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The 2002 X-Ray Microscopy Meeting,

seen through the “Program and Abstracts” by French Researcher

. Pierre Dhez
Invited Professor at the IMRAM,Tohoku University

Imaging from EUV to hard X-ray is now becoming an effective tool, eépecia]ly for
biology and material sciences as it appeared by looking the “Abstracts” of the 7th X-Ray
Microscopy 2002 Meeting held in Grenoble from July 29t to August 2. Almost all the
dreams made by the pioneers in the fifty are now completed and overcome in several
instances. Spatial resolution on microprobe and imaging system are presently well below
the micron and in the range of few tens of nanometers. That was completed step by step,
on each energy range between EUV and X-rays, according to the progresses of synchrotron
beam and those to build the different type of new mirrors and lenses. Concerning the
_detectors, the third important element in any imaging system, the CCD is remaining
essential. Even with the 10 microns pixel size, its quantum efficiency combined to the ease
to collect, segment and treat the data is continuously bringing new possibilities to get
almost on line imaging. They are also permitting to extract information at the theoretical
limit.

. Efforts are continually invested to increase the spatial resolution. But presently most

of the efforts are devoted to develop new methods, dark field being one example. New
applications are appearing from EUV to high energies, in almost all the cases by; using the
possibilities to tune the photon energy. That enables us to selectively excite a chosen
atomic transition and to increase the sensitivity to a specific element, chemical link or
magnetization state. The development of recent versatile undulators is also making
possible polarization dependence study. Through all that, X-ray imaging is gaining it place,
even with its spatial resolution lower than in electron microscopy.

Applications are blooming mainly in two energy ranges: "water window" and hard
X-ray. The first one, from the Carbon to Oxygen K edge energies, was targeted as early
than in the seventies due to its interest to study living organisms. In addition to this use,

it is now applied to various non-organic materials, especially plastics and on cluster and



colloidal forms because of the growing interest to environment sciences. Hard X-ray is the
second very active range. Shifting from the classical absorption contrast mode to the
refraction contrast mode is gaining fast interest. One striking point is the development of
various imaging techniques, without any focusing optics, and based on the use of spatial
coherence of the X-ray beam. A machine delivering very high quality synchrotron beam is
necessary to explore this new. The same high quality X-ray beams combined to good
focusing optics have also lead to remarkable various submicron topography and
holography developments.

Below the Carbon K edge, two different kinds of sources could change the microscopy
in the future. The first one, SASE, is coming now to the UV i'ange. It is nearly similar to
the synchrotron light but got through undulators set on new very high performance linacs.
XUV-ray lasers ‘and High Order Harmonics Generation (HOG) sources are the second kind.
These last very high brilliance femtosecond, and perhaps attosecond, pulsed sources are
making possible to consider getting coherent light in the frequency and time domains.
New possibilities, even compared to the more recent synchrotrons, will appear to look a
new class of problem like dynamics and nonlinéar phenomena, which until to now were
limited to the non-ionizing photon energy. Like previously for the synchrotron sources, one
would need to have adapted optics able to keep the qualities of these new sources.

New high brilliance synchrotfon sources delivering diffracted limited beams are in
project on several countries. Most are based on high-energy recovery linacs, which could
lead to subpicosecond pulses without the low energy limitation that SASE and HOG have
to solve. Such kind of synchrotron source could become the “fourth generation”.

Is X-ray microscopy is only possible with synchrotron source? That also can be tracked
through the abstracts. It is still a dream to have tabletop X-ray microscope at home. Even
though, each meeting demonstrated that a few possibilities are existing, even to make
holography with a rotating anode source.

Looking about the number of participants from each country is also interesting. The
meeting being in France, of course the 3/5 came from Europe. US plus Canada
participants were 1/5. Those from Asia were the same number, with more than 3/4 coming
from Japan. Japanese contribution is looking more important on hard X-ray than on soft
X-ray and EUV, without an apparent reason if one considers their number and kind of
sources in thi.s country. Is a paucity of efforts to build the necessary lower energy focusing
new optics? In any case, the level of the Japanese micro and submicron technologies would

permit to compensate soon this apparent lack, if they are deciding and organize that.



XA (2005 ££) X HEBEMBERESEFTHICOVT
| | S ASEMBISESR Tk 4

%70 X BEMEERESENX T 9B, 8 A2BOM,. 77 VATV —=TIVTRPN
F L7, RBOLHOBY IOLEIXREMPEMEEDOF ) VEY JEEXHLDTY, A
%%%u\&Xﬁxmmw)ﬁe@xﬁwﬁumw)Ké%ﬁ%ﬁ%é&ﬁkﬂmﬂﬁﬁfo
BREOHELVABTICHEL TR, BETEESH(EBRTRERER) ZIE(LS Y, I TH,
kM@ 2005 EOEREEDAFTROZBREZ LIV ERVET,

RSB 3 EBCEREX T LA THIANLTVEY, S1EBVFAY - Yy FY PV RET
s, Z0%, XE, £F@, 0¥ 7, FMv, XB, 4EO77 A3 —0y/¥-TX
DA ERFOCEPNTEE L FRRs TRAE TS X REMSEMEDT 7 71E74
PHEZEAONE SHSHFHREPotzhd LT A, BEAPSLOHEEOSMI L%
Bdro D TTH, BAOEIRMMHICABET L, |

AEid, TRENT T VANT0%, BARIBE, KEIBE., FA U304, Z0f, 1FY
A, AFNT. AVI-Fr oD E, BEEHRE 2394 T L, BEOERKBOBIEICL
RBERPRLHCBELBPD LNERAD, BRECSMABBEZ TRTVWET, BRPLD
SZNELEOE L, SEVOTEREUATr Yy 7ICHT I L,

T 1Lid SPring-8 DAKH LRI D KX CHRLTVE DL BbhE ¥, ATk XAk
BIIRET AR FIMRE 1 0 2O TTH, SENEXBOFERI ML, FIAMETH
WEAUNTITRKICE o TV E T, X BEMSEOF AL - TEAFRTIE S (L WX
BEEOBIZEI ML T &0 T, SO BEMEHERSR LT LA 4ELOm
NNEL TE L) T

2T, ROEARHAHKICHRE o 2EETTH, BRANOFHE O LISHIRIOSHER P
LIERICHA SN TE T L, TILKEFDIEGIIREIEAQIFEV 0T T, KHFBICHT 2 560°
BN DA, 1999 £ 12 ADE 5 B X MAEFEEFEL VRV av A (BEHE) OBTL
7o D 2001 € 1| A O 14 BRGTEES (BB) & 2001 € 12 A D% 6 | X #EEEFEY
vRYV s (2KiF) OBICESEEME. BAFH B EHPREICEMRLLTITEE LI

AL A-T, FHEZIASRICBHWTAZ LICLE L, ZOBRFVICHZo T, HAF
HERJASRDICAIA- D % B o TIEE, JASRI 25 EHORELB T Lo HARRDT F A
AbdHh., BAELIERTIEMLELLILEIZLICRDE L,

TNV —TNVOEHENIEE 2 2 BEENIC, SEE#EERROR L — =K (ESRF) (Z#Efkz L
A, FOBATREIDIEMERPLTVZVEDI ETHRLLTWELL, &25

3



A, SEBEAEDBICA Y- KPoXKE APS PUERTAFETHA LEPIN, BITUE
2D FE L, BREHOUEMBIILTTEI LA, RICTEHEDIIVEEREoTVE
LADT, EDLHICLTTE=NVTE20EHEEMELE Lz, EHEFIZ. £FTE4% APS
® McNulty KTL72DT2BIHTLK,

COKBORORAELOFRD 2/2iE, F3@MEOTYT (FRAF77T) b, BMEOHREIC
L2BBBTHRDLARER>TVET, 4ED ADEREZH 2%, BRETHRDLZ LT
A0 FE L7, BOE. ROBEHICTHS, McNulty KON 2 &) RELF L ENWREERAL -
TERBLEELE Lz, THELRERBRE NNy ZICLzE a1y 7T 780, 2BER
DEVELLELE, ZRWENDHIEETARICRTE N E Lz, BEFALVRAVBRA
EFERETHELETTINTW DT, 52BEHEEIDHZ2D0TIIZVRLRERETWE LA
HEREHCETERIEDLETLE, HROAEVESROBREDOHTLLA, SROKRTHED
BAABNE DA% b TEED NED b UEE FiT, z NETHEL TT S oTRZFEHIC
L TRHORFLTH—HRIC 2D T L7

AT THoLRERIEH D A, FREL LTIRZERZRUERL 2TAEZ Y ¢
ho KFIREDA Y NR—EbBHANDI L, BEFIEEDH £ DRVE BEREIIHT S L3t
. B - TXEEBECELETET, |

X BRERER S (2005 4F) EMEHS (1) oBHMLE
HREWBT 2 =k 2
FALK¥S T RBENER B0 W

&% 2003 £E 1 A ICIRER TR S N A BEHEFE RO LS eF b wEBRnE Y
DT, WELODHLFREET Y FE, 70755 EDOBMERD D) RROZ BEIRETT
AL1AL08 (8) Xid1A1LE () 0BKAZHL 2HMEELFELTBNET (F
LORAEIRD N TEA) o TOMHRESOTLOLEEDRL ST, REEFESORN THR
LTT &,

AT X BREEEIIES (KR BHBAFEREREEVRIWEERZE UTEIR)
TEES FACKREZ TTWEREVIZER LM EMIRE 7 0 L A BRI T il K
T980-8577 AT EHFERXFF 2-1-1 TEL: 022-217-5376, FAX: 022-217-5379,
E-mail: watamako @tagen.tohoku.ac.jp



