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The dependence of the light yield and the transmission on magnetic field~ ha~ been measured with different methods up io 0 45 
T for the plastic ~cmtdlator~ NE-102A. SCSN-38 and Polivar The scmtdlators ~ere excited by 25 MeV proton~. 5 t) keV X-ray,, and 
UV light. When excited ~lth tomzing radmtton an increase of light Deld ts ob.,er,¢d. For SCSN-38 of 2 t~ mm thickness it amount~ 
to 0.3¢f, 0.9c; -, I Iq-, and 3.3c~ at 1, 10, ltX) and 450 mT, respectwely. NE-102A behave~ similar. ~hereas an acrylic ,,cmtdlator 
,,how~ a stronger field dependence. The effect is independent of the d~rection of the field but mcrease~ for the acryhc ~cmtillator 
with its thickness. No change in the decay time of the scintillator has been ob,,erx,ed The response ,ff the scmtdlators d~d not 
change when excited by UV light m a magnetic field. 

I. Introduction 

It ts known that  the hght emission of plast ic  scmtd-  
la tors  depends  on the magne t i c  field [1]. In previous  
work  [2-4],  a qutck rise of  the  relative hght ytcld at the 
pe rcen t  lexel has been  seen  w~thm the first 10 mT 
fol lowed by a cons tant  gain up to about  0 1 T The  
m a g m t u d c  of thl,, hght yield increase is ma te rml  de-  
penden t .  The  effect  is an intrinsm p rope r ty  o f  the  
sc int i l la tor  and cannot  be  expla ined  by e lec t rons  ~,hich 
leave  the surface of  the  scint i l lator ,  curl in the  mag-  
net ic  field and reen te r ,  o r  by ins t rumental  effects  hke 
pho tomul t ip l i e r  gain. T h e  effect  is not fully unde r s tood  
up to now. but  two reasons  or  an over lap  of  them 
might  be responmble for  it: The  magnet ic  f ie ld sepa-  
ra tes  the tracks of  nearby e lec t rons  of  slightly d i f ferent  
energ ies  and consequen t ly  reduces  a sa tu ra t ion  effect 
[5] in exct tauon of  the  molecu les  or  the magne t i c  field 
inf luences  the de layed  f luorescence [1]. The  c a l o n m e -  
~t ~ t "  i _ l t  ~ . t l ~ .  , r . . , l t - , , , .d~. .~ ~ t t . t ~ . ~ . t * J t  t a t  l t l t L ,  l t ' ~ t l ,  t u i ,  

d e p l e t e d  uramum and plas t ic  scinti l lator (SCI)  plates ,  
r ead  out via wavelength  shtfters (WLS),  will ~ o r k  m 
magne t i c  fields up to 0.9 T. Knowledge of  the  abso lu te  
energy  scale to about  1% ~s being a imed  at. 

The  cahbrat ton of  the ca lo r ime te r  modules  has  been  
done  using the radioact iv i ty  from the u r a m u m  plates .  
cosmic  ray muons and  par t ic le  beams wi thout  magnet ic  
field.  Thus the effect o f  magnet ic  field on the hght 
yield of  the scint i l la tor  has  to be known. W e  have 

invest igated this effect for the Z E U S  SCI SCSN-38 [7] 
and also for o ther  plastic SC1 as well as for the Z E U S  
W L S  Y-7 d~ssolved m P M M A  [7]. 

2. Experimental methods 

The , ,cmtdlalors  s tudied x~crc excited ~llh 
a) a xenon  flash lamp which enabled  us to exclte 

s epa ra t e ly  the first o r  second  fluor of SCSN-38 
(b -PBD at A --- 300 nm or  B D B  at A = 360 nm). 
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Fig l. Schematic vtev, of the measurement dex lce for UV 
hght excitation of the sclntdlators m a magnetic field. 
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b) a 25 MeV proton beam from the Hamburg 
isochmnous cyclotron, 

c) a 5.q/6,5 kcV X-ray ,a~urcc (SSFe). 
The layout used ftli iliethod a) i~ shown in fig. I [8], 

The UV light i,,, guided viii a qualtz liblc (a) to the 
SCI, which is placed in between the 5 c m x  5 cm pole 
shoes of an electromagnet whose field is measured 
with a Hall probe, The UV light can be it~jected into 
the SCI either parallel or vertical to the magnetic field 
direction, For transmission measurements the SCI can 
also be excited outside at" the magnet (fibre c). The 
light then has to travel through the field region and is 
recorded via a wavelength shifter by a photomultiplier 
(PMT) outside the magnetic field, To ensure that there 
is no direct influence of the field on the xenon lamp 
and the PMT and to control the stability of the system, 
the UV light can also be transported directly by a fibre 
to the PMT, The spectra were recorded by a multi- 
channel analyzer (MCA). Gaussian fits allowed a de- 
termination of the mean pulse heights to a ~tatistical 
accuracy of 0.1%, The reproducibility of the measure- 
ments was better than 0.2%. 

Method b) [8] used the 25 McV proton beam of the 
Hamburg isochronous cyclotron focused to about I mm 

sc=nb I lotor, HV 
WLS 

' magnet,c 
r-~ sh ie ld,ng 

Kapton fo,I I I~l_dJ Faraday cup 

quartz hbre pate - p~ece 

Fig 2 Setup to measure the hght yield of SCI as a function of 
the magnetic field u,',mg 25 MeV protons 

diameter (fig. 2). To rcducc pileup cffccts the beam 
current was reduced to some fA corresponding to a 
rate of about 6 kHz protons. The bcam Icft thc vacuum 
pipe through a 20 Ixm Kapton foil, For the thinner S('I 
samples (2.6 ram) the protons traversed the SCI and 
wcrc caught in a Faraday cup whde they were stopped 
in the thicker SC! (9.7 mini. To study the effect of 
electrons reentering into the surfacc of the SCI by 
curling in the magnetic field, the SC! in some cases 
were placcd in bctwccn thin Icad sheets. The deflce- 
tion of the protons by the magnctie field, which was 
normal to the proton direction, was small ( --- 1 ram). Its 
influence on the light yield duc to a changed rcadout 
distance in the SCI was corrected by reversing the 
field, The sctup was monitored by UV light pulses 
from a xenon lamp which wcre fed into the SCI. The 
influence of the field on the PMT was below 0 2%. 
Again the spectra were recorded by a MCA and the 
mean pulse height was dctermined to an accuracy of 
I).1% with a total error on the relative change in light 
yield of 0.3%. 

The layout of method c) [9], which used a 5,9/6.5 
keV X-ray source (55Fe) of 107 MBq, is shown in fig. 3, 
Single and coincidence rates of two photomultipliers 
looking at the same SCI were used to determine the 
light yield. The small SCI sample (4 x 2 x 0.5 cm ~) was 
glued to two long (70 cm) light guides which werc read 
out by two RCA 8854 Quantacon photomultipliers with 
good separation of single photoelectrons from noise. 
From the single counting rates N I and N~ and the 
coincidence rate Nl~, corrected for accidentals, losses 
and background, thc photon mtcraction ratc N,, the 
detection cfficlcncles "r h and r h. and the mean number 
of photoelectron,, No~ arc determined 

NIN~ 
N,= (l) 

X- Roy Source (SSFel Magnet u LI~. . ~.~ 
Light O i d e q  Sclnt!llator 

Fig 3 Setup to measure the hght y~eld at plastic ~cmtdlators a,, a tunct~on of the magnehc held using a S~Fe source. 



D Blihn£er ¢t al / Pla~tr" wmttllator~ tn magnettc hehl~ 

Nit  
n, = "~- ,  (2 )  

n ,  = N---~ " ( ~) 

N,,,,~ = - 0 . 5 t i n ( !  - 'q,) + l n ( l  - n r ) ] .  ( 4 )  

The relative change in light yield duc to the mag- 
netic field B is givcn by: 

a L  ,~.¢( B)  - Np~,( B = O) 
L = o) (5) 

Grey filters have been put between light gutdes and 
photomultipliers so that typical values for 71 were 2% 
and ,~,~ ~ - I n ( I  - "q,). Typical statistical errors of th=s 
method were 0.1"?; with a reproducibility of about 
I).2% after reconstruction of the entire apparatus. 

The 5.9/6.5 keV X-rays from the ~Fe  source pro- 
duce (quasi) monoenergetic electrons m the SC! via 
photoeffect.  Their range of I I~m is small compared to 
the attenuation length of the X-rays (9{10 p.m) and the 
dimensions of the SCi. Thus edge effects from elec- 
trons which leave the SCI surface and reenter  by 
curling into the magnetic field can again he neglected. 
A direct influence of the magnetic field on the photo- 
multiplier was prevented by a proper  shielding 

SCSN-38  
d = 2 5 m m  2 5 M e V p  

. 

O d : 2 7 m r r ,  6keY X~ays  • 

3. R e s u l t s  

3 1 U V  e.~cttatton 

For the scmtdlators SCSN-38 (fig. 41. NE-102A [10] 
and a PMMA based Pohvar [11] the light yield Is 
independent of the magnetic field, within the measure-  
ment accuracy of 0.2%, when illuminated with UV 
light exciting the first (A = 300 nm) or the second fluor 
(A = 360 nm). It also does not depend on thc angle 

d : 2 6 r a m ;  UV t igh t  S C S N -  3 8  
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Fig 4. Relatwe change in hght yield of SCSN-38 versus 
magnetic field. Here the first fluor b-PBD was exerted by UV 
hght of about 300 nm and the light was vemcal to the 
magnetic field Within the errors no change of the I,ght ymld 

ts to be seen. 
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between hgh! and magnetic field. The light transmis- 
,,ion m the SCI is also unaffected by the magnetic field. 
The WLS Y-7 m PMMA also showed no effects. 

3.2. Proton and X-ray excttatton 

For protons and X-rays the ',amc dependence of the 
hght yield on magnetic field has been found For 
SCSN-3S (fig 5. table I) it n,,e,, to IC,; at 2 roT. ~s 
con,,tant fl~r fields of 2-11111 mT and then increases 
linearly up to 33% at 45(I roT. The results did not 
change when, m the case of the proton excitation, the 
SCI plccc wa4 clad with lead or SCI matenal. For 0 05 
T <  B < (145 T the experimental ,,aluc~ can bc ~cJi 
fitted by 

A L  / L  = ( 6 T -  IB + 0.6)%. (6) 

Other  measurements [12] indicate that the linear 
behaviour m valid for fields up to 1 T. This further 
increase of  the light yield gain in strong magnetic fields 
is not consistent with a pure saturation model [4] 
because, due to the separation of Compton-electron 
paths, the greatest effect would be at low fields whde 
at high fields a large increase in field strength ~ould 
only affect a !o~ increase in hght yield. The behaviour 
of the NE-102A SCI (fig. 6) is quite s~mdar to that of 
SCSN-38 

The results for thc PMMA based Polivar SCI are 
more comphcated. From the measurements x~,lth pro- 
tons. the relative hght increase is higher for thicker 
SCI samples (fig. 7) Several repetitions of these mea- 
surements, with different SC! types and thicknesses. 
always showed this unexpected behaviour. This might 
also be the reason for the different result of the ~ C o  
measurements [2] (fig. 8): The shapes of the SCI sam- 
ples used for the proton and X-ray experiments were 
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Table I 
Relative light yield increase of scintillators SCSN-38 in mag- 
nclic fickl. Tile ,~ample thicknesses were 2,8 mm (proton 
nlcaSttlenlclllS) and 17 111111 (X-l,'IV mca',tllenlenls), Tile CIIOIS 
ale 11,3r; (pl'otonQ and 11,2 r ; (X-ray~) 

Matmetie field 25 MeV protons IS keV X-rays 
B LntTl ALIL [%1 AL/L [%1 

ll,3 II, lh 
11,5 I),t)8 
I 0,32 028 
2 11,74 0.59 
3 11,811 11,07 
4 1),t)11 
5 11,86 038 
h 0.911 
7 O35 
8 I ,!,12 
11 1,112 

I0 1),81 0.94 
211 031 11.97 
311 0.88 1,05 
4L1 0,63 
50 1).63 1.07 
611 0,75 
7{1 tl,gL) I. I I 
811 0,90 
911 0.75 I. 17 

100 11.93 
I 1(1 I 36 
120 1.03 
130 1 31 
1411 1 411 
1511 I 55 
1611 I 44 
1711 I 61 
ISI) 1 61 
19t) 1,80 
21111 1,81 
220 I 95 
24O 2 05 
2611 2.16 
2811 2.25 
31111 "~ '~¢, 
3l{I 251 
. .11 2 66 
3811 2.83 
41111 3 12 
45O 3 33 

similm and the rc,,ult', compatible with fig. 7 whilc the 
sample fm the ~"Co measurements had qmtc dflfcrcnt 
dimensions (10 × 5 × 1 cm~). 

The higher light gain for the thicker Polivar SCI 
(fig. 7), mcasured with the proton beam, might bc due 
to the fact that the range of the 25 MeV protons jus t  
exceeds the thickness of the 7.5 mm sample and the 
specific energy loss, on the avcrage, is smaller in the 
thinner sample. If the magnetm field reduces the Blrks' 
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Fig 6. Relative change of l ight yield elf the polytoluene based 
SC1 NE-II)2A m a magnetic field when excited by protons. 
The curve ts very similar to that of the polystyrene ba,;ed SCI 

SCSN-38 (fig. 5). 
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Fig 7 Relative change of light yield of the PMMA based 
Pohvar SCI m a magnetic held for dlftcrent sample thick- 
nesses when exmted by protons. The gain in light yield m- 

creases with the sample thickness. 
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Fig 8 Relatwe change of hght yield of a PMMA based 
Pohvar SCI in a magnettc field excited by 1 1 MeV "y [2], 25 
MeV protons and 6 keV X-rays The results of the X-ray and 
proton excitatton are compattble due to the thickness depen- 
dence of the relatwe hght ymld (fig 8). Tb ~ ',cmtlllator of rel. 

[2] had quite other dlmenstons 
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saturation effect [5], the relative light yield increase 
should be higher for the thicker samples. Cumulat et 
al. [4] have measured slightly higher gains in the mag- 
netic field when exciting an acrylic SC! with an alpha 
source or fission products instead of a ~lCo source. 
This also supports the preceding interpretation. 

No thickness effect has been seen with protons, 
within the measurement accuracy of 0.3%, for SCSN-38 
with sample thicknesses of 2.6, 5.0. and 10.{I mm and 
for NE-I(I2A. This might be duc to the fact that 
SCSN-38 has an about 15c/- lox~cr Birks" kB-Valuc [13] 
than an Altulor SCI [14] x~hich is vcry ~lmllar in com- 
poqt ion compared to thc Pohvar SCI ~tudled. 

The X-ray mca~urcmcnt of  SCSN-38 (fig. 9) shoxvs a 
I).2% higher relative light yield increase for a 5 2 mm 
thick sample compared to a 2.7 mm. This is just at the 
limit of  the measurement accuracy. 

4. D e c a y  t i m e  

energy threshold ol PMT t Rebuilding lhc ~ctup ~IIh 
thc role of PMT R and PMT I exch,mgcd dld n.t change 
the rc~ult~. 

Fig 111 qltm~ the measured H~eclra ior I'lcld~ of 0 T 
and (I 15 T. A ,~h~}uldcr arourld t = IN n~ is ~ccn I~ 
changing the high voltage ( H V )  and H V  d~tnbutlon o! 
PMTR the position of the ~houlder mm'cs in time. 
Similar changes on PMT I had no effect. Thus the 
cause are rare events for which PMTR shows a pulse 
before the expected signal This effect is also described 
m the literature [15] and we were not able to cure it. 
The same effect occurs when PMT,~ and PMT I arc 
interchanged. Thus the spectrum is distorted, but the 
comparison f i e ld /no  field should nevertheless be vahd. 

The decay time spectra have been fitted by the 
function L( t): 

I 
t /  ,~ e I f i t )  = rV' (e " ' " -  ~ " )  

- - I " 1  

r ,  .i J I /  
+ r ' - " - - (  ( c  ' '" - c " ' ) .  

' I  

I 
1 : ll2~t,: ! 

L( t ) = A [=J  ( t ' ) g l  t - t ' )  dt" 
"( i  

~0" L , " I ~ , I 
o a 

I B : O T  

I~ / ~  r. ':(270:00~4ns 
c-~ " 0 " L  T : (063~' 0 02Ins 

O 

0 10 20 30 40 50 
t l n s  

A magnetic field dcpendcncc of the decay time 
spectrum will influence the calibration of the ZEUS 
calorimeter and cnangc the response ratio of the cah- 
bration to electrons relativc to hadrons 

Setup (c) [9] was modified to mcasurc the decay 
time spectrum. A 2.9 MBq ~"Co source (320 keV 13 and 
1170/1330 kcV "y) has bccn uscd resulting in a 30 
times increase of deposited energy. PMTt. (left photo- 
muluphcr,  see hg. 3) provzdcs thc start signal for the 
time measurement.  A two level discriminator (energy 
threshold of 10 photoelectrons and timing threshold of 
0.3 photoelectrons) defined the event time to 0.1 ns 
The signal from PMT R served as stop signal. A grey 
filter m front of PMT R reduced the light yield to an 
average of 0.02 photoelectrons. It has been verified 
that the measured spectra did not depend on the 
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Fig 10 Decay time spectrum of SCSN-38 w, thout magnetic 
field (a) and in a field of 0 18 T (b) for 6"Co exotat,on The 
experimental data are fitted by a functlon gwen in the text 
The.. ,;rrespondmg decay const,mts are summarized m table 2 
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Table 2 
I)ccay constants fronl tile fit t'unction ot' fig. It. Shown arc 
mca',ltremet~ts without m;~gnctic field and m llclds ol 0.10 and 
~1, I s T 

Iffl'l rtLnq r~"t.q r~,"ln,I , ,  

11 11,63:1:11,112 2.7(I ~ 0,114 I . , .  ~ L1,3 1),48:1:0,01 
o, lo 0,(',l ±0,03 2.f~7:1: tl,t'k~ 12.4 ~- 0,3 t).SI ± (1.1)1 
t),18 0.(~3 ~ O,t)2 2.(~7 ± O.L)5 12,4 :~ 1).3 t1.52:1:0,01 

The hmction g(t) ,  with ~r~ 111.7 ns is the timing 
response function, it has been determined experimen- 
tally from nlcasurements with the grey filters removed 
from both PMTs. f ( t )  describes a two step decay 
chain, with the single decay constant r t t'o= the fi~t 
step, feeding into the second decay, described by the 
two decay constants rk  ~, r~ 2~ and relative strength 
The values of the best paramctcrs of the lit for the 
measurements at 0, 0.1, and 0.18 T are gwcn in table 2. 
Within the statistical errors we lind no dependence on 
magnetic licld. 

the PMMA based Polivar ~cintillator the relative in- 
crease of light yield is somewhat larger and depend,, on 
the scintillator dimensions. At ;I value of l l l l l  mT it i~ 
about 2°/~ for 2.5 ran1 thick ,,anlple~ and 4.5t; fi~t 10 
111111 S a l l l p J e s .  

2) No magnetic held dependence is t~bscr~cd, ~hcn 
scintillators or wavelength shifters are excited by UV 
light. Thus the magnetic field affects the excitation or 
dcexcitation of the base molecules or the energy trims- 
for to the first fluor. 

3) The magnetic field does not influence the trans- 
mission of thc light in scintillator or wavelength shifter 
material. 

4) The decay time spectrum up to decay times of 
= 40 ns does not depend on an external magnetic field. 

5) The magnetic licld dependence of the light yield 
has to be taken into account for prcciskm calorimeters 
close to or inside magnetic fields like the uranium 
scintillator calorimeter of the ZEUS collaboration. Fig. 
I! shows the change in energy calibration of the 
calorimeter due to the SCI magnetic ficld effect for the 
electromagnetic scction of the ZEUS tklrward (a) and 
rear calorimeter (b) [16]. 

5. Summary and conclusions 

1) The light response of different plastic scintillators 
to ionizing radiation depends on the magnitude of an 
external magnetic field. For the polystyrene based 
SCSN-38 and the polyvinyltolt, ene based NE-102A. 
which contain aromatic ~lngs with low excttatton cnet- 
gle,,, the hght increase is about Irk between 2 and I( i l )  
roT, with a l'ultlle~ increase to1 higher held v~dues. For 
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