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Operation principle of low-pressure MWPCs

Convential MWPC: Low-pressure MWPC:
G. Charpak, Ann Rev. Nucl. Sci. 20 F. Binon et al., NIM 94 (1971), p. 27.
(1970), p. 195. A. Breskin, NIM 196 (1982), p. 11.
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Main characteristics of low-pressure MWPCs

Working pressure: ~0.1-10 mbar

isobutane,
heptane, ethylene

Counting gases:

Anode-cathode gap:  ~1.6-3.2 mm
Anode wire spacing: ~1 mm
Anode wire diameter: ~10-25 pm

Reduced electric field in the constant
field region: ~102-103 V/(cm-mb)

Reduced electric field on the wire

surface: ~104-10° V/(cm-mb)
Gas amplification: ~104-10°
Amplification on the wires: ~10!-103
Current pulse rise time: ~2-5ns
Timing resolution ~0.1-1 ns

Main advantages

Excellent timing
characteristics

High efficiency

High transparency and Low
energy losses inside

Large surface area
High rate capability

Good position resolution
with proper readout

Good stability
Simple, cheap, effective

Very well suited for Fission
Fragments registration



Detector construction
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Sizes 140%x140 mm;

Distances between electrodes planes 3.2 mm;
Anodes are made of 25 pm gold plated tungsten wire 1 mm spacing;
Cathodes are made as square mesh of the same wire 1 mm spacing;

Each 2 wires are connected to delay lines taps (50 Q impedance, 2 ns per tap);
Working gas Is Isobutan at 8 mbar;
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Signals from the detectors
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Fission fragments angular distributions studies

The angular distributions of fission fragments are related with the
properties of transition states of a fissioning nucleus at the saddle point.
The studies always considered as an important tool to access the key
characteristics of the fission process.

The angular distributions data are very important for precise
measurements of the fission cross-sections, because it should be taken
into account as efficiency correction for non 41 detectors.

So, these data are not only of high scientific value, but of great significance
for nuclear technologies as well (accelerator-driven systems.

Nowadays there is considerable interest to nuclear fission at intermediate
(En < 200 MeV) and higher neutron energies




Fission fragments angular distributions studies

Fragments angular distribution in the

model of axially symmetric transition Wi (6) =
states at the saddle of fissioning nucleus

(wave functions of axially symmetric top) :

For low excitation energies we need a w(8)~ Z A, P, (cosB)
proper sum over M distribution, and Neven

few available J, K (fission channels ):

At higher excitations with many
opened fission channels one can use w(@)~1+ ACOD
statistical model for the K projection

distribution - p(K) :

Parameter measured in experiments:
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Experimental setup for fragments angular distributions studies
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Experimental setup for fragments angular distributions studies

in fission induced by 1-200 MeV neutrons at neutron spectrometer GNEIS

GNEIS huilding

] W | IC monitor MWPCs -:h_amher
E‘ q; gc \-:.i \Q\ stops [] .bl.?.ai'l'l tube "
L Nel N2 Ned '\, | o -
S ey | iy NN N §l B — HV2 fissile
> 5 b B < ] HV1 target
n_=r_'.-.l I P \ .\:..‘. I_'; .- H- . L
AR ] collimators B st Computer
R detector ﬁ
i 4 BT
©. %0 concrete
; sﬂ{é ding of
‘the acceferator Acqjris
we neutron ) EE

1 shutters

cyclotron (

“p rot
Pb target Egﬂ?_", actugtursf r target

Main parameters of GNEIS:
E, =1GeV; At = 10ns;

n
f =~ 50Hz; ®~3 X 1014§’
L=355m




Experimental setup
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Tests with 252Cf spontaneous fission source
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Isotropic source !
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Tests with 252Cf spontaneous fission source

Positions determination
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Tests with 252Cf spontaneous fission source

Positions determination
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Tests with 252Cf spontaneous fission source

Cosine distributions

Monte Carlo model
25000 4 expanment
~ i M Wuc(0)
20000 - <€
= | Wexp (@)
£ 15000+ ’
L. . 1
< 10000- kgenm ~ \
| Wc(6
5000 4
e e e P

01 02 03 04 05 06 07 08 09 10
cos (0)

35000+ expenment corrected for geometry facior
calculated by Monte Carlo
300004 — isolropic distribution
25000 RaaN g W, =k W (@
n _ i __— geom( ) geom exp( )
s 20000 +
-= ]
< 150004
= ]
10000 -
5000 - .
- Total correction factor:
B S
01 02 03 04 05 06 07 08 09 10 _— .
k"'k@ﬂmn kd

cos (0)




Tests with 252Cf spontaneous fission source

Cosine distributions

The question arises, what is the reason for
the difference from
pure geometrical correction?

350009 — expenment corrected for geometry factor
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Grids transparency
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Time resolution
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Tests with “points like” 235U target (induced fission)
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Experiment with 233U target (induced fission)
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Experiment with 233U target (induced fission)
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Wi(e) / W(90)

Experiment with 233U target (induced fission)

Corrected angular distributions for some neutron energy ranges
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Neutron beam profile monitor
for electronic components testing facility at neutron spectrometer GNEIS

Cathode with

There was a task to measure neutron beam
238 converter

profile with position resolution < 5 mm, and
accuracy <10 % during the IC radiation tests.

Neutron

Ty beam

Anode X
Two approximately collinear fragments
are emitted in fission. Uranium
converter is deposited on thin Mylar
cathode (~2um). Then one fragment

determines X coordinate, another
determines Y

Target (converter): 238U (tetrafluoride )
~500 pg/cm? made by vacuum
deposition on 2 um thick Mylar foils
with homogeneity <10 %

Cathode




Neutron beam profile monitor

Neutron beam collimator @ 75 mm
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Conclusion

* Experimental setup based on two low pressure multiwire proportional
counters was developed for measuring angular distributions of fission
fragments

The main characteristics of the setup are:

Practically accessible 8 angular range <75°

Efficiency at average angle ~80% (transparency of wires planes of
two MWPCs)

Time resolution <0.8 ns

Position resolution of reconstructed fission coordinates ~3 mm

* Neutron beam profile monitor was constructed based on low pressure
multiwire proportional counter with 238U converter deposited on the
cathode. The “profile meter” was tested and now is exploiting on
electronic components testing facility at neutron spectrometer GNEIS

The main characteristics of the device are:

Area 140 x 140 mm?

Efficiency ~10° (for immediate energy neutrons o;~1 barn)
Time resolution <0.8 ns




Thank you for attention




GNEIS building
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Neutron beam profile monitor

Neutron radiation testing of electronic components facility at the 1 GeV
synchrocyclotron of PNPI

Cathode with
238 converter

o

Neutron

“"hh beam

Anode X

Targets (converter): 238U (tetrafluoride ) ~500 pg/cm? made by vacuum
deposition on 2 um thick Mylar folils



Introduction

Androsenko et al. (1969)

For low excitation energies
we need a proper sum
over M distribution, and
few available J, K (fission

“4mm channels).

150 Mk

At high excitations with many opened fission

channels one can use statistical model for the K
projection distribution — p(K) :
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Results (examples of cos 0 fits)
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