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PRODUCTION VIA PHOTONUCLEAR REACTION USING A 60 MEV ELECTRON
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Abstract

Radioactive isotopes have been produced via photonuclear reaction using a 60 MeV high-power electron linac for
research fields of nuclear chemistry and radioactive analysis at Research Center for Electron Photon Science, Tohoku
University. For a photonuclear reaction, Bremsstrahlung gamma ray is created by electron beam irradiating a 2 mm
thickness platinum or tungsten target. The electron beam with the beam energy of 60 MeV and the average current more
than 100 [JA is extracted from the vacuum through a Titanium thin foil. It is crucial to understand the beam property such
as beam emittance and Twiss parameters at the electron - gamma ray converter to optimize a gamma ray profile to satisfy
user experimental requirement. The emittance measurement employing a quadrupole scanning method and the gamma
ray profile measurements using imaging plates have been studied. The current status of these measurements is reported.

1. LI
WAL RFEFOCFLZM e o % — CTlERMEE
FA T v 7 EROTHERNC LD RIEEEZTT-> T

W5, FeR 60 MeV & CHNEE L 72 %) 3 100 pA LA
OB FE—LE N T EICHE L TRA~TY 1T,
B — AHGE BICASS Y VT AT U Oy
Ma s N—=2 /AL, Ak S il B syt &
B D SR SO TR PE R iR 2 g3 5, 3k &
= 28— ORREEO FE Lok 2 72 A X OREE~
DIBFHH IS LT 7201, I E T Oy
7'n 7 7 A A BROE O RN AR RS (I K b

EFAEFHAR L4 —
BBEH
REE AR TR
B—Fy b
i m BFH
O "o Fv— TUNIFo—
‘L B EE
SM5 I miEEiE
B EHEHE
Wl 77O EHA
® swa @ AVU-—VEZZ-—
SM2 A8
([
E—LRME  ZHER E— LhnEED EBFH

Figure 1: 60 MeV electron linac.
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Figure 2: Experimental apparatus of Q-Scan @ SM2 (left)
Q-Scan @ SMS5 (right).
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Figure 3: Measured beam sizes squared and fitted o?(k)
Q-Scan @ SM2 (Top) Q-Scan @ SM5 (Bottom).
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Table 1: Estimated Electron Beam Emittance and Twiss Parameters at Accelerating Structure 8 Exit

€x [mm mrad] €y [mm mrad] Bx [m] By [m] Olx Oy
by Q-Scan @ SM2 0.722 0.799 9.71 8.44 -2.65 -2.78
by Q-Scan @ SM5 0.937 0.712 20.8 314 2.15 -30.9

-396 -



Proceedings of the 12th Annual Meeting of Particle Accelerator Society of Japan
August 5-7, 2015, Tsuruga, Japan

PASJ2015 WEP004

600

e
=1
=

Beam Envelop result from
Horizontal Q—Scan & SN2
Vertical Q—Scan @ SM2
Horizontal Q—Scan & SM3

Vertical Q—5can @ SM3

Beta [m)

[
=
=

Distance from ACCS flange [m]

Figure 4: Expected envelops of e” beam trajectories for the normal operation from the accelerating structure exit to the

tungsten target.
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Figure 5: Experimental apparatus for irradiating Ni thin
films.
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Figure 6: Restored profiles of >’Ni by imaging plates.

N—HHATTOQ-Scan ZE L1 —L7 7 7 A
NWTHRN Z T, E—2 D0 IRLIT, 4B0O
Yty T v TOa L R—ZBHIMEZEZE L T
100 pps & Lz, £ A=Y 77 L — NTHIELRE
Ni O7'v 7 7 A /L% Figure 6 ([ZENEIRT,
IDO1, ID12 |Z1%A A —Y > 77 L — F BAS-IP SR
2025 E %, ID20, ID27, ID30, ID37 (2% BAS-IP MS
2040 E ZAEH L7,

5.4 FIREEREOWR T 1 7 7 A )L
FIRIEGR N A — & TR L7z 1D20 @ 7Ni Jilth
RESRIE S5 4 & = D& % Figure 7 12781, ID20 &
ID30 IZOWTHARDE—r7 Trua 77 ALz H
L CRERZRD Tz, FNENKFE, TE S OIE
WCHABIOAMLET 121 mm, 11.4mm . RO 3em T
T 17.1 mm, 16.6 mm T& > 7=(Figure 8), FHIED

Vertical

Horizontal [Count]

Normal operation

y-ray profile at a

target position &

its axis projections

Figure 7: y-ray profile of the normal operation at a target
position by imaging plate.
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Figure 8: An expected electron beam size (FWHM) and
measured y-ray beam sizes (FHWM) along the beam
axes for a normal linac operation.
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