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Theoretical Study on the Proper ties of New
Nuclide 271110 and I ts Alpha-Decay Chain Ç

( Depaztment d phyBie- - Nanj ing IJni vemi ty , Nm di ng 2 1́ ò , c h ina )

( Center d 'ITze£" 6 eaI Nucleaz physics - Nauond h bom tor y d H eavy Ioa Aeeel - zatm . I a ú ou 730000 . c hina)

A bew act m e suu ctun e d the nuclei on the d pha decay chai n d m 11O m i nvestigat -

ed using self -consistent rel ativist ic mem --aeld ( RM F ) model . Ò 1e calcul ated alpha-decay

energies am in good ag w ment wi th exped mental data . ¡ TEe theomtical l ifeti mes m son-
ably agI÷ ÷ × the data - Ú Ee pmperties of Z75112 am pEedi cted . A di scussion on the de-

formed shel l amund Z = 108 i s made .

K ey wor ds new m a de , binding enerö , alpha decay energy , l i feti me , " lati vi sti c mem -

fl eld model

Recent p ro gre ss m SEEpeÉ eavy elements att rac ts both t heore t ic i ans m d exp ed mentem in nu clear

p hy sic s[14 . A m on g th e newl y d isc ovem d superheavy el emen ts , :hm i s no aç u ment on t he el ement

Z = 11O bec au se i t w as p m d uced by GSI , Berk el ey , and D ub na L1,M J J . M l t hem exped ments l ead

to É ± four nuc l i des m -m -m1,m 1 1O of Z = 11O am id en ti f l ed . A mon g th ese fou r n uc l i des wi th Z =

1 10 , th e al p ha decay chai ns of m 110 , ã 11O m d m 1 1O have been k nmm si nce 199 5 i IA S] m d al so

st ud i ed theoÓ t i cal l y [ 10] . Ò 1e exper i menta l mSEElt on the al pha d ecay chai n of 271 11O has been f or -

mal l y pu b l i shed veÉ Ē c en tl y M al th oud 1 th e exp eri men t was fl n i shed a few yean ago . h i s k nom

fm m th e exp ed BE n t É ± th e chai n of 2711 10 i s a comp l et e sed es of al pha decay s to the k nmm nu -

el i d es m N o and n l Fm [' ¤21 . A s far m we k now , them i s no dm ore t ical c al cu l at i on on t h i s chai n of al -

pha dec ayd M J up to now . I n th i s pm r m m p od a deformed ± at ivi st i c m em¶ el d ( R M F ) cd cd a -

t ion on t he chai n of m 110 . Ò 1i s i s al so a su ppl em ent to ou r i nvest i ga ti on of superh eavy nuc l ei ¨ ¹ .

I n m med eal cal m l aHon e of th e F u nd state p m p eEt ies th e b l oc k ing eg ee t of odd neu t r on i s

omi tt ed [ 10) b ecause ou r puÒ £se i s Ø di sc uss t he al pha decay pm p eø ee an d b i nd i ng m erg es . Ú 1e

COM Et bu t ion of the b loc k i n g eg ect on t he total b i ndi ng energy i s veÉ SEnd l an d i t does not al te r th e

conc l usi on of t h i s paper - × 1e al pha dec ays occur h m m od d - N nuc l eu s to an oth er od d - N n ucl eu s

an d th em fom the net eg ec t of th e b l ock i ng eg ec t on th e dec ay energ es cm be canc ell ed each
[ 10 . 11 ] × L

o t h e r [ 10 ] . Ê 1 i s a p p r o x i m a t i o n i e w i d e l y u s e d f o r c a l c u l a t i o n s d a l p h a d e c a y m e r g e s . T h

ped mental al ph a decay energy i s a smooth funct i on of nuc l eon number fOr m i sotope ch ai n an d th i s

is a wel l - lm om fact h ten boob . U sud y the b locki ng d ect on d ph decays d heavy nu cl ei i s m i nl y
i 1· 14 ] ,R Z

o n t h e p m b a b i l i t y d t h e a l p h a p a zt i d e s o r a l p h a c l 1Ø e m i n t h e r a n g e d En d e a r s U Ef a e e . Ò ×
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i s t h e m o s t i m p o r t m t t h i n g f m m t h e b l o c k i n g d e c t b u t i t s t m a t m e n t i s b e y o n d t h e CER EØ t m e a n - f h l d

m o d e l a n d t h e o t h e r s i m i l a r m o d e l s u c h í ö e M o e H e r - N i x m o d e l [ 15 ] . A l t h o u d E t h i s e g e c t i s n ´ i n -

e l u d e d f o r t h e c a l c u l a t i o n 8 o f t h e p m m d s t a t e p m p e n i e s , i t i s a p p m x i m a t e i y i n c l u d e d f o r t h e c aI c u l a -

t i o n o f t h e l i f e t i m e . F o r t h e t h e o m t i c a l l i f e t i m e o f t h e a l p h a d e c a y , t h e b l o c k i n g e f f e c t o f o d d n e u t r o n

i s i n c l u d e d b y u s i n g t h e f a m o u s V i o l a - S e a b o r g f o n m d a w h i c h w i l l b e e v e n i n t h e f o l l o w i n g .

U e t h e o m t i c a l m s u i t s a r e l i s t e d i n T a b l e s 1 a n d 2 w h e m t h e d e f o r m e d R M F c o d e s i n h m m o n i c

b a s e s [ 16 ¤10 ] a m u s e d . 1 1 Ee f o r c e p a m m e t e m T M A [ 10 ] a n d N I Z 2 a r e i n p u t t e d a n d t h e n u n ² e r o f b a s e s

i s c h o s e n t o k N º = N b = 2 0 . 1 1 1e i n p u t s d p a i m g Á p e m A = A p = 1 1 . 2 / J Z M e V - A n m a l

d e f o r m a t i o n i s a s s u m e d i n c a l c u l a t i o n s . F o r t h e d e t a i l s o f c d c u l a t i o n s p l e a s e se e t h e Ë , l e v a n t

p u b l i c a t i o n s [ 16¤10 ] .

I n T a b l e s 1 a n d 2 , t h e f i n - t Co l u m i s f o r n u c l e i . B É i s t h e t h e o r e t i e d b i n d i n g e n e rg y . 1 Tze

s y m b o l s p n a n d p p d e n o t e t h e q u a d r u p o l e d e f o r m a t i o n s o f n e u t m n s a n d p M o m , r e s p e c t i v e l y . F u r -

t ihôme T , t½}hhEØe µ Yní E²b oÉ lh 8 Q¶ ? a n d Q ? m u s e d fÉo£ r t́ }hh EØe c a l c u l a t e d a l p h a - d e c a y e Enm1me Þ eÊ g a n d eß ¿xEpÏ e dªm InmI

o¶ n Ê . T E e d i s o b t a i n e d b y t h e b i n d i n g e n e r g y d i g e m c e o f t h e d a u d ô m e l e U L t h e õ ô t n u -

c l e u h a n d Q ? ( Z , N ) = B ² ( Z - 2 , N - 2 ) + 2 8 3 - r ( Z , N ) [ ¨ ¤15] . ' I E e e x p e r i m e n t d b i n d -

i n g e n e Eg m o f m N o a n d m F m m k n o w n [ 17 ] a n d t h e i r v a l u e s a m 1 8 9 1 . 5 4 a n d 1 8 7 1 . 6 9 M e V ,

m p e d i v e l y [ 17 ] - 1 ? a n d T ? m É e l i f e t i m e d t h e t h e o m t i c a l r e s u l t a n d t h a t d e x p e r i m e n t a l o n e

whm the l i feti me Ô i s calculated according to the Viola& aborg fmTEnda on al pha-decays[ ¨ ]

l o g ( T e ) = ( Á Z + b ) ( Q a y En + ( c Z + d ) + h h s ' ( 1 )

w t zm T e i s e v e n i n t h e se c o n d a n d Q e i n M e V , a n d Z i s t h e p M o n n u m b e r d t h e p m n t n u c l e u s -

1E i s i s a w e l l - k n m m f o r m u l a m d i t i s o h e n u s e d t o e s t i m a t e t h e l i f e t i m e o f a i p h a - d e c a y s b y t h e d e -

[ 18 . 15 ] ¡
c a y m e r e e s . T h e c o n s t a n t s i n t h i s e x p m S Si o n h a v e b e e n d e t e n n i n e d Ä Á = 1 . 6 6 1 7 5 , b =

- 8 . 5 1 6 6 . C = - 0 . 2 0 2 2 8 , d = - 3 3 . 9 0 6 9 , h lÛ = 1 . 0 6 6 f o r o d d - N n u c l e i . T h e s e v a l u e s a m o b -

t a i n e d b y E t t i n g t h e e x p e r i m e n t a l d a t a d m i d a e m d h e a w n u c l e i [ I SA ] .

I t i s s e e n f m m T a b l e l d 1a i t h e t h e o m t i c a l b i n d i n g e n e IØ e s a m v e Ç c l o m t o t i l e e x p e d m e n t a l

d a t a f o r m N o a n d m l F m . u e a v e r a g e d i g e r m c e b e t w e e n t h e t h e o r e t i c a l b i n d i n g e n e r g y a n d e x p e r i -

m e n t a l o n e i s a p p m x i En a t e l y 2 M e V . × 1i s c o n ü s p o n d s t o a r e l a t i v e d i E e m n e e 0 . 1 % . Ò 1e R M F

m o d e l w o r k s w e l l f o r t h e b i n d i n g e n e EE Y o f t h e s u p e r h e a v y n u c l e i s t u d i e d h e m . T h e t h e OE¬ t i c a l a l p h a

d e c a y e n e r g i e 8 a g m w e l l m É t h e e x p e r t BBe n t a l o n e s w i t h i n 1 M e V . T h i s e ZESt l m h g o o d p m d i e t i n g

a b i l i t y o f t h e R M F m o d e l f o r t h e a l p h a d e c a y p m p e zt i e s . U e t h e o m t i c a l l i f e t i m e i s c l o s e t o t h e d a t a .

I t i s k n o w n f m m t h e b i n d n g e n e EÅ y f o r m u l a t h a t t h e a l p h a d e c a y e IBe r g e s w i l l v a Ì s m o o t h l y ÷ ×

n u c l e o n n u m b e r i f t h e m i s n o s h e l l e E e c t o r s u b - s h e l l e b c t . H o w e v e r t h e m w i l l b e a s u d d e n i n -

c m a 8 e o f a l p h a d e c a y e n e r g e s w h e n t h e m i s a s h e l l o r a s u b - s h e w s - 15 ¤5 ) . 1 T I e m i s a s u d d e n i n c m a s e

o f t h e e x p e d m e n t a l a l p h a d e c a y e n e ª y w h e n t h e p m t o n n u EEl b e r v a d e s f m m Z = 1 0 8 t o 1 1 0 ( s e e T a -

b l e 1 ) . 1 1 1i s c o II ¸e s p o n d s t o t h e p o s s i b l e c l o e u Ó Z = 1 0 8 o f t h e d e f o r m e d s h e l l e E e e t . U I e R M F

m o d e l c m m p m d u c e i t t o so m e e x t e n t . C a l c u l a t i o n s s h o w t h a t t h e m i s a p m l a t e d e f o n n a t i o n i n t h e

g ÉBu n d s t a t e o f t h e s e n u c l e i . Ç 1i s a g m e s w e l l w i É th e c a l c u l a t i o n b y M o e l l e r e t a l [ 15 J . F o r n u c l e i

m R f a n d m N o , a s i m i l a r i n c r e m e d t h e i r a l p h a d e c a y e n e Eg e s i s o b s e w e d a n d i t c o u l d b e a s s o d a t -

e d w i t h t h e d e f o n n e d s u b - h e H N = 1 5 2 [ 2 .a] . I t iés 8ï e e¶ n fhrm£ rm n T a b l e l É ± t h e tÉ}h1é o IÓÛüð-òtHi c ad » l i f e t i m e i 8

cd l o Ê iØ0 em7xEPÏ e ±m EnmT

f×Oß r ÒØ 3 Nî o . W e w o u l d l i k e t o s t m s s É a i t i s v e É d i m e u I t t o e v e m a c c u r a t e v a l u e f o r l i f e t i m e b y

t t m o d e s . Ò 1e n u c l e a r l i f e t i m e i n t h e n u c l e a r c h a n Ê b e t w e e n i n f m i t e v a l u e a n d a v e É 8 EZEa l i v aI u e

n e a r m m . U s u a l l y t h e d i g e m n e e b e t w e e n t h e OE7 a n d e xp e ri m e n t c o u l d b e m l a r g e ± 1 0 5 . Ç 1i s i s

b e c a u s e t h e l i f e t i m e i s v e É s e m i t i v e t o t h e n u c l e a r s t m c t u m d m t a n d t h e a l p h a d e c a y e n e Í ¤ A
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smal l di Eemnce between the theomti cal alpha decay eneç y m d eüperimentad value wi l l lead to a

veÇ large diEemnce d the lif eti me .
Table 2 is the RMF resul ts wiÉ NLZ2 foÓ e . h Ê seen agai n É ± the t lzeomtical mSUIts aF ee

wel l ì t h the experimental data d the binding energ es and alpha decay energies . Ú Ee precision of

the foEæe NI Z 2 is Ø good Ø the force TMA . A quadrupole deformati on i n the F und state d these

nuclei i s al so obtai ned for NI Z 2 . Its val ue is cloee to É æ £f TMA force . This indiegtes that the

RMF model i s stable i n thi s mam range . M I PIüvious discussions on Table 1 hol d true for Table 2 .
Tabae L Th e b­ diÛ Ø eTEH¥ ,dd ormË" £Ô ,aIph¤-dec® ¥ erØè , and tbe lmd ô è d m d e4m É e

û ha decay cM ã m 110 . c atm h ted wtÉ TMA fon eM71.

271110

2'7Efs

m sg

m Rf

2" No

1% 8 .64

19t51 . 52

1932 .76

1913 . 73

1894 . É

'r é ae2. ZE e bh a Ö À erSè ,ddom æ £Ô ,û h¤¤d' " ' Øç' è ,aM a e maM è d m dd ± Ée
aô M deü , dmh m 11@. caM M d Ö² NEn roree[171.

nudei r /MeV A A Qf T? Q? T?

m112 1983.09 0.M O-M 11.43 1.14¤¤

m 110 1£"t.21 0 26 0.2¤ 1¤.a M.3a- 20., , 0.62æ

æEh 19483 3 0,´ 0.29 2@.14 99.6m 9.88 74m

¶ Sg lm .37 0.´ 0.30 9.15 11 6m 9.26 117ma

mRf 1911.22 0.30 03 1 7.e9 2-36x 105, 8.m 1.728

22' No 18" -61 0 30 03 1 7.66 53 7x 16 8 7.,3 27.²

W h en we compare T ab l e 1 and Tab l e 2 toge th er , we not ice the exper i men tal b in d i ng energy i s

b etween th e t heom t ic al val ue m th T M A and t hM wi th N L Z2 . T h i s i s veÇ usef u l f or th e p red ic t i on of

b in di n g eneEg m of sup ezt zm Ç nucl ei bec au se boÉ ob tai ned val ues ÷ × T M A an d N L Z 2 m veÉ

cl ose . h v iew of th e fact É at the nuc l ear b i nd i ng en eØÃ i s m i mPOEt m t i npu t to c al cul ate t he p m -

d1ACt ion cro ss- sec t ion of 811perheavy nuc l ei , t he conc l usion heEü i s i nt eE· et i ng for a good egti mate of

th e unk nown b i nd i ng en eEÍ and for the pm d uct ion cm es sect ion of SEEpeEh avy nuc l ei .
In summ aE7 th e st m ctu m of the nuc l ei on t he al pha d ec ay ch ai n of z711 10 i s i nvest i gated in t he

def om ed R M F mod el . TE i s i s the a M mean -E eld cal c ul at i on m these new d ata from GSI WA] . TTEe

cal cu l ated b i nd i ng energ ae ÷ s wel l m É th e av ai l ab l e d at a . Th e c al cul at i ons show th at t hem am

pm lated d eformat i ons i n t hem nuc l ei . Ò 1i s a, £ " ÷ × th e exped mental fac ts t hat th em may be a

pm l ate d efom 18t i on am u nd Z = 10 8 . TTEe R M F m SUIt s am i n good ag ¬ em ent M th t he expert mentd
data on the al pha d ec ay eneETHes and t he l i f et i m es d the su perh ea£ nu cl ei . Ú 1e p m pen i es of m 112

am p m d i et ed an d may be u sefu l for fu tu m ex ped m enu on i t .

Ú 2ó íß Ü ï í ë Ë ï í (EEP& NP)

0 .62ms

74m

117ma

1.72,

37.

11. 28

9 .54

9 .r y

8 .60

7 .Ô

1.07m-

4 .58-

5 .94.

141. 1.

96ª .

l o .75

9 . m

9 . 26

8 . "

7 . 93

o .21

0 .23

0 .26

0 .26

0 .26

£-n

o-n

0.27

0.27

0 ., p
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