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I IIBn uence of Zer o-Point Ener gy Cor r ection on ERecti ve Nucleon

º t ass i n D er i v at i ve C ou pl i n g º f od ells

( I nsti tu te d Pan i cle PE17¤Ä ¤ . Huaú £-zg Nom aI IJnivemi ty , W Eª m 430¶ , , ch ina)

A ba r sct In dIe li d zt d ded vative £ouPI ing models , we z gu e that É e zeÙ POMt energy d ² e vaeuzm ooul d M lm simply dm m

away at hi¿ tm pemu m . So hm dze Emte conØ buuozz which is tempe aum dependemt hu been separated h m it and the mauence

d this coÐection on eEed ive nucleon mass m nuclear matte hm been studi ed .

ZM model , zezØ point m a w of vacuum . eEeeuve nucleon massKey words

h m cent yeam , the pm peEt i es d had ro ni e nØ tt er ±
E ni t e teµ eM um m mm m ac t ive am ah - 3] . ÓTIe Q H D

( quan tu m had m dyn am es ) EEmd el [4] , p ropoeed by W al eck a

i n earl y d ays , i s t he mai n t heory i n th i s am a . I t hm Id

mm y i n tere st i ng and i Eµ OEt m t th eoÇ m SUI ts i n descr i b i ng

fl ni te nuc lei and the p mpeEt i es d nuc lear nm t ter a both

m m tempemt um m d a ni t e t eEµ em u m . For exanp l e ,

b i nd i ng eneEö , satu ra ti on d ensi ty and p hase tm Emi t i on d

nuc lea r matt er . I t d so gj vm good pm d i d ons i n

exped ments , such ¸ , noncentn d sp in - OEf Bi t sp l i tt i ng i n

i l ni te nuc l ei . H owever , th i s model has i t s shod COIn i np -

For i nstance , the eg ec t i ve mass d nuc leon i n nuc lear

matt er a moderat ely hi d 1 densi ty and/ or ù Ezp eM um

becomes veÉ SEM II , or even neF t i ve ¤ A paEt ic l Ä am

i n clu ded b ] - h Od er to avoid th i s pm b l em , E manyi m d

M oezkowslt i have pm pom d m dels ( Z M ) for h ad m n i c

mat ter d iE er in g ã £ m th e W al ecka mod el on l y i n th e f on n of

[6] A A
th e coupl i ng d the nuc l eon  th e scal ar meson . Ah

that , i mp roved ZM mod el s or d ed vat i ve cou pl i ng model s

have b een devel op ed [7.s] . 111ese model s e ve bet ter mSUI ts

th an W al ec k a model . Recent l y , var ian t s d t he ZM model s

have al m ady been app l i ed to in vest igate nm y physi cd

p mb l en± , such Ä , nm l t i l u nbd a ma ter p m pert ies , neut m n

sta r , A - exc i ted nuc l ear mat t er and m m thermodynam i cal

[ 1.9J
p m pen iÊ of nuc l ear mat ter

h t he st ud y of nuc lear matter at fl n i te t emp eratum ,
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the eg ed ive nucl eon mass is m i nP OEt ant quanti ty . By

applyi ng ZM model s , mm y authom have di8cussed the

temperatum and densi ty dependence d the eEed ive
. [ 1 . 7 3 1 A

n u c l e o n m a s s a t l o w a n d h i 1 t e m p e M u m . A

Rd . [ 1] , the tem em um has been exI ended t0 4Þ MeV .

However , they d EBed ected the mm-point eneEÅy d the

vacuum . As it is m i nfmi te enezÅy shi h of vacuum which

is nd mea8umble , thi s eneE¬y shift has been mgularimd to

mm . × Eat i s to ® , i t has been thmwn away . But we fl nd

that theÓ is tempemtum dependent pad in the mm-point

eneEÔ , it could not been simply thmwn away . We argue

that the f l nite pM M ating to tempemEure shoul d be

separated fmm dm m p point energy . M d we think that

this part has nOMIt vi al COM Et M Uon at hid 1 tenp emtum - h

thi s paper , we name thi s a ni te pazt Ã the m m-point

eneEW com eti012¤ u e p12× oee of our paper i s to study how

thi s zep poi nt enmw eom CHon id uences the eg ecti ve

nucleon mass in ZM model s . As we know , the m model s

am n© mnom al izabl e . 1E e m m-poi nt enmw com etion

hem is not acqu imd thmud 1 mnoÚZEal i mt ior1¤ Ú Ee

PEweedum i s a mt tO SUN met the pum vacuum COMEt but ion ,

then to sepamte the Eni te piece whi ch is tenp eratum

dependent as the m m-poi nt eneç Y COEÐ ction .

Si nce m m dels have been discussed in detai l in past

li teratmÊ ¨ , heEü we Ø H ozdy pmsent the Iae m e an

obtamed d er the pmper Óscaling d the aeldd :

d china´ 1017½ 26)
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× , Ò and Ø am the ad ds d nucleon , Ò and Ø mesom

mspecti vel y ; M is the nucl eon mass and F, = ø Ø, -

aw Ø" : a and P have the followi ng values tcr the dig emnt

models : Walecka , Á = 0 , ¬ = 0 ; ZM , Á = 0 , ¬ = 1 : ZM2 .

a z 1 , ¬ = 13ZM3 , Á = 2 . P = 1 . HeEü for simplic ity , we

j ust consider two of them : th ZM and ZM3 models .

112e energy densi ty Å d the system cm be obtai ned

" usuai by the average of the eE,er® - momentum tenw -

M the vacuum COM Et M Uon is EBed ected , aher mean Seld

appmmmauon , we cm wn te

c: ¤¤ 2 õ i 1- m1 2
=ZEF m p + ZF É¡ ÓT Y

- L zid' KE¤( k)(aa+ í ) .
É2ØJ J

+»Eó

» Ò ¤ | d 3 14 ¤ ( IE ) ( , h + í Ï ( 3 )
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TE i s is the usual Óm lt g ven in past l i teraturei s.7] . Here

y is the degeneracy factor ( fbr nuc lear matter y = 4 ) z nh

azzd nh stand for the Fermi - Di m distd bution for baÇ om

m d antibaz70m Eesped ively . E É k ) is e ven by E É k )

= J IJ + M - 2 M É the d ect ive nucleon mass M . = M

- m - g eÒ . p is the net baE70n density . We have intro-

dmd d õ :M2/nd M c: 2 gM2/FFZ: . Now we
wm t Ø consi der the vacuum £onu ibuHm . 'ITEm tbe pum

vacuum contd buuon d m m ô mpemtum must amt h sub-

tracted OE . 111us ,

e z e. + A e" ' ( 4 )

where

A e.p = - ü j t k [ J h r - J K2 + M Z1

( 5 )
A Eap is the m rzû point energy[11] . it mpmgenu th dig er -

em d energy of a fl l led neÁ ti ve energ y Fermi sea d
bazÃons m É mass M ¤ and that d a Ell ed neÁ ti ve emerg

Fem i ma d baryons d mme M . M A Å,, is me alaztm d to

m m , we recover the usual mSUIt in pæt l i terature . But it

i s oM ous ú " tbe a r-s tem d A e., in Eq . ( 5 ) is temper-

atuÓ dependent . Si mply throwtng it away is not pmper .

ß Ü ï í ë Ë ï í (EEP&NP) Ú n ï

So we want to separate the fl nite contri bution d A esp '

which is temm mtum dependent . Fmm Ref . [ 11 ] , we

know that the m e nd fom d A esp could h ì t ttü "

¢çFe

a.., ¾" 72· j Ç f JUt õ 1 M¤- J - M! ,

(6)
hel, tr indi cates a trace over the matd x indices . H we in-

tmduce a di mensi onl e- - vaztable z = k / M and eom ider ,

M m n nøó =1- - l r» ¤ l - Ø, (7)
§ 't

É © ,

- - i tr Mzf t i 1 - 1 1
( 2,0 4J t ypZF - 1 + , Ã, ó - 1» ¤

(8)
As q is smal l , the tem in square brackets coul d be m ¤

(2µ

panded in a power ,edes,

i ãÇ Y j ®i 1 : Í̄Ðõ ##fff :7²² v£ÐÉ11 1

´ - , )' -
( ¸ d - 1) ' " .

(9)
+

Imezt it back Â ² e Eq . ( 8 ) and M i m that ,trI yoz.¤ (- ,)P l
l « ( Y/ - 1) ¨ 1 2

f o a þ ¢ ( - 73) ' 1
- í Ù ò ÷ Ú / þ 1) , j ¤ ( 10 )

1TEen a m a i d integ Øion on z ' ÷ n reduee the i nteg Ûl i n

Eq . ( 8 ) Ø the fom

f " Æ¢ ( - Ç) '
= - T t ø Ô | d - z ¢ ç 7 . ( 1 1 )

( 2 Ð ) ¤ J M « p ( Y / - 1 ) '

'ITEmud E di mensional mgulu iza i £" ' it coul d k seen É ±

onl y the a r- t four tmm s in the sum over p am ul tmviolet

divergent , and we treat th is pazt ² red ly unob-ew able

inEnite energy shih d vacuum . TEe term ì th p ¢ 5

have m oue E powem d z dom stain for convergenee . Ä is

is the fl ni te energy Shin which is tempemMm dependent -

So we j m t take thi s fl nite pM Ø our m m -point m er-y

corm tion . 11Emush cd cul ¡ £" ' m fl nd that the fh al ex-

pressioa of thi s con- cti on i s fbmzaAl y the Mme as the m-

suIt ded ved by Rd . [ 10 ] , which is , however , in the

li d 1t of the Walecka model . s£ the m ro- poi nt energy cor -

mct ion can h õ ô en u

Ae=- I¥ Ð (È ) 1ËÈ - t +3 4þ-
4 4t Y Ð à )' - 2 (È )4l (12

But one must Enotice hem- for ZM m dels, M . = M -
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m - g eÒ = m - M . 'ITms the reSEl lHng mean-geld equation

d state , i ncl uding the m m -point energy corÓCtiOEU i s

M4i 1- m- v
+« ÉI r fc; ¤¤ 2=zv m p4E

Y I s Òp - I I ¢, -TZD Yj Ê ' ® ¢mFkn

=- Y ar I nz¤¤4loi n- - i +16Ðs t -0 4

÷ m¤ - 3m-z+4m¤' - 25m-41. (147
12 »

In order to get th d ective nucleon mass , one cm mi ni -

mim E WiÉ msped to m Ý . 'ITEEEs we obtai n the sel f -con-

si stent equa ion of m . ,

J f dzJ FEz+L)-
3E + m

yc: - ¤ , f- EZTm j. .

FFZ1

Á c : c ; - u 2 y m - z c 21
» - T - m ¤+q Da + Û . l 4 '" - 3loa m -

2 , r r ' 16,rz t e

Ó m¤' l6 FFE' + 12 FFE- 2 - ( 15 )

where the dimensÓ gs vuiable z = ¥ M M n Ð

× Eis equation cm k solved at e ven temperatum and
chemical potenti al to detemzi ne M . . Hem , for ZM mod -

el , c : = 169 . 2 , c ; = 59 . 1 ; for ZM3 , c i = 443 . 3 , c : =

305 . 5[1] ¤ 'n mn we cm study temperatum and density de-

pendenee of M . ì th the m m-point energy cormcti on ,

and compam them to those wi thout thi s conª CHon .
h Fi g . 1 we show M . Ä a function of T M m m net

baryon density for ZM and ZM3 models . u e cOETection
ä ts to mi se the value of M . at e ven T . At moderately

high tempemtum , the changi ng eb ct is Eü marl4able . For
ZM 3 model , when T = 250MeV , A M . = M ; - M . -

m MeV . ( 11Ee subscript c means " ÷ × cormCHon" . ) A nd

the separati on of ZM3 model is mom mmz kable thm that

d ZM . For both models , the hid mr the tempemu m is ,

the moÓ obvious the mpamtion is . Th is means the vacuum

, oo t É ¢ l

zp m o t Ü Ü » - l
z ?OO I ¢ ¢CF. l

ý Ø i nk ÜÜ |
, ££ F a.w-a É ¢ ® º £
400 ¤ . . :º ð

, £ 150 250 350
" ¢4eV

TEe e ¢ etive nucleon m. . . m nuclear manerF ig . 1 .

as a h m u on of the tem pera tum at p = 0 .

( D ash ing l i ne stm dS for w i th eGer¤e6 £" ; so l i d l i ne

w ith ou t COETed on - )
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contr ibution is mom eEeeti ve at hie l tempemMÓ ¤ It is

accordance wi th our understanding of the vacuum .

In Fig . 2 we d ow the behavi or of the egecti ve nucle-

on mass wi th net baI70n density at diEemnt tempemtuÓ

for ZM and ZM3 models . When tempemtum is l ow , the

CUR es ì ú corrections Me not Ø dib mnt fm m É ose

wi thout con÷ tions . When tempemtum i s high , the cor -

recti on acts to move the whole eum upwm t . It is nd dif -

Bcul t to undm tm d . As i n Eq . ( 8 ) , A Å i8 poeHive dd -

ni te, and the whole energy sped m m is shi fted upward -

So i s the mass spectm m . A t e ven tempemIUÓ , the mass

shift in ZM3 model is mom remarkable than that of ZM .

Moreover , the mass shift i s density dependent . But i t is

i ntemsUng that , at low tempemtum , the mass shift m -

creases with density incmasing ; when tempemtum is

raised , the ma88 shif t a low densi ty incmases moÓ rapid -

ly than tha of hid E densi ty . OVer some crit ical tempem-

tum , the II× 88 81Àft wi n deemase wi th densi ty increasing -

Such as Fig . 2 ( c ) , fbr ZM 3 model ± T = 250 MeV , the

two cuwØ get closer to each other ë en density mu m s-

m . Ò 1roud l Ø m numeri cal eval uation , we find that the

related cri ti cal tempemtum is about 3 19MeV for ZM mod -

el and is about 232MeV for ZM3 model .
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Fi g . 2 . ( a ) U e eEecUve nuc l eon raaæ æ a h um" on of p at T

= 150 M eV . ( b ) Sam e ó ( a ) for T = 2Þ M eV . ( c ) s am e M

( a ) for T = 2 50 M eV . ( Dash i ng l i ne stan ds tor wi th eoerecU011

an d sol i d l i ne wi tb o±,t cozr ee6 on for al l thm e cases - )

h su m m a ® , i n t h i s p a p e r w e h a v e se p a m t e d th e S -

a i t e m EF p o i n t e n e ç y c o z-m et io n i n Z M m od e l s , a n d d i s -

c u see d h o w t h i s COETe CH o n i Ed I u e n c e s th e e E e c t i v e n u c l m n

m ass i n n u c l e a r m a t t e r . W e a n d t h a t M l o w t e m p e m t u m

t h Ê c o r m et i o n h as l i t t l e c o n t a b u t i 0 11 , w h i l e at h i O t e m -

p e EØ u m i t i n c re ase s t h e e g e d i v e n u c l eo n m as s m m a r k -
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ably - When ZM models are extended to study the them o- enmw emmction should be included .
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