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Abstract 

Effect of a magnetic shielding for a phototube of 3" 

diameter attached to a lead glass counter has been studied using 

permalloy shielding cases with two kinds of shapes. Both cases 

show sufficient shielding effect with magnetic field up to around 

30 oauss. 
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Test of Magne七icShie1ding Cases for a 3" Phototube 

a七七ached七oa Lead G1ass Counter 
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Na七iona1Laboratory for High Energy Physics 

Abstrac七

Effec七 of a magne七io shie1ding for a pho七otube of 3" 

diame七er attached to a 1ead glass coun七erhas been studied using 

perma110y shie1ding cases wi七h七wokinds of shapes. Both oases 

show sufficien七 shie1dingeffec七 wi七hmagne七iofie1d up to around 

30αauss. 
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1. Introduction 

In high energy physics experiments, calorimeters which use 

phototubes are often used in a combination with a magnetic 

tracking spectrometer. Sufficient magnetic shielding for a 

phototube is important in order to obtain a good performance of a 

calorimeter. Usually, the magnetic shielding of phototubes is 

made by covering a phototube with a cylindrical permalloy case. 

It is necessary to have a light guide between a phototube and a 

radiator when the radiator is a lead glass. It is proved, 

however, that the use of a light guide deteriorates energy 

resolution and electron pion separation factor/1/. It is very 

important to adopt a way of magnetic shielding that does not use 

a light guide or a way to reduce the light guide effects as much 

as possible. 

In this report, two kinds of magnetic shielding cases have 

been designed and tested to be used in the VENUS electromagnetic 

calorimeter/2/, where leakage magnetic field of about 30 gauss is 

expected/3/. The one is the way that uses a thin permalloy sheet 

covering around lead glass block for magnetic shielding and does 

not use a light guide. The other is the way that uses an 

ordinary cylindrical permalloy case for magnetic shielding and 

uses a special light guide/4/ to keep good performance of a lead 

glass counter. Test results are reported in detail. 
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1. 工ntro、luc七ion

In high energy physics experiments， ca10rimeters which use 

phototubes are of七en used in a combination ωith a magnetic 

七racking spectrome七er. Sufficien七 magnetic shie1ding for a 

phototube is impor七an七 inorder to obtain a good performance of a 

calorime七er. Usua11y，七hemagnetic shielding of photo七ubes is 

made by covering a phototube with a cy1indrica1 perma110y case. 

工七 isnecessary七ohave a 1ight guide between a photo七ube and a 

radiator when the radiator 1s a lead glass. 工七 is proved， 

however， tha七 the use of a ligh七 guide deteriorates energy 

resolution and e1ectron pion separa七ionfac七or/1/. 工七 is very 

importan七 toadopt a way of magnetic shie1ding that does not use 

a 1ight guide or a way to reduce七he1igh七 guideeffects as much 

as possible. 
E 

1n七hisrepor七， two kinds of magne七icshie1ding cases have 

been designed and tes七ed七obe used in the VENUS electromagnetic 

calorimeter/2/， where leakage magnetic field of abou七 30gauss is 

expected/3/. The one is the way that uses a thin perma110y shee七

covering around lead glass block for magnetic shielding and does 

not use a light guide. The other is 七heway七hatuses an 

ordinary cylindrical permal10y case for magnetic shielding and 

uses a specia1 1ight guide/4/ to keep good performance of a 1ead 

glass counter. Test results are reported 1n detail. 
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2. Magnetic Shielding Case I 

Magnetic shielding is rather difficult in a direction 

parallel to the axis of a phototube. To get an idea on allowed 

magnetic field strength in a shielding case, the gain variation 

of a 3" phototube in an axial field is shown in Fig. 1. As can 

be seen in the figure, magnetic field strength should be less 

than, say, 2 gauss, if you want to suppress the gain variation 

less than 1 %. The design should go under the above constraint. 

A design drawing of a magnetic shielding case I is shown in 

Fig. 2. A sheet of PC permalloy/5/, 0.2 mm thick and 15 cm long, 

which covers side face of a lead glass counter is tightly 

connected to a PC permalloy flange. A PC permalloy cylindrical 

case of 1 mm in thickness and 80 mm in diameter covers a 

phototube and is connected to a permalloy flange. 

The magnetic field was calculated for above configuration by 

Poisson equation under the external magnetic field of 33 gauss. 

The result is shown in Fig. 3. In practical use, small gap 

between permalloy sheets and permalloy flange may be unavoidable. 

In the same figure are shown the results for such cases. For the 

caae where there is a gap of less than 0.2 mm between a permalloy 

sheet and permalloy flange, field strength satisfies the present 

constraint. It should be stressed, however, that if there is a 

non-negligible gap, field strength sharply becomes large. In 
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2. Magoetic Shie1ding Case工

Magnetic shie1ding is rather difficu1t in a direct10n 

para11e1 to the axis of a phototube. To ge七 anidea on a110wed 

magne七10f1el.d s七rengthin a shielding case， the ga1n varia七10n

of a 3" photo七ubeio an axia1 f1e1d is shown in Fig. 1. As can 

be seen in七hefigure， magne七icfield streng七h shou1d be 1ess 

七han， say， 2 gauss， if you wan七 tosuppress the gain varia七ion

1ess than 1も Thedesign shou1d go under the above cons七raint.

A design drawing of a magnetic shie1ding case 1 is shown in 

Fig. 2. A shee七 ofPC perma11oy/5/， 0.2 mm thick and 15 cm 10ng， 

which COvers side face of a 1ead g1ass coun七er is tight1y 

connected to a PC perma110y f1ange. A PC perma110y cyエindrica1

case of 1 mm in thickness and 80 mm in diameter covers a 

photo七ubeand is connec七ed七oa perma110y f1ange. 

The magr.letic fie1d was ca1cu1ated for above configuration by 

Poisson equation under the ex七erna1magnetic fie1d of 33 gauss. 

The resu工tis shown in Fig. 3. 工n practica1 use， sma11 gap 

between perma110y sheets and perma110y f1ange may be unavoidable. 

In the sam自主igureare shown the resu1ts for such cases. For the 

ca"e where there is a gap of 1ess七han0.2 mm between a perma110y 

sh色白七 and perma110y flange， fie1d strength sa七isfies七he presen七

cons七raint. It should be stressed， however， tha七 ifthere is a 

non-neg1igib1e gap， fie1d s七rength sharp1y becomes 1arge. In 
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Fig. 4 is plotted magnetic field measured by Hall probe for the 

magnetic shielding case I described above. The abscissa, X, is 

defined in Fig. 2. A permalloy sheet was carefully glued to 

permalloy flange by epoxy. The gap may be around 0.1 mm. The 

cylindrical case is welded to the flange. The data seems to be 

consistent with the calculation where there is 0.2 mm gap. In 

Fig. 5 is plotted pulse height peak for 1.33 MeV y from Co 

measured by using Nal scintillator. The shielding case is the 

same as used in Fig. 4. The shielding effect of less than 1 % in 

gain variation of a phototube is obtained with the external 

magnetic field strength up to 60 gauss for the both directions, 

•parallel and perpendicular to the axis of a phototube. At around 

60 gauss, a 0.2 mm thick permalloy sheet saturates. Needless to 

say, it was observed that a slight gap deteriorates shielding 

effect largely. 

3. Magnetic Shielding Case II 

Though the magnetic shielding case I described in section 2 

is attractive, there may be a drawback in practical use. The 

shielding effect is very sensitive to the connection between a 

thin permalloy sheet and permalloy flange as discussed in 

preceding section. The method of gluing doesn't assure firm 

connection. Welding seems to be unique solution for this 
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Fig. 4 is plo七tedmagnetic field measured by Hall probe for the 

magnetic shielding case 1 described above. The abscissa， X， is 

defined in Fig. 2. ^ permalloy sheet was carefu11y glued to 

perma110y f1ange by epoxy. The gap may be around 0.1 mm. The 

cy1indrical case is welded七othe flange. The data seems to be 

consistent with the ca1cu1ation where there is 0.2 mm gap. 工n

60 Fig. -5 is plo七ted pu1se heigh七 peakfor 1.33 MeV γfrom Co 

measured by using NaI scinti11ator. The shie1ding case is the 

same as used in Fig. 4. The shielding effect of 1ess than 1 % in 

gain variation of a photo七ube is obtained with the externa1 

magnetic fie1d s七rengthup七o60 gauss for七heboth directions， 

-paral1e1 and perpendicu1ar to the axis of a pho七otube. A七 around

60 gauss， a 0.2 mm thick perma110y shee七 saturates. Need1ess七o

say， it was observed七hata sligh七 gap de七eriorates shielding 

effect 1arge1y. 

3. Magnetic Shie1ding Case 1工

Though the magnetic shie1ding case 1 described in section 2 

is attractive， there may be a drawback in prac七ica1use. The 

shle1ding effec七 isvery sensi七iveto the connection between a 

thln perma110y sheet and permal10y f1ange as discussed in 

preceding section. The me七hod of gluing doesn'七 assure firm 

connection. We1ding 5eems 七o be unique 501u七ion for this 
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purpose. But it is not applicable when a lead glass block is 

tapered toward its front face. 

The introduction of a special light guide studied in ref. 4 

makes a convenional cylindrical shielding case applicable for 

magnetic shielding without degradation of the performance of a 

lead glass counter. In this section, a cylindrical magnetic 

shielding case is studied for some detail on configuration and 

material. 

In Fi.g. 6, magnetic field is calculated for a 1 mm thick 

cylindrical case by Poisson equation. In Fig. 7 is shown the 

measuerd magnetic field. As can be seen from these figures, the 

length of light guide should be larger than 6 cm for 3" 

phototube. 

Experimental test were done by observing the peak of 1.33 

MeV 7 from Co for various materials. In Fig. 8 is shown the 

result in a magnetic field for 1.5 .mm thick PB and PC 

permalloy/5/ cases with various anealing condition. Among them, 

a PC permalloy case show best shielding effect in the region of 

low magnetic field. In Fig. 9 is shown the shielding effect for 

a 1.5 mm thick PC permalloy case, a 1.5 mm thick PB permalloy 

case, a 1.5 mm thick PC permalloy case with a 0.2 mm thick PC 

permalloy sheet in it, a 1.5 mm thick PB permalloy case with a 

0.2 mm thick PC permalloy sheet in it, and a 1.5 mm thick PB 

permalloy case with a 0.35 mm thick PC permalloy sheet in it. A 
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purpose. Bu七 i七 isnot appl.icab1e when a 1ead H1ass blOck is 

七aperedtoward its fron七 face.

The introduction of a special light guide studied in ref. 4 

makes a conven1onal cy11ndr1ca1 shield1ng case app11cab1e for 

magnetic shielding withou七 degrada七ionof七he performance of a 

l.ead gl.ass counter. In th1s section， a cy1indrical. magnetic 

sh1el.d1ng case is s七udiedfor some de七a11 on configura七10n and 

mater1a工.

In F1.g. 6， magnetic fie1d is ca1cu1a七edfor a 1 mm thick 

cy11ndrical case by Po1sson equation. In F1g. 7 is shown the 

measuerd magnetic f1eld. As can be seen from these f1gures， the 

l.ength of ligh七 guide shou1d be 1arger 七han 6 cm for 3" 

phototube. 

Experimen七a1test were done by observing the peak of 1.33 

60 MeV "1 from Co"~ for var10us 、ma七eria1s. 工nF1g. B is 'shown the 

resul.t in a magnet1c field咋 for 1.5 mm thick PB and PC 

permal1oy/5/ cases wi七hvarious anealing condition. Among them， 

a PC perma1l.oy case show best shie1ding effect in the region of 

l.ow magnetic field. 工nFig. 9 1s shown七heshielding effec七 for

a 1.5 mm thick PC permal.1oy case， a 1.5 mm thick PB permal10y 

case， a 1.5 mm 七h1ckPC perma1l.oy case with a 0.2 mm thick PC 

permalloy shee七 1ni七， a 1.5 mm thick PB perma110y case with a 

0.2 mm thick PC permal10y sheet 1n i七I and a 1.5 mm thick PB 

permalloy case with a 0.35 mm thick PC perma110y sheet in i七 A
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PC permalloy case with a 0.2 mm thick PC permalloy sheet shows 

the best shielding effect among the materials tested, while its 

saturation field is low. The shielding effect in axial direction 

is rather worse than magnetic shielding case I. The gain of a 

phototube drops by 1 % at external magnetic field of around 30 

gauss. . As can be seen in Fig. 9, a PB permalloy case also show 

good shielding effect when a thin PC permalloy sheet is inserted 

in it. The shielding effect was insensitive to the length of 

this thin sheet. 

4. Conclusion 

We have tested two kinds of magnetic shielding cases which 

are applicable for a 3" phototube attached to a lead glass 

counter. Both shielding cases show sufficient shielding effect 

with magnetic field up to around 30 gauss. For VENUS lead glass 

counters, a magnetic shielding case II was chosen for practical 

reasons. 
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PC perma110y case w1th a 0.2 mm th10k PC perma110y sheet shows 

the bes七 shie1d1ngeffect among the mater1a1s tested， wh11e 1ts 

saturation fie1d i9 low. The shie1oing effect in axia1 direction 

1s ra七herworse than magne七1cshie1ding case I. The ga1n of a 

pho七o七ube drops by 1 % at external magne七1cfie1d of around 30 

gauss. As can be seen 1n Fig. 9， a PB perma110y case a1so show 

good shie1ding effec七 whena七hinPC permal10y shee七 isinser七ed

1n i七 Theshie1ding effec七 wasinsensi七ive to the length of 

七histh1n sheet. 

4. Conc1us10n 

We have tes七edtwo k1nds of magne七icsh1e1ding cases which 

are app1ice.b1e for a 3" phototube attached to a lead glass 

coun七er. Bo七hshie1ding cases show suff1cien七 shielding effec七

with magnetic fie工dup to around 30 gauss. For VENUS lead glass 

counters， a magnetic shielding case工工 waschosen for prac七1ca1

reasons. 
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Figure Captions 

Fig. 1 Gain of a 3" phototube ,Rl911, of Hamamatsu Photonics 

under the axial magnetic field. 

Fig. 2 Drawing of a magnetic shielding case I 

Fig. 3 Axial magnetic field in the magnetic shielding case I 

calculated by poisson equation. The extermal magnetic 

. field is 33 gauss. 

Fig. 4 Measured axial magnetic field in a magnetic shielding case I 

under the various axial external magnetic field. 

Fig. 5 Gain change of a 3" phototube shielded by a magnetic shield­

ing case I under the magnetic field of following directions: 

(a) parallel to an axis of a phototube, (b) perpendicular 

to an axis of a phototube. X-direction is parallel to the 

box of the first dynode and Y-direction, perpendicular to it. 

Fig. 6 Axial magnetic field in the cylindrical magnetic shielding 

case(magnetic shielding case II) calculated by Poisson 

equation. 

Fig. 7 Measured magnetic field for magnetic shielding case II. 

X is the distance from the end of the cylinder. 

Fig. 8 Gain of a 3" phototube shielded by magnetic shielding case 

II (a cylinder of 80 mm in diameter, 186 mm in length, and 

1.5 mm in thickness) with various materials and anealing 

conditions under the magnetic field of following directions: 

(a) parallel to an axis of a phototube, (b) perpendicular 
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Figure Capt:ions 

Fig. 1 Gain of a 3・・ phototube ，Rl9ll， of Hamama七suPho七onics

under the axial magnetic field. 

Fig. 2 Drawing of a magnetic Shielding case工

Fig. 3 Axia1 magne七icfield in the magne七1cshielding case工

calcula七edby poisson equa七ion. The ex七ermalmagne七ic

. field is 33 gauss. 

Fig. 4 Measured axial magnetic field in a magne七icshie1ding case 1 

under the various axial external magne七1cf1eld. 

Fig. 5 Gain change of a 3" phototube shielded by a magne七icshield-

ing case 1 under the magnetic field of fo工lowingdirections: 

( a) para11el to an axis of a phototube， (b) perper.dicular 

七o an axis of a phototube. X-direction is parallel七othe 

box of七hef1rs七 dynodeand Y-direction， perpendicular to it. 

Fig. 6 Axial. magnetic fie1d 1n the cyl.indど'1ca1magnetic shie1ding 

case(magnet1c shielding case工工)calcula七edby Poisson 

equa七1on.

F1g. 7 Measured magnetic field for magne七icshielding case工工.

X 1s the distance from the end of the cylinder. 

Fig. 8 Gain of a 3" pho七0七ubeshielded by magne七icshielding case 

工工 (a cylinder of 80 mm in diameter， 185 mm in length， and 

1.5 mm in thickness) with various ma七erialsand anea1ing 

condi七ionsunder the magne七icfield of follow1ng direc七1ons:

(a) parallel to an axis of a phototube， (b) perpendicular 
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to an axis of a phototube and parallel to a box of the first 

dynode. 

?ig. 9 Gain of a 3" phototube shielded by magnetic shielding case 

I-I (a cylinder of 80 mm in diameter, 186 mm in length, and 

1.5 mm in thickness) for various material and configuration 

under the external magnetic field of the following 

directions: (a) parallel to an axis of a phototube , (b) 

perpendicular to an axis of a phototube and parallel to the 

box of the first dynode. 

The open circles are data for a 1.5 mm thick PC permalloy 

case. Closed circles, for a 1.5 mm thick PC permalloy case 

with a 0.2 mm thick PC permalloy sheet'in it, closed trian­

gles, for a 1.5 mm thick PB permalloy case, open rectangulars, 

for a 1.5 mm thick PB permalloy case with a 0.2 mm thick PC 

permalloy sheet in it, closed rectangulars, for a 1.5 mm thick 

PB permalloy case with a 0.35 mm thick PC permalloy sheet 

in it. 

Fig.10 Magnetization curves for a PB and a PC permalloy. (The figure 

is taken from a catalogue of Tokin Corpolation.) 

七oan axis of a pho七otubeand para~le1 to a box of the first 

dynode. 

~ig. 9 Gain of a 3" phototube shie1ded by magnetic shielding case 

工圭 (a cy1inder of 80 mm in diameter， 186 mm in 1ength， and 

1.5 mm in thickness) for various materia1 and configuration 

under the external magnetic fie1d of七hefOllowing 

directions: (a) para11e1 to an axis of a phototube ， (b) 

perpendicu1ar to an axis of a phototube and para11e1七o七he

box of七hefirs七 dynode.

The open circles are da七afor a 1.5 mm thick PC perma110y 

case， C10oed circles， for a 1.5 mm thick PC perma110y case 

with a 0.2 mm thick PC permalloy shee七， ini七， closed七rian-

g1es， for a 1.5 mm七hickPB permal~oy case， open rectangu1ars， 

for a 1.5 mm thick PB perma110y case with a 0.2 mm thick PC 

permalloy sheet in it， c10sed rectangulars， for a 1.5 mm七hick

PB perma110y case with a 0.35 mm thick PC permalloy sheet 

in i七.

Fig.10 Magnetiza七ioncurves for a PB and a PC perma110y. (The figure 

is taken from a catalogue of Tokin Corpola七ion.) 
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