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j);lr;l l ) ro(~sos ( I ( *  t ~ - a ~ ~ s f ( * ~ x ~ l l ( ~ i i i  ( I ( *  I I I I ( . ~ ( * O I I ( - S  i~p;il-(-i~(Ios, (1t1(- la pc~~(l ic*~~tc ( 1 ~  la ~ ~ r o l ~ a l ~ i l i ~ l ~ ~ l  

( I ( -  I riil~sfcr(*~l(-ii~ ( I ( *  (10s I I ( V I ~  r o ~ ~ ( - s  co111o ~ I I I I ( * ~ ( ~ I I  ( I ( -  l i~ (Iislalicia (*111rc 10s carozos 1111(-I~arvs 

st8a i i l ) ros i~~~; i ( l i i~ i~ ( -~~ l ( *  (-1 (lol)l(~ ( I ( *  l;i ( I ( -  1111 I I ( - I I ~  r(i11. Sill c~~il)argo, la cvi(lv~~(.ia (*xp(-ri111(*11ta1 

1ii11(-sI 1.a (111(* ($11 q i ~ I ( * l i i i ~ s  ( I ( ~ ~ ' O ~ I I I ~ \ ( I O S  ;1111l)i1s p(*l~(li(*~~i(-s so11 co~~~para l ) lcs .  11 ~ s t c  ~ ( * I I ~ I I ~ ~ I I ~  



( . :~ l lk l lu l~ ia l~a rvl~t 11s; VJI hat0ib I I ~ Y . I S ~ I ~ ~ ; I  111111 i t t i l p a r  I I I I Y ? ~ ( ~ U J ~ C ~ ~ I ~  cla lor i ~ ~ i c l t r ~ .  14,r c r t c m  
~la)livo Iris siuc.icallra cbliriicxa t l v  Ii ls rtli~c*c.io~~i~s 1 1 ~  tri~~iuk*r~*ruia dc grotut~~% ~lujrc~~lr!n r~ rCa i  

I 

r:li cule ( ' it pi1 I I ~ J  stw t'CMllllHt'ihll !us d i a  tta c-x l,cbri t r 1 4 ~ t 1  tnlw d~lnlidos cot1 !ori tttadclm 1r6rit-m 

\-igtw tw ,  I':u c b I  t-;I j,iLuJo :l st- tlt w r i l r r n ~ r  ol.rt% 111txIaar rlc 1-cacci6ri dwcrviltirw ua ilstw sis- 

ICI I IHI ,  C'~IIIU t)t:r I '~*HC~~~IICY t'llilsi t ' j i i ~ ~  icar5, r{'c~ttx-io~m de fiwibtl-evaporacicjll y ~ U S ~ ~ I I  -!isi&r, 

rrbitcciouvs dc tritrwiibrn~cisc dr cibrgi~ sckg~~irlnu 1 1 t h  c?vaporariki y rcaccio~les tic ira~lslurctlt*ia 

cjr ~rcutrn~rt*, f l1i um~t:vta ~~iotlclo ~ir-liiuir-i, (drwarl-ollado rwlt wtn h i s )  qtti: explica cxilasn- 

~ t ~ t * i ~ l c  ]its ~ I I ~ ~ J I I I ~ ~ I ~ ~ I S  PIICO#II railibs stm tIt*st-rihtb tb1i (-1 t-apitt~lt) -1,  1,at~ C ~ I I ~ ~ ~ I ~ S ~ O I I C S  ( h a  Iil I(:si8' 

I)~~'W*IIE~III I*I~ {'I ( ' a j l i ~ ~ ~ l u  5. 1111 1 9 1  ( ' i l ~ ) i ~ l l l t r  Ii H' ( B I L ~ * I ~ ~ ! I I ~ I ' ~ I  1111 B~GI~cI~<*I~ qrle ilkm!rnyim l o ~ r  

aspt*ctm l> i i s i t~ i~s  ( I d *  jib r i~ t~~~\ i i I . i r i~  11,  lit^ r iw t * io i~ t%s l ~ i t i t ~ r h ~ ,  ilc It1 diq)crsi&~r t ic I{ 111 htnrf(~rt1 ' 

y c l r  la ltr~riii cltiilii i n \  ilr c l  i n l r t w i c i ~ ~  lraar 1111 pcd ~I I I '~H!  t~hl~lral, a IOS ~ I I Z ?  I~~trclnos rt!fi!rtwria 

rh l t  lit twis. 



Capitulo 2 

Reacciones de Transferencia de 
Carga 

1 1 i i i ~  i ~ ~ ~ p o r t . a ~ i I ( * s  II(, Iii (Iiii i itii i(.;i (I(> I;I ~.(>;~(.(.i(i~i. 1'01. (*st(> itio1,ivo c l  cs l ,~ t ( I io  c x p c r i i i i c ~ i t a l  clc 

!as r(* i ic.( . i~t~es (I(, 1 ~ , i ~ s l . ( ~ ~ v ~ i ( . i ; ~  I . (~(~II~(~I.(*  s i s l ~ ~ ~ i i i i s  (I(* (l(~l,(~(.(.i61i (I(* nll,a rcsolt ic i6i1 c i i  (%~icrg ia ,  

(.al.ga j. i ~ i asa .  \ ' ;~i, i ;~s 16(.iiit.;1s ~ ~ s ~ ) ~ ~ i ~ i i ~ i ~ ~ ~ i l  i~ l ( ,s  I'II(\I.~II ( I ( ~ ~ a ~ i ~ i ~ t ) I I a ( I i i ~  ii l.al (~fc-cl  (I y cadn t i i ln  

(I+ t * l l i ~ s  ~ ) r ( ~ s ( ~ t i [  ;I \.(*i~l.i~.i;is (-11 (.i(,l.l ;IS ;ilxb;~s >. ( l ( ~ s \ ~ ~ ~ ~ i l  i1,jas ( > t i  o l  ras. 

I,os sis l ,c~~i; is (I(. clt.l.c-c.c.i61i I);ls;l(los (.ii t l ( * l . t ~ . l o ~ . c ~  (I(. I)iirl.c-rr?. t lc  siil)crficic: (I(? s i l ic io  per-  

111 i l . ic - ro i~ ol)l.(!~ic.i. 1111;i 1 1 i i 1 j ~  I ) ~ ~ ( ' t i i i  I.('soI ll(.ici~i ('11 ('tlc'l.gii1 [22]. S i l l  c i i i l )nrgo (*st os tlc(.cct.orc*s 

110 r(>stt I t ,al~ npropi i i t los l)ill'a. 11;it,(,1. t i i c t I i ( - io~ i (~s  t.(~~ii l)o~.;i l t*s clc i i . l la prccisi611, i11for11laci611 (11i(~ 

I i n  l i  I I 1 ;  i I I ~ . I I I I O S  l ~ i i ~ i s t ~ i l o s  (2.31. 

fails l,&tviicas (I(- ( .oi~i( . i ( l (>~i( . i ;~ ( . i l ivt i~; i l i ( , ;~ 11;iil si t lo ~ i l ~ i l i z a t l : ~ ~  CCIII 4 x i t o  t ~ s p c r i t i ~ ( - t ~ t o s  

t i  o I S  i s  I i S i  t l o  > ( 1 1  I I ~  1 i i l I ~ l i i i i l l l l l  1 1  [%.I]. 1111;l 
( I t*sv(-~i l  a.ia t l ~  ( * s l ~ *  i i ~ & l o ( I o  ~s (IIII* 1111 i i  1)11(\iii1 i x -so l~~( . i ( \ i i  ~ I I  cargn, y i i insn. s(i1o p i lc ( lc  o l ~ l ( - i ~ ( - r s t ~  

l ) i i~ .n  ~ i ~ t ( 1 1 i i i 1 ~  l i \. i ; i t~os. 

191 1i1 ; i c . l i ~ n l i ~ l ; ~ ~ l  1;i tiiil!.~)i.i;~ II(- 10s sislc-~~i; is (10 c l (~ l (~ ( .c iO~ i  111.iliza.ii ii1g111in (It- Ins sigltic-ritcs 

t ( ; t . t i i~ . i \~:  





rcsoluc.ici11. I.:sl(* s i s l c v~ i i ~ .  c l ( * ~ i o ~ ~ ~ i ~ ~ ; i t l o  "1.ictiil)o t l c  \ ~ ~ ~ c ~ l o " ,  cs ta  const r i r i< lo  e n  I)asc a tlos 

tn~il l i l) l ic. i iclorc~s t lc  (~I(~*I roil(-s c.oloc.ilclos a tic-1.1 a t l i s I , a~~c ia  c n t r c  si, qr lc  1)rotlrtccn l i t l a  

sc i ia l  nlily r;il)icla crraliclo i l l l a  par1 i c ~ r l a  10s a1 ra.\licza. Los  m i s m o s  r cqu i c ren  muy ' bucn  

vac io  y 1)r(-sc*111.a11 la  (ICS\.(*II~ i l i a  CIC (~IIC IIIICIIRS rcsoluciones e n  m a s a  sc o l ) t i encn  a cos ta  

cIc t l na  ~)c:l.clicla tlc i u g t ~ l o  sciliclo. 

I 2.2 La thcriica de coincidencias particula-gama 

ICII m t a  secci611 sf* (I('s(.~.il)c- l;~ 14(.1ii(.;i (*1111)1(*;1(li1 I)ilr'il c lc tcr t l l inar  la c a r g a  y la  masa  cle ' las  

pa r l . l c~ i l a s  t r a~~s r ( -~~ i ( I ; l s  y sv (Iis(.111 ( q l i  los ~ ~ - s r ~ l l ~ ; i ( l o s  o l ) l , t ~~ i i t l o s  co11 ~ l l a . ,  

2.2.1 El a r r e g l o  e x p e r i ~ i i e ~ i t a l  e1.1 la c6111ara d e  reacciones 

I t t i  c~s1.c c?c l ) c * r i ~ i ~ r - i ~ l o  sc- 111 i l i z ; i l . o~~  ~)~.o!.c*c.l i l cs  t lc  I * ( !  y "0,  c o n  t l i f c rcn tcs  el lergins <Ic b o t n -  

I~ar t lc*o (55 70 hlc*\: !. 75 !)(I hl(~\:, ~ ~ c ~ s l ) c ~ c . l i ~ ~ i i ~ i i ( ~ ~ i l c ~ )  ol)b(*~l idos e l l  CI a c c I ~ r a ( I ~ r  'I'ANlIAR y 

1111 i ~ l i l ~ ~ c o  r l v  I!".\II. i i i ~ l o l ) o~ . l ; ~~ i l . c * .  c l c *  1111 c3sl)c-soi. clc I ~ n g / c n l ~  p r o t l t ~ c i t l o  p o r  cvat )orac i i )~~.  

a !,;is c-~ic-rgias ( I f u  I to~~II) i \ t . t I ( 'o c-l(sp,icl;\s so11 (.(*r(.i\ii;ls i\ Ii, c3iic~rgia tic 1)arrcra (!ot11o111\,ia1ia, 

1;. (I(* los sis l(*r i~; ls I j i ~ j o  c-sl l~cl io (I< = 57. 7s hi(*\- 1);ira 10s sis1.ctiias 12C! + 197A11 y IC,O + 
'"Ail, rcsl)cc.ti\.iii~i(*~~l(*). Sf- (*sc.ogii) 1111 l)la11co ~ ~ I I ( - S O  para  01~tc11cr 1111 t ~ i l r i l c r o  r a z o t l a b l ~  dc 

c8v@~i los n~ c.oir~c.i(l(*~~c-i;r. Ilas c.ol.l.i(*~~I(*s I ip icas r~ l . i l i za( las Fr~cron 10-20 IIA t l c  ~ )a r t i cu las .  

1 c lnas  clc tcl(*sc.ol)ios. 1Csl.o~ I c.l(-sc.ol)ios cnsl.a II c.otlsi l .r~iclos p o r  t los clcbcctorcs t le  s i l i c io  (Ic 

Scgrin In 1.c-ori;i c l ( 3 l  ~ ) o t l ( - ~ '  l ' ~ ' ( ' ~~ i l do~ '  clc*l)itli~ ;I II. I3(*1.11c ' ill at ravczar  cl p r i t l l c r  d c t c c t o r  la 

'(:llanclo 10s (-y(*cIilc~s SP I~IIIV\TI~ (1(-11l ro (11' 1111 ~ltiilrl.inl, I~IS (.olisioncs con 10s clccrrorles clcl 111relio proel~icen llna 
14relicla clc rnrrgin c i l l c n  1~1rtlr slur ~n l c .~~ l ; ~ t l i ~  ~~tilir:lntlo In tc.ori;~ c.llAt~tica (lrl poclcr rrrnador c l r l  rnrtlio, clel,iclr a 11. 
IIrtLc [All. En c.1 (.;IS,) VII c l l ~ c .  10s c-yc.cfil(.s PCRII i~n('s l~rsaclcn 110 r(,I~ti\,ista.~ el pocler frettatlor clcl medio, -9. ptlrclc 
aproxi~narsc. par: 

1\o11(1e- t1 y Zl son l a  vc~lor.i(l;~rl y (4 1111111(-re) ;~lt;nliccb t l ( * l  proyc-c.Ii1, rc-sprc:t.i\~at~tc~~lc, Z2 r s  r s  rl 11ti111rro at6111ico c l r l  
l)lanco, c y t r ~ .  SC)II l a  mrga y la IIIRS~ ( I t e l  c*leclr('t~~. r r ~ s ~ ~ r ( : t . i ~ * ~ ~ t ~ t c ~ ~ ~ ~ . c .  i t  la rlrnsiclacl alhntica r n  6fo1110.q por ~111' r 1 rl 
l ~o l rn r i r l  clc ionixnc.itit~ tic. los r.lc.clrol~c~s. 111ir11lr;1s clnr -% cSs 1;1 p6rclicla tlr cnergla por nniclatl clc cami~io rrcorriclo 
j'or la  ~)artk-nln cl(~nI rc~ c l c . 1  ~tlc.clio, n 1;1 c111c. R(* t lc.no~ni~la l>ocl(-r rrcv~ntlor. Asi para pnrl.fc~~lrrq no rrlativistm rl porlrr 
frr~laclor r s  invrrsnl~~~.nlr prol)orc.io~t;rl i t In c . ~ l c s r f i i ; ~  clc. Ins ~ ~ a r t i c ~ l l n s  ionizantcs y clrprnelc f~lcrtcmrntc c l r  sas cargas 
1.l4c.t ricrrq. 
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Molutor 2 

Figura 2.1: Esqricrrlrr dcl cirtr,glo cxpt r.irrrc~~tl(tl cti la c.cir~tcrrn rlc I-ccicciones. Los cziudtvrrlos llertos st  
t i f i l i~urr ~nirri sit~rboli=ur. (I 10s delcc.1or.c.s rlc Lnt.rr~r~cr rlc srr~~ct j ic ic yruesos y 10s vciciov sitrtlo1i:utr'ci 

10s cleleclorrs r lc .  Ircrrlsrrr isidii. 

La c6111ara tlc rc>ilccioncs, ~ I I  I i r  (111o los l.cslc*sc.ol)ios fucrol~ l~lol~tados (co11 30' tIc sc1)araci611 

clrlre si), tiellc 1111 cliill1c11.o illl(br11o 1 1 t h  75 c.111, l)oscV clos platos m6vilcs (ell lodo el raago 

a11g111ar) tl11c l)or~~riler~ I I ~ O I I L ~ L ~  ( I C - I ~ Y ' I ~ ~ ( ! S  (Ic \.irriiitla gcw~r~ctria. Adclnis, cs posil~lc ajr~star 

exlcrnal~lcalc I i r  1)osici61i I)li\~~(.o. 1'1 i.ililgo a11g111al- (:II cl c111c 10s tclescopios 1)11(liero11 scr 

tlcsplaxados sill ir~tcbrlir col~ (31 Iraz c,tl(* ~)roycbc.t.il(ss FIIP dc U = 20' a U = 170°, res1)ecto tIc la 

tlirc:cci611 clc: i~~ci~l(-~rciil tlel 11iu. 

I'ara lit tlot,c-c.c-ici~~ tlc la ri icli i\(*i(j~~ c'l('('(.r<)~~~iig~~dI~i~il ~)rocIi~cicla ~ I I  la rcacci611, sc utiliz6 

~ I I I  clelcctor tle ge*rl~ranio l~il)crl)~~ro ( (  :1SRI4O) ( ~ I I ( ~  file ~~osiicio~raclo a I I I I  !)O0, rcsl)ccto tlc Iir 

tlirecciL~ de i~lci(lnlcia del Iraq y ;I I I I I ~ L  ( l is l i~~~ci i~  cle 15 c111 del blalvo. 1.a eliciel~cia para - I 
1i1 cIctecci6u tlc 1i1 ratliaci611 elcclro~~~rig~idt.ic.;r ~)rovc~~ic~rte cle la rcacci611 result6 ccrcalla al 

0.5% y l i ~  resoli~c.iti~~ (YI c~rcbrgir\ fuc*  c l c b  2.3 Iic)\' (lWII1Rl) para la tra1lsici611 dc 1332.5 kcV 

tlcl 'jO(:o. 

I,a corrielllc ( 1 ~ 1  Ilaz tit? ~)ilrtit.l~li~s ( I 2 (  1 y ItiO) ~ I I C  ~i~o~ritoreacla COII illla t:opa cle IJilraday y 

(loo dclc~ctorcs t l v  I)i\rrt:ri~ tlc s~~l)c*rlit'ic- grlltbsos ( 1000 11111) t~l~icaclos a 30° y -30° rcs~)(:cto dc 
l i t  clircccici~l tlel i ~ i t ~ ,  rc*specli\rs~~~cb~~~(*. 1':11 1 i ~  1:igura. 2.1 sc ~)uctle ver 1111 cstluelna tlcl arrcglo 

t~xpt*r i~~~c*~~tal  CII lir cii111iira c l c b  rcbir(.(*i()~~(b~. 
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1:igttra 2.2: Esqtrf 11111 11~1 (-ir*r~~i/i) I 11 r/r~irtii~o tt/i/iz~r(lt~. 1,o.s irth(Iti/os Nlh l  citzplcnf/o.~ jticiwit: oin- 
plifirrrrlnrrs Icitlos (11 1\11'), rrrt~pl~lir~rrrlntr.~ r.ripir1o.q (1"1.;I) (.'oitzptrerlas liitcnlcs njtr.~Inblcs (1,CS). 
(lisrriit~iitf~(/oi~s tr j r . ~ ~ ( * ~ i r i ~ ~  ~ O I ~ S / ~ I I I / ~  (( 'Id'I)). itrtv i..qot~ .Q 1 //Ir IT), coizt~erlirlor (It- l i r i t ~ p  cii oit~p/ilt~d 
(711('), gci~cmrlorv s rlr roirtprro.lns !I t r  Irrrvli~s ((;I)(;), r.ot~rptrci-lns Ihgicns (013) y pirnir~plifi~cl(ioi~.o 
(Irinngtrlos) 

2.2.2 El proccsnlnier i to electr61i ico de las seiiales 

l,as s(viaIcs ~ I I ( * I U I I  l)ro(.(~sit(l;~s (-I(-(-II.(~I~~(-;I I I I ( - I I ~ ~ ( ~  (WI I  l i~icas 1e11ta.s (para las s(1ilaIcs 111-0- 

l)oi~cio~~alc*s (I(* ( * I I ( * I ~ + I )  y rii1)id;is (l)i~rit !;IS s(tfial(>s ~ c ~ i ~ p o r a l c s )  clc ~xio(lo (lr 1(*11er pt~lsos 

i111;tl6gic.os 1)ic.ri c~ottli)~.~i~it(los (sc~~i;ll(-s c. t~ ;~( l~~;~c l i~s  ( I ( -  5lrs y (I(. -2 voll,s tlc alnl)littlcl I I I ~ X ~ I I I ~ )  

i t  1;t C I I I  i.acla ( I (*  10s c.o~~\.c*rl.iclo~.c*s ( I ( -  sc*l i i~l~s r~~~;~t( igic.;~s ~ I I  scilalcs digit,alcs ( / l l l ( !s  Oli ' l ' IS(!  
-22.5!1 ( I ( *  I I hi1 s c l c *  rc-sol~lc.iti~t. I,;II.;I s(*it;tl(+s (Ic j)i~rl ic't~las y OIU"I'(! 35 1 1 tlc 12 I~ i l s  clc* 

rc*soll~c.ii,r~, l)ar;1 l it sc~ilal pro\~r-~lic~iil(. (!(*I (I(-l.c*cl,or tic- g(*rlnat~io) concctatlos a t,ravi.s clr la 

i ~ ~ l ~ r f a s c *  (!Ahl,\(' ;t I I I I ; ~  ( .o~~ ip~~ l ; t ( l o ra  /r\':\X. 

I,a i11for111a('i(;11 111t1l l  ipii1'~111(;I l.i(-a a(lqt~iri(la (-o11sis1 i(; (VI:  
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(lr*lbir%hclcmt* #(*ll(*ri\r ctsl)vt.l I-tw tic* I01 1 t - n l s~ l t *~ .  151 rl cmna) c l r  lor Lrlt~scol,ios rnll In4 pi-i lalm 

l(i y sv l ~ i ~ ~ t  t ~ j t ~ o ~ ~  ( *q ) t * t+ I  r ~ ) s  ~ ~ ~ ~ l i ~ ~ ~ ~ ~ t ~ s i o ~ ~ ~ ~ l ~ ~ ~  ;I p~ r t i r  clc Im rt~alc*s ~ I I P  pnsil>l~ llacc*r 

11 11a I b l t f * l I ; i  tmr1 l t i  II~I('~II ~ * I I  (.;I rg;~ (10 10s (wyv[-t.i kbs, 

le I ' i ~ ~ l r n  2 .  I .  s s t  1 A y 1 ,  a 1 p i  ! + . Ell 
1.1 cssl)t*rlro A l:', sf. ~ > l ~ ( u l c ~ ~  al~~.t*c. i i~r c%n8~il t* clc clili*rc~ll.r Z r u l n q t ~ ~  toa pic03 IIO rni.in hinl 
s~j)ara(lon. li,Plc* 1~1~oIJn11rs  ~ l r *  n*sol11c.i611 n m  d-l,itl{~s a1 rapawr clrl Uasm {*I,  rl raal 1.5 

] ~ f i ~ t ~ ~ d ~ ~  iif ~ l l f * ~ g ~ i l  ~ l l l ~ ' ~ ~ i ' 1 ~  ]h*)?,;lr i t  ~ O S  :! ~ I C * ! ~  ( { > i l ~ ; t  ~ ) I ' ~ > J ~ ? c ~ , ~ ~ c s  <lc l2c! a Elah = 5fi hlpv) 
tlc~rc~~~tlirt~cl(~ tIt*I lug i~r  r l o ~ ~ l l r *  st* ~,ro{ l l lu .n In rolisicirt til~rlea.r dc~ltm clr In b l i a  clr InAll y 

IXN* r s l r  ~no!.ivr> irjs c*yc*r.i.ilt..v I r o  I i c * r r c * r ~  Irrr;! cqr~t*rgiit l ~ i c * t l  c lc f i~~ i r la .  Arlrtnda cxistr atro r i l ~ k r ~  

tlr it~~porl n~lrin i v r l  in ~ ) F l r l i ~ l n  tit* r*l~tmrgb t.i~lEt.ic-a : I ~ t l i t  rra,cciSt~ I ~ C  10s cvn110s agrt~pa~lm m~ 

4 i ~ i ( - o  I I I ~  i111 porl-:~ II~P ( v ~ r  V i y  riis 2.:4 [ Ixq~~i(*rd; i ]  y [IIrr~rl~a]) c o r r c s ~ ~ o ~ ~ ~ l ~  a r ~ a r r i t ~ ~ ~ m  

tlr t~aril,aridll ( ' ~ r v ~ l n ~ n l r i n ~ ~ i l .  t.11 l i ls  r p ~ t *  sq* c*aril i \ ~  glnn{los dr liCrla(1 il~trn~us c l r  Ion ~ l i l r l r n z  

n ~ ~ x l w ~ l s i ~ s  (Its 1;1 rnr-rg1 ri116l i c a  c L . 1  111ori I l t i t * ~ l l u  n*lal,i ro d~ la! i n i s l ~ l m .  hias  p+rctidns dr 
t*tlr*rgia I-iii6l.it.n ( r~~t* t l i .n  stmr ntlrl 111is i l n l~ r~ i ' f i ~ l~ l . c *s  r l l l c q  las 1dtl ida.s t1cl)itlas a la iottizscido dr-1 
r~lc*cl i t , .  l'or mt (IS ttrcltiros rlo tar; lrosil)lr* 11;1i.t-r 1111;1 llltrlla srl)amiil~\ c11 j! t~tilixrtndo rada 

11110 tli* Im (*spt*tI ros ~ I I ~ I ~ I ~ ~ ~ I I ~ ~ I I I I ~ ~ I ~ ~ c ~ .  



AE AE! 
I 

1:igarii 2.4: l : ' s / ~ c . l ~ a s  hi-clit~rettsiorttrl(..* -1 111 -llltI 11rrrcc 10s sislc rrrrrs 12C' + '"7/1u (El@* = ti-l hlc I' y 
= l (is") [I:cluic rrlri] y '"0 + I!" ;I tr (1 : '1 , ,~  = 90 .\I( I' y = 168") [De~rclrre], i ~ s ~ c l i c ~ c c i r r c i ~ l c .  

'1,res :atlas ttttis usc.icrris tle l os  (spc c./rnh (r~orti~)r.ir~tirlos r r  128 l ~ o r  128 crcirccles) so11 lau rrgioires dc 
ttrrryor tlc~rsitl~rrl (it (i~c.ttlos. I,OS t~iittrc I U . ~  ittrlic(trr I I tltittlei-o uld~trico Z ~ r s ~ ~ i a d o  u carla g r u l ~  dc 
~~ct . l iculus 

~!olao ~rltrc*st.rit la I:igura 2-1, ens l)osil)lcb i~~tl(~l)c~~~clixal.sc clc la l>drdicla tle resolt~cicil~ ora- 

.sioaatla par lii cl(hgratlaci611 tit! la o~~ol-giit CII  1'1 I)lill~co 31 1)or la transfcrcl~cia (Ic lit ollcrgia 

cil~Ctica clcl ~ ~ ~ o v i t ~ ~ i c ~ ~ t o  rclat i\.o ii grirclos tlc lil,c~rli~cl intcr~tos tlcl sisten~a (cxcitaci611 (~oulo111- 

I~ialia), l>rescr~tir~tclo la i11for111aci611 c.11 Sori~la (It- llistogratl~is lidimensio~~ales EIt-AE. E'II 

acliva clc 1a111ailo Illityor cllle* los tle~lc~c.lorc~s (11. I)itrrcra tle superficie utilisatlos 1ia1'il obtc~lcr 

Ik seilal clct lilt. :\tlc~iriis, c l a ~ l i r  l i t  p,c~~t\~cbLrii\ c I i a 1  arrcglo experimental, los dctcctores AE 
cul)riaa 1111 iilrgt~lo scjiitlo Illayor, tl(bl)i(lo i h  l it. Ittayor proxin~icla.tl a1 celltro cle la cilnara 'Jc 

rc~i~ccioncs (It: cbslos. I)c! estt:  lotlo lo c n ~ i s I , i i ~ ~ ~  I I I ~ I ( ' ~ I O S  cycc'tilc:~ c111c ~)a,sal>an ])or 10s tlctcctorcrs clc 

tra~lslnisicil~ pcbro (111t: 110 II~g"l)i\t~ i\ ilt11)itt'hr C ~ I I  10s (Iebt!~tor(!s El(,  Y SW 10s C ~ ~ ~ C ~ O I ' C S  A# 
los I~abilititclorcs clcal s is te~i~ i~ tic atl(l~~isic.ici~t, t*sli,s t*vc~lt.os tic:l~e~~ Eli = 0. I<II la I7igura 2.4 

(Ixcluicnli\J p\~c*clc*lt clisti~lg\tirsi- los c* l~~t l lc~~~~os Be y B (% = -I y 5 rospeclivatilente) pro(lucitlos 



1,or ra*at*t*io~~t*s *It* s ~ ~ r i l ~ l ~ i ~ ~ g  ,It* p ;~ r i  i t m ~ ~ l ; ~ s  t.;trfii\(l;~~ 111i(*1iI~rax quc PII la Figtirit 2.11 Illt-rf*t-hn] w 

clistillgurn lrls r l t * ~ ~ w * ~ h o w  Be, 13, C y N ( % = 4. 5.  (i y i ~uvqwctivatnc~tlc) qt~r  tnmhi6rr cat i n  

asorinrlm n ~.c*;~r.r-it,rww (I(* sl rilrpi~lg r l r  r i ~ r g a ,  ~ M V W  110 w n l>sc rva~~  rvrtrt,tn cal l  caran tt1ay)r 

111 clcl ~,ro~r(*(-I il, 1,t)s CT~-II~.OS t - r l t ~  % = 2 (He) SOII pnr i  irtllm evqmrat las q l r  p r o v i n ~ r ~ ~  cIr 

rrlzr.c.iorltw tlrh f t r s i r i ~~  rval,r,rar.itir~. I<II ( 4  tni txtr  (It* 111 rrnc.ririn '*C + '"'Alt, no ta ~~mil>lr qur 

r*xisl.an r vc~ lbos  (It. % = ,I, ~ ~ r r n . t * ~ r i r * ~ r l ~ ~  iIt-1 c r l l ~ ; r l  t i t *  rt*;lrv.ior~m dr I . r a ~ r s f r r r ~ ~ r i a  r r ,  clrl,icto a 

~ I I ( *  61 ~ t ~ i r l t v ,  ' l l t ~  [ t* l  f r a g ~ ~ t c * ~ ~ i o  ti r i ;~ IIO (.III(~~~(*II!~~ c l ( -  lit rt*;1cri611) m ~I~.~I~IPII[P i t ~ ~ s t . a I d ~  y 

&rat* tsft rim pa rl { r l ~ l a s  r1, 

lm ~ y p w ! . r w  4t*111poralr-s ('l't\( !) q t ~ v  ~ c *  ;tpw(*i;it~ {*11 la P;g~~ra 2.5, t1111~stralt 1111 ~OIICIO (It- 

r o i ~ ~ r i t l r ~ ~ r i ~ s  4lns11a k-s clrhirlas i t  111 dt.a Iasa fir tnl t l .njc gatnrr (- 10 k l~x)  y ~III pico p m t ~ ~ i ~ ~ c r h r  

(I:\\711 hi - 50 11s) nstwisrlo n ~ * i ~ a k * t i  Ri!lll;l (*I\ ('oil lr it lt*twia r r d  colr scicilalrw r l r  pnrl ict l l rs. IS1 
a~wr.Itn r t r  lm pit-trs t 3 1 i  rt*ln t.iol~;lalo roll ( 4  I nr ~ l n i ~ u  t 1 ~ 1  clt-l~ri~or (le g r r ~ n n n i o  11 t ilizaclo, tl~hiilo 

I 

, a qrnttS PI ! , ~ P I I ~ ~ O  t I{* r o l t * v r i t i ~ ~  t.;irgi15 ~*I I  11 11 tlt*kt*t+! ()I- t lr g ~ r t t i a l ~ i n  t l t * p c ~ ~ ( ! ~  la pmic;hn i8n 
la c l l l r  rrr l ,mrl~#.r la ir~trr.nr.r.itil~ rlrq l a  r i rr l i : r t ' i l in gnlnn colr PI r r i s l~ l  tlrl iIc!,ccl.~r. Ira ra t l i nc i k~ l  

~ I I I ~  tlv lm j 4 1  t-irt-rgia xhI(> ]r11(4t* i ~~ i . ( , r i ~ t -  t t lnr 1-11 la  11mgi A I ~  pt*ri i&rica (IPI (Itbt,~rI.or 111i~111rasi (111~ 

la dr t~~ayor  t't~r'rgji~ I)II(*(I~* 11nr.c-rlo r-11 r . t ~ i l l t l ~ r  k.1. OIIII~O tlrl cl.istn.l. 1)c eatc tuorio la sldiat.ihn 
rlr hajn (*~lrrp;iit t ic*irc- 1111 [.it-rriyw rlr* r.rrl~v-t-ih1 t l r  r.alqgas lnayo~., 

1,a Fig1 I rn 'I.(; 1111 ttqxl.ra Itw r-spr*~.( r t ~ s  R;I 11111 I)AT;I i11nl)i)~ s is( .~~l tas,  (101ttlr ~IUNICII RII~PC~A~RT 

~-I;~~;IIII~-III.(~ 1 ; ~  I r;tt1sirit)t1w 5 f P  4 :ill+ ( A [  I + I  lrX,1TJ) y 7/2+ 4 3/2+ ( 1 ~ 1  jlficlw lw?All 

tw l l  t l~n-rgias I:', = 'L'i!I.O y 5 15.5 kth\'. n ? ; j , t ~ . l ~ i r . ; ~ t ~ ~ t b ~ ~ I t *  y l i ~  l r i l t ~ a i r i t i l ~  E2 2+ -+ 0+ n1 rl 

, ~~dr l imo ""lip; IIV (*rltqy'i~ I:', = I I l .S kt*\ '  [ti]. i \ s t ~ t ' i ; ~ t h  s r r . n c . c i o t ~ ~  dr I r a ~ ~ r r k r r l l r i n  dr 1111 

, ~~rcr l  tin, ICsf as I r;~ l~ric.io~tc*s. jlrrr I (1 n l  1rit.u r;~rrc-It*risl itat) c l r  altit lailnt-i6it rlrt-t r611 pmi t.rrin rk 
+t~cmrp;ia 15, = 51 l kt-\'. r lo t l r i l t i~  II (4 ta1)r.t.t ro fin ln;l r L *  1;1 nmarri611. Ida I.'ig~~r+t I.Ga t t lurst ra 

I t o  t I I I  I I ;  i t  P.Ii l) rtf, ~~uc-stri l  y CB c1~Lid0 a IIH r0rrilliic11t.0 

c l r  1111 trr~ll)r!tl c h l c m c - l  rilnim. II i~tlo qlrt- las t*lt(brgi*ls t lv la$ k a ~ ~ s i r i o ~ ~ m  de i n k &  a o t ~  tnayorcs 

r l u r  r l i r l to  ~~rt i l ) r ; i l .  4.1 r c~ r r i l a i rw lu  rlc-1 I I ~ ~ S I I I ~   to oc-at'io116 ~n:nlirla algltrrn tlr i ~~ fo rmar i c i t i .  Ida 

t:ig~tra 2.7 ~IIII~?;I rr 10s ~'.9~(111*111i1~ rli* ~ ~ i r v l t * ~  s i~ l lp l i l i ( ' i t i l~ ) r  (It* Im u i l c l m  y '!"1'I, r n  I~M 
rlttcp sr rlr*I.allar~ li~s I.rnrlr;ic.iotrr*s ol,sta.n~rl;~s. 

I ' ~ I I  1.1 objrt o r l r *  r*s t110ia I. Iils n.;lr:cicm~*s rlrb stri p p i l ~ g  clt* IIII~C y tiox mrgrls, ?itu (P)IIS~PII~~*~(~II 

, m[~*rI ros ga111a wi t l r i { l t * ~ t r i i ~  ~ t t  10s t*ytlrl ilw (It* B (N) par  1111 laclu y B e  (C) par otro, 

1);br;b 4-1  sisiv111;1 I2tt  + "";\t~ ( l " 0  + I!".\II). I ) ( *  (%If* IIIO~IO ~IIP j)<mil)lt* v ' i t ~ ~ i l ~ a r  i.o(lo (*I 
f(111tIo tId~i(lo ;I l a  t *~ tmi I . i~ ( - i t i~~  ( !OII t o ~ ~ ~ l ~ i i ~ t ~ i t  t l t * f  1)1;111r~o jB I.a11111i6tt clc* lm o t m  ~rc~tittcIus (IF la 
rt*a(b~.i(i~l 

Ida l ? i g l ~ r a  23;1 [I\ rriha) I I;II~*S! ra (*I t ls l~c~l.ro g;~ I IW (it1 r o i ~ ~ c i ( l ~ ~ ~ c i a  roll vywtilv-s CIP B, 



12igura 2.5: fhp c.lr.o.s tlc 'lIl(! yclru kr rr rrc.r*ilirr ' + l U i ~ u ,  = 6.1 Ale \/ y = l(i86 [~zrluirnlr~] 
I y lxirvr lr rrtrc.cilirr l 6 0  + 1'3i.,ltt, = S.5 .\I( I '  i~ tYleB = [ ~ ~ I ' L I . / , I ~ ] .  

I ' I IC(I~II  ~I>~(!r\'itr~(' ('11 este cs~(*c.i,ro Ircbs ~)ic.os oil b'? = -1 11.8, 587.2, y 636.7 kcV y 110 sts 

ol)syrwi~ lrvzas c lv  la exritilcibi~ ( ' O I I I O I I I I ) ~ R I I ~ I  (144 I ) ~ I P ~ .  )3stw rayos gallla cyrrcapo~~(lci~ 

it lits trs~~sicior~c-s ',)+ -+ Ot, 5- -+ I t ,  jf .It 4 2+, setspr~cliva~~~c~~tc CII ctl  ~lilclco Iwllg (vcbr 

k'igura 2.7 y Ili*f. [(i]), cs tlccir, cvtai~ urigilriltlas ell rc?accioses cle strilq)illg dc 1111 ~)~.ol<j~r. 
I I)a(lo clttc* IIO stB ol)scbrvalr picos r c ~ l i ~ c . i o ~ i ~ I  (.oil rract*iottcs (It? slrippirrg clc cle~rtcro~~cs (por . 

cjcl~~plo a la c~lc*rgia 15, = 158. 1 b;vV c.orrc~sl)o~irlicrr~le a la lrai~sicici~l 192 tlcl l)ril~icr c*sla(lo 

t*~~i t i l ( lo ill C~~~~tlir~~~c*irlal (*II (4  ~lilcltr, i""llg) ~,octc~~~iorr cktsir clue la lrarlsfcrcl~cia clc I I I I  j)rothi~ 

cs el canal clon~inill~ti* call las rcacciollt-s (It: stri1)1,11q urla carga en cl sistelna "(1 + ' U7? \~~ .  

r~illgiln <Iecai~lti(~~llo gallla, IIO ~)oclc*~~~)s a.sc?gtlritr qto'brla lit secci611 eficaz clc t.rir~~sferc*~~c.ii~ I 
dc lilia carga corrc~sl~ol~cla a resccio~~tbs dc tri~~~sli*iz.lrciii c l c a  1111 prot611. 

1211 la Vigurit 2.8b (arri1)ii) st8 ol)sc*rva. c.1 c*sl)tu.tr.u gatua CII coiucitlcncia co~i 10s cyoclilcs 

clc: Be. r\<ll~i ('s ~)osil,le clistilrguir ~i~ric.ai~~c*~iti~ 1111 pica (lo 1.elativa i~itclisidacl tie 3ti6.7 kcV 

c*orrml)o~~(li(*~~tc~ it la tral~sicibl~ :I/',)+ -+ I/2+ (lacs cs la li~lea 111ns inte~lsa del (Iccairi~icr~lo 

( * l c -c~ ru r~~ay~d~ i~~o  t l v l  ""'1'1 [(i]. 1 ) ~ ~ l ) i O o  it c -1  *lkicd ii~rstnl,le y a qtle 10s cstaclos rxritrclu* 

( I t s 1  "llc 1.it1111,iGlr lisiottau potlc*i~~os twlar scsgttrcis c$ qwa Im cvcsllos dclccla<los co11 % = 4 
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Vigura 8.8: Ln Jigarn [(i-(ir.l.ilni] ([(I-ebil.jo]) ~ t n ( s l r r i  i I ( s l x r l l a  g(1111a en c o i n c i l a c i ( ~  o l r  1 gerliles i l c  
B , (N) jnitui lri ir cic.i*icili I 2  (! + lu7 . I l l .  !.'I,,/p = (j I :\I( 1 '  y dl,,b = !(it$" (I6O + 1971111, Elub = 9U AIe\'y 
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• 
()IYb = 168") . I I I J I I I ~ I I ~ J / /  2+ - O t ,  5- - .I+, y .I+ - 2+, p r l t  ) l ( ( - i ~ l l l e j  (il 
11ticleo l l y  coil ( II( lyi(is KT = ./ I I .  (9, 2, g 6.1fi. 7 hi 1'. Idit l~'ig1i1ui [b-(~rr-ib(i] ([b-ulntjo]) 111ticstlut 
t I r s p r l w  yalati i 11 roi~lr.ii11 11i.iii i r )11  I g~ (.l ib s (11 Be (C), ixtrri r l  1rris11io a i s l r ~ ~ l a ,  r l tmlyh y i i l lyub. 
1'1icilc obac ~ v ( i l - . ~ i  lii 11-(11isic;(;11 3/2+ - I /zt (1, 1 111 lyht !.; = dGG. 7 he 11 (lt.1 111icl~o (l( IwJ 7'1 a 

a * 
a 
0 

a 



so11 l~roducidos ell rcacrio~~cs tic. st riol)i~~g dc 2 O ~ ~ ~ I I M ,  y la evitlcncia garna corifirnia est-a 

I t i  pcitcsis. 

Ira FigUra 2.8 (abajo) ~ i i ~ ~ t s l  ra los osl,c*rl.ros galna mi coincidcncia con cyccl,ilcs dc N y 

(Ip C ,  para la ~*ac.(.i611 '"0 + '!'',\II. 1.0s r~sl)ccl.ros son muy sitnilarcs a 10s ol~tcnidos tori 

proycctilcs tlc "( '. 1511 (-1 ])ri 111t'r ri1so l.;itlll)i611 stn o~)s t~rva~~  AS tra~~siciollcs ~~cc t ro r l l ag l l~ t i~a~  

dc cncrgias E7 = 1 I 1.8, RST.2. j* 6:lC.i kc.\' t1t1e al ig~~a l  quc m el caso de proycctiles dl* I2C. 

cvitlcncia qttcg c.1 SI rij)l)itrg tlt* 1111 l)roti,n t8s el ca11a1 (Iotilit~ariI~e. En el scguntlo la transici6n 

a E7 = :1GG.i kc*\' , (la c11c111a (It* la 1)r(-sc11cia ( 1 ~ 1  sl,ril~l)itig dc tlos protones . I3n cstc tilt.imo 

caso 110 podctlios alir~liar qtic8 totlos los t*\-c*nt,os tlc Z = G seat1 producidos por transfcrencias 

tlc tlos ~)rotor~c*s. ICstso sc tlcl)c i\ tlttc 110 ~)otI~riios ('scl~~ir a las reacciones dc transkrcncia 

(I, c111c tlcjctl a 10s ~l~iclros CII SIIS rsIa(los f t t~~ t la~~ l ( *~ l l . a l~~ ,  ya que con proycctilcs tic, las 

rcaccioties tlc sl ril)l)itig clc 1)arl ic.l~las (1 ~)~.oclt~rc~r t~yc~rl.ilcs tlc I2C quc son csbal)lcs, y tic cslc 

tr~oclo ~)t~c'dcli scar clclcc1,atlos r o r~~o  I i11t.s pol. cl Ic*lt~srcyio. Dc bodos nioclos, tlcbenios rcsaltar 

clrtc 110 sc obscrvti la l.ra11sici611 IC2 3/2+ + 1/2+ (I(' c*~tcrgia E7 = 331.1 kcV tlcl nticlco tle 

2""11 clrlc* cvitlcrtc.iat*ia a las t.c*ilt.rior~os t i t*  sbril)l)ittg tlc l)a.rticttlas 0 a estatlos cxcitatlos. 

2.3 Medici6n de las distribuciones angulares 

1C1 ~wop<isito (It- 111t>(lir la dislril)~~ri(;~i il11g11la.r t1c 10s Cragmcntos livianos criicrgcntcs tlc la 

rc*acci<it~, cs c l r l tB  ;I Iravbs tl(4 c-o~~oci~ii ic~~~lo tlt.1 I l~~jo tlc 11articula.s salietitc tlc la rcaccitit~ @ 

y clcl flr~jo tic l)~.oj.c*t.l.ilcs ct~l~rar~lc* (1lo (rrtlc*1116s tlt*l 611gttlo s6litlo sitbterltlitlo por el tlctccl,or, 

ha) n ~)osil>le c-olloccr la serrici~r rlicas ilifc~re~rcial tlc los cnnales tle rcacrib~ cle it11.cri.s 

(loncle A cs el r~ti~iirro trrdsit.o c l ( 4  ~i~irlt*o l)la~~co ((*s~)rt~sa(lo cti unidacles dc masa at6mica), 

N,, cs el ti~mcro (It* Avogatlro 3- 6 t-s el grosor clcl I)l;inco (expresaclo en g/crn2). 
1 

, 2.3.1 El arreglo experit~~eii tnl en la cA111ara de reacciones 

1511 wtc cxpcri~~~t*~rIo stB ~~t i l iza~'o~i  ~)l.o~.c*c'l i1c.s rlc 12(!  y '"0, rot1 dif~rctitcs c~icrgias clc 1)otii- 

I~artltn ( 5 6 8 2  \It.\' y 5.1 1 I O  R I t * \ f .  r c~s l ) (~ t . l i v i l i i i r~~~ lc~ )  ol)l.c~iitlos cti el acclcratlor ' I ' A N D A ~ I ' ~  
l i r t  blatico clc '!",\II, a~~lol)orta~llc.. tlc: I l l 1  cBsl)tvsor (It* 200 /ig/cin2 protlnciclo par rvapor~ci6n. 

l,as t-orrit-111,cs 1 il)ic.r~s ~~l,iIiza(las 1.11c*ro11 I0 20 III\ ( I ( -  ~);~.rl~icttlas. 



Gas: P10 (!iO tom) 

L:iguri\ 2.9: Esquertccc ilcl ctr*r.c!jlo c..r/n r.irrrc.rllcrl etr lu ccit~~crrn de wucciones. 

El detector 
Ides f rag~~~c~ i los  li\~iat~os e~ltcrgc*~~l(~s tic* lii rcwc.c.i611 fucro~~ a~ializados ulilizando U I I  tc1csc.o- 

pie constil~~itlo par lrrta cinlilra t l v  ioliixacitirr (It. gc-o~~lctria pla~ia COII grilla de Frisc.11 [.I%] y 

vc~ttalra tlc c~ltracla tle ulylar, co~no clclcc.tor A!', y 1111 (Ictrctor sensible a la posicicit~ (1'SI)) 

itbicaclo clcl~tro I;I c.ri~liara clc io~~ix;rc.iti~~ a 10 ~ . I I I  clc: la \?cbatalla tie e~rtratla, para tlclc-rllii~~ar 

la c~~ergia rcssiclt~irl y l i t  ~)osic'ici~~ e l ( '  10s c*ycDc.l ilcbs. Ida ciulara tle iottizaci611 fuc ol)oril(lil 

colr una ~)rc!sici~r cor~sta~lte tl(- 5 0  lor:. ( I ( \  1' 10 (!)0%, cle arg6ti + 10% cle 111c:lano), ri~t~oviu~clo 

cl gas c.011 1111 Ilitjo cot~tinito para c ~ ~ i t i r r  la clc~gri1tlac.i611 dcl gas. 151 dctcctor I'SI) (~)ro(lt~ciclo 

por i~lq~lii~~tilcidll (Ic iolles dc 130ro sol)~.i* un nlollocristal clc Silicio lip0 n), licltc la ~)ropictlacl 

cle 1)resc111;tr l t l t i l  re*siste~~cia altaa~~~(*lltc> \t~~iSorttl(h, caracl~ristica ~ I I C  (!I] eslos clctcclorc:~ cs 

~rliliza~la piirfi gcllcrilr irna iiiSorilrac.i61r ~)rcbcisii clc. la ~>osici<i~t do la ~)arlicula iol~iza~ttc. El 

clctcctor fuc lllo~~latlo clc1111.o <lit la ( ' i i ~ ~ ~ i ~ r i l  ( I t b  I'(*~\cc~oII(~s S O I ) ~ C  1111 plate luovi!, tic: I I ~ O C ~ O  

tluc el i~~g i i lo  A0 s~~l)lct~clielo par l i ~  s~~l)c-rlic~ic* it(.I i\a clcl 1'SI) fuc cle 15". 151 colil~liitlor c l c 4  
sisl(*~na la \ ~ c ~ ~ ~ l a l ~ a  clc c~~Lr i~( l i~.  ( 'OII  (4 ol),ic*lo ( 1 ~  rc*i~lizar ulla calibraci6n ell la ~)osici<i~~, 

sc ilt~lepltso ill cl(*tcctor I'S1) 1t l I i I  ~i~;is(.i~ril ~ .OI I  :I i ~ l i t ~ t ~ l ) ~ c ~  clc ~ 0 1 ) ~ .  131 rit~tgo ang~llar c t ~  ctl 

c~~rc'sc p~tclo 11101~c~r ill cleteclor sill i~rt(*rlcrir c-ol~ cl 1iw ft~c tlc 10' a 170". La col.ric.t~tc clcl 

l~az clc part iculas ( I 2 ( !  y ''0) 1~1o t~lot~i(or(~aclit c-ol~ utia copa clc Ihraday y clos (Ictc-c.1orc.s tlr 

Itarrcra (It* s~~l)cbrlicir grucsos (1000 j c ~ l t ) ,  \~l)i<.ir<Io~ a 30" y -:IOU respecto clc la clirecc.icin clcl 

I I ~ Z  rc~l)~ctivarttcr~le conio t~~tlcst rii lib I:igura L!). 



2.3.2 El procesari i ier i to e lec t r6n i ro  de las  sefiales 

Itas sclialcs frlc*rot~ ~)ro(.(*sa(/iis c*I(*(.t t'611i('ii111~t1((* ('011 litiras lcntas tle triotlo tlc t.encr prilsos 

allal6gicos I~itvt (~o~tfor~i~aclos il l i ~  ( ' I I( ~ . i ~ ( l i ~  (I(* 10s r\ I ) (  !s ORTEC 2250 c~ncc l~at los  a l t ravk clc 
I la i t ~ t ~ r f a s c  ( 'AAl,\(! a \ l l l i i  ro1ii~)111 a(Ior;, 11VtlX. 

La i11fort1iaci611 1111111 i p i i ra~~~( ( l  rica (.olrsisl-i6 (*II: 

AE: PCr(li(l;~ (IP (811(*rgia (*II  I ~ I  (-;i111;1ra, (I(* io11ixaci6n. 

1:n csti. C ~ \ S O  (4  I~al)iliIii(lot' (It4 sislc-~tta tlc a(I(l11isici6ti fue la sciial En y la inlormaricin 

111t~ registra(la (-11 arc,l~ivos c*vc*t~lo par c*\.t-lll.o 111 ilix;itl(lo (81 ~)rogratna tlr atlrlr~isicicit~ XSI'S. 
1111 csqrtcriia tic la clc*cl rt i~~ic.;~ 114 i l ixi~(li~ 1);lra j)ro(.(*sar cs.1,~~ s~i ja les  1111etIet1 a l ) r ~ c i a r s ~  e11 la 

I:igr~t-a 2.10. 



Cali bracioiles del telescopio ' • 
A~agulo S6lido a 

El ii11g1110 shliclo s11I~1c11cIicIo j)or ( ' i l ( l i ~  l)orc*icii~ cIc'1 I'SI) st1 ol)tt~vo ~~~itIic!~~clo lil rc*acci611 dc 
a I 

tlispcrsi611 c1islic.a cu el sislc~~ia '"0 + iU7 i \~~  i t  14,,,, = 70 hleV y 0 = SOU. I'osteriorr~~c~~tc @ /  

sc eonilaliz6 l i ~  ti~sil tlc contajr ol>sc~rvatl;t rcssl)c:cto tlc la csl~crada para la tlisl)c!rsirin tlc a 
Iiutl~erfortl (ver Al)i.~~tlicc (i.2). a 

Eilergia 

I'ara rcalizar lit ci~libracicil~ c.11 c'i~c'rgiit. tic-1 cIcn1c~c:1.or I'SI) y tle la ciil~lara clc iollizacicill • 
sc I~icierorr ~~~c*clic-iol~cs tle I ~ I  clisoc.l.sitl11 (~liistic.i~ it cliSc*rc.wtes o~~crgias y difcre~ltes l~osiciot~c~s 

arlgularcs. 1511 loclos los casos st1 Io111irro11 cBsl)cbc.l.ros c Ic l  c!~~cbrgia total ~ I I  el I'Sll, rckira~~tlo (:I • 
gas tlc la cii~~lara clc ionizacici~~. 1'st.o 1)osil)ililti la ol>le~~cici~~ tle una calibraci61i ~)recis;l c:~r • 
crrergia tlel I'SI) ( 1 1 1 ~ ~  Ittcgo Suc t~ l i l i x i tc l i l  1)itril c.itlil)rar cl tbsl)cctro cle p6rtlicla tle cliergia ctrl la • 
ci~liara clc io11izac.ih11. a 

a 

a 
2.3.3 El ansilisis de  10s datos 

I,a i11fon11aci611 ol~tcb~~icla Suc~ i t ~ ~ i t l i x i ~ ( l i t  c I c 4  sigtric.r~l.e rlloclo: 

Sc l~izo el c.oc.ic!~ite X15 / I C r r  c$vc*~tto \)or cl\*c.uto y sc acuu~iilaron espectros tlc 1)osici6rl I a 
del ti110 ~~~ostrs t lo  clr la I:igt~ri~ 2. 1 lit. l,its ~~larcatlas tlepresiol~es t111c se observa~~ ell a 

I ctl ~ ~ l i s l ~ ~ o   sol^ tlel>i<las i~ l i ~  ~r~iiscitril t~tilizitcla para rc?alizar la cirlibraci611 a~lgttlar. El a 
au~l~c!~tto c~ l i t tasa tle co~rtajcb it ii~tgulos clc~la~~tcros ol)scrvatlo ell csta figi~ra, cs clcl,ido 

a 
a tlos co~li l~o~rc~~tes: la tIcl)c~lr(lcrlcii~ a~~gtllar (I(: lil st*cci611 eficaz tIc Rutl~crforcl y la 

absorcih~l ~ruclc:ar debicla i t  las rc*accio~rcs clc fttsicilr. 
a 1 .  

' I Cloa la ayucli~ clc la i~tfor~l~i~c'iciil (I(: l)osic.icjl~, sc: co11~1r11ycro11 tres espectros I)itli~llcr~- 

sio~lalcs Al: I:,(, agn~l~al~tlo c-vcbtrlos c l c b ~ r t  ro tic it~tcrvalos angulares A@ = -1" (CII  cl 

sislc~na ce~lkro tlc I I I ~ S ~ ~ S ) ,  si11lili1rc.s i t  li\ 1;igttra 2.4 con 10s t1t1c file posible llaccr Illla 

buc:~ra iclcl~tilicnciciu tSt1 citrg;~ (I(. los l)rocl~~c.t~os livii\aos tle rcacci611. I 
I Se ol>tuvic:ro~~ ctsl)ectros clc I I I ~ I  ~rc~ro iil,cir~~icx) Z (It: 10s cyectilcs, proycctando 10s ctsl,ectros 

bitliu~cnsiol~i~lcs Al3-.1CIt tlc ttloclo tlc! agr111)ar a 10s t:v(~~ltos con igual n6nicro atcin~ico, 

y a pastir cIc eskos sc ol)tuvic~roi~ las scc.ciotles c~licaccs diferenciales. La Figura 2.111) 

~llucstra la I)t~cqra resolttcicirr c w  % clo~rclc. sc* itl)rccia~r cvtb~ltos tlc 0, N, C, B y He (Z=8, 
7, 6,  5 y 2, ~ c s ~ > c ~ L ~ v ~ I ~ I ~ : I I ~ ( ~ ) .  



8 [grados] Canal 

Figara 2.1 1 : f i p r l m s  rlr p.qiririrt rrtt!lrrlr~t- [I:rlnictvln] !I rlc di~tribticio'tz rlr cntge [Ilrtrchn] rlr 10s 
pmr1rrclo.o 1ictinttn.q rlr In rrrrrciritt "'0 + I"' /I v rr I)/ , / ,  = X5 ~ \ f c  1'. J,OF tatit11~m.s rn csln jigtrm indicrr~l 
10.9 nrir1trm.q ntrir,tic,o.~ rlr los r!ltr./ilts rlc 0,  N ,  C ,  B ,  !I I-Ie rletcclnrlos. 

I'nra cacl;~ %. sc ol)fCr~vo 1;1 (-ncqy".l IoI.aI = ICn + AE y sc 1)rotlujetwl csl)cctros 

tlc valor CJ (I(. rcacciciri c-\.c~lilo \)or c-\-c*tllo. 111 ilixall<lo las relaciones caract,cristica,c clc la 

ci~lct~itil~icn ( I (*  (10s c11er1)os (vvr /\1)(;11(Ii(.c- (i. I ), st~po~iic~lclo transfcrt*~icia. (lc r~ittgr~~ia, t ~ t i n  

y clos r~tticli~clrs tlr I I I ~ S ~  ill6lili('a ()i\Vi\ IOS <\\'(*II~os COII Az = 0, 1 Y 2 rcsp~~tivat~icl \ tc.  

1,os cspccl ros (lcl \rillor (2 ( I ( $  ~~(*a(*(*i(;lr i~ l )o r l i~ ro~~  l l t i i l  ittrortnaci611 co1~1l)lr11ic11taria a la 

oI)(ctli(la i\ 1)ilrIir (I(* 10s (*s~)(Y' I  I'OS (I( '  racliaci611 garila c11 cuatlto a la iclctltificaci6n cn 

111asa (Ic los c*yc~cl,ilc*s. 

2.4 Restlltados 

2.4.1 Selectividnd cinemAtica 

, 1,as r~a(:ciorrcs ( I ( -  I , I . ~ ~ I I S ~ P ~ ( > I I ( . ~ ~  I ) I I (YI( : I I  SC-I* i~il.(*rl)r(-l.a(las s c ~ i i i ( ~ l ~ s i c a . ~ i ~ c ~ i l , ~  co~isi(l(-ra~~tlo c~ t r c  

10s tl~iclj'os sc 11111(*\'(~11 soI)r(* I l.;i!.(v*lorii~s ('liisi(.;~s (-olll.itlrlas. l,a colilit~rri(la(l (I(* Ias t.ra.y*c- 

t,orias cxigo qrlc* 1)iiriI las r~a(-(.ioll(-s ( I (> I.I.~IIIS~(-~PII(.~;I., l i~. va.ria.ci6n clc la,s va.rial)l(*s cli~lk~i~icas 

l(IeI sist.ctlia ( ~ O I I I O  lil (lis~,t~il)l~ci(ili ( I ( *  I ~ I S  c-il~~gas (-I6(.l.rica.s nrrcleares, rnomcnto angular) cstC 

nco1111)aiiacIa par I I I I ~ ,  v;l,ria.ci(il~ ($11 1;) t%~i(-~-gii~ 11i(>c6.11ica. (l(*l ti~ismo. La (*tlcrgia. lil~cratla ell la 

rcaccicili, e o t t ~ i ~ t ~ ~ i i ( ~ ~ ~ I . ~  (.iI,il.da (.ot~io ''el valor (2'' tic. 1;) rc*acci61i, pucclo scr calculacla a 1)arti.r 



tlo~ale t: i * ~  la vrluridatl chh In lux. A la cv~wgiu qw clcb lil~erar la rewri6n para gnmlltia,r 

In ro~llilu~i~liul dl. la. Irityt-rtOriii~ {Ith 11)s r1111)10s I I I (U IC~ I .L~  i11iel.vitlic11tcq ctl la a ( t r ~ i h i ~  M: h 
~ ~ ~ * I I o I I ~ ~ I I ; ~  *\*itk)~. 60li1na", y st* Iii si~rllmlixa rou (Jop t .  

ICxi~tca varios 111otle1os I ) I (Y~  la d1*l~t:ro)i 11ari011 (kt Qvyl 151, [~j3]-[-1Sjm ( p ~ d !  ~ I ~ C ' I C I L  ~ ! r  

l,au rr.;rtrioliths clc Irsusferwrir t.11 la q\vU Ita nlic'iiws cmcl.gc11 a1 stir eltevau eulacltw 11114- 

rlanletibr~cs l>lx*st:~iLaa cl rr~iixirr~o I )  ljosil)k* ( ( I~ IV  1~11edc ,rer calculado cot~trrieada ul ctxceso tic 

ttlasa (It! 1m ~~drltns [GI y cltlu I I O ~ ~ ~ I X ~ I I I ~ ) S  Qi,$), ~ . a  (111t: 1)ara ilGri~xts (j11(? ia~iicrgei~ FII ~%ta(Jlg 

t!xci tadm part(* dl- la elicrgiil 6 * 1  ~l l t~v i t t~ ic~t lca rr*liltivo yc c!~r~lllca clt cxcitar gmlw c l c  l i  bi!rtarl 

il~lt>riius. !,a sr*c.c6ii,u cllicaz l o le]  1% Iii i r r  bthgri~I sobrc* lotlou 10s wta(it)ts uxcilatlos l)obiit~l~% I I U  
105: I ~ ~ c I I Y ~ ~  C I I I C L ' ~ C * I ~ ~ ~ S  iIe la r(*at.c-i~ill. 

~ I Q I ~ C ~ C  a( ( J )  ims l it tIistriburi611 tItu 0: [ lli]. St* IM ~ l ~ : r ~ ~ f i ~ l o  ~ x ~ ~ e r i ~ ~ ~ c ~ ~ t i ~ l ~ ~ ~ c ~ ~ t ~ !  is], ~ L I C  las 

r~arc ia~~rs  t l ~  t ~~lisrtm~~riil jlnvtmtr 1 it11 tl ixt rit)~lc-io~~cs dc 0 rc~alritc1au inrr cl valor cipl i~lltr QU,,, , 
Imr 10 I I I U ~  tns rolrlli~i rlcliuir 111ti1 tlisl I-i lltlcii.~ 1101111a1 ( 1 ~  (2, a((J) (llali~nds '\~t~l(i~llii (It: 9" ) 

. dot~rlc I\' r s  d el~r l~o rlc l i ~  "\7tbtllii~iit (Iv (2" (t~l.ilrlxla clt 5.9 1.17)) y c r j  la frlllciriu 

car ror. 

I ~ I I I ~ ~ J I C  tislit V ~ * I I ~ ~ I I I I  ( - 1 1  (2 I i i t  sib t*xpIit*ildit st~~~i r l i i s i r i~~~kc i~ ic  p r i h  las n~acctiut~~s tic 

Ir;~i~uCurc.~~cin cuasir*liiuLicas ( t l o ~ l t l t ~  st- r t s t - i r n r l  ai l t r  railus jwr0oss gradw tlc: lil,urlatl i~~luntlw tlc 

1~ ~ ~ f i c l ( ~ s ) ,  {!s ol~si*r~~aclii t.i~n~l>it'vi 1-11 rtaiirrit~i~tbs (Id! lrit~fcbrt~it~iii l ~ r ~ f i ~ ~ ~ t l i t ~ ~ ~ c ~ ~ ~ c .  it~t!lisiicas 

[B], Atltwl~~iis, I)iit.il 1111 tlfid~ (.HLI*~~I t h h  C * I I ( . I ' H L ~ ~ ,  l i l  I 'L : I I~~LI I~ I  (FII (2 ~ I I ~ P O I I C  f i * ~ l r i r ~ ' i o ~ i ~  *UII~C* ('1 
rillliil tlc salida. 



'1:11)1;1 2.1: V;~lorc*s t l v  () g C),,,,,. 11;1r;i ~ I R I I I I O S  c.;rl~;il(-s t l v  rc-;lc.c.io~ics clc l.rnc~sfercl~ria rrl 10s S~SICI I IRS 
12(' + ""Aa y "'0 + '!'',\II. 1,os v;~lorc*s tipIi111os (),,,,, II;III sido ~~i11~11IacIos parit I;: = 1; ( = 57 
y 77 hlcV, rcspc*c.l iv;illl~111~(-). 

Sisl.ctila (!anal dc rcacri611 Qgg [MeV] 

12(! + l!'iAt~ ~I~r ippi l~g I II -13.021 
I 1' - 5.854 
I c l  - 13.645 

1 1 )  4- 211 -14.052 
11)  - 1 1 1  -13.784 
1 1 )  - 211 - 15.866 

21) - 15.675 
21) + I 11 - 15.435 
21) - 111 -23.826 
21) - 211 -27.850 

( 1 - 8.90'7 
l) i(.Ii111) 111 - 3.1 I3 

211 - 1.598 
I I )  - 3.844 
1 (1 - 13.645 
21) - 15.678 
t I - 8.90'7 

If;() + sl  l.il)l)it~g I I I  - 9.963 
I I )  - 5.025 
I t l  - 9.193 

1 1 )  + 211 -11.719 
11) - 111 - 10.8:34 
11)  - 211 -11.911 

21) - 10.827 
21) + I 11 -1 1.952 
21) - l I I  -15.260 
21) - 211 -21.250 

~1 - 5.702 
pi(.Ii111) I I I  - 3.915 

211 - 2.532 
I I )  - 5.187 
I cl  - 3.958 
21) - 9.636 
(1 - 5.595 

Q,Y:, [MeV] 

0.000 
-5.385 

- li.002 

0.000 

(S.l(il 

I 6.096 

0.000 
-8.1 19 

- 16.2152 

0.000 

7.888 

15.550 



I:iglrrs 2. I 2: Lspcrlrus cic I) l~ctrrc 1u.v .\is/( rrttrs ( ' + I g711  11 [~:qriic+tulc~] y + IU7,l u [~mc~ ier ]  l ~ r l r r  
rlijc~rn1c.s c rac.ryicrs eft Iwrt~ilrcc~rlco. ('orr Itr tncrtor. irr/r~tisicluel efc trvtzo se olservcrt, las cli~frilucioneu 
tic. (1 de 10s t rictrtos cor~ A.Z=U, corr irrlc risiclctil irrlr I-rtccelicr 11s cle 4 Z = l  y colt n~dxirrjcr ir~fetuiclcicl 
111s cle A.Z=,". Los ~~(~IoIPs de Qyy,  sr~~jo~tirrtclo iucrtr~iorics de slrippil~g cle uno y (10s yrrrlorkes, eslcitr 
ttratrarlos pot. litrc rts clc putilo-tnyn y ptir~los, tu sin c./ir~c~tist t ~ l c .  

Ida st~lcc.ti\~idi~il ci~ii'~iial.ica. cs 1111 c*l(nt~~c*~~bo i~~~ l )o r ta l l t c  para ~~redec i r  la ocurrc~lr ia (o  np) 

cle lraa datla rcacc.i<iu, ya clilc lils rc.ilc.c.iollc>s c-ol~ I(),, - Qopt (  << kV (:still 1)roIliLidu. Otra 

I c o ~ ~ s e c u c ~ ~ ~ c i a  tlc lit velitalia c11 C) c*s c111c! Ios (*slaclos excitatlos de 10s nircleos, soti ~)ol)lados 

s c l c c t i v a ~ ~ ~ c ~ ~ t c  las ~)ro>ri~~~i(laclcs ( I ( -  C) - C),,,,/. I)c este ~nocio, no sicmprc es posil)lc pol~lar 

eslaclos c.o11 i l l  ta cvrc*rgia cl t t  c:xcil i~c.ici~~. 

fi11 la 'l'abla 2.1 scS p ~ . c * s c ~ ~ ~ t . i ~ ~ ~  los \~~lol.c.s tlc* () y (Ic C),,,, para varios carlalev tle rcaccioncbs 

de t rans fc~-e~~r ia  ~)osiblcbs t.11 los sistc-111as "(1 + 1 " 7 A ~ ~  y ''0 + "'Au. l h  ella sc obscrva 

~ I I C  lils rcacc-io~~c-s clc pickup (It* (.ill.ail c-ski11 ~)wlril)idau tlcbitlo a la selcctivida(1 ci l~el t~i t ica,  

111ic11lras c111c las rc*;~c.ciol~cs (1c1 sl r i l~p i~ lg  clc: c.;~~.gi~, por ~)rcsc~l tar un Q,, - QWl, debell scr 



1 5 0 - .  . . . , . . , , . . . . 
: I2c + lo7Au S 
- 

Qmb= 80 MeV 0- 140' 
" 

4 ,  
1 . "  

m 100 - s 
ld 
4 c: 
3 

5 0 -  

0  . . " . I  

-30 - 20 - 10 0  

1.a I'igllra 2.12 111t1rsl ls 10s (-sl)(-rlros I I(. I  valor () (lr warc ib~ 1,ara 10s cvr~ll~os rot1 AZ = 0, 

I g 2 para a11ll)os S ~ S ~ ( ~ I I I R S  iI (lik.l.(*lll(~s (-ll(*rgiils (11- l~oll lhardro y iil~gtllos dr oI)s~rmri6~1. 1(t1 

rlla st* vrrilira ( I I I ( *  Ios cBvc-~~los n~l;\rio~lilclos 1.011 I.(*~I(.c~oI~cs (*liisticas 1,irnrll 1111 (2 = 0 y ( I I I ~  

Ian rmrciotirs ( I ( *  l ra~~r l*n*~l r i ; l  ( I ( *  rargil ( . I I I I I ~ I ~ ( ~ I I  (-011 (2 < (2)). Esta f i g~~ra  nltlrstra (IIIC las 

clist.ribllriotl(*s r l r *  (2 l)n*sc8~ll ill1 Illla k)r111i1 (I(* rillll/)illlil asil~li.trica c11yos n~iixitllos y laIlcllOs. 

I I I r i a  I I I I I I I .  I r i ~  li~ll)il d~ I . I ~ S O I I I C ~ ~ I I  cs dclida a la all,i) (I~llsidad ( 1 ~  
rst,arIos (lc l l~ j i l  (*ll(-l.gia nl 10s il~i(.l(-os i)nisilllos a1 '"'AII, qllr son pol)laclos por las rcacriotlrs 

(lr t r a ~ ~ s f c r r ~ ~ r i i ~  (.OII I I I I ~  ~)rol)i~l)ili(li~(l (l;l(Ii~ 1)or lit . * V ( * I I I ~ I I ~  (le Q". 
I 

{ ~ I I  caso par1 i(011lilr SF i)r(*s(\lll a I)al.il Ins rrawiollos (lr stripping clr atla carga  PI^ el sist.etlla 

12(! t 19i1\~~ :I ( ~ I I ( * I * ~ I ' ~ I S  ( IF  l ) o ~ ~ ~ l ) i ~ r ( l ( - o  I I I ( - I IO~FS ;I (i0 h4cV, (Ion(lr rs posil~lr rrsolvrr trcs 

piros (-11 PI rsl)rc-1 m (I(. () c . o ~ l l o  st* i l l ) ~ ~ ( . i i ~  VII la Pigllra 2. I .  13stm picos (-11 Q = -8.8. - I  1 .O. 

y I . I  V o r s o 1 1 1 1 1  I 1 l o  I I I I I ~ I I I I I I I  lor dos 1)ritll(*ros I *S I ,R~OS (*xrit ados d(-I 
111irl(*o 13, nsla*c.l i va l i ~ rw tv  (:1/2-. 112'. y 412-) [(i] y post en rvidrtlcia la prescncia dcI 
sl ril)l)irlg tic po1(;11 c.11 (*~l(*rgiils I I I I I F  l)rt;silllils il Iil l);~rr(*ra (!0111o1111)ia11a. 
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1:igllra 2.15: [I:rlrrir rrlrr] S'rrritirt r/ir.rrz rlifc rv trrirrl prrrrt riittlms sislrmns. Coil cimrrlos 11rl1o.* y encioa 
.sr. .sitt~hli:cti~ lrrs rvrtceionrs rlc .c/t~il)pirt!l ( I f  rtrlcr !I rlos crrrprs, r r s~~rc / i c~n i~~c i~ tc .  [ I I~ t rc l~a ]  Cmienlc 
rrtlrr rl n'ngtrlo r~o1.rrs11otrrlir~itIr (11 r.rrlnr. rttririrtto rlr Irr srccicin cjicnz rlijci-encinl 0, el n'ngtilo rlc 
m:rii~ticit/o 0,,, rQortro jtrrtcirirt rlc Irr r t l c  ryrir rlr /)ortr/)rrrrlro rrlnliva a la hr re in  Corilombiana 17, 
lnim In* rrclcciotlr .c rlc slrippiir!~ rlr 11 rtrr y rlos r*ritgrrs r it los .si.slrtana l 2  C + 1g7/1 ti [cuatfmdos t~ncios] 
y "0 + '"'/ltr [ciwtrlos llrrtos]. 

Eat.a clepcticl(~tic.ia roll la c*~ic-rgia rs1.6 tlircc.ba~nc~it.c relacioriada con la dcpendencia cle la 

ct~crgia del Q ,,,, [Kc. ( 2:1)]. 

2.4.2 Seccioiies eficaces de dispersi6n 

l,ns scccioncs c*fic.at.cs tli frrcwc.i;l lvs, ' tlc 1;)s rc-acciotic-s clc stripping cle carga qtre se obscrvan 

cn Iaq I'a11la.s 2.2 -2.4, y c.11 1;1 1Jig11i.a 2. I5 sf* ol)t,r~vicron iritegranclo 10s ev~nt~os clentro de 

itlt~crvalos al~gt~lal~cs a(-) = 1" Imrn ol)lc~~lc~r l111a (-sl.~clisbica ~tlcctlacl;r, 

c l o t ~ ( i c -  8 cs el 6tig11lo clr clisl)c*t.si611 (-11 (*I sislc*lna c.c.1111.o clc nlasas. I,a Figura 2.15 mucstra t~na  
o (list ril)t1ci61i a11g11Iar i,ipica [ I~c~~t ic*~~la] .  IJiw harras (I(* cwor incltlyen crrores dc normalizaci611, 

I)asaclos cn la clisl)rrsi61i (It* 1~111Ii~1.forcl (<  2%), y c~rrol.cs rstadisticos en Ia dcterminacicin 

t tlc* 6rc.a.s tlc 1,ic.o~ (< :{(XI). 1Ji1 itic.c*ric~rc-./,il rti la tlr1 rrnlinacicin de \a cnergia cle bomhardm 





l ih la 2.3: ~Ccriolli*s C A ~ B ~ C S  (lilitroi~(-i;~.l~$ I>i\.l'R IA.S r(~;~rr io~~cs (/c stripping rle nna y dos ca'rgas cn 
cl sist.cmn ''0 + '!",\II a. Elfll = T i .  76, 75. 7.1 h:lc\? 

I I 

0 I / l 1  rla/dlIAz=" (9 da/dflAZ=' rla/dllA"'? 
[gratlos] [111l)/sr] [ I I ~ ~ ) / S I . ]  [grmlos] [mb/sr] [tnh/sr] 

I!lrfh = 77 h'lc\' Eel/, = 'is MeV 
105.!1 I .:$!I f 0.07 120.8 0.09 f 0.01 
109.8 1.56 f O.OS 0. I0 f 0.0 I 121.6 0.19 f 0.01 
1 13.7 I .S(i f 0.0!) 0.37 f 0.02 128.01 0.22 f 0.01 
120.2 2.!) f 0. I* O.S!) k 0.0 I I :$5. I 0.30 f 0.02 0.24 f 0.01 
I 2.1 .o :).,I f 0.2 I.:!: f o.oi I : w . ~  0.53 f 0.03 0.36 f 0.02 
127,!) 3.3 f 0.2 I .53 f 0.OS I 12.6 0.62 f 0.03 0.48 f 0.02 
1 34.8 3.!l f 0.2 2.3 f 0. I I 15.8 1.02 f 0.05 0.48 f 0.02 
1:18.6 4.7 f 0.2 2.9 f 0. I 1,1!).5 1.27 f 0.06 0.72 f 0.O.L 
142.3 4.7 f 0.2 3. I & 0.2 153.3 1.27 f 0.06 0.90 f 0.0.1 
146.2 3.8 f 0.2 1.2 f 0.2 = 7.1 MeV 
l*l!).!) .I.(; f 0.2 3. I f 0.2 I :!(I .S 0.18 f 0.01 0.011 f 0.01 
153.6 '1.5 f 0.2 3. I f 0.2 1:jS.G 0.24 f 0.01 0.09 f 0.01 
= 76 hnl(*\' I 12.3 0.31 f 0.02 0.14 f 0.01 
122.7 O.!)(i f 0.05 0.25 f 0.01 I 16.3 0.49 f 0.02 0.21 f '0.01 
126.3 I .03 f 0.05 0.32 k 0.02 150. I 0.71 f 0.04 0.31 f 0.02 

8 190:1 I .:I!) k 0.ni O.5!) f 0.03 153.8 0.93 f 0.05 0.39 f 0.02 
1:14,0 1.62 f O.OS 0.7!) f 0.1) I 
I 37.7 1-78 f O.O!) O.S!) f 0.Ol I 

141.7 2.3 f 0.1 I .27 f 0.06 
145.2 2:l f 0.1 1.22 f O.O(i 
149.2 2.9 0.2 I .Ti f O.O!) 
152.8 3. I f 0.2 I .ST f 0.09 
t5G:l 2.!) f 0. I I ,S5 O.O!) 

cs ccrralla aI 0.5'%. 1311 c*slil lig~lri~ scb ~ ) r c ~ s c ~ ~ l i ~ ~ ~  scilo 10s valorcs para IS1 > V,  c1cl)iOo R 

~ I I P  par las (-o~~(Ii(.io~l(*s (*II I;IS ( I I I ( -  [ I I ~  r(*aIiza(lo (-1 c8~11cri111ento 110 ftlc posil~lc accctler a 

i~igulc)s lllayoros i1 170'. I ) ( *  (*st(% 111o(1o 1);lriI 1; 5 I :- IIO f11c posi1)Ic ol>scrvar un I I I ~ X ~ I I I O  

I a i 6 1 1  I I i f r ~ i ~ l .  I I r r i ~ ~ i ~ l o  1 1 6 t o 1 1 o  a I ~ I I  t r s r o .  Sill 

~111I)argo, ral)(- (*sp(*rar l)t\ril I.' < \ ( I I I ( -  (-1 111ixi111o valor clc la sccci611 cficaz (lifcrciicial sc 
I cr ic~~c~l l  rc* a C) = I SOD 1)or s(*r (4 ( 9 1  i i ~ ~ ~ l l l o  ( I ( -  I-ossir~~~ic-111.0 R I alcs ~nrrg ias (vcr Ap4ntlicc 6.2). 

l,a* (lisbr.il)r~rio~~(~s R I I R I I I ~ ~ ~ ( * S  ( I ( *  I;IS I . ( * ~ I ( ' ( ' ~ ~ I I ( * s  ( I ( *  sl ril)l)itlg (1c carga soti I)ie~i con fortnatlas 

y ~)r(*s(vil a11 1111 111iixi111o ('11 1111 iit~gl~lo ( I ( -  disl)c*rsi(i~~ I ( ~ \ ~ c I I I c I I ~ . ~  iii(-~ior (tie 4 R 7 gratlos) a1 

66 ~ I I ~ I I I O  . clc grilxil~g". (-I,,.. ( I U ( -  (*s (4  ii11~11lo tlc rlisl)c*rsi611 c.oll cl c111r cl~~t-rgc*~~ los cyc*c.tilc*s 
clue s~rfrctl ~.c*i~c.c.ioi~(*~ clc clisl)c:t*si011 c-hist i c - i r ,  (*II Iils c j ~ l c -  la (lislan~ia (Ic 1~1ayor aj)roxi111aci6l1 
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1,n ( * ~ I I s ~ R I I ~ ~ *  clc*c.i~it~~ic-lllo I; ( I (*  1;s rlt11(.i611 ( I ( '  o11cIn. tIc1 cstatlo ligatlo p~letlc scr obt.cnicla. 

I a I I ~ I ~ S ~ I I I I I  I [;IS. ,I!)] 

clotlclc* U c*s la c*llc*rgia clc* ligntlr~rn ( I (*  In. I ) i~ r I . i~~ t l i \ .  I . I ' ; I I I s ~ ~ ~ ~ c ~ ~ ,  11 stt tna.sa. rctlucitla y los lir~litcs 

clc- illlc*graci&l. .r;. c-ol:rc*sl)olltIc.~~ ; I  U + /[(.I-;) = (I. ICI  ~)oI,cllcial tlc intc~a~cici t~ I I ~ I C ~ C ~ I I - ~ I I ~ C ~ C O  

f 1 ( r )  s(* (Icli~l(* ('OIIIO [50] 

I ' I ( , * )  = I .fel(i*) + I J ' ~ ~ ( I ~ ) .  (2.14) 

Acl~ t i  10s sr~l)it~elic.c~s 11 !. (I s(. ~ . ( s l i ( * r ( v ~ ~  i t  los (.arozos clotlor y nccpI.or, rcsl)cc.tivarl~ct~tc. I )  cs 

In clis~atlc.i;r ( I ( *  111;ryor ;~l)rosi~ll;~c.io~l c * r l l ~ . c -  c*llos \. I .  css In coortlc~~atla csl)acial (lei I I I IC~(*~ ; I I  

I rn~~sk*riclo roll rc*sl)c*cl o ;11 c.i~~.ozo clo~~o~'. I y I :.\., so11 CI ~)ol,cncial ( ! o ~ ~ I o t ~ ~ l ) i a ~ ~ o  (tlt*l)i(lo a 

I I I I ~  c-qfcra ~ a r ~ i l f l ; ~  I I I I ~ ~ ~ ~ ~ I I I ( ~ I I I ( - I I ~ ( ~  ( I ( *  tmlio I { , .  = I .25(/li - I )'I3 fin) y el polc~~cial t~t~clcar, 

gct~c-rnclos 1101- ('1 c.;~rozo i sol,rc* I;I 1)nrl ic.r~l;~. Nosol ros Ilcmos consitlcratlo para el pot.cr~cial 

1111c.1(*nr I I I I ~  I ' ~ I ~ I ; I  ( I (*  I ipo \\'ooiIs S~ISOI I  (.OII I I I I  r;l(Iio rc(lr~citlo r,, = I ,2 f i l l ,  tlif~~sivitlacl 

f l t 1  = 0.KI I'III y ~ ) ~ ~ o ~ ~ ~ t ~ ( l i ~ l i ~ ( l  

I)otl(lc IV; y %; so11 los ~iri~ilc~~~os ( I f -  tlc-l~lro~lc-s !. ~)~.ol.otlc-s, rcspccI.iva~~~ct~l.r, y 11; c8s (*I 
t~~ i l~ lc to  tllisic.o ( I f -  c.;rcln ('r71'ozo. 

1Csl.a c8sl)cc.l i l l  i1.a I.cti~.ic-;I r(*1)1.o1111('(* t-afi)t~d)I(*t11(*111 (* I)ict~ los tlntos c~xpc*ri~nctlf~aIcs ol)t.ct~itloa 

(-11 cslr I raI)njo. e.cl111o I I I I I - ( I ( *  ~ I ) s I . I . \ - ; I ~u -  ( . I t  Iil i:ig. 2. ~( i ,  ( I ~ I I ~ I C  10s ~ ~ C I I I O S  corrcsI)ollt~ml ,a 

~.(>i~c.(.iotl(~~ (I(* sl ril)l)i~~g ( I ( *  I I I I O  J. (10s 1)rolo11(~s. I 

I l i r a  .).I(; l.i11111)i411 I I I I I ~ * S I C R  10s (li\I.o~ ol)t.(*t~icIos par Eya,I (511 y 1)or Yokoyatna 

[52] .  c l ~ ~ c *  fr~crolt ~o~~liiclos ;I c-l~c-l'fiiils ( I ( *  l )o~~~l) ;~~. t l ( -o lrlrly sr~l)c*riorcs a \.-',. h!ict~traa los clat.oa 

ol~tc-t~iclos par lCy;11 so11 c.o~~sisl ( a 1 1 1  c-s c.011 [;IS rr~t~c.io~lc-s tlr c*xc-iI.n.cicin ~~~cclit las c.11 esl .~  l.ral)ajo. 

I I I I O  ( I ( *  10s rcsr~lI;~clos ol)~.c*~~iclos 1~o1. ~ ' ~ I < o J - ; I I I I ; I  ( IVI  (-1 sis1.(-111;1 "0 + '"/\IL a li'/\{- = I.S:!),, 110 

sigr~c* I;I sisl.c*~~~;il i c . ; ~ .  I:l ;rlto \.;llor c l c -  I;] sc*cx.iti~~ c-lic.irz e l f *  I,rat~sii~rcncia. ol)I.ct~iclo par Yokoyat~la 

(a,,. =' SO0 1111)) c-s c.o111 l)i\r" l ) l (*  ;I I;rs c-sl i~ ll;~c.io~~c.s ( I ( *  In. sccc.i611 cficaz 1.oI.nl (Ic f1.1si611 para 

C I I P I . ~ ~ ~ ~  I I I ~ I . ~ O I : ~ ~ S  ;I la I ) ; I ~ ~ C ~ ~ ; I  ( ' ~ I I ~ O I I I ~ > ~ ~ I I I ~ I  (Id sisI(*tl~n [ I ]  

(a. I e) 



1:igvril 2. I (i: Sc c.r.itirr (lit-tr: lo1111 IWLIYI r v  (r i~' io1~c s dc ~ I r ' i l ~ l ~ i r r y  dr r r r r t r  y (10s curycrs. I,ou citrulos 11. tros 
y r 1 t r r . i ~ ~  c.ur.rusl~orrrlc 14 (11 slr.il)l)irry tlc r r r r r r  y tbs  t - t r r y~ t rs ,  rrslnc-lir~trtrtcrrle, trtcdiclos c I& cstc trrrhljo, lor 
c.utrtlrrtclob y 11-itirry rrlos c.or.rr bl~orrtlc r r  (1 lo.\ rriibrrlo.\ c.crrrrrles clc fruritsjetuncitr olsc rc~crclus pol4 l:'ytrl[54] 
c 11 los trrisrrrob sislc rrrrrs, rrtic.itlr.trb cl t r t  ltrs r.r.rrcvs y i .\/IT l l r s  wt-ru.sy)otrtletl t r  ltrs rrrrdiciotara rrtrlizrrrlas 
lw r  l'ukoytrtrccr [55]. l,crs l i i ~ ~ t i s  llc r r r i ~  !I tlist~orrlirrtrtrs c.orw~s~~)tctk~tr (1 10s ctilctrlos clelrrllu(los c 11 c 1 
It $10 y qrrc strl)o/tt I( 11 trt.ciorrc.% clc  Irrrrr.~]i 1-c 1rc.itr tlc rrrro y tlos ~~ ru lones ,  t~spcl i t~cr t taet~lc.  

clo~ide I fH os c . 1  1.iitlio dc l a  Ijnrrcbra cic l11si611 (o,,,, x 1300 I I ~ ) ) ,  lo ~ I I C  i i l ) ~ ~  ~ i ~ r t i l s  (I~~(liis 



Capitulo 3 

Otros Modos de Reacci6n 

3.1 Distribuciones angulares 

, IGII bsl n sc*ccitirl stB ;111;1Iixnr1 los (I;llos c -s~)c -~ . i~~~c- r~ t .n I (~s  ol)l.c~t~itlos tlc Ins rcacciorlcs clc tlisprrsicill 

t*lis~irn y tlr S~lsici~l fisici~l ( * I I  los sisl(*lrlils " ( I  +'!"AII y "0 t +loiAt~ qrle se oI>t,nvieroll 

111 ilixil~~(lo 10s ;~l.r(*gIos (*sl)(-~~irr~(~rit ;ll(*s (l(-s(.ril.os (-11 (4 ( !al)itttrlo ~~rccctlc*tit,r. 

a11ll)lio rallgo ( I ( *  cr~t*rgi~s ( I ( *  l~o~i~l)iircl(-o (-1l l ) i ( -1 '10 (-11 C S ~ C  t,ral>ajo 110s prr11liti6 irlv~sI.i- 

gar la cI(*l)r~~(lt~r~(~ia eo11 l i ~  ( * I I ( * I ' ~ ~ ~ I  ( I (*  I ) O I I I ~ ) ; I  IYI( \O ( I ( >  10s ~)otc~~ciales ( 111~  s11rgc11 clrl 11ioclclo 

, tipl iro, crtyas I ) ; I I  I ( * $  t.(*ill (* i~l~ilgi~li~ri;l s(* ( - I ~ C I I ( * I I ~  I ' ~ I I I  cori~cl adas a traves de Ins rclaciotlcs 

(I(* (lispcrsi611. I ~ I  fig111.n 3. I I I I I I ( - S ~  rii 141s s(*(-(.io~~(*s (~ficaccs cli~cr~tlciales ct~asi-elisticas para 

los sislcrlraa 1 2 (  ' + '"'I\II y ll;O t 1\11 ~~ot.t l~i\ l i~;icl i l~ a la sc*cci6n cfiraz clc Rt~ll~crfortl (vcr 
I 

Al)i.r~tlicc 6.2). I)c.l)itlo a In rt~sol~~c.it;r~ (-11 cv~c*rgia ( I ( - I  Iclcscol)io (- 100 kcV ell los cspcctros 

I (Ie C)), esas scr(*io~~(-s c~~(.~Ic( 's ~ I I ( . ~ I I ~ P I I  ~)I.O(.(*SOS c-liisl i(.os, y 1~~1111~i6n I)~OCCSOS i11cI6sticos t ales 

cotrio la cxcil n(.i(;r~ ( !o~r lo~~~l) i ; i~~; l  y 1;)s ~.(-;i(.t.io~r(*s ( I ( -  1 ~.n~rsfc~.t-r~cia (I(* ~ic~~t,rorlcs. 

A ~jarl ir tlc I R S  sc~cc.io~rcs c~lic.;ic.c*s clirc*rc*~~c.iillcs sc- ol)l llvicron 10s par6metros tlcl tliotlclo 

6111 ico tlc csos sislc*tllas, I~nc*ic-r~(lo c.iilct~los I)ns;iclos (-11 (4 tllotlclo ciptico. Estos cilclllos f~tcrotl 

rcalixntlos 111 iliznll(lo (11 t-citligo ( I ( *  co11il)111 ;lei611 1"1'0lA1Sh.IY [53]. La 'Ikl)la 3.1 111ues1 ra 10s 

~)ol (*11~iaIcs 61)t i ( * o ~  oI)I ~~ l i ( l os  y lils s(-('(.iori(*s clic.n~c*s clifcrcncialcs calculatln~ a pnrtir clc cstos, 

se lr~t~<*st.ra.~~ ( * I I  lii l:ig~~r:i 3.1 . 
I)cl)iclo a I;\ ;~~~~l)igiic*tlntl tic* Igo [5!l]. los I ) ~ I . ~ ~ . I I I O ~ . I ' O S  cIc*l ~)ot.e~iciaI 6ptico 110 esbii.tl ~Ictcrt~ii- 

rlnclos I I I ~ ~ V O C ~ I ~ I ( - I I !  e, yn. ( I I I C *  (nsisllc*~~ fa~iriliiis ( I c  I ) O I ( ~ I I ~ ~ R I C S  6pticos ~ I I C  rcprot l~~cr~i 10s clatos 

1 c*k(cl)t-ritllc~ll~al(~s ( I ( *  1i1 clisl)c*rsiA~i (*Ids1 irn. c.orlcv-!.aclos I)OI. la rcln.ci6n 
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E'igura 3.2: I'crriitcicirr c.oa 11 olctyicr tk k )~ r r l i i ~ .d i~o ,  111, lrts pwlcs  rvcil [Arrilui] c L~cciyiriurict [rllrcrjo] 
(lcl p le r tc iu l  4plic.o l I  ~ x ~ t v i  10s sislc I I I ~ I S  ''(I + '!":I 11 [l:clt~it.rcl(i] y "0 + 1U7tlti lDerrchrl]. LOS 
tvrilios cle sc~rrsililidrtrl Its, y Its,,,, t 11 los tltr~* so11 i rit~ltt(iclos 10s poler~cicibs ESI(I'II i i idic(l(10~ C I ~  11 
jiguru. 

doll(lc 1/, c:s ol ~~otcocial real i~~tl(~l)c*irtlic!~~le <I(* It1 csnergia. 131 f~rertc aunlctl~to tle la scccibl~ 

eficaz cle los C ~ I I R I C S  de reac-cici~r i~rc.listicos cor~ la crlergia tlc bornbartlco (pi~ra ~tlrergias 

~)rcixir~las a la crrc*rgia cle la I)i~rrc%ra ( 'oulor~il)iirlri~), l)ro(lircc 1111 ~ ~ I I ~ I C I I ~ O  (I(! I V .  Ida ec. (3.2) 

10 

6 

: o  

1 

0.6 

I I I I I I 

-V(R&= 1 1.7 fm) -V(h=12.3 fm) : 
4 

~~rc~ l i ce  ( 1 1 1 ~  Ias vi~riaciones elr la ~)irrlc' il~~irgir~ilrii~ (Its1 1)01~11cial bl>tico <le1~(:11 ir acorx~l)afiaclas 

1)or variaciollcs tlc la parte rcwl (It4 ~riis~rlo [59). 

I,a 1:igtlra 3.2 ~uucstra que los ~~o lc~~c ia les  6l)lic.o~ clc 10s sistelnas "(! + IU7Au y ''0 + 
l " A ~ ~ ,  C V A I ~ I ~ ~ I O S  ('11 10s raclios ( le t  sc~i~sil~ilitlacl orc\sc8rlta~~ 1111 co1111)orta111ier1to d e ~ ) ~ ' ~ ~ ( l i e ~ ~ t t ~  (Ie 

la crro~-gia tle bo~l~barcleo clue cs co~rsisbc-rrtc c-orr lil rctlaci611 tlc dispersi611, ya que se observa el 

atrllicr~to c~r  el ~)otelrcial real \f y (4 c.orri*sl>o~~clic*~~te clect.ecinliento del potcncial imagil~ario 

cuarlclo la encrgia de bo~l~bnrtlco (lisr~ri~ltry(~, iil)roxin~a~~cIose a I<. 
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0 

1.2 1.4 1 1.2 1.4 E/V, 
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I'arir clrcrgias tlc* I~o~~~bar t leo I I I H ~ O ~ ( * S  (111c! l i~  I )a rr(*ra ( !o~~lo~lll)iatla el car ~ a l  de reac,.ciblr do- 

lllillarlte es la f~~sicir~. El ~iilclco coll~l~uc*sto fonl~aclo en talos reacciones qncda en uu cstado 
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E [MeV] A [amu] 

1:iglrr;r 3.3: (1:cltiic rrl(~] Ksyrclirr (It VII(  rgitr lol(11 10s jinynic~irlos de j isidi, del "Vr  yrwltrc.i(los 
1'0" 1" irctccio'rr '"0 + lV7Azr (8 l~',,,~ = 1 I0  .\I( I'. [I)( rur.luc] C(i1culos cle lu etietgicc clcposiladct , rr c l  
(lclcclor cot~io jtlirt-i(ht (14 l(t i/i(~s(i (14 1 ! I + ( I ~ I / ~ [  illo (l( lt vlr1(1o. 

a 

a 
a 

' .a 
a 

I * 
a 
a 
a 
a .I 
a 

I 

% " 
:I 0 

< l;A. >= 0. I IS!)- -+ 7.3 & 1.5 A l ~ l . '  
', \ I/.$ (9:l) • 

clollclc i! y .el sc rchlicrcll al ~tliclc~o c.oll~l)uc~sto y /:Ik c?s sirlna de l a  cllergias de cada ullo clc 

10s f r a g ~ ~ ~ c ~ ~ t o s  t l c 6  fisi611. Eli (31 <.ilso ( 1 ~ 1  ""'1Zr c8stos cilculos 111ucstra1l clue < Ek >= 150 

hlcV, ]>or lo c111c~ c-acla fragmc~rto c l c ~ l ) c b  I l (a\ l i i  r, (*II \.i\lor ~ncclio, 75 helcV de cnergia cilldt ica. 

lJa clilerc~~ria rwtre la cuergia i~lc~liil ol,sc~rviiclii (57 MeV), y la esperada a l)a;tir cle la rBc. 

(3.4) (75 Me\'), sc clcl)c a 1Jrclitlas cIc1 chr~crgia V I I  (-1 b l i \ ~ ~ c ~  (- 5 MeV), el! la venta~ia clc 
I 

e ~ ~ t r a d a  del tlctcctor clc: banera clc? sul)c*rlic.ic (- l .5  hlcV) y a las clebidas a1 electo dcl j>lasrna 
a 
a 

~)rocluciclo 1)or 1i\ r;tcliaci<i~~ io~rixi~utc. ( \ I I  (4 clctc~.Ior (- 10 kleV). • 
IJa Figirra :i.:j [ I )c~c~lra]  ~lrl~cst ra 1111 ciilclllo (lo la energia depasitada ell el cle~c*ctor, 

I)asaclo clt co~rsicl(~rac-ior~(~s ci~ic~lr i t  icsiis c.11 las cltrc: la cwergiii cilidtica ell el calla1 de salida I:'k, @ 
coi~lcidc con la c*~rc.rgi;l 1)otc1lciitl ( ! o~ r lo~~rb ia~~a  c lc -  la1 partici611. Estos ciilc~~los illclt~ycri l i ~ 3  

corrcccio~~cs clc4) ic l i ls  a Iirs 1)6rcliclws ( I t 8  c*rlc>rgia i i ~ ~ t c ~ r i o r ~ ~ i c ~ ~ ~ t c ~  ~~r~l~ciorrat las. 151 anclm pica clc* 

fisi61i ~bscrvaclu (*II la I'igilm 3.9 [1~(~11i(~nl i~] ,  s11gi(+c clac: el ""l'r lisiol~a da~rrlo 111gar a urla 

gralr varicdacl clc 1)articioncs cliTctrc~r~i~c~s. • 
Sobre la I~asc clc la teoria estatlistica, la clisLril~irci<jrr a~~gu la r  de 10s fragr~icutou clc lisi611 • 

vieac clacla por [(i I ]  
1 +rrsarr"l .  

Ilo'((3) = - (3.5) , 
I + $  a 

a 
a 



0 re31 

0 

A [esl 
Este trabalo 

Figllrn 3 . 4 1 :  [I:qrrirtuln] ,$recicitt rjicri: rlifi ru ttcinl rlr jisicita clel itticleo cotr~pttcalo *I31;i. pdtrcirlo 
pr. In rmccidn "'0 + '"'/I ti, eortto jtriteirirt rlc cos20.  I,n linen adlidn ca tltaa rqresidn liticnl rlc 
lo.* r1nlo.p. [Ilcirrhn] ,9rccititl rjieri: /o/rrl rlr ji.*icirt rltl tiriclco comptrcs/o prcxlrrcirlo lwr In t~t is i i~n 
traccidn como j~rrtcio'tl rlc lri cttrtgirr cir~r'litrr rlcl cnttrrl rlc rttlinda. 

tloticlc a ca cl c.oclic.iclit.c* tlc il~iisol~rol)ii~, y ('s1.i. t ~s~ .~ . (~ (~ I i a~ i~c~ i t . c *  vitictllaclo al nio~licnto atigtllar 

critico ICrit, al ~ t ~ o ~ ~ i c n l ~ o  tlc i l i~rcii~ (4t-c-l.i\.o 1 y il 1i1 It-tlll)crat.tlra T dc1 rlticleo compucsto. 

i)o cstc motlo 1;1 clist.ril)rlci6li R I I ~ I I I R ~  1)11(-(Itt s(*r r(-~)r~scrltada corilo [62] 

conlo ~iittcatra I R  I:igt~~.a. :$.'I [I~(~lli(*rtli~]. I<s(.R. ~xl)r(*sii)li t111c puede ser intcgra.da pa.ra.ol>tcncr 

~jastinclo la f8r. (3.6) a los (1al.o~ cxlx*rinientaIn (I(* la seccirin cficaz dibrencial de ftlsib,- 

fiaicin ac obl~i\*o In c.01ista111~ (I. (111c* fll(* 111 ilizatla para c*valnar la seccibn cficax total a partir 

clc CC. (3.7). l'ill'r7 ('1 ~ i ~ ~ . ~ l l l i l  I 2 ( '  + '!"f\tl il /':l,,h = 82 MeV Se obt l l~o U,in = 1.3 st 0.2 

I)arn, ~ ~ ~ i ~ t t t r a s  ( I I I ( -  para el sisl(-~iii~ "'0 -t ""AII ;I I$,la = 11 0 McV ae obtrltro a,in = 1.2 f 0.2 

I~arn. 

I,a Figt~ra 3. I [l)cr(-c.l1r7] (.o~lil)ilr~ Ios ~ C - S I I I ~ R ( I O S  ol~l,c~liclos para el sist.mla "0 + ' 0 7 A ~ ~  a 

=! 110 hlc-\? (*ti (-st(* I r;\l)r7jo. c.otl los ol)tc~ii(los 1)or otros in\rest.igatlorcs [63]-[B5]. 

Para 1aa c*r~c*rgias clc* 1)011il);lr(l(~o 111(-11ort*s R $2 hlvV ( I 10 hScV) rio sc cat.t~tliaro~i 1as 

rc*ac.ciotics dc r11si61i-lisi61l el sisl(- l~ia '2('+""Ar~ (1' ;0+19iA 11). 



3.2 Actividad de 10s productos de reacci6n 

1'11 Gsta sc.c.c.itil~ he* clc~scril~c (-1 11161oclo c'~~~l)I('itcIo ~ t i t t ' ~  Iil ( ~ ~ ~ ( : ~ I I I ~ I I A c ~ ~ I I  c 1 c b  Iil sc:c.e.ici~r c * l i c . i r ~  

101itI cle Iirs ~~~~~~~~~~~~~~~~s tic l r i i ~~~h~rc~~rc . i i~  it I rir\& ( I ( .  Ii1 rilcvlici611 tic la ac.liviclircl el(: 10s ~)ro(l~~c.tos 

( I t s  rc*acci611 i~~c~s\irI)los, y sa tlisculc*~~ los rc~s~~lti~clos ol,lc~~ic!os. 

I a i 1 5  ~~~cclicio~~cbs sen rc~irlixaro~r c.11 (4 I.i~l)orirIorio 'I1.\ N I)A I t ,  tlo~lclc! 1111 blalrco (I(! '"!\II (c*sl)csor - 200~ig/c-r11'l) C ~ r c *  irriicliiltlo c.olr ~)ro!.cv-l ilvs c l c b  I ? ( '  y '"0 colt cr~ergiits <.o~i~l)rc~~cliclirs c.11 el 

rirllgo ( I t 8  55 i t  82 h l c b \ '  y tlc 80 il 110 I\lc*V, rc~sl)c-c.t iva~~~e~~rtc~. I,os l>rotluclos i)cbsaclos clc- la 

rc*;tcci&~ C I I ( - ~ O I I  rc~c~olc~cliiclos (.or1 I;)lii~s ( le t  i l l ~ ~ ~ ~ ~ i ~ r i o  ( I s  2.1 I I I ~ / ~ I I I ~  (Ie cbsI)c8sor ~ )os i c i o~ i l e l ~~  

i ~ ~ ~ ~ ~ c . c l i a l i r l ~ l ( ~ l ~ l c '  clc~lriis ( leal I ) I i I I I ( *O.  ~'c)slc~riorlllc~r~l(~ it l i b  irri1diik~i611 sc i ~ ~ ~ i ~ l i ~ i )  la ac-li\riclacl t!c 

I ~ I S  fi~liils 111ilizi111(lo ~ I I  tlctcc.lor ( I e b  gc*r .~r~ i~~~io  I~il)c*rl)~lro (: 1Sh130. Idas folii~s ftlcrol~ ~rl)ici~tlas 

a 1111ir clist.a~~c.ia c l c h  2 el11 cle~1 c l c * l c v . t o r s  (c.ristirl), J' clc (tsrc lnoclo fllc ~>osiblc cstucliar 10s 

~)ro(luctos clc lit 1'c'iu'('i611 a L ~ ~ I \ ' G s  ( I ( '  l i ~  111cbclici611 (I(* la radiaci611 clectro~ilag~~dtica clnctrgcl~tc 

clc: 10s I I I~SI~ IOS.  

(!iilculos 1)asaclos c.11 ctl 11oclc.r I'r(b~~i~clor c l c b l  ~ I ~ I I I I I ~ I I ~ O  110s j )enni te~~ garalrtizar que 10s [rag'- 

111c~11tos \)cstclos( :\ - 200) su11 cle~tc~~~iclos par l i ~  Colia clc ill~luliuio cualcluicra sea la 1)osiblc 

clirc*cci611 clc! c*rirc~rgc~~~cia, de los rr~isrr~os, ~l~iewtrits c111(? Ios eycctiles, par lcller 1111 11il111ero 

ai61nico ~lrt~c.l~o I I I ( ~ I I O P  ~ ) I I ~ ~ I ( ' I I  ('S('iI1)ilr i l l i ~  l i j l i i ~ .  1\1 (10t(*c't0r Ctl<! ~0 (1~ i t<10  COII 1111 I)l i~~tlajc~ tic 
10 c111 clc* 1'1) ;I l i l ~  clc* rctlucir, (!II toelo lo ~)osil)lc*, (.I Colr(lo rildiactivo ~~a tu ra l .  1111 (bstlll(:lllil 

clcl luolltajc c~sl)c*rir~~c~ital sc ~~lt~c'slri! c.11 lil l:ig~~rir 3.5. I ' i lr~ el ~ i~o~ l i to rco de la corriclrt~ 

ici~ricir scs utilizirro~~ tlos clcteclorc*~ t l c b  I)i~rr(*ra c l c b  s~~l)cbrlicic ( I ( *  700 lrrll de csposor ( ( :~ l~ l ) l i i ~ i~do~  

a U f 30", ~.(*sl)(~c.Io ( I (*  l i b  clirc~cci611 ( I e b I  I I ~ z )  y l l l l i l  ('Ol)il (I(* I':II'H~~LY. 
. . ., 

I'ilr~ (81 I ) ~ ~ ( ' c b ~ i ~ ~ ~ ~ i ( ' ~ ~ t c )  cle 1i1s schi~i~\(*s scb 11tili~6 c~\c*c.lr<ilricit c.or~ve~~~cioaal y para lit ~ I ~ ~ ~ I I I S I C I O I I  

clc elalos (tiillto tic* ~~lo~~i lorc 'o t l c b  1i1 c.orricwlc cI('I I I ~ I Z ,  col~lo c l c b  ratliaci611 gal11111a) sc: r~tilieirroil 

~~~~~ l t i c i l u i \ l cs  c.o~rc*c\i\clos a l'( 's. 

I,os osl)cclros clc: cwcrgia giIIIIi1 ( I()!)(i c.a~~itlc~s) [ I I ~ ~ ~ O I I  ~ I C ~ I I I I I I ~ ~ ~ ~ ~ S  )I gt~irrclatlos alltollliiti- 

c i ~ ~ ~ ~ c ~ i t c ,  co11 \r;rrios il~tcrvalos c l c b  1 i t - I I I  ~)o ,  ( I I I ~ ~ I I I ~  c* varias I~ori~s. I,a rcsoltrcicil~ c ~ l  c!~~cargii~ ( I ts1 

clc~lcc~or cle g c n r ~ ~ ~ i ~ ~ ~ i o  foe dc* 2.0 lit&\' (I:\\'llhl) la t,nri~sieiril~ de 13132.5 lieV (Ic:1 '*(i). ' 
I 

1'11 algu~~os (.ilsos (para c*rlc*rgii~s c l c b  I)o~i~l)iir(lc'o 20%) sirl~c~riorcs a la I~arrcra C:ouIo~~~l)ia~ra 

' cIcI sistc~lla), st! ol)sc%rvo Lllli1 al1.a Iitsi~ (lo ritcliiic'i611 c-II ('1 cIc~tcc10r (se ol,servaro~~ Licr~~l)os 

" I I ~ I I C ~ ~ , O S "  ( 1 ~ 1  lllllllicalli~l d(* (*111rt* 1-1 5'Xr y c d  5Oc%.), sil l ~ * I I I I ) ~ I ~ ~ o ,  110 sc oI~s~rvar011 C~(:C~OS (Ic 

al)ilaruicl~to. 





131 a(l(ala~rte I I ~ I I I I ~ ~ ~ ~ I I I O ~  " ( . ~ I I I ~ I I ( ~  ( I ( .  ovitl)orirc.itir~ .rrt", iL las rcaccio~lcs clc Cusicil~, c.11 las (&I 
~lilclco co~~~l)ucsto clccae c:val)ora~lcIo .t. 1 1 c ~ r 1 1  ro11c~s. :\(I('III~IS I l a ~ ~ ~ a r e ~ i ~ o s  "calla1 cIc eval)oraci<jl~ 

prir (arrr )" it Ias rc*ac.ciollcs (It& f11siti11 ~ ' I I  l i ~ ~  c111c~ ($1 ~~ilclc*o c.o~~~r~cslo tle~ilc o111iti~11<1o 1111 1)rot611 

( I I I I ~  parlieula ( I )  y .r 11c11l ro~lcs. 

Idit ~ ) ~ O ( ~ l l ~ ~ i 6 1 1  ~.(~Iilliva (I(' cidil ( ' i l l l i l l  (Itb (1\ri~pOrilci611 .rlt, p.1~1 Y axi l  ~k!pellde (I(: lit c!1rcbrgia 

c~cilir~i611 &,. 3. (lcl 1110111(~11~0 illl~lllill. I ~ l i l l  1. ('011 ('1 (IIIC ('1 I I ~ ~ C ~ C ? O  ( ' O I I I ~ ) I I ~ S ~ O  CS fo~'lllad0. 

1'11 cl rlloll lr~~to ( I t& la fonllitc.ici11 (!(.I ~r~ic-l(*o c.oli~l)rlc~sto, la rwergia del ~novilliiel~to relirtit~o (I(. 
los ~lilclcos ell (4  cirlral cIc8 cs~~trat la (I:), cw I.rirtrsli~ritla a 10s grados tlc lil)c*rtacl i l~tcbr l los c l c a l  

~lilclcu, co~l~l)rlc~sto, por lo c l r l cb  SII cwc-l.gia (I(' ( ' s ( ~ I  i ~ i 611  v i ( w  clads por 

clollclc c.1 \.illor O,,, ( I t 8  f11si611, rc8l)rcbscb~~l.ir (4 ~ I I I ~ I I ( ~ I I L ~  c w  l i ~  cllorgia dc ligirtlura asociacli col~ 

lit Corll~irci<i~~ ( 1 c d  ~r l ic . l (&o c.o~rrl)uc~sto cgr l  SII c~slirtlo S I I I I ( ~ ~ I I ~ I ~ I I ~ ~ L ~ .  I,as rllasirs A l l ,  Al' y A l l+ '  
c.on.cspo~~clea al 1)roycc-lil, ill I)lilllc.o y ill r l l ic. lc*o c.o~np~lctslo, rc~spectivar~lc-II~. 

151 rltilllcn) (y  I ipo) tlc ~)irrI ic ' l~l i~s c~\'irl)ora(lir~ par c b l  11ilc1c.o c,o~~~l)~~ctsLo Ila siclo caxl)licatlo 

ulilixando cl alotlck~ cslaclisl ico. ( 'iil1.11los I)asi~(los c11 cstc ~~~oclclo (clue* fil<bron rcirlixaclos uti- 

lizallclo cl c6cligo tlc col11pi1tirci611 I).\( '1': [(i(i]), ~~rucst ra l~  qrlc: (?I ~lilclco co~~~l)ucslo ' w A ~  (for- 

111arlo el1 la rcacci611 "( : + '"AII), stb cIc*s(~x~iC~ Sii\~orecic~~(lo 10s C ~ I I ~ I ~ C . S  (Ic f11si611 -cval)oracio~r 

.rrr (311, -1r1, 511 y (ill), rcspcclo t icb 10s ~~.t*t l  y .r(1 (par cjelrll)lo, cilculos para el sistcllla "0 
+ 1"7A11 1)r(nclicc8l1 (111e (Ic la sec('i611 (~lici~z 101 iil (I(! fl1si611 cbvaporaci611 para Elcrb = 80 MeV 
c*l fi!)%l corrc'sl)o~lclc. it los ca~ritlc~s c lc -  cb\rirl)orac.ici~~ .rrr, (4 7%) a 10s callales pxlr y el 4% a 10s. 

t\.rrr). I 

El1 Iirs I "~CS; IW~IS 3.(i s 3.7 stb Ol)~('l.~illl I ~ I S  ( ' ~ I ( ~ C I I H S  clct clc!cai~~~ie~~los cle 10s resicl~~os clc: 
cvaporaci61~ clc 3. -1, 5 y (i ~lc~ulro~rc-s (1c.I I I I I ( - I ( ~ I  ( .OII~I) I I (*S~O '09At. 

Ileliclo a qilc: las \ri(las ~~lc!<liirs t l c b  ~ r ~ l l c . l l o s  ~rirc.l(-iclos clllo forlnan Ias caclcl~as de clecail~liel~to I 
~)rcviatlrc.~~lc cil.irclirs os1ii11 ~ o ~ ~ ~ l ) r c b ~ ~ ( l i c l i ~ ~  ('111rt- los r~lilrr~los y 10s cliau, fuc  posille ol)sclrvar ulla I 





1:igura 3.7: (irrlc rrtrs clc clccccir~iic rtlos rlr 10s trrtrtrlc s tlc jtrsiciri c ~tcqx)rricidrr 511 y 618, poslc.r.iorrs rr 

lrr jor.nlrrr.id,t clc 1 rriit.lro cot,~prcc~s/tr '"!'. 11. 1,cr irllc rtsidrrrl rclalitrc~ r lc 10s tlcc~nirrrielilos /MJ;- ccrl)luln 
clcrfrdriir-cr (EC'). i j + ,  y cr,  (11 igrcctl ' I I I ~  Ices crir1rr.s rrlit1ici.s y 10s ~rtocr~crllos N ~ I S I I ~ ~ L I P S  clc 10s cs l r id~s  
clr~lallotlo.s, cslt i r~ irrdic.crclos erc lri Jiyrrrrr. 

I 
1,as Lra~~sicio~~t-s tic: ellcrgiits I:; = 125.0, 5SS. 1, 608.0, y (iS:l.;l kcV, clue corrc:sl)ollclcu a1 

t lccai~ll ic~~to clc4 '"'At y sc obsc*rvit~~ (*]I l i t  I:ig~~rit 3.8 [Arriba], corrcsl)orldcl~ al ~ a ~ ~ i i l  (Ice 

cval)oracihrl 511. olros ~luclc*itlos c 'o r rcws l~o l~( l i c ' l~ l i -s  i L  la c.a(lc811a clc decainliclltos (lo1 callill @Its 

t!\~al)orilc.ici~~ 511 st* iil,rc*ciall c ~ ~ I ~ . ~ I I I I ( ~ I I ~ ( ~  c8rl lit I I I ~ S I I I ~  ligurit ('""l'o y 'O"13i). 
a 

!,a baja s(*c-cih~~ cnlicas clcl ( ' i i l l i l l  ( I t b  (%\'al)ol.i\(.ih~~ (;)I (parit la rcacciba "(1 + L U 7 A ~ ~  a f : j rrb = 
a 

$2 hleV) (111cvla ( * I I  cl\riclc*~lcii~ yil (111c' 1111i\ t i~~ic' i~ I ri\~lsicii)~~ c~lcctrolllag116ti'c.a co~ : r~ . spo~~~ l i ~~~Lc *  
a 

'id ca11~1 ( i l l  sc oI)~(~r\rii ~ I I  1i1 Il'ig~~~.ir :l.S [,\rril)i~] y c .~~cs l )o~ t< lc  a1 (Iccai~~~icnlo clcl ~ ~ k l c o  
0 

20:) lo. 
* 

1 a 
a 
e 
a 
e 

a 
a 



I:igl~ rn. 3.8: I..'spr r.11n.9 !lrri~rn rlr /(I rrr./ir,irlrrrI r/r 10.9 l)lr,rIrrr/n.~ rfr Ins tmccioitc.~ c + '"A rr ( E , , , ~  = 
A'.? Afr 1 ')[,I rrilnr], ' "0 + I"') 1 11 (Ill,,,, = I I 0  /\lc I.') [. l br!jr)]. El crtrndrw .stipcrior (irtfrrinr) i~~trealin 
lrrs ltntwicioi~t s r lc r~l~nt~rr~!l~riIir-rrs rlr lt r.lrrrlrrs r 11 1r)s ~)r.it~~cins 60 (40) triiiltrlos dc rr(iqtri.picio'n dc 
rlrrln.9, it~t~rcrlir~lrr~~rr rrlc poslr l-iolr s rr ltr i~.rrrrlirrr-iri~~. 1,rr.q ~)riitril~rrlcs I t ~ i t ~ s i ~ i ~ r ~ c s  rlccltnti~nqitc'licn~. 
rslrin rlri~olnrlrts itrrr/itrrrlr 10.9 si~t~holo.~ rlrrc sf rIfl~//rrr~ r 18 r /  trc~rndtw qtrc sc ci~oiriflin n Irr riorehrr 
rlc 10.9 GRIM c/~Y)R. 



1511 csla figur;~ scb ol)scrvar~ tr;i~lsic.iorrc~s cblcv.l ro111ag116ticas corrcsl)oll(lie~llcu a 10s callales tit! 
c\y'oraci611 clc 4,s y (i r~cutl.ol~cs 1)ill'A ll~ic'lc~o ( ' ~ I I I ~ ) I I C S I ~  '"'At, forlllado en la reacci611 "0 
+ Is7All CII cl rarlgo dc: ell(:rgiils tbsl ~l(lii\<lo (I:;,,I, = 55 ii $2 hlcV). A orlcrgias (Ic I,ollll,ardeo 

ulenorcs (*xistc l \ l \ i \  c-lara c~i t l ( -~ l~ i i \  tI(*I ~ a ~ ~ i r l  311, ya c111c' sc ol)scrvi, la trw~sicihlr c:lcclro- 
" 111agn6tic.a clr cllc~rgia ET = =OO.(i lit*\', c.orn*sj,o~rclic~~t(! al (I(~crtitl~iellto t1c:I n6clco 2uil\t, c.11 

los cspcctros corrc~sl)011dic11t~s i l = 55, (i0. (is J' TO hlc*V. 

1311 la 11lisr11a ligura se ol~sc?r\.i~~r :I I ri~~rsic.ior~c~s c.lcct ro~~~i~g~rdl icas corrc!spo~~tlicr~tc,~ al clc- 

citilniel~to c1t:I ~l~ic.lcbo '("lli ( Id7 = 422.1 , (iTiT.5, y !)(iO.(i kc-V), y tlcbido a <111c a csta cvlcrgia ~ l c  

I)o~~~banlco 110 sc* ol)sc~rvan lrir~~sic.io~rc~s (* lcv' t ro~~~ag~~dt. ic ' i \~ C O ~ ~ C S ~ O I I ~ ~ C I I ~ C S  al clccai~~~ic~tto 

tlcl 'wAt, talcs tri~~~siciories rcvc*Ii\~~ 1i1 A I ) ( > C ~ I I ~ H  (1c.I calla1 ~ 1 3 1 1 .  

1,as 1:iguras :$.!I y 3.10 111uc*strir11 lits (.it(l(.~lils tie c1c:caimicntos cle 10s canalcs clc! fusi611- 

cwal,oraci<in .rlt 1,;1ri1 '4 rlficlco c.ol~~l,~toslo ":'I+ I'or~i~a<lo ell la rcacci611 "0 + rU71\~~. 



I;('+ii+ 148%) 
"+ 2'1 11, 1 

211HRn rt 52%) 

l;~'+li+ { ! l 'Y4%) /--\ ' L O H A t  4 )  21 ' 0 4  ( 0 .6%)  ni ( v r r  Fix. l o 4 P 0  3 . 7 )  ( V W  Fig. 3.7) 

I : i g 1 1 r i 1  3. I O :  ( ' r t r l r  ttrt.q r I r  r I r r r t i t t t i r  tt1o.q r I r  Ir1.w v r t i t r t I r ~ , q  rIr 1 1 t s i r j i i  - r t w 1 ~ 1 n c i r j i ,  ,5,1 6 1 ) .  ~ ~ s / c ~ j o ~ s  f l  

Irr j o i . i t i n c i r i i i  r l r  I t t  t i ( - l r o  r o i t t p t t r  .%lo 21:'I.i.. 1,rt i t t l o t s i r l r t r l  rrlnlir*n dc  lo.^ r l r c n i t t l i o l l o . ~  pot.' c n p l a t n  

, r / f ~ / l ' h l i ~ ~ f l  ( I ; ( ' ) ,  <It, ( 1 ,  f t /  ;!/tt,t/ ( / I t (  /<I.< tq j f / f t .q l t l ( t / i , t .Q  ?/ 10.9 l t t ~ l ~ l f ' l l ~ ~ . ~  f l ~ l f J t t / f l l ~ . q  ( 1 ~  10.Q ~ .Q /~~ I /o .Q  

r l r  r r t r l n  t t  t t c l r  i r l o ,  r  s l r i t t  i t t r l i r - r t r l o s  r  11 I r t  / i ! / r t r r t .  



a 3 D 
;Z * = - 
? - 5  t? - . - - - :o - Y. 
4 - . - - '(I 2 .- a L L  
I - .  -. - w " 
-. - " . - - O 
w T = . - Y 

P 
-. - - - *: 
-n 2 

5 - ." - 



'Sa1)Ia 3.2: Prol)ic~tlnclrs clc I R S  I r;i l~siriorrs i - I i ~ l  roll~ngl~f l icns clc 10s nnclefclos pcrl.c.nerientca a Ins 
rntlcn~s clc t leca i~~~ic~t~t .~  clc 10s r;111;11os tlc* l'11si011 cv;lpor;1ri611 .rn y nan, forn~ados cn Ias rcarcioncs 
I Z C  + y lfiO + 19i,\t~. ~\c l i *~~~; is SP ~ I c ~ ; I I I ; I I I  I R S  1.ra11siri011cs eI~ctromagn6tic~~ de Ias rcarciones 
tlc 1.ransfcrcncia ol)srrv~tlns. cn ;1111l)os s is lc~~l i~s.  



1 1 1 , , , , , 
1 ' ' ' ~  

lo4 - 12C+1~7Au : . 2 M ~ o  

Elab=82 MeV - 0 'O"Bi 
- 

Figara 3.1 1 :  Ls/n ( . / /us i~(i111e tit Itis i r~~~r .~b . i o r r r s  cr)r.rr .\/~orlclitnlcs (4 10s p~w/t ic los ([c Qs  irt lrcionca 
12(! + " ' i lu  (&,,a = $2 ~ l~ I ' ) [ . 41 r . i b~ i ] ,  ''"1 + ' ' " i l ~ ~  ( h u b  = 110 A l e I ~ )  [ i l l o jo ]  ( 1 ~  pi&& itlty/i(l l(4rgo. 
El rus(1iw supcr*ior (itr/(.r.iorg n r~ i r r l r n  Ls 11s1isir.Brr1 r l r c l~urn(~gt rN ic (~s  i l n l e ( l ( ~ s  en 1111 ,riiwlo 
clc I t  Irotns tle rrrlqciisicidrt, cjcc.lritrrlrc Itrtgo tlc 1J.1 (.{5) horns clc jit~rili:(itl(i ltl imditicio'rr. L,(ts 

priacipiles itwrui(.iorics e l c c t t u r ~ r ~ i g ~ t i l i t ~ ~ ~ ~ ~ ,  (..~/(it l 8 ~ro/(l(l(~l.e ttrc(1iliaate 10s sif/rbolus yuc se clcl(11lt~it 
eta c l  i rc~it ic l tv (1.c se ctlruetrltri ti lr i L ,r (.b(l C 10.s I y r r l t u s .  .N.l." aitnlulizu (4 10s picua tiu itlctl- 
li/ic(1(1us. - l*bi~(lo'* sirrtlrLli:(~ (1 ltis 11u11rci(.iortw L I c ~ ~ I I Y ~ ~ ~ ~ ~ ~ ~ J Y ~ P ~ ~ c ~ I Y  t t s a L c l ~ ~ s  ti ~ u c c i o n e s  pn*lucidna 
enlrr: 10s j)r.oyc-c.lil( s y 1(i jolici (11% cilurriirrio rtcrlrtruil. 







Para tlclcrnlitt;~r In sccc.i611 c-lic.;~z clc los (-atlal(*s (I(* (-val>oraci6n ~ ' 1 7  se ~tt i l izarot~ las11 rail- 

,sicioncs clc & ='iOO.(i, 'il!).:l. 125.2 !. !)OS.(i kc\/, ~,c*rlcnecict~tes a 10s c\ccai~nictltos dc 10s 

nticlcok 2mA t, 2 0 5 ~ \ ~  , 2u'A I y l0"I'o. ~(*sI)(-(-I i \ * ~ I I I ( * I I I  C. IIos titi~lcos 202*201*200*1m11g, 205*203rrl. 
y 2m-20'tPl), p~rIc*~t(~c~i(~t l l (~s a I;IS c.;~clc*it;~s :!-fit) 110 st* o1)servaron tlcbitlo a qltc so11 ~litclmp 

cslablcs. 1,os t~ric.l(-os 202,2"'1'1). Lo2'l'l 110 l)llOi(*rott ~ ( ' 1 -  o l ~ s c r ~ a ~ l o s  c1~I)iclo a S I ~ S  largas viclas 

,iiic(Iias, qtte 110 l)(*rtl~iI(*~l la (I(*l(-(.(.i(it~ ;I I ts;1v(;s ( I (*  la t(;(.t~ica cx l )e r in~c~~t~a l  ~~til izacla. 

I,a Pigltrr? :!.I:! [ I xc~r t i c rc l ;~ - t \~~~~ i I ) ;~ ]  I I I I I ( - S I  1.a las ftt~tc.io~t(*s (Ic excitaci6tl dc 10s callales (Ie 

cvaporari611 .rit o1)sc~rvaclos. ICsl ;I ligrtra I I I I I ( *SI  ra ( I I ~ ( *  I ) ; I~ ; I  las ctlcrgias (Ic I)oiill)artlco t~lcnorcs 

quc In 1)arrc-ra ('ortlollll>ia11a ( I l l , , i ,  = 55 hl(*V) 1illi~a111etltc CI calla1 311 csta al~icrto. Para 

/':lab = 60 AlrV sc* ;rl)rc (*I c;~tlal 111 1- ( ~ I I ( ~  l)ar;~ etlcrgias ~llayores sc allrc11 10s c a ~ ~ a l e s  (Ie f11si611 

cvaporaci611 511 y ( i ~ r  ( /Anh d . 5  y $2 LIP\!). I*:st.a ligttra t ati11)i611 ~iittcstra (111e la secci611 cficiz 

tol.nl t l r  cvapor;tc.i611 clc* I I ( > I I I  t-otlcw iltt111('11l ;I riil)i(lalll(*ttI(~ a tll~(li(la ( I I I ( -  nti~i lct~ta la cilc*rgia 

tlc l)oi~~I)arclco I I ~ I s I ~  i~lratlzar 1111 t~~;isi t l \o ( I< / \  :. % I .2) y ~) r (~s~ l i t a .  \ I I I ~  cIis111i1111ci611 1(-11ta 

R I I I I I C ' ~ ~ ~ ~ I ~  lil (*llc'l.gi;l I)Ol' ; l l ' l ' i l ) i~ ( I ( '  ('s((' \.illOl'. 110~ \ ' i l l O l ' ~ ~  ( 1 ~  S(YT~OI I (~S d h " * s  ( I t8 10s 

ralt;~l(*s (I(* fttsi('m (*v;~l)ot.;~(.i(;t~ . r 1 1  st* ( I ( ~ I ; I I I ; I I I  V I I  la 'l ';~l)l;i :I.:{ y coi i~c i~ le t~ C-OII ~r~c( l ic iot~cs 

pr(*vias [i 11 

(SI(.rtlos l)as;~flos (-11 (-1 t~~o(I(- lo (*st il(Ikl i f  o 1);1r;r (11 (I(*(.;~it~~ic*t~lo (lcl 111icl(-o co t l~p t t~s to  2091\t., 

r(*aliza(los 111 i l iz;~t~(Io (4 (xkligo (.OIIII)III ;1(*iot1;11 I),\( '1;. ~ ~ ( ~ ~ ) r o c I ~ t c c ~ i  c ~ ~ a l i l ~ a l i ~ ~ a n i c t ~ l c  csIos rc- 

sr~l l  mlos cxpcritl~ct~rl ; I~CS.  

I'ara la rcacci6it '"0 + I"I\II sc* ol)st-rv;~rotl los 111islllos eanalrs dc evaporaci611 .rit a I.ravi.s 

clc las i~ l is t~las I r;~~lsic.iol~c~s c-l(*c,l ~.o~li;~g~lc:l i(*;ts y s(* ~Ic~l(*r~ll i~iaroli las sccciotlc~ cficnccs aI)so- 

111las c l c  cn(la C; I I I ; I~ .  15110 sc* cl(*l)iti ;I c l r t c l  1;1s Ir;ttlsic.iottc-s caracl.c*risticas tlc los t lccai~~l ic i~ios 

tlc 10s ilticI(*os (.OII % = $7 1. S(i (li\l. 1- Rti. ~ ~ ~ * s l ) c ~ r . l i v i ~ ~ t ~ c ~ t ~ l c )  110 c*sdan ~)rcsctllc-s, prieslo clrlc 

stis viflas tll(*(lii~s so11 t1111(.11o I I I ( \ I I O ~ ( - S  (111c' c.1 1 i(w11)o ( J I I ( *  11\(-(li6 (-11trc (*I fin (I(* la irraclia(*i611 

y (-1 (.ol~li(*i~zc> ( I t -  l i t  111(*(1i(-i(;tt. .\(I(*III;~s sfv oI)s(*rv;~t-ot~ I;IS Ira~lsiciotl(*s carat-I(*risticas (IPI 
( I ( - ( . ; ~ ~ I I I ~ ( * I I ~  o ( I ( *  I (  )s I I I ~ ( . ~ ( < O S  2('7~20s~2f" '~2to,\~ 1. 2f'il' o. 

l 'ar;~ ( I ( * Ic r t~~ i t~ ;~ r  I;) s(-(-(-i611 (*li(.i~z (10 10s (.~III;II(*s ( I ( *  fttsi611 (*val)ora(-i611 . r ~ t  s(- SI I~) I ISO (I I I (*  

Iocl;~ 1;t ;~c.Iivicl;~fl t.c-l;rc.io~t;r(l;~ (.OII c.1 clc*c.;~itttic~tt~o tlv los ttticlcos 200~201*2"5*205~\~ 1)rovi~11(* ( 1 ~ 1  
tI~(-;rit~~i(vtlo ((b) ( I ( *  10s tt~i(.I(*os 2"7~2f's~2cp'~21"l~r. 0 s(*;I. SP 11a ~otlsi(I(*r;l(lo (I I I(-  los cat~alvs 

(I(* frtsi(;tt (-\ . ;~l)ot~;,(~i( i~~ j~.rit i l l  i g ~ t ; 1 l  ( I I I ( *  10s (1.r11  sot^ ( I ( ; I ) ~ I I I I ( * I I ~ ( *  ~)ol~la(los. 1:sl;1 sltposi(-i(it~ 

(qrt(' I ) I IV( I ( -  cl(*j;\~ ( I ( *  .;(*I. \.;ilitl;l O;II.;I /:,,,I, = 1 10 RI ( - \ ' .  cl(*l)itlo a cl~rc el1 csl c (-aso In c-ncrgia 

(I(* c-x(*iI;l(.i(i~~ ( l(* l  ttli(.l(-o ( ~ o ~ l ~ l ) t t ( ~ ~ I o  I ) I I ( Y I ( %  ~ ( ~ 1 -  s ~ I ~ ~ ~ - ~ ~ ~ I I I ~ * I I I ~ ~ I I I ~ ~  gri111cIe ro111o p;\ra favorcccr la 

(lest-xcitac-ici11 pot. (-val)ora(.i(itl t l v  1);lt.l ic.t~l;rs c.argil(las). 1)cr1ilili6 calcular la scc.ci61i cficaz cr,, 

a 1);1rI ir (I(-I s(*gt~ittti(vtt o ( I ( -  la ~ I ( * I  ivi(Ia(1 ( I ( -  ;1Igri11 I I I ~ ( - I I I ~ ) ~ O  poslcrior clc la ca(Ivtia ra(lioact.iva 



-2 3 
7 - - .. 
2 2 - V - ,.a 

0 z 4  " g 
2 '2 - - 
g -z = 5 
0 '= - 3 y 
d w 
n - s .- 
T i - ;  .. 
4 C)  - 
2 z 
z r .- CI . - 
5 - 

0 g PC - A - - 
1 C . - 
J z - - - - 
; ' 5  - - - - - - 2 : w 
Y . - - 2 
'=: = 
:- r - w 
2. - . CI = X - a- 

% 2 = 1 
t 2 
L -= 
4 .o' 3 .- 
j L= 4 5 - - 
g - 
? 2 
5 -= . - - i .z a- .- - 
2 z 
C d 3 - - - 0 
m 3 
5 s - 5 - - '  
z 2 . - 
Y Y 



Pigtlra 3-12: [Izilrrir rrlrr] 1.iritrioitt s r lr r r.r.ilrrririi1 r l r  Ins rnitnlrs rlc rt~aporncio'il 311, 471, 511 Bit  

lnrin 'Iris irnrcioirr.4 ' Z ( ' + I ! ' i A t r  (rrr.r.ibrr) !I '"0 + I ! " / l t r  ( r r l ~ j o ) .  1,os citrrrlos llcrlos .qiinhli:nil n In 

.~rr r i ( i i i  r j icnr Iolrrl rlr rtvrporrrcir;~~ rlr i lctr l , r~i trs m,,~ = n:,,, + a,l,, + as,, + a~,,,. 1,n.q liitcns rlr ptrrtlos 

qrrr tri~rtk i r  10.9 rtrrrrlinr/os / / r  itos !I rr /os Ir.irirr!ltr/os, r-trrrr/lrrr/o.q y ciirtilo.o trnrios, nI igtrrrl qtrr In l i i i rn 

Ilcnn qtrr trnc (I los ri irtrlos Ilr 11ns sort !ltrirr.\ ~)rr~rr r 1 (!in. [Dcircltri] F'trilrioitrs dr  r rc i lnr io i r  cir Io.s 
r.rrirrr1r.q rlr sIr.i lqir~!l rlr rrrrgrr (rr. 'Lpl n ' Lp )  !I r l c  pir.krrl) rlr t t r tr lmt~cs, 1m1n los i11is1rto.o sislrmns. 

1,trs 11'itcn.q .qir~*r 11 r l r  !ltiirr.c lnt1~1 r 1 o,jo. 



(%I sislc~~ra '"0 +'"' :\LI ell (4 rilllgo ( I ( *  (b~~(&~g i i~s  Imjo esllltlio (211 cstc lrabajo. 1,its sccc.iotlL.s 
3 

cbficac.rs c lc8  oslils rc*irc.c.ioucss ~ I I ~ ~ S O I I  ~ ~ ( ' I ( ' I . L I I ~ I I ~ \ ~ ~ ~ I S  I I ~  ilizal~tlo lits lra~~sicioll(fs c81ec1ro~1~ag~~dlicas 

(I(& I:', = !)GO.(i y (i29. I kc\/ corrc-sl)o~~tlio~~t(~s i l l  cl(*c.iti~nicvrto tlct los nilcleos 20'*'("lli. A IIII(III(* 

cnst.os ~~t~cLc*icLos 1)11c~lcu scr ~)ol)latlos por 121s c ~ I ( I ( * I I ~ s  t l c b  l11si61i c*val)oritci<i~l 311 y - 111  atlc*~~rris 

(It* /as 1,811 y 1,111, clcl)iclo a cl l lch I)ilri\ lit 1.cbac.c.iti11 I L (  ' + '"':\II ;I = 82 kloV 110 so oI )~(~~\* i t ro I~  

liis 1 ral~sic-i(~ll(*s I;-, = 7OO.(i 1. 7 I !I.:{ l < ( ~ \ '  ( ( . ~ ~ I * I ~ ( * S ~ ) ~ I I ( ~ ~ ( * I I ~ ( ~ S  iiI (l(v.ii i~~li(*~~lo 10s 111i(.1(~os 

2w;'u5f!i) St8 ( .o I I ( .~ I I )~ (~  t l11(~ 1i1 t*o111 ~iIbll(.i611 ( l (a \ ) i ( ! i~  it (s~lab ( ' ~ I ( ~ ( ' I I ~ I S  tBS ( I ~ ! S ] ) S ( ~ ( ' ~ ~ ~ ~ ~ I C ~ ,  pt)r 1 0  
la ac.tivitlatl ol)hc-r\ratlii c.o~-sc~sl)o~~(lc. it Iits (.ii~~i~l('h tlc l11si611 avc:l)ol.acicilt 0311 y t r 4 t i .  l,as 

sc~cc.iollcs cfic.acc-s r~~ctlirlils c l c b  c.slos ( . ~ I I I ~ I ~ ( ~ s  I ' I I ( *~OI I  a,,:,,, = 19 f 2 1111, y u,,.~,, = 9 f 1 I I I ~ ) ,  

r c~~ l ) cc l i \ ~a r~~c~~ l c .  

3.2.3 Reacciones de str ipping de carga 

Reacciones de str ipping de dos cargas 

I<II  10s S ~ S ~ ( * I I I ~ I S  12(! + '"'AII "'0 + I!" . \ I I ,  Iits ~.c*iic.<.io~l(!s clc str ipl) i~~g (lc (10s c-i~rgas 

J)~O~IU<:CII  is6~opos t I ( b 1  i1o111o TI. ( ' ~ I I I O  ~ I I ~ I I I I O S  ~ I c  eslos is6lopos l i ) r~ l l a~~  part(  (I(' las ca- 
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Figllra 3.13: ( i)r~rlarwridn r  tlltr krs r r  ,.rbtilrr rjirrrfr u rlr Ins rroceioiirs k stripping k pmldn 
y d i  pirknp rlr r t r  111rrit1 1)rrin rl rislrrao "( ' + '"'11 a. roillo fr1aei6n dr ln rrletgin de bombdro  
itorir~nliznrla rr / ( I  btrrtrrrr I 'otilorithinttrr rlr l rialct1trr. I,(/ liilrn llenn (priiilcndn) cortrspnde n 10s 
rrilctrlos bnsntlo.~ r 11 In rr. (:?.15) pntn In Iivrr~.~fcrrt~rirr rlr rrtl itrirlt6n (t,rol61t). 

Tabla 3.4: Srrrioirrs rjimrrr lolalrs rlr  lo.^ rnimler rlr wneciones de pickup de tin neulrdn y k 
#tripping & dos rrygnr rtl /or sb~r iner  1 2 ( '  + ' "Aa !/ " 0  + '"Au. 



Capitulo I 4 

, Teoria Semicl6sica de 10s Procesos de 
Transferencia I 

4.1 La aproximaci6n de Born 

Las reacciones clc: transSerel~cia l>uc~l t :~ i  scr i~~l.crl>retadas a travks tle la aproxi~nacibn de. 

Born con ondas (listorsionadas (I)\VI3A). Esle ~~lotlelo, clue sc basa c~r  la tcoria ciiilitica <Ic 

la dispersicin dc las partict~las, pcrli~it~c calci11a.r la. seccib~i elicaz difercl~cial de transferencia . 
151 : 

. . 

do~ide 10s subinclices 1 2 sc rr*Cicl.c*~~ a 10s t.ilr(yxos dollor y aceptor rcapectivamentc, mi 

y 111, SOII las ~)royeccio~res del ~ilol~lc~ulo a~lg~llwr (Ie 10s fragmentos i~ricial y lirral (tni s 

nzA, mc,; "2 ,  = ,I", nzc,). Las Sul~ciones tlc o~~cla distorsio~~adas entra~itc X(+), y saliente 

X(-)I describen la dispersibn elisbica y son prod~~cidaa par el potencial del modelo 6ptico (vcr 

Apkndice 6.3.2). I,a conslante dc ~)l~ol)orcio~~alitlii(l C dcpende de la energia cinktica y (le las 

Inasas rctlucitlas c~r 10s ca~lalcs t l ~  t.111 rircla y saliclit, y tat~ibidn de 10s n~omentos a~lg~~larcs tlc 

10s caroaos doiior y aceptor (vcr ~\l>b~ltlicc Ci.:l.;)). 1SI factor tlc forma de tra~isfere~icia F(rr2),  

tieqc en cueata Iirs i~~tcraccio~rtts clcl I'tilg1nc11l.o l.ritl~sferitlo COII 10s carozos. 
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Figrtrrz 4.1 : [A rrilrfr] lIi.*/i~iBrrr~irii~ rri~!q~ilni. r .rpct.ititcit/rrl rlr lrrs irrrrriottca de slrippitlg de rrnn rntgn 
rotnlmmrln rot1 t~rilrrilos rlr 11ll'll. l pntrr trrrrriottcs rlr .~lri1,t,it1g cle ti11 pmldn. Ln lit~ea llrna .qe 
ollt~tro trlilizntirlo r / polrt~rinl tipliro rltrr rr,jrrslrr lob r/nlos rx~~criiitct~lales de Ins rencciones eld~lirna 
( c  6 1  3.1). 1,ri liiicn prrnlrrrrln t s  Irr rluc st- oblicttc n pnrlir del polatacinl dl~lico rrtilizado 
cn rl tnmlrlo .qri~~irlrisiro. [,lhrr.jr!ir,] 1)islr.ibrrr.iriii ni~grrlrrr rxl~t. into~lnl de Ins i~acciot~es ela'slicna, 
mrnptndn rot1 Irr rllrr sc oblicttr rlr Irr rrp~nritrtnrio'tt I)ll7/3A titiliznt~do 10s polencinles citndos. 

Ila 17igurh . I .  I . 11111t~sI~ra l i l ~  (lisl r i /) l l( . iol l~~ itt i~tl l i l r t~~ cxpcrililentalcs clc las rcaccioncs clc 

dispcrsicit~ eldsbit.;~ y tic slril)l)itifi tlc lttiil ('ill'@l ('11 ($1 sisI.rtila "0 + 197At1 = 110 MeV) 
I y li\s cotnpara c.011 loa ciilcrtlos (It- la al)rositiiacici~i IIMll3A qtle resultan dc utilizar el c6cligo 

PrI'Ol.EhlY [.%I]. I l i e  I l i a  ( 1 i 1  4. I [i\rril)a]) n el resultado del clilculo cle \a  

scccicin cficaz tlif(~t*c~tleial tlc las rc*at-cio~ic*s clr sl.ripl)itlg tle 1 protcin, tltilizanclo cl potencia1 

ciptircr (vcr Ik1)Ia 3.1 ) clllc ajltsI R Ios (Iaios cxl)crilii(~ntalea dc la dispersi6n el&qtica pqra cstc 

, sistcnla. Estr ajrtste st8 ol~srrvn t - t ~  In 1:igrrra 4.1 [~ \ I ) i l j~ ] .  l,as line- ptlntcatlnq corrcspondcn 

a ciilcttlos sitnilnrcs, ~ltiliza~itio (*I ~ ) ~ I ~ t i < ' i i \ l  6pt.ico cl~il)irico de Christensen y Winther (501 

(q11c tlctallarctiios c-rl la siguirdr scrricii~). Si I~icti (-SIP pot.rncial no reprodtlcc 10s datos :le 

la tlispcrai6n clisi ira, el res111Ia~Io ol)It*liitlo para. las rcacciot~es cle stripping clc una carga a 

, partir dc ratc ~,oic*ticiaI, c3s cotii~)nral)lc* ill c(r lc* sc ol)bic*tlc con cl potencial 6ptico qoc reproclure 

10s (IaIos cx~)(*ri~ii(*~lt ales (lc lil tIisl)t-rsi(;ti ( - l i~ i~ i ra.  





transfcriclas, y clc I;I ci~~(*~~ii i l . ici~ (I(' lil 1~c~ncci611, lJil clisl.;\~~cia (IC mayor aproximaci611 cnbrc 

los carozos, U ,  cs calculatla srtl)o~~icllclo clue coillcirlc con 1i1 tlistancia de mayor aproximacicin 

para laa t.raycrtorias tlr Rttllicrfortl [re. ( / l . , l ) ] .  La colistantc tc tlepende de la energia rle 

ligadttra y clc la rlinsa tlc Ias par( iclllas l.ratlsf(*ri(las, y tlcl 1)otcncial de interacci6n producido 

por la it~lcracciciti cot1 los Carozos [ c ~ .  (2.12)] 

Dc cdc tnotlo, cast c tllotlclo ~)rcvlicc* cl l tc l  la l)rol)al)ili(latI tlc transferencia, qrte puede ser 

ol)tenicla I~acicnclo cl cocicnbc clc los clalos t-sl)(~ritt~c~~talcs (10 1as secciones eficaces diferen- 

ciales tlc transfercllcia y tlc rc*~rei611 ( I.2), (1(*1)(* tIcl)c~~(lcr ~inicamente de la distancia entre 

10s carozos I I I I C I C ~ ~ C S .  IA  litlien (I(*l)(*t~(l(-tlcia C ~ ~ I I  la rtlcrgia qae cate modelo predice para la 

probabilitlncl clc bm~~sfc-rc*~~cia cs la c111(* l icn(* a I ra\+s tlc I ) .  

Distancia de interacci6n 

lJas rmcrioltrs c l r  1 ra~~sfc~rc~~icia a g~.ii~i(I(-s (lis~.i~tl(.ias so11 frcc~~cnterncnteestucliatlrrs srlponictlrlo 

clltc a rsas clisIat~(.ias la i~~flll~tl(.ia (1(-1 ~)olc't~(.ial ~~~ l ( - l ca r  cs ~)(y~lciia. l'or estc tnotivo sc supone 

c111c rlrla I~tlc-r~a c*sIit~~a(.i(it~ l)al.il la (lisl;~l~cia ( I (*  tl~ayor n1)1~ositllari6n entrc los niclcos vienc 

clatla par la f(5r1111tla ( I c  I ~ I I I I I ( ~ I . I ; ) I . ( I  (\.(*I. /\l)i'~~flic.c- 6.2): 

I)c cstc rlioclo la (lisl at~cia (Ic tilayor i~l)l.o.~i~i~il(. i( i~~ I)IIC(IC s(-r varia(la produciendo variacioncs 

en la encrgia it~eitlrl~to. y tlcjatltlo (-1 tlrlcxct.or (-11 1111 ii11g111o fijo (funci6n de ekcitacicin) o clc- 

jalltlo fija la rncrgin clr I lo t~ i l )ar t l (~)  y \.iiriatitlo la ~)osiciciti ilt~gttlar tlcl detector (distril~uciones 

angularcs). 

Para clcfcrl~iil~ar la (lis(.al~cia i~l lc~r~~~~clc-ar ( \ I I  lil c1t1e (Icjil~l (Ic srr valiclo~ 10s rilzonarnicntos 
I 

clue sc I)nsa~t c t ~  Irnyerloria~ (Ic I~~tll~c~rfdrtl [I((.. ( 1..1)] la Figrlra 4.2 muestra la seccicin 

click tlifc*rrnrial cliisti~a (~~or~~ial iza(la n la s(*(x.ii)tl cfiraz tlr Rrttlierforcl) conlo fnnci6n tic 
I /  113 un parit~~cI.ro 11nt11atIo (listati(~ia ~ .c - c l~ l ( . i c l a  11, = l ) / ( A l  ' + A2 ). Estw SCCC~O~ICS C ~ ~ C R C P S  

conticnc~~. aclrtl~iis. (*sri(acio~~rs ( ' o~~ lo~~ ih ia t~ i~s  y ~~caecio~~cs dc transfcretlcia tlc ncrlt.rones, 

clcl~itlo a ( 1 1 1 ~  tlo f11c 1)osil)Ic ol)1(-11(-1 ( l i 1 1 ~ ) ~  ( I ( >  l i ~  (lisl)c~rsi(\t~ 1)11ra111cnl,c cliisti~a. Esl a figtlr~ 

tllllcstra c111c In i~~fl~ic*lic.ii~ clc.1 pot c * ~ ~ c . i i l l  t~l~(' l( ' i l t .  c.o~~~ictiza a scr i t~ lp~rtanl~c para tlistancias 

l)rcixin~as a ,(lo = I .(i2 ( I I I ( *  sc (.orr(~sl)o~~(l(- ('o11 1 )  = 1 :I. I y 13.5 fnl para los sisl,cmas 12C + 
19 i , \ t l  If;() + 197 1111. IY~s~)P( .~  i \ ~ ~ 1 1 1 ~ ~ 1 1 ~ ( ~  [,Is], 



1:igura 4.2: Sctcidri cjicii: difcrr rlt.i(rl c.ntrsi-t 1ti.ulicii ttor?rrrrli:irtl(~ i r  lrc seccicirr efici,: rlc Huf/terfotrl, ' a  
conlo futtcidn de lrr distrir~titr rrtltrc.i(lrr tl,,. a 

a 

.1 
Eu la k'igura 4.3 sc ol>serva l i t  l)rol)i~l)ilitlir~l (I(. lra~lsl'cre~lcia co~no f111ici611 dc la (listancia (Ic e 
n1ajror aproxinlaci6a, calc~~latlil ir pirrtir t lv lit oxprcsi61i para la distancia dc lllayor aproxi- 

niacihl cle Rutllcrford ( 4.4),  para 10s siste~llas "C + 1 g 7 A ~  y 1°0 + lD7All (toclas las energias 

las reaccioner (I(! strippi~~g (lc irllir, y dos cargas ell it1111)w sistemas presentan ;na e t r a  dc a 
pelldnlcia con la cllergia dc l~Ol l l~~ i l l (~~~) .  ICsli1 tipo clc fe~~bllle~io a116malo ]la sido observado 

* 
ell reaccio~les tle lrallsferel~cia (I t .  (10s r~t~~~lrouc~s CII ct l  sisLc111a 28Si + 208Pb [16]. a 

Para comparar 10s tlatos cspc~ri~~ictal(~s c.011 cl r~lo(lc.lo scmiclbico [ec. (4.3)] sc deIine 1 .  
colno Upendiente tle la ~)robal~iliclacl tlct brir~rsli*rcncin" n a la co~lstarite del clccai~~~iento ex- * 
pone~~cial co~l la clistancia, c111c ir j rlsta a los tli~tos ocl)cri~i~cn tales. l,a pendientk t&riqa dc 

la probabilidatl clc transfcrcric.iit sc! tlcliuc ~01110 N ~ , ,  = 21i. 
l 

a I .  
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Figura 4.3:  C'ocietcfc sill (012 )  C ~ J I I I O  jtrrrcicirr d( 1) pcttur lus totrcciones de ttunsjetonciu de untc 
y h s  curyus etc los sistetttus 12C! + I ! l i  11 u [p i l l (  1 sctl,ctr'or.] g "'0 + '"Au [punel iiajerior]. Ltra 
dijepnteu siitilulos deriolotr (4 lau cliftm rtlcs t rrctyicrs clc h~~tluctuleo. 
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Figttra 4.4: [/ltr.ibrt] (i)it.~lrttrlrs rlr rltr-rrirttirtilo rr rrot~it~nli:nrln~ n 10s tinlows tcdricos at,, = 2~ dc 
trt~n y dos rntgn.~, mttto jirrtririit rlr Irr r t l r  ryin de 6oittl)rttrlco t~om~cllizndrr rr In enrigin de In bnmm 
('nrrlombinrln inin /OR .qi.~lriorr.~ 1 2 ( '  + '"i,lti y "0 + 19'/lt,. [Abajo] Cmienlr de Ins przdiet~lcs 
rlr Imnsj~trt~rirr  rlr. (10s !I tritn r.rrtyrrs r+ortro j~rrzciriir rlr. In ritegin de bohthnko 1mm loa mistnos 
sialcmna. I,OR l i t~cn.~ rlr ptrr~los ivptrst r ~ l r r t t  lrrs csprrlnlirins Irdrims cti ntnboa cnsos. 





1.a clift~siviclacl r111c n?i~~ll il clr il,i~~si.nr Ios rjllrtllos n 10s cIa1.0~ expnitncntalm para lils rmr- 

rionn dr  sl.ril)pit~g clr* t i l l i l  ('ilrg. (5 ( 1  = 0. i  ~ I I .  1511 MIRS cc~acioncs Al ,  81 Y Nl SOII IOS 
lltitqcros clr illasa. rnrgn y (IP I I ~ ~ I I I  I~ ) I I ( -S  dcl pn)yrrtil, tnirtltras qtle A2, Z2 y N2 corrcspotidrt~ 

nl I)lntico. 

Ill.ilira~lclo roorrlvlii~cli~s 1)olana ooc l (~~~~os  csrril)ir la Lngrangia~la (lcl sislrtna como 

I' 2 . L = - (  + r.'d2) - I j l n l h ( t . )  - Ifnuc(r) (4.13) 
2 

clolldr 11 cs In 111nsa rc~cl~~ricla d c * l  sisIv111n. 1. la clisI.s~~cia rntre los t~ficlms, y dc rllr dcrivnn 

lss rcttariotic*~ clif(*rc*~~cinl(*q c l c 4  ~~~ovi~i~ic*t i t~o 



-I 
''0 + '"AU Ebb= 1 10 MeV 

- 
n 

- 
-.-.-.- Vett - Vnuc ' 

"eft 

-100 - - 
I *  a a , l , , , . l , .  . , 

0 5 10 15 20 

b [fml 

1:igura 4.6; Citticiorres de deflezicirr. 1,u.s. lirtccts dc /)rrrtlos itrdicrtti 10s cingulos rle dispersidt~ p s i -  
livos y iregulit~os 8 = 55". Cat, riirrrios llcrtos sc rrola~t lor dijcrvrrles pra ' t~re l ius  Be it,rp&lo ,pie 
corrtribuyet, ul t)aisruo citrgulo de tlisj~t r.sidrr y coil t r r t  r.ot/rlo sc irrcctw el I la in low. , 

clontlc cl potential cficaz i~~cluyc* ill ~>~tc~~c. i i i l  <:c~ttrifrlgo relacior~ado co11 el I I I O I I I ~ I I ~ O  

ailgular L ,  y vic~le dado por 

fbrd ( I < j j  - I<,,,), clue no i~lcluyc la i~~t(:raccici~r ~rl~clear entre 10s ~~licleos. Para resolver 

llunlCrican~e~~te las ect~acio~~es difercr~cii~l(-s ( 4 . 1  I), ( .1.15), rlosotros utilizanlos el ~~ldtodo tle . 
Runge-Kutta. I 

La Figura 4.G ~llueskra lw I't~~~cio~lcbs clc* cleflesici~~ procluciclas por anlbos potenciales para 

una energia de bordxircleo suj>crior it 121 I~i~rrera (!ol~lombiaaa del sistema, y en ella se obscrva 

que la interacci6n nuclear produce 1111 I'i~c~rt.c aparlil~l~iento de la Cunci611 de deflexi611, respecto 

de la prducida ~ I I  la dispersi611 tle Rul I~cbrSortl. ( '01110 se observa, en clicha figura, al coosi(1erar 

la i~lfluencia de la 1)arlc real clel ~)otcv~c.iirl clptico (('itso I',jj), varias trayectorias con clifcro~ltes , 

parinletros dc i~npacto contribuye~l a1 111isn1o ii11g111o de (lispersi611 (791. 



I:igl~ra 4.7: [I:rlrtir tvlrl] 'livr!yr r.lor.irrs r.lri.vir.rrs pmrlticirlrts !)or I/ell(r) qtre cottlribriyen a1 mi.onro 
riitgtrlo dc di,el)~t:s.iri~l. ll)fiv(.hrr) II).~lrrir(~irt r l r  iitriyor r11)tvtinlncidn 1min trnyectorias dc Rulhcr- 
/old "~'t~ma" lln,,,ll, cor~to jrrt~cirirt rlr Irr rli.slnncirt rlr rttrryor nproxiinncicin " l r t~l" ,  U,, pnm rlos 

citrryin.p rle 6oit~~~trvlro r1ifitrttlr.s. 

IIcpcndicntlo tlc la cllcrgia clc l ) o t ~ l l ~ i i r t l ~  cs ~)osil)lc tcner hasta 1111 ni6ximo cle cinco 

I raycclorias tliI'(-r(-tltcs clrlc co~~l . r i l>r~yc.~~ a1 111istno ingulo tlc clispersicitl (en el 6ltimo caso 

sc ~)rcscntan I rc-s I ray~c.Iorias ('or1 (-1 > 0 y (10s c.011 (-1 < 0 que son itidistitiguihlcs cxpcri- 

rrlcntal~ncnl.c). I)c- i.otlas c*Ilas. Iiis liriic.its ( I I I (*  co111 ril)tlycti rcalmentc, en cnanto a rcaccioncs 

tic I.rallsfcrcl~c.i;l, sot1 las (10s (I(* 111ayo1. ~~nr i t i lc l~ro clc* i tnl~acto (10s 1n6s prciximos nI punto 

c.onoc.itlo cortlo "lZainl,o~v". c.11 (*I qrlcl l i t  f11ttci611 (It> clcflexibn j)rcscn tit dcri\nda nula), ya 

qllr Ias otras 1)or scr I I I I I Y  i~l!,c-rtias, so11 I rayrct.orias r o ~ ~ ~ p l e t a m c n t e  absorbidas por la partc 

i~ilagillaria clt*l 1)olcwcial 6l)tic-o. 

I,a Figurn 4 . i  [laq~~icrcl;l] ~ ~ ~ r ~ e s l r s  Ins clos t,mgrc.lorias rclcvantes para B = 55" , a 1as que 

Ilat~larcr~ios "( 'or~lot~i l ) in~~a" y 'L~~r~r l (*nr" .  1C11 (-lla st8 al)rccia que aiinqtle at t~bas traycctoricrs 

I.ic~r~cn tlifelrtltes ( l is l .a~~~i; is ( I c  tllayor a , ) rox i~~lac i i )~~ ( D:,VC y I I :~" ' ) ,  son clisp~rsadas dc  similar 

tlloclo. 1,s FigIra .I .i [I)c*nrlla] I I I ~ I ( - S ~  rib ( I I IC PII g(-l~craI, la clistancia dc mayor aproAtnari6n 

ralc.111acla saj)o11i(811clo I rayctrI.oria3 p ~ ~ r a ~ ~ l n l t e  (i)~~lorllI)iatlns, coincide con la clistancia de  

111ayor aproxit11nri611 "rral" a l i s l ; ~ i i a s  g r a ~ c l s  ( l)c,l > 17 fm) [que correnponclrn a 

~,ar i ia~ci~ros (I(* i ~ ~ ~ l ) a r l . o  i , n l ~ l l ) i C ~ ~  gral~clvs ( b  > I0 1111)). Sin (*trJ)argo, para d i s t a n c i ~ ~  crrcntlas 

nl Ilaitrbow rxislc* I I I I ~  l,r~t~l~~ic.incla ~liSc-rc*~~cia. e~~i.rc* atlll)as tlistancins, pot lo qne en eata aona 



110 es co~ivc~iic~~rl(: iilrilj~~ir a ~ l ~ l l f ~ l  01 ro sig~~ilii+i~i!o ( 1 1 1 ~  ($1 dc8 1111 ])ar i~~ietro clue 111ic1c (!I ~11gll10 

clc dispcrsibn 0. 
En realidad, coluo o.rucstra la ~~ r i s~~ l i r  lig~rril, I ~ ~ I I O I ~ O S  (10s tlislancias de lliayor al)roxi11iaci611 

(c~lyas traycctorias 110 son al~sorl)i(lits C ~ I I I ~ ) ~ ( * I ~ I I I I C I ~ ~ ( ! ) ,  co~~~patibles con cads y 1)or lo 

tanto, 110 es 1)osil)lc nlcdir la distit~~cii~ cI(t 111ayor aliroxi~nacici~i tinicalnente COIIIO fullci611 clc 

la c~rergia y (Ic.1 i ~ ~ g u l o  8, 1);ir;r (811cbrgii1s c l i ~  I)olrll)ilrdcbo, Itlayores quc la Ijarrera (:oulot~lbia~~a 

clcl s i s t c ~ ~ ~ a .  I,;, 1:igura 4.7 [I)(:r(*(.lti~] ti~11lljiil11 I I I I I C Y ~ ~ ~  cjiic! la relacicin cntre D,, y IJ l lulh 110 

clcl)cndc fucrt(-~~lc.l~le cle la el~crgiit t l i *  I )OI I I I )~I IXI( .O [80]. 

4.6 Amplitudes de penetracihn y absorci6n 

Ida tmria cle j)c*rl ~~rl,i~c*ic)t~c*s il l , l - i ~ i r c v -  ~ I Y I ( * I I  l )(*r~~~il .e ex1)r~sar a las sccciolrc~ cficac~s ~ ~ ~ C C C I I -  

ciales dc Iu ~-cacc.io~~cs clc I ra~rsli-rc-r~c.iit c.ol~lo: 

I (3 I r .  = I ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~  (3 R (4.i7) 

tlollde (rub3 es lit i ~ r ~ ~ l ) l i t ~ ~ ~ l  cle 1)1.ol)itl)ilitlir<l (I(. clrle uo sc l)rocli~zca la absorciba dcl canal cle a 

catrada. La a~~~l ) l i tu( l  (Ic ~)robirl~ili(lit(l tlc ~)c~~lc~!.racihn tlc la I~arrera tIc potencial producicla 

110' 10s carosos (lollor y acc:ptor sol)rc* c.1 Crirg111e~111o lrir~~sLi:ritlo, ((I,,,,, (ver Figura -1.8) [ecya- 

ciones ( 2.13) - ( 2.15)] I'uc tlctc*r~r~ini~cla tlc 1111 ~uotlo s i~ l~ i l i~r  a1 usado ca la Ilcf. 1811. r\q~rl; 

tle~rotarerllos par I ~ ( I - )  al l)ote~~cii~l i111(~ ai.111it sol)rc las particulas transferidas, call l ls  nos^ 

referiremos a I s  j)osici611 tlo~rcl(. 1i1 I ) i t r r (~~ ' i~  (It' I ) O ~ C I I C ~ B I  illca~~za su r~iiixilno y con f3 a 'la1 

e~~crgia cle ligiltlura tlc las 1)ilrI ic.~~lils it1 c*itroxo clot~or. 1311 la zona l l ( r )  + B .  > 0 ~~osotros 

utilizalnos la a1)roxi1naci<jlt \Vli I )  1)arir ~ ~ i ~ l u i t r  (licba ani1)litud: 

(4.18) 

I mientras que (:II la regibn l J ( i ' )  + LS < 0 la I)i~wcra tlct j)olencial puede ser aproxi~llada por 

una partibola il~\.c*rl~itla, y ~x)cl(~~~los 111ilizar lit c*xpresiciu al~alitica Je  ,Hill-Wheeler (821 para 



V(r) [MeV] - 
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1:igura 4.9: [I:quirrrli~] cliirplit~lcles dt ctlsowidri r i , , ~ , ,  rlc lxirclrurcidt~ c~1,, , ,  y de Itnnu$crrryia cr l , ,  ' 

coi,ru $~rnciu'tr dc lr clislrorcirc elc iirlr~urr.iri~i r 1tlr.e los r.ri~v,:os ~ N I I Y L  l i  i*mccidn 1"~~r('60,15 N)'"IIg. 
l D e ~ c h u ]  L)eperrdc~rrcicr clc ( ~ , b ,  c.011 1(i I i i r  ryirc de br~ilriiuleo, p i iu  la ntisitrcr tracriu'n. 

do~ldc IV(1) cs la parto iluagillaria tlc4 ~)otcllcial tiptico, tluc para grandcs clistancias ~~uct lc 

aproxinlarse por 

kV(1) = IIf(r(I)) = I,!Y" (*XI) [(li - 1*(1)) /u]  . (4  2 3 )  

sielido \I,; la ~)roC~~n<liclad tlcl pozo i~~li~gi~lario. S11l)ouicatlo clue la absorcicir~ se procluce ell 

las cercanias clc la tlistarlcia tlc lllilyol. irl)roxi~~li~i.iti~~, l),,,, l)oclel~los lraccr l i r  aproxit~~acici~i : 

elo~lde i: es la acc.lcracicin en cl I ) L I I I ~ . ~  clct ~nrixilna aproximaci611. 

1)e este modo (3s posiblc O ~ ) ~ C I I C ~  it. partir tle ( ,122) illla cxl)resi61l para (tubs [84], 

I .  EII la Figura .I.!) [I>cri~clla] sc OLS(.~\.~I l i ~  clcl)c*~~cltvrcia tle cc,,6, resl)ccto de L), para tlistir~tas . 

eacrgias cle I)o~~~bi~r<lco. Ida cl(:l~~b~~tl(b~~c.ii~ cSoll la i*llcq$a sc clel~e a clue para ilifcrenteq valorc! I * 
de E ,  las acclcrac-io~~es radialos i81r 1.1 p1111to el(& IllirYor al~oxir1laci61l 15, so11 t1ifere11ti.s [go]. e 

La Figura -1.9 [I~c~~~icrcla] ~l~uc!sl ril las al r~ l~ l i t  ~ltltrs de prol>iibilitlad dc pelletraci611, eel,,, yl a 
de solrevi\lcncia a la irbsorci611, (L,,,,~. 
I a 

a 

a 
0 

I '  . 





e 
a 

# 

Figura 4.10: [Lqclic rukt] Airyttlos ile ( l i sp  1:vicilt cor/ru j ~ rnc i l r i  de In dislnncia cle rrluyor uproxinrncidn. 
u:,P 9 at: soti kts ct~~iplitudes clc I I Y ~ I I S ~ ~  IY 16citt clc 11110 y dos p i~~ lo t tes .  La liileo cle yuntos mutra kr 
p v i c i d n  unyultr .  O = 50'. [Deruclrct] .,Irtrpliludts rk linr~s/er~ettcict r.elctlivcts f i t ,  cot110 lut ic idn del 

a 
citlgulo cle disper.sicia 0, prtrcc lcts ltrryc c.lor.icts rlrtclc ctr (littecr lleticr) y Coulot~rlictncr (linen punleudu). 
La littea cle purrlos rrictrrcr a1 riityulo (-1 = 50". 

a la distallcia de lilayor aproxiuiacib~l 1)ara las Iri~yectorias liucleares (auncltle si lo es para. 

las trayectorizrs Coulombianas) (-18, 7!), 80, 851. 1 • 
Para e1lergia.s snpcriorcs a la t l v  1i1 I I ~ I W ~ ~  ( !o~~lombiaaa no es correct0 alializar las pea- 

dicntes de las probabilitlncles tle t.rar~sli~rc~~ci;r I)i~jo teorias se~sicl&icas quc supo~lcll proccsoi; 

cle penctraci611 de ima barrcra tIc ~)olc*llcial. 11 cstas e~lergias la secci6n eficaz tlifcrel~cial 

a bligulos clcli~~lL(.ms sc co~liporle, roll trayectorias Couloulbiallau, y fulida~nentalll~c~~te toll 

I trayectorias n\rclc:ares, y clc tasl(* 111ot1o 10s ~)roc.c~sos (Ic iil)sorci611 prcvalcccn sobrc lou tie 

petietracici~l. I'irrit (tllcrgias ddc bo~i~l)i\rllco sul)c*riores elr 1111 10% a la erlcrgia de la .barrcra 

C:o~rlomlia~la, las ~)srliculas c l i ~ l ) ( * r ~ i ~ l l i ~ ~  ;I iirrg~rlos <Icla~rl,cros (provenicrltes de rcacciones dl. 
tranp;ferellcia), csl iir~ rclaciol~a~las (.or, clislarlcii~s clc ~llayor al)roxiniacici~~ Incnores, coatrari- 

a ~ ~ i e ~ l t e  a lo cspc-raclo a parlir clc Ii\ clisl)<~rsici~r c lv  I~utlicrforcl ( 4.3). 

Para energias ilc boliibarclc~o l~l-cisi~~ias a la Iji~rrcra Coulombiana, la i~iterfercr~cia dc las 

' dos trayectorias rbs ~ i i~ i y  i~~~ l~or l i l r~ lo  (\per 12ig11ra 4.11) y, colno se observa en la Figura 

4.1 1 (Derecl~a], lit trayecloria qnidc rorliit~~im n clot~~ir~ar cs la (Jot~lornbiasa. EII este rar~go cle 

energias 110 existc 1111 proceso (absorcii,~~ o penrtraci6u) clue tlomine. Para cnergias lneriores a 

la barrera existe ulra ~illica trrtyc(:Iol.ii~ ( l i t  C!o~~lo~rll)iaaa) ]>or lo quc la exprcsi6n D, w Dnulh ' 



FigIlra 4.1 1 : [I:q~li( trln] 11 11g111o.q fir di.ql~r r.si6ii mino jnttridn de in dt'slancin de mayor npmrimncidn 
'on 1"s mitplilvrlr. dr lter,rj( rr nrin rlr Mito I rios ppmlones. I,n linen k psntor mnwn in 

1wFici4tl nngulnr (9 = !)so. /Dr,rrltn] .,ItttplillrCs rlr /inii.~~eerrtlcin relntiunr iic como juncidn del 
Qngillo rle dirprrriritr 0, pi. Inr irrrycr/or.inr iiarlcr~r (linrn llriin) y Cot~lombinnn (linen pun~endn). 
I,,[ ljncn dc ptrnlos ii~nrr~rr trl rirt!lttln (-1 = !IT,". 

4.7 Probabilidad de transferencia 





Fignra 4.12: [I:qrrir trlri] 1I)ijrtr.iir~itr rlc Jrrsc s Ad) cot110 jtrnridn del cingttlo de diqcrsirin (linca ptltl- 
Irrrdn) y In dr1)otrir ttcitr rlc cns (Ach) rnri (-1 (liticn Ilrijrr). [Drirchn] Seccidn cjiraz iii jrmt~cinl (pnr- 
cinI)rlr In rmrririir '!''/I tr ('(' 0. IY)'"' /I!/ r.orri1nmrln roil cn'lrciloa qrie cottsidemn la interjcrencio 
cttlrr Ins Im!ltrlor~ins ('otrlot~tbitritrr ritrt.ltrr~. (lilirrr Ilrt~n) !I qnr protncdinn rn tiit ~wninlo rslos 
rjrc1o.q (littrn prrnlr odn) 

1,os nilrrrlos 1,ara vsla sil~11aci611 scv 11i1rmt.ri111 (*II linca p~intcada, cn la ~ i ~ e k a  4-12 

[I)c*n*clia]. 

1,a Figura . I .  13, rot111)i11.a 10s (lalos ( - S J ) C ~ ~ I ~ ~ C I I ~ ~ I I C S  con 10s cilculos teciricos scr~iicliisicos 

clctallatlos en el Icxlo, par;\ a111l)on sislc-~~ras. TCti c-slos cilc~rlos sc consitlcrarot~ rcaccioncs dc 

trarrsfcrcncia clc 1 y 2 ~>rolotics, 1)aril 10s (*VCII~,OS (Ie A Z  = 1 y 2, 10s valorcs del potencial 

itl~nginario I!,;, y tlr In tlifrrsiviclad (1 Tr~c-ron 3.1 R1c.V y 0.70 ftn, respcclivatnente. El Gnico 

pariimctro tlt* ajrlsI(- rr~c 1;r co~rst a~ric ( I ( -  riorninIiz;ic~icin qlrc dcpenclc (como ya hemos mcn- 

cio~latlo) tlc los gra(los clc lil)c*~-(.at1 irlI(*~.t~tm y <It* 1ii sclcctividad cinemdtica. En 10s cmos clc 

AZ = 2, sit] I>ic*rr st- sttl)rl.ric*l.ot~ rcnc.c~iotlcs tlc brntislcrcncia de tliprotones, 10s cdlct~los no 

sc r~~otlificati (I~~~iasinclo a1 ro~isi(lerar lil ~.t'atisfct.(~~rria sccucncial dc los dos protoncs. Ell la 

Figora 4 .13  sc* ~ I ) s ( ~ ~ v R I I  ('II li~icas p~r~~lc-itclas, C ; ~ I C I I I O S  c~rtc surgcn tlc 10s motlclos scniicliqicos 

co~iir~nnlctilc IISR(\OS. I)asa(los (-11 t ri~y(*(.fol.ias I ~ I I ( *  1 1 0  ~onsid~ran a1 ~)ot~ncial nuclcar cnt.re 
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Figura 4.13: Avhrbilirl(t(1es ( lr  irolisjl 1.1 r i r h  ilt 1n11u y 110s ouutyclr tlotslulirodcrs u sin (8/2), cottw 
• 

fuiicidii de la disl(ittei(t (le irnryot ( tp~ur?ul(~r ibt l  ( lc  i ln//ler/otd lxrnr 10s s i s l e i ~ i u s ~ ~ C  + l U 7 ~ u  [Ar r i lo ]  • 
Y "0 + 1971111 [ i l ln jL] ,  1*1r~i d i j cn .~ i / (  r (rreqles (1, hioI11trleo. LUS l i i lms l lmas tnuertmn loa 
c~ lcu los  clelull~clos el1 r l  Lerlo, t i i h  1111n* qur h a  l i l t1 rx put r le (~Ls  .so11 10s cdlcttlos mulizados u yortir 
ile lcc ec. (2.151). 

I 

i 

76 MeV 







Capitulo 5 

Conclusiones 

a la barrera Coulrr~i~l~ia~ia, 11a11 sitlo (51 r~cliatlas c*slc~iiatiuc*~~t* ~ I I  los illlituos aailosi. I,as tt*orias 

wn~icl&icas C ~ I W  Iiiui sitlo I I I ~ S  f r t * ( * i l t&~~t  ~ : I I ~ L * I I I  t m  mil ilixii(li~s l>iirik i~~lcr l~rctar a wbas rcaccio~~cs 

* uousideriill pranbst)s clc pc~lc:trat.ici~r ( 1 ~  I~i~rre'rirs tit! ~)olt*~lcieI y ir;~ycci,uiiau de li~~tlicrforri. 

liislav teatjau Ira11 lmlido cxitil nl rt*pn)clurir i\ l i t  l)robiil,ilidit<l dc Lra~~srcrc!~~cia clc rlt.utt-otres 

Ir;l objetivo pri~lcipsl clc mtrt I,{-sis ~ I I ( '  i~lv~sligar. oil (IIW 111twli~la 1as anollialias nirotltritdns 

, CH lati rcbac.cioltc.s tic Irililsfr:rrnc.iir t t r n  ~ir*ubrulrvs, ,rr: rirc~rcirlran pwucnlcs larllbiE~i CII las 

~.(biiccioncs tlc ~n~rlsCi*~~~~lc ia (la pl-olol~t~s- r\ t i l l  (It* rolul>arar cua~~t i la l i t~at~~ul le  ios clisli~~los 

' r i ~ t d c ~  clc watimii)~~ 11: cu~ucl ia~r)~~ fas i.c'itrt.io~lcbs t l r b  rlispc-rsi611 t*liiutic;l, clc I ra~lsicrt:tlr-ia I lr su 
~~cutrbu, ctc lusici~r cvaporaci6a y IIV iusiri~i-Iiui61r. 

El a~nplio c;i1149~ tlc eticrgii r l c  I ,o1111,anlci, tt tiliandu c11 cst a lesis ~~cnliilio cxplon~r la 

ctcpul~dair*in (I<' 1ii 1~~I~i~bil iclatI dt - 1 ~.i~~~nf~rt!tlciil t li* ~)rclto~ wms roll la etlergia. l ~ u  daios uqpe- 

I ,  Sc rcaliaam~~ ~~~rnliuiairc~s dcu lit ~+imtlii~c.iri~t i*l{*c.ll-o~i~ag~l&ticst r!ll cai~rcicli*ucia tct~q)oral tall 

1~ ~~rLic111.s ~ l ~ ~ e r g e ~ ~ t . e s  0'' l i 1 ~  i.i*i~rrio~~c.* 11(: + 19iA~l y ''0 + IUih\~, i ~11tbrgii1~ (k. 

bornl~anlro ~mixiulau a la cll~cmrgia c l r l  la l,;~~.rc.r;l (foulu~lll~iaila, pars ltacer ulla i t h ~ ~ i f i -  

cacici~i cia cargic y luasa ~ l c  Ias ~rnrt iculas I ri~l~sf~rirl i~s. 1111 cstas n~ctiiciotles, d~licalncr~tc? 





2. Sc ~iiitl i(*ro~~ I ~ I S  (list r i l )~~t ' io~~vs R I I ~ I I I R ~ C S  (I(' 10s fragmctltos livianos ctl~crgct~tcs tle Ins 

rcacciotics "C! +. '"7Ar~ y '"0 + '"'Au y las tlistribuciones del valor Q de reaccibn, con 

identificacicin tic la t.arga dc 1as 1)articttIas t,ransferidas en un amplio rango de energias dc 

11ornl)artlc~o. A part.ir tic* Ias tlist ril)rrciotics angrrlares se obtuvieron las secciones eficlcccs 

difcrcticialcs (Ic Ias rcaccio~ic.~ ( I ( *  sbrippitig ( I ( *  rltia y dos cargas. El comportamiento dc 

lils tli.stril~r~c.iot~cs a~~gr~larcs roll 1;) c~iergia (It* I)o~nbardco muestra que Ias reaccioncs (It* 

transfcrcncia ocrlrrcltl cr~atitlo 1;)s sl~l~crficic~s tlc tiilcleos se rozan. 

3. Se obacrvarott 10s (*fccI,o~ (I(* 1;1 s(~1cctividatl ci li611ia.tica a trw6s de la dependencia dc 

las distril)r~riot~cs tlcl valor Q (I(* rcacci6t1, t.011 rcspccto a la energia de bombardeo. 

11. Las fr~t i~iot i t*~ (Ie t~~cit~aci611 (I(* Iils rca~cio~it~s <Ic stripping de carga se ol>tuvicron a par- 

t.ir tlc las sct.ciotit~s t*licacc.s (lift-r(~1icia.l~~. I<sbas funciones de excitaci6n mttestran quc 

Ias scc.riotit*s cfic.ac.cs I.obalcs tlc Iils rca.ccioric*s tlc stripping de carga crcccn rlipidame11t.c 

I~iatta. I ,os vi~lort-s tlc las sct.t-io~~t*s t*(ica.cvs oI)t.t~tiirlos coit~cidcti con tncdicioncs clc otros 

a 5.  Sc ol)~r~vic*ro~r 10s l)oI.c~ic.i;llr*s (i111 ices tlc los sislc~tt~as I~ajo cstudio a partir dc la tncdiciciti 

G. Sc tnitlit*roti las tlisl.ril)nriot~c.s ;i~~gr~la.res (I(* reaccio~~cs de fitsicin-fisicin cn 10s sistc~iias 

12C + l n i j \ ~ ~  y '"0 + ' " 'A~ I  pi~r i~ 1.79 1na.yorc.s cticrgias tlc boml,ardco catudi~tltvq. llos 

vnlorcs (It* 1;)s st*(x-io~i(~s t*licat-t*s ol)t3cttitlos (~oittcidcr~ con medicioncs de otros itlvesti- 

ga<lorcs. 

c. r . Sc ol)l.r~vic*ro~i 1a.s s(*ccio11~4 c(ic.i~(-cs 1.0ta. l~~ t1c 1a.s rcacciones <Ic fusiciti-evaporaci611 y 

clc t.ratlsfcr(~~icia., a. 1)a.rt.i~ (It* la 111t-tlici61l dt- la a.ctividad tlc los protluctos dc' rcacci6n. 

8. 11:l c*sl.~ttlio ( I ( *  Ins f t ~ t l c i ~ ~ l ( - ~  ( I ( -  (*st.il,aciG~i ( I ( *  Ins r~acciotics dc pickup tlc un neutr611 

y tlc st,ril)l)i~~g tlc 1111 1)rol6ti ~iiost r6 clttc 1;) clc-l)c~titlcticia dc Ias tnisnias con la cticrgia 

tlc I)otiil)ir~~tlt-o c*s ~ i i d s  S I I ~ V C  (*II (-1 l)ri~ricr ~ a s o  qr~e cti el scgt~ndo y quc, a cticrgias 

rlc I)otnl)n~.tl(~o l)ld?tiii~;ls a lii (-tl(*t'giil (Ic la 1)arrcra Cor~lombiaria, ati1ba.s prcscntan el 

cotnl)ort.nii~ic*~ito ~)rc~tliclio par 1;)s t(\orias s(~~iiic.Iiisicas. 
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6.1 Cinemdtica de clos cuerpos 

En cstc S P C C ~ ~ I I  ( lar~t~ios llna I ) ~ c v ( *  (Irscril)c.ii)ri tlc los aspectos cil~ern?iticos n i b  importantcs 

cn las colisionrs tlc (10s ioncs. I'or siriil)lit.itliitl srguirt%rnos la 11otaci6n r~sada por Bass 15). 

Existcri, (10s sislcrrias t1c rcrc*i-t-~~cia. corii~i1i1ii~111.c tts~dos, el sistema Iaboratorio y el sistema 

ceniro de.tnnsns. 1511 cl caso (I(- rolisior~c.~ c*ril.rc iotlcs pc*sa.tlos a energins pr6ximas a la bariera 

Cottlornbiatia clcl sistclna, urril raril.i(la(1 I I I I IY  i ~ i i ~ ~ ~ r t ~ a r i l ~ c  de la energia cindtica r s  ntilizada 

para t r ~ l a d a r  al sistcri~a co~lro rrt i botlo, J. ])or cstc ~iiot~ivo la transformaci6n de un sistcma 
I 

,a otro tictie i~nport.antcs cotisc*rl~c~trrias. ( '011io esI.a.1i10s intercsados en la cinemiticit de dos 

crtcrpos, considcrarcnios litiiciir~~c*r~f.c* rolisiotics elisLiras, incliisticas o rcaccioncs simples dd 
transfcrcncia, tlc I R S  C ~ I ~ ~ C S  ~ C S I I I I C I I  (10s frag~iic~~I.os. EII el sisterna laboralorio, inicialmenteel 

I)latlco (tl~itiiero tiiiisico A,)  so t *~i ( ' l t t '~~l t r i i  ('11 rtnl)oso, ~ri i (*r~lras qttc CI proyectil (n6rnero qkqico 

A,)  sc accrca co~i vcloritlatl itricial v,,. 1,a t.~rc*rgia ritii.lSicn y la cantidad de movimiento para 

1111 obscrvatlor lijo a1 sisbcnma. Inbotn/oi.io t*slrin clatlas por: 

. <lotitlc i!t cs 'la riiasa (1('1 rl~~rlvti~i. ,\(lt-tiiiis, (-1 re11l.ro (10 ~iiasas del sistcnia sc rnilevc con 

En el sistcma' crrt1r.o dc iunsns (>st RS r~~ i l~ i ( l a t l ~s  cst611 t1atla.q par: 



9 1g - - 'I) - + % 
J - 

CI - 
4 - 





I 

tlc eslc 111ot1o 11c111os clcli~ritlo clue 1 = 0 c-ua~~clo Iits parl.icuias se c~ rcuc~~ l ra l~  a la clistiu~cia clc , 

niayor aproxinlac-i611. I~llegrnl~clo l i ~  (I(-.( (i. 19) rc*sl~Ila: 

EII el caso cle u11i1 clisl)ersi611 ( ! O I I ~ O I I I ~ J ~ ~ I I I ~ L  I)llril I ~ I S  i~itograles ell ( 6.20) y ( 6.23) 1)i1ctlc11 scr 

tlc cxce~~lriciclacl r 

clollde el pari~nctro 2a = &/Is' css la tlisla11c.ii1 tlc tlliixill~a aproximaci611 en una colisi611 

fro~ital y 6 es el ~)ari l~let~.o clc i111l)ilc.lo. Illiliza~~clo cslos co~~ceplos, la dislancia tle ~ i~ i x i r ~ l a  1 
aproxirnacibl, U ,  rs f111ici611 cle In (w(*rgis el1 el rc*lllro cle I I I R ~ ~ S  B y clel ingslo de dispcrsib I 

1)el 111isl11o inorlo, cl i,irrinietro ( I r a  i~~~ l )ac to  cslii lolario~liulo con la olergia y el ii~~gulo cle I 

I 
~ ~ I I C  toclas las ~)articulas clue aLrn\ricbsi~~~ cl a~lillo liriiitatlo 1)or los t>ar(i~~~c!tros de in~l>aclo 6 1 

y 6 + (16 so11 clisl)rrsaclas cleatro {lc 1111 rillgi~lo sl~liclo clR = 27r sill BdO. I'or lo tallto, para 1 • 
1111 dado flujo i t ~ i d e ~ ~ l e  dc psrtir~llns (I) clebe c~~ll~plirse cpe 2 r Q  Id6 = 2 x 4  sin @dB%, y clc a 
eslc ~noclo ~~oc lc~ l~os  ol~terlctr: a 

tln • 

IJtilizatido las cc.( (i.27) y ( (i.28) scs cli*(lucc la I ; i r~~~ii la dc l~~~llierforcl: 

tln (2 - - - sill - 
till .I 
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vicrtc clatla por 

C ~ ~ I C  sucle ser cxl)rcsatla (-11 I.c~rti~i~ios tlc Iii atiil)litt~tl tlc transicicin Tp,. 

IIo clc In cncrgii~ ri116l.ica lit3 y 1i1 i11l.~ra(*('i611 ~tll.rc~ l i \ ~  ~)art+irtllas Vp, a partir dc la ecuaci6n 

( 6.35) y t~tiliza~~(Ic) (81 forti~alis~~io (I(- I ~ I S  I ' I IIIC~OII('S clc* (:TCCII [Qg] la atnplit.ucl tle transicicin 

7;c.(k,t. k.. ) =< (ikp.rp)~pl,ll/nl~~+)(k,) > 

La Aproxi1n;\ci6n de Borli con ondas distorsiotladas - DWBA 

' 

Si t~osotros ro~lsi( l~ra~~ios ( I I I ( -  CI ~)ol(-~~('ial (I(* i~~lt-rarcih~l cntre Ias particulas puc(lc ser 

cscrit,~ como sllllia (Ic 1111 ~)o~c-~lrial (Io~llitl~llb~ /IIf y I I I I ~  it1teracci6n pcrturbativa l.l?fl, la 
I atlil)litr~cl clr I.r;~tlsiricili ~)r l t~ lr  sc9r ii SII  v(*z rscrila co111o 

l;(k,, k,) = l ;y)(k,f ,  ki.)6,h + d'r \~;)*(k,~.  I-) < t/$;IIIIrO(r)I JI, > Yi')(kn, r) (6.42) 

(lo~irle ~ $ 0 '  c*s 1i1 ;~~~ll)lil,lld d(- (.~.i l~~si~ici~i c-lhsl,ica (lc*l)i(la ti~lira~~icnte a el potmrid clotnit~antc 

( I f l ,  q~it* I,iiaira~l~c*~llc* tts 1111 ~)ol(*llc.ial i,pl ic~o. El sc*gl~lltlo I.6rlnino cle ( 6.42) rcprcsctita a la 
a nt~lplitad dr i.1.at1siri611 LL~~o-(bl;isI i(.a". I * y \(+I so11 la9 otldas dist~orsiotia(la.~ q t~c  

rlcacril)cn el rilovill~ic~~lo rc-lalivo clc los I'raglilcvllos (-11 los canalcs dc salida 11 clc cntrada, 

rc*sl)~~ctivame~~tr. 1)ajo la i ~ ~ l l ~ ~ i * ~ ~ c ' i i ~  ( / ( * I  l)o~c*~~riill ( I t *  i l i l~ra~ri61l dc (10s cttcrpos l lfl(r), g POI. 

lo 1.a11to sot1 la so111ri(i11 (I<* l i ~  c*(.tla(.i611 ( I ( >  ScltrG(li~~gt*r, 



es conocida corno tictor de forma y c .o~~t ie~~e i~llcbgralepl sol~re 10s grados de libertad il~ternos 

dc 10s nGcleos q i~c  ostrin vinculatli~s i~ la ~)robd)iliclad'clc clue el potc~~cial residual I.V(r), al 

actuar sobrc 9, i ~ l i ~ ~ ~ c ~ ~ t c  el calla1 tlc sillitla @. @ 
Estos resultaclos, que in~pl ica~~ ill~roxirnar 1i1 fl111ci611 clc o ~ ~ d a  salicntc: por la clel • 

canal, dc cntratla i ~ ~ c l ~ ~ y c ~ ~ t l o  la clislorsi611 cjc%rc.iclir ])or cl ~)otc.ncial 6ptic0, cons t i t~~yc~~  lo @ 
clue conoce colno aproxin1aci611 1h,r11 coil O I I ( ~ ~ I S  tlistorsio~~atlas ( I IWBA). Debido a quc 

estc es UII trat;u~liento perll~rbalivo, lit i~l)rt~?ti~~~i~c.ici~~ DWi3A s6lo pucde aplicarse cirando cl a 
efecto don~inat~tc cs la clisl>ersi611 elis~.ica y los of ros efectos puedan ser col~siderados colilo 

. . a 

6.3.2 El ~l lodelo dptico 

Aunque fue or ig i~~al~ l lc~~te co~~cel)itlo pnra scr 11sado en reacciones "11ucle6n-111icleo", 10s 

lllodelos 6pticos l~an sido 1l1uy IISB~IOS para el cst~tclio de las dispersioiles elisticas de ioues . 

pesados. Estos ~l~odelos suponen I)ilril el potcnciiil nuclear dc interacci6n er~tre low ~rticlcos 

una depe~ldencia radial de tipo \\foocls-Saxoa tallto para la parte real (que da cuenta de 

la clisprsid~~ elktica) rolllo para la perle illlngillaria (cpc tielle en caenta la ab~~rci6l l 'dc 

volu~l le~~). 

donde Vo y byo so11 las j>rofu~~tlitlaclc~s clc 10s ~)c~xos real e i~naginario, R, HI s l~s  raclios y • 
a, a, las difusiviclacles de los ~>oL('~~c'ii~l('s, ~i~icr~ll*as clue el potencial de Coulomb, Vc(r), cs 

usaaimeate apmxi~naclo por el po~e-~l(.ial pocl~~(.iclo por una esfera cargacla uuiforlnernente 

hasta un radio Rc:, de rllodo clue: ' • 



Dc cstc mo(lo. i~ ( l ( *~ l~ i i~  ( l r l  r;l(lio I?,. (*nist.rtl ~(*is l)ard,tnrtros aj~~st~ablcs en cstc potencid: 

\,/, R, a,  IV, Rl ,  ( I ,  

Vcrsiones nliis rolnplcjas r l r4  ~~ioclclo illclt~yetl tCrt~linos adicionales para considerar 10s 

efcctos superficiaba clr aborri611 y las (I(% spin-6rhitea, de mod0 que en general un potencial 

6ptico.s~ bma c.11 ritlco t.6rrni11os: 

, . dondd VLS 11's ma las pn~li~t~liclacls tle los 1)ozos de spin-6rbita y de superficie. La 

forma de Woocls-Saxon . f ( r )  = 1(1-, I?. ( I )  = [l + cxp {(r - R)/a} ] - '  es utilizada para 10s 

tdrminos vo1ami.t riroa rlcl potct~ria.l. I'wa el tktniitlo tlr spin-6rhita se asume una forma de 

a Thomas 
2 , = (L) l)?.,(l ,.-I fir .I,,,., 

y pa.ra cl tle srll)c*l.firic la (Iorivarla. (I(* 1;). (I(* \'V00(1s-Sa.x01l 

qrtc prcscntcr 1111 \.itlor r~~dsir~ro so1)t.c la slll)c~r.ficic clcl 1)otcncial y cuyo ancho cstii relacionado 

con la tlifusivitlatl. 

, Otroa tCrminos atlic.ionalcs, (pot' c j~~ l~ l ) lo .  b6rtnillos tlc spin-6rbita imaginaries, tensorikles 

, y clepctldietitcs clcl cdpin isol.i,l)ic-o) so11 111 ilizaclos ell la. litcra.tura. 

6.3.3 Descripcihn sen~iclisicn de las probnbilidades de transferebcia 

IN quc sigue cs 1111a introtlrrcci61i clcballi~da a la (.c*oria semiclAsica qite se ernpleard para 

nnalizar 10s c1at.o~ clc 1a.s rcacciot~cs (Ic transfe~-ctlciit, cn el Caitulo 4. Esta tcoria utiliza 

conccpttoa talca co111o "prol)al)ilitlatl clc bra.11sfcrencia." y "proccsos clc penctraci6n de barrcran, 

y la dcscripci611 aqui (lacla sig~re rsebcia~lllmtc sigts 10s lincamientos expurstos Fn is]. 

El atlilisis cttnt~t,il,ativo (Ic- Ias rci\c(.io~~(*s (Ic 1.1.a11sIcrcncia cuasi-e1;iSt.i~~ cs tlno tle 10s 

t6picos ni& intcrc~satltcs cn la tcoriil clc* rc*accionrs ~~uclearcs porque es un problcma de trcs 

ctlcrpos qtle cs cst rc~llattictttc. c-or~lplicatlo cle resol\.er cxactamente debido a1 conocimiento 

inconiplcto tlc las intcracciot~es illvo11ic.racla.s. Dc c8st,e motlo, en la acttlalidad se trabaja 

con motlclos cuya l)rcrisici~l y li11lit.c~ tic. a1)lical)ilitIad 110 pucden ser clerivados de ptimeros . 

principios, pcro Iln11 sitlo infcritlos it~tIi~.c-c.Ia~ncn~.c !)or comparaci6n sistemiitica con datos 



' 

donde 11; y 11, so11 las Illasas red~~ciclas c.11 10s callales clc e~ltrada y salida, rcspcctivan~e~~te, ki y 

LJ 10s ~ l l i~ l lc r~s Oc oncla asi1it6ticos tical ~~ iov i n~ i c~~~ lo  rplativo, lA  c IC, 10s lilolllentos a~~gularcs 

de los caroros acept.or y (lollor, ~rsl)c~c.l ivar~lc~~I.(., y Y;,,, ,,,, las a111l)litutles de tra~lsfcreociit . 

q11e vic~ie~i daclas por 

r I,., 1 I,,J = / \ ) - " ( k j ,  r, l*'(rll)\.?)(ki, ri) 

(lo~lde I I ~  y ny nm lss proyt*ccio~ic*s clol spill (I(* los frilg~nc~itos initial y final (mi = 111,4, inc,; 

try = i r r ~ ,  111c,). htlt~i I (+) ,  \(-I ~ ) I I  li~s lu~lciollca dc o ~ ~ d a  ~listorsio~iaclas e~itrante y saliente, 

respectiva~nenlo, c l ~ ~ c :  clescril)c~~ l i ~  clisl)c!rsi611 c-lislica y SOII gc~lcradas por al)rol)iac,ios potell- . 

ciales del 111oclc~lo Gl~lico, 111ie11t.ri1~ c l r lc*  l l '(r lz) cns (-1 factor dc forina de trallsfcre~~cia. I'ara cl 

cilculo dcl factor tle lornla es col~lill ~~tilizar I ~ I S  re~)rcse~~tacio~le~ "post" y "prior": 

l~'(~r)(r12) = 1 ()L(r2,.) l{~2.,.(r2J.)$..l(r2s - r12)d(r2=) ((i. 54 ) 

donde y d,B so11 lar l'u~~cio~ies dr o~lcla de 10s cst~clos ligaclos de la particula x a los caroros 

CI y C2, respectivanle~ite, cs t!I ~)otcacisl ~luclear credo por el carozo i sobre la particula 

tra~isferida x, ~llic~ltras clue r;, os la posici61i tle la particula transferitla, respecto tlcl carozo 

i ,  por liltislo, r12 ~a el vector i)osicili~i $el carozo CI respecto cle Cz. El siguie~lte csquelna ! ; 
facili ta lit co~r~l)rc~llsici~i (Ic estos i 1 ~ l ) c ~ c - l  os goollli.t ricos. I 
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vllclvc clcsprcc-i;il)lc 1) i l l 'A ('st its c-ti(*rgias. 1'01' PSI(- 111ol.iv0, para dcscrilir a 1a.s rcacciolics clc 

tratlsfcrcacia ~ l ~ l ) ( . o ~ ~ l ( ~ ~ l l l ~ i i t ~ ~ i t  c.s c.o~~irili clrlinir a la ~)robabilidad de transferencia como 

Dc cstc tnotlo (4 c.oc.irnbc I',,/si~t ( 8 / 2 )  (*s wia. Tt~ticiciti utiiversal de D ( E , @ ) ,  independi- 

c11t.c clc las co~~il)i~lnciotic*s ( I;. (-I), I)al.il 111ia tra11sicici1i producida a una distancia D. El 
cornportamicnlo (I(* la ~)rol)aI)ili(la(l (It* I r;i~ififcrc~~cia (-01110 funci6n cle la disthncia de mhxima 

aproxiniaci611 Iia sitlo vcrificaclo para I1 I i i l  grati vari(*(Iacl de sistemas aunque 10s valores obser- 

vacloa para IRS ~ . ~ I I S I , ~ I I I ( * S  (I(' cIc*c.i~itliic*~lIo ( . ) t i )  110 sirrliprc curnplen las expectativas derivadas 

tlcl ~~lot lc lo ac111i c{c*scri l o. 
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