
THE JOINT INSTIT UTE FOR NUCLEAR 

RES E . A RC H 

THE LABORATORY OF HUCLEAR PROBLEMS - - - - - - - - - - - - - - - - -

0 N A M E T H O D O F I N C R E A S I N G T Ii .:. D E N-

S I T Y O F A N E X T E R N A L . P R O T O N B E A }.~ 

F R O M T H E S I X-M E T E R S Y N C H R O C Y C L O -

T R O N 

V .Io DANILOV, -V oP • DMITR_IEVSKY and I. V. CHESTNOI 

(/ :{;J-,· /(ls-6, ty3, e g -13 

1956 

--------------------
Published in Journal of Experimental Equipment and Thechlli

que NJ, 1956. 



ON A METHOD OF INCREASING THE DENSITY OF AN EXTERNAL PROTON. 

'BEAM FROM THE SIX-METER~SYNCHROCYCL'OTRON 

... rn.t·r o d u.o ti on . ,,_ .. :~ ','_! __ ~~~~-m:-== •. c=r ==ni-nc;:;;;:i 

' ' 

density of the external :proton beam -from the· six:..'meter .. synohrooyc-
•.• . 

lotrono 

.. ,This ,met.hod c_oIJles to .µie c,re.a.tion on the._wa;;r,.of an e~tern,ai 

beam, t~e ma:gnetic" field, of,.d.efinite ·configuration ·in· the non-
. : :- . . . ' ' •' ' ' . . ~ .. 

· working region of ,the. a0oelert1tor' s electromagnet o . ; .· 

·: .··The calculation .·of .the. fqctJ.s:t~g effe.9t -of the magnetic field 
. ".· . \. . ' 

made ·-~n the basis of the 

beam tr~j_ectory·o 
.. ,. . . . \ 

' 

~- ,. , .... _; ~ 

analysifi of particl:es motion alo~g the 

:~}_le proposed method of foc~.using was realized at •:the six-me-

ter synchrocyclot,ron .,_of the ~ns~itute ;of Nuole~r Problems, in :l954*q 

061,e111meu11h1ii ttttcrurr, \ 
s&epRhlX HCCJJeJl,O na 1'1,1" 

: 1 6HGJ1v10TEHA _ 

Io The motion of charged, ,particles in azimuth~l-
i;:::::,i,~~---...--,~--~-~~-~-... -* --~-... --....----

symmetrical magnetic field 
--------------------------------

lo Horisontal plane 

• ; : . . •. . r .. ,· •. ,. ·, ·, , '. , .. ' ., ·.,, ~-. ~ • . . -

The equation for the ni:ot1·on .of charged particles in azimuthal-

symmetrical magnetic field in cylindri~a.J> coordinate· system may be 
• { C• ' c • ,• • j ; : ••~• ·~- • ' = : ,, .: ··-=---=--~-----=-~c:..-=-----==-~~ 

*·. An analogous -effect ,wa..s ;,ob_served:~t-184 ., 11 synchrocyclotr~n 
·in Berkeleyo 
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written in the following form 
7} + 2 ri' 2 

- 7, 't" e Hz. ('l.) 
. ( rz a + z, a J3/e C p 

.where 'l '- ~ ~ o , p -momentum of the particle, 

n~tic field strengtho 

(1~ 
1-/t(t)-mag-

The solution of\ the eq_uation /1/ may' be written in the form rz. .. 't. . ' 

:f-:-J A.o~o.PoHo'':+f?f\('l.)7.d~ · · ·. dr, . 
-z;o 'ta\/H~foa - ( 1/t.a )(,\o 'lofoHo+j''l,H ('l.)'td"t)'° ) 

· · ·to (2) 

where 1, 0 initial radius, 1/p0- trajectory curvature in the point 

7:o , Ho -magnetic field strength in the point 'l. 0 , 7. -va-

r.iable radius. B' inserting ~2) into (1~ we get Jc, ¼i+['/i,
0
(d¼'f )t,,]2' 

sine of the angle between the initial radius and tangent to the 
-

trajectory. 

On the bases of the exp:eession (2) we shaii determine the 

trajectory which further we shail call a mean one, initial con

diti~ns of .Ao,, '"lo • The motion along the mean trajectory can 

be described by the functions 

_ 'f = Cj (.AO> 7. 0 /7;) (J) 

and 

~ JU = f' (~ 0 J '?. 0 ,--i). ( 4) 

•.The functions (J) and (4) are connected by the ratio 

. tjf ·= i do/d~. 
Let us,consider the case of small deviations.from the mean 

trajectory. By expanding· the functions (J) and (4) in a. s:eries 

.-~ .... 



I 
ri,·,J 1.t:-ni.t:lng hy 1:he first terms of 

. . 

:·,he mes.n t:ra,jector.yo Thus, the nh..'lnge of the BiZfl::; of i:he h~.iam 
'• ' ' 

~n tb.13 hl'.rr:!.zcnta.l I)lan!~ can be desorl.be-1 hy th.e ~w:::twr. of li~
o 

na~J.r equatr'o~s .. 
fl z -=- a, Li 'lo ,.. a~ LlA o 

t1f .::::: Ct3 l1 'c.o +a4 Ll Ao ) (8) 

whr-:rre th~ co~ffiolents d,· i 0-c J a3 
1 
a.4 are a~t~1:mtned by the 



= 4 = 

numerical integration from the expression (7)o 

·\ 
- g,!.~Y~!:!:.!£~!--~!~£! -

·o 

The motj:on of the r.harged particles in the vertical plane 

can be described by the differential equation 

m d~f- == - e ;\ 7J- ~l-t?. l )-
d 1./- - C. · _o ·z, . __ _ (9) 

- . 
where 11 -velocity of the p~rt:tcle, )1, -sine of the angle bet-

ween the:'ra.dius and tangent to·the tra.jeotoryo After substitut

ing d t for lf at· the~;quati~n (9) may be written as follows 

-.;it +cC7::::r'iJ--l "'2. (. - ¾ 

u 0 (10) 
I dH::z. . ·{ 

(\. :::::. ~ ,\ . .,,. .. Q 
- d 7. - · liof.o 

where 

·Dividing the trajectory into parts, for which 4 ~ Con5,t , we 

-, can easily obtain the solution of the equation (10) in the form 
\ 
\ "'' ·1'..,,: 

i - I -r . - ·~ - r··- / /-- \ . 
· ZK I Co-5 \JG\..,, 51 Stn\Jc.L., $, .: V dv,, 1 -

_,:::::: ., - •. , '/ I { 

'\ "l ~-i \-~ S~r1\fZ
1 

S
1 

Co~ VJ..,,. s"· / ( -. '. 
G-, r"\ ·•·---- s I II- \ I :t ' 

'/ (,O 5 :, d.,.g ) -'< S j n \[~i< ,'< ;'
1

\/ d, K 
1 

1 , •• 
0 

: 

' . - \_/----, / -, - r·- - I -- i _· 

- ' .-'Jcl;,:. Sin\J.KSJ< coSvc;{;.;,; S.1\ .·i,_)<)') 

where 7 0 ,·z:~ =- (d::. 'ds) 0-init1al conditions at the input; 
I . 

z:K·lcK.:..initial condit_ions fo_r (K + L) section of the trajeot~ryo· 

(11) 

. . 
The equation (11) allow to: determine the geometrical si-

zes of the beam in the vertical plane along the trajectoryo 

' I -
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II-~ · Motiori of -the ··ch.a;g~d · particiei ·;i1i'azimuthal-symmetr1.;. · 
- - - ~·- - - - - --~ - ~ - - = -·~ ·- - -~- - -·-·~ ~ 

• .. cal magnetic field in the · presence o:f per~u,rbat:i:on . 
~·- :._ ~-~~- ·~· -=-°'"-· ··., .' ;·~-~ '~ - ··,_ ...... -e~<.,- ~ - _: ~ ·-· _., _. _. --

We :c_an :Writ~; the .differentia:l. equation,- descril?ing the tra-:- . ; 

jectory. :of ·the :charged:. p?rticle :in. th~ horisontal 0 plane as fol-:· 

lows . '7..-2 + 2 •r./ 2 - Z 7, ,~_ 8 H ( 7, , 'f) 
( .... c'~ + 7/r:. )312 -.-. . . C p 

(12) .. 
-~( _.. 

H (rl.>f) . -magnetic field stren'th in the pre-

. ... .. . 

sence of:perturbationo To make th~ analysis· of motion. more conve""'.' 

nient let us determine the mean trajectory as one the perturbating ·.· :.·::.-:. 

magnetic field along which is equal to·zeroo · 

Applying the coordinate system connected. with the mean tra-, 

jectory we can?. writ_e the equatfon (12) .in the form 
~ _llh: _d...S.1)2- 1 lr _g_:_~ (iL9.9)2 + d.£?.cz _d_:?;,; ___ JL ·(·d52.)~ . . _ , 

\dSo d5, d5; d$ dS d5 dSo dfr 'J ..:_e!-{i,('?.,Si 
. -----.-- ------. ,. .. ·---=-c{~7--- ----- -· ··--- ·-· .. ··.---- .. C p . 

' . ·. , ·· . ~\Jf. ~dSa ds)· '' 
(lJ), 

whe:re :t~~ · pfir~met~:rs,.. _So/to 
'~ ,,.. ~,- ' . ,. ·. -.- , . ; 

.determine the mean trajectory and 
I . i · 

, ~ - . 

. . . .:· .. ·_ (-' -~ 

S , i .... the c ons1dered one. 
:{;~'.'{:·~ 

By expanding the magnetic field in 
. ~ ' ., ' .. ,, -~ .. 

a range along .the mean trajectory and limiting by the first terms 

of expa!ld.ing w~ obtain 

: L:-1 .(T S) ~ 1 I .( lo S ) + 1\i~q_l:!.,~J. f +(1 Q./-f ~j\. j io . 
. . I t 1

. . r t: l O a'(, j So . as :.--;o ) 
_(14) 

where f = ~ - Z 0 L} 5 =- 5 - &/: 
. ' 

Further we will consider small deviations from _the mean 



~~ t6 ~~ ,, 

traj~_oj;_Q_:r;'Y:,:\~P.-J.t4~:.t~~Jm,µ~E,_a'.t::.C!:=1:.~~,n~~p~,;·:,~:tril~.-e ::J\~ltii.:g-9.~A~Alf~~~.on 
Cf < .. i~ ·: ariii' ~(ol-jla'l rs~·->> (d Hfas) $~ :··· .- _., ~- - "- - ~ -· - "" 

" .iYO 3: :j £~.(f ~)jj' J ~j !:} (f :t O D :)ff OE; t) '!(t ·:5 ri ~t ·if r· £,, [ ·~ l J1 f'"} ;- .,.} ~1 (t·,~l :.7Jf1 r ~ ~ 
·- Distingushing. the. curvature. o·f :.~the ~nie.ari: "tia.J e,J)tOJ:.'Y from· the 

equation <_12) an_d neg~eot1ng the terms_ of the order ( ,: Y- a«.ifff 
we· c·anc;:,ob't'a!1n°'r&f!'fe:r'e:rit1a,,1).!'e\fua.t·iorfJ:f6r\•:mot"ton cof cha;rged.Upa;r:,.;;;· ~ o 

ticle°J~':tn ,?the'[:lid~1d"6n'.'f£1"1pra.1ne':(1ior-1t,11/roa:i1eEi of·2sma:t,1 :a.'e'v.iati'on :J':Jf: t 
~ ·~ ·1 ! •• 

from the maan trajectory., ·· ' ' '\ ~1 

~-·~ i·:>:· :) J. 
,·, 

(:lfJ<-_p d.P . o (o<.. + () = 0 
-, +. ; .. , .+.)..; :, re, ( • . :J ···••",'1'trd-'·S ~ Lt d C:a: J ..• ,, ;.) '· .... ,. :· . ·~ ~".:.. .. o V ~:;. 

whe??e'"HO'.) _.:~z);afb'ig:i~Jc .[.ii!:'(.,_.()"Jato' 21··; _01 ,.nnJ.j 
t· .: .. _i .: ,: ;:~t,. (· ~f:- ., .. o.:.,, .. -r ,,_ ·;, -F ., ,~. ""'r~._., . . -.. •. ,.. ,·- •. ~1. ·~ •• :~ e-~. • _, t _.,_ .. ,_ ,,JL, ,, .. ,dso,, d-Sd ,,,,, ,,,,,,, d,sJ, ,,_,,,,,,, '·''"' . . . . . 

·,t:15) ".', .. 
d \!-· ~ , . , _ ~!, l} 

,,". 

!) C!J 

£) D.t· a('! 

J·0r 3~ Ci 

· d.- e (dHa\ 1· ~t·'·'·"'~divo_:2!:JDJ.,o ~~.t ~-.t 
... _,,-·,.:· -:::-:-,cp-10mk ),--.,d 5, )--<··" "· ,. 

,, ~-"' .\J ••• ~ . :---::. ·• c.-.~ ,...Jo .'.a, •• ;_! -.~:: ,. ,l,,. 0 .i,{,1 ~J ;.) ~ 

""' ,~. 
~R ';) 

{ . [ (d..., )~1 c ·"· ·de...,.. •·. · t"(;.JQ .)2.,dc. '7'.. · · 

C:.·o 1- d. ~: 1-~~z_2d-~~cOL+'3; .. (,.Id', -•·-sfj•O' :,!diji~-o.:'.,➔ LJ .. c_,:J/''.i'.\:E~-r,;~~ v . . o , ! o . .. o ,. .. 

0 ( ::- ... : . . '"i ( 1- (d rz,¾J s· )2 ]7:'-.•· 7~--~:: ·: . . . . :.' ; , c :} -. ", 
, , .•. ,. ,.• 0 ·: ,j . O ·:, .. _·: ~. \'• '\\ , : ·. . . . 

, p -momentwn of the partioleo ·If the coefffc'ientif satisfy the 

~} t 

: "':' ·:. ~ .-_ ;." , ... ·,·_, .,-.. ,:· . , .. ~-~; t. ·+'"~I'' •• , ·:1.: •' \. . •:. ~- ,; , •' ,, • .- · 

:ip.eq~a~~t~,-' p:Srna,x (<:J-''' and:di,:t'<~'~.:l ,,. t11e·c·equ~ti~b.m(1§l g~ 1Je?1{'.'.' 

'writ{e~·~·:1.ii:rtjJ.'~sf~f~ _J bn.;;q-;i::b .,:·;n<) .t::iro;,:.i~ .:t 

G Ht ~:L f) J· ~f} ~; ~.t ! o. --I ,.,,· ~~\ ;. J (~ i_':Y t r~ i 

J~j + ;·p· = 0 . ----a 
O So -, 

· :Ji\7)n1 ,::;r.r:.t J1rr~1~t .. g .s~-i.r:cG"X /:J 

G ,;:,;.. U :y :::'. t··· r., t') .;;:,·c16' )-, J:-iG''::t"' _,,,,,,,,,,...,. 

The motion of· partio_les int ,the verti~~i;· pl'a.n'e may be. gi-
("tj.C) , ... 

ven by the analogous differential equation·, 
,._· 

rt_;~\:~;:': d2., , . . fj!:,,i (' '. .... ' ' . 
d s i - J- l '!:.. 'rP'"' " ,1 . ~:£H ,,Jf!{) r; f '\:·,( :._;, ........ ·• 

.. ~ 
,J 

(17) 

·; 



::Tiik ;j 8£tainJd ;}equfi t:tHR~£(16 ). -.I and l.(i.7)'} alio\V'1toXce.lcfo.f.,.te 
thJ.s eiiJi~tr:l'.c~i ~)&i~es '.Lof~ th~dl)eamtrin iltiiiimag.nJt±d11:fie.ldi':pa:r.;;_~d J "i () 

'3 <"f JI .. O!J ~i·r;:~;ffl(~2:•:J ._., .. 

The estimation of _increasing the average·density was 
,/~10/YF,:~~:rf>•f•TS . 

performed by comparing .the cross-sections of the extern~l 

beam in the.absence of presence of the focusing magnetic fieldo 
Xii) J:~; ~)""f }1l.LL::i'··.to·-,:;~-~r:ro.::t ~:- li ·J ff,! ,, h!.··} :J (::: u f.tO f;~ £3."/; l:.1.I n.r ;1 ;1 r;J: iJJJ !) (} ].· (1 r'f r~e . . 

The determination of the cross-sections of the hea.m and the choi-
••• .;,_;:-:,_)_-,~_.,1_,_",• ,·.·r.•.· .. 'l~:-r ... '.'.- ,_._r_·(•-, (_,._.·_· .. ft:;,fl', ·'·:,rt+ ,r -~ ;· F~- i·., f~·, j.•::'.. ~·· ; .. ,z." ~c,,i-~ _, ,·.,.. • ! ,~·, .J: .. ,.~ .... 1=· , ..•. , 

• ~ ~ • · ... , ·- ~ ~ '-,:; .. >.;' ~.' ..... : .• ;'. .• i;' ~!,:. '.:..:~L ..t •. !.;_. __ ! -:-:i.n_._:~_.L>ili; ¾.~ .. .,'.e.0.J,};_.i:J,...f) :.J {J:'.)Ll-j :3fi.J' .I.n 

ce of the parameters o:f the magnetic field per~urbation for the s:tx-
;_:: ~~ (1 •':t;J il ~:"z ?; r:.J~L·i•,~· r{n .J t:; \-/;::1 J i ;:~ f .. ~J o/ IiO ,.t" ~; ;,;-.i":(1-.r:t.~_i. ~\·11 n fJ r{~I.: ,::. :'.r ,~_r::J 6 '1o :-: ~:~ t' 

metersynchrooyplotron was performed by transforming the areas 
(·SJ J:;f'J:.n ('.t J ;,,~--~:::{.;Jftr .;- :t ~-:1_'7.7f;~~J\~~"::_,'-r~--:·D ~"';n.]'r;r{.f'~r'i::"( n.1t-,r.. ~--;. t·~ ::ir~·o ~- --~ j··,,.1,~, 

o:f initial oond,itions in~ hori~ontai.-andc.,vertI'oal~, planes·,,, .. _,,'•·-"• 
~-~:-"tf~J.o\:,,~ ........ 1sc}Jt ~1,1·tJ I1.t. :i_er!-:.t.bs 1r:} 1:1.r:::-}·"··1 ·:Jix1.;:J·.-:~•~·).{J:) ·v~.Lf~d·s.;irrJ::~:()~~:rrtr .. c •Dbl:.r:~o~y,·: 

along the trajectory of- the beamo The area.s of initial" oonditi= ,C 

0 :JrtOU1f)J}~;· .. r:~'f/_:r.£; 0I!.L(~.0()1)~l: aiiJ ~1() tl(}-.t~f~!J·~i: T{ffl 
ons at the input to the perturbation zone were obtained from :·' 

..-... ~iJ,nrn :y~,/l''l.ixv~1:!:.~::jJ; ·:tt1 G:g.cLt":".r "{/tr~:-::.;J5D-:)rz t}.t.i:J- rr.L.i3:.1-t.io ,J:J- ~··1:9f1~:?:c~ ·rt-L 
the oonditions .of the maximum geometrical opacity of the magne-

·~;:;:;~,,tfti:J_J·.::i1~~.o{.f J ·,n~~·,:Li~J~~-~tf·..ri..tJ~tDt~. ~}tiJ· ril .,i:J.t::;!·tsf: b,[i·1_t:t 6J7j~t}rr 
tio channelo 

the 
, •J.~Ji.fJ~:.f>Xf ~J · 1:'t r ¢It:J·/;'LBJ.H0!)<.:1 f~ff J- .o·J: 

. The calculations made showed that the optimum of focu-
r:; ::) I J:.t .. :.~(\f J: .. ;:;:}" I1 E-~·~ f.' 1').::;! ~'J. .~~ t:i f; r i/?; ;~\-~7J: J· .f~ .f U CJ. .. ;>; -1 r,~ (f + 0 r;, f ,1/ . ;::: '·_:/ () f[ !.! f~ ~ ;q J ~J 

sing ef:fect on the external proton beam with the energy -~ 
rf;J l· :l ::;~ !Ifi Z2· tYr, J :J .. £1,i ;•1L~ J~~J..--:.r:1 s d' :f" rr t· d. J;:.\ft~/~}J t·1 1) J. t:j J~'J.· r1 J: J ~\ t:1::r,_➔_ J··.,\n -~~-.d J ·i:r, {> 

68Q MeV from the six-meter synohrocyolotron chamber can·be 
~ ~-::!)::i·s,.f(I :JiIDiH{)X!£1Jt;~I'J~i2 7'JJt•.{;:~Jf:)(}~1 ::,fi) J\i ~~.fiO i' ~J f•; .. ;!)(f ;J-i'1'':) 1'[f,)·1·.]: .. t.f) 

obt~ined __ when ?hanging the. magnetic field strength 750;...1000 
.or;t~r;tl t3J:;~~y ~kf.~t-~3J\!)"I:Jf:~ li.[Gj:.1: ni~:J~-1.&I;{.Bffi ~~·;.t{J "·.tri i~"()Jj-}-\,{,t}:)J ;;~·1 ~tJ.i~I' 

Oe/cm iri the perturbation zone with the dimension of 45 cmo 
~ :">.'·JJ ~},t';(J f) ,J (It; ;,j f1 £" t:: ,t ;i ,1:rt;JJ:'.!TI I f:•:L:'.:[f'.t :~!~ {;\ ,:;; rt.c.rn i!n ·r. . .t· wf o ftO ,L J (_[tiitJ r~ f;,(; :) t { J no 
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As.a.result of oonfron~ing the.calculatedcross-seotions 

of the beam ·it ha-s been .found ,that the .external beam. density- at 
;_ , ~ . . • • l • \ • • • ' . 

the distance of 12 om from the outlet and of the focusinga.rran

_gement can be increased three timeso 

• IVo Magnetic field in the zone of focusing ------------------~----------~--~------~~~ 
''arfangement _..,. __ ... _____ c:;c 

. -- ':. , - r - ~: :-: 

The focusing field.was oreated,in the non-working region 
.. 

of the accelerator,• s magnetic field with the help of iron mas-
:, ··•···s • ', ·1 , .. -._ .- • .;· 

ses of certain configurationo Big:j shows the iro;;-m~sses·cross 

seoti~n~ of the, focusing, arra~1g~me~~ o The pl~ts (1f'_a~d t~) 
~ :... ·. ' ~ ' .. _: ;: ... -.: .... • .. , .. ,. 

procide approximately constant field gradient in the non-work-
. .. ' - ~ ~!"' 

ing region of the focusing arrangemento 
. , .. , ' - :. ; . . ' '• .": ;_ -- . - ~ 

In order to obtain the necessaJty range of derivative mag

netic ~ie~d dens~t;··in. t~~°' ,;:·rt~rbat~o~- a;~a ··the possibility 

was pr_ovided ;fqr · cha_n~i~g _the d~stance betwee!l the plates of 

the focusing arrangement without the violation of the vao·uum 
. ,. , 'i < • ! :·.~ ;, ·~»· ·• ·. 

in the accel~r~to~•s cbambero 
L 

Fig. J shows also the calculating·and experimental values 
.. ' -~ . ·-:-; •. ".-,,., : . 

I of the _magnetic field strAngth i.n_ the perturbation zone with 
, ~ ;:_. '. ~-, ··~ -~ ":· ,_ ,.~ . ·,.:--~~ :1 ,.:..~~-- ·• 

different posit.ions _of t4e focusing arra:ngement plateso 
-;•• "l. ';, • '" .. , , • 

The calculation of the magnetic field strength was based 
• • .; • ,1 ,, ';. • ' -

on the assumption of iron masses axial ~agnitizing up to satu-

;--

I 
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ration3/e The measur~~ents of the magnetic field strength in

side the focusing arrangement were made with the help of a flux-

metere 

The correction of the magnetic field perturbation in the zo

ne of the last orbits caused by the plates of the fo~using·arran-
, . ':. 

' 
gement was realized with the help of shims (the plates J, FigoJ)q 

The measurements of the magnetic field strength in this region 

was made with the accuracy of Ql<}h by the di vice, which employ~~ 

ed the phenomenon of nuclear resonanceo 

The general_ scheme of accelerating e:x;terna_l proton -be.am , 
, . ,• • . .....•- ,t,t '.I <:i ":' 

from the six-meter synchrocyclotron chamber is shown in Figo4e 
·' ' , ~ _·, ,; '.. ! '"- I : 

C . o n· o 1 u s .i o n 

The expariments made at t·he six-meter ~ynch2·0:cfold't:r';6~1 • 

.showed that the m~~tioned foc~sin.g arrangement 'aliovis' i'b 'fn~· 

crease the proton beam density 2 ,s-J times o The ·~-ea.~~eirtierits ''of 

the proton beam d~nsity were made at the dist'a~·6e 'or' '1£ rrWters 

from the outlet end of the focusing arrangement according to 
6 6 . 

the reaction. C12 (P) P, n) C 11 ; 
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