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INFLUENCE OF UNIDEALITY OF MAGNETIC FIELD OF SALO RECIRCULATOR BENDING MAGNETS ON 

PARAMETERS OF THE BEAM WITH TAKING INTO ACCOUNT HIGHER ORDERS OF CALCULATIONS 

I.S. Guk, S.G. Kononenko, A.S. Tarasenko 

National Scientific Centre”Kharkov Institute of Physics and Technology” 

Ukraine, 61108, st. Akademichna, 1, Kharkiv 

With using the results of measuring the parameters of EUTERPE dipole magnets, the expected parameters of designed for 

recirculator SALO dipole magnets are calculated. By the mathematical simulation method with taking into account the expected 

parameters of dipole magnets the influence of geometrical aberrations on parameters of beam in recirculator SALO in the point of its 

extraction with maximum energy was investigated. The comparison of the results obtained with TRANSPORT code for various 

orders of calculations, with ones obtained by tracking with MAD-X code for an ideal and unideal magnetooptical system is carried

out.
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 2 ,  [1], 

 SALO. 

. 2 . 3 

.

,

.

 2. 

 SALO 

E,  20 256,64 493,28 

 L, 

0,112 0,224 0,112 0,224 0,516 0,112 0,224 0,516 0,610 

FINT, k1 0,45 0,45 0,45 0,45 0,45 0,45 0,45 0,45 0,45 

FINT2, k2 2,8 2,8 2,8 2,8 2,8 2,8 2,8 2,8 2,8 

EPS, m-2 -7,183 -16,136 -0,558 -1,256 -6,49 -0,291 -0,667 -3,375 -11,915 

EPS, cm-2 -7×10-4 -1,6×10-3 -5×10-5 -10-4
-6×10-4 -3×10-5 -6×10-5 -3,4×10-4 -1,2×10-3

. 2. 

-

.

 1, 2-σx, σy ;  3, 

4-σx, σy .

. 3. 

- .

 1, 2-σx, σy ;

3, 4-σx, σy .

,

: ,  ( ,

, . .). ,  – 

.

- .

.

:

R16=R26=0 [7].  R16, R26 -  R1. 

.

,

 R51=R52=R56=0. 

.

 3  ( )

 ( ),

 TRANSPORT  SALO. 

 3 ,

, .



58
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 899,  2010 È.Ñ. Ãóê, Ñ.Ã. Êîíîíåíêî...

 3 

 Rij

,  19,5 256,6 493,3 

7,61 74,714 145,97 
L, m 

R16 3,6×10-4 -4×10-5 7×10-4 9,5×10-4 7,3×10-4 2,5×10-3

R26 -3,8×10-3 -4×10-4 6,3×10-4 2,32×10-3 2,7×10-3 -6,2×10-3

R51 -9×10-5 -10-5
-2,6×10-4 -1,5×10-3 -2,28×10-4 -7×10-4

R52 -1,4×10-4 -10-5
-1,9×10-3 1,14×10-3 2,68×10-3 1,01×10-3

R56 4,2×10-4 -10-5
3,3×10-4 -1,1×10-4 7×10-4 1,5×10-4
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∆Xmax≤ 0,4 , ∆Ymax≤ 0,1 ;

) -  F 
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 1 - ∆xc0=±0,2 ;  2- ∆yc0=±0,2 .

. 5.  F ( . 1) 

.

1, 2 – ∆xc=±0,2 , –; 3, 4 – 

∆yc0=±0,2 ; 5 – 

∆xc0=∆yc0=0.
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. 6. ∆xc

∆yc

.

1 - ∆xc ∆x′
c0=0,03 ;  2 - ∆xc ∆ ′

c0=-0,03

, 3,4 - .∆yc ∆x′
c0=±0,03 .

. 7. ∆xc

∆yc

.  1 - ∆yc

∆y′
c0=0,03 ;  2 - ∆yc ∆y′

c0=-0,03 , 3,4 - .∆xc

∆y′
c0=±0,03 .

) – 

 -0,464 ≤
X ≤ -0,464 , -0,0207 ≤ Y ≤ 0,0207 .

 ( . 6 – . 8) , :

) – 

∆Xmax≤ 0,06 

;

) - 

∆Ymax≤ 0,14 

;

) – 

 -0,02 ≤ X 

≤ 0,0055 , 0,06 ≤ Y ≤ 0,06 

 TRANSPORT ,

,

, , ,

.

 (  500) 

MAD-X [8]. 

 (“ ” : σx=0,35

σy=0,09  “ ” : σx=0,04 σy=0,03 ) . 9 . 12. 

,

, , . 10,11 . 13,14. 

[ ]2

00 /)(2exp)2//( σπσ xxAyy −−+= ,

.

. 8.  F ( . 1) 

.

1, 2 – ∆x′c0=±0,03 ; 3, 4 - 

∆y′c0=±0,03 . .



60
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 899,  2010 È.Ñ. Ãóê, Ñ.Ã. Êîíîíåíêî...

,

. 9.  F  “ ” .

 -. ;  - .

, . 11, ,

, ,

.

. 10.  (X)  (Y) ,

. 9

. 11.  (X)  (Y) ,

. 9 . .



61
ñåð³ÿ: ô³çè÷íà «ßäðà, ÷àñòèíêè, ïîëÿ», âèï. 2 /46/ Âëèÿíèå íåèäåàëüíîñòè...

. 12.  F.  “ ”

 - ;  - .

. 13.  (X)  (Y) ,

. 12a.  – 

. 14.  (X)  (Y) ,

. 12b.  – .

1.  EUTERPE 

 SALO. 

2.  TRANSPORT 

 SALO .



62
«Â³ñíèê Õàðê³âñüêîãî óí³âåðñèòåòó», ¹ 899,  2010 È.Ñ. Ãóê, Ñ.Ã. Êîíîíåíêî...

3.

.

4.  (  MAD-X) 

.

:

1.  EUTERPE 

.

2. .

, ,

 ( . . 2 . 3). 

3.  (σ σ ) ,  MAD-X 

 TRANSPORT .

1. Boutman J.I.M., Boling Xi, Timmermans C.J., Hagedoorn H.L. The EUTERPE facility // Rev. Sci. Instrum.-1992.- Vol. 63(1).-

P. 1569. 

2. Arkatov Yu.M., Dovbnya A.N., Glamazdin A.V., Guk I.S., Kononenko S.G., M. van der Wiel,.Botman J.I.M., Peev F.A., 

Tarasenko A.S. SALO project.- Kharkiv: National Science Center Kharkiv Institute of Physics and Technology, 2005.- 104 p. 

3. .Enge H.A. Effect of Extended Fringing Fields on Ion Focusing Properties of Deflecting Magnets // Rev. Sci. Instrum.-1964.-

.Vol. 35.-P. 278-287. 

4. . . // . – 2003.- .

73(10).- . 113-115.

5. . .,. . ., . ., . ., . ., . ., . ., . .,.

. , . .

 730 .  SALO.  1.- : . -2006.- 116 .

6. Brown K.L., Belbeoch R., Bounin P. First and second-order magnetic optics matrix equations for the midplane of uniform-field 

wedge magnets // Rev. Sci. Instrum.-1964.-Vol. 35.-P. 481-485. 

7. Carey D.C., Brown K.L., Rothacker F. Third-order TRANSPORT with MAD input A computer program for designing charged 

particle beam transport systems // Preprint FERMILAB-Pub-98/310. 

8. http://project-madwindows.web.cern.ch/project-madwindows/default.htm

9. Volkov V., Janssen D. RF focusing – an instrument for beam quality impruvement in superconducting RF guns // Proc. of 

EPAC-2000.-2000. -Vienna, Austria.-P. 2005-2007. 

10. Guk I.S., Dovbnya A.N., Kononenko S.G., Peev F.A., Tarasenko A.S., Botman J.I.M. Recirculator SALO project in NSC KIPT 

// Proc. of EPAC08.-2008.-Genoa, Italy.-P. 2710-2712. 

11. Teichert J., Arnold A., Büchner A., Büttig H., Janssen D., Justus M., Lehnert U., Michel P., Murcek P., Schurig R., Staats G., 

Staufenbiel F., Xiang R., Kamps T., Klemz G., Matheisen A. First operation results of the superconducting photoinjector at 

ELBE // Proc. of EPAC08.-2008.-Genoa, Italy.-P. 2755-2757. 


