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On the Tensor Glueball Content of Soft Pomeron ¯
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A M UØ We study the giEAm ie content d the pomm n th ugh mlaù ú " meron ï j ectoÇ Ø ² £beerv ed f JPC = 0 ¤ 2 "

isoecalar tensor meeons . Four d th¹ e mesom sausO tbe spiEF mase d õ on d the pomeroa . 1hese pomemaim candidates m y k

hybrid Ä tm . One of them , the fz ( 2220 ) meson , can have a pmdominant giuebal l eomponm t - We ad¤ $8 the m settled m m d -

mental situaUon about tbe m d h of ² i s meeon and e ve a theoreti cal lower bound for i t . We also Bhow why th is M on m y not h

seen m p p expen ments .

Key woMs pomemn , gluebal ls , mÊ £ns

1 Introduction

Bd oEe the ad vent of th e quan tum chm modp Earm es

( QCD ) g el d th eo® , Re¿ e theOE7 was suecessh l l y used in

desc d b i ns mzd pEü d i et i ng hadm n - hadm n el ast i c scatted ng

and di Eract i ve di 880c i at i on [ I AJ . AI th oud E Re¿ e th eoEÃ i s

zmt a fl el d the017 , i t i s b m ed upon a m t d postu l ates ( or

m om ) abou t the S rm I r ix , wH ch i s bel ieved to govern

the a m ng i n teracti on physi cs . Cozu eq uen tl y , th e Resse

theOE7 em not be £omPIetely di sconn ected fm m QC D . h

Re¿ e d Ie027 , m ons and baE7 0ns am orÁ EI im d i nto fm .

l ies d tmj ec toÇ ( the Regge t raj ect ori es or Re¿ eom ) .

× 1ese tmj ector i es pl ay m i mPOEt aM ro l e i n haEboni c d y-

nazØ e8. 'IE e m ost tan tal ia ng PEe di CHon of th e th e017 i s

that when the i nteract ion eneEü y becomes veÉ large od y

on e t raj ectOIÃ con td b utes to hadm z1¤hadm n elast i c scat ter -

i ng . TE i s u ni qu e tEÞ ctOE7 i s cadl ed the pom m n tm j ect oÉ

or pomem n , named i n honor d physi c i st l Y . Pomem p

chuk [31 . Ò 1e menú em of th e pom m n t raj ec tOE7 al l have

the qu m M m nu mbem of a vacuu m excep t th ei r sp i ns .

A l thou gh no par t i cl es that Bt th e pom m p m p m i ¹
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wem obsew ed during the heydays of the Regge theo® ,

many new p± t ick s have been di scovemd thanks to a new

genemtion of aced eratom . Some of these pan i cles may h

the d uebal ls pmdieted only by the QCD theory . A 8 a m -

SUIt of thi s pmp ü88 , them is a surge of intemsts i n under -

standing the success of the Regge theOIy thm126 1 connect-

ing gluebd Is wiÉ the pom mn . Because gi ueball s m

bound ± a es of the ghIons , they cm onl y k undeEStood in

ternm of nonpea urba k e QCD . An e8tabl ighERent of the

pomeron-d uebal l l ink coul d aid our unden tandi ng of non-

pen urbati ve QCD .

h secti on 2 , we mcapi tul ate the mai n results of the

Regge theozÃ on the pomemn . h section 3 , we di scuss

the d uonic Þ ntent of the pom mn . We show in section 4

the connection between pomemn and tensor mesons m É a

focus on the û ( 222b ) / e meson because of the rePOEt ed

davop syEmmetI7 decay ± zd the unsettl ed experimental si t -

uati on . We e ve a lower bound for the wtdth of E, wiÉ

wMch the seemi ngi y oppoemg resul ts e ven by diEemnt

experi ments can k explained . 111e conclusions am gi ven

in secti on 5 .
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c i sei y , th e th eom ti ca l f orm ul a em pl oyed fo r S tu ng th e d a-

u wm based on a phen omenol og eal quark model and m

val ence qu azt coun t i ng m ie . Consequ en t ly , i t i s not poe-

si b l e t o k now th e syst emati c un ced ai n ty of the Á ' , azi si ng

fm m u si ng such a th eom ti cal mod el . h Ø ntrast , the

meth ods d Reh . [ 2 ] and [ 8 ] m model i ndependent . h

paEUc u l ar , i n sp i t e of th e use of veÇ di Eem n t data Î ¥ ,

th ese W o d iE eren t m eth ods gave th e sam e i . For th i s

m ason , t he v al ue of Á ' = 0 . 2O shou l d be choeen .

h F i g . 2 we p l ot t he pomem n t m j ec tory zone dea n ed

by d iEem nt val ues of Á ' . W e al so p lot , i n asc end i ng

mm S OM er , dm i soec al ar tensor m eonan ces G ( 15 25 ) ,

« ( 1565 ) , ² ( 16 40 ) , ² ( 18 10 ) , « ( 1950 ) , û ( 20 10 ) ,

² ( 2 150 ) , ² ( 2220 ) , ² ( 2 3Þ ) , 4 ( 2 340 ) , A S ½ c m

see , t he L ( 20 10 ) , ² ( 2 150 ) , ² ( 22 2A ) Ê in side th e

m ne boEd em d by t he 8ol i d l i ne8 ¤ 1E e E ( 19 50 ) i s EBE e n -

d b ecause i t i s i n side th e m ne on ly Ê mn É e h i d Eer val ue

d 0 2 5 ( the chai n - dot ted l i ne ) i s u sed .

ES

¹
¢

~

'Ð" vy

Fig.2 . ZOne of pomemn t ajeeto® . Ä e thmsbold

of pp is at t = 3 .52 ( GeV)2 .

To thi s end , we caution that i n the l itemture two

ki nds d pom mm , haEd and soã , have been di scussed -

13Ee hazd pomemn is a880ciated wi th large momentum

transfer . Recent exped nmMd data on laz¬e mpidi ty gap

events at H ERA [ 10] gave some evidence for the existence

of large QZ, had pomemn . It i s n´ the OEt e nd or the

80ft pom mn conj ectured in Regge theory , the latter is Ô -

sociated wi th smal l Q2 . 1E e four tensor resonances men-

tioned i n the pmvious pame Bph am , themfom , the cm -

didates for the soft pom mn . h ternzs of QCD , the had

pom mn i s i n the pen uzbm ve ( pQCD ) reg me Ý i l e the

soh pomem n must be studied ÷ × nonpezt UEbative BEeth -

d . m e evoluti on from the hazd Ø sof t p£nm m or viee

vema i s sti l l m unmsolved pmblem . × Eem am many stud-
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ies of diEmcti ve PEwee$8es usi ng hard or semi -haEd pomer -

on model s[1 11] . W e shall not di scuss these models and

wi l l concentrate on the soft Pomemn .

3 GIuonic content of the pomeron

h QC D , th e si mp l est model f or vac uum ex change

÷ × p m p eEt i es si mi l ar to that of th e po rnem n i s two m ter -

acu ng d uom . Ò 1i s w³ emp hasim d by N aCH EZ1azzn [ 12] ,

who stated th at the two- gl u on sy sù m has al l th e p m perHes

th at a pomem n shou ld poese" - × 1e i dea of mod el i ag the

pom m n m É two gl tIon s m or i gi nated by Im [13] . Ò 1e

model was fu Et h er devel oped by N u ssm ot u ] wim consi d -

me d mom th an two gl um . Su bseq uen t an d m m soph i st i -

cated con si dem Uom i d to the develop ment of B IG PU ls]

and DG L A p i l6l equ au ons . A I l th ese model s u se p QCD

and al l gave m Á ( 0 ) µ 1 . 'I TEese stu d ies in d ic ate , there -

f£" , t ha mode l s i n vol vi ng d uon s bu t not bou nd gi u ons

cannot desc r i be t he soh Pomem n . Con seq uen tl y , i f s l u m s

azü t he con st i t u ten ts of th e sof t pomem n , th ey must k i n

a bou nd state .

1TEe ex i stence d bound states of d uon s ( the d ue -

bal l s ) i s a conseq u ence of se lf - cou p l i n g d gh Ions i n

QC D . Ia t t i ce cal cu laHom an d oth er theom ti cal m ode-

l d WA ] have p red i c ted th at th e l i d 1tm t gl uebal l 8 have ú

= Oâ ( sc aJar gl Ud al l ) and 2 " ( tenso r gl uebal l ) .

A l t houd l sc al ar d u ebal l s have been stud i ed ext e -

n si vel y [19¤20] , th ey cann ot k th e sof t pomem n because

sp i n = O i s rul ed out by h . ( 2 ) . M om over , I a vi n

noted [21] th at t he p ro cess due to exehan g ng scal ar paEt i d e

i s not d i g m ct i ve an d bm om es less i mPOEt m t m energy i n -

c reases- F m m the d i sc u ssion e ven ak r Eq . ( 2 ) , th e

l i d 1test soh pom m n must have 8p i n = 2 . Fi g . 2 i d eateg

that f ou r J z 2 isoec al ar ten sor resonances m th e 2 GeV

mass regi on am compat ib le w i É the pomem n t raj ect OI7 ¤

Can one of t hem be a tensor si m bal l ?

Cal cul ated glueb al l spec tm pred i ct i 17¤1¤.n i th at the

Hd zô Ð " tenso r gl uebal l has a mass abou t 2 . 2 ¿

0 . 3 Ge V . Bec ause i n latt i ce c alcu l at i on s th e qu azt masses

am tak en t o be i nf m i t e and t he q q l oops am ned eet ed ,

th e m i xi n g of q ¾ and d uebal l states cm not occu r i n th ose

cal cu l m ons - H owever , th e md St ence of a 2 " ten sor

gi uebal l i n th e 2 Ge V mass m gi on i s al so pm d ieted by

oth er theom ti ed models [n A ] . h ad d i ti on , a mass-
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eq uat ion an al ysi s d al l the obsew ed i soecalar ten sor st a es

has i n d i cated [23: t hat wh i l e f ; ( 1525 ) an d G ( 1640 ) are

dea ni te l y qu aEt oni u ms , th e ten sor sta es of l aEÔ× mam es

can h q q - gl uon s hyb d ds . U e mam eq u at i on al so has a

sol ut ion corm sp on di n g to L ( 2220 ) bei ng al most a tenso r

glu ebal I .

h Sum ym® , the m f t pomem n cm not be unboun d

d uons or sc al ar d u ebd 18 . ì ze p om erom an cand i dates have

f ( J K ) = 0 + ( 2 " ) an d a nEase i n t he 2 GeV Ó 290n -

Some u zal ysi s sum esu th at th ey mü hyb rt d sta tes and one

d them , the « ( 2220 ) , m y k a tenm r gluebaJ1 .

4 f2(2220)/g meson

col l aborat i on [26]h 1986 the MARK E

sew ed a nanuw msonance ,
to k , K. and k - K - channel s .

2230 Á 15MeV md Fe= 18¡ ó 1Oand 261?: ÷ 7Mev
mspect ively , and that J Ó = ( even ) ã .

time , AI de et d . al so obeew ed[27]

( F g 150 MeV ) ±
EEX , Xú ¡ ' -

W A9 1 coll aborati on[29] at CERN . However ,

seen i n T decays and in i nclusi ve B decays . h 1996 ,
BES coHaborati on[30] mPOEt ed the obeervaHon of e ( 2230 )

in the radi at ive decay d the J/ Ð to - p , K ÕK ' , K: « ,

© f chm Eels . m e data also suu est a spin J = 2 0r 4 .

However , the S( 2230 ) was not seen in experiments[31] p p

ú K + ¾ , K. ² , Ó , Ð+ Ð- - h our opini on , these

named e , in the decay of J/ Ð

It was mPOEt ed that

M = 2220MeV in the Óaction Ð- pú

Ä e e m also m nua] in K: K: md in the

seemi ngly con tm d i etoÇ ex ped m ental m SUIts does not n ec -

essad l y ru l e out th e exi st ence of e . W e m l l com bac k to

th i s pom t towazd th e end of th i s sect i on . In t he f ol l owi n g

d isc ussi on we wi l l u ° in terehan ged ly the notat i ons

L ( 2220 ) an d E .

Bec au se th e B ES £ol l abom u on observ ed e i n t he J/ Ð

ú Ï , ì ú F p reacti on and becau se t he p p ch ann el i s Ó ¤

ÓMh 1. h aÆ " EÆ dm y ÖÉ " " pp d m ah × " æ æ ¤. a JZES M UØ .

Me-em J7/Gev Ë.IGeV AJGeV SI gs ø - d Mev
M2 ´ )fe 53 0.654 .67 3.79- 3.82 1¤" » 1.72 0.Þ- 0.02 1¤" » 1.99

6a

53

62

53

í ( 2l m )

í ( ´ 10 )
,62 4' at O-U a 28 û -4.28 ÜA A,12- 1.u dzia ,0.Ø É ® 0.a - Ä."
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l ated to the pp channel by cmesing symmet® , it is of val -

ue to investigate COZEtr ibuHons by e Ø hi d z-eneØy pp sea -

tezi ng in the framewOEit of Regge theow . h part icul ar ,
because pp elast ic scattering i s a dig mcti ve pmcess[32] in

which no qum Mm numbers am exchanged between the

colli ding pazt id es , it is m ideaJ place for i nvestiÁ ti ng

the pomemn . E the ReggF exchange d a tensor meson

cm describe the observed pp el astic scatter ing Ã does the

pomemn , then i t would be a stmng i ndication that meson

m a pomemn .

W e have cam ed out such analysis i n Ref . [ 33 ] . U e

OEte nd analysis wa8 done for the e , we now extend it Ø

al l « mesons of intem t . A i thoud 1 the Regge analysis

al one is not SEEm cient to uni quely determi ne which tensor

state i s the pomem Eh m we shall see , i t g ves a deflni te

pmdi cti on on the pan i al decay wi dth F Ã pp which cm k

used to analyze experi ments to pin down the pomemn .

Once the identifl em on of the tensor meson to th pomemn

i s achieved , the glum ic content d that meson wi ll be the

glEBonic content d the pomemn .

ì Ee resul ts obtaind fmm appl ying the theoÉ Â Ôtti ng

si mul taneously the pp toted cmss section and to the d L

fmCHon peak of the pp elast ic digeEªEntial cross sect ions

am sum naEtzed in Table 1 . Ò1e form factor mnge8 ( A. ,

AJ and the coupl ing constants ( t l , É ) m the resul ts

of the fl t . On the other hand , the pad i al decay widths

r í ú pp are theomti cal predi cti ons based on the i l t ( see

A ppena x ) .

As mentioned at the beginning d thi s section , there

are cuÐentl y opposi ng experimental resul ts about the ex -

i Stence of the L ( 2220 ) / e meson . In pan i ctBlah thi s ÓÎ -

nance was not seen m p p experi ment8 , whi ch seem to

contrad ct the mSUIts mported in Rd . [ 30 ] . W e bel ieve

that the pan ial decay width e ven by our m alysi s cm shed

l ie EM on how to undemtand the unsettl ed exped mental si t -

uatzon .

a SLACob.

Me=

At the
a bmad enhancement

Et was not

0 ." - 0 .68

0 .66

0 .67
0 .Ý - 0 .m

3 .7¤ - 3 .79

3 ." - 3 ."

3 . . , - 3 .96

3 A & - 4 .35

o .´ · - 0 .01

o ." û - 0 .04

0 .´ û - 0 .£,

0 .Þ

1. " - 1.94

1 49 - 1.53

14 1- 1.53

0 .54- ú0.70

16 Ö- 1.?0

1.5, - 1.56

1.. , - 1.55

1.. Î - 2. 18
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( a ) W e see f rom T ab l e 1 ú " the pa t i al d ecay

wi dth s of an th e « m eson s an extm mel y nan æw . FUEt her -

room , g 3´ Ã , i n di c at i ng th e f · ± ve ( L = 3 ) com ponen t

of the ve rt ex i s negl i F ab le . Both m the conseq uence d

the f ac t t ha the masses of these meson s am vew cl oge to

th e p p th reshold . Ä e naETnm ess of the pam al wi d th i n -

di c ates th at t he p p decay ch annel mu st be a sma l l p M d

the totsI dec ay d t hese L mesons .

( b ) Ä e B E S col l aborati on m POEted si m i l ar bm n eh -

i ng rati on ( B R ) for eú p p , K + K ¤ . K: ã , õ Ð - d ec ay

mod es . h su bsequ ent pu b l i c aHom I343 ] th e B ES COI l ú £ -

m u on rePOEted th e ob sew at i on of e ú d t , ¡ , ¡ ' ,

É' É' ¤ I t i s i ndi c ated thM the B R for d d i s si m i lar to th ±

fo r õ i . H owever , i n Rd . [ M ] th e m dth r f wm not

e ven by th e anal ysi s bu t was p m a x ed a 2OM eV . A s to

the B R for ¡ , ¡ ' , É ' É' , a mueh h i d zer upp er boun d

w as gi ven [35] . A ssum i ng eq ual B R s f or d l th ese 8 d ecay

modeg an d tak i ng fm m T ab l e 1 th e avera ge valu e of I É , PF

= 1 .94 M eV , we ob tai n a r r Ê 16 M eV - T ak i ng i n to ä '

cou nt th e expe ri mental u nced ai nt i es of th e wi d th s e ven in

Ref . [ 30 ] , t h i8 16 M eV ú dÉ Ó pm Ê nu al m ad y th e ob -

serv ed val ue , i mp lyi ng th em am no oth er decay mod es l ef t

unobser ved . Ò 1i 8 i s a veÉ unl i k ely poesib i l i t y .

h was al so Ó por ted i n R d . [ 30 ] th at the B R d e

dec ay i ng i n to Ð ÕÐ ' i 8 equ al to or l ess th an 2 % . A 8su m -

i ng agai n equ al B R , then th e 2 % - h2 CHon and r û pp =

1 . 94 M eV i mp l y t hat F F = 1 . 9 4 / 0 .Ø = 9 7 M eV wh ic h i s

veÇ l arge comp am d wi É th e M 2OM ev e ven i n Ref .

[ 30 ] . I n OM er to obta i n 2OM eV , the 2 % - f rac t i on wou l d

re qu im th e pEü d i eted r û pp be m d uced by a f ac tor of 5 ,

i . e . . red uc in g t he coupl i ng constan t g I b y a f ac tor of

d - W e cou ld not f l nd suc h a Ð u ti on i n ou r ana ly sis .

Referr i ng t o Fi g . 1 , one cæ æ ú " at s = 2 8Þ t0 36Þ

( GeV Y , th e pomem n exchange i s al re ad y a good d escr i p -

t ion of th e data . T hi s l ed u s to bel i eve th at t he unced ai n ty

of th e pm d i ct ion , Ø cou l d ar i se f m m assu mi ng the pomer -

on exchange al one , can n ot be Ä bi g as a f ac tor of S ve .

Consµ en t ly , we bel i eve ô th e cm w zt ly m © ed r r

( = 22 d M eV ) [4] i s most l i k el y m undem st i Enat e .

( c ) A bm ad wi dÉ i s al so con si sten t ÷ × th e non -

ob servat i on of a EYESOn ance stm ctu m m th e 2 2 3 Ge V m -

e on m Ê exR Em en ts[31] . W e m al l ÷ them m many

bm ad m onan ces i n th e nei ´ boEh od of 2 23 Ge V . Con -
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sequentl y , to p p react ion cross seCHon i s e ven by

2 edsjCjd s)
j s - M; + iM»I?(÷ ) ( ÷µ

where s and t are the total and the momentumeneEÅY

transfer , f ( t ) the t -dependence of the digeEÔEEti al cmes

secti on - 'n m i ndi ces a and i denote , mspecti vely , the

i ni tial ( p p ) and the a nal ( h h ) channels , wi dz cjpa CE

F Ï . m d cdtj ñ r ;2 ., bei ng the coupl i ng d the ini ti al and

a nal states to the resonance j . Cleariy , a IYESonance Mm e-

tum wi l l not show up in the energy dependence of the

cross seCHon ¤ CjM = 0 , i . e . , if the m onance j does not

exi st . However , we advocate É ± even if the msonance

does exist the structure may sti l l not be 8een in the data .

We have exami ned the general featuÓ of the energ

dependence of the p pú h h maction by fl EØly consideri ng

the case whem OEdy one Sind e EÊ £nance , the L ( 2220 ) / Å,

contri butes . Our cal culati ons have shown that the shape of

this energy dependence is veÇ sensti ve to the value of the

r r . A m nm m peak can k clearly ½ n in the m ss

reg on 22Þ t0 2500 MeV when r f is narmwer than

50 MeV . However , the peak i s no longer sig zia cant when

r r is 75MeV , M di sappeam when r r m elms ~

1Þ MeV . U is l a8t value i s in l i ne wiÉ the 97MeV men-

t ioned i n ( b k We have al so noted thaI i ncl udi ng other

m onances in the calcul at ion led to a h ther mduction of

the peak - t0¤bacltF ound rati o but lef t the above ma n fea-

tuÓ unal tered .

TEe p p exped m nt d Rd . [ 3 1 ] only scanned the

mass mgi on 2222 .7 to 2239 7 MeV . Consequent ly , that

exped EBent cm OEd y cod m the existence of a El anw

L ( 2220 ) / E msonance . h other wod h a non-obsen ati on

of the msonance struetum is not a sum d ent gmund for Ó ¤

j ect ing the existence d e , " i t m y j ust indicate that e

has a bEWad widÉ . Our analysis puts , therefoÓ , a lower

bound d about 100 MeV for r f .

( d ) h m general l y accepted that the total decay

width d a tensor gluebd l is naEm f - However , CUI-mnt

theomtied methods am stil l incapable of givi ng a quanti -

tati ve statement about thi s narrowness . It is unch ar

whether 100 MeV i s tÞ bmad for a gi uebal l .

5 Conclusions

Ò1e l idztest panicle that cm be É e soh pom mn
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m zst have a spin d 2 and a Ena- - in the 2 . 26 eV mg on .

1THee isoscalar tensor mesons , ² ( 20 10 ) , ² ( 2 150 ) , and

L ( 2220 ) º , Et thi s mqui mment . Regge analysi s can pm-

did the C ú p p pa t i d decay widÉ which , when used i n

eombinat ion m É the exped mentd bm EChing mtios , cm

determ i ne the total decay wi dth d the meson . Compar i -

son between the themmtied and experi mental total widths

wil l pi n dom z the pomemn .

ö Eem is a gmat deal of intemst in the f J ( 2220 ) / e

meson because the mPOEt ed [30] navor -synm1etry decay and

EEMEOW width of th is meson Et what one expects fmm a

d uebal l decay . However , the experi mentaI si tuation is far

h m being settl ed . h pan i cular , the E was not seen in

p pú d d , ¡ exped nBents . o ur intem t in the e iS Eülated

to the search for pomemzh ó thi s meson , wi th spi n 2 , is

situated on the pom mn tmj ectoÇ ( cf . Fig . 1) . Our anal -

ysis has shown that the e must have a width much broader

than the Ó POEt ed n MeV . A bmader width does not nec-

essad ly m le out the E as a glueball , but it dom explai n

why the meson cannot be seen in the p p exped menu .

We have noted there am other tensor statm that saU¤

ù the pom mn t raj ecto® , among othem , the L ( 2150 )

and « ( 20 10 ) mesons . However , good exper imentaI id OE--

a Re¤ - T. Nuovo cmem . 19" , 242951- ËØ s M z947- 9 61

comm. P D B . An Inmdudion Ø Re¤ - u e® md ô gh h ag phy--

iü , Cambridge- Cambridge umvm Aty h es- - 1, 77 . 1- 99

Oh m L B , Pomeranchuk I Y. ® , . Phy- - , 1936, 3:3© » 3142 Oh m
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mati on about thei r decays to the p p channel i s spame .

Better information on the branching rati oe of thei r vz ious

decay modes wil l al low analyses be carr ied out at the same

level as for the E.

H the spin d f j ( 2220 ) / e is cona rmed to k 2 and i f

the impmved meaa Emment g ves a m dth compatib le wi th

what has been inieETed f mm our pomemn analysis , then

the e cm be identi aed wi th the POEm m . In É i s case ,

the pomemn m H be a tensor glUd al l or at least have a

dominant tensor Sh ebai l component . It is , however , sti H

of p , at interest to eanÃ out mom detai led exped mental

studim of the « ( 2 150 ) and L ( 20 10 ) mesons Ã wel l Ø

m m ma ned theoret ied studi es on the gl uoni c content of

thei r wave functi ons . By comparing the decay h m ching

ratioe of these two mesons ÷ × those of the Å, one wouId

better understand the pomemn .

Find ly , we note that other diEractive PEWeesses

whm the pom mn exchange is beli eved to be domi nant ,

such m diEractive di ssociati on of hadrons , electmpmdue-

tion of vector mesons h m the pmton , vi nual Compton

ecaued Ö , etc . , shoul d a180 be used to impmve our m -

demtanding of the soh pomemn MEd tensor states .
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pom eroa AnaIy² W iÉ a SM í h r t ty-hØ Fw m F- a er

We rr capitul ate the key mBUIts of Rd . [ 33 ] . Ä " standa d

defInition of the Mandelstam vari able- , hel icities , an d residue h ,m-

tions are employed . The t- channel Re¿ e ampl i tude m the hek iq

basis[36J is

AL ¡Å (S-i ) -
-

É #J ô ¨ 7É ( 0 ( - I Y f § 4 7f t h - 1) - 1r t , i l

L j Ò È , 4 a t h l

s i a Ø { a + A ' }

( A 1)

,dzere CF = 1/2 , s = t , t = s . Ä e A A, ( t ) - PAEÍ V E ( ¹ ) h h

ReÑ e residue . m e At is É e heEcity d the pad cle i , and a -

a ( t ) U the uÉ ectOE7 ê in . In Eq . ( A I ) , we have inÇ£duced for

clad ty the vaztables E and t which denete , EespeetiveÅ , the tou l

c . m . Æerü and tfze momentum ï zu fer æ the t-channel .

On the other hand , ² e Feynmaa amPEiu de due Ø excM Á ng

a me-on d spin h is
A ; ø A A ( sh 'iJî35

ª a~. 'Ma1a3

.,24Ø(2J2 + 1)- 4 ; j ´ ä b b a dzt o leABA- } ½ , ( Â, ) ,

÷ ×
GA,Hit f { O QIfùA Tsy iJ ;

 - EB . ( M )
- M g + i M I «ô

± ç 3

´Azh l d é £ Ô , ä µ

In Eq . ( A3 ) , J2 = 2 , A s Ë1 - ì , and X B h - Ë. . t be H ( t )

denote- the fOEØ × ctor d the pp² ved eg M É e lzeHci ty bu is wi² G

bdÖ t»Ie Ð ling eonm t, azd MS' ü , mp± vdy, tbe mm

and the ful l ( totd ) decay wid h d tbe E meson -

'IEe reè em uon d 4 ¤m change was real ized thmud z pmj ed ù

the di screte spM val ue h m é the em Hnum»· spin vaIue a d ² e

Reg e M j eet® an d h Eümalt is[½]

Ë , ( t ) = ak 4 M ; GAJ fASÍ ² ( s) GAFf V I AJ t ) , ( M )

wh re ak E Re [ a ' ] . Eq . ( A4 ) e ve- a Feynmazz dem iM on d h

msidue factoriza" on used extensively in the Reg e tbe£® , which al -

m am wem why we stan ed ì ú ú e b eham el ampliô de . W e m y d -

m notice that tbe factod za tion d the ReØ e residue P m achieved at

863Å ¿ É Ó ò Ä Ú Ü ö ê È zØ Ú ô Â Ü Ó Ä

U U L C, Eu w x . J. Phys . . ª ò , G26113 9 - 64

BAI J Z Phys . Rev . h 4t . , 1998 . ¤1: 1179 - 1184

SEE N X . in Hadze-, specÑ, . copy , " - By c buÛ s tJ, Wil luuki H ,

AP Cod - ² £c . 1998 , 432 :47- 60

1¤eob M . Wick G C . Am . P'zy- - ( N . Y . ) , 1959 . 7 :404- 456

Ha def Q, Ii lJ L C . i phy- - , 1996 . GU zl IW- 1198

MM iE A D , Spe-m m T D . B emÄ " zy h at id e Ò ,® , Noú -Holland

h b1. ce . ¤Am--erdm a zd Joh w ae7 & s£" ' Enc . ¤New Yozk ,

1¶ 0 , 46 - 89
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34

35
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37

38

th same " me of the EØgsªEU au on

ì Ee GH is direedy reh sed Ø tbe paz®aI decay ì dth F Sú p, ² ¤

m zd z[YFl

cÀ ¸ ü |È Ó (q?µ

wbm t , " - M; s Mi M- M; md Ë=AP - AF- 13ze qr is

t h e o n - - h e I I p p r e M v e m o m en t u m i n th e c . m . d th e m e so n . E q .

( A 5 ) sb o w s É a t É e v e r t eü G Ff c m h o b ta i n e d h w m e a l e EAI M i n g th e

se t É e n er g y E U t ) o f th e t e n m T Bu t e - c o m er s e l y , o n e e m d et e r -

m i m G H h o m p p sc a t t e r i n g a n d t o u se i t to p m d i e t F ú - PF ¤

1 1Ee s- c h u m e l m p H M d e i s o b t a i n ed t h m u s h m m i n e - sy m m ð y

w M e h r e a d s

A j L , Í J I A2 = tUÉ/ÄA3 A~Í ®̈AÉ1V

s ã e e dÉ zÓe rm e am E v e in d e p e n d e n t h ed l ike i t®y × ap lHi thzu'dd eØ- ' U is a 5 Á 5

¤ [Ú ] . ¡ ,e er £ " ' e e th n s m e v e n b t n l

"
Ò ¤¤® 2,

h [ A;è ,AEAz]þ:
§, ä ù ¢

~

JLImI44 6
46S

+SAjo]
(A2)

and

à? 21Ð , ê |½ ,Â |2
Aph Ú Az

i y (4|Ajo12
Ò6,rs

+4|AJO|z+S|4 0|× . (AS)
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where F ts and gu deno¥ , respeetiveIy , tbe fomz factor and tbe

ooupline eonatant m the L g beg s . For ² e p p ® Btem wiÉ JPE =

2 " , É e par ity consegmvatioa leads bo L = 1 , 3 and S = 1 only . H

É e fOmz factor is deaned m such a way ² at F u ( t , ) = 1 , then

2 |a |
c , - 4L » ¹ - ( g1. t is- ° + , 1. , .ad µ .

ms ÒØ
r Ò" '

Because there is mdy Om value of S , th label s wiH be dmpped

but m1derstood m what follows .

It m impod ant to um a form factor which is analyti c m bo² tbe

direct and cmesed channels . Liu and Ma proposed the fol lowi ng BUz-

81Al ar i ty¤&ee for m h ctot s3] :

=(Ø-£ ( d F
trä - M:1 1R(- zJ +eaß 1( FÉ( a} }2

(RJJU 2
( A 11)

whm the EM factor on the r . h . , - U equal to ( q ~ t É) . Hem ,

q and q E arh mspecUvely , É e oE- and on- -lze1l p p mlaUve mo-

meatum m the c . m . of the ² mesoa . 11ze FÉ has , therefom , the

com et thm hold qÉ..dependence . h Eq . ( A 11) , dm ù , Ë®m the

mÖ Ä d the ç m h cÕ , z .  ( t - 2 M ; ) / Ä , and z es ( s -

2 M ; ) / A? . h h nd on R m dd nd by

R̈ (ØØZ̈ ) = Â̈̈ (ul +̈ taó¡̈ núh
e + e

which U analyUc an d vaztm mpidIy h m o M l when z ehmª " hom

g ´ o to z µ 0 , wi th a eonuwl ing É e t mmiuon speed at Z = 0 .

Wi th a µ 10 , R wil l be vezy cLOä to a siep function but does nM

have the discontinui ty d the latter - h fact , R and FÉ m inazdtely

diEezªEntiable .

'IEe above anal Ï ie pmped y is abmnt m th com nod y used

hadmnic form facton h the li temô re , which are either of m expo-

nenuaI fonn or of a mEÒIHpol e fomL We emphasize that the-e eonv-

entional fom factom are unsui table m analyses involving channel -

cmesing . For example , the ezponenh » form factm Ä p ( t / A Z) is

analyä in the s, channel whem t Ê O M diveª es M the t- channel

Ú 27íë Ü ï í ë (EEP& NP)

wbem t µ 0 . Ò2e rauIUpole fom factor [ A 2/ ( A Z - s) ] ¤ ( n = 1 , 2 ,

 ) has m pote on dEe reaI × is d t in the , , ehm m l ( Ê,ç em t zg O)

but wiIl have it m tbe t- channel ( where t µ O) . Coavemely , ¤ we

m exp ( - sM × £r [ A Z/ ( A 2 + t ) ] ' , then h situaHon win h

reversed .

× Ee × ,Ä factof d Eq . ( A 11) does M have these sinezsla t ties -

h ² pby© al domain 04 the t- ch- m el ( i . e . , Sµ 4 M ; ) ,

n2É t - - + ¤¤ eÒ
( F ( t ) ) 2 0C Z Æ Z - ¨ LT ( A 13 )

( eÐ ) z ´ 1 + e- SIA- y ezuÉ

(A10)

wtueh goes  zem , exhibiting the m ETm t em rz y behavioz M the

t- channel . We cm ,ee that m the t- channel tbe AB eont ots tbe fom

factor - h the s-charmel , t Ë 0 . Hence , R ( - z t ) ± l and R ( z . )

± 0 . I t tbHows dzat

e t - - - " sÉ
( F ( t ) ) z g p z , » - r ¤

( 1 + eÐ ¦ " " æ¤ ) ' e' ®JA;

( A 14 )

H ence , Ë " £OEIð £ls th e fom fact or m th e s- chann el . Th i s si ngu lar i -

ty - h e form factor satiSSes th e an al yt i c i ty re qu iEª ment of É e Re4À e

tbeoEy an d c m k u sed for mak ine an alyt i cal m m nud on between

 zeet an d em - - ed cham Eel s - Two remark s are i n Od er .

( a ) E q . ( A3 ) is e ven for th e so le p u× oee of md Ei n g the m n -

n ed oa betw een th t- chann el R egge m d Feyzm an am pl i tu des . I t i s

M needd id m e the pp m uedngdª Hence, ¨ dth r ? is

æ æ inp ut Ð the Re¿ e anal ysis i n R d . [ 33 ] . A s ² th e mÄ

M S ' i t en ters th e anal ysi s thk zm£

fº0m 2 × c tÂor , wh ich am oun ts Ø a m defh i ti on of th e norm al i za ti on fac -

w m d i s , th m s£E¬ , al so na m i npu t of dynam i cs .

( b ) ÓEe im POEt an t p hysic s i npu ts E e d1e Bp i n d tb e m e-m ,

¦ , wh ich detem zin es the val ues of L i n th e for t22 fac tor F L ( t ) ,

and É e propert y of th e pomeron t aj m tOEY ¤

Eq s . ( A l ) , ( A4 ) , ( A 7 ) , ( A 8 ) , and ( A 1 1 ) wem used Ø

Et th e pp totaI an d elast i c d iEerenUaI croes m c Uons si mu l taneousl y .

Ò 2e rea zl ts am e ven in T abl e 1 .
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