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7KHUH DUH PDQ\ SURSRVDOV IRU WKH FRQVWUXFWLRQ RI SURWRQ

OLQDFV ZLWK EHDP SRZHU XS WR ��� 0: IRU YDULRXV

DSSOLFDWLRQV �HQHUJ\ SURGXFWLRQ� QXFOHDU ZDVWH

WUDQVPXWDWLRQ� HWF«�� ,Q 5XVVLD WKHUH LV D GLVFXVVLRQ RI

WKH QHFHVVLW\ IRU WKH FRQVWUXFWLRQ RI WKH SURWRQ OLQDF�

ZKLFK PXVW H[FHHG WKH EHDP SRZHU E\ RQH RUGHU RI

PDJQLWXGH ZLWK UHVSHFW WR WKH H[LVWLQJ OLQDFV� 6XFK OLQDF

PXVW SURGXFH � *H9 HQHUJ\ EHDP ZLWK D � P$ DYHUDJH

FXUUHQW� 7KH H[LVWLQJ IDFLOLW\ LQ WKH ,QVWLWXWH IRU 1XFOHDU

5HVHDUFK DOORZV DQ XSJUDGH RI WKH OLQDF IRU WKH

DFFHOHUDWLRQ RI KLJKHU LQWHQVLW\ EHDP� 7KH IDFLOLW\

FRQVLVWV RI D KLJK LQWHQVLW\ SURWRQ OLQDF DQG DQ

H[SHULPHQWDO DUHD� 7KH ODWWHU KDV EHHQ FRQVWUXFWHG IRU WKH

WUDQVSRUWDWLRQ RI VHYHUDO KLJK LQWHQVLW\ EHDPV LQVLGH D ���

PP DSHUWXUH EHDPOLQH� 7KHUHIRUH LW FDQ EH VDIHO\ XVHG IRU

WKH WUDQVSRUWDWLRQ RI YHU\ KLJK SRZHU EHDP WR WDUJHW� )RU

WKH SURGXFWLRQ RI D � P$ EHDP LW LV SURSRVHG WR H[WHQG

WKH GXW\ IDFWRU RI WKH OLQDF XS WR ��� 7KH DFFHOHUDWLQJ

VWUXFWXUH DERYH ��� 0H9 PXVW EH UHSODFHG E\ D

VXSHUFRQGXFWLQJ VWUXFWXUH RSHUDWLQJ DW ����� 0+]� 7KH

VXUIDFH ILHOG RI �� 09�P LQ WKH VXSHUFRQGXFWLQJ VWUXFWXUH

SURYLGHV DFFHOHUDWLRQ RI SURWRQV XS WR � *H9 RYHU WKH

OHQJWK RI WKH H[LVWLQJ OLQDF�

���,1752'8&7,21

7KH QXFOHDU ZDVWH WUDQVPXWDWLRQ FRQFHSW EDVHG RQ WKH

KLJK SRZHU OLQHDU DFFHOHUDWRU V\VWHP LV ILUPO\ VXSSRUWHG

E\ WKH 5XVVLDQ JRYHUQPHQW DQG LV FRQVLGHUHG DV D KLJK

SULRULW\ WDVN IRU WKH QH[W GHFDGH� 7KH IXOO�SRZHU OLQDF

UHTXLUHV DERXW ��� P$ &: FXUUHQW DW � *H9 EHDP

HQHUJ\� 6XFFHVVIXO RSHUDWLRQ RI VXSHUFRQGXFWLQJ 5)

�65)� VWUXFWXUHV IRU WKH ODVW WZR GHFDGHV PRWLYDWHV WKH

XVH RI 65) FDYLWLHV IRU VXFK OLQDF LQ WKH HQHUJ\ UDQJH

DERYH a��� 0H9� 7KHUH DUH WZR OLQDFV LQ WKH ZRUOG

RSHUDWLQJ ZLWK KLJK LQWHQVLW\ EHDPV� 7KH PRVW SRZHUIXO

OLQDF DW /$1/ FDQ SURGXFH ��� 0: EHDP� 7KH OLQHDU

DFFHOHUDWRU RI WKH 0RVFRZ 0HVRQ )DFWRU\ �00)�

SURGXFHV ��� µ$ EHDP DW ��� 0H9 �WKH VSHFLILHG HQHUJ\

LV ��� 0H9�� 7KH QH[W JHQHUDWLRQ RI KLJK�LQWHQVLW\ OLQDFV

LV GHVLJQHG IRU PXFK KLJKHU EHDP SRZHU� )URP WKH

SUDFWLFDO SRLQW RI YLHZ WKH FRQVWUXFWLRQ RI WKH

GHPRQVWUDWLRQ OLQDF ZLWK LQWHUPHGLDWH EHDP SRZHU RI a�

0: LV QHFHVVDU\� 7KLV SDSHU GHDOV ZLWK WKH VWXG\ RI WKH

00) OLQDF XSJUDGH LQ RUGHU WR SURGXFH � 0: EHDP� ,WV

SXUSRVH LV WR FRQILUP EHDP SHUIRUPDQFH SDUDPHWHUV�

GHPRQVWUDWH DQ RSHUDWLRQ RI 65) FDYLWLHV DQG LGHQWLI\

FRPSRQHQW IDLOXUH PRGHV�

7KH PDLQ WDVN IRU WKH � 0: OLQDF LV WKH GHYHORSPHQW

RI WUDQVPXWDWLRQ WHFKQRORJLHV� $IWHU WKLV SUREOHP ZLOO EH

VXFFHVVIXOO\ VROYHG� WKH OLQDF FDQ EH VZLWFKHG WR WKH

DFFHOHUDWLRQ RI +
−
EHDP DQG FDQ EH WUDQVIRUPHG WR D

SRZHUIXO VSDOODWLRQ QHXWURQ VRXUFH EDVHG RQ D FRPSUHVVRU

ULQJ� )RU WKLV SXUSRVH WKH OLQDF ZLOO UHTXLUH WKH

PRGLILFDWLRQ RI LWV IURQW HQG IRU WKH LQVWDOODWLRQ RI DQ

DGHTXDWH FKRSSHU� +RZHYHU WKH ODVHU VWULSSLQJ WHFKQRORJ\

RI WKH +
−
EHDP LV XQGHU JRRG SURJUHVV� WKHUHIRUH HYHQ

FKRSSHU ZLOO QRW EH UHTXLUHG LQ RUGHU WR RSHUDWH DV D

QHXWURQ VRXUFH�

��6+257�29(59,(:�2)�7+(�00)

/,1$&

7KH 00) OLQDF FRQVLVWV RI WKUHH PDLQ SDUWV� LQMHFWRU

V\VWHP� '7/ XS WR ��� 0H9 DQG '$: FDYLWLHV XS WR ���

0H9 >�@� 7KH JHQHUDO OD\RXW LV VKRZQ LQ ILJ��� 7KH

LQMHFWRU V\VWHP LQFOXGHV +
+
DQG +

−
LRQ VRXUFHV ZLWK KLJK

YROWDJH WUDQVIRUPHUV� WZR WUDQVSRUW FKDQQHOV ZLWK

)LJXUH ���*HQHUDO OD\RXW RI WKH 00) DFFHOHUDWRU IDFLOLW\�

7KH EXLOGLQJV RI WKH DX[LOLDU\ V\VWHPV DUH QRW VKRZQ�

IXQQHOLQJ PDJQHW DW ��� NH9 DQG ERRVWHU 5)4 LQ WKH

HQHUJ\ UDQJH IURP ��� NH9 WR ��� NH9� 7KH '7/

RSHUDWHV DW ����� 0+] DQG DFFHOHUDWHV WKH EHDP IURP

���� WR ��� 0H9� 7KH '$: VWUXFWXUH RSHUDWHV DW ���

0+] DQG DFFHOHUDWHV WKH EHDP XS WR ��� 0H9�
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2ULJLQDOO\ WKH KLJK YROWDJH SXOVHG WUDQVIRUPHU KDV EHHQ

XVHG IRU DFFHOHUDWLRQ XS WR ��� NH9� 7KH EHDP SXOVH

OHQJWK KDV EHHQ OLPLWHG WR a�� µV GXH WR WKH WUDQVIRUPHU

VDWXUDWLRQ� ,Q RUGHU WR LQFUHDVH WKH GXW\ F\FOH RI WKH EHDP

IURP ���� WR ���� DV ZHOO DV WR DOORZ WKH VLPXOWDQHRXV

DFFHOHUDWLRQ RI WZR EHDPV� +
+
DQG +

−
� WKH ERRVWHU 5)4 LQ

WKH HQHUJ\ UDQJH IURP ��� NH9 WR ��� NH9 KDV EHHQ

LQVWDOOHG DQG FRPPLVVLRQHG UHFHQWO\�

7KH 00) OLQDF RSHUDWHV W\SLFDOO\ ZLWK ������ µ$
DYHUDJH FXUUHQW IRU WKH SURWRQ EHDP DW UHSHWLWLRQ UDWH RI

�� +]� +RZHYHU� WKH OLQDF FDQ RSHUDWH DW ��� +] ZLWK D

FRUUHVSRQGLQJ LQFUHDVH RI WKH DYHUDJH FXUUHQW� LI

QHFHVVDU\� $ IXUWKHU LQFUHDVH RI WKH DYHUDJH EHDP FXUUHQW

FDQ EH DFKLHYHG E\ WKH DFFHOHUDWLRQ RI WKH EHDP ZLWK SHDN

FXUUHQW RI �� P$� 7KH ODWWHU LV UHVWULFWHG E\ WKH '7/ UI

SRZHU V\VWHP� :H FRQVLGHU WKH 00) OLQDF DV WKH EHVW

FDQGLGDWH IRU WKH FKHDSHVW UHDOL]DWLRQ RI D � 0:

GHPRQVWUDWLRQ OLQDF IRU WKH IROORZLQJ UHDVRQV�

• 1R FDSLWDO LQYHVWPHQW LV UHTXLUHG IRU WKH FRQVWUXFWLRQ

RI QHZ EXLOGLQJV IRU WKH OLQDF DQG DX[LOLDU\ V\VWHPV�

• 7KH '7/ SDUW ZLOO UHPDLQ WKH ROG RQH� 7KH ZDWHU

FRROLQJ V\VWHP LV DEOH WR RSHUDWH ZLWK DQ �� GXW\ IDFWRU

RI WKH '7/ DQG ����� 0+] UI V\VWHP�

• 7KH H[SHULPHQWDO DUHD RI WKH 00) KDV EHHQ GHVLJQHG

IRU WKH VLPXOWDQHRXV WUDQVSRUW RI VHYHQ VHSDUDWH EHDPV LQ

WKH VDPH DSHUWXUH� ,W ZLOO DOORZ D VDIH WUDQVSRUW RI � 0:

EHDP WR WKH WDUJHW SRVLWLRQ�

• 7KH WDUJHW FDQ EH SODFHG LQVLGH RI WKH H[LVWLQJ QHXWURQ

VRXUFH� $ OLJKW PRGLILFDWLRQ RI WKH VKLHOG ZLOO EH UHTXLUHG�

��7+(�352326('�02',),&$7,216

7KH JHQHUDO OD\RXW RI WKH XSJUDGH OLQDF LV VKRZQ LQ )LJ� ��

7KH PDLQ EHDP SDUDPHWHUV RI WKH � 0: OLQDF OLVWHG LQ

7DEOH � DUH DFKLHYHG ZLWK WKH IROORZLQJ PRGLILFDWLRQV RI

WKH 00) OLQDF�

• $Q 5)4 ZLWK WKH SURWRQ LRQ VRXUFH LQVWDOOHG GLUHFWO\

XSVWUHDP RI WKH ��� 0H9 '7/�

    •  The main part of the linac from 100 MeV to 1 GeV
contains room temperature Coupled Cavity Linac (CCL)
up to 205 MeV and Superconducting Linac (SCL) for
acceleration to the final energy. The operating frequency
both for CCL and SCL is 594.6 MHz. The new klystrons,
high voltage transformers and waveguides can be located
in the existing buildings (see Fig. 1).

7DEOH �� %DVLF SDUDPHWHUV RI WKH � 0: OLQDF

%HDP HQHUJ\ � *H9

$YHUDJH FXUUHQW � P$

3XOVHG FXUUHQW �� P$

%HDP SXOVH GXUDWLRQ ��� µV
5HSHWLWLRQ UDWH ��� +]

1XPEHU RI 5) VWDWLRQV DW ����� 0+] �

1XPEHU RI 5) VWDWLRQV DW ����� 0+] ��

1XPEHU RI FU\RVWDWV ZLWK β*  ��� ��

1XPEHU RI FU\RVWDWV ZLWK β*  ��� ��

7RWDO OHQJWK RI WKH OLQDF ��� P

1XPEHU RI 65) FHOOV ���

7KH H[LVWLQJ ����� 0+] WULRGHV *,��� DOORZ WKH

JHQHUDWLRQ RI ��� 0: SXOVHG SRZHU ZLWK D GXW\ IDFWRU RI

��� +RZHYHU WKHVH WULRGHV DUH QR ORQJHU DYDLODEOH� 7KH

'7/ WDQNV DUH VXSSOLHG E\ WZR UI ZLQGRZV� WKHUHIRUH WKH

SRZHU FDQ EH JHQHUDWHG LQ WZR UI VWDWLRQV DQG DGGHG LQ WKH

FDYLW\� )RU WKLV SXUSRVH WKH FRPPHUFLDOO\ DYDLODEOH

WULRGHV IURP ³6YHWODQD´ FDQ EH XVHG�

7KH PRVW LPSRUWDQW PRGLILFDWLRQV DUH RQ WKH KLJK

HQHUJ\ SDUW RI WKH OLQDF DERYH ��� 0H9� 'XH WR WKH ODFN

RI SURYHQ WHFKQRORJ\ RI WKH VXSHUFRQGXFWLQJ UI �65)�

VWUXFWXUHV LQ WKH HQHUJ\ UDQJH EHWZHHQ ��� WR ��� 0H9

ZH FRQVLGHU WKH XVH RQH RI WZR W\SHV RI DFFHOHUDWLQJ

)LJXUH �� *HQHUDO OD\RXW RI WKH � 0: OLQDF WR EH ORFDWHG LQ WKH 00)�
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VWUXFWXUHV� WKH 'LVN DQG :DVKHU 6WUXFWXUH �'$:� >�@ DQG

WKH &XW 'LVN 6WUXFWXUH &'6 >�@� 7KH &'6 VWUXFWXUH LV YHU\

VLPLODU WR WKH '$: VWUXFWXUH DV LW FRQFHUQHG WKH

HOHFWURG\QDPLFV SDUDPHWHUV DQG YDFXXP FRQGXFWLYLW\�

+RZHYHU WKH &'6 LV PXFK FRPSDFW DQG WKH FHOO GLDPHWHU

LV RQO\ a��� PP DW ����� 0+]� 7KH &'6 LV VLPSOHU IRU

WKH PDQXIDFWXUH EXW UHTXLUHV PRUH 5	' IRU WKH RSHUDWLRQ

ZLWK D KLJK GXW\ IDFWRU� 7KH ILQDO GHFLVLRQ IRU WKH &&/

VWUXFWXUH FDQ EH PDGH ODWHU�

)RU WKH IHHGLQJ ERWK WKH &&/ DQG 6&/ D ��� 0:

NO\VWURQ RSHUDWLQJ DW ����� 0+] ZLWK DQRGH PRGXODWLRQ LV

FRQVLGHUHG�

7KH ����� 0+] 5)4 DQG WUDQVLWLRQ HQHUJ\ RI ��� NH9

LV WKH UHDVRQDEOH FKRLFH IRU WKH PDWFKLQJ RI D �� P$ SHDN

FXUUHQW EHDP� 7KH ILUVW �� SHULRGV RI WKH '7/ DUH PDGH

ZLWK D �� PP DSHUWXUH GLDPHWHU ZKLFK UHVWULFWV WKH

QRUPDOL]HG DFFHSWDQFH RI WKH ILUVW '7/ WR � π⋅PP⋅PUDG�
7KLV DOORZV VFUDSSLQJ RI WKH EHDP KDOR DW ORZ HQHUJLHV

DQG SUHVHUYLQJ WRWDO HPLWWDQFH ORZ DORQJ WKH ZKROH OLQDF�

7KH 00) OLQDF RULJLQDOO\ KDV EHHQ GHVLJQHG IRU WKH

DFFHOHUDWLRQ RI D �� P$ EHDP� 7KH OHQJWK RI WKH IRFXVLQJ

SHULRG RI �βλ� �λ� LV WKH UI ZDYHOHQJWK RI WKH IXQGDPHQWDO

IUHTXHQF\� DQG ]HUR FXUUHQW SKDVH DGYDQFH σ�W ��° DUH

TXLWH UHDVRQDEOH IRU WKH IRFXVLQJ RI D �� P$ EHDP� $W WKH

EHJLQQLQJ RI WKH 6&/ WKH IRFXVLQJ SHULRG OHQJWK LV a�βλ��

7KHUHIRUH WKH &&/ ZLOO EH GHVLJQHG IRU DGLDEDWLF

PDWFKLQJ RI WKH WUDQVYHUVH IRFXVLQJ SURSHUWLHV� ,W ZLOO

UHTXLUH WKH YDULDWLRQ DORQJ WKH &&/ WKH SKDVH DGYDQFH

RYHU WKH IRFXVLQJ SHULRG DQG IRFXVLQJ OHQJWK FRXQWHG LQ

βλ�� %RWK WKH '$: DQG WKH &'6 DUH WKH EHVW RSWLRQV IRU

WKH KLJK FXUUHQW DFFHOHUDWLRQ GXH WR WKH KLJK FRXSOLQJ

ZKLFK LV PRUH WKDQ ���� )RU WKH �� GXW\ IDFWRU WKH

DFFHOHUDWLQJ JUDGLHQW a��� 09�P RI WKH &'6 LV UHVWULFWHG

E\ WKH KHDW UHPRYDO IURP WKH FRSSHU� 7KH &&/ ZLOO VHUYH

DV DQ DGLDEDWLF PDWFKLQJ LQ WKH ORQJLWXGLQDO SKDVH VSDFH�

7KHUHIRUH WKH XVH RI WKH NO\VWURQ SRZHU LQ WKH &&/

FDYLWLHV ZLOO EH VRPHZKDW QRW RSWLPDO�

7KH 6&/ FRQVLVWV RI WZR W\SHV RI WKH 65) FDYLWLHV ZLWK

IL[HG JHRPHWULFDO EHWD� β*  ��� DQG β*  ���� 7KH ��FHOO

FDYLWLHV DUH EHVW IRU WKH HQHUJ\ UDQJH IURP ��� 0H9 WR �

*H9� 7KH VNHWFK RI WKH 65) FDYLWLHV LV VKRZQ LQ )LJ� ��

7DEOH � VKRZV WKH EDVLF SDUDPHWHUV RI WKH 6&/�

7DEOH �� %DVLF SDUDPHWHUV RI WKH 6&/

*HRPHWULFDO β* ��� ���

2SHUDWLQJ IUHTXHQF\� 0+] ����� �����

1XPEHU RI FHOOV LQ 65) FDYLW\ � �

1XPEHU RI FDYLWLHV LQ FU\RVWDW � �

0D[LPXP HOHFWULF ILHOG RQ WKH

VXUIDFH� 09�P

���� ����

$FFHOHUDWLQJ ILHOG �RYHU WKH

OHQJWK RI �β*λ�� 09�P�

��� ���

77) ≥ ��� ≥ ����

6\QFKURQRXV SKDVH � ��° � ��°

)LJXUH �� 7ZR W\SHV RI FU\RVWDWV IRU D � *H9 OLQDF�

7KH DFFHOHUDWLQJ JUDGLHQW DORQJ WKH ZKROH OLQDF

DYHUDJHG RYHU WKH IRFXVLQJ SHULRG LV VKRZQ LQ )LJ� ��

)LJXUH �� $YHUDJH DFFHOHUDWLQJ JUDGLHQW DORQJ WKH

OLQDF�

��$&.12:/('*(0(17

 7KH DXWKRUV WKDQN WKHLU FROOHDJXHV 9�1� /HRQW¶HY� $�,�

.YDVKD DQG 9�9� 3DUDPRQRY IRU KHOSIXO GLVFXVVLRQV�

� 5()(5(1&(6

>�@ 6� .� (VLQ� /� 9� .UDYFKXN� 3� 1� 2VWURXPRY HW� DO� &RPPLVVLRQLQJ�

2SHUDWLRQ RI WKH 0RVFRZ 0HVRQ )DFWRU\ /LQDF� 3URF� RI WKH ����

/LQDF &RQI� $XJXVW ������ 7VXNXED� -DSDQ� SS�������

>�@ 9� *� $QGUHHY HW DO� 6WXG\ RI +LJK�(QHUJ\ 3URWRQ /LQDF 6WUXFWXUHV�

3URF� RI WKH ���� SURWRQ /LQHDU $FFHO� &RQI�� S����� /$����� �����

>�@ /� 9� .UDYFKXN� 9� 9� 3DUDPRQRY� 9� $� 3XQWXV� 7KH &ROG 0RGHO RI

WKH &XW 'LVN 6WUXFWXUH� 3URF� RI WKH ���� /LQDF &RQI� 7R EH

SXEOLVKHG�
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