hep-ph/0510059 �

Tenso rge d mal s m etic moment c lation

Mustapha ME FI Interna onal Center for Theore cal Physics Trieste, Italy

We propos genera za ono f the upgraded Karl- Sehgal formula which relates baryon magne c moments to the spin structure of cons uent quarks, by adding anomalous magne c moments of quarks. We first argue that rela vis c nature of quarks inside baryons requires introduc ono f twok inds of magne sms,on xial and the other tensoriel. The first one is a ociated w h integratedqu arkh e city distribu ons_{i i}D - D (standard ) and the s ond w h integrated transversity distribu ons_{i i}d d- . The weight of h contribu on is contro ed by th ombina ono f twop arameters,_ix the ra oo f the quark ma to th verage kine nergy and_ia the quark anomalous magne c moment. The quark anomalous magne c momen s co elated to transversity andbo th are n ssary ingredients ind escribing rela vis c quarks. The proposed formula, then when con onted w hb aryon magne c moments data w h r sonable inputs, yields beside quark magne c dens es, anomalous magne c moments enough large to not be ignored. 12.39.Ki, 13.40.Em, 24.10.Jv, 24.70.+s I – Introduc on.

Karl-Sehgal^1 formula (upgraded first by Cheng and Li^2 then by Di Qing^3 et al.) rela ng baryon magne c moments to the spin structure of th ons uent quarks takes into oun he rela vis c nature of quarks inside the parent nucleon. The upgraded formula by Di Qing et al. is a mode ndependent, field theore l rela on which includes qu ark tensor charges in add on to the long udinal spinp art of the formula. At the rela vis c leve he transverse spin structure is an independent structure at , w h resp o the long udinal spin structure^4. A straightforward but however lengthy way toob tain the formula is to expand qu ark fieldop erators innu cleon matrix elements of quark cu ents in terms of omplete set of quark and an quark wave func ons. In perfor ng such expansio, quark-an quark pairs become opera ng if the baryon state is a Fock d ompos on beyond the^3q state.^{3 3} 0 | | |

B c q c q qq_{a a} a æ= æ+ æ +

�^{" A empts have}

b n made to genera ze the formula by taking into accoun t h ontribu ons om u arkan quark pairs in ons uent quark model withv alen^3q and s^3q qq mixing. It is found that p air cr ons only contribut sma amount to the magne c moment of the proton ( 0.065 .nm - w h .nm the nucleon magneton)^3 . It is tono te tha he inclusiono f s quarks by authors o eference 3 through the Fock space configura on is a tenta ve to include quark interac ons into the scheme. In this paper we reconsider the problem of introducing interac ons into the baryon magne c moments formula by using a stad ard approach in which the baryon has the standard^3q configura on. There are several p o ible sour s of inter ons which contribute to baryon magne c moments. Exchange magne c moments^{5 6} ( they are generic in any inter ng field theory), trans on moments and individual anomalous magne c moments (a.m.m) of quarks. Exchange magne c moments contribute a non-add ve pie to the baryon magne c moments. This m ns that this contribu on w add an add ona erm not propor ona o the sum of individual quark magne c moments. In th hiral quark model for instan , two-bo dy exchange moments ( to consider only the leading )come o he exchange of one Nambu -Goldstone boson withon e photon a ached in a po ible ways. A rough es ate of the size of exchange moments yields 0.010 .nm^5.The exchang orrec o, being connected w h exchange of chargedp ions, requires the presence of u anddqu arks in the baryon and hen contributeson ly to the p roton and the neutron. Trans on moments add a (yet sma ) pi to the pro S fi L .Other contribu ons are due to anomalous magne c moments of quarks. Such contribu ons on th ontrary may be signifi nt . Non near chiral u ark model for instance may be used to es ate the order of magn ude of th nomalous contribu on. In fact one would exp t an anomalous magne c moment^7o f order 2 2 10% i CSB m » L ( 360 , 1

i CSB

m Mev Gev

» L » ) w h_im b eing the constituen a of the

quark, supposed tob e th ect of chiral symmetry br king, and_{CSB}L is th hiral sy etry br king scale. Ther re severa heore l and experimental studies indi ng quarks doh ave nonn egligible a.m.m. To f he m sured magne c moment of the baryono ctet, s found that quarks must hav sizabl .m.m. In e t, non rela vis c cons uent quark model for light hadrons, w h m sured anomalous magne c moments for the proton and the neutron resp vely 1.79_pa = and 1.91 na = - yields the rela ons.

� 1 (4 ) 2.79 3 1 (4 ) 1.91 3

u d

d u m m m m - = - = -

� From which we infer measurable quan es 1 m a+ .

338 1 322 1

u u d d

m Mev a m Mev a

= + = + � � On the other hand, to fit hadron sp tru n th ons uent quark model required ma es

of the up anddo wnqu arks tob e of the order 420 u d m m Mev = � .Suchv alues of ma es

suggest a sizabl nomalous magne c moments of the order 0.24, 0.30 u d a a � � and a

sma di erence 0.07 u d a a- � to r over the isospin sy etry_{u d}m m� . Bicudo et al^8

have shown in several e ec ve quark models, tha n th se of ma le -current

quarks, chiral sy etry breaking usually triggers the genera ono f an anomalous

magne c for the quark of the order 0.28a � .In the same spir , Singh^9h as alsop roven

that, in theories in which chiral sy etry breaks dyna lly,qu arks nh av large

a.m.m. On the other hand, Köpp et al h ave provided a stringent bound on th .m.m

omh igh-precision measurements at LEP, SLC, and HERA. In the s ond s on we

w give theore l arguments showing that quark anomalous magne c moments a

tensor charges are ne ssarily correlate.

In the fo owing w ume we have derived an e ve lagrangiand efined a he s le of low-energy magne c moments after having integrated a unwanted fields . Cons uent quarks have ma es_im sdui ,,= anddoh ave anomalous magnetic

moments om the term ysy F m Qa i i i 2 in th ec ve lagrangian. Baryon magne c

moments_Nm G are composed of a contribu on due solely toq uark electric charges and their long udinal spins (quark-an quark pairs negl ted) ando ther co ve contribu on uch as exchange moments , trans on moments and finally ontribu on due th nomalous magne c moments of quarks .The las wo contribu ons are represented by dots 3 , | | 2 i i i N i i Q PS dr r PS m y gy

= Æ · æ+ � � JG G G ! , , , iQ i u d s = are q uark charges, ( )_{i i}y y cons uent quark (an quark ields and | PSæ is the baryon ground state w h momentum P and spinpo lariza onS .The spin structure of quarks is encoded in th xial and tensor charges, resp vely denoted_{i i} iD = D + D and_{i i} id d d = - (the nu ign accounts for the odd charge conjuga on parity of the transverse spinop erato .The quarkh e city dens y (an quark) ( ) i i D D is defined in the parton infin e momentum ame as ( ) ( )

i i i

dx q x q x › fl D = - Ø ø º ß � w h ( ),( ( )) i i q x q x › fl , the probab ty of finding a quark w h fr on xo f the baryon momentum andpo lariza onp ara el ( an para el) to the baryon spin .It n also be shown tob e related to th xp ta onv alue of the rela vis c quark(an quark) spin operator in the baryon

3 † | | 2

i i i

PS dx PS S y y Æ S æ= D

�^{JG} G S arly_id is given by the formula. 3 | |_{i i} i PS dx PS

y y d

Æ S æ=

�^{JG G}

and n be shown tob e related to the firs oment of the quark transvers y distribu on 1

0 [ ( ) ( )]

i i i

dx q x q x d_{fi ‹} = - �^{.S ar expre ions apply to the an quark. Unpolarized quark}

distribu on (well known), q uark helicity distribu on(known), and transversityd istributi (unmeasuredbu t calculatedon la i , and several other models ), provide together, a complete descriptiono f the quark spin. To stress the di eren betw n helic y and transvers y , r ll tha fqu arks movedno rela vis ca y in the nucleon, ( )_i xd and ( )_i xD wouldb e identical as only large components of the fer on field are l di in which se 0† † y y g y

= � andbo thd efinitions (4) and (5) coincide. Another way of s ing this, is that rota ons and Euclid nboo sts ( non rela visti se ) commut nd a series of boosts and rotations n convert a long udinally polarizednu cleon into a transversely polarized nucleon a nfinite momentum. So the di eren betw n transversity andh e city distribu ons reflects the rela vis c motion of quarks inside the nucleon. To expre baryon magnetic moments in terms of spind egr s o r dom w ompute (3) using the field current_{i i i} j y gy = G G and a ume the ground state of the baryon toh ave a vanishing non ela vis c orb a agnetic moment. To this end s usefu o d ompose the quark current into two dis nct pieces using Gordond omposition and to not expand quark fieldop erators in terms of omplete set of quark and an quark wave func ons as in the p revious c ed work. Th onv on cu ent part and the spin cu ent part

contribute di eren y, giving resp vely.

( ) 2(1 ) ( ) 2

i i i i i i i i i i i

x x x x x m d m d D - + D +

where^i i i m x E = Æ æ is the ra oo f th ons tuent quark ma to th verage kine c energy of

the quark in the baryon ground state. Adding an quarks andd enoting | | N N P P m m = Æ › › æ G G we get.

� , , ..., , 2 1 2 ( ) ( ) (1 )

N i i i u d s i i i i i i i i i i i i

W Q m W i i x x x x m m m d d

= = + = = D - D - + D - D + +

�

. � �

� � Equation (7) is the upgraded Karl-Sehgal formul ited in reference 3 but obtained in

anothe earrangement of terms. Equation (7) is the weighted sum of twod is nct

combinations ( ) i i i i x d D - D - and ( ) i i i i x d D - D + .The former combination shrinks to zero in

the non relativis c l it. The latter combina on survives the non rela vis c li andh as the

advantage tha is the only one which wi be a tedb y th nomalu s magnetic moments

of qu arks. Let us cite by the way a suse of the Gordon d omposition which o urred twice in literature and .In Gordond omposing the magne c moment, the spin part takes the form 1 | ( ) 2 spin rm n n m ys y

� ·¶ � G G G where^ns G is a v tor which components are

ns^i .The spatial derivative_i¶ gives (after negl ng a total deriva ve) the term y y S �^G_{m2}^{1 a while the time deriva ve} 0^{¶ gives a no anishing contribu on, as qu ark}

fields do dependon time .Wha du d th bov uthors in error is probably the f hat the quark field ),( tx G y b eing inter ting w h gluons n not b xpanded in terms of Dirac spinors in a free manner but can still be expanded at a given time say t=0,h en )0,(x G y .We np roc d this way bu t after having performed the time di erentia on if Gordon d omposition is to be used. In th a ppendix we giv correct computa on of the spi p art. II – Tensor charge and anomalous magne c moment correla on. Let us hav lose look to formula (7). This formula has an insu iciency .I ds to an absen of magne s n the u ra ela vis c tdu e inp ar o the that, it is th verage energy of the quark inside the baryon that bu ds up the intrinsic magne c moment and no h ons uen ass_im i.e. 0 0 1 1 i i i i i m x E m E m = Æ æ Æ æ

� which goes to zero for infin e

kine nergy. The reduc on f tor x is explic n (7) and is s ply the Lorentz- F zgerald contr on lengthd ue to the rela vis c boost as the magne c momen s a v tor ( spac omponents of a four v to . On the other hand, tensor charges in the formula,b eing there to a ount for cons uent quark ma es ( the ma term myy f ps he city and hence involves transversity ), should alsod isapp r in this . We have

a Th rror made by c ed aut rs is that they ly retain the S G term

ind d | ( ) 0

N u ra i i

m d d

- + =

� .Th bsence of magne sm in this mit suggests that formula (7)do es hav ing term and tha his term is a ociated w h the anomalous magne c moment of the quark. Why did we say tha t h nomalous magne c moment of the quark is the ing term?. Formula (7) is a rela vis c formula which describes how a magnetic photon couples toqu arks being spinning po in ke obj ts. It also says tha his coupling is decr sing w h energydu e to the reduction f tor . On the other hand we know om quantu echanics that p ar cles of definit nergy and momentum are no o lized. I hen fo ows a po ible cu en n the lagrangiano f the form^b

� m ab a b ys y ¶ �

Perturba vely, for a photon to probe such urrent, a quark should radiat field ( gluon or goldstone boson or whateve at pos on xand r bsorbed at a distant pos on y, on i nter ts w h the photon ( vertex inter tion and not a sel energy inter on ).In this pro the probing photon sees the quark as an extended obj t o ather an el tri urrent circula ng in the ar of th e xtension .This is what w ll nomalous” magne sm. Th c orrela on of th a nomalous magne c momen t o the tensor charge is suggested by the structure of th c u ent (8) which, as the ma term, f ps he city.

b Differen a on of the field is non r nly if the field has a spa al and/or tem ral extension. Poin ke obj ts hav cu ent without deriva ves such as_ayg y for instan .

Adding quark anomalous magne c moments of quarks to formula (7), this one

genera zes to (s ppe ix).

�^{, ,}

..., 1 2 ( ) (1 )( ) (1 )

N i i i u d s i i i i i i i i i i

W W i i a x x x x m m d d = = + = D - D - + + D - D + + �

There is another di erent way of s ing that quark anomalous moments are ing .

Let us rea ange formula (7) as this.

� 2 ( ) ( )

i i i i i i i W A B d d = D - D + -

Parameters_iA and_iB are expre ed in terms of_ix .

� 1 1 1 1 1 1

i i i

i i

A x x B x

= + + = - + + � Being func onso fon ly on e co onp arameter_ix ,_iA and_iB are no ndependent

parameters .Hen , these parameters couldno t dis nguishb etw n the contribu on to

baryon magne c moments co ng om he c es and th ontribu on co ng om

transvers es, wh e these are supposed tob e independent contribu ons in a rela vis c

reg e. Ing eneral one may agine that having twod i erent spin structures in

rela vis c physics,n amely, the long udinal spin ,_{i i}D D and the transverse spin ,_{i i}d d ,

quarks nece arily would rry twod ifferent magne sms resp vely of the form

( ) i i i i

Am D - D and ( )

i i i i

Bm d d-^c.So in the rela vis se ,the most general contribu on

to the baryon magne c moments of quarks and an quarks wouldb e of the form(10)bu t

where_iA and_iB are two independent parameters .Iden fying coe icients of axial and

tensorie m agne c densities in both (9) and (10)we ge t wo independent parameters .

� 1 1 1 1 1 1

i i i i

i i i

A a x x B a x

= + + + = - + + + � We understand that the introduc ono f anomalous magne c moment is a n ary

requirement o ela vity,o therwise p arameters_iA and_iB wouldb e dependant

parameters ( i.e.d epend only onon e parameter_ix ) which m ns that he city and

transversity would no longer be two di erent spin structures in rela vity. On the other

b omes also clear in this appro h, tha he quark anomalous magne c momen s

co elated to the quark transversity. Such o ela on is manifest a he u ra rela vis c

at which_iW func on in (9) takes the form.

� 2 ( )_{i i u ra}

W a id =

where 2 2 ( ) 3 3 NR NR u ra i i

id d= = D is the u ra relativis c ording to the solu ono f

equa ons(18) .This t makes exp c that qu ark anomalous magne c moments

together w h tensor charges do nate the u ra rela vis c reg e.

c Her fter we wi the first, axial magne sm ( alth it is no he axial charge_{i i}D + D (sum)

which is i olve ut_{i i}D - D (di eren )) and the s ond, tensoriel magnetism.

I – Baryon magne c moments analysis.

To include a baryons in the proton scheme, we a ume SU(3 lavor symmetry. This

enables us to wr e a baryon magne c moments in terms of_iW a ociated to the

proton.

�^0

0

0 0

( ) ( ) ( ) ( 4 ) (2 2 ) 6 3 ( ) ( ) ( ) 2 ( ) ( ) ( ) ( )( ( )

u u d d s s

u d d u s s

u d s u d s u d s

u u d s s d u d u s s d

u s d u s d

u d d s s u

u s d d s u

u d u

p W W W n W W W W W W W W W W W W W W W W W W W W W W W m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m

+

-

-

= + + = + + + L = + + + - + S = + + + S = + + S = + + X = + + X = + + - S fi L = - 2 ) 2 3 d s W W - +

A consequen of the SU(3) sy etry is that magne c moments n be wr en w h4

parameters ,inst do f the 6p arameters_im and_iW.Deno ng the four parameters

0 , , c c c and r we get

�

0 8 3 3 0 8

0 8 3 0 0 8

0 8 3

0 0 8 3

0 8 3

3 0 0

( ) 2 2 ( ) 2 2 ( ) (3 1) 1 ( ) (3 1) (1 )

( ) (3 1) 1 ( ) (3 1) (1 ) 1 ( ) (3 1) (1 ) 1 ( ) (3 1) (1 ) 1 (3 ) ( ) 3 p c c c n c c c

c r c

c r c c r c r c

c r c c r c r c c r c r c c r c r m m m m m m m m

m

+

-

-

= + + = + - L = - -

S = + - + +

S = + -

S = + - - +

X = - + - -

X = - + + - - S fi L = -

� �

where

� 0 3 8

( )( )/3 ( )( )/4 ( 2 )( 2 )/12 2

u d s u d s

u d u d

u d s u d s u d u d s

c W W W c W W c W W W W W r W W W m m m m m m m m

= + + + + = - - = + - + - - = + -

We have a system of four equa ons (once coe icients ,^sc r are fixed) but six

independent variables. To solve we n d two a ump ons. To this end we first

rewr e the syste n terms of only five (new)v ariables , ,^{u u}_{i i i} d s W W m m m m m = � and then making the standard a ump on 2^u d m m = - , w ndup w h a soluble system ( four

equa ons and four variables) . Pu ng^0 3 8 3 3 rc f c rc = - we get.

�

3

3

8 3

3 8 3 8 3 3

4 ( 1 3 ) 9 2 ( 1 3 ) 9 91 ( 2) 9 3 3 2 2 2

u

d

s

s d

c W f r r c W f r r rc c W f r c rc c rc c c m m

= + +

= - + - - = - - + - = -

� � �

� It remains to fix one of the parameters, say_um to get a to the^s_iW o he

exper ental data ,^s_ic r . Parameters_ix which app r in equa on (18) remain

undeter ned . To fix them we for Melosh-Wigner rota on reductions of u cleon

spin which are due to quarks being rela vis cp ar cles inside baryons^d. Ind d we have

fo owing rela ons betw n Pau and Dirac spinors

3 5 † ’ ’ 3 0 3 5 † ’ ’ 3

( ) ( ) ( ) ( )

s s A s s

s s T s s

u k u k M u k u k M g g c s c g g g c s c = = �

,_{A T}

M M being the known Melosh rota ons .These rotations are shown to verify

iden es which in terms of spin dens es take the form .

d We hav lr dy invoked reduc on of magne c moments as consequen of Lorentz st. Here s

rather, the reduc on of the spin which ma ers as we know the value of the spin befor after the

reduc o en the value of the reduc on f tor_ix .

(1 ) 2 NR i i i i NR i i i x d d + D = D + D +D =

The s ond expre ion is obtained if one a umes, in add on, that quark momentum distribu onso f nu cleo round state is spheri lly sy etric, tha s^{2 2}_32k k_^Æ æ= Æ æ. These rela on erve to extract p arameters_ix from knowledge of n aïve quark model spin dens ies^{NR}_iD and relativis c spin densities_iD .

IV – Numerical app tions.

As far, we have th xper ental data for seven magne c moments(^0( )m S is not ava able) andon e trans on moment^{0 0}( ) m S fi L .Various lcula ons es ated co v ontribu ons tob e sma . They are however shown tob e ne ssary ino rder to sa sfy sum rules which ar onsequen s of SU(3) sy etry. In doing soon e g ets a best f o the baryon magne c moments and avoids introduc on of ar ficial e ors as in the Karl analysis of Karl-Sehgal equa ons .These corr ons to magne c moments however concernon ly the proton , the neutron and the trans on^{0 0}S fi L and are ounted for by adding c onstan t o their magne c dipole moments

0 0 ( ) ... ( ) ... 1 ( ) ... 3 p V n V V m m m

= + = - S fi L = - �

The fo owing numeric values

0 3 8

0.054 . 1.046 . 0.193 1.395 .

c nm c nm c nm r nm

= = = = �

co espond to a best f w h^2 / . . 1.3d o fc = .We w base our numeric analysis of

baryon magne c moments on these values. Parameter 0.266 0.01 .

V nm

= – serve to

predict^0( )m S bu s of no relevan to^s_iW as describeson ly co ec ve effects.

Inser ng these values into (17) we get .

2.04 0.37 0.12 = 0.66

u d s s d

W W W m m

= = =

� � � �

To es ate_ix we us qua on (18) and wr e (_{u d}x x x= = )

� 9 1 9 1 ( ) ( ) 0.60 10 2 10 2

u d A

x g h

= D - D - = - - =

Where values 4/3, 1/3

NR NR u d D = D = - h ave beenu sed together w h the Bjorken sum

rule 1.27

Ag u d

= D - D = and the resu om HERMES co abora

0.05 u d h = D - D = .Remember tha n changing variables om^s_iW to^{s s}_{i i i}W Wm=� we

redu d the number of variables by one un and wer ble to solve the system of

equa ons. The price we paid is the unkno wnp arameter_um ( other_im are nked to this

one )st presen i n our formula

� ( ) 1 2 ( ) (1 )( ) (1 ) i i i i i i i i i i i

W B i i a x x x x d d m = D - D - + + D - D + + � � � � One look at th bove formul s a fa ly of parametric sh ts (magnetic sh ts) in the

3-d ensional sp o f coordinates , ,_{i ii} i adD - D , the parameter being_im. To

con nue we select one magne c sh t which corresponds to 2.38 ._u nmm =

( 263 um Mev

� ). This value is obtained o he non rela vis c form of (22) w h

vanishing anomalous magne c moments^e .

� 2 2.38 . 2 d u u A W W nm g m h + = = - � �

To inves gate equa on (20) further, we make the approx a on_{u d}a a a=� .( this is

suggested by th s a on we did in (2) ).Subtr ng uqu ark contribu on om d

quark contribu on in (20) and plug in th xper entally m sured

quan ty2 ( ) ( )

A d u u d g h - = D - D - D - D we get. 2 1 (2 ) ( 2 ) (1 )( 2 ) (1 )

d u A A u d u d u W W g a g x x x x d d d d h h m - - + = - + + + - - + � �

A parameters in the abov qua on are fixed ex p he values of tensor charges, and

th verage over the up and the down quark anomalous magne c dipole moment a .

e Th ons uent quark ma_im ( or equivalen y_im) is a fr parameter in our a ro h .It is not fixe y

baryon ma e c moments data. The best way to estimate its order of magnitude is to take the non

rela vis c lim of our formulas.

Tensor charges are no sured yet,bu t ar st ated inv arious models. Using tensor charges from v arious models^f such as, Chiral so on (NJL) , La ce(LAT) , Melosh-Wigner (M-W) , Valence sea quark xing model (VSQ )^1, Quark so on model (QS) , Bag model (BAG) , th ons uent quark model w h Goldstone bos e ects (CQ) , Qcd sum rules(SR) , w ompute anomalous magne c moments u d a a a

= � of quarks, averaging over models, and also axial magne c dens es. Our resu s are as fo ows. 0.38 0.78 0.39 u d u u d d

a a D - D D - D - � � � � We may us bove axial magne c dens es 0.83 ; 0.44

u u d d

D + D = D + D = - to infer s quark polariza ons 0.03 0.05 u d D D - � � to compare w h those obtained in the latest pub on whichu sed a standard non rela vis c zero anomalous magne c moment appro h 0.01, 0.06 u d D - D -

� � .

Predic ons for the strange quark suffe o k of exper enta nformation. Tog et an order of magn ude of th nomalous magne c moment of the strange quark we consider fo owing hypothesises,u sually app ed not only to strange quarks bu o a flavours s u aneously

f If tensor charges for quarks get m sured urately, then one may use formula ( ) to extr t pr ise values of quark anomal s ma etic moments and vi versa .

Hypothesis A) Strang n quarks in a polari db aryon are generated en rely by the

perturba ve sp ng of gluons g ssfi .In such se, i s r sonable to exp t_{s s}D » D

tha s a vanishing axia agne sm, 0_{s s}D - D = .In this case_sW� o f (20) takes the

s ple f orm .

( ) 1 2 (1 ) (1 ) s s s s W B a s x d m = + - + �

� � Hypothesis B) Strange an quarks in a polarized baryon resid n rely in a cloud of spin

–zero strange mesons. In this se ,strang n quarks have no net polariza on , i.e., 0 sD = , so that_{s s s s}

D - D = D + D .Equa on (20) b ome in this se

� ( ) 1 2 ( ) (1 )( ) (1 ) i i i i i i i i i i i

W B i i a x x x x d d m = D + D - + + D +D + + �

�

W nnot extr t_sx om Melosh-Wigne otation as we did for the ght quarks

s ply b use there is no transforma on rela onb etw n ( )_{s s}dD and ( )^{NR NR}_{s s}dD ).But

the strange quarkb eing h vier tha he up and the down quark, gets le kine nergy,

so we may take for ustra on 0.8 1_sx -� . Our resu s for the strange quark are

displayed in Tabl u 1.

0.33 0.86 s u m m = = sd 0.8_s s x a � 1_s s x a �

QS -0.01 1.41 0.9 VSQ -0.024 1.17 0.76 LA -0.046 0.91 0.58 Chiral Quark potential^{30}

-0.133 0.38 0.20

Tableau 1:Strange ark anomalous magnetic moments in model B for ratios 0.8 1 sx - � a for various models.

We dono t display resu s in model A,b use they gave unr s c values for the strange quark anomalous magne c moments. On the other hand we note that on ly the chiral quarkp oten a odel s ms to give ptable values 0.20 0.38_sa -� wh e the la model producing a too small value for the tensor charge, yields a tooh igh un ceptabl nomalous magne c moment 0.91_sa � .It l ds however to moderately r sonable value 0.58_sa � for strange quarks nearly at rest 1_sx � . V – Conclusion Magne c moments of the nucleon are sta cp roper es (nu cleon at rest). The quark inside the nucleon are neverthele trongly bound rela vis c obj ts. Being rela vis c, the spin structure of qu arks involves ing eneral,bo th qu arkh e city distribu ons andqu ark transversityd istribu ons. Transversity distribu ons encode rela vis ects of quarks inside the nucleon. We have shown in this study that since rela vity requires existen of two independent spin structure,on e longitudinal and the other transverse, hen fo ows, th xisten of two independen agnetisms which we may resp vely axial and tensoriel. Th ontribu ono f h componen s weighted by two independent parameters namely 0 1_ixE E the ra oo f the quark cons uen a to the quark average kine nergy, and th nomalous magne c moment_ia .Hence the quark anomalous magne c moment_ia i s trongly correlated to the tensor charge id and this co ela on is made mor xp cit in the u ra rela vis c mit. Upgraded Sehgal-Karl-Chen formula rela ng baryon magne c moments to the quark spin is a rela vis c formula whichn ece arily includes quark tensor charges,bu t ording to above considera ons such formula is l king essen a ngredients which are qu ark anomalous magne c moments which ar orrelated to tensor charges. Tog et onsistent formula for baryon magne c moments we do add the ingp art. We then con ontou r formula w hb aryon magne c moments data u sing r sonable input uch as 2 u d m m = - ,non rela vis c o extr he quark ma 263_um Mev� , Melosh –

Wigne ota on reduc ons of nucleon spin to est ate ,_{u d}x x and tensor charges om various model computations .Anomalous magnetic moments of the u,d, and s quarks are evaluated, 0.38 u d a a� � , 0.20 0.38 sa - � and turn ou ob nough large tono t be ignored in any re able analysis. Axia agne c d ens es_{i i}D - D for the up and down quarks or equivalently s n quarkpo lariza ons are also extr ted and are di erent om values obtained in standard analysis of baryon magne c moments. Our values are

0.03, 0.05 u d D D -

� � tob e compared w hv alues obtained in an appro h w hout quark anomalous magne c moments nor quark tensor charges 0.01, 0.06 u d D - D -

� � .

A e ix

Top rove th nomalous part of formula (9) , we Fourier transfor h nomalous part

of the magne c moment operator. W onsider only one flavor and no an quark to

s p fy nota ons

� 3 3 0 ( ( ´) ( ) ) 2 2 (2 )

N anomalous q aQ d p P k k q P q m n n s m y y p_= ¶ = - › · › ¶� G G G � � � w h^’

q k k = - G G G , ’ 2 k k p + = G G G and^ns G is a v tor whos c omponents are^{in}s . Then wr e

� 0 ( ) i i ij k k io i

q q i q

i

n n s a s s a

- = - · S +

=˛ S = -

G G G

�

Di eren ate e h term of th a bov xpre ion

�

0 0 0

5 5 0 0 † 0

0

( )

( ) 2

q

q

k i q i q k m k m k q q yay ya y

ygg y ygg g y

y y y y

y y y y

=

=

¶ · · = ¶ = - = S - S ¶ - · · S = S ¶

G G G G G G G G G G G G

�

To ge t he s ond ter i n the first equa on we used the iden ty

� 0 5 ( . ) ( . ) ( ) 2 k k i k g g g g g g g + = · G G G G G G G G �

Using the defin on of the tensor and axial cu ents

� 3 †

3 | | 2 | | i i i

i i i

PS dx PS S

PS dx PS y y y y d S Æ æ= D

Æ S æ= � � JG JG JG G �

we get for th a nomalous part

�

3 † 3 0

0

| ) | 4 (2 ) 1 1 | ( )| 2 2 2 ( ) 4 ( ) 2

N anomalous

aQ m d k P P m k S aQ P P k m axQ m x ax x m y y y y p d d m d

= Æ › S + S ›æ

= Æ › + ›æ

= D+

= D+

�^{G G} G G �

References 1 L.M. Sehgal, Phys.Rev.D 10, 1663 (1974); G. Karl, Phys.Rev.D 45, 247 (1992) 2 T.P. Cheng and L.F. Li, Phys.Le .B 366, 365 (1996). 3 Di Qing, Xiang-Song Chen, and Fan Wang, Phys.Rev.D 58, 114032 (1998). 4 X. Artru and M. Mekhfi, Z.Phys.C 45, 669 (1990). 5 L Brekke, Annals of physics 240, 400 (1995). 6 J. Frank n, Phys. Rev.D 66, 033010 (2002); Phys.Rev.D 30, 1542 (1984). 7 A. Manohar and H. Georgi, Nucl.Phys.B 234, 189 (1984). 8 Pedro J.de A. Bicudo, J. Emi o F.T. Ribeiro, and Rui Fernandes, Phys.Rev.C 59, 1107 9 J.P. Singh, Phys.Rev.D 31, 1097 (1985).

G. Köpp, D. Schaile, M. Spira, and P.M. Zerwas, Z. Phys.C 65 (1995) R.L. Jaffe and X. Ji, Phys.Rev.Le 67, 552 (1990). X. Artru, Proceedings of RIKEN BNL Res rch center Worshop on future M surements, Vol.29, (2000), edited by D.Boer and M.G.Perdekamp hep-ph/0207309 X-S Chen, Di Qing, W-M Sun, H-S Zong, and F. Wang, Phys.Rev.C 69, 045201 (2004). H.J. Melosh, Phys.Rev.D 9, 1095 (1974). F.E. Close, in An introduc on to quarks and partons, 1979 , edited by A demy Pre , London, Chap. 6 and 11

I.Sch dt and J.Soper hep-ph/9703411 Particle Data Group, Phys.Le .B 592, 1 (2004). Jan Bartelski, Phys.Rev.D 71, 014019 (2005). Hermes Co abora on, A.Airape a, Phys.Rev.Le 92, 012005 (2004). R. Alkofer, H Reinhardt, and H Weigel, Phys.Rep 265, 139 (1996).

L. Gamberg, H. Weigel, and H: Reinhardt, Phys.Rev.D 58, 054014 (1998). L. Gamberg, Structure Func ons and Chiral Odd quark Distribu ons in the NJL, Riken BNL Research nter , (2000).

S. Aoki, et al, Phys.Rev.D 56, 433 (1997). H.X.He " Quark Contribu ons to the Proton Spin and Tensor Charge" hepph/9712272

H. -C.K , M Polyakov, and K. Goeke, Phys.Rev.D 53, 4718 (1994); M. Wakamats and T. Kubota, Phys.Rev.D 60, 034020 (1999).

R.L. Ja e and X. Ji, Nucl.Phys.B 375, 527 (1992). H. He and X. Ji, Phys.Rev.D 52, 2960 (1995); H. He and X. JI, Phys.Rev.D 56, 6897 (1996).

K. Suzuki and T. Shigetani, Nucl.Phys.B 626, 886 (1997). Ma o Casu and L.M. Sehgal, Phys.Rev.D 55, 2644 (1997). X.B. Chen, X.S. Chen, and F. Wang, Phys.Rev.Le 87, 012001 (2001); X.Chen et al., hep-ph/0003158