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γ-γ ¦�růǸƅƎƱƂǹ!
JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

•  -vǠǷǧƣ�ŀ-
'  ƾǛǱǃǷ-10.985-keV-
'  ěƲŇƏS¶-20-Hz-
'  ǟǱǍ�-<-10-fs--
'  ǠǷǧǉƻǎ-�-200-μm-(σ)!-ÇƣƫŦ,ƏƜ-1-μm-ƨǸĚŝǹ-
'  ðǍǥǄǗǱơƤŲ2-Éǻ-3-ÉƣŰĽ×ƇQƪƴƜƂƳ-
'  Ǟǵǘ�-�-100-eV-!-Si(440)-ƝƤ-�-0.1-eV-ơAĥ>ƎƴƳƣƝǻ
ƔƣƪƪǓƽǵǞǷƨ-vƑƳƞf@Ƈ-BG-Þơ-

-
•  ǋǅǙǱȀǢǷǍǗłƣ9¬ƨ¥2ƎƴƳ-18'20-keV-ƣXĘ-

ǠǷǧƞN¶ƏƖǗǰǁǷƝï`-BG-ƷǀǔǗ-
•  ǠǷǧǑƻǧȀ-2013.-7/24-'-7/25-

-
ŵ�



SACLA!ƨŉ;ƏƖǏǔǗƹǔǣ!1/3!
.GvǦǯǷ!

.GvǦǯǷ�

ǍǰǔǗ�

,nǝǔǓ� růǝǔǓ-2� růǝǔǓ-3�

Be-ǞǱǢ�
W-ǍǰǔǗ�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ǠǷǧ�

•  ǦǯǷīūơÙƂĲ�ƝǠǷǧƷ
-vƑƳƞǻXĘƇ.Gv-

⇒ ġóĲƤŰƾǛǱǃǷƩƟÙƂ-
'  1-mrad-ÿ�ƣƤƢĲơƑƳƞ-11-

keV-��ƣXĘƤ.GvƎƴƠƂ-
⇒ ŰĽ×ƣǀǔǗ-
•  �ĩƠǦǯǷŲ2-¾ƷēƫMƶƓƜǻ
ǠǷǧƣÓ��Ʒ"ƚ-

Si(440)-ǩǜǄ
ǳǨǷǑ-×-4�

ÇŦ,ǦǯǷ�

Ŷ�



SACLA!ƨŉ;ƏƖǏǔǗƹǔǣ!2/3!
ǩǜǄǳǨǷǑ!

ǍǰǔǗ�

,nǝǔǓ� růǝǔǓ-2� růǝǔǓ-3�

Be-ǞǱǢ�
W-ǍǰǔǗ�Si(440)-ǩǜǄ

ǳǨǷǑ-×-4�

•  Ĕ±īūƝǢǯǔǅGvǻ-2-ƚƣĔ±ƝǠǷǧƣłƷ�ĩơ"ƚ-
•  ǾǏǔǗēƫMƶƓƜǠǷǧłƣƿǡǏǔǗƷ�Ƒ�

.GvǦǯǷ� ÇŦ,ǦǯǷ�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

Si-(440)-Ĕ±�

ǠǷǧ�

•  ǍǣǰǔǑơuƑƳAĥ�Ƈ�Ƃƞ-
'  ŪX�-1-É,ǸǯƼƾƏƠƂ�4ǹ-
'  ǓƽǵǞǷƆƱƣ-SUS-Ĩ,-
ơưƳŲBG-Ƈa;-
⇒ ǍǣǰǔǑƞNƐ-Si(440)-Ĕ±Ʒ�Øơ
ŔĜƏƜ+ơAĥ�Ʒ�ƌƜƅƉ-

-
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SACLA!ƨŉ;ƏƖǏǔǗƹǔǣ!2/3!
ǩǜǄǳǨǷǑ!

ǍǰǔǗ�

,nǝǔǓ� růǝǔǓ-2� růǝǔǓ-3�

Be-ǞǱǢ�
W-ǍǰǔǗ�Si(440)-ǩǜǄ

ǳǨǷǑ-×-4�

ǠǷǧ�

.GvǦǯǷ� ÇŦ,ǦǯǷ�

ǩǜǄǳ1� ǩǜǄǳ2�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

•  Ĕ±īūƝǢǯǔǅGvǻ-2-ƚƣĔ±ƝǠǷǧƣłƷ�ĩơ"ƚ-
•  ǾǏǔǗēƫMƶƓƜǠǷǧłƣƿǡǏǔǗƷ�Ƒ�
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SACLA!ƨŉ;ƏƖǏǔǗƹǔǣŲ3/3!
Ŧ,ǦǯǷƞÄ2V!

ǍǰǔǗ�

,nǝǔǓ� růǝǔǓ-2� růǝǔǓ-3�

ÇŦ,ǦǯǷ�

Be-ǞǱǢ�
W-ǍǰǔǗ�

ÇŦ,ǦǯǷ� Ge-Ä2V�

ǠǷǧ�

•  1-μm-Ŧ,ǦǯǷƝÇ¬PƷ2
ÁĕƳ-

⇒ ǱǦǜǋǕƺƣa;-
•  Ge-Ä2VƷǠǷǧłƆƱ-36°-
)ƋƜǋǅǙǱƣǕǷǟǷă

ƞNƐł�ơŲGe-Ĕ±ƷŔĜ�

.GvǦǯǷ� Si(440)-ǩǜǄ
ǳǨǷǑ-×-4�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-
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růǝǔǓ!3!.�ƣÅj!
JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ǝǔǓh(ƆƱƫƜ�

Ge-Ä2V�

ǓƽǵǞǷ Òď-

ÇŦ,ǦǯǷ-

ǓƽǵǞǷ-

ǠǷǧ-

ź�



ǓƽǵǞǷSƲ!

θx ǈǚƿ�

Radiation shield 
(Brass)�

Ýq�Ƥ-PD-ƷŘƝ~ƂƜàƴ,Ʒőª�

-v�

ǠǷǧǒǵǣ0-
��ǩǚǑñŲPD-×-2-
⇒ ǟǱǍÐơ��ƷķŜ 

ǠǷǧ�

Si(440)�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-
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ÝqĔ¿!1/2!
ǑƻǦǵǅǷƾǛǱǃǷ4�!

•  ǠǷǧSƲơŲ[me-window-±1-μs-
•  ǠǷǧƞN¶ƏƠƂï`-BG-(16-counts)-ƷǀǔǗ�

•  9-°şŲDAQ-ƏƜǻMĶ-
-9 °ş × 20 Hz = 6.5 ×105 pulse Ʒ-v�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-
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energy (keV)
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210

ÝqĔ¿!2/2!
Ge!ǍǥǄǗǱǻ,ming!cut!�!

1-É,ǟƻǱƹǔǣ-
6-counts�

1-É,Ų1695-counts�

SUS-XĘ-
22-counts�

ǋǅǙǱ-0-count�

•  µ�ƠǋǅǙǱƤıÝƎƴƒ�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

SPring'8-Ɲƣ��ƞNÿ��
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Intensity (photon/pulse)
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��4�!
�ÛĶ�ƣǠǷǧƷŲpulse!ÐơǩǚǑ!

•  �ŲPIN:-�\-1.6×105-photon/pulse-
•  �ŲPIN:-�\-1.4×105-photon/pulse�

�,j¦�ƣıÝƻǤǵǗ§Ƥ

2-¸ƣǠǷǧ��ƣĂơÑ��

�PD-×-�PD-(Pulse-Ð)-
�\Ų3.5×1010-photon2/pulse�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

•  L-PIN-Ɲƣ-Si-300-μm-ƣRHëŲ83%,-ĄÒǶǀǣǗǵĆƝƣÜĬ-3%-ƷĞ�Ə
Ɯǻ�\-5.5×1010-photon2/pulse-

ŴŴ�



ǴƻǫǷ

¢ø�
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ǠǷǧ�ÝqǻÇ!1/2!
ǏǔǗƹǔǣ!

•  φ200-μm-ƣŗǴƻǫǷƷǌǅ
ơ¢ø-

•  ǌǅƷƣƓƖǍǕǷǌƷ=Ɔ
ƏƜǠǷǧƷƾǔǌǍǂǪǵ-

•  ŊŎ,Ʒ�ƵƆƱ-PD-ƝÝq�

ǴƻǫǷƷŘõơ�Ƴ^MǸÇ¬PƣǍǂǪǵǹ-
�ƆƱįƜ�

PD-
�

ǴƻǫǷªū�

-vǠǷǧ�

ǴƻǫǷƝǠǷǧƣ�œƇőª�

ŊŎ,ƣ��ƤǁƼǋƹǵǠǷǧƣĂ4�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-
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•  Gaussian-ƣĂ4ǸƾǯǷŠ§ǹƝðǖǷǑƷƔƣƪƪǡƺǔǗ�

ƾǔǌƆƱ

ƣ¦��

Measurement
1 1.5 2 2.5 3

)
�

m
, 

µ
W

id
th

 (
0.7

0.75

0.8

0.85

0.9
 / ndf 2�  29.52 / 2

Prob   3.886e-07
p0        0.009905± 0.7779 

 / ndf 2�  29.52 / 2
Prob   3.886e-07
p0        0.009905± 0.7779 

3XƣÝqƣƥƱƚƈƷďĖĻ}ƞƏƜĶ�-
⇒ σ-=-0.78-±-0.08-(sys.)-μm-

ǠǷǧ�ÝqǻÇ!2/2!
ǡƺǔǗ!

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŴŶ�



ǠǷǧ�ÝqǻĚ!1/2!
ǏǔǗƹǔǣ!

•  WľŢǍǰǔǗƣ3ƷƾǔǌƞƏƜNÅơǍǂǪǵ-
•  �ÛĶ�ƣ-0°-¬Pǻ72°-¬PƷƔƴƕƴÝq�

WľŢǍǰǔǗ-
ǸǑǵǑǱ3ǹ�

PD�

WľŢǍǰǔǗ�

�ÛĶ�

72°-¬PƣÝq�

72°-¬PƣǠǷǧ�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

Ŵŷ�



�ǠǷǧǸŊŎGvǹ-
σ-=-215-±-8-μm�

�ǠǷǧǸGvGvǹ-
σ-=-200-±-4-μm�

ǠǷǧ�ÝqǻĚ!2/2!
ǡƺǔǗ!

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-
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ǠǷǧǉƻǎ-
Gaussian-(σ)�

Ě-215-μm-±-3.5%-(TR),-
ž--200-μm-±-2.0%-(RR)-
Ç-0.778-μm-±-10.9%-

��ŲN1×N2� 5.46×1010-(photon2/pulse)-±-0.3%�

ǟǱǍ�� <-10-fs�

ǱǦǜǋǕƺ� 2.07-×1019-(m2Ƕpulse'1)-@95%-C.L.-

ƻǤǵǗ§� 6.49×105-pulse-=>-0-count-
=>-4.6×10'6-count/pulse-@95%�

Ge-Ä2<ë� 0.67�

QED-.ªūĂƨƣǰǦǔǗ� 1.9×10'24-m2-@95%-
(QED-ƣŲ7.6×1022$)-

§kƪƞƭ!

!"
N1N2

4!" x" y

= Nobs

Ä2<ë�

¦�ªūĂ- ǱǦǜǋǕƺ-(pulse'1)-

ıÝƻǤǵǗ§-(pulse'1)�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŴŹ�
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ŎEƣrůƞǰǦǔǗƣÑŃ!

•  XĘŬ]ơ´6ƣǰǦǔǗ-

ŕ�ďƝƣ,jƾǛǱǃǷ�

�
�




��

Hughes 1930�

Moulin 1996�

Bernard 2000�
�ƀƇ¡đƑƳƾǛǱǃǷƝƤ-
ƔƮƔƮƣªūĂƇ-24-ÁƮŰƂ�

SACLA (phase1) 2013�

•  ƪƗƪƗŲ1st-phase-ƝƑ-

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

Ŵź�



��� ¹��

ǩǜǄǳ�� 3×107-photon/pulse� 1011-photon/pulse�

•  SACLA-Ģ�ƣAĥ�Ƈ-design-value-ơǸǞǵǘ�Ų<-eV-ƨP�ǹ-
⇒ -v��ƣÏ§ƤcƶƱƒǻAĥ�Ɲ3Á@�

ªūĂƨƤ��ƣ2	Ɲ<ƉƣƝǻŲ7-Áƣǆƻǵ�

��� ¹��

ėǟǍǱ§� 9-°ş-×-20-Hz� 27-°ş-×-60-Hz�

•  ėǟǱǍ§Ɲ³ơŲ1-Á�

Phase!2!¹�ƣǆƻǵ!
JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŴŻ�
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Phase!2!¹�!

•  Phase-2:-¹�ǻSACLA-ƣǍǥǔǄƹǔǣơưƲ�ƞNƐǏǔǗ
ƹǔǣƝƮ-7'8-Áƣǆƻǵ-

�
�




��

Hughes 1930�

Moulin 1996�

Bernard 2000�

SACLA (phase1) 2013�

SACLA (phase2) 2014�

•  Jİ,růƮQƭƜŎE´Űƣ��ƞƠƳ-

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŕ�ďƝƣ,jƾǛǱǃǷ�

Ŵż�
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Phase!3!6ıÝƨPƋƜ!
•  ÍƎƴƖ�ƦƏƵ-
'  ǍǣǰǔǑƝƣX�<ëǸíé-10%ǹƣ-4-	ƣǳǍ-
'  SACLA-ƞ-SPring'8-ƣ-2-ǠǷǧƣõ¢ĪąƝ-4-Áƣǆƻǵ!-ö�8ñ­ĸ-

�
�




��

Hughes 1930�

Moulin 1996�

Bernard 2000�

SACLA (phase1) 2013�

•  Ʈƃ�¸ǠǷǧƇ-vƝƈƴƥǠǷǧ3¸Ɲ-induce-!-4Áƣǆƻǵ-

SACLA (phase2) 2014�

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŕ�ďƝƣ,jƾǛǱǃǷ�

�ơƮ-
•  ƾǛǱǃǷƷyƏ�ƌƳ-
•  ĚÇƞƮơ-50-nm-Ŧ,ƠƟ�

ŵų�



γ-γ ¦�ƪƞƭ!

•  �ó´Űń�ƣXĘǟǱǍǲǷǊǷŲSACLA-ơƅƂƜǻ

�ÛĶƷ�ñƏƖ.Ɖ«ƏƂǠǷǧĪąǋǍǕǧƷĞ

ÃƏǻXĘŬ]Ɲ6ƭƜγ-γ-¦�ƣÝqƷĩƙƖǼ-

•  γ-γ-¦�ƣµ�ƠǋǅǙǱƤÄ2Ǝƴƒǻ.¦�ªū
ĂơuƏƜǻ-

- - 1.9×10-24 m2 @ 95% C.L. (QED ƣ 7.6×1022 $ǹ 

��fƈƂªūĂƷţeƏƖǼ-

•  ¸Ĕ¿Ƥĉ�ÎŤƝƁƲǻ¹��šƣ,Þƣ�ĠP
�ƯǏǔǗƹǔǣƣ¤ĤƠƟƝĔ¿ƣf�Ơ³«Ƈį

ŅƪƴƳǼ-

JPS-2013-Autumn-
Kochi-University-
Sep.-20th,-2013-

ŵŴ�


