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Dependence of p M eson mass on Temper ature
and Chemical Potent ial »

( IFEa ttute of Paft tcte PhF × , Hua-2 0Ð ² " '¤¤t u ,tzerdty , Wzh an 430W9, Á ma )

AbÜ Ø We stud ed the meditm d feets Þ p mÄ m mm w taMµ aom mt d the vaa am d em

÷ × the d feedve Iag azÂ m appmech. We stp w that dze p m m ma¦ ² è Ä SØ wid1boú Ø µ era-

tum and chenid POEm 681. Th Ä we dmcked dE WIACHty d h w vEFRtu sd iù law m diffeÄ t Þ M i ¤

t ztZES.

Imam maÔ, vacu m d feets, pNN inü rad Þ , SCaliÖ law

R em tly , tb e pm bla n d bow the pm per tm d mm n chatí e m high tØ ô atu e and / cw dÊ1¤
sity has aoqmred a lot d at tm t ion[1- 12.16] . I t µ 1 tØ p m m m× ¥ , ta Ø the pm p® t ies d the chi m l

phè trm Sidon - h zEOù th± topiÊ one of the most hua Ä É ª is the vectCK IIZÊ on mam m md -

LEE - So far it has beÄ studid m many E ti clÄ ¤ Fb w ev® , the EÅ 1l ts obtaind by d f feEÄ t met imds
do m t Þ i nd de. Sµ 11e[3.4] f ind the vector mÊ on mas Ä deÚØ se w ith t a npem ttm and / or de Ä ty

w tk h  æterpmÆ " evide zce of tbe ô ´ m tom m n of ctm l sm Enez f M . For e3ã mpk , ò -

ing eff ect ive ch id IA grazª ians wi th a m itable inÞ rpÆat ion d the scd izª PEµ er ty of Á ¶ , it has
been stmw n[1] that th e d feet ive mas Ê d Ò, p , Ø m± XZS 811d nud Ä EB sm d y the appzo xim ate m-

meditzn sØ lizzg law

÷ L ä Õ L ä © © Ç © © . ( 1 )
FFZe FFEP FPZ¤¤ " ' N

w k rem othm [7.8] pmve that tbe vñ m m± m mÊ m ma Ä se h bot and/ or dg m mm × ¤ Became

the suucture d the vaa 21m m hot mdj or da me meditm will be cha í ed, tu wev® , the vacuum d .
fä t Þ the vector mm n mam Ä stn dd k mk× ª Ø am m t [ 1.û 12] . W Ith tH s idea m e au-

thom[1û 12] Ä lq Ilate the vecm r mÄ on maÌ Ô Ô ¿ n w ug ne tbe methods w hich give ar ia rª vect or

mm n mam M ore mzd ×EEd now the vm or mm n ma¡ ë EØdtIod at d tlE¼ fini te t g EEPeraum of a .

Ä ² chg niÁ l pot ØEdal - In th is lett er , besed Þ the pN N interac6 on and f ini t e tg n p® atum aeld the-

ow , w e invm gate the p mm Emm m hot 81À ú m m att e by ind udi ng the vacum m m t bution -

W e w ill get the ta n PeratmªEmÀ cha n ia i pota dal dµ g zdg Em d p mÊ m mm m m tmif ied meth -

cd , and find t he p mÄ on mam deq Ø se w i th ta npe atU ü and che nicaI pot Ä ×al . Ç Ø 1 w e w il l
check th e Brow n-m Eo m ling law Eq . ( 1) in d f fem t tm Per atm and chm id potg zt ia1.

A t f im we m m the W aled u modei (often called q B I ) [13] to get the chaz¾ £f tb e nud e-

Þ mam at f inite tm pm tE e m d dg Ø ty . Ç ze h g m g ian dg Bi ty m the W d ecka model ¹ g vÄ by
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2 = ñ [ y, (õ - gwv a· , ( M - M ] × + Â (M V × -

Â F,ay v + Â ,FÊ V + Ô

which m tains fields for nudm p, n ( × ) , m utml m lar mm 1 Ò( +) and Ved a memn
Ø(Vp) . Fzu n the mm -field theoW[141, tbe mlf-m zgstazmy m EditiÞ ü n k derivd m

d 2 f z M ¤ »
õ = M - g s h M - Ò 3 | p d P T [ " , ( T ) + " , ( T ¡ , ( 2 )

m s Ð J Ø N E -

wlm -e M . Ê the zztd m I d feet ive mm azzd

np(T)- 1 ,ß(T)- 1 Ø¤-Jp2+MÉP=Â- d ( ØA + Ì ) + 1 - eP(ØA - Ì ) + 1' N -

We ü n see that the man m zt ih tions d the zÙ ud on d M . Ám fzt m the effect d m lar

mmon Ò. T¨ iù th pm metm [11] gi = 1Ø .626 , m, = 520Mev , we m nu121®id ly get
the nucleon effect ive mm M ¤ frg n Eq. (2) .

Nex t we w ill think of the p m¹ 321 effect i ve maö in hot and dm se matt® -
k i × aÄ the self -ena w Ø11 be gg zerall y expz« Ôd m

r = FFä + GFß , (3)
where PT and Pf m standM longitudinal aM m Øvm e pmjed iorI tension mm cdvely ,

and are defined m

PF=Pf =
So the self-enezz y ñ mlated Ø the invØØ of d,e full mÀ h n pzupasatom by

r = (9 -1¦ - (gz1)W.

As for p mÊ ozu we have
(gEa)" = ( Ç2 - m: ) r - hÏ KW

By ming E4s. Ï £" gam

g e

(3)» (5) , we ü EI get the full
FÔ Û Ä "=- u - mi - f t - m: - G F

Et
For p f = 0, ½ m b u w P? = ¨ - r -

In order to get t he ef fective mm of p mm n , ì cm take the limi t k » + 0 , m F = G .

T ba z the effect ive zm s of p mÊ Þ in hot and dg lse medium w ill k obtained fmm the pole of

the ful l pm pagator

Now we think of the
pNN int® act ion is

bÒ=gpp̈ Wp³ ©(z)+2Åæ,³ Ä Í(z)], (9)

whm f md é m the p mm n m d nuclmn ¹ ² , m pm vely . Usizzg the imaginarydme

ï í ë £ Â í Ú ?A íß Ü

In Minkows¤

pf =0, Â =² - Eó ,PE=Å : - r - H .
a

(5)

(6)

Â ,±
=FØ Ö,F(h)P? +G(h)Pf

FØ) = Ö² Ø)

Ȩ (h) =

Ø2- m; - Re[ñ F(¨ ] = 0.
nuclm 1¤nuclm pm m izztm cdom. × Ee IAgrangian densi ty for
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fom alim of the fimte tgnpe atun ad d thØ® , we obtain the p mm n mlfa m gy (Fig . 1) ²

Hf =Ó T2¢ 3Tr[² Ø ypsl M¤
I ¡,(- hµ 1 1

©(§, - hs) - br y
wiö po= (272+1),ETi+FtA =2li r i,IL(h)= ¸ + ¬ . 1. ¤ Ê dim mfg Ñ

m Ô É 1 · Ë1¤e zz gy

F m n t h e m at h a n a t ical t h m m n m d Ee pN N intm cm 1jiv '
TD Po= (272+ 1hrTi + Ii ) = ´ dh k po) Ü tanhb (®0¤¤IA)! ,

weØnseparate the vaCULm and the
TZ KPO=Ø +1̈ +11) =- ¥ j J: ::::dp ef ( P@)

1 f " ' +r e 1 1 ¸+ô
ô - ,~ edp of ( ÑÄ ò ¤¤,,} + 1 + ½ J Pd p o - Ì )

w ith tg nPerature and che EiÁ l pe

u sing dimensiond zç ular ia tb n Ø

T he f imt and second tä ms ar e mat tg Þ nE ibudon
tg m 1, the last tm l is the vacuu n Þ nz iM Uon -

W e d cu lat e th e last tÄ n f in d y an d f ind i t in f in i t e -

get d d d th e di v× ¬ a m and fm m E q . ( 7 ) w e m get

R e[ Ú F ¨ ( Ê )Å]

ùù !ÍEØdÝuJ 2
Éu 2 M f 2 2 É 2 M f

w tE« ü
f 1 ¸ M -2 - ..zz ( 1 - z ) 1

P 1( Ø) = j odm ( 1 - z h l M - ÷ ( 1 - z ) j ,

f 1 ¸ M -z - Ø24 1 - z ) 1
P2( Ø) = j odzh l M - mµ ( 1 - z ) l

I t is easily Ø k seen wha1 T = Oand Ì = Othe maÇ× £onz ibution will vÉ² h and mum m

the m llt of the m tanpm um field.
Now we Ø1c1date tbe mattE Þ nÀiM Uon- With the R´ due TIumm n and the pedod d -

ty Þ nditiÞ d Ö m the finite ta nô ¢ m field ttm ryI15] , we m get

b W m azØ ) ] = - § j ò

[ (¨ § 2M-z)+2M¤(ñ ¢ Z+ (þÇ) (24 +2M- V ]
( 12 )

Om pd nt shod d k m td that p NN intg act ion will af fect M ¤ . Howeva ¤, m po¬1ted £ut by
m m aut hozd 16] that the Þ nE iM Uon due to vector mÊ on exchange for M ¤ is very m all az1d
tha 1can k neglected- Ç 1is Þ tZIcidÊ WÃh oï tzØ UIIa u of nuclØ 11 EIZaÊ M ¤ , and t tza z
them wil l be m effect of vä tor mÄ OEISÞ M ¤ bemuse M ¤ is determined by the scalar f ield

only .
2

= 0 .92 , í = 6 . 1 , we Ø n mive Eq . ( 8 ) Ø deter-A fter talung the p® ameted 17] "

Å ¾ þ È : pé Ó Ê ¿ Ô Â È Í ¯ § ÆÄ À µ Ô 459

eRWF} + 1

(11)
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mi m m ; w h er e M ¤ is g i ven w Eq . ( 2 ) - U em fore , w e m get t he zm d if id p mm 1 m m

Ê a funct ion ot th e ta n pg au m and cha nk al pot a 1t ial h FLg . 2 w e sho¡ t he change of the
p m m n m as w i t h tm pm tum at Ì = O and Ì = 2m M ev m m d ivel y an d f in d t he p m m n

m am deem sÄ w i th t ä pm u r e - I n F Ø . 3 w e s120¡ th e cha mid poô t ml dependa Ece of p
m Ä on m ass at T = 1Þ M ev m d f i nd t he p m ¹ m m am deÚü ages also w i th inc e² ing cha mi -

cal pot Ø16 4 Ì w hi ch is Þ m ist¹ Ð th t h e zÄ d t da ivd w i t h m o t he m et hod [18] . W it h our

m ul t w e ü n check t h e B m w zu R ho sm l ing law , E q . ( 1 ) . W e f ind that t he sa l in g law Ê

good w h en T m d Ì is m t tÞ high - W h m th e t É 1pg atur e and chg lim l pot m t iaI is v® y

h igh t be sÁ l ing law w i l l k bd m ( F ig . 4 an d F ig . 5 ) . I t PEm bly m eans t hat the sCali zl g

law w i l l h bm k Ä Wh8 1 t he tg n Per atun and dm si t y ar e nm r t he d t id pd n t of phase m z1¤

si t ion m th e vacuu n w i l l chaz1ge violen t ly m th e vid ni t y OAf t he CTi t i« l poi n t - T hi s is m in t er -

Ê t irÂ PION g n w hi ch needs f ur t her di scuØ ion -

gEBr UEBE
?Þ i  ÆÚ Ü ?Ø É ¢

m t Ü ¢1 m i l ú Ü32| Ü Ral b

t l t ¸

í B E í MB t

ZEBt z mt
EOOF EØ f

m tÞ 1́ EÊ 1ú IÞ ZMB þEO eÞ m
Tf MeV IdA h v

F$ 2. I TEe tanpa aau¢e depaEa zuzE d p
EZE± m dfecdve rnas ,

TheEM Hne zµ ô Ä" "' ; ( T ) at Ì = 0, tbe
² hd h ë m m m; ( T) at I»=m MeV-

ß ¡ ï í Ë ïa, 17 í Ú 24í

FHL 3. ÓTm chezzAÄ l potmz² , l × " É mm d p
ma on effecti ve m m u T = 100ç seV .

1Þ m 3Þ 4 EB m
Ì A geV

Ftg. 5. ähe dm 1id poea1681 dµ × × zoe

d M ð ± ÷ L U T = 1Þ ½ V
IWN m p

wh e ² d M h m Ä Ä " ë Ú
amN

M É e daú d h ´ Ø Ä " ¥ ¤

~
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