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A bÍ Í t Asaaó ing a Bind e-pa t i ck 2p sMACMEª d n c , ¡ ,Ø dy proton-13C el ast ic scatta ing a the incident energy d 1 GeV in

the Glauher mul tiple scat ter ing theo® - A good a, eement between É eoR t ied F ª EHction and oon Ø pondine experimental data Ê ob-

tamed . TEe EüSUIt evidently indicates a poe- ible halo- like nm ï n skin d 13C .

Key w£rds

Ú 1e Eü cent d i sc oveE7 of neu tm n hal oLI J J i s one of the

REO- t i nteEü St i ng even t s i n nuc lear physics . M any ex ped -

menta l mzd theomt i cal w od E have been d evoted to th e i n -

vest i gat i on of the neut EWE- Et ch nuc l ei 6 H e , S H e , II U ,

11¤12,14Be , 14 B , an d 14 CM] azd the p m t on- d c h nuc l ei

s B i 4) , II C , 12N Mj , 17F and 17Ne iû , l t o estab l i sh t he exi st -

ence of t he p M on h al o or sk i n i n these nu c lei .

'ITWOEe t i cal l y , we consid er i n th i s short note i f th e

neu tm n - hal o- l i k e si ngl e- pan i c l e 2 p state m É the occ um -

t i on n u mber less th an l ex i sts i n th e p m m d sta te of th e

13C nu c leu s . T Il e m ason i s th at th e an al y sis of the chaç e

and maÁ eu c form fac tom of el ast i c el ec t m n scat t eri ng on

lÖ , EEMÁ Eet i c moments of l3C and Ö , an d also l oM for

p d ec ay of u N i nto 13 C c l ear i y i nd icates a necessi ty to

tak e i nto ac coun t th e 2 p shel l i n th e gm und state of nuc l ei

13 C an d 13 N [ 10,11] .

Ò 1e p revi ou s EØseam hes i n Refs . [ 12 , 13 ] COZEBRIBed

that t he neu tm n 2p state i n 13 C i s th e Si ngh - pan i c l e hal o-

l i k e state w i É a la® m t - m m Ð uam radi us ´ r L IJ ln

= 11 . 02 fnu i n compad son m É ´ r i Pln µm = 3 . 40 f m -

1110é p ap em an al yzed t he maÁ et i c fom fac tor of el ast i c

el ec tm n 8c at ted ng on n C , an d th e exper i mental el ast i c

maÁ et i c form fac tor was f ound to be rep ro d uc ib l e when

th e 2 p shel l was tak en i n to accou n t . Fo r conf l rmati on of

the ex i stence of t he 2 p state in th e st ru etu m of u C , we
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i nvestigate the elastic scattering of pmtons wi th m inter -

mediate eneIüy on nucl ei , using the Glauber theory of di f -

fEÚet ive mul ti pl e scatted ngi 14] .

AeeOEd ing to Gl auber Mult i ple scattering theozÃ , the

ampl itude of m elasti c pmton scatted ng OE nucleus can be

wr itten in eikonal fonn m

FA )=jiHeE(q)-
jô ¨ l1-Å[1

when sht́ o am the wave hIEId i om of the ini t ial ( f inal )

state , H em ( q ) denotes coÐeCHon factor of center-of - mass

m d the I h ( b - sJ stands fbr the single-part i cle pmf il e

funCHon ,

Ò(b- SJ) =á é 2qe¨ L(× , (2)

÷ × £ ( q ) bei ng the hadmn-hadro n scattering ampl i tude .

1E e k in Eq . ( l ) i s the wave veetor of the pmj ect i le pm -

ton , b the impact parameter , q the momentum transfer .

Since the egect of a nucleon cOETelat ions i s negl i -- bly

SEEd l , " that the ampl itude in Eq . ( 1) cm k mpmÊ nt-

d Ø

Fa(q) = ¼ Ff¤- (q)j É t" [Sft -

´ ð " l F,. ( ' - s. ) l sbm µ ¤F(uC)] d33
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II hFV2C) = ´ ×(12C) l - F t ( ' - st ) ] l ý '2C) µ,

(4)

when ´ ð " l F p- ( b - sa) l × .... µ m m enu incident

PM © ma tedng d the target neú £" M MEF t ISC, while

´ ¨ C) l H [ 1 - IV b - st ) ] l È " C) µ deM es the

pò on el- -6e sca tering OE dEe 12C Ø ¤ .

SEEppoee the odd neutmn m 13C cm stay in l p state

or 2p state Ø that iu single-particle wave h m u on

( 771p) mÕEp + ( 'Jz, ) mÕa, .
é .. , .

111¥ , ´ ð . . l r pa l é . . . µ cm be dm omposi te m

´ ð " | F P. | sbm µ = ' " ´ ð , l F pa l é tp µ +

712, ´ ð p l F p. l × 2, µ + 711z , ( 6 )

71t2 2 ( ú , 712, ) UZ´ Õ 1, l f F p- l Õ2, µ +

( 771p712p ) m ´ × 2, l F pa l sbIp µ . ( 7 )

G i ven a waw fu n cti on d si ngi e -paø c le ð , and ð , , one

cm eval u ate th e mat ri x el em ent ´ ð -u l F p- | × . . J u si ng

E q . ( 2 ) and Eq . ( 5 ) . ì ze znatztx el emen ts of ´ é ( EZC )

l I I [ 1 - F A b - s t ) ] | Õ ( ø ) µ cm easi l y h cal cu l at --

d m d i d in Rd . [ 12 ] , i . e . .

´ é ( 12C ) l I I [ 1 - m b - ¶ ) ] | Ð ( l2C ) µ =

1 - d et l ´ ¦ mh 1 1 - r a l é § µ | , ( 8 )

÷ × nJ̈ be ing th e app m p d ate ¾ d si ngl e- pa t i d e qu a-

ntu m nu mbers . Eq . ( 8 ) d enotes th e con tr i but i on f m m u c

com in u C M ª et nuc l eu s , m a d i ston i on fac tor to t he i n -

c i den t p M on .

Ò 1e wave fu nct ion of 13C i s tak en to be a si mp l e

pm duct of si ng le neutm n wave h n cUon ð " i n th e p 8ub -

shel l an d th e wave f unct i on of t he IZC co re , ¦ ( 12C ) . 1T1e

nor mal m u on i s

´ é ( 13C ) l × ( 12C ) µ = 1 , ( 9 µ

wh i le the pol ar i zati on coedEd en t of 12C i s deh ed Ø

p ol Á = ´ × ( 12C ) | é ( IZC ) µ , ( 10 )

wh i ch cm be eaa ly cal cu lated i n th e way gi ven i n Rd .

[ 17 ] .

'ITm am pl i tude of the p roton - nuc l eon m t ted ng ª i n

Eq . ( 2 ) cm be parametezt m d i n the fom

Û ) = Ø [ 1 - i p m ] ± - ö 2 ) , ( 11 )

wh eEª, Òpn i s th e t ota l cross seCHon of th e p N in teract i on

ú ¯ Þ È :" C Ä » ö ç ü Ä ® æ Ä Ð Ó 2p ¬

( N = p , n ) , p m is the ratio of the mal pazt s of the pN

ampli tude to its imag na17 pan s , ± Id p m is the pammeter

of the slope of the pN ampl itude . 111ese parametem am

taken hem to be
Òpp = ÒFm = 4 .4f m2 , ( 12 )

Ppp = PR = - 0 .25 , ´ 1÷ )

PL =PL=0.3fm2. (14)
Ò 1e wave fund ons d Singh -paruck m e ven by the har -
monk oscil lator potential fu-- lS] with sim parameter b1p =

2 .289fm and bzp = 2 . 753fm , 71lp = 1 . 034 m d h p =

0 . 133 . AgEüernent wiÉ the experi mental data is excel -

lent , ± is shown in Fi g . 1 .

{5)

~

Fig . 1 . Th e diEen nHd cmes sec6ons of pmsom with the en-

erg d 1 GeV , elasucal l y sca tered on nucleus lZC ( soil d

curve ) . Open circles : É e egperimental data of p lZC ä amer-

iag , É e dim mnds : the experimental diEemntial cro-- sections

d p 13c scatted ng at th same eneEW . Expertmental m d ts

were taken &om Rd . 16 .

Sub st i t u ti ng Eq . ( 7 ) i nto E q . ( 2 ) , we m ve a

M - Sj ) = ¯ é 2q d Ð

le p¢
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R g .2 . Th e diEeE¢ential em-- sections of pm tons wi th É e ener -

g d 1 Gev , elasti caI Iy scattered on 13C nucleus - Ð2p = 0 . 133 .

« , = 1 . 034 , bIp = 2 . 389 h an d h p = 2 . 753 ç ( solid

euw e) . Diamonds z the experimental data d p 13C scattedne -

Doued e® ve : the resul ts d the eah ula60m d pJ ZC scat tering -



38

z eFa( 1- ipp )J {¤¤¨ smt4ÐFL w ,= Òp v - EPp Fe ' {¤¤© rzp;. . ( 16 )

4. ,r tz- r R

U e caicul ated msui ts am shown m Fig . 1 and Fig .2 . 1TIe

Fig . 1 shows the theomti cal pmdict ions d digemnti al cEwes

sect ions of pmtm ÷ × the energy d 1 GeV , elastical l y
m attemd OE the nuclear tazget uc and compari son wiÉ

eoÐesponding data:16] . Ò 1i s cd culatioa is puml y for veri -

Ð i ng our model - s val id ity . Fig . 2 is plot for theoret ical

pmdictions d the diEeÓ ntial cmes sections of pmton wi th
enezw of 1 GeV , elasHcal ly scattered Og the uc nucleon

, ¼ Ä × (Refen ,,cee)

-IKnihat- I . ph7¤. R" - Lett - ¤ 19¡ , 56 12676

Tm hat- l h eg - h n . Nuel . phy- - , 1995 . m J ´

Bon-ee£" £ A , È ,² Mau N . Nuel . Phy- - ¤ 1997 , A®Ä :245

obuM M M Nuc1. p,q¤. . l " 6 . Aa , 274

¤ . ,. . A . NueA. Fh,¤ . . 1995 . A' " zSW7

0 ¤¤m A . Fh" - h ´ . . 1994 . ¤33¤ 218

Mimam -hno T . phy- - Rev . U 11. , 1992 . e :ª 258

Vil¤-t A c c ph7¤. u ,t . . 1991. ¤ 2¤ 2345

MitUEg W Phy- - ² ' - M t . , 1õ 7 , ' zl m 9

Ba in D . Phy- - Rev . Lett - - 199' - 74823569 4 Dudour M. D¤¤eouve- -

1

2

3

4

s

6

7

8

9

10

13C Ä » ö É Ü Ä à Î Ä Ð Ó 2p ¬ '

~~

ª ª Ù è E3CÇ ¥ £ Ó Ä 2p ¬ Ä á ¹ , Ã Glauber à Ø ¢ ä í Û Ð ¿ Ë ë ä Ü ¿ ª 1CeV Ä Ê Ó
Ú " CÏ Ä õ Ô ¢ ä ,Ã ½ Ë ë µ é û Ï Ã Ü Ã Ä í Û á û . â µ ÷ " C É Ü æÚ Å » ö à Î Ä Ð

Ó ¤ .

Ø ü Ê Ë á ¹ ß Ü ö ä

2 ½2 - 06 - 27 Õ å

ú Ã Ô » Æ § ù ð ( 19¶ ³ ¿3 . 19Ø 5010 . 1©" ' 080 É Ç

Ú Ç íß Ü ï í ë ¦ ï í (EEP& NP)

wiÉ 712, = 0 . 133 , 711p = 1 .034 , b2p = 2 . 753fnh b lp =

2 . 389fEI1.
In conclusion , Ø r m aIysis ¶ p¤13C elasUC ä atter -

i ng m Glauber ú " ® shows É a when oae takes i nto ä ¤

£ount the 2p shel l in tbe 13C nucleus , a good descd pu on

of experi mental data is achieved . Ò 1e excellent Bt may

i Eµ l y tha nc has neutron halo , namel y , a neutron- halo-

l ike stm ctum . Based m the pmsent investi ga ions , m

pzwpo- e a possible exi stence d a halo- l i ke pM on 2p state

i n the uN nucleus . u i s wozt is m w under study .
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