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INTRODUCTION 

The modern theory and existent experimental data about the 
electromagnetic and hadron shower formation in calorimeters are 
described in the detailed recent reviews . In this paper pro
perties of a hadron calorimeter with streamer tubes as sensitive 
elements are considered, because a calorimeter of this type is 
under construction for DELPHI / s /. 5 cm thick layers of an iron 
yoke of the superconductive solenoid creating a magnetic field 
of 1.2 tesla will be used in this calorimeter as an absorber. 
Plastic streamer tubes f b l with cathode read-out performing in 
the self-quenching streamer mode''*'' will be used as a detector. 
In this mode no formation of additional streamers on an anode 
wire piece is possible, if there already exists a streamer in 
this region. This phenomenon is known as the dead zone effect, 
and was observed in studies of both the streamer tubes / 3 / and 
drift chambers/4/. The dead zome value estimated in streamer 
tubes by different methods varies from 1.7 to 4.5 mm''3''. In
vestigation of the hadron calorimeter characteristics depending 
on the dead zone value, taking into account the strength and 
direction of the magnetic field is the aim of the present paper. 

In the presented calculation the TATINA/5/ package was uti
lized as the main tool for f, nerating hadronic showers in the 
23 modules that constitute the bulk of the calorimeter with 
lxl m 2 cross section. Each module includes 5 cm of iron absor
ber; 0.1 cm of plastic (the front tube wall); I cm of argon 
(the gas filling of the tubes with a cross section of 1x1 cm 2); 
0.35 cm of plastic (the back tube wall, the read-out pads and 
the wall of the air pressure bag); and, at last, 0.65 cm of air. 

The hadron beam was assumed to consist of n+ mesons with 
energies of '>, 10, 20 or 40 GeV, travelling along the Z-axis. 
The sensitive planes of streamer tubes were taken to be paral
lel to the iy-plane, the tubes were directed along the у-axis. 
The results were obtained for a zero magnetic field, and for 
three homogeneous field values: H x « 10 kgauss, H y =H S=0; 
H y - 10 kG, Hx-Hz-0 and Н г - 10 kG, H x » H y » 0 . In the 
zero-order approximation the last two situations correspond to 
the barrel part of the hadron calorimeter DELPHI (H =10 kG), 
and to the end cap (H z "10 kG), respectively. 

Before starting the discussion on the influence of the dead 
zone effect on the hadron calorimeter response it is necessary 
to note that the details of the streamer formation process in 
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the streamer tubes still remain inclear. Therefore a simple 
model of this process was adopted as in paper / 6 / . For each coun
ter the effective projection of track segments onto the anode 
wire, i.e., the projections corresponding to the segments of 
the tracks (hits) within the counter volume, were determined 
for all the tracks traversing the counter. It was also assumed 
that the energy deposition has no"influence on the streamer 
formation. The number of streamers within each counter is de
termined by the number, sizes, and mutual disposition of the 
track projections on the anode vire. The distance between ad
jacent streamers for each track projections cannot be less than 
the dead zone length- DZ, and so the total number of streamers 
in the counters is simply the total number of dead zones that 
can be packed into the full track projection length, taking 
into account its position on the wire. The size of the dead 
zone is determined by several factors, such as the gas mixture 
in the tubes, the gas pressure, the high voltage on the anode 
wire, .etc. Here the interval DZ was taken as a parameter vary
ing from 3 to 7 mm. A reasonable value for the DZ interval is 
3-4 mm / s /. 

RESULTS 

In Table 1 some parameters of showers are listed both for 
the hit mode and for the streamer one with DZ = 3 mm: N s v is 
the number of generated showers, N b| t (/ e T (N s t r/ e v ) is the ave
rage number of hits (streamers) registered in the calorimeter 
per shower, 'hits ''"hit» (ff«tr ^ea ) represents a quantity that 
characterizes the energy resolution for the sampling under con
sideration. 

In Fig.1 the energy dependence of the calorimeter response 
for different magnetic fields is presented in units of hits. 
The energy dependence turns out to be linear. In the presence 
of a magnetic field all track lengths are extended. This may 
be the reason for the obtained increase in the number of hits, 
which amounts to about 25%. A clear dependence of the hit res
ponse on the orientation of the magnetic field is not evident. 

In Figs.2a-2b the energy dependence of the calorimeter res
ponse is shown to vary with the orientation of the homogeneous 
magnetic field vector, and with the dead zone interval DZ which 
was taken as a parameter. To make comparison easier the energy 
dependence is also given in terms of the hit response. A more 
or less universal behaviour of the calorimeter response as 
a function of the dead zone interval can be seen: 
Nitr/.v( D Z- 8> :N.tr/e,-< D Z- 6> : N.ir/.7 (DZ-7). 1.30: 1.16: 1.0 I 

(1) 



Table 1. The calorimeter response and energy resolution (%) in the hit and streamer modes 
B> о Hj.10 kO, Ъу-\-0 1^.10 kO, Hj-H^-0 | H B - 1 0 kO, Hj-K-O 

i,a* "•tr/«r V 
"hlt.«/«T 
"»tr/rr 

'hit*'"!)!*» 
« • t r / ' i t r " " . tx / .T H «ta/«T «itr/'utr 

5 
2000 31.2+0.4 

35.8+0.5 
27.6^1.9 
39.445.3 

1000 36.5+0.4 
45.0+0.8 

29.9+2.8 
55.8i13.9 

I000 35.5+0.3 
45.0+0.7 

29.3±1.4 
46.4+4.7 

1129 35.7+0.3 
403.+0.4 

28.0+0.8 
33.5i1.3 

10 
1733 69.2+0.9 

75.8*0.9 
23.7±1.1 
29.8+1.1 

464 81.111.0 
97.6+1.7 

24.7+4.0 
37.8+4.1 

477 82.6+1.0 
91.8+1.2 

25.8+4.2 
29.7+3.5 

1180 79.4+0.8 
89.2+1.0 

26.7+4.0 
31.4+3.0 

20 
1206 139.2*1 . 0 

138.8+2.9 
22.213.1 
26.3+3.8 

429 166.2+1.7 
186.5+2.3 

19.7+2.3 
26.4+J.8 

365 173.0+2.8 
172.5+2.8 

28.3+4.7 
28.5+4.3 

860 162.5+0.9 
•60.5+0.9 

П.О45.6 
I8.O45.9 

40 
1243 278.6^5.2 

261.444.6 
18.3+2.8 
21.842.4 

289 334.5+4*1 20.3+2.7 
346.8+4.8 23.0+2.3 

60S 344.8+2.8 
327.2+2.8 

19.6+3.4 
20.9+3.4 

326 343.0i3.5 
296.0i3.3 

16.0+0.7 
17.0+0.7 

Fig.l. The calorimeter response in the hit mode versus the 
energy, value and direction of the magnetic field. 
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Fig.2. The energy dependence variation of the calori
meter response for different dead zone effective va
lues: (a) H y = 10 kG; (b) H, = 10 kG. 

In the streamer mode the effect of saturation is evident as 
the energy increases, while such an effect is absent in the 
hit-mode. This saturation effect is most pronounced in the 
presence of a longitudinal magnetic field, Hz • 10 kG, which 
acts as a focusing system on charged particles in the shower; 
owing to this phenomenon the overlapping effect of track pro
jections is extremely essential and must be taken into account. 

In Fig.3 the energy dependence of the calorimeter response 
for different magnetic fields is presented; the dead zone in
terval is set equal to DZ = 3 mm. As in the case of the hit 
response (Fig.l), the magnetic field must lead to an increase 
of the hadron calorimeter response. But, contrary to the num
ber of hits, the enhancement of the number of streamers varies 
with the magnetic field orientation. The increase is the high
est when the field is transversal, H x » 10 kG, H y =.H„=0, 
since it makes the shower particles turn and move along the 
axis of the streamer tubes, which are directed along the y-
axis, thus increasing the projection of all track segments on 
the anode wires and, consequently, the number of streamers. 
It seems appropriate here to note that the average momentum 
of charged particles born in the shower and passing through 
the tubes is not small (Table 2). The curvature radius of most 
tracks is much greater than the transversal size of streamer 
tubes. Because of this in the case of H y » 10 kG, H x - H, - 0 
the increase in the number of streamers is connected with the 
increase in the number of tubes being crossed by tracks when 
the magnetic field is directed along the tubes and comparable 
with the effect in the hit mode. The increase of the number 
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Fig.3. The calorimeter response 
in the streamer mode (DZ = 3 mm) 
versus the energy, value and 
direction of the magnitude 
field. 

a E„.G«V <o 

Table 2 
The average momentum of charged particles in a hadron 

shower (20% accuracy) 

H.lcQ Hs 0 Sg-10 V 1 0 H e -10 

£ , CaV 5 40 5 40 5 40 5 40 

P̂ k ,«eV/o 

P„»,lleV/c 

l r ,HeV/c 

17.2 

1920 

940 

16 

1440 

840 

12.9 

1820 

840 

12.1 

1510 

840 

12.2 

1690 

840 

12.6 

1540 

840 

13.2 

1850 

840 

12.8 

1510 

840 

of streamers is the smallest in the longitudinal field H z = 
* 10 kG, Hi «Ну =0, owing to the focusing action of such field. 

It is interesting, as one passes from the hit mode to the 
streamer mode, to compare such shower characteristics as the 
transversal and longitudinal sizes of showers. In Figs.4 and S 
examples are presented of the energy dependences in the field 
Ну = 10 kG of the values F and z which represent the average 
transversal and longitudinal sizes of showers respectively. 
An excess of about 20" is clearly visible in the transversal 
size of the shower measured in the streamer mode over the size 
corresponding to the hit one. This is connected with a decrease 
of the relative contribution of the region in the vicinity of 
the shower axis due to enhanced overlapping of the tracks. 
No such difference can be seen in the z behaviour under the 
same condition. Similar dependences were observed for these 
values in the cases НяО and |H| > 10 kG with other orien
tation. Dependence of parameters Г and z on strength and di
rection of the magnetic field in the streamer mode is shown 
in Figs.6,7. As one should expect the largest transversal sho
wer size is obtained in transversal magnetic fields, and the 
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Fig.4. The average transversal 
size of the shower versus the 
energy at 'different registra
tion modes. 
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Fig.6. The average transversal 
size of the hadron shower 
versus the energy at different 
values and directions of the 
magnetic field. 
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Fig.5. The average longitudi
nal size of the shower versus 
the energy at different re-
aistration modes. 
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Fig.7. The average longitu
dinal size of the hadron sho
wer versus the energy at 
different values and direc
tions of the magnetic field. 
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Fig.8. The energy resolution 
of the hadron calorimeter at 
different registration modes. 

smallest one is obtained in the case of a longitudinal field 
(focusing). No clear dependence on the magnetic field is obtai
ned for the longitudinal size of a shower. 

In Fig.8 the energy dependence of the calorimeter resolution 
is presented for the hit and streamer modes. As an example, the 
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results of simulation are given for the case of HaO, but the 
same behaviour takes place for the energy resolution in the pre
sence of a magnetic field. In the streamer mode the resolution 
becomes worse compared with hit mode especially at a low energy. 
This is due to an additional source of fluctuations connected 
with the accidental character of the streamer formation on track 
segments. 

From the existent theoretical concepts about hadron shower 
formation in the sampling calorimeter the energy resolution de
pendence is described by the following formula ' *' 

^ • [ ( 5 0 % fW 4t f\*a™L. (2) 
E ^E(Gev) 3E(Qev) jE 

here R'= 30-40%, t = x/X 0 is the thickness of an iron layer 
in units of radiation lengths X 0 . Formula (2) was obtained 
assuming the statistical independence of counts in different 
layers of the calorimeter detector. The first term i& connected 
with fluctuation of the undetectable part of the hadron energy 
and the second one represents fluctuation of the energy dissi
pated in ionizations. The energy resolution curve according to 
(2) is presented in Fig.8. Correlation of counts in different 
tube layers during the shower formation process axisting in both 
modes (hit and streamer), as well as count losses owing tc track 
overlapping (saturation effect in the calorimeter response) 
lead to noticeable deviation from dependence (2), and this de
viation increases with energy. 

CONCLUSION 
The hadron calorimeter response and its other properties 

depend appreciably on the mode (hit or streamer) of shower re
gistration. In the streamer mode the significant dependence of 
shower parameters on the magnitude and orientation of the mag
netic field vector is observed. Because of this it may be ne
cessary to calibrate the prototype of the DELPHI hadron calori
meter in a magnetic field. Description of the experimental data 
obtained in this way with simulation programs will give a possi
bility of better understanding the processes in the hadron calo
rimeter. This is necessary for adequate interpretation of infor
mation from a hadron calorimeter like DELPHI. 
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