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Purpose

e Production of the high energy y-ray by the inversed Compton scattering -
returned soft X-rays by the multilayer mirror reflection from the undulator
to the storage ring, collide with high energy electrons.

e Search for the possibility of y-ray experiment with higher energy than
LEPS/LEPS2 toward SPring-8-I1 (6 GeV).

e After confirming the generation of gamma rays, we obtain information
such as beam handling method and multilayer mirror lifetime.
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* NewSUBARU facility has a 1.0-1.5 GeV
electron storage ring, which provides light
beams from IR to Soft X-ray regions.

 We resarch light sources for next
generation through a machine R&D, and
industrial appications such as EUVL
lithography, LIGA process, material analysis. _g#

e 1GeV Top-up operatiom
e 1.5GeV Rumpup and decay operation
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http://www.lasti.u-hyogo.ac.jp/NS/
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Multilayer Mirror

* Mo/Si multilayer mirror I I

— — — —|-==pearnodic design — —
—— broadband design
—— narrowband design

* In the long-wavelength soft
X-ray region, especially in |
the 13 nm wavelength 02
region, the direct incidence |
reflectance is up to about

reflectivity

70% by the Mo / Si {{1.5. - llé.nl ‘ 1;.5 . .141.0. - L1;.5. - .1;.0‘ BETE
wavelength, nm
multilayer film. 99.2 954 919 886 827 eV

Mo/SiZ [EEZ5— O R HER
(Microelectronic Engineering 83 (2006) 703.)



Undulator spectrum at BLO7 of NewSUBARU

Parameter

e Period length : 7.6 cm
* Number of Period: 30
e Total length : L =2.28 m
e K=0.78

e Gap =53.7 [mm]

e B=0.1099 [T]
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Energy band Comparison of undulator and

mirror

e E=1240/A\[eV]
e 92eV=13.47nm
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Layout of experimental setup
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yray Spectrum S
g
* 1GeV electron P

e 92eV(13.5nm) Xray

ot
o

e Compton edge 585MeV
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Photon Energy (GeV)

y ray spectrum generated by inverse
Compton scattering



Expansion to 6GeV

- LEPS spectrum

do/dE, (arbitrary unit)

Ee:6GeV + 92eV
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y ray detector

e [rigger & Veto counter :5 mm thick scintillator + PMT
e Beam position monitor (BPM)
« PWO detector

®60 L200 c :
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vyphoton counting rate

BLO7 short undurator - 5% 10" photons/sec/mm?/mrad?/0.1% bw @ 100 mA
Light source size o, =1.00 mm, o, = 0.18 mm
X-ray divergence angle o, = 0.342 mrad, o, = 0.280 mrad

Primary light (undulator gap = 70 mm) band width / 0. 1%BW@92 eV : 13 eV / 0.092 eV
Swiching mirror (Si substrate Pt coating) Reflectivity : 0.88
— 3.21x10'6 photons/sec @300mA (on multicoating mirror)

Multicouting mirror BN : 2.7eV, Refrectivity : 0.65

BW ratioxrefrectivity xswting mirror refrectivity =2.7/13x0.65%0.88 on colliding
point

Compton crossection : 330 mb

Beamsize 20, = 2.00 mm, 25, = 0.36 mm,
Undurator length : 3 m
1.873x10'8 electrons/sec @300mA

— 3300 photons/sec



Heat load

BLO7 short undulator : 15x10" photons/sec/mm? mrad?/0. 1%bw @300 mA (1 GeV)
oXx =1.0mm, oy =0.18 mm, ox’ = 0.342 mrad. oy = 0.280 mrad

0. 1%bw = 92 eV x 0. 1%

Full width at half maximum of primary light (gap 70 mm): 81~94 eV = 13 eV
Switching mirror (Si substrate Pt coating): reflectance = 0. 88

.. The amount of light reaching the multilayer mirror
(15 x10™) x1. 0 mmx0. 18 mmx0. 342 mradx0. 280 mradx (13 eV/0. 092 eV) x0. 88
= 3.2x10'% photons/sec

X-ray spectrum of BL 07 Integration of energy is 4.65 times of 92 eV light as a
whole.

Total power :
02 eVx (3.2x1016 photons/sec) x 4.65 x (1.602x10-1° J/eV) = 2.2 W

No problem with glass substrate



Problem

e Heat load, |ifetime of the multilayer mirror
e Reflected X-ray handling, monitor
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Ray Trace§t5H (SHADOWS3)

XK GmER7>YalL—4—)
o, = 1.00 mm, o, = 0.18 mm,
o, = 0.342 mrad, 6, = 0.280 mrad

Mo/SiZEBIRS 5 —
SR H 516,700 mm
M ®E§E : R=16,700 mm
(BEEAMICHEZEZDITHS)

BLO7Y) & &E
FEIRH 58,174 mm

Bk : R=316,900 mm
RHAE : 3E
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