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The Design of the Radial Collimator
for Residual Stress Analysis Diffractometer at J-PARC
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Radial collimator is a device in order to define gauge sizes in neutron diffractometer. Design of
the collimator for residual stress analysis diffractometer at J-PARC is being progressed, which can define
several kinds (1, 3, 5 mm, etc...) of gauge sizes with a range from 1 mm to 10 mm. An equation was
established to express a relation with gauge sizes and geometrical design parameters of collimator by
applying the normal distribution to an error of measured gauge size. Currently, this geometric calculation
with several sets was finished, and the design parameters, in which FWHM (full width at half maximum)
of normal distribution was optimized to 1 mm, was obtained. In addition, by the Monte Carlo simulation -

with McStas, a design parameters in each gauge size have been validated.

Keywords: Neutron Diffractometer, Residual Stress Analysis, Pulsed Neutron Source, TOF Method,
Radial Collimator, Mcstas, J-PARC
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Table 1: Specification of residual stress analysis diffractometer.

Repetition 25Hz
Moderator Lig-H2 decoupled/poisoned
Moderator-Sample L 1 ~40 m
Sample-Detector L 2 2m
Guide tube 20 mm x 20 mm / 3Qc
d-range 0.05nm <d <0.5 nm
Resolution Ad /d <02% 26=90°
Detector Scintilator pixel size : 3 mm

Table 2: Design parameters of radial collimator.
Wy(detector width) =3 mm. L, =2m. Refer to Fig. 3 for various parameters.

Blade length / 2 [mm)]
250 300 350 400 |+ 450

I1|271.458 | 288.594 | 303.331 | 316.223 | 327.650
1 | s1]040719 | 043289 | 0.45500 | 0.47433 | 0.49147
s2 | 0.78219 | 0.88289 | 0.98000 | 1.07433 | 1.16647

11 ] 538.540 | 579.447 | 615.664 | 648.208 | 677.782
3 |s1]080781 | 0.86917 | 0.92350 | 0.97231 | 1.01667
s2 | 1.18281 | 1.31917 | 1.44850 | 1.57231 | 1.69167

11| 725525 | 783.714 | 835.693 | 882.788 | 925.916
5 | s1 | 1.08829 | 1.17557 | 1.25354 | 1.32418 | 1.38887
s2 | 146329 | 1.62557 | 1.77854 | 1.92418 | 2.06387

Table 3: An analysis result of intensity distribution.

Values are obtained by Sigmoid-curve fitting in Fig. 21 ~ Fig. 23.

Blade length / 2 [mm]
250 300 350 400 450

max_value [a.u.]| 297350 | 296870 | 297260 | 298120 | 296030
max_value_err | 27900 | 27900 | 27800 | 27500 | 28000

max_value [a.u.]| 2676600 | 2679000 | 2674400 | 2674400 | 2676700
max_value_err | 253000 | 252000 | 250000 | 252000 | 252000

max_value [a.u.]| 7438400 | 7431300 | 7434500 | 7427000 | 7431800
max_value_err | 686000 | 699000 | 684000 | 681000 | 692000
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Guide tube
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Neutron
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90°bank
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Low-angle bank
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Fig. 1: 3D View of residual stress analysis diffractometer
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Radial collimator

(a) Angular dispersion type (b) Energy dispersion type

Fig. 2: Definition of gauge sizes in each measurement system.
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Wy: temporary gauge width

W : detector width

Wamax : optical maximum of gauge width
Wmax : optical maximum of detector width
L, : sample-detector path length

[, : sample-collimator path length

L, : collimator length
s1 : collimator blade interval at the entrance
s» : collimator blade interval at the exit

« : detector width solid angle

Fig. 3: Parameters of radial collimator.
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Fig. 4: A standard normal distribution. - The gray

Radial collimator

Fx) = (1sqrt 2m))exp(- x 2/2)

Standard normal distribution

zone is 95% confidence interval.

2D-detector

v

Fig. 5: Simulation layout of radial collimator.

Source height : gauge size, Source width : arbitrary parameter,

‘Radial collimator’s parameters : Refer to Table 2 and

2D-detector size : 200 cm X 200 cm (100 ch X 100 ch).
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Fig. 7: Simulated 2D-detector images in the case of FWHM = 1 mm, blade length = 300 mm,

and source width = 0.25 mm ~ 5 mm.
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Fig. 8: Simulated 2D-detector images in the case of FWHM = 1 mm, blade length = 350 mm,

and source width = 0.25 mm ~ 5 mm.
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Fig. 9: Simulated 2D-detector images in the case of FWHM = 1 mm, blade length = 400 mm,

and source width = 0.25 mm ~ 5 mm.
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Fig. 10: Simulated 2D-detector images in the case of FWHM = 1 mm, blade length = 450 mm,

and source width = 0.25 mm ~ 5 mm.
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Fig. 11: Simulated 2D-detector images in the case of FWHM = 3 mm, blade length =250 mm,

and source width = 0.75 mm ~ 15 mm.
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Fig. 12: Simulated 2D-detector images in the case of FWHM = 3 mm, blade length = 300 mm,

and source width = 0.75 mm ~ 15 mm.
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Fig. 13: Simulated 2D-detector images in the case of FWHM = 3 mm, blade length = 350 mm,

and source width = 0.75 mm ~ 15 mm.



JAEA-Technology 2005-004

100

Y Position / cm

2

NG N

SO00(X)

Y Position / cm
Y Position / cm

Y Position / ¢m

HO

Y Position / em

oo ) , EQ 100
X Position / ¢cm

¥ Position / cm
Y Pasition / cm

) 0
X Position / cm

¢

Y Position / em

[
X Position / cm

Y Position f em

Y Position / e

X Position / em

0
X Position f em

Fig. 14: Simulated 2D-detector images in the case of FWHM = 3 mm, blade length = 400 mm,

and source width = 0.75 mm ~ 15 mm.
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Fig. 15: Simulated 2D-detector images in the case of FWHM = 3 mm, blade length = 450 mm,

and source width = 0.75 mm ~ 15 mm.
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Fig. 16: Simulated 2D-detector images in the case of FWHM =5 mm, blade length = 250 mm,

and source width = 1.25 mm ~ 25 mm.
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Fig. 17: Simulated 2D-detector images in the case of FWHM = 5 mm, blade length = 300 mm,

and source width = 1.25 mm ~ 25 mm.
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Fig. 18: Simulated 2D-detector images in the case of FWHM = 5 mm, blade length = 350 mm,

and source width = 1.25 mm ~ 25 mm.
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Fig. 19: Simulated 2D-detector images in the case of FWHM = 5 mm, blade length =400 mm,

and source width = 1.25 mm ~ 25 mm.
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Fig. 20: Simulated 2D-detector images in the-case of FWHM =5 mm, blade length = 450 mm,

and source width = 1.25 mm ~ 25 mm,
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Fig. 21: Intensity distribution by source width in FWHM = I mm setting.

These intensities are average intensity of 2D-detector.

Error bars indicate the standard deviation which was calculated by average intensity.
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Fig. 22: Intensity distribution by source width in FWHM = 3 mm setting.
These intensities are average intensity of 2D-detector.

Error bars indicate the standard deviation which was calculated by average intensity.
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Fig. 23: Intensity distribution by source width in FWHM =5 mm setting.
These intensities are average intensity of 2D-detector.

Error bars indicate the standard deviation which was calculated by average intensity.



