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ABSTRACT

At the end of the 1960s, a collaboration of phgsicifrom the Massachusetts Institute of Technokgy the
Stanford Linear Accelerator Center (SLAC) studiee inner structure of nucleons by passing a higbrgy beam
of electrons through liquid hydrogen. In the midB@8 experimental results indicated that essentiatipe of a
nucleon’s spin was attributable to its quarks’ spiThat surprise birthed the “spin crisis.” EMC deénelastic
experiment using a polarized muon beam scatterimgaolarized hadron target has raised serious tjoas
about spin crisis. The proton spin crisis (somefinealled the proton spin puzzle) is a theoreticabis
precipitated by an experiment carried out by EMQur@ean Muon collaboration) in 1987 at CERN. This
experiment has shocked the particle physics contgyurone or little proton's spin can be attributedthe spin of
three constituent quarks, two up and one down quBke concept of rotating proton has been first leasized by
Chou and Yang in 1974. In continuation, there weegeral attempts; the baryon magnetic moment has be
executed to explain the importance of constituergrl rotation. In 1999 M Casu and LM Sehgal in paper
proposed a successful model with collective quatétion is used in discussing proton's spin andybarmagnetic
moment. After this so many attempts has been tiget the fitting parameters to the experimengésuits. Li and

X Cai a model with collective quark rotation is dsith great success to get the better fits toakperimental
results. The contribution from the orbital angul@moment with some additional modifications we haleutated

to better fits.
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INTRODUCTION

The proton spin crisis refers to the experimernitadihg that very little of the spin of the protoardributed to the
spin of quarks by which it was built up as spimitindamentally quantum mechanical theory. AccagydmBohr
the whole experimental setup must be considerechwke observe quantum mechanical systems. It mdeats t
“quantal object does not really exist” independghtbw it is observed.

For spin of the proton, let us compare two différerperimental set ups designed to measure itTiE) Stern-
Gerlach experiment which uses as an inhomogeneagmetic field to measure the proton spin statelX@gp
inelastic scattering (DIS) which uses an elemenpaope ( electron and neutrino ) that in elasticatlatters of the
proton. In (1) and (2), according to Bohr's comg@irtary physical set ups if one measures the fingt,other
cannot be measured simultaneously, and vice -v&Gathus measures the total spin state of protongbes not

resolve any patrons.

Fia.1 At low resolution Fig.2 The quark model Fig.3 Experiments at the end of the 1960s revealed quasko be essentially

th% roton appears to describes the proton as  point particles within the proton, and the theory d quantum chromodynamics

be a‘.’.soﬂ,, blgk?( ray) the sum oftwo up quarks  (QCD) described the force holding them together, liistrated here as a kind of

about 2 x 10% rr?eté/r' (green) and one down elastic cord (vhite). The cord is a manifestation of particles (gluorysthat each
quark (blue) has a spin of one
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Another complication is the following; while in qguam electrodynamics an atomic wave function can
approximately be separated into independent paststal the weak interaction and spin of the corstitsi (nuclei
and electrons) can be measured separately as dinelyecstudied in isolation. In quantum chromo dyicarit fails

as the interaction between fields in an undistugiredon is much stronger than in the QED state.

The proton spin crisis (sometimes called the "prospin puzzle") is a theoretical crisis precipitatey an
experiment in 1987 which tried to determine thensminfiguration of the proton. The experiment wasied out by
the European Muon Collaboration (EMC). Physicistpeeted that the quarks carry all the proton spiowever,
not only was the total proton spin carried by geddc smaller than 100%, these results were camtistith almost
zero proton spin being carried by quarks. This ssing and puzzling result was termed the "protpm risis”.

The problem is considered one of the important jolsyst is generally held that the NRQM predict} | value for
the nucleon-axial vector coupling constant. GA/ €8/3 which is quite differing from current algelestimation.
As it was known in naive quark model (NQM) the prospin is assumed to be carried by three valenaeks. As
a rough approximation, every meson can be regaaderbnsisting of quarks and anti quarks and evarydn of
third quarks. To be more precise, in addition teenaquarks and (anti quarks) every hadron contairsea’ of
continuously produced and absorbed virtual quatkamii quark pairs. Virtual gluons are also oftecluded in the
sea concept. All constituent sub particles includedhe sea concepts of hadrons (i.e. valent quarks virtual
particles consisting the sea) are partons.

In 1987 , [2-3] the European Muon collaboration,aihhad been scattering muon off polarized proto@ERN ,
shocked the particle physics community , nonettle lproton’s spin can attributed to the spin afthconstituent
quarks, two up and one down quarks. These expetsmepresented the surprising conclusion that enigll part
of the proton spin is carried out by the spin ghti (quark anti quarks), it contains. Some authgred that the
proton’s spin is contributed by the orbital angut@mentum of constituent quarks. At that time, ¢heras quite
contradiction between the EMC data and theorefivadlictions [4-7]. The concept of rotating protasibeen first
emphasized by Chou and Yang in 1974. In continnatitere was several attempts has been executeglain the
importance of constituent quark rotation. Meng lef9 has performed the experiments to test thesipigy of
exiting rotational constituents in attempts. Theyba magnetic moments in regards the sea quarkipatimn in the
proton, GSE (generalized Sehgal equation) has teewed which linked quark axial vector current8-fil1]. Casu
and Sehgal [12] proposed a successful model willeative quark rotation to explain the proton spimd baryon
magnetic moment with a appreciable achievemenkpéimental fittings. In a recent work by Li andiCa model
with collective quark rotation is used in discugsproton’s spin and baryon magnetic moment withesgsuccess
to get the better fits to the experimental resilteey have assumed the interaction potential eatbon constituents
to be linear and Columbians as well [15]. Laterdiffierent approaches [16-24] have been executeattton so
better theoretical predictions to achieve the gmabetter and nearest justified experimental figgi

Using the same concept as mentioned above, witte soodification, we have calculated the baryon mdmén
terms of quark moments. We fit the baryon magnatiecnents with those from experiments.

In section 2, the formulae for baryon magnetic motmén terms of quark moments are derived [13-4gmum
mechanically. In section 3, the contribution frdme brbital angular moment with some modificatiorswalculated
and fitted results are presented in table 1 afich@.last section is a brief conclusion.

FORMULA FOR BARYON MAGNETIC MOMENT IN TERMS OF QUAR K MOMENTS

In this section, we calculated the baryon magnet@ments, without the contribution from constitueputark
rotation. The spin of polarized proton in z direatiis related to the z component of the polarizedrig and anti

quark as mentioned belIov@S) =(Au+Ad+A3/2,

with AQ the net polarization of quark of flavour q ,ahq ZIdX[ a(X-q( ))] +_[ d%_q( X- o )%
— 1

With q, (qi) being the densities of parton quark (anti quark)helicities tz in a proton with helicity %AuU

,Ad and AS are the parton spins, which can be related tosgtees of the axial vector coupling constantsa
and S as follows;

Au:§<sz>+%GA+%£
—2isy-Lg 2
Ad-3<sz> 2c;A+6é
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2y 1
As=2(8)-3 4

We takeG, and a® their experimental measured values 1.26 and 096ﬁectively,<Sz> is used as a fitting

O
parameter. The magnetic moment opergiyrof a baryon is given by-

= 1, 0)

O
Where the sum is over the three quarks in baryond awis the Pauli's matrix.

The magnetic moment of any baryons is the expectatalue of quark momer;uq(i) with respect to a baryon

wave functionW; which is maximum polarized along the z axis thdL 8}
3 u|
Ho =(Wa 2 1) o) W)
i=1

With special values of flavour and spin wave fumietjll; may be calculated in terms of quark’s momentssfin
% baryon octet as follows [13-14]

H(P) = U0, + UyOy+ U D

() = 4,0, + 10, + 1D

HE') = O, + i+ 1S

HE) = O+ fd,+ U D

H(E") = p8, + O+ 1D,

e :%(qj +43,+03,) (1, + 1) +%(45u‘ Byt DU,

(%)

1
=-——(0,-26,+3.)(u,-
H 2\/5( u d s)(:uu :ud)
Where Jq is expressed as —

oq=[dd a3~ q(y]-[ df ol x o X
Which differs fromAQ in the sign of anti quark contribution. To relal& anddq, we have employed with the

same manner as [12] with the hypothetical assumgtiovhich are basically based on the consideratiorucleonic
structure. Hence these considerations may be raband acceptable.

Hypotheses |
Under this assumption, the sea quarks in a potatizeyon reside entirely in a cloud of spin zercsames. In this

case antiquarks have no net polarization Og.— . =0, so that Aq=0Jq. Models of this type have been
discussed in [12].

Hypotheses ||
In this hypotheses sea quarks (antiquarks) arergeentirely by the perturbative splitting ofghs: q — qQ ,

In such a case , it is reasonable to expect-U- = d: — d- = k( S - S) = lé S _Q where k represents the

relative abundance of various antiquark within theryon. For K=1, it is the case in ref.[14]. Gelligra

ou=Au-kAs, dd =Ad—-kAS and 0s=0 , the case K=0.5 has also discussed in [15]. We haken
K=0.75 in our work.

Considering, all the above parameters with addilidwo relationship i.e l{, = —Z,Ud and pg— (3/5);1,1, one can
reexpress the contributions of quark moments tdoirgon magnetic moments in terms of the paramqﬂlgr,sGA

and a® in which only M, and <SZ> are undetermined.
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QUARK ROTATION ASYMMETRY AND BARYON MAGNETIC MOMENT S

It has assumed hypothetically that the quarks irydra are hold together by flux string in “Merced8gar”
configuration. The quark will tend to be situatédte corner of equilateral triangle (in figure)eltvhole structure

containing three quarks rotates collectively arothedz axis, with total angular moment<|h.1z> . Resultantly these

effects of an angular momentu@h.z> associated with the motion of three constituenrkgias to be added with
magnetic moment of baryons in terms of quark mome®bme reasonable and fitted with experimentailiefas
obtained. In reference [12], the total angular motue <Lz> of a polarized proton can be resolved as

1
J,=5+ L+A GZE. Here L, is only due to orbital motion of quark within thergon shared by all the

constituents. In this reference, it has considéned each revolving quark have equal radius r, trdital angular
momentum of each quark is merely proportional $oniiass. With more appreciable attempts due to wiitypbf
ideas, the theoretical estimation of magnetic mdroébharyons was quite impressive.

Later on reference [15], it has urged that wheri23ds well as SU(3) symmetry was violated , imeotwords , we
can say that mass of strange quark becomes gteateu and d quarks, resultantly rotational symynistoroken
and then effect of constituent quark asymmetry imecpossible. The concept of asymmetry may be residéhe
sense that each constituent quark rotates alongethmetrical centre of triangle composed by thnegsrks, but due
to mass difference between constituents, the tigaisgscalene instead of equilateral; which meaesradius r for
each constituent quark when they rotate along Haiz is different. In reference [15], it has assdnthat
centripetal force required for revolving electranentirely provided by the interaction between tituesnts. The
interaction potential has assumed to be in simgtast. The total interaction potential enforced amuark from
rest of all other quarks within the baryons areuamsd to be proportional linear arly or inverselyttie revolving
radius of quark. The first interaction potentialrfocorresponds to the color tube while other iso@ddian type.

In the first case, it has considered a quark imeak potential say U = Cr, where C is a positiuenber and r is the
radius of quark with mass m revolving around this.akhe force acting on a quark F = -dU/dR ,it me&r -C is
constant. This force acting on all revolving quagke the same for for energy valence quark withe liaryons.
Now using F = ma = m dv/dt = m & /dt = mv& = m@? .One can get the dependence r on m as r= Eigmich

L
indicated” [11/m, this dependence may also get from orbital angulamentum L= r x p wherer =—2% then
myv

r 01/malso .
Hence orbital angular momentum contributed fromriguz of mass mis the multiplication of mass nis the
multiplication of the mass factor with, las follows-

1

i e S Tl

m m m

Adding the revolving quark contribution to baryoragmetic moment mentioned in reference [15], when th
interaction potential between constituents haverassl to be linear one. In each hypothesis, theréva fits.

In fit 1, we let 14, ,S; as fitting parameters with the constrailﬁtsZ + SZ> =1/3. Infit2 4, <SZ> and <LZ> as

fitting parameters wher(eSZ> and<LZ> are free . In fitting results are given in tablighweference [15].

In the same work [15], the second assumed interagibtential between the constituent quark is ef chulomb

darir

get F=C/r? but F = ma’rand thenmaw” = C/ r* which indicates clearlyn 01/ r®orr 01/3/m . Hence
the orbital angular momentum carried by quar&fgnass nis as follows-

Vi
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With this revolving quark correction, taken intonstderation of interaction potential is assumedtb@éoColumbian
like one, has in reference [15]. In the correctermA” = {3 %} =</0.6, the fitted results are given in table

1 and 2 in work [15].

In our work, we have to assumed the second ordeallity of interaction potential d4 = Cr + Cr?, in which we
have to implemented onlﬁlrs, where I L1M. Hense the orbital angular momentum contributiamf quark of

1

- m
mass mis as follows i+i+i‘ <|-z>

m m m

Mentioned in above is merely a mass parameter afkqQ; with mass m.Then the correction term for revolving

quark of concerning baryon may be written, aftedtiplication with orbital angular momentu{1|!.z> in such a
way.

For each constituent of proton and neutron, thesrpasameter, which is basically the ratio of cqroesling quark
to all the addition of baryon may be written as-

For proton -u quark — the mass parameter is-

_rrh ) 1
m [ | REE
m+m+ mjx—
L m,
and also for d-quark the mass parameter is-
m, x !
My =113

1

[m, +m,+ m]x—

L m
The value of 1/3 is quite analogous to the cide M as before. If we multiply their mass parametetthte

corresponding quark moments associated with orbitgjular momentun( LZ>, then correction term ( rotation
asymmetry) may be expressed as-

For proton-[Z,uu X% + 1, X%}<LZ>
Foe neutron{Z,ud X% + U, X%}<LZ>

Which as the same as discussed in reference [15].
In the same fashion the constituentof(UUS) , we let the Parameters as —

For constituent u quark - %24_/1)

= ticl tituent kA
or par ICIe constituent s quar (2+/1)

Now multiplying these parameters to the mass patemad proton (unit parameter) 1/3  separately taking
square root, we get fat " (UUS) as follows-

For u quark- /{/3(24-/]2)}%
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For s quark %3(2+/12)}%

Now multiplying these terms to the correspondingrgumoment associated with the orbital angular muma
<LZ>, we can get the correction (rotation asymmetryntéor > (uug as follows-

%(2”2)}% + A%3(2+/12)}% =

In the same procedure, for all other baryon, threection term may be obtained. In aggregate, onggeathe entire
formulae of baryon magnetic moment when the intevagotential between constituent is taken to by éinear

1. (P) = (P +] 20, % Yo+ 1y x Y (1)
1. (P) = (P +| 20, Yo+ 1 x Y (1)

(2 = 24, HA L,
157 = 1 )+_%M2+Z)}%+K3a2+2}?< )

N e | 2, HUA
(2) = p(E a s L,
M=) {3(/12+2)}%+ {3@%2}%< >

=)= =" zlus'/] lud L
M=) {3(2/12+1)}%+%3(242+ 1) Le)

=0y = y(=° 2/'15'/] H, L
MEI=EED %3(2/12+1)}%+%3(242+1}y2 )
i /\O - /\0 #d 'LISA LZ
/J( ) /;I( )+ ﬂu%3(2+/]2)}%+%3(2+/]2}}/2+ %3(24_/]2}}/2< >

Where A = m/ms = myms where thesubscript L indicates linear potential ones .Im work , we fit the baryon
magnetic moment with two different hypotheses .éeery hypothesis ,we perform two fits. In fit lgvet L ,S,[]

as fitting parameter , with the constraibLz>+<SZ> = % In fit 2, 4,,S,) and L, are fitting parameters,

Where<LZ>and <Sz> are free. The fitting results are given in tablel.

For the second assumed potential, the interactedwden constituent quark is of Colombian type Uz@Giere

rigm . Hence orbital angular momentum carried by quark; @f mass m s

I/ T+ ()
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Now we have to take into account with the sameaayyahs preceding before. The mass parameter foompend

2
neutron will become 1/3.For other particles of loagy, let us take’ D[%/EJ . In this way for each

constituent quark of baryon, the mass parameterbwayritten as,

For X" (uus) for u constituent quar(< [3/7
m, +3m +Jm (L)
fém)
m,
For X" (uus) for s constituent quar 4—
m, +3m +Jm (L)

2
If we devide(?’/mJ ) on numerator and de numerator and also putdirg Jmy/ms= [m¢msthen we will get the

*2
mass parameters for and s quark afb / * and }/ . respectively.
p q 242 +1 242 +1 p y

Now multiply these mass parameters to the protoasnp@rameter (unit parameter), then those massnptaas
mentioned above will become as follows-

*2
For u constituent uarkZI .
ko174
For s constituent quark - .
W Ja(or

Now taking the casé [] Ym
Then these parameters will become -

For u quark —%3(2/]*2 .\ }1,2

Forsquark—/{/g(z/]*2 +])}1,2

Now multiply these terms to the corresponding quauikment associated with orbital angular momem<dn2>

whered” = i/ % = i/ % =0.87 the correction term (rotational asymmetry) maynitten as-
i, XA M L
{3(2/1*2_'_1)} {:1(24*2_'_:)} < Z>

Resultantly one can get the entire formula of baryeagnetic moment when the interaction potentidivben
constituent quark is assumed to be Colombian one,

He(P) = p(P) + 20, % Yo+ > Y4 |(L)
He(N) = p(N)+ 20, % Y+ i, x 4] L)

R — 20, x A" U
(Z7) = uE) - > L,
H E + {3(2/1*2_'_])}%4-{:{2/‘*2_'_ :)}}/2 < >
)= - Zludx/]* lus
c(z )_ (Z) LZ
H, H +{3(2/1*2+])}%+{E(2/1*2+1)}% (L)
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e 24, HA
(E) = 4= : L,
H H + {3(/1*2 N 2)}}/2 +{ 3(/]*2 . 2)}}/2 < >
244, HA

HE)=2=) {3(/]*2 + 2)}% +{ 3(/]*2u+ 2)}72 (L)

HA U

CTAN—— Y R
mv+%% {$2q+§%

a(212 )" |

Mo (N°) = u(N°) +

HoA Hq

A N
m”+%% {42Q+§%

(23" |

:,3/(0.66) = 0.87 and the subscript C denotes the coulomb potentia.

(L)

Mo (Z°) = u(=°) +

Where A” = 3ﬁ = 3ﬂ
m, m

have also compared the fitted results with expentaievalues. The fitting procedure and constrasmesexactly the
same as for the case with linear potential. Theditesults are given in table 2.

Table — 1 Fits of the Magnetic Moments when Quarkriteractions are Linear Potential

Magnetic | Experimental Hypotheses | Hypotheses I
moments data Fitl Fit2 Fitl Fit2
. (P) 2.79+0.10 2.77 2.689108474 277 2.80757
H(N) -1.91+0.10 -1.84 -1.950891408 -1.87 -1.76
W (= 2.46+0.10 2.698745 2.650639147 2.67 2.583544
es) -1.16+0.10 -1.08815 -1.229920625 -1.03 -1.14864
W(=) -0.65+0.10 -0.44977 -0.610675051 -0.42 -0.51877
ey -1.254+0.10 -1.2861 -1.391070498 -1.34 -1.35706
UL (A% -0.6+0.10 -0.52995 -0.640431283 -0.55 -0.51877
W (% -1.61+0.10 -1.5666 -1.518425791 -1.58 -1.63306
M =2.3102143 Hu =2.2947063 W = 2.3668911 W, = 2.720861
M =-1.1551071 Mo = -1.1473531 _ T
o _ Mg =-1.834455 | py =-1.3604305
HUs= -0.69306421 HUs=-0.688418 _ _
_ 5, = 0.0226853 8, = 0.6560901 Ms =-0.7100673 | ps=-0.8162583
Fitted parameters : ' S,=0.3592232 | &, =1.2262919
& =-0.3373147 &= -0.6039099 _ _
- _ L,=0.1407768 84 =0.037081
&, =-0.0073146 &, =-0.2726126 _ _
_ _ 8, =0.9398705 | S,=2.0777511
S, = 0.289028 S, =-0.1108648 & = 0.3201295 =-0.4207689
L, =0.210972 L, =0.2640905 e z '
Table- 2 Fits of the Magnetic Moments when Quark Iteractions are Columbian Potential
Magnetic | Experimental Hypotheses | Hypotheses |l
moments data Fitl Fit2 Fitl Fit2
Uc(P) 2.79+0.10 2.779895656 2.736297 2.779999933 2.78
e (N) -1.91+0.10 -1.81999638 -1.88067 -1.779997377 -1.78
Hc (T 2.46+0.10 2.649179315 2.599113 2.642222101 2.620953
Hc (Z) -1.16+0.10 -1.16177561 -1.11446 -1.098182657 -1.09452
Ue(Z) -0.65+0.10 -0.5609635 -0.52204 -0.490587284 -0.4813
Mc (E“) -1.25+0.10 -1.33214635 -1.38798 -1.307503152 -1.32734
Hc (/\°) —-0.6+0.10 -0.5744245 -0.60951 -0.533314115 -0.54212
e (@) -1.61+0.10 -1.51976993 -1.55943 -1.502269124 -1.47755
Hu =2.2445406 My =2.3101589 My = 2.2014403 Wy = 2.068411
. Mo =-1.1223203 | g =-1.14550794 | pg =-1.1007201 | pg =-1.0342055
Fitted parameters W= -0.6733921 | p.=-0.6930476 | . =-0.660432 | .= -0.6205233
&, = 0.8508987 &,=0.81430 &, = 0.902876 &, =0.7988721
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&4 =-0.409103
& =-0.0791012
S, =0.1813481
L, =0.3186519

8= -0.4456279
& =-0.1156279
S, =-0.1156279
L, =0.2283824

84 = -0.3571239
S, =0.1372567
L,=0.3627433

84=-0.4611279
S, =-0.4867674
L, =0.6291815

CONCLUSION

In this case we have tried to modify the collediivguark asymmetry correction term within the barg@xcept two
on strange particles (proton and neutron). Theseeciion term to the baryon magnetic moment in teohquark

moments basically depend only on different massirpaters associated with corresponding quark monviht

linear and Columbian interaction potential. In thisrk we would emphasized some slight improvementtlie

hypotheses on sea quark contribution and some mabkoassumption about internal interaction i.eosd order
linear or Columbian interaction potential, the lmarymagnetic moments are calculated [13]. The bargagnetic

moment in terms of quark moments is calculated dmlyguantum mechanical method while the quark iarat
asymmetry contribution has calculated quasi clafigi@pproximation. The fitted results appear todo@sistent
with experimental measurement in certain limit ofaracy.

In our work, we assume two types of quark intecacipotential (linear or Colombian).from the studyhadrons
spectrum, the quark potential between the quarke baen written as Ar+B/r. In addition, for our giimity, we
have assumed the second order linearity also a<D@f, but mass parameter is included only in first ordée
parameters A, B, C and D are to be chosen verylsmahis work, a clear picture of revolving quankithin the
baryon is presented along with other terms likealaxector coupling GA, a8 as 1.26 and 0.60 respelgti In
present context, it should require most data, sottee validity of quark patron model. In figuréwiill be possible
with some experimental on LHC, which discloseseahtrely clear picture of nucleon structure.
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