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Establishment of an Evaluation Technique for Laser Pulse Timing Fluctuations

A new technigue has been proposed and demonstrated for measuring the pulse timing fluctuations of mode-locked
lasers at low Fourier frequencies. The time interval between the laser pulses is precisely measured by using zero-dead-
time counters on referencing to a stable atomic oscillator. By combining this method with the time-domain demodulation
technique, the phase noise power spectral density of a mode-locked Cr:LiSAF laser has been estimated for 1 mHz — 1 MHz

Fourier frequency with 240 dB dynamic range.

gooood
gooboobboooboboobboobobooobo
gogodddgoddoddddoooduuggua
gobobooobbooboboooboooboon
ggoobobbooooboobooooooboobooo
O000000ifsO10%s000000000000
oo oooo
goobobooobooobbobbooboobon
ggoooobooooobbboooon

goboboogp

100.00 MHz

6.485 MHz

ggooooo od

Optoelectronics DivisionHidemi Tsuchida
e-mail:tsuchida@etl.go.jp

gogodddgddodddoouooguugguo
gobobooobbooboboooboooboon
gogodddgddodddoouooguugguo
gobobooobobobooobobobobooobo
gooooooooooooooooooooog
gbobooboooboobooboboobod
goooooouooooooooooooooaa
gloooooooooboobobooboobo
ggooobobbooooonobooooooooog

gboooog
CrLISAFO OO0 QO

goooop

goooop

gooo000R

10.00 MHz

gboobooooooobooboboboboooboooooboon



gooooboboooboooboobobooooo
ooobooboobobobooooobooboo
goboooboooboboobboooboboon
goboo0obooooobooboboooboon
gbooobooboobgoboobooobo
000000000000 DOO0DO198600 von der
LindeOOOODOOOOSsSBOOOOOOOOODOO
gobooobooooobooboboooboon
goboooboooobooobooobooon
goboo0obooooobooobooobooon
gooooboboooboooboooobbooobo
ooobooboobobobooboooboobon
gobooobooobbooobboooboboon
gooodnosomHz~A1MHzOOOODODOOOOOO
000 dodBOO0ODOODOODOODOODOODOODO
oo0oobooobooobgoosdomooogon
goboooboooboboobbooobboon
goboooboooobobooboboooboon
gooobobhooboobobooboobon
gooobooobobobOobooOloomHzOOOOO
gobobobobobooooooobobobobo
goboooboooobobooboboooboon
gobooobboobboobobooobooon
gobooobooooobooboboooboon
goboooboboobboobboooboon
ooboooooboooboooboooooon
googoobgoboo
goboo0obooooobooboboooboon
goboooboooboboobbuoooboon
goboo0obooooobooboboooboon
gobooobbooboboooboooboon
goboooobooboboobobooobooon
goooboobobbobbobooboobon
goboo0obooooobooboboooboon
goboooboooboboobbuooobboon
gobooobooooobooboboooboon
gobobooooboboboboobooon
ImHz~IMHzZO O D ODOODOODOOODODO 240dB0O
gbooobooboboobobooboobooo

goooog

goboooboooobobooboboooboon
goboooboboobboobboooboon
goboooboooobobooboboooboon
gooobooboobooboboobooboon

goboobboobboobbooboboooo
oooobooboboooboooboobo

V(O)=Vo[1+&(t)]sin[2r, t+ @(t)], €y

00O00VOf,00000000000det)Jet)0
0000000000000 00000000000
00000000 o)0000000000000
00000000000000000000000
00000000S(f)0000000SSBOODO
0D00000VMOOOO0O00O0000000000
000000000000000000000 S(f)
000000000000000000000000
00000000000000000000 et)00
00000000000000000
000000000000000000000000
00000000000000000000 ¢t)0
0000000000000000000S,(f)00
0D0000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
Dooooo
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000@O000000
Doo0o0oo0ooon

Ol de(t) 7
T==—""27
@n dt B @

oo oooooooon
O000bOo0oooDoos(f)boooobooon
gddddododoooooooooooooo
gbooboobobooboooDg
oo ooooooo
goboobboobobooobooobboon
gogobobbooobbodooobboogo
O0O0000O0O0O0ODbOO0ODbDOO zDbTd Zero Dead
TimeOOODODODODODODOODOOODOODOOD
gbooboobobooboobobboboon
dddddooooooooooooooooo
goooo



ETL NEWS 1999.11

A LA 5 =N = BHE

T BV %

L& ME

FA LA 25 —INIV/4 = FHFERR

GALAL2H =NV

gboboboobooboobobobobooooon

O00@OD0O0OD00000O000000O000O00000
gobooboboobboobboobboooboo
oo oooooooon
gobooboboobboobboobboooboo
gddddooobooooooooooooobon
gbobooobobbe.bUObbmbnoobonon
gobbboodobbboooobboooon
goboobboobboobbooboboooo
gogbbobboooommhoooooboobooood
goboobboobboobbooboboooo
oo oooooooon
Ooooooobooooboooboooooooo
goboboboooooboobooooboooon
UD0O00D00DbO00b0o0obOobobON-0DO000n
goboooboobboobbooboooboo
ODO0000ONDOOODOOOO00ODOONDOOO
oo oooooooon
OoooooooooNOOOoOoooooooon
gobooboogooobboooooobnboboogo
goboobboobboobbooboboooo
gobbobboooooboobobbbogoon
goboobboobboobboobboooo
oo oooooooobon
goooo

ooooog
goboobboobobooobooobbooon
0000000000000 CrLISAFOODOOD
gboboobobbooboggseEsAaMOOOgn
O00D0ODO0O00o0o0ooOooosofstooonO
ooMHzOODOOODOOODOO
goobooobbooobbooozZbTonoOogd
goboobobooboboooobooboooooo
gooboobboobboobbooboboooo
O00OD00O0OON=100000000DO0O48800
gobooooooboobdobd 10Hz~150MHzO
gboobobob0obooobooboobooboo
goboobboobboobbooobooon
gob0ooobooobooobooooboooo
gboooboooon
O000o0obOOodgPINODDOODDOODDOOO
gohoonoiomMHz OO OODOOOoOOoooboooboo
Ob00o0ob0gobedssSMHzO DO OO DO OODDOOODO
goboobboobboobbooobooon
goboobobooboboooboooboooon
goboobooboooboobobooboobon
000000000000 000010MHzO RO DO
goboobboooboooboooboboon
101001000 0 O O 0 05.0x10M0 1.7x10™M0 5.0x10™
gooo



(@

)
L
=
=0
£
-@Lﬁ

300

fo= 100 MHz
f,-= 6.485MHz
Np = 64853
Ny = 4096

-6 -4 2 0 2 4 6

Sy R [fs]

oO00@)oooooooooo
ooo@)ooooboooooo

X R [fs]

googoog
gboobgoooooooobobobobobobo
(@OOD0O0O0ON-=648530 000000000 10ns
goboooboogobboobboooboon
gooobboobooboboobooboobo
gobooobogobobooboboooboon
oooopooooodsfsoopoobooooooon
Oooooogoop400010sOD0000000
gooobobbbboooogs3Hzoooooooo
gobooobogobboobboobboon
goooboobobbobobooboobon
oooo0o0oi1ogobo4sOOOODOOOOO
o000 GOOOoOOoDooooooooooood
gbogboobobboboobooboobon
gobooobboobboobobooobooon
gboooboobobo
goboooboooboboobbooobboon
OCOOOFFTOOODODOO0000O00D0D0 S(f)
gooobooooobodimHz-iMHZDO DO DO OO

gobooboAobDboobooobooboobon
ooboobOoi18smHz-10Hz O OO OODODODOOOO
00000S(f)000f*00000000000
gboboobboobbooobooobooon
goboobbooobooobooobbooon
00000f*00000000000000000
gbooboobooobobboobo0obOon8Hz
gbooboobooobg

gooBO0bOO0OOOObObOOoOOOobOOOOOoDO
50mHz~-IMHZO OO OO0000000000000
goboobboobobooobooobooon
gbobooobbooobooobooobobooon
gbooboobomoboos3Hz0boooooooo
gbobooobboobbooobooobooon
gboooobgooooss5HzOODoooooooo
gbobooobboobbooobooobooon
gbooboBOobOoOobOoOoo2HzODOODOOODO
oobooboboooboboos3HzOOoOooDOooooo
goboobboobobooobooobooon



ETL NEWS 1999.11

1010 T T T T T T T T
T [\ A:&ALA4 R INLRE -
= 100 fo = 6.485MHz .
g i f = 15.00 Hz ]
= B N, = 8192 i
£ 10°F N i
Uy L D : SSBYViHIHEYS /4th ]
2 [ :
1050 ]
? i C : R fEIE/80th ]
X i ]
l 10-10_ B o H;I: L\Ei V=5 -
D - * TJ‘FEﬂ]L\ Ej'fgﬂ}ﬁlznd —
O, B
~ i
10'15 1 1 1 1 1 1 1 1
103 10° 1083 108
JE B f [HZ]

gbooooooooooboobobob

gobobooobbooboboooboooboon
gobboobooboobobooobooooboon
gobobooobooboobooboboHzD
gooboooboooboobobuoooobooon
gooooo
gobcooobogoobgsogoouobooobon
gobobooobbooboboooboooboon
0000000000000 Db001kHzZOODOODO
gobobooboobooboboDbdscHzo 8o
oo RFOOODODDODDODOOOUOOO
214AMHz 0D D0OO0O00O0OOO0ODOOODOODDOO
goobooboboobobooboboooboon
obooBOOOOOOODOODO3HzOOODOOOO
0000000000000 DOO50kHzO OO DO
goobooooooooobobobobobobo
00012kHzO0 0000000000000 M DO
gboooooboobocrLiSAFODOOOUODOnOO
gooboooboooboobobooobooon
gooooooboooo
goodddodooooouooogooggguo
gobobooobboobobooobooobooo
gboboooboobooboboooboobon
goboboooboobooob ADBOCODODO
go0o0oo0o0D1imHz~-IMHzZOOOODOOODOODO
ob0dz2odBOO000O0OO0O0OOOOODOOOOOO

gobobooobooobobbooossBOoboogd
goboo0oo0oboo0ob0o0obOo0omonboHzO
gjododgoooooooouououoouogguo
gooboooobooobobooboboooboo
goboobooobooobooo
gooboooboobobooobuooooboboon
ooo0ooOo0oOoDoOobOobOooboooOooo Allan
000000 oy(n0O0D0ODODOODODOyDODOODO
goboboobooboooboobo

y:;Lﬂ&Z 3
2rf, dt
goooooooooobooooobooooooo
000000000000000000000y,(7)
gooooooooooooooobooooooo
00000000000000000000000
0000o00bdbd0oy(r )DODODODOODODOO0
1ms~10s0 000 0.1~1000s 0000000000
goboboooooooboonooooboboooooo
1s0000,()000 00000000000000
oy, )OODOODDOODODCWOODOODODODODOOOD
00000000000000000000000
gooooooooooobooooooooogog
00000000000000000000000



gobooobooobboobbooobboon
goboooboboooobooobooobooon
goboooboooboboobboooboon
gooooooog

10 8 ——rrrm e
S o
=
s
B -8
S 10
=
R
=
= 107
=
10.1n L aanul Ll L wul L ol L l L aauul
107 1072 10 10° 101 102 103
T4 e T[]
O0OAlanOOO0O0OOO
gopood

gooobooboboboboobooboooon
gooooboooboouoboobooooobo
goboooboboooboooboooboon
0o0o00oooobob0bOobbdOdimHz~1MHzO
oooboo0oo0ooooO0o40dBO0OO0OO0OO0O
goooboooboboboboboooobooboo
gooobO0OOd10Hz~2GHzOODODDODOOOOOO
goboooboboooobooobooobooon
goboooboooboboobboooobooon
gobooooboobobooboboooboon
gobobobobobooooooooboobobobo

gooo

gooooooon
gbooboooooooboboboboooboooboon
gbooooooooboboboboobogoonog

ocdQddOOo

00OO0OD0O0O0D0OO0OOmode-locked laserd
gooooOobOoobOOobOoOoooobooboOoooooa
godobooooooooooooooooouoooon
goodoooobodooooboooobouoooooog
0obdbOobOo0obOOoobooboooboOoboOooobOoobo
gbdoobOobOobOobooooooboooooooa
godooooooooooooooboooboooooa
godoobooooooooooooobobooooooa
0dobdbOobOo0obobOobOobOoooboOoboOooooboOoobo
obdbOobOobO0obOobooo0oooboOooooOoboOoobo
godobooooooobooooboobuooooooa
goooobooooooooooooooooo

SSBO OO OO OO O SSB phase noise measurement]
godoobbbtoooooobbboooooboboboog
gojodooooobbbbbbobbbobooooog
00000000 oooooooooooooomao
go0oO0oOoOoOoOoOoOoOoOoOoOoOOOoOOOOddBe/HzZOO
0000000000000 0d0O 9860 O von der Linde
goodobbbbbbbbbbobboboboogoog
goooOoOoOoOoOoOoOooOoooooOooOOoOoOOOoODO
gooOoOoOoOoOooOoOoOoOoOoOoOoOoOoDoODOO

0000000 dtime-domain demodulation technique
dddddooooooooooooooboobobobooo
glrsddddooooooooboboboboboooaoad
goddooooooobooboobobooooooooooo
oo ADO0OO0O0OU0OOooooooooooooooa
dddddooooooooobboboooboooooooaa
goodoodoooooooooboboboboooossBOOong
godoboooooooobooooouoooouoooon
godoboooooooobobooooooouoooon
ol ooooo o
ol ooooo o
goobbodooooooooooooooboooooooo



ETL NEWS 1999.11

Joooogoogg

—ooouooboobuoobboootd —

Low Temperature Scanning Synchrotron Microscope
—Synchrotron radiation for superconducting photon detection technology-

http://www.etl.go.jp/etl/divisions/~5636/CREL/CRELhome.html
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Quantum Radiation Division, Cryogenic Radioelectronics Lab.

H. Pressler, M. Koike, T. Zama, M. Ukibe, N. Kobayashi, and M. Ohkubo

The ETL synchrotron radiation facility TERAS has been employed for superconducting photon detection technology.
The new equipment called Low Temperature Scanning Synchrotron Microscope (LTSSM) is installed for characterizing
superconducting X-ray photon detectors, which are kept at 0.4K. The LTSSM is beginning to provide important informa-

*e-mail: ohkubo@etl.go.jp

tion for improving the performance of the superconducting detectors.
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