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Study of 2n-ReEnoval and Total Reaction Cross Section

Induced

CAI Xiane-EZou131} SHEN Wen-Qingt4 3 ZHONG CtEed MA Y12¤Gang13

ZHANC Hu--Yongl WEI Yi-Binl CHEN Jin-Gen1 2 401j Xing-Fer -3 GIJO Weit

WANe kunl MA Cuo-Uangt

A bæ æ 'IEe ÒR and t zza have bem cak ul ated via ² e BIJI J model by usiù sott Eo g and 0 .86 ä ¤ 'IEe dem w disMbuM z which

corne b m RMF model has been h Ã duced Ø rep lace the nom aI used ,÷ E e type diSEb u m-zs m BIJI j cd culation . 'IEe calculated

n m lts can mpmduce the eµ eeimÄ td data well for vu ious maction m Sa m . Hm Ò - h is cd culated ó the dib -WEce between ÒR Of

halo nucleus an d con nucleus , by asatImine ÒØE - 0 . It indieaaee dBat ²  " ' um m n wod s ve® well m the BUU caleuIa60,2.
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W ith the development of radioacti ve ion beam i t has

become possible to study the pmpert ies of nuclei fm- fmm

p¬stabi l i ty l ine . By the pi oneed ng n ped m nt of Tanh ata

d d i n 1985HU m abEBonIIall y l arge interact ion cmss

section Ò1 was observed for l l U . It indi cates É a the

h oed y bound two neuuwns aEü expeeted to have a veE7

spati al l y extended densi ty d istd but ion SEEnwtEndi ng the 914

Þ " ' formi ng a neutEOn-halo sM ECMm . u e halo struetuÓ

of Il U seem to k consistent with al l the exped mental

measun nIents tha include the enhancement of ÒI l l ] , the

enhaneement of two--neutmn removal cmes section Ò- zmizj

and narmw pealt in the momentum distd buHon of the ' u

fragment pmduced i n b38 nentati on macti on[3] . FUEt her

experi mental and theomti cal i nvest igati ons al so SEEm ested

the exi stence of neutmn halo in other neutmn-d eh nEEC-
lei [4- Il l .

I t i s of pazt i CEl lar i mportance to develop a dEeoretical

medEod to study the maction mechanism of exoti c nuclei .
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A 118eh l tool t o stu dy ÒR i 8 the mi croec opi c G l aub er mul -

t i p l e- scatt er i ng th eoz7 [121 . O ne of t he si mp l est app m x i EYEa-

Hon to cal cu l ate ÒR i s the op t ical l i m i t . I t has been wi del y

u sed for d eduei ng t he nuc l ear mat t er m d i i fm m ÒI m d

ÒR ¤ H owever , i t has been poi n ted ou t É ± i t may n d be a

good ap prox i mat ion i f one appl i es th e model to a halo nu -

c l ei at i n t erm ed i ate enmz t UA J . 131UL the few - b ody l i mi t

of G l au ber model w as i n tm d uced to stud y the l ooeel y

boun d system , wh eE¬ a hal o nuc l eus i s decomposed in to a

com pad and a hal o pan . I t was found t hat th e new meth -

d gi ves a smal l er c EWes sect ion th an th at obta ined fm m

th e opt i cal l i mi t i f one uses th e sam e wav e h m CHon . Th is

model i s m cen tl y bein g com mon l y u sed t o deduce t he rad i

of halo nuc l ei . h t he f ram ew ort of th e ab ove Gl aub er

M odel , a t lzeOEy i s p m sen ted to cal c u late th e nuc l ear pazt s

d vaztous æsem entat i on cm e8 8ec t ions , such Ø ÒR, Ò1,

Ò - man d Ò . 2¤[M- 16] .

On th e other han d , th e Bo l tzman n - I j ehl i n g ¤ UhIen ¤
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beck ( BIJU ) equati on[17¤18] has been i ntroduced into the

calcul at ion of ÒRIIû 21] . TEi s model incop orates the Fer -

mi moti on , mean Seld , i ndi vidual nucl eon- nucleon ( N-N )

intemctions and the Paul i blocking egect in calculation . h

cm be used Ø ext ract ä uaHon--Of- State ( EOS ) and in-

medi um N-N cm þ ti oEM ;r dMV Ôtt i ng expem ental

data l i ke coll ect ive fIow and balance enmw etc . W ith in

the ¨ amewOEt of BUI j model , the avemge N- N col l i sion

number cm be obtai ned Ã a × nCHon of the i mpact pa-

mmeter ( b ) by assumi ng a reasonabl e pammeterization of

ÒNN¤ ACCOEd i ng to Poi sson stat isti c , the nucleon fE71action

T . ( b ) that has experienced n t imes two-body col l isions

dud ng the coume of nucleus-nucleus maction cm be easi -

ly oMa ned . ì Ee m EEE d T . ( b ) over n ( n 22 1) mpmsenu

the total pmbabi li ty of N- N col l i sions and i8 mlated close-

ly to the abeOEp tion pmbab i li ty d nuclear mact ion . For

si mpl ici® , a sq1ZE e- type densi ty distr ibution i8 128ed to

repl ace the suEf ace diEEased distd but ions . × Ee wtdth of

the density distribution as m unique pam meter w" £b-
tam ed by n tt ing the ä ' s at mlati visti c eneEg es . Mom

detail s can k found in Refs . [ 19- 2 1] . 111en the BUI j

cal cul at ions can mpmduce the experi mental data quite

wel l i n a wi de eneEÃy mnge . Si nce the medi um eEect i s

dig ¤eI̧ ent in vad 0118 incident eneEBy mnges and the mal

densi ty dh td M Uon is mtlmr dê em t h m the square-

tw e , the above assumpti ons are too si mple . It is also in-

teresting that whether the BUU model cm be used to cal -

ctElate other fme nent CEWes section , such m t E and

Ò- zn¤ In this letter , we apply the BUU model to i nvesti -

Á te boÉ h and Ò- h by using the densi ty di std butions

which i s calcul ated fmn the nonl i near ml ati vi stic mean-

tl eld model ( RMF ) [n a L I t is concl uded that the cal eu-

lated mSUIts cm mpmduce the m ped mental val ues wel l .

I a t us consider the reacti on of II U M th a tazüet nu-

cleus T , ± a typ ied exampl e . 'IEe react ion cm be sum-

mart md i n thi s fmme as[14- 16]

IIU{ | Voµ} + T{ | - K,È£µ}ú

É i{ | - q, qpaµ} + T{ | - K - q,È9¡ , (1)
when the iniHal IE U wi É the intd nsie wave funct ion ? £

i s at m t i n the pmj ed il e mst h me , whi l e the taz¬et nu -

cleus wi É the intrinsic wave h nct ion È o and IYElati ve mo-

mentum - KK . At the anal stage of the maction the 11U

goes to the state v e speciSed by Á ± th momentum tEBEES-
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fer - Çq . Ò 1e taEÃet nucleus recei ves a momentum trans-

fer of - hq and goes to state p . It is def l ned that Á = o

and p = O stand for the respecti ve F und statÊ . ´ 1en the

h is obtained by summ i ng the cmes section of maction

over the possibl e h al state ( Á¬ ) , except fOr aF = 00 . Ä e

ÒI is obtained by summ i ng al I poesible sU Ç s exeept for

Á = 0 . Mom details cm be found m Ref8 . [ 14- 16 ] .

By assuming the core plus halo neuuw zs stm cu re of
u U , a basic EÉlation is establ ished between ÒI Or h m d

Ò- h :

6 4 ( 11U + T ) = Ò1( 1I U + T ) - ÒI ( ' U + T ) =

e d tI U + T ) - e d ' IJ + T ) + Ò£.J II U ú ' u ) -

ÒR( 1I U + T ) - e R( ' L i + T ) , ( 2 )

Ogawa et d [14] . esti mated the diEemnce between d R and

Ð ¤ I t w found to h less than a few pement at hid 1 en -

ergy . However , the diEemnce i s expected to k larger at

m energy lower than l Þ MeV / u . In thi s calcul ation , Òem

is asm med to be m m in a wide eneEEy range and the va-

li di ty i s discussed later . 'ITEUS Ò- h is appmxi Enate ç the

diEemnce between the ÒR' 8 of 11U and 9U i n the BUU

h ame¢, ork by using 804t Eo s and 0 . 8ÒCÖ for Òm . Ê Ee

densi ty distri buti on , which is the moet i mPOEt ant i nput of

the BIJU model , i s calculated by a nonl inear ml ati vi st ic

meaEH Ield model ( RMF ) [n A ] . Hem we use the set of

foEæe parametem NLZ[À ( NL denotes nonl i near , and z

indicates the consi stent m p point energy of C . m . motion )

whi ch is hü quentl y used by nzany gmup in the RMF cal -

culati on . Mom detai led studies indicates that M F calcu-

laUom wi th other sets d fome parametem[ZS] wi ll al so g ve

si mi lar densi ty d istributi ons . As shown m Fig . 1 , the

open ciml es Òü the exped mental ÒR of l2C + 12C and

11U + u c reacti on systems mspectivel y . Ò 1e 8ol id l ines

indi cate the cal cul ated mSUIts . It cm be 8een that the

BUI j calcul ations mpmduce the experi mentai ÒR VeÇ wel l

m a m de eneE¬y range º r both stable and exotic Ó action

system , by intM ucing the mom natuml densi ty distEt h -

Hon into the BUI j model to Ë place the nomzal square- typ e

distributions .
u en , 6 4 ( II U + 12C ) is calcuIated using Eq .

( 1) and Eq . ( 2 ) in the fmmewodE of BUI j model , where

the Ò..® Ô assumed to be m m . It should be noted that the

cd culated val ues Ø rzØ pond Ø the nuclear pan of the

measured Ò- h values . m e mSUIts am shom 1 in Fig . 2 .
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Fi g . 1 . U e vaztatim of h ì ² incident energy ¤ 12C

+ 12C and II U + 12C ® stem mspec6vely . Open circles

mpre, ent th experimental data taken &orn Htemu ze- [2¤¤] ,

while the sol id CUR es mPE- - ent mz B1111 ealcuh don .

A II th e exped mental data am i nd i cated b y soli d

poi nu [2¤14] . Ä 1e sol i d c ur ves ï ü ² e pm sent cal cu l ated

m SUI t s - Ç 1e d ashed cuzv e i s th e cal cu lated resu l t of

Gl au ber mod el , wh i ch i s come h m Rd . [ 14 ] . F i g . 2 ( a )

d i spl ay s the en eEü y dependence of t , zn of 11U + 12C sys-

tem . h cm be seen th at Ò - 2. d eem ases wi t h i nc m asi n g

energ y i n both l ow an d hi d I eneEú7 ran ge ge nt l y . A t ene r -

gi es azm m d l Þ M eV M , i t d eem ages fast m th t he en erg .

× Ee m ason , mayb e , i 8 that the re act i on mec han i sm i s

ve® comp l i cated i n th i s energy range . W h at ever th e ex -

per i mental data of Ò - h i n th h energy range i s m th er m m -

M om exper i men ta l m eastEm ments are necessazÃ to est i m ate

th e m l es of d i Eeren t mech an i sm si mu l tan eou sl y and test

th e val i d i ty of our assum pUon ( Òm = 0 ) ± i n ter medi ate

en erg . 111e vad at ions of Ò - za an d h of I l U at 80 0 M eW

U ÷ × var iou s target s am p l ot t ed as a h m CHon d A Im , "

shown in F i g . 2 ( b ) and F i g . 2 ( c ) m spec t i vel y . Ò 2e n i ce

aÁ ÷ m ent betw een th eoÇ an d exp ezt men t i s ob tai ned .

Ä Ie pm m nt cal c u l at ion g ves the si m i lar t Ið Ð of Ò - za æ

t he m SUIt of Gl aub er model [ 14] . I t conn rm s É a th e as¤
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sumpti on ( Òm = 0 ) works ve® wel l ± hid E energy -

Since the exper imental values i nclude both the nuclear

and Coulomb contributi ons , hem the nuclear pan d Ò- 2n

is 853mb , which i 8 close to the val ue cal culated in the

di¹ active eikonal model [24) . It i s iE1fem d from Eücently

study[14] ú ´ the nuclear - Coul omb i nteEference would be-

come moÓ imPOEt ant at b = 9 - 20fm . 'ITEm fou l U +

20¤pb reacti on system , the Coul omb d m t on Ò- h plays a

moÓ i mpOEt ant role thm for other mact ion systems .

Alm

EK .2 . ( a) Energ dependence of Ò- z.. d 11U + 12C ;

( b) 1Ee v z iation d e - 2. oE EE U at 8Þ MeV/u with AEmz

( c)U e VaztaUon of Òt of 11U at m oMeWu with AM .

h concl usion , the h and Ò- zn have been calculated

vi a the BUI J by usi ng soft Eo s and 0 .8 ÒCù ¤ 112e densi ty

di sk ibuUons which come fmm RMF model have been in -

tmduced to replace the normal used sqUE¬ - type di std but -

ions in the BUU calcul aHon . ²I TIen the BUIJ calcul ations

cm mpmduce the exped mental ÒR and Ò- za veÇ well for

var ious Eeaction systems . Hem Ò- m and Ò- 2. have been
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cal culated as the digerm ee between ÒR of hal o nucleus

and com nucleus , by aSSEEm ng Òmw= 0 . It ind icates that

th is assumption wOEt s veÉ wel l a hid z eneç 7 , which was

menHoned a Refs - [ 14 , 27 ] . At intermedi ate eneEö , i t
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seem that thi s assumpti on sti ll woEt s and mom m peri -

mental data i s needed to obtai n available conclusion . It is

al so noHeed É a the Coulomb ef ect becomes more i np or -
tm t for m pb target than othem .
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