

The alignment of the bubble chamber in the photon beam was
facilitated by a small lead fiducial point marking the center of the Mylar

entrance window. The fiducial marker could be inserted or removed from
outside the vacuum system. During the initial alignment procedure an x-ray

~ photographic film wai exposed by the photon bcam behind the bubble chamber
" as shown in Fig. |. The photographic image of the photon beam, with the
outline of the lead fiducial maékar superposed, allowed precise centering of
the chamber Mylar entrance window in the beam. The fiducial mark was
withdrawn upon completion of the alignment .procedue. There was no evidence
él electron prodﬁctien from interactions of the photon beam with the window
flange, despite a radial clearance of only 1/16 in.

Typical {reedom from incident electron bmkgrouhd is shown in Fig.

6, where it is seen that six electro#s arise within the chamber, and three from
the entrance window itself.

i
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1Il. PHOTON BEAM CHARACTERISTICS
AND BUBBLE CHAMBER OPERATION

Two beam configurations have been used, (2) & large-diameter
cylindrical beam, and (b) thin ribbon beam geometry viewed edgewise by the
camera, each meeting the requirements of a different type of experiment.
Table I gives details o.{ beam geamétriu and the corresponding modes of
omraﬁionb! the h?u_bble' chambezr. '

' When the production o£> électron triplets was being studied by
oboerw_tticu' of the three-body final state, the bubble ehambo? was operated
af Atémperature at which minimum-jonizing electrons left satisfactorily
dense eracﬁs. A large-diameter low-intensity photon beam was required so
that the scanning efficiency for triplet svents with very short recoil tracke
‘would not be impaired by the presence of numerous background electrons.
The maximum usable beam intensity was the relatively low value of 2.10* Mev/pulse
for 340-Mev hardened brcxgoﬂra&wm which gave a probability of 1/5 per
| picture for the production of a triplet with recoll of energy greater than 200 zkev
Under these conditions the mean value of the ratio of triplctn whose recoil
mrgiel eucaeded 200 kev &o all backgrmmd tracks was 1/15. (See Table L.)
Flgure & shows a triplet ovent accampnnud by typical electron background.

The chamber was filled with deuterium in order to observe the two
reactions y+d-w +2n and y+d--w +2p by positive-pion decay and by
detecting the thxfuobody chnged ﬁn&l" state, respectively. In the latter case
very short tyuka occﬁr which must not be obscured by background. The
cross section for pion pmion within 20 Mev of threshold is less by three
orders of magnitude than that for elac_tron production, so that practical
counting-rate considerations iequim the observation of pion photoproduction
in & high electron background. Satisfactory bubble chamber conditions were
achieved by using a iarge-dumetor hurdoaad photon beam and by cooling the
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chamber to a temperature at which low-energy plons left conveniently
dense ﬁraclu. but at which single éloctrcm tré&:k& 'weré so lightly ionizing
that they ﬁefe unr&cogniublo ina gtéup of such tracks. Stable chamber
tampératura was iequind. (See Table L. ) Flguieo 7 and B show typical
examples of charged-pion photéprodm That part of the chamber volume
' occupled by the photon beam was only lpattul;y obscured by the background
 -of apparently .m'etrclaﬂtcdliagle bubbl;oa {rom the electrons produced by the
| ‘photon beam. Nedrly_ all electrons are directed forward, eo that, in the
mm of a magnetic field, the background of single bubbles remained
within the beam volume, oxcept for tho tracks of those relatively few particles
~ which were oeattorcd out. The ma:dmum usable beam intensity was determined
vby the highoot_ denuty of ningle bubble.a that would allow acceptable visibility
of origing of events and short recoll tracks; this value, 10 Mev/pulse for
200-Mév hardened bremsstrahlung, gave a 1% p:‘obhbility per expansion of
prod,ucmg an ébumbie =" of any energy within the chamber volume.
| Mmer and Rill {(General Electric),and mmewhat later the authors,
have atudie&the roa.ctionc y+ p-'w +n and y ¢+ p-vvo-l» p in hydrogen
bubbla clumhera exposed to high-intemity “ribbon'" heamns. In an effort to
maximige the number of events per expansion, the photon beam was run at
relatively high intensity, collimated to a ribbonlike geometry of small thick-
ness, and viewed edge-on by the camera. Figure 19} shows an example of
. 'pwoprﬁwha and decay within the chamber. All tracks or portions of
tracks lying in the région of the beam were o&ewnd by the electron back-
ground; Mm%r. 'mtﬁ'ciomly sharp collimation of the photon beam was
achisved (by means of a simple lead slit followed by e;m sweeping magnet)
that the beam itself was mm,a to a ribbonlike region of approximately
1/8-in. thickness with pion and proton tracks visible in the regions
immediately adjacent to the beam. In this type of operation, the photon
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beam intensity was restricted to 2,107 Mev/pulse by the obscuration of
portions of the bubble chambsr adjacent to the beam by tracks of those
 electrons whﬁck are -cmoréq out ol.thjo beam volume. This technique is

, &ghly satisfactory tor investigating low-yield reactions, the products of which
 have ianges hrg'um%"campauc_l with the projoéted beam width, because in thie

, cané the p@rticu»l'»_tmga o'x'for is generally small enough so that the calculations
of remtioizkimmﬂi@n are not subjected to undue uncertainties arising because
the initiai portion of the track s obscured by the beam itself. However, the

. technique is not applicable to the study of reactions that give rise to very

short prongs, bscause of the complete obscuration of the origine of all photo-
~ production events. o ' |
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Pigure Captions
Fig. 1. ' Schematic arrangement of apparatus,
Fig. 2. Mylar window. Guket groove is cut 1/32 in. de with 60-deg tool
having a slightly tonndod point. ,
Fig. 3. Charged particles from beam exit window in unmodified chamber.
Fig. 4. Fhoton transmission, T, .., through LiH hardener versus the photon
enexgy, k), ev’ o
Fig. 5. Incidenz Schiff spectrum and cpoctrum transmitted by hardener.
| Hprak is the photoa energy in Mev, and n(k) is the number of photons,
| pe}r Mev, of snergy k.
Fig. 6. Electron iﬂplct' from' hidrogcn ‘with typical electron background.
o ‘L.arge-diamotor lowutnten-ity photon beam (see Table I).
F‘ig.' 7. y+d- w 4+ 2p; with large-dlunater medium-~intensity photon beam
_ (ue Table I). The longest track is the v~ = it leaves the chamber.
Fig. 8, yt+d - w + 2n; with large diameter medium-intensity photon-beam
(né Table I). ' - p' - e* decays are also scen.
Fig. 9. y+p-w +n; with high-intensity ribbon photon besm (see Table I).

ir* - p* decay is seen.
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