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ABSTRACT:

During the last decade a reasonable number of superconducting cavities made from solid niobium was

fabricated by industry. They are made by standard fabrication technique like deep drawing, electron

beam welding and trimming of shape by facing.

For the TESLA Test Facility [ 1 ](TTF) built at DESY Hamburg superconducting cavities of 1.3 GHz

resonance frequency and average acceleration gradient of 15 MV/m have to be built by industrial

companies. To study the state of the art of industrial fabrication techniques and the possibility of

reaching reproducible acceleration gradients of 25 MV/m for a TESLA [ 2 ] application by these

methods, the first 18 s.c. cavities were ordered and tested.

Most of the improvements reported on to gain high gradients, have been measured on single cell

resonators under laboratory conditions. For accelerator application like TTF this technologies and

treatment found under laboratory conditions, have to be transferred to industrial technology. During

the test of TTF resonators, field limitations like quenches in cells or on welds as well as fieldemission

were found. We report on the test results and the correlation between fabrication technique and field

limitation. Basing on this experience improvements on fabrication technique were made. We report on

the test results and improvements on standard fabrication methods made in 1997.

Results obtained during industrial productions

)RU WKH ILUVW WZR 77) PRGXOHV D WRWDO RI �� UHVRQDWRUV DUH IDEULFDWHG E\ LQGXVWU\� ��

FDYLWLHV ZHUH WHVWHG YHUWLFDOO\ DW ��� .� $ EURXJKW VSUHDG RI DFFHOHUDWLRQ YROWDJHV UDQJLQJ

IURP VRPH 09�P XS WR �� 09�P �VHH ILJXUH � � ZDV IRXQG ZKLOH WKH TXDOLW\ IDFWRUV ZHUH

QHDUO\ LGHQWLFDO LQ WKH ��� ���� UDQJH� ,QYHVWLJDWLRQV PDGH E\ URWDWLQJ DQG IL[HG 7
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PDSSLQJ DV ZHOO DV PRGH DQDO\VLV RI WKH FDYLWLHV DUH PDGH WR ORFDWH DQG DQDO\]H WKH RULJLQ

RI OLPLWDWLRQ [ � ]�
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Figure 1 : Spread of acceleration voltages found for the fabrication of TTF cavities

7KUHH PDMRU OLPLWDWLRQV RQ FDYLWLHV ZHUH IRXQG GXULQJ WKH WHVW� *URXS RQH LV OLPLWHG E\

TXHQFKHV LQ WKH QLRELXP RU WKH ZHOGLQJ UHJLRQ� JURXS WZR LV OLPLWHG E\ ILHOGHPLVVLRQ DQG

JURXS WKUHH RI WKH FDYLWLHV LV OLPLWHG E\ 5) SRZHU GXH WR ORZ 4 YDOXHV RU DFFHOHUDWLRQ

ILHOG DERYH �� 09�P�7KH 6 FDYLW\ EDWFK ZDV DOZD\V OLPLWHG RQ WKH ZHOGV ZLWK DQ

DYHUDJH YROWDJH RI ���� 09�P� HYHQ DIWHU SRVWSXULILFDWLRQ DW ���� &� 7KHVH FDYLWLHV ZHUH

PDGH XQGHU WKH VDPH IDEULFDWLRQ FRQGLWLRQV DQG VHTXHQFHV DV XVHG IRU WKH ��� UHVRQDWRUV

RI &(%$)� 7KH DYHUDJH YROWDJH PHDVXUHG IRU WKLV ��� FDYLWLHV LV �� 09�P� ZHOO DERYH

WKH GHVLJQ YDOXH RI � WR �� 09�P [ � ]� ,PSURYHPHQWV RQ SUHSDUDWLRQ WHFKQLTXH DQG

ZHOGLQJ SDUDPHWHUV ZHUH DSSOLHG LQ WKH 6 FDYLW\ SURGXFWLRQ� $ WHVW UHVRQDWRU 6��� ZKHUH

QR KHDWWUHDWPHQW ZDV DSSOLHG� SHUIRUPHG DERYH �� 09�P DQG LV OLPLWHG E\ WKH 5I SRZHU

DYDLODEOH LQ WKH WHVWVWDQG�
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7KH & FDYLW\ ORW UHDFKHV DQ DYHUDJH YROWDJH RI ���� 09�P� 7ZR RI WKH & FDYLWLHV DUH KHDW

WUHDWPHQW DW ���� &� $IWHU WKLV WUHDWPHQW RQH FDYLW\ LV OLPLWHG E\ TXHQFK LQ RQH FHOO ZKLOH

WKH VHFRQG LV OLPLWHG E\ ILHOGHPLVVLRQ DW �� 09�P� %HIRUH SRVWSXULILFDWLRQ WKLV WZR

FDYLWLHV ZHUH OLPLWHG DW �� 09� E\ TXHQFKHV RQ WKH ZHOGV�

$OO &DYLWLHV RI WKH ' ORW ZHUH SRVWSXULILHG DW ���� &�QHDUO\ KDOI RI WKH ' FDYLWLHV UHDFKHG

ZHOO DERYH �� 09�P DIWHU WKLV SURFHGXUH RQH FDYLW\ LV OLPLWHG E\ 5) SRZHU DW �� 09�P

ZKLOH WKH RWKHU �� � DUH OLPLWHG E\ TXHQFKHV DW ORZ ILHOGV� 7KHVH FDYLWLHV VKRZ VLPLODU

EHKDYLRU LQ WKH 5) WHVW DQG FRXOG QRW EH FXUHG E\ DGGLWLRQ FKHPLFDO WUHDWPHQWV RI PRUH

WKDQ ��� �P UHPRYDO [ � ]� 2QH RI WKHVH FDYLWLHV ZDV FXW DQG DQ LQFOXVLRQ RI 7DQWDOXP LQ

WKH 1E EXON ZDOO ZDV IRXQG WR EH WKH RULJLQ RI WKH TXHQFK [ � ].
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   Figure 2 Limitation found on the s.c. cavities for TTF.

X-Y axis: name of cavity lot (number of cavities ) -> average acceleration field (MV/m)

7KH WZR FDYLWLHV RI WKH $ IDEULFDWLRQ VHTXHQFH VKRZHG W\SLFDO PLVPDWFK RI SURGXFWLRQ

SDUDPHWHUV � (DFF  ��� 09�P �� 7KH\ ZHUH IDEULFDWHG E\ D QHZ YHQGRU LQ WKH 5)

VXSHUFRQGXFWLYLW\ ILHOG DQG VKRZ WKH W\SLFDO OHDUQLQJ FXUYH� 7KH QRQ RSWLPL]HG
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SURGXFWLRQ OLQH UHVXOWHG LQ D FDYLW\ ZKHUH DOO ZHOGV SHUIRUPHG EDGO\� 7KH VHFRQG FDYLW\

SURGXFHG VR IDU LV OLPLWHG DW � 09�P DW D ZHOG ZKHUH D UHSDLU RI WKH ZHOG KDG WR EH GRQH�

$OO RWKHU ZHOGV SHUIRUP DURXQG �� 09�P� DOWKRXJK WKHUH ZDV QR ���� & WUHDWPHQW GRQH

VR IDU�

Fabrication sequences:

7KH IDEULFDWLRQ RI D V�F� UHVRQDWRU FRQVLVW RI WKUHH PDMRU DFWLYLWLHV �VHH WDEOH ��� (DFK VWHS

RI WKLV SURGXFWLRQ LV RI VSHFLILF ULVNV� ZKLFK ZHUH LQYHVWLJDWHG GXULQJ WKH SURGXFWLRQ DQG

WHVW RI WKH ILUVW 77) FDYLWLHV� 7KH LPSURYHPHQW RI WHFKQLTXH OLNH HGG\ FXUUHQW VFDQ RI

1LRELXP� LPSURYHG ZHOGLQJ WHFKQLTXH DQG FOHDQ SURGXFWLRQ ZLOO EH DSSOLHG IRU WKH ����

SURGXFWLRQ RI �� QHZ VWUXFWXUHV�

Niobium Cavity parts Welding

Electron Beam Melting of

Ingot in UHV oven

forming by deepdrawing electron beam welding

machine / set up and vacuum

Rolling of sheets from Ingot facing on turning machine electron beam welding

parameter set

Cutting of circular or

rectangular plates

preparation by chemical

etching

preparation and sequence of

welding

Table 1 General fabrication steps of standard fabrication technique for s.c. Cavities

Fabrication of Niobium

)RU WKH IDEULFDWLRQ RI D V�F� UHVRQDWRU WKH TXDOLW\ RI WKH QLRELXP LV D IXQGDPHQWDO IDFWRU

IRU KLJK JUDGLHQWV� 7KH DPRXQW RI 1LRELXP ZLWK D UHVLGXDO UHVLVWDQFH UDWLRQ � 555 � RI

��� RU EHWWHU DQG LQ DGGLWLRQ QR FOXVWHUV RI LPSXULWLHV LV RQO\ D VPDOO SHUFHQWDJH RI WKH

ZRUOG ZLGH SURGXFWLRQ RI 1LRELXP� 7KH SURGXFWLRQ RI WKLV KLJK TXDOLILHG 1LRELXP LV
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PDGH LQ WKH VWDQGDUG SURGXFWLRQ OLQH LQ LQGXVWU\� 7KH 8+9 HOHFWURQ EHDP �(% � PHOWLQJ

RYHQV DUH LQ XVH WR SURGXFH WDQWDOXP RU RWKHU KLJK PHOWLQJ HOHPHQWV [ � ]� ,W FDQ QRW EH

3URFHVV PHOWLQJ UROOLQJ &XWWLQJ

ULVF LPSXULWLHV QRW

HYDSXUDWHG DQG

PHOWLQJ SRLQW

DERYH ���� &

FRQWDPLQDWLRQ DQG

ODPLQDWLRQ �VWDQGDUG

IDEULFDWLRQ

HQYRLUHPHQWV�

VFUDWFKHV DQG

FRQWDPLQDWLRQV

� VWDQGDUG IDEULFDWLRQ

DUHD �

4XDOLW\ FRQWURO 555 RI ,QJRW DQG

VDPSOHV � EXW ORFDO

FOXVWHUV DUH

VWDWLVWLF �

YLVXDO LQVSHFWLRQ RI

WKH VXUIDFH � RQO\

VXUIDFH FRORUDWLRQV

DQG QRQ UHJXODULWLHV

DUH YLVXDO �

YLVXDO LQVSHFWLRQ RI WKH

VXUIDFH � RQO\ VXUIDFH

FRORUDWLRQV DQG QRQ

UHJXODULWLHV DUH YLVXDO �

,PSURYHPHQ LQ

����

6FDQQLQJ RI 1LRELXP VKHHW PDWHULDO E\ HGG\ FXUUHQW DSDUDWXV

 ! PDWHULDO FOXVWHUV � 7DQWDOXP � � VXUIDFH GHIHFWV � KROHV DQG

ODPLQDWLRQV GRZQ WR ��� PP GHSWK ZHUH ORFDWHG

Table 2  Fabrication and quality control for Niobium production

JXDUDQWLHG WKDW SDUWLFOHV� UHPDLQLQJ IURP WKH IRUPHU PHOWLQJ SURFHVVHV� IDOO LQWR WKH PROWHQ

1LRELXP� 7KHVH DQG RWKHU QRQ HYDSRUDWLQJ FOXVWHUV DUH RI VWDWLVWLFDO QDWXUH DQG FDQQRW EH

UHPRYHG IURP WKH 1LRELXP E\ 7LWDQLXP SRVWSXULILFDWLRQ� )RU IRUPLQJ RI FXSV DQG WXEHV

WKH RQH WRQ KHDY\ LQJRW LV UROOHG GRZQ WR VKHHW PDWHULDO� 7KH UROOLQJ SURFHVV VKRXOG EH

GRQH XQGHU FOHDQ FRQGLWLRQV WR DYRLG FRQWDPLQDWLRQ RI WKH 1LRELXP� 7KH UROOLQJ PLOO DQG

WKH IDEULFDWLRQ DUHD� KRZHYHU� DUH VWDQGDUG HQYLURQPHQWV� 3DUWLFOHV IDOOLQJ GRZQ RQ WKH

QLRELXP DUH SUHVVHG LQ WR WKH EXON� 2QO\ FRQWDPLQDWLRQ RI QLRELXP DQG VFUDWFKHV ORFDWHG

RQ WKH VXUIDFH FDQ EH ORFDWHG GXULQJ RSWLFDO LQVSHFWLRQ� )RU WKH GHHS GUDZLQJ SURFHVV WKH

1LRELXP EDQG LV FXW LQWR UHFWDQJXODU RU FLUFXODU GLVFV� +HUH FXWWLQJ E\ D VWDPSLQJ

PDFKLQH� PDFKLQLQJ RQ D WXUQHUV ODWKH� ZDWHU FXWWLQJ RU HURVLRQ FXWWLQJ LV DSSOLHG�
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+\GURJHQ FRQWDPLQDWLRQ ZDV PHDVXUHG LQ WKH FXWWLQJ DUHD RI ZDWHU DQG HURVLRQ FXW VKHHWV

[ � ]�

&RQWDPLQDWLRQ UHVXOWLQJ IURP WKH SURGXFWLRQ RI WKH 1LRELXP VKHHW PDWHULDO FDQ QRW EH

FXUHG GXULQJ WKH SUHSDUDWLRQ RI WKH FDYLWLHV� $Q HGG\ FXUUHQW VFDQQLQJ DSSDUDWXV ZDV

GHYHORSHG DQG VXFFHVVIXOO\ LQVWDOOHG LQ WKH TXDOLW\ FRQWURO RI WKH 1LRELXP IDEULFDWLRQ�

&RQWDPLQDWLRQ OLNH 7DQWDOXP DQG ,URQ DV ZHOO DV ODPLQDWLRQV FDQ EH GHWHFWHG GXULQJ WKH

VFDQ RI WKH 1LRELXP WR EH XVHG IRU WKH QH[W FDYLW\ SURGXFWLRQ� �� RI WKH VKHHWV VFDQQHG

VR IDU ZHUH UHMHFWHG� 7KH VWDWLVWLFV LQ JRRG DJUHHPHQW ZLWK WKH VWDWLVWLFV RI 1LRELXP

GHIHFWV IRXQG RQ WKH FDYLW\ WHVWV�

Fabrication of Cavity parts

'XULQJ IDEULFDWLRQ RI FXSV� FHOOV� EHDPSLSHV DQG VWLIIHQLQJ ULQJV VWDQGDUG IDEULFDWLRQ

WHFKQLTXH LV DSSOLHG� 7KH FXSV DUH PDGH E\ GHHS GUDZLQJ� 7KH KHLJKW RI WKH FXSV LV

PDFKLQHG E\ WULPPLQJ RQ D ODWKH PDFKLQH� 6LJQLILFDQW YDULDWLRQV LQ JHRPHWU\� UHODWHG WR

WKH IRUPLQJ WHFKQLTXH LQ XVH DQG WKH SUHFHVVLRQ RI OLQLQJ� ZHUH IRXQG� %RWK IDEULFDWLRQ

VWHSV VKLIW WKH UHVRQDQFH IUHTXHQF\ IR DQG PHFKDQLFDO OHQJWK RI WKH FDYLWLHV �GI�GO|�FHOO  

��� .+]�PP �� 7KH PHFKDQLFDO WROHUDQFHV RI WKH WRRO IRU GHHS�GUDZLQJ DQG OLQLQJ DUH RI

V\VWHPDWLF QDWXUH DQG FDQ EH FRUUHFWHG LQ WKH IDEULFDWLRQ SURFHVV� 7KH YDULDWLRQ LQ

WKLFNQHVV RI WKH 1LRELXP LQIOXHQFH WKH JHRPHWU\ VWDWLVWLFDOO\� 'HHS�GUDZLQJ RQ PROHV

PDGH IURP D UXEEHU 6LOLFRQ VDQGZLFK VKRZHG WKH EHVW UHSURGXFLELOLW\ DQG UHOD[HG

GHSHQGHQF\ RQ WKH 1LRELXP SDUDPHWHUV VR IDU�
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EB welding:

$ VLJQLILFDQW SHUFHQWDJH RI ILHOG OLPLWDWLRQ � (DFF � ZDV IRXQG WR EH RQ WKH ZHOGV ZKLFK

DUH PDGH E\ (% ZHOGLQJ LQ XOWUD KLJK YDFXXP� 7R VWXG\ RI WKH LQIOXHQFH RI YDFXXP LQ WKH

(% ZHOGLQJ FKDPEHU RQ WKH 555 RI WKH 1LRELXP�

VHYHUDO WHVW VDPSOHV ZHUH PDGH RQ PDFKLQHV LQ XVH IRU 77) FDYLWLHV� %HORZ D WRWDO

SUHVVXUH RI �(�� PEDU QR VLJQLILFDQW UHGXFWLRQ RI 555 LQ WKH ZHOG UHJLRQ ZDV PHDVXUHG

[�]� 7KH JHRPHWU\ RI WKH ZHOG ZKLFK LV LQIOXHQFHG E\ WKH (% ZHOGLQJ SDUDPHWHUV VHHPV WR

EH FRUUHODWHG WR WKH PD[LPXP DFFHOHUDWLRQ

weld geometry welding sensitive for

(OHFWURQ

EHDP

ZHOG

VHDP

XQGHU

EHDG

5I VXUIDFH FXUUHQW �

YHORFLW\

IDULFDWLRQ

WROHUDQFHV

UHSURGX�

FDELOLW\

)RFXVHG YHU\ VPDOO VWURQJ URXJK �

MDJJHG

YHU\

VHQVLWLYH

H[WUHPH

VHQVLWLYH

ORZ

'HIRFXVHG VPDOO�!

EURXJKW

VWURQJ URXJK �!

VPRRWK

VHQVLWLYH VHQVLWLYH ORZ �!

JRRG

5KRPELF

UDVWHU

EURXJKW ORZ VPRRWK UHOD[HG VPDOO JRRG

:LJJOHG EURXJKW ORZ VPRRWK UHOD[HG VPDOO JRRG

�VW ZLJJOHG�

�� �

SHQHWUDWLRQ

�QG ZLJJOHG

IXOO

SHQHWUDWLRQ

EURXJKW SODQH VKLQH UHOD[HG YHU\ VPDOO YHU\ JRRG

 table 3  Influence of beam parameters on welding bead geometry
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YROWDJH� &DYLWLHV ZLWK KLJK JUDGLHQWV VKRZ VPRRWK DQG VKLQH ZHOGLQJ VHDPV ZLWK D SODQH

XQGHUEHDG �& DQG ' FDYLW\ ORW� ZKLOH URXJK DQG MDJJHG ZHOGV OLPLW DW YHU\ ORZ HOHFWULFDO

ILHOG �$ FDYLW\ ORW�� 7DEOH � FRPSDUHV GLIIHUHQW SDUDPHWHUV ZKLFK DUH LQ XVH IRU 1%

ZHOGLQJ DQG WKH TXDOLW\ UHVXOWLQJ IURP WKH SDUDPHWHUV FKRVHQ�

Treatment and sequences.

WUHDWPHQW (DFF RI IDEULFDWLRQ

ORW

OLPLWDWLRQ � GHWHFWHG

E\ 7 PDSSLQJ �

LPSURYHPHQW E\ 7L

SRVWSXULILFDWLRQ DW ����

&

GHJUHDVLQJ ZLWK

DOFRKRO

(DFF  �� 09�P JOREDO KHDWLQJ RI

ZHOG UHJLRQ

12

(DFF  �� 09�P

ZHOGLQJ HWFK

FOHDQHG E\ %&3 

HWFKLQJ DQG FOHDQ

ZDWHU ULQVLQJ

(DFF ����� 09�P ORFDO VSRWV RQ ZHOG

UHJLRQ

<(6

(DFF XS WR �� 09�P

ZHOGLQJ HWFK

FOHDQHG E\ %&3 

HWFKLQJ� XOWUD FOHDQ

ZDWHU ULQVLQJ DQG

FOHDQ HQYLURQPHQW

(DFF ����� 09�P ORFDO VSRWV RQ ZHOG

UHJLRQ

<(6

(DFF !�� 09�P 7HVW

OLPLWHG E\ H� UI SRZHU

Table 4) Correlation of preparation techniques for EB welding seams and  cavity performance

BCP* buffered chemical polishing HF/HNO3/H3PO4 composed by volume 1/1/2

7KH DYHUDJH YROWDJH �(DFF� RI WKH 6 FDYLWLHV IRU 77) WKH ZHOGV LV LQ JRRG DJUHHPHQW ZLWK

WKH UHVXOWV RI WKH &(%$) SURGXFWLRQ� 7KH TXHQFK OLPLWDWLRQ RQ WKH ZHOG FDQ EH DVVLJQHG

WR WKH LQVXIILFLHQW FOHDQLQJ VHTXHQFH DSSOLHG IRU (% ZHOGLQJ� 7KH VWDWLVWLF JDLQHG VR IDU

VKRZV D FRUUHODWLRQ RI ILHOG OLPLWDWLRQ RQ ZHOGV DQG SUHSDUDWLRQ SURFHGXUH LQ XVH IRU (%�

ZHOGLQJ � WDEOH ���
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Result of improved fabrication in 1997

According to the experiences gained so far general fabrication steps are necessary to

reach acceleration voltages in the 20-30 MV/m regime.

1) Scanning of Niobium as quality control to avoid basic defects in the bulk of the

resonator. With this method the quench limitations, which were for a long time the

limitation towards high gradients, can be sorted out in a very early step of the

production.

2) A control of the chemical etching by temperature control of the bath to < 15 C and the

quality of the rinsing water after the chemical etching. This needs to be applied to avoid

Hydrogen contamination of the Niobium and drying stains that will be welded in or

result in chemical reactions due to heating up during welding

3) Short storage of the etched welding seams before welding.

4) Use of a wiggled beam with a 50 % penetration on the first welding turn, followed by

a wiggled full penetration beam. This sequence is less sensitive to fabrication tolerances

like the defocused beam applied on the C cavities. which reached high gradients after

heat treatment at 1400 C.

5) The vacuum in the EB welding chamber should be lower than 5*10-5 mbar, measured

close to the cavity. The improvement on RRR of the Niobium can only be preserved if

the oxygen partial pressure at the weld is low.

6) Cleanliness after chemical etching and during the assembly. All residues of the

environmental and the dust falling down on the welding etch will evaporate (risk of

burning holes) or will be welded in.

This sequence was applied on the cavity S28 which performed at 25 MV/m without

postpurification and is limited by the available rf power on the test stand. The welding

regions is not limited by quench up to 27 MV/m. For the C most of this sequences could

be applied. These cavities showed limitations on the welds around 20 MV/m, which
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could be cured by a heat treatment at 1400 C. After this treatment the acceleration

gradient of 28 MV/m was limited by fieldemission

Conclusion

%DVLF IDEULFDWLRQ HUURUV OLNH LQFOXVLRQ LQ WKH 1LRELXP DV ZHOO DV ZURQJ VHWV RI ZHOGLQJ

SDUDPHWHUV RU IDEULFDWLRQ VHTXHQFHV UHVXOW LQ ORZ SHUIRUPDQFHV RI V�F� UHVRQDWRUV� 7KH

SURGXFWLRQ RI FDYLWLHV LQ FRPSDQLHV XVHG WR PDFKLQH 1LRELXP DQG WKH DSSOLFDWLRQ RI KLJK

555 1LRELXP DV ZHOO DV EDVLF UXOHV RI FOHDQOLQHVV DQG ZHOGLQJ WHFKQLTXH UHVXOWV LQ

FDYLWLHV WKDW SHUIRUP LQ D UHJLRQ RI �� WR �� 09�P� +LJKHU DFFHOHUDWLRQ YROWDJH FRXOG EH

PDGH E\ LPSURYHPHQW RI FOHDQOLQHVV LQ IDEULFDWLRQ� LPSURYHPHQW RQ (% ZHOGLQJ

WHFKQLTXH DQG WKH DSSOLFDWLRQ RI VFDQQHG KLJK 555 1LRELXP� 7KH PXOWLFHOO FDYLWLHV PDGH

XQGHU WKLV FRQGLWLRQV SHUIRUP LQ WKH �� WR �� 09�P UHJLPH� (YHQ KHUH OLPLWDWLRQV RQ WKH

ZHOGV ZHUH IRXQG WKDW OLPLWHG VRPH FDYLWLHV DW �� 09�P ZLWKRXW KHDW WUHDWPHQW DW

���� &�

,W KDV WR EH VWXGLHG LQ GHWDLO LI ZKLFK LPSURYHPHQWV RQ WKH IDEULFDWLRQ ZLOO JLYH D IXUWKHU

XSJUDGH RI WKH DFFHOHUDWLRQ JUDGLHQWV� $FFRUGLQJ WR WKH UHVXOWV REWDLQHG XS WR QRZ� LW

VHHPV WKDW TXHQFKHV DERYH �� 09�P LQ PXOWLFHOO VWUXFWXUHV FDQ EH DYRLGHG E\

FRQVHTXHQW DSSOLFDWLRQ RI FOHDQURRP WHFKQLTXH LQ WKH IDEULFDWLRQ IROORZHG E\

SRVWSXULILFDWLRQ RI WKH 1LRELXP� 7KH LQIRUPDWLRQ FRPLQJ IURP RSWLFDO LQVSHFWLRQ RI WKH

UHVRQDWRUV VKRZ WKDW WKH ILHOGHPLVVLRQ OLPLWDWLRQV IRXQG VR IDU DUH QRW GXH WR VXUIDFH

LUUHJXODULWLHV� 0RVW UHVXOWV FRXOG EH UHODWHG WR SDUWLFOHV RULJLQ IURP WKH DVVHPEO\

SURFHGXUHV DQG WRROLQJ XVHG IRU ILQDO SUHSDUDWLRQ SULRU WKH UI WHVW� 7KH SUHSDUDWLRQ IRU WHVW

KDV WR EH VWXGLHG LQ SDUDOOHO WR WKH LPSURYHPHQW RI IDEULFDWLRQ WHFKQLTXH WR UHDFK FDYLWLHV

ZLWK DFFHOHUDWLRQ JUDGLHQWV DERYH �� 09�P�
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