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<J研究会報告b

第 6 回X線吸収スペクトル( XAFS ) 

国際会議報血

子技術総合研究所 大柳宏之

会議は1990年 8 月 5 目から 11 日まで英国ヨーク

大学で開催された。 この会議はもともとダレズベ

りー研究所で1981年に開かれたワークショップが

発端となっている。 これまでの会議を撮り返って

みると， 1983年のイタリア(フラスカテイ)の会

掛からEXAFSと吸収端徴細構造に関する圏際会

識を名乗るようになり.翌 1984年，米国スタン

フォード. 1986年フランス(フォテドヴロード)

と続き， 1988年米国シアトルでの会議から， EXA

FSと吸収端微細構造(XANES)を総称してXAF

S国際会議と呼ばれるようになった。 ダレズベ

りーでのワークショップを含めると，今回が 6 団

自にあたる。 会議は大別して. EXAFSの煙論や

解析法を中心とする基鎚.生物， 物質科学. 表面

およひ界面.実験技術における応用のj阿部門か

らなる。 参加者は28ヶ国から260名あまりで.発

袈件数は280件であゥた。会議の組棋はフランス

での会議(論文教400) 以来，それほど増えてい

ないと記憶しているが， 目本からの参加者は毎回

増大する傾向にあり，今回の参加者は約40名で

あった。会議はレビ.ューを中心とする総指講演.

招待講漬.口頭発表による 2 つのパラレルセッ

ション. ポスターセッションと国際撮準化のため

の特別セッションからなる。日本からの招待講誼

および口頭講演は8件で. !まぽ参加数に比例した

妥当な教であるといえるが.筆者は1984年の会議

から比べると格段に増えた印象をもった。 論文は

単行本として発行される予定であるので，詳細に

ついてはそちらを参考にしていたたきたい。 以下

に各セッションの慨要といくつかの話闘について

報告する。なお次回は1992年に日本(神戸市)で

開催されることかすでに決ま勺ている

1 . XAFSの蕃礎

金調の冒頭でのレビューで. Pendry は， EXAF' 

Sの発展がシンクロトロン般射光と問点明解な解

析法の発展によることを強調した。 事実この会議

自身，各同の快射光施設が中心とな勺て開催され

てきており . 1983年の第2回会議以来.組轍委員

にはBienenstock(SSRL所長〉やHaensel(ESH 

F所長)~が名を連ねている。 この 2 人は今回む

元気な顔をみせた。 PendryはXAIt'Sの本質であ

る光屯チの干渉を利用した析しい表面の構造研究

手法として， 表面のホログラムやSTMへのEX八

FSの応用の可能性について講摘した。 理論而で

は. Natol iが吸収スベクトルにおける多体効果の

影響が多重散乱毘請に，配置附相互作用を取り入

れることによ勺て説明できることを示した。 岐収

端近傍の微細構造をより定目的に理解するには，

ますます光地子肱出の動的過但を2己主する理論の

発展が望まれる。 またRehrはEXAFS理論の弱

点ともいうべき非弾性散乱過程の取り股いについ

て講演した内設励起における非弾性散乱は吸収

スペクトルに大きな彫轡を与える。 自己エネル

ギーをHedin-Lundq visiポテンシャルを附いて

計算する ßSCF詰によ勺て.光電子の伝播過程
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での非弾性散乱過程を，また光電子放出によって

できる内殻正孔の緩和は多電子励起過程をグリー

ン関数で記述できることを示した。このうち，後

者についてはより厳密なFujikawa ， Hedin等に

よる取り扱いが，藤川によって発表された。今回

の会議では，前回シアトルで話題になった，曲面

波による理論計算については，全く議論がなかっ

た。このことは，曲面波の利用が普及したことを

意味しているが，実験と比較した系統的な研究が

あってもよいのではないだろうか。

2 .生体系

K.O.Hodgson は生体系の XAFS研究のレ

ビ、ューを行った。彼もまたこの分野の発展が，放

射光と高感度な蛍光検出法の利用に支えられてい

ることを強調した。これまでの活性中心の金属原

子に関する硬X線領域の研究に加えて，最近では

軟X線領域に吸収端を持つ配位原子(S ， Cl)も対

象とするにいたった。これにはアンジュレーター

の高輝度ビーム利用が重要な役割を果たしている。

まだ波長固定のままの測定で，吸収端近傍の測定

に限られているが，将来は挿入光源の波長を分光

器と同期走査することにより， EXAFS測定が可

能であろう。またX線回折による構造解析が結晶

状態の平均構造を与えるというこ重の意味でXA

FSと相補的であることも広く認識されるように

なり，両者を併用してより完全な構造情報を得ょ

うとする方向にある。 Lindleyはさらに生理現象

の本質である化学反応の動的過程の研究の重要性

を強調した。これには安定な放射光と各種時間分

解測定手法の利用が必要となるが，今後の展開が

最も期待される分野のひとつではないだろうか。

蛍光検出法の高感度化のための半導体多素子検出

器の開発は生体系に限らず重要な課題である。

Cramerは半導体多素子検出器に関するレビ、ュー

を行い，エネルギ一分解能に重点を置く純Ge ， Si

(Li)の多素子検出器の現状と将来の高密度多素

子 i 検出器の可能性を報告した。楠等のMn光分
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解酵素に関する講演は半導体検出器により精度の

高い吸収スペクトルが得られることを示すものと

して注目された。ポスター発表全般を振り返って

みると，今回の会議では吸収端近傍(XANES)の

応用が目立っており， EXAFSの発表件数が減っ

ていることは気がかりではあるが，生物物理と放

射光に関する会議は逆の方向にあるのでこれでよ

いのかも知れない。

3 .物質科学

Lengeler は物質科学への応用に関するレ

ビ、ューを行い，最近のトピックスとして，超伝導

酸化物， Frahm等による迅速測定法，全反射を用

いた表面研究の成果を報告した。今回の会議では

特に超伝導酸化物のセッションは設けられなかっ

たが，超伝導転移付近の熱振動の温度依存性の異

常や酸素効果に興味が集まっていた。超伝導酸化

物に関する口頭発表は筆者等のNd-Ce-Cu-O

系の酸素効果に関するものだけで，できれば前回

のように独立したセッションを設けて欲しい気が

する。特に温度依存の異常なふるまいについては

解析法の問題等を含めて議論する機会が必要であ

ろう。触媒に関連した応用はEvans ，Koningsberｭ

ger等によるレビューがあり，反応過程でのその

場観察の重要性が示された。特に後者の講演では

金属ー配位間の中距離相互作用の存在が示された

が， これは精密な測定および解析の進歩による所

が大きい。精密実験のための安定な放射光と光学

系，特に結晶分光器への関心は次第に高まってい

る。そのほか，口頭講演としてAbruhaにより電

解反応の固液界面のその場観察への全反射の利用，

北野により結晶欠陥における金属析出， Sadocに

より AICuFe準結晶への応用がそれぞれ報告され

た。 Lagardeは軟X線領域の吸収スペクトルに

ついてレビ、ューを行い，多重散乱理論による解析

によって立体配位構造や電子状態に関する情報が

得られることを示した後に，希土類金属クラタ

スーへの応用を紹介した。クラスターの電

に
-
u

組
処
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子状態および微視的構造を調べる試みは筆者の知

る限りこれが初めてであるが，硬X線領域におい

ても今後の発展が楽しみな研究分野のひとつであ

ろう。

4 .表面，界面

Setteは軟X線領域の円偏光アンジュレーター

とドラゴン分光器を用いたビームラインとそれを

用いた強磁性体の円偏光二色性に関する講演を

行った。輝度と分解能を兼ね備えた新しい軟X線

分光器であるドラゴンは，その特徴を生かして超

伝導酸化物の酸素の吸収スペクトルについても質

のよいデータを提供している。これら軟X線領域

での磁性体の電子状態の研究は先駆的な試みであ

るが，硬X線領域での研究はすでに各国の放射光

施設で開始されており，今回もSchutzがフェル

ミ面の d 電子状態について実験と理論の比較を行

い， 1 電子理論によって実験がほぼ説明できるこ

とを示している。筆者は硬X線領域の表面XAF

Sが全反射と半導体検出器の組み合せで可能であ

ることを示し， Si/Ge超格子の研究を報告した。

この手法は高輝度ビームの利用や検出効率の改良

の余地があり，現在開発中のマルチポールウイグ

ラーラインと多素子検出器により，将来表面研究

の強力な推進力となるものと考えられる。 Stohr

は吸着種を原子と分子に分けて，それぞれの 3 次

元配位構造の研究手法を中心に，軟X線領域の表

面XAFSのレビ、ューを行い，太田はS ，Cl/Ni系を

例に定在波の併用による表面吸着サイトの詳細な

研究を紹介した。またGreavesは全反射下での蛍

光検出法および反射率による硬X線領域の表面，

界面研究を紹介したが，方法論を実証する迫力あ

る実験結果は見あたらなかった。ポスター発表に

も興味ある成果が多かったが，一方では取り消し

の発表もまた多かったのは，この分野の実験効率

がよくないことによるのだろうか。

放射光第 3 巻第 4 号 (1990年)

5 .実験技術

Lytleは実験技術の進展に関するレビ、ューを行

い，種々の新技術(半導体多素子検出器による高

感度化，分光器の連続走査による高速化等)を紹

介した。分光器を中心とする光学系は次第に精度

を要求されつつあるが，高輝度ビームの利用では

分光結晶の熱負荷が与える問題について議論する

機会がなかったことは残念である。 Fontaineは

エネルギー分散法の現状を紹介したが，特に生体

反応など，希薄な系での動的過程の研究に適用す

る上で，光源の安定性が重要であることを強調し

た。Frahmは分光器走査に同期した連続型のデー

タ収集法によって，高速測定が可能であることを

示した。この方法はエネルギー分散法と異なり，

蛍光検出法にも使用できる点は魅力的であるが，

分光器のエネルギーと回転角度の厳密な対応関係

が要求される。この点に関してはまだ議論の余地

が多いように思えた。字国川は実験室測定装置の

現状をレビ、ューしたほか，新しい実験技術として，

田路がX線ラマン法をまた升島が光音響法を紹介

し注目を集めた。今後これらの手法が実用的手法

となるためにはらさに高輝度ビームを利用するこ

とが必要であり，将来の高輝度放射光の利用が望

まれる分野である。 Goulon はESRFの XAFS

ビームライン計画を紹介した。新しい偏光ウイグ

ラーを利用した直線偏光および円偏光の実験およ

びエネルギ一分散法のための二つのビームライン

が計画されており， これらは1994年に予定されて

いる最初の実験に向けて準備されつつある。

チューブナルX線アンジュレーターの利用によっ

てXAFSの画期的な展開が期待できる。 ESRF ，

APSともにまだ具体的な計画がないので， これ

らについては是非ともわが国で、先鞭をつけたいと

思うが，分光器の熱負荷等この分野に共通した技

術開発を積極的な国際協力によって推進したいと

の意見を持つ研究者が多く，放射光も国際協力の

時代に入ったことを認識させられた。
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6 .国際標準

理論，実験，解析，データベースの 4 部門につ

いての国際標準化の試みは1988年に最初の国際

ワークショップがNSLSで聞かれ，ついでシアト

ルの会議でその報告書が承認されて以来順調に進

みつつある。この会議では第 2 回目のワーク

ショップの結果が報告されたほか， これまで国際

会議ごとに組織されてきた国際委員会(Interna

tional Advisory Committee)を国際会議運営と

は別の恒久的な組織(Standing Committee) と

して存続させ，標準化のための国際ワークショッ

プを含む各種ワークショップ開催の企画，運営に

あたることになった。この組織はStern ， Garner ，

筆者をそれぞれ正，副委員長および幹事とする暫

定的なワーキンググループで規則等が検討され，

黒田教授を委員長とする次回神戸での会議で正式

に発足することとなった。

今回の会議は相互に関連が少ない分野をノミラレ

ルセッションにするなどプログラム編成にかなり

工夫されているが，それでも会議が終わってみる

とポスターを含めて，ききのがした発表が少なく

ない。 2 年毎の開催ということもあって，残念な

がらシアトルの会議から画期的な展開がみられた

分野はさほど多くなかった。ますます高精度な実

験が行われ詳細な議論が行われるようになってき

ており，着実な進歩を遂げているといえよう。ー
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方，将来の研究の方向性として動的過程の研究は

生体，物質科学，表面の各分野で重要を位置を占

めるであろう。今回の会議では第 2 世代の蓄積リ

ングを使つての信頼できる質の高いデータが数多

く発表され，研究成果を左右する光源の性能の重

要性があらためて認識された。また，挿入光源を

有効に利用するには測定技術側，特に光学素子の

熱負荷の問題や高効率検出器の開発が重要で，こ

の点に関しては1992年の会議のあとで開かれる高

輝度光源の利用技術に関するワークショップで実

りある議論が行われるものと思う。今回の会議は

城壁で固まれた古都ヨークで開催された。会議の

期間中ヨーロッパは記録的な猛暑に見舞われ，パ

ブで飲むビールが楽しみな毎日であった。ところ

で筆者は英国に特別の思い出がある。 1978年夏，

大学院生の頃，エジンバラのアモルファス半導体

国際会議の帰り路，ヒースロー空港で偶然Sayers

に会ったのがXAFSとの出会いであった。その

後シアトルからNorth Carolina'こ移ったばかり

の彼を訪ねてから 12年が経過した。再会を喜び

あってグラスを傾けると物性研当時の古いX線発

生装置が懐かしく思い出された。苦しい経験で

あったが今では妙に懐かしいのは何故だろうか。

その後筆者がエジンバラに向けて 12年前と同じ

Flying Scotsmanに乗り込んでヨークをあとに

したことは言うまでもない。

Report on International Workshops on Standards and 
Criteria in XAFS 

Introduction 

The field of XAFS spectroscopy has grown d.ramatically over the last two decades and has 
significantly matured. Improvements in experimental me出ods ， as well as refinements to the 
theory and data analysis, have greatly improved the range and reliability of the technique. In 
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spite of these successes, however, the average technical quality of papers based on XAFS 
毘mains disappointingly low. Part of this is attributable to a relative pauci守 ofgenerally accepted 
textbooks on the subject, and a lack of written, comprehensive, generally accepted, stan出rd
procedures for the practice of XAFS. New practitioners of the technique often must learn 
imponant lessons the hard way, or sometimes never learn them at all. Even experienced scientists 
sometimes have significant gaps in their understanding of the issues. Consequently, the average 
competence of referees of XAFS papers is variable, further contributing to the problem.ηlÌs 
situation, apart 合om being very inefficient, has harmed the cπdibility of the XAFS literarure as a 
whole. 

百le International Workshops on Standards and Criteria in XAFS (X-ray Absorption Fine 
Structure) represent an attempt to help rectify these problems. The first workshop was .held 
1'tarch 7・9 1988, and a written 同po口， after ratification by the International Advisory Committee 
and the delegates of the Vth XAFS conference, was publ�hed in Physica B 158 (1989) 701・722.
Since then workshops have been held at Jaipur (1 1 ・22 December 1989) and Br∞凶aven (19-20 
May 1990). The workshop at Jaipur panicularly discussed the issues concerning Laboratory 
XAFS and some aspects of 出eory. The Brookhaven workshop considered all of the issues 
raised in 出e original 1988 wbrkshop but also discussed the question of Education and 
dissemination. 

The following document is a summ訂y repo口 ofthese workshops, which is to be published in 
出e Proceedings of the Sixth International Conference on XAFS , after ratification by the IAC and 
the delegates of XAFS VI, York, England, 1990. 

This report has been primarily prepared by the group Ieaders of various 
sub-groups of the workshops. The Brookhaven report was compiled and edited 
by Grant Bunker and the Jaipur report was compiled by Samar Hasnain, who 
was aIso responsible for the final form of the combined report in whcih he was 
assisted by Dale Sayers. 

Acknowledgement: The Br∞khaven workshop wぉ organized by Grant Bunker, National BiostrucOJres PRT, 
Bﾍ'Ostructures Institute, University City Science Center, Philadelphia P A, 19104. He is indebted to 出e Natio叫
Biostructures PRT (NSLS X9) 釦d 出e National Institutes of H伺l山 for travel support under grant RR01633，釦d
also to 山e X-11 PRT for support of Iocal expenses. G.B. sincerely 出包1ks Valerie Wunder (X9) and Lisa 
Tranquada (Xll) for their help in organizing the workshop, and Dale Sayers, Edward Stern, and Diek 
Koningsberger for helpful comments.The Jaipur workshop wぉ organised by Krishna Garg. who is indebted to 
International Centre for Theoretica.l Physics, Trieste ,the Indian Inほr-Universicy Consortium and the Universicy Of 
Rajas出an for generous financial suppo氏

Subgroup Report: Theory of XAFS 

Br∞khaven 
Group Leaders: 
Participan凶:

主語旦Z
Group Leaders: 
Par世cipants:

John Rehr, Steve Gurman 
J. Mustre de Leon, T. Tyson 

Reno N atoli, S teve Gurman 
Workshop delegates 

百le 出ωry of XAFS has recen� undergone extensive developments. During the two years since 
恥 1988 EXAFS workshop 民po口 many formal developments have been incorporated into ab 
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initio codes and tested against experirnent As a consequence, there is now general agreement on 
the minimal requi.rements of the theory. Two levels of theoreロcal description were identified in 
出e previous workshop repo口， one based on tabulated phases and scattering ぉnplitudes 叩d 出e
other based on ab initio codes. Because of advances in accuracy and computational speed，出e
use of one of the currently available codes (EXCURV, FEFF, Frascati) is now preferable to 
回bles when a suitable workstation is available. Tabulated standards are still useful, but 出eyare
presently incomplete. We recommend 出at tabulations of mean 仕切 pa出s and many body 
reduction factors should also be made available. 

We now summarize the cuπent theoretical status of XAFS. It is convenient to separate the 
theoretical description into several parts: a) propagation of 出e photoelectron and scattering by 
atomic potentials; b) 出e calculation of the scattering potential; and c) Debye-Waller and other 
many-body reduction factors. 

I. Theory of EXAFS 

a) Scattering theory 

百1e formal problem of propagation and scattering of 出e photoelectron is generally 児g紅白d as 
solved. Multiple scattering contributions may be included using the small atom or separable 
approximations (S.J. Gunnan J. Phys. C , 3699 (1988); 1.1. Rehr and R.C. Albers, Phys. 
Rev B. 41 , 8139 1990)) or the more accurate spherical wave expansions (S. J. Gurman, et al. , 
J. Phys. C 17, 143 (1984); J.J. Rehr et al., Phys. Rev. B 34 , 4350 (1986)). The eπors in the 
pl釦e wave formulation are sufficiently large 出創出 use in quantitative comparisons is incorrect. 
The convergence of the spherical wave 出eory may be checked by comp紅ing with the exact, but 
slow curved wa ve 出eory (R. W. Strange et al. , J. Amer. Chem. Soc. 109, 7157 (1988)) or by 
using 出e “spectral radius criterion suggested by the Frascati group (i.e.，出e largest eigenvalue of 
Gt being less than unity); as a rough estimate，出e multiple scattering expansion will fail to 
converge when If(O)/RI~l. However, this is a conservative estimate, since large angle pa出s do 
lead ωsmaller contributions 白an forward scattering ones. Special care must be taken in dealing 
w1出 absorption by polarized x-rays, as 出e effective curved wave back-scattering arnplitudes are 
polarization dependent This difference should be recognized and incorporated in existing codes. 
τneories which include polarization effects have been developed for both single scattering (1. 1. 
Barton el al. , .Phys. Rev. B 34, 2207 (1986); J. Mustre de Leon el al. , Phys. Rev. B 39 , 
5632 (1989); S. 1. Gurman J. Phys. C 21, 3699 (1988)) 釦d multiple scattering (M. Benfatto 
el al., Phys. Rev. B 39, 1936 (1989)). The general multiple scattering theory developed by 
Natoli et. al., which was extensively described at the Jaipur workshop, could be of much use fot 
energies below 100eV where many multiple scattering paths may contribute. Also the 
development of a multi-channel MS 出eory by N atoli et. al. incorporates into the 出eory 出e
dynamical excitations of the atom, usually 向島πedto as shake up and shake off and treated as an 
empirical parameter (see next section). 

b) Scattering PotentiaIs 

The calculation of reliable scattering phase shifts 毘qUÎI宅S 出e use of potentials 出at incorporate 
molecular and many-body effec岱. Adequate Coulomb potentials away 合om 出e edge 同gion may 
be generated by using 出e Mattheiss prescription of overlapping atomic charge densities 合om self 
consistent Dirac atom calculations. 百1e use of relativistic atom densities is p紅ticul3I匂出1pO口出lt
for the case of heavy elements. Exchange-correlation contriburions should be calculated using an 
energy dependent potential.力le Hedin-Lundqvist potential seems to be adequate giving better 
phases than the Dirac・Harapotential plus a phenomenological imaginary part (J.J. Rehr et αl.， 
Physica B 158, 417 (1989). The use of ground state exchange-coπelation Qotentials, e.g. , the 
Xαpocential ， leads to significant eπors in distance determinations (.02・ .03 A) , and should now 
be avoided (1. Mustre de Leon, Ph. D. thesis, University 01 Washington (1989)). When 
comparing with experiment, core-hole lifetimes and monochromator resolution (see Data 
Analysis section in 出is report) should also be taken into account. The absorbing atom should be 
calculated with a neutral, relaxed core-hole configuration, ag出n using a Dirac self-consistent 
atom calculation. We recommend that the energy 同ference ， Eo be re丘 as an adjustable p訂ameter

due to the difficulty of calculating the Fermi energy in arbitrary systems , and the fact 出at most 
theorecical potentials are not fully self-consistent. However, it should be checked that che 
variation of Eo is within physically reasonable limits. Many body amplitude factors may be 
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calculable in the future (see, e.g., D. Lu and J. J. Rehr, Phys. Rev. B 37 , 6126 (1988)); 
however, at this point in time we 同commend 出e use of an overall adjustable むnplitude reduction 
factor S02 which is allowed to vむy within physicallimits, e.g. about 0.7・1.0.

c) Debye-可司raIler factors 

We feel 出at 出e use of the hannonic approximation is one of the weakest points in 出eXAFS
calculation; it should only be relied on when thennal and structural disorder is knowrr to be 

small. For multiple scattering paths the plane wave form a2(1 ・cos(8))， where 8 is 出e scattering 
angle, is often sufficiently accurate for practical use. We recommend 出at non-penurbative 
approaches to highly anhannonic cases should be explored (inverse Monte Carlo, [S. J. 
Gunn叩， to appear in J. Phys. C.] , or direct fit to the radial distribution function [J. Mustre de 
Leon et al., in XAFS VI proceedings] in future work. 

d) Comparison of Theory and Experiment 

Quantitative comparisons of different theoretical formulations with expriment should be carried 
out. The preliminary findings of such comparisons for several materials [D. C. Koningsberger 
et al. , unpublished] 訂e reflected in the above 民comend丘包ons. 百le difference between different 
codes resides in the potential used. Other, more extensive, compむisons are essential. 

II. Theory of XANES 

Ab initio computation of the XANES spectra has been handicapped by a lack of computational 
schemes based on accurate molecular potentials. Consequently, only qualitative interp同国tions of 
the features seen was possible. However, two models are now being developed 出at are making 
quantitative compむ1sons between theory and experiment possible. 百lese approaches not only 
yield accurate energy spacings (which already wぉ possible using muffin-tin (MT) potentials 
[Kutzler et al. , J. Chem. Phys.73 , 3284 (1980)] but are approaching accurate amplitude 
reproduction. Bo出 methods are based on nonmuffin-tin potentials.τbe method ofEllis [D. Guo 
et al. , Phys. Rev. B 41 , 82 (1990)] goes beyond the MT approach by making use of the 
discrete variational method based on numerical atomic basis functions. Cross sections are 
computed using these accurate potentials in the bound state regions and using the MT 
approxirnation hem 泊出e continuum 問gion. 百le methcxl has been used to simulate the spectra of 
copper oxides.τne second approach is based on the non-MT theory of C.R. Natoli et al. , 
[Phys. Rev. A .34 , 4682 (1986))]. In 出is method full potentials are obtained by including 
nonspherical terms of the potential function expansion in the atomic, outer sphere and interstitial 
毘gions. Foulis has 問自ned 白山ory and implemented it as a set of computer programs [D. L. 
Foulis et al., 1. Phys. (P訂is) C 8, 597 (1985); D. L. Foulis, Ph. D. Thesis, University of 
Warwick, 1988]. The full potentials are used to calculate both the bound state and continuum 
毘gion cross sections. Tests on molecules are currently 泊 progress but 毘sults seem promising. 
Some of the problems of the XANES region which still have to be addressed む-e related to 出e
neglect of many body corrections which 訂e particularly important ne紅白e edge. The full MS 
出eOIγdeveloped by N atoli et. al. show 出at at low energies the MS expansion does not converge 
so 出at a cluster calculation involving matrix inversion, such as 出e Pendry-Durham (for a 民cent
example see Strange et. al. JACS, 112，4265・4268(1990)) code is essential. 

Subgroup Report: Da僘 Analysis 
Group Leaders: Grant Bunker, D訂yl Crozier 
Participan凶: Norman Binsted, Yanjun Ma, Alex McKale, Ed Stern, 

Marius Vaarkamp, Ke Zhang 

The discussion of the data analysis group focussed on the quality of data analysis and its 
presentation in published papers, procedures for the estimation of errors, and 出e reliability of 
structural information obtained for second and higher shells. 
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τbe 1988 Workshop conc1uded 出at 出e basic principles and prl∞edures of data analysis are well 
understood, but that this was not yet reflected in 出e majority of published papers. Since 1988 
there has been only limited improvement in the quality of the literature.τnus the data analysis 
group agreed 出at more forceful action is necessむy. It recommends 出at all published papers 
satisfy a minimum set of requiremen岱釦d 出at the referees of EXAFS papers enforce them. A 
suggestion for the minimum requirements is given at the end of this section for discussion and 
implementation at the XAFS VI Intemational Conference. Also provided is a supplement紅y list 
of suggestions 出at would contribute to 白 information content of published papers. 

Estimation of Errors 

百le assessment of errors ass∞iated wi出 structural pむ百neters deduced 合omEXAFS remains an 
important problem. It is complicated by the requirement to include non-statistical eπors in the 
estimate in a systematic way. 百lis question was discussed at length in 出e 1988 Workshop 
Repoπwhere it was encouraged 出at experience be gained in evaluating eπors using a functiona1 
of the generic form of eqn. [1] defined below. A subcommittee is suggested to the IAC 
consisting of Norman Binsted 釦d Samar Hasnain (Daresbury)y Grant Buはer (Biostnlctures 
Institute) 釦dEd Stem (University of Washington). The committee wil1 examine different ways 
of applying eqn. [1] and make recommendations within one year. 

The ReliabiIity of Second and Higher ShelI Information 

EXAFS is now a mature structural technique with a recognized ability to specify the average 
structural parameters of the frrst nearest neighbours. As reported in 出e 1988 Workshop Reporty 
a simple test of the reliability of flrst shell analysis was conducted. Eleven d.ifferent research 
groups received data for a reference system and an unknown, the identity of which was not 
revealed. The results of their djfferent analysis o( the unknown were verγconsistent: agreement 
was found to better 出an 0.02 A maximum (0.01 A stan白rddeviation) for 出e nearest neighbour 
bond length and about 10% maximum (5% stan釦ddeviation) in 出ec∞rd.ination number. 

百lere are many 釘eas where EXAFS can provide signiflcant structural information for second 
and higher shells. But 出e analysis is normally complicated by a number of factors , some of 
which are: multiple scattering, di.fficulty in ob凶ining reference amplitudes and phase shifts with a 
consequent reliance upon 出eo詑tical calculations for both their an思llar and radial dependence, 
ine1astic effect5, the 10s5 of information associated with a finite value of kmin, and greater 
contributions 丘om 釦harmonicity and as戸nmetrical d.istribution functi.ons. The committee's brief 
will be to extend the reliability 也S岱 to include second and higher shells. 

It is agreed 出at 出e initial tests should involve systerns where specific factors can be varied in a 
controlled way. For example, by applying pressur巴 to Re03' the rhenium-oxygen octahedra むe
forced to rotate, changing the Re-Q-Re forward scattering angle by a known amount 釦d 出us
changing the contributions of multiple-scattering. We would like to receive additional 
suggestions for appropriate systems for analysis. We would also like to encourage different 
民search groups to become involved in these tests. 

Summarizing and Pres駭ting Results 

τbe committee sugges臼 the following minimum requiremen岱泊出e publication of papers: 

1. Display raw data, p毘ferablyasχ(k) or kχ(k). 
2. State clearly the numerical pr，∞edures used to remove 出e background and to 
normalize 出e data. 

3. 1dentify the location of k = 0 relative to readily distinguishable features in 

μ(E)(ori凶 derivative).
4. Describe window functions used in k-space and in R-space. 
5. S tate window ranges (kmin, kmax; Rmin' Rm邸).
6. 1n extracting structural parameters, if reference compounds むe used state 出e
crystallographic data (N,R) and cite the publication. 
7. 1f theoπtical amplitudes and phases むe necess訂y， it is recommended that 
they be calculated in the spherical wave approximation. If 出e McKale tables are used, the 

'
E
A
 

F
h
d
 



404 放射光第 3 巻第 4 号 (1990年)

scattering amplitudes must be corrected for inelastic effects (see the theory section of this 
Workshop Report for 毘commendations). Seah and Dench provide a convenient parameterization 
of 出eme組合問 pa出 forelements and inorganic compounds. 
8. When compar・ing theoretica1 amplitudes with experimenta1 datay corrections 
must be made for the monochromator resolution function and the energy dependence of the 
nonnalization function. 百le latter can be approximated using 出e McMaster Tables (as discussed 
in 肘 1988 Workshop Repoロy page 713). The fonner can be approximated by a Lorentzian or 
Gaussian broadening function. 
9. Parameter eπor estimates should alwのs be p閃sented. The prescription used 
to estimate eπor bars should be described in de回il.
10. 古田民sults of fitted data should be p同sentedin such a way 出at it is clear 出at
the number of fit parameters d~es not exceed the number of independent points, Npts ・ As
discussed in 出e 1988 Workshop Report 

Npts = 2 � �.Rlrt 

where & = kmax -kmin is the k-space range of the data and � = Rmax -Rmin is the width of 
the window in R-space. 

百lis restriction on the number of data points applies even when the unfilterdχ(k) is fitted to a 

model (see footnote). The LlR to be used is the same ð.R 出at one would have used 正出e data had 
been fourier filtered. This restriction ∞curs because the information content of the EXAFS 

interference function is bandwidth limited. In a filtered data, it should a1so be rea1ized that Llk is 
limited by the useful range of 出e data: it must not be increased by extending kmax beyond the k 
value where the noise level exceeds the amplitude of the interference function. 
In addition, as indicated in the 1988 repo口，出e committee also offers the following suggestions 
to improve the infonnation content of published papers: 

1. Errors should be evaluated 合om a function of the generic form (which is 

simi1ru:・ ωbutnot identical with the statistica1 x? function): 
�.y2 = (1/V)エiNpmatai-Modeli)2/σi2， (1) 

or its alternative form (see 1988 均侃)，

�.y2 = (Nptslv)(1爪)ZiN のatai -Mode1i)2/0'? • (2) 

1n [1] and [2] v = Npts -p where p is the number of fit p紅白neters 釦d 0' i2 is the standard 

deviation of each data point i. In accordance wi出 canonicalleast squares fi凶ng 出eory， σi2must

include statistica1 uncertainties in the data. In addition, at 出e 1988 workshop it was suggested 
出at nonstatistica1 uncertainties also be included according to 

2 _.....2 .. . L......2 
0'''' =σstaùstical +σーnonstatistical

F∞tnote added by S. S. Hぉnain: 甘lis restriction on the number of independent poin岱 does not 勾ply when the 
unfùteredχ(k) is fiα，ed to a model. In 出is cぉe 出e number of independent poin臼 which define a typical EXAFS 
profi1e in a unit of k is far in exc出S of five poin臼.廿le independence of data points should be worked out bぉedon

diffrnction principle. The band pぉs eff~t is trロted in the scattering 出ωηbythe use of 出e imaginarγpart of 山e

potential, Vpl. 

Discussion of 0'2nonstatistical can be found in the 1988 Workshop Repoロ (pages 709 to 712). 
This criterion is expected to give conservative estimates (perhaps t∞ conservative) for the 
parむneter e打。rs. The latter proposa1 is cur詑ntly under evaluation. 
Three essential ingredients of equations [1] and [2] that should be bom in mind are: 

a) The experirnental unceπaintyσi in each data point as a function of k should be included. 百le

alternative of estirnating 出e average error from 出e best fit residuals is not recommendecL because 
by doing so one assumes , in effect，出at 出e hypothetical model used in the fit (e.g. number of 
shells, types of atoms) is a priori correct. The data , toge出erwith the experimental uncertainties 
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O"i' should tell you whether the fit is g∞d or not. 

b)A “ price" in εv2 must be paid for including more p訂ameters in 出e fit Enlarging 出，e parameter 

space cannot make a fit worse (unless numerical instabilities occur). This is the importance of 

出e 1/V Pπfactor in eqn [1]. If you add more parむne旬rs， at some point �.y2 as defined in eqns [1] 

and [2] will stop decreasing, and even increase. If 出e factor 1/V were not included, the squared 
residua1s would in general keep d民党asing ぉ more fit parame也おむead必4
c) 百le number of independent data poin岱 is reduced by fourier fù田ring， because 出e information 
contained in 出e r-space window is only a 企action of the tota1 r-space. 

2. Include the correlation matrix ぉ a table to provide an indication of the correlation between fit 
Pむ官neters. Space restrictions will probably dictate 出at 出e correlation matrix be restricted to the 
single most significant struCtuIe. 

3.Scale the ordinate axis on the modulus of the FFf (出ese are not 訂bitrary units). The numerical 
magnitude of 出e Fourier transform provides useful comparative information for the reader. We 
propose the following normalization convention: on the forward (k to r space) transform, 
multiply 出e data by the k grid spacing, and divide by 市.On 出e inverse transform mul相y the 

data by 出e r grid spacing, and again divide by 命.百世s maps the discrete Fourier transform onto 
a continuous transform (exp(-i2kr) kemel) eliminating any dependence of the scale on the 
number of points used in the transform, the grid spacing, etc. The unit for 出e transform' of kn 

weighted χ(k) da回 then is Åや+1). Also, phases should be de白led so that when a pure sine wave 
sin(2kR) is transformed，出e imaginary part of the transform and 出e modulus should peak 紅白e
Sむne r-value. 
4. Several different data analysis packages are available for use by the general EXAFS 
community. Since these packages calculate arnplitudes and phases using different ぉsumptions
and treat some aspects of analysis in different ways，正 you use one you should sta田 which one. 

Subgroup Report: Experimental Methods 

Group Leaders: J. Goulon, S. M. Hea1d 
Participants C. Bouldin, A. Edwards, B. He企nan， K. Hωgson， K-Q Lu 

h 出e past repo口出e experimental group provided a detailed description of experimen阻1 issues 
and problems. We feel 出at 出is description remains timely. In出ep毘sentreport we concentrate 
on implementing solutions to 出e problems, and look towards the future. 百le major areas 
considered are the minimum requirements for reporting experimental data, deposition of data, 
general user suppo凡 continuing problem areas, and future directions of XAFS. 

Minimum Requirements for Reporting Experimental Data 

In order to improve the quality of published EXAFS papers it is suggested 出at the following 
standard information should be included in all papers about x-ray absorpロon measuremen凶:

1) Where the sarnple was measuπd (X-ray source and ex戸市nental station). 
2) Electron be出百 C山花nt and energy. 
3) Type of monochrornator, especially crystal type and cut 
4) Details of harmonic rejection sys巴m (mirror, deruning, etc). 
5) Type of detectors used (energy resolution, dead time, harrnonic sensitivity). 
6) Energy resolution and calibration. 
7) Sample p児paration (particle size, checks for uniformity and phase purity). 
8) Sarnple thickness, both μx and~μx. 
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It is further recommended that the list given above should be disnibuted to referees and that 
papers that do not include this minimum infonnation should not be published. In addition to 
this minimallist, if 出e paper makes quantitative use of other experiment丘lp訂arneters ， such as 
degree of x-ray beam polarization，出en some quanロtative estimate of such parむneters must be 
glven. 

As an example of how to present this minimum infonnation, we demonstrate below that in 
most cases standard "boiler plate" can be used. Sample p民paration detai1s are clearly dependent 
on 出e particular experiment, but a specific exむnple of 出e type of infonnation needed is gi ven 
below. Where it is possible to use standard text，出e "v訂iables" to be filled in are given in 
upper case and underlined: 

"Samples were measured on ゚ EAMLlNE X23A2 at 丘三L三 with an ELECTRON BEAM 
ENERGY OF 2.5 GEV and a MAXIMUM STORED CURRENT OF 200 MA. Data were 
collected with a FIXED EXIT MONOCHROMA TOR using IWO FLAT S1 (220) 
CRYSTALS. Harmonics were rejected by using a GRAZ1NG 1NCIDENCE MIRROR. Data 
we児 collected in TTミANSMISS10N 出ODE using 1ONCHAMBERS with N打攻OGENFILL
GAS. Energy resolution was estimated to be ABOUT3 EVby 出eCUFOn.. 3D NEAR EDGE 
FEATURE. The ENERGY CALIBRA TION was monitored using a.REFERENCE SA加1PLE
ANDA 1官民D 10NCHAMBE.R, and was set as .8980 EV AT THE CU 3D FEA TURE. 

Samples were prepむed by powdering, sieving and then selecting small p紅白les less than 10 
microns in size by floating the powder. 百le pむticles were then deposited on tape. About 7 
layers of 回pe were used to fabricate sむnp1es with ðμx of 0.5 to 1.0 and to凶 μx less than 1.5. 
Sample purity was detennined by x-ray d.if合action and maintained by use of ceramic grinding 
to01s." 

Deposition of XAFS data 

Beyond the need to repo口 a minimum requirement of experimental details, there is problem of 
reporting the actual data used in the publication. In some fie1ds such as small molecule 
ロystallography， virtually everγreputable journal now requires deposition of structures factors 
for each structure published. 1n 出is case, however, the archival form of the deposition material 
is determined primarily by 出e particu1ar journal (most commonly microfilm). As a practical 
point, the implementarion of an internarionally accessible XAFS data base offers an excellent 
opportunity for providing an easily accessible, stand丘rdized means for storage and re出eval of 
XAFS data. A more significant, and controversial point regards the question of specific 
recommendations as to when and what data should be deposited. On one hand, it is essential 
出at when a scientific paper is published, the data necessary to validate the scientific results be 
made available. On the other hand, the scientist may wish to have time to carry out more 
complete analysis after a preliminary publication, and，出us， has the point of view 出at 出e data 
deposition should be delayed. There are also questions of disclosure of proprietary 
information. 百e issue of scientific data deposition is receiving bo出 international as well as 
local attention, and the XAFS community would be wise to establish its own recommended 
policy, rather 出an wait for one to be d.ictated by other bodies. We recommend 出at 血is point be 
more widely d.iscussed within the XAFS community as a whole. 

General User Support 

Initially many synchrotron radiation beamlines for XAFS were facility operated, and 
substantial suppo口 was provided for outside users. More recently the trend has been towards 
allowing interested groups (known as Par託cipa出g Research Teams at NSLS) to construct and 
manage beamlines. This has the advantage of fostering innovation and broadening the funding 
base for beamline construction , but generally makes life more d.ifficult for outside users who 
紅色 not associated wi出 a PRT. Each beamline is different and the levels of suppo口 provided for 
users is quite variable. It is our view 出at general user should not be slighted in the push to 
instrument new beamlines. 
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百1e XAFS field is clifferent from many others in that it is largely s戸1chrotron radiation based. 
Only limited opportunities exist for training outside of synchrotron radiation facilities. This 
means 出at the facilities will continually be hos也19 inexperienced users. For these users we feel 
出at general user beam lines with associated suppoロ staffare necess訂y if 出e XAFS field is to 
continue to attract new users. Thus, we recommend 出at new facilities provide, maintain, and 
suppo口 general user facilities for XAFS studies in addition to PRT ザpe beむ百五nes. This policy 
hぉ出e additional advantage 出at a synergistic relationship is developed between staff scientists 
provid.ing the suppo口 and the general users, benefitring both sides. The facility becomes more 
attuned to the needs and desires of one of its 1紅gest communities, and the users are afforded 
valuable training. 

Continuing Problem Areas 

τne group identified three main problem 釘芯as for future work. These are related in that they all 
limit the quality of acquired data below 出at which would be p同dicted 丘om statistical analysis 
of the photons available. The first of these is detectors. The general focus of our discussions 
was on detectors for fluorescence, a1though time resolved studies, surface XAFS , and soft 
x-ray experiments could benefit 合om improved detectors. The gains which can be realized 
企omimproved detectors are substantial. For exぉnple， the recently developed 13・channel solid 
sta巴 detector hぉ dramatically improved the statistics of a number of experiments, but it is still 
a long way 合om collecting all of the available fluorescent x-rays. In general the technology 
exists (mainly derived 丘om high energy physics efforts) to make irnproved detectors, but the 
development costs むち generally t∞ large for a single group to undertake. 

The second 紅白 is the developrnent of XAFS mon∞hrornators. The XAFS experiment is 
extremely dependent on rnonochromator quality, and 出e difficulties in designing good XAFS 
monochromators are often underestimated. At present a large number of monochromator 
designs have been developed, and we feel 出at it is now an opportune tirne to compare their 
efficacy for XAFS work. To accomplish this we are exploring 出e possibilities of orga:nizing a 
workshop on XAFS monochromators, perhaps in conjunction with the next Synchrotron 
Radiation Instrumentation conference. We also plan to begin development of a test suite of 
monochromator characterization tests which could be used to compare 出e perfoロnance of 
different monochromator designs. 

Finally we emphasize the importance of beam stability in determining 出e quality of XAFS 
experiments. This topic 児ceived significant attention in the previous 同poロ.， but we continue to 
feel 出at many experimen凶 are limited by the stability of the available beam. This is likely to be 
even mo回 serious 鉱山e high brightness sources currently being built. 

View of the Future 

X-ray absorption spectroscopy should be recognized as growing in potential power and 
applications. The group wishes to emphasize that 出ere is still arnple r，∞m for instrumentation 
developments in 出e 紅eas of sources, monochromators, and detectors. Concerning the new 
high brightness sources under constrllction, we would like to coπect two widespread 
mlsconcepoons: 

1) There is some gain to be expected on photon statistics, but this is not going to be a 
民al advantage unless considerable efforts are made to improve the whole s戸ctrometer
(stability, high quality optics, rejection of glitches etc.) 
2) X-ray spectroscopy, just like scattering techniques can bene低金om 出e use ofnew 
types of undulator sources featuring very high brightness. Typical exむnples include 
SEXAFS, linear/circular dichroism, time resolved experiments, and cornbinations of 
absorption and imaging techniques. 

Unforrunately, improving the quality of the experimen凶 apparatus d∞s not necessarily mean 
simplifying the use of the instrument by exfernal users. Therefore, for such sophisticate~ 
experiments mo問也chnical support willlikely be necessary.τrus emphぉizes 出e imponance of 
careful consideration of the general users suppoロ questions raised pπviously. 
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REPORT ON LABORATORY XAFS 

Group Leaders: Yasuo Udagawa and Sむn紅白ぉnain
Par託cipants: Lidun Ma, Alain Fontaine, Kunqu釦 Lu and several other workshop delegates 

1. GENERAL 

XAFS measurements at laboratories~ by the use of conventional x-ray sources can provide 
XAFS spectra of accep回ble quality for structural study provided that proper precautions 紅e
taken. 1n laboratory XAFS measurements it is either photon statistics or systematic eπors 
which limit the quality of the data. 1t is thus essential to eliminate systematic errors and 
maximize the available photons at 出esame 也ne.

The major source of the systematic eπors arises 合om the contamination of the white x-ray 
radiation 企om conventional sources by many strong ch但acteristic lines 合om target material as 
well as its impurities, including tungsten evaporated 丘om 出e f�ment. Even when 10 is 
recorder, large intensity fluctuations due to these emission lines distort the XAFS spectra 
because of 出e fmite dynamic range of detectors. Contarnination of hannonics is another source 
of systematic eπ'Ors which increases when the accelerating voltage is inαeased. Therer is also a 
trade-off between intensity and resolution . 

In a laboratory XAFS setup an individual experimentalist can op也nize experimental pむameters
(target material, monochromator crys凶， detectぽ， source opera出g voltage) to suit a particular 
experiment. The following are issues which need to be considered in a laboratory XAFS 
ロleasur芭ロlent.

A. Weak X-ray Intensity 
. use of rotating anode x-ray generator and/or focusing geometry with bent crystal 
monochromator. 
• dispersive geometry with one dimensional detector. 
. evacuate beam path or place a helium bag to 児duce absorption and scatter. 

B. Inhomogeneous Spectral Distribution 
• elimination of tungsten 企om anode by 目別larcleaning. 
. feedback system to smooth the intensity distribution of the source. 
. detectors with large dynamic range 

C. Contamination of Higher Harmonics 
• suppression of higher energy x-rays by operating 出e source at lower voltage. 
• by a coπect choice of mon∞hromator crys凶 plane.
• solid state or scnitelation de也ctor.
• double crys凶 mon∞hromator

D. Resolution for XANES or at High Energy Region 
• use of high order reflection or high index crystal cut. 

2. Data Collection Modes 

There are several detection modes for laboratory XAFS measurements with their own 
advantages and disadvantages. In 出e following, recommend丘tions 釦d evaluations conceming 
each mooe 紅epπsentedin detail. 

2.1 Direct transmission measurement by scanning mode 

Direct transmission measurement using step-by-step scanning of monochromator is _the most 
commonly employed mooe on synchroC:ron -radiatio� sources. -A plane cryst~ m.on?C~om~tor 
may be used, -but spectrometers with a bent crystal employi� Rowland circle f.∞using 
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~e~~~:ry，..~~ ~upP~y an orde~ o~ ~agni~de more intensity [Y.Udagawa，百le Rigaku J oumal, 
6, 20 (1989)]. 1n 出is systern bo出 bent (Johann) and curved and bent (Johannson) crystal have 
been employed. A. Rowland radius of about 3∞ rnm has been used as the best compromise 
between resolution and intensity. 

Various index planes of LiF, Si, and Ge can be used in 出e monochromatoI・. For the high 
energy region however, high indexed planes of Ge are 出e oI!ly _choice because the penetration 
of hard x-rays into light elements decreases 出e 毘solution of LiF and Si. 

1t is recommended that 10 and 1t 紅e measured simultaneously by using a serni-transmitting 

ionisation chamber or a propo口ional counter for 10 detection. 1f 1t and 10 are measured 
alternatively by placing 出e specimen in and out of the beam, reproducibility of 出e sむnple
position must be carefully checked. In this case, the data is subject ωsource fluctuations. 

The use of a solid sta也 de巴ctorωdetect 1t is preferable in 出at evaluation and elirnination of the 
effect of higher order hannonics or scattered x-rays is most efficiently carried out by 
monitoring its output. Other detectors such as a scintillation detector is perfectly adequate for 
monitoring hannonics. Selections of the proper monochromator crystal plane and source 
operating voltage are most effective in eliminating harmonics. Detectors must be operated 
wi出in 出eird戸別nic range. 

When a high order reflection 丘ommon∞hromator crys凶s is used to achieve high resolution, 
lower ぉ well ぉ higherorder reflections are always contaminateι The reflection of the desired 
order can be picked out by 出e use of a combination of an SSD and single channel analyzer. 
Filters 訂e helpful to reduce lower order reflections. A double crystal spectrometer is the best 
choice for this purpose especially in the high energy 詑gion (>15 keV). 

Large intensity variations due to characteristic lines are a major source of distornon in XAFS 
spectra and can be reduced by a feedback system. 

Energy calibration of the monochromator can easily be done with conventional x-ray sou民es
by mak:ing use of the emission lines of the 凶rget material or tungsten. Energy resolution can be 
checked at 出e same time as FWHM of the emission lines. 1t must be noted, however，出at
natural widths may be comparable to or even broader than those of mon∞hromator resolution 
[S.I.Salem and P.L.Lee, At. Data Nucl. Data Tables, 18, 233(1976)]. 

2.2 Fluorescence Detection 

XAFS measurement by fluorescence detection is more effective 出an the d.irect transmission 
mode for very dilute systems (Hasnain et. al. J .Phys.E. 1エ40 (1984)) in laboratory XAFS as 
well. It is also ind.ispensable for specimens on x-ray opaque substrates. 

To cope with weak signals, detectors should subtend as large a solid 釦gle ぉ possible; thus, a 
combination of several scintillation counほお is appropriate. Elastic and Compton scattering 
photons are the major source of background, and filters composed of a Z・ 1 element must be 
employed to red_pce 出em. Optimum thickness of the f�er should be chosen by measuring 出eF
/イ(F+B) for different foi1 thickness (Baines et. al., Nuclear Instr. & Me出ods， A2三重，565
(1986)). 

2.3 Transmission measurement by dispersive mode 

The dispersive mode using position sensitive detectors is superior in principle because the 
whole spectrum of interest is measured simultaneously. 

百lis mode has been tried wi出 various position sensitive detectors such as a photographic pla也，
a silicon diode 但Tay or a position sensitive propo口ional counter. None of these can 
d.iscriminate higher order reflections of the monochromator crystal. The dynamic range of 
photographic plate is limited and it is recommended 出at a pack of film is used to extend the 
dynamic range. This is a commonly used technique in protein crystallography on synchrotron 
rad.iation sources, wher芭 photographic film still remains a popular mode of detection. Recent 
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development of image plate system (Amemiya, Chapter 12 in Synchrotron Radiation & 
Biophysics, ed. S. S. Hasnain 1989, Ellis Horwood, U.Kふ which has a high dynamic range , 
l∞ks very promising. 

3. CheckIist for ExperimentaI Procedures 

The following list of experimental conditions/parameters is recommended to record in the 
10gb∞k and in papers: 

3.1 X-ray source 
回rget material, operating voltage, and cuπent 

3.2 Monochromator 
.mωe of measurement (transmission or fluorescence) 
• Optical geometry (dispersive or scanning) 
.ロleasurement 包ロle

. mon∞hromator crystal, reflection plane, and slit width(s) 

. energy resolution and energy calibration (by which line) 
• hannonic content or how it is eliminated 

3.3 Detectors 
ザpe of the detector used (detail should be given with reference to count rate, dynamic range 
etc.) 
type and thickness of the filters if used 

3.4 Good ExperimentaI Practices 
. Precautions about sむnple PI句む組on is the sむne as for ex戸rimen岱 at SR facilities. 
• Measure a blank: with appropia也 mx. This is essential if dispersive geometry is used and will 
enable to correct for the non-uniform Io spectrum. 
. Collect severa1 spectra to check 児producibiliザ and average them ωimprove S瓜
. Increase data col1ection time with at least k2 so as to account for the decreasing EXAFS 
むnplitude wi出に

Subgroup Report on XAFS Database 

Group Leader: 
Particip初出:

B. A. Bunker 
Dale Sayers, Tim Elam 

I. Overview 
The In也mational XAFS Database is proposed to allow access and monitoring of the quality of 
XAFS data, facilitate cross-checks between groups, provide corroboration of experimen凶
民sul岱， andωminimize the duplication of effort The da回base will facilitate exchange of data, 
software, and other information 毘lev似 to 出e international XAFS community: 

・民feπnce spectra 
.published spectra 
叫c叫ated scattering amplitudes, phases (k,r,q) 
・help libraries 
・software for analysis, da回 collection， and 出eory
.bibliography and abstract database 
.bulle白1 board，回leconferencing
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II. DetaiIed Contents of Database 

.refe児nce spectra 
These entries are spectra of known chemical compounds , and are useful in data 
analysis, verification of analysis methods, and in teaching. They will be subjected to 
sαu也ly before inclusion in 出e databぉe. Multiple entries will be included. 

.published spectra 
Bec縉se of space limitations, it is not possible to publish all the data used in _a 
publication. Access to this data is absolutely necessar:y to critically evaluate the work. 

百le goal here is that v註tually all XAFS pu~lications will have a corresponding entry in 
出e database. In other fields , it is common for journals to require the authors to submit 
出eir data to a database. It is clearly appropria巴 in 出e XAFS community as well. 

・ca1culated scattering arnplitudes, phases (kJ",q) 
These tabulated values are extremely useful in data analysis , and their widespread 
availability would greatly benefit the community. A particular advantage to on-line 
access is the the codes 紅e continuously improving and the tables therefore also need 
updaring. 

.test suite of d丘回 fortraining 
This database will include entries of data through various analysis steps. 百1Ïs provides 
a software verification suites as well as reassurance for those learning analysis 
techniques. 

.help libraries 
This secrion includes a number of machine-readable d∞uments: help text for various 
software packages, tutorials on XAFS , proceedings of workshops, etc. 

.software 
.臼a1ysis

• data collection 
.出eαy

.bibliographic, abstract database 
It is hoped 出at resources wiU be sufficient to provide an on-line abstract database for 
publications related to XAFS. 

.bulle出 board， teleconferencing 
This facility would provide a plaぜoロn for discussions , presentation of recent results, 
announcemen凶 of meetings , etc. 

I1. Access 
百le database will be available internationally via: 

1) Networks: 
Interactive:e.g. Incernet, HEPNET 
E-Mむ1: e.g. Bitnet 

2) Tape 
3) Telephone 
4) possibly CD RO加1

Except for a possible media charge for 也pes ， no access fee is envisioned at this time. Users 
would contribute data using the sむneme出ods.

111. Review of Contributions 

At least in early stages of the database, explicit refereeing of contributed spectra is not 
foreseen. However, the contributor will be 同qu註芭dωinclude the following informarion: 

.S戸lCnro∞n source and experimental starion 

.beむnline oprics 

.monochromator characteristics 
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(e.g. ザpe and number of crystaIs, ft∞ussing， etc.) 
.m主rorcharacteristics 
.det民torcharacteristics 

放射光第 3 巻第 4 号 (1990年)

・sample prepararion techniques, including an esrimate of thickness, p訂ricle size, and 
any other relevant information 
.sむnple 也mperature

・discussion of energy caIibration: p同ferably quoting the measured edge energies of the 
edge ofin也記st and another edge near the end of the scan. TItis is particularly important 
for many fixed-exit mon∞hromator designs. 
.esrimate of energy resolution, including mon∞hromator resolution and description of 
method used to make estimate 
.esrimate of harmonic contamination, including a description of method to reduce 出e
effect of hannonics 
-comments by the experimenter, and additional commen岱 bypossible referees or other 

contributors -

IV. ProposaI for Implementation: National Nuclear Data Center 

The NationaI Nuclear Data Center at Br∞khaven N ational Laboratory has offered a database 
service to the nuclear physics community for approximately 30 years. Represent丘tives from 出is
organization have recently decided to expand their operations to include x-ray data such as 
scattering cross-sections. On hearing about the repo口合om the last XAFS S tandards and 
Criteria Workshop, they have approached the Database Committee about also inclumng EXAFS 
data. The representatives 合om 出e NNDC propose offering a database service as described 
previously in 出is document The advantages of joining foπes wi出 an exis出g facility 紅e:

(1) There is an economy of scale. 百1Ïs approach is much less costly 出an purchasing 
computer equipment and staffmg our own cenほr.

(2) 百le staff at NNDC have experience running an on-line database, and have worked 
出rough the problems 出at inevitably arise running 叩 operation such ぉ出is.

Obviously, the NNDC will require some additional resources to accomodate 出e EXAFS 
da也base. We are curπntly exploring options for 出is.

At 出is workshop, we have unanimously approved 出e motion to run a pilot project, with a 
i∞aI group contributing data and software, to test access (bo出 domestic and intemationaI) and 
general usability of the NNDC environment. 
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Committee on Implementation, Education and Experimental 
Facilities 
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Diek Koningsberger 
Tim Morrison, Tim ElむD， Grant Bunker 

There are a large number of Synchrotron radiationαntres where XAFS is majぽ activity. A 
committee is to be set up, after consultation with the IAC, in order to facilitate the 
implementation of workshops' 民commendations.

Facilitv 
SSRL 
NSLS 
CHESS 
APS 
Al.S 
SRC(Wisconsin) 
Photon Factory 
LURE 
ESRF 
SRS 
HASYLAB 
BESSY 
ADONE 

1ocation 
S回nfo吋/USA
Br∞khaventUSA 
Cαnell/USA 
Argonne/USA 
Berkeley/USA 
S toughton/USA 
Tsukuba/Japan 
Saclay/France 
Grenoble/France 
DaresburyJ1]K 
Hamburg/W -Germany 
B町出l/Wベ}erm釦y
Frascati/Italy 
-庁aiwan
_/1α出a

-/India 

1. Implementation and Dissemination 

a) Checklist of required information for EXAFS papers to be sent to 
journal editors 

It is not yet clearωwhat extent the synchrotron sources should be held 毘sponsible for 
bad science (poor quality XAFS data and improper or insufficient data-analysis). It is, 
in our opinion, a shared responsibility toge出er with the different synchrotron user' s 
institutions. We are concemed about the current 同pu回tion ofXAFS 民search，泊 many
coπlmunities. To irnprove 出is we must agree upon a list of minimum requirements for 
EXAFS papers and disseminate this list むDong 出e users and the editorial boards of 出e
major refereed journals which publish XAS papers. 

Proposed Actions: 

.Neville Greaves and Diek Koningsberger will dra丘 aletter. 
・Grant Bunker will distribute the draft to all members of the workshop and contact 
persons of the different synchrotrons. 
・York organization will disseminate the draft at XAFS VI. 
.Journal ed.itors will be contacted for commen凶 on 白 proposal. Some examples: 

.Tirn Morrison: Phys. Rev. Lett. 

.Neville Greaves: Nature and J.Non. Crystalline solids 

.Bri民 Hedrnan:JACS and J.Inorganic Chemistry 

b) Creation of mailing list of X-ray absorption users 

Attempt to create new comprehensive mailing list. Draw on mailing lists of 
synchrotron facilities 釦dlist of registrants for the York meeting. 

c) Synchrotron Radiation News 

Use Synchrotron Radiation News to communicate with users; give them the new users 
list. 
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d) Publﾏsh resuIts of the Brookhaven workshop in conference proceedings 
York meeting 

e) Establish a prize for best paper or new instrumentaI deveIopment in the 
fieId of X-ray Absorption Spectroscopy 

Much like the various awards of the American Chemical.Society, it may improve 
visibility of high quality work and thereby encourage scientists to produce optimal 
quaIity science. 

II. Education and Training 

a) Training inexperienced users (local) 

S戸lchrotron radiati.on is a valuable resource, and we believe 出at one of the tasks of 出e
various synchrotron radiation sou民es is to set up train泊g sessions for learning data 
collection procedures and 釦alyzingXAFS data.百出 is may be also a combined task of 
the user communiザ釦d 出e people responsible for running the XAFS beamlines (e.g. 
PRTs). It is the intention of Tim ElむTI ， Tim Morrison, and Grant Bunker to publish an 
EXAFS c∞k book, which can be used to set up an x-ray absorption experiment and to 
op白n包e an EXAFS stati.on. 

It is also proposed to create a workshop group to help provide materials and suppo口 to
local org釦izations interested in running a training workshop. In出is way it is hoped to 
not only stimulate mo閃 workshops but also to ぉsure 出at complete and standardized 
material is made available. 

b) Advanced level (international) 

Activities may include: 
1) organization of summer/winter sch∞Is for 出eOIγand ぬta-analysis at an advanced 

level. 

2) workshops for special instrumentation, e.g. evaluation of monochromators for 
X-ray absorption experiments. 

111. Cataloging Faci1ities 

a) List of existing facilities for X-ray absorption experiments 

Britt Hedman is making 釦 comprehensive list of experimental stations for X-ray 
absorpti.on expe丘rnen岱 at all existi.ng synchrotron faciliti.es. 

b) Recommended minimum beamline equipment. 

1. Station set-up 

• Detectors (ionization chambers, fluorescence coun也rseに).
• Electronics (e.g. amplifiers, V/F converters). 
・加lotorized sli岱
.D∞umentati.on must be available describing: 

a) calibrati.on ofX-ray mon∞hromator 
b) characteristics of 出emon∞hromator (釦d mirror(s) 正 p児sent)
c) ch紅白巴ristics of 出e electronics 
d) schematic diagrむn of interconnecti.ons betw民nelectronic components. 

It is not the task of the station master to optimize 出e station for each individual 
experiment, but enough information must be available 出at an individual user can do 
this him-or herself. 百le differences in background and orientation between chemists, 
biologist5 and physicists must be kept in mind. Ultimately it is 出e responsibility of 出e
user to 国民出e 也ne to learn how to opti.mize an ex戸rimen凶 stati.on.
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2. Equipment for user experiments 

• motorized sむnple stage 
• standard sarnple holders for liquids 
• standard sむnple holders for powders 
• sarnple p毘S5 with dies suitable for a particular beam size 
• dewars for standard powder and liquid sample holders capable of liquid nitrogen 
temperatures 

.fluor芭scence detectors 

3. Beam perforrnance 

• Monitぽ forbeam enぽgy andcur冗nt
• Monitぽ fぽ民むnposition and intensity 

We have to make a strong cぉe for the last monitor, because we have now enough 
evidence 出at beam stabiliザ is crucial for collecting good data. At some facilities 出e
beam must be kept stable to better 出釦 20μ. This is imponant also in relation to 白
planned 6 GeV sources. Evaluating the detailed noise measurements, which have been 
performed in Daresbury, shows that photon statistics is not as important as low 
frequency beam noise in determining 山 overallperformance of陶 XAFS stations. 

c) Standard performance test of XAFS beamlines 

1. S tatus of a particular beamline to be checked regularly by station 
mastersland or users 

A very simple test experiment can be carried out for XAFS beamlines for energies 
above 3 KeV.τne overall performance of 出e station in combination 'WÏ出 the behavior 
of 出e x-ray beam should be checked at different energies. Aluminium foils wi出 a to凶
thickness giving an absorption in transmission of μx= 1 can be measured at a p釘ticular
energy with normal scan p訂ameters under normal experimental conditions. Th~ 
background can 回5ily be r芭movedand the noise pattem and むnplitude can be measured 
and compared wi出 previous test data collected under identica1 conditions. Phantom 
EXAFS osci11ations, glitches, Iow and high frequency noise can eas江y be determined. 

2. Quality determination of XAFS stations and international competition 

It 'Will be proposed to set up an international_ test for_XAF~ ?eamli~es. The sir:tple~t 
test experiﾏne�s to be carried out to get an impression of 出e performance of each 
individ�l XAFS station is to measure well defined Aluminium foils in ttansmission 
m吋e. Each test 'Wﾏll be perfonned under identical scan conditions at several energies: 
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5450eV 
11564eV 

Cu. K-edge: 8990 e V 
Rh K-edge: 23219 eV 

The results must be analyzed by an independent institution. The results will be 
published by Synchrotron Radiation News. 
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