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A TWO-DIMENSIONAL BEAM PROFILE MONITOR HAVING HIGH DYNAMIC
RANGE BY USING MULTI-SCREEN
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Abstract

A two-dimensional beam profile monitor with a high dynamic range for 3-50 BT at J-PARC has been developed. For
measuring the beam core and the halo alternatively, the monitor has three kinds of screens. The first one is titanium foil
OTR screen (thickness of 10 wm) to measure a beam core, the second one is aluminum foil OTR screen (thickness of
100 um) having a hole (50 mm diameter) in the center, and the last one is a pair of alumina fluorescent screen with a
separation of 80 mm in horizontal to observe the beam halo in surroundings. We designed an optical system based on
the Offner optics for the observation of fluorescence and OTR lights. This optical system has an entrance aperture of
300 mm and it can cover the large opening angle (+/- 13.5 degree) of the OTR from 3GeV protons. A CID camera with
an image intensifier (I.1.) was use to observe the profile. We have succeeded to observe a profile of beam halo to 10
order to the peak of beam core by using proton beams of 3GeV, 9.6 x 10'? protons/2bunch by this multi-screen scheme.
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Figure 1: The multi screen. (a) Titanium foil of 10 pm'
(TS). (b) Aluminum foil of 100 um' having a hole of
50 mm dia. (50S). (c¢) Cr doped AL,O; screens of 0.5
mm' (AS).
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Figure 2: Calculated emitted OTR angle distribution
(1(6)) with 3GeV Proton (blue thin solid line). Green
point marker means measured exit angle distribution of
the diffuser screen. Red dotted curve means their
convolved value.
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Figure 3: The OTR chamber containing the Offner
optical relay system.
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Figure 4: A result of focusing test on the actual
Offner optics at a test bench.
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Figure 5: Detector setups. The path length from the
thin foil target to the front of the detection lens was
almost 2300 mm.
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Table 1: Specifications of the detecting devices.

Device Item Specification
Focus Lens Focal Length 17 mm
[YakumoYMV2595N]  F number 0.95
1” (16 mm dia.)
Image Format 12.8%X9.6
Front Aperture 26.8 mm
. Single Stage
Image Intensifier MCP aperture 18 mm
. . 12000[Im/m*/1x]
[HPK V2697U] Luminous Gain at MCP 900V
Resolution 30 [lp/mm]
Phosphor Screen Pelzrswtence:
~1ms
Relay Lens Magnification 0.5
CID Camera Radiation 300kGy
olerance
[ThermoFisher8725D] Image Format 17
Sensitivity 0.1 Ix
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Figure 6: The gain curve of the image intensifier
(Hamamatsu V2697U). Plotted data were measured with
light quantity by beam profiles.
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Figure 7: An one-shot beam profile by OTR light
with a two bunches their total intensity was 4.2e13
protons. (a) The image data. (b) Projected data.
Each fitted line is Gaussian.
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Figure 8: A superimposed data measured with OTR
and fluorescence lights.
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Figure 9: Comparison of beam profiles of by OTR light
with by fluorescence light. (a) and (b) are profile images,
(c) and (d) are their projected profiles. In (c) and (d),
green solid lines are both corrected OTR’s curve by light
quantity ratio of FL/OTR. Both the corrected lines agree
with FL curves.
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Figure 10: A summarized projection data measured
with OTR and fluorescence lights. Each data was
corrected with the gain of the image intensifier and
ratio of light quantity of fluorescence and OTR lights.
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