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THE NONSINGLET SPIN STRUCTUREFUNCTION g1 AT SMALL xDorota KotlorzDepartment of Physis, Tehnial University of OpoleOzimska 75, 45-370 Opole, Polande-mail: dstrozik�po.opole.pl(Reeived January 21, 2000; revised version May 4, 2000)The perturbative QCD preditions for the small x behaviour of thenuleon spin struture funtions is disussed. The role of the resummationof the ln2 1=x terms is emphasized. Preditions for the nonsinglet struturefuntion g1 in ase of a �at as well as a dynamial input are given.PACS numbers: 12.38.Bx 1. IntrodutionSine 1988, when the famous EMC experiment [1℄ provided surprisingresults, the polarized deep inelasti lepton�nuleon sattering (DIS) beamevery interesting from experimental as well as theoretial point of view. Thisexperiment, in whih longitudinally polarized muons sattered on longitu-dinally polarized protons, brought the onlusion that quarks are arryingonly a small part of the proton spin projetion in the polarized proton. Thisresult alled as 'spin risis' is still a hallenge for theoretial and experi-mental researh. The main questions to answer are: how the nuleon spinis distributed among its onstituents: quarks and gluons and how the dy-namis of these onstituent interations depend on spin. Solutions to theseproblems may be found within perturbative QCD beause they involve hardand semihard (short-distane) proesses. Reently the experimental datahave allowed to investigate the nuleon spin struture in the large range ofthe kinematial variables: Bjorken x and Q2. The most interesting, boththeoretially and phenomenologially, is the region of small x. Theoretialunderstanding of the small x (x � 10�3 and less) behaviour of the polarizednuleon struture funtion enables the orret estimation of �1 momenta inthe sum rules. It is very important beause present experimental data do notover the whole very small x region and the only way (at present) to know(1721)



1722 D. Kotlorzthe nuleon spin struture ompletely is extrapolation of large and mediumx results into the small x region through the theoretial QCD analysis. Onthe other hand, future polarized experiments in HERA [2℄ will enable spinDIS investigations in the very small x region: x � 10�4 and less. Then the-oretial preditions would be veri�ed by the experiment. These future spinexperiments would be a ruial test of theoretial analysis. Desription ofthe nuleon spin struture funtion g1 within perturbative QCD for small xan be done in di�erent frames (in LO, NLO, ln 1=x, ln2 1=x et. approxima-tions) giving di�erent results for g1 in this region. Thus the future ompar-ison of theoretial and experimental results ould be de�nitive. In the nextsetion we shall disuss the polarized struture funtions of nuleon in thesmall Bjorken x region. We shall emphasize the ln2 1=x resummation whihis signi�ant in this region. In point 3 the nonsinglet gNS1 (x;Q2) preditionsare presented. We show LO and uni�ed LO + ln2 1=x resummation resultsin ase of a �at (nondynamial) and a dynamial input parametrization aswell. We ompare our numerial results with reent SMC data. Finally inonlusions we shall brie�y disuss future experimental hopes and possiblesenario of solving the spin risis problem.2. Spin struture funtions in the small Bjorken x regionDetermination of the nuleon spin struture funtions in the small Bjor-ken x region is very important from both theoretial and experimental pointof view. Beause of tehnial limit, present experiments do not give anyinformation about small x region (x � 10�4; 10�5) and therefore, there arestill unertainties in the determination of parton distribution funtions (inpartiular gluons) in this region. Theoretial analyses, based on the pertur-bative QCD, allow to alulate the nuleon struture funtion within someapproximations (Q2LO, Q2NLO, ln 1=x et.). The hoie of some parti-ular approximation depends of ourse on the region of its appliation andthe basi riterion is the agreement of theoretial preditions with exper-imental data. Thus the small x behaviour of the nuleon spin struturefuntions implied by QCD an be tested experimentally via the sum rules(BSR, EJSR) [5℄. Moreover, the aim of the QCD analysis is to yield an ad-equate, ompat desription of the nuleon struture funtions in the wholerange of x. The small x region is also a hallenge for QCD analysis, be-ause theoretial preditions of the struture funtion gp1(x;Q2) at low x arerelevant for the future polarized HERA measurements [6℄.The small value of x (x! 0) orresponds by de�nition to the Regge limitand therefore the small x behaviour of struture funtions an be desribedusing the Regge pole exhange model [2℄. The Regge theory predits, that



The Nonsinglet Spin Struture Funtion g1 at Small x 1723spin dependent struture funtions gp;n;d1 in the small x region behave asgp;n;d1 � x�� ; (2.1)where � denotes the axial vetor meson trajetory and lies in the limits:�0:5 � � � 0 : (2.2)The experimental data from HERA on�rm suh a Regge behaviour of stru-ture funtions (2.1) but only in the low Q2 region Q2 � �2 (�2 � 200 MeV)i.e. in the region, where the perturbative methods are not appliable. Atlarger Q2, beause of parton interation, the struture funtions undergo theGLAP Q2 evolution [3, 7, 10℄ and their behaviour, implied by perturbativeQCD is more singular than that, oming from the Regge piture. This fatis also in agreement with experiments of unpolarized as well as polarizedDIS [4,11℄. It is well known at present, that for x! 0 the Regge behaviourx�� (�0:5 � � � 0) is less singular than the perturbative QCD predi-tions for all of parton distributions exept unpolarized, nonsinglet (valene)quarks qNS. It has been lately notied [12, 16, 17℄ that the spin dependentstruture funtion g1 in the small x region is dominated by ln2(1=x) terms.These ontributions orrespond to the ladder diagrams with quark and gluonexhanges along the ladder � f. Fig. 1. The ontribution of non-ladderdiagrams to the nonsinglet spin dependent struture funtion is negligible.Thus the behaviour of the spin dependent nuleon struture funtions atsmall x is expeted to be governed by leading double logarithmi terms of
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Fig. 1. A ladder diagram generating double logarithmi ln2(1=x) terms in the non-singled spin struture funtion g1.



1724 D. Kotlorztype �ns ln2n(x). These terms must be resummed in the oe�ients andsplitting funtions Pij(x; �2s). Combining the standard LO GLAP approahwith the double ln2 x resummation, it is possible on one hand to guaranteean agreement of QCD preditions with experimental data in the large andmoderately small x and on the other hand to generate the singular small xshape of polarized struture funtions, governed by ln2 x terms. In this wayone an obtain system of equations, ontaining both LO GLAP evolutionand the double logarithmi ln2 x e�ets at small x. Analyses of suh uni-�ed GLAP LO + ln2 x approah are presented in [12℄. On the basis of thisinteresting method we give in the next hapter the preditions for the gNS1funtion in the ase of nonsingular as well as singular input parametrizationgNS1 (x;Q20).The small x behaviour of both nonsinglet and singlet spin dependentstruture funtions gNS1 (x;Q2) and gS1 (x;Q2) is governed by the double log-arithmi terms �ns ln2n(x) [12,16,17℄. But in ontrast to the singlet polarizedfuntion, for the nonsinglet one the ontribution of nonladder diagrams isnegligible. Thus we should onsider only ladder diagrams with quark (anti-quark) exhange, Fig. 1. Hene the nonsinglet part of the polarized struturefuntion g1 has a form:gNS1 (x;Q2) = gp1(x;Q2)� gn1 (x;Q2) ; (2.3)where gp1 and gn1 are spin dependent struture funtions of proton and neu-tron respetively. Let us remind the meaning of g1. In the Bjorken limitg1(x) = 12 Xi=u;d;s;::: e2i�qi(x) ; (2.4)�qi(x) = qi+(x)� qi�(x) ; (2.5)where ei is a harge of the i-�avour quark, qi+(x) (qi�(x)) is the densitydistribution funtion of the i-quark with the spin parallel (antiparallel) tothe parent nuleon. The funtion g1(x;Q2) is related to the heliity of thenuleon (i.e. spin projetion on the momentum diretion). Thus the integralh�qii = 1Z0 �qi(x)dx (2.6)is simply a part of the nuleon heliity, arried by a quark of i-�avour (i =u; d; s; : : :). Polarized distribution funtions of quarks are de�ned as:



The Nonsinglet Spin Struture Funtion g1 at Small x 1725
�q = �qval +�qsea ; (2.7)�qsea = ��qsea � ��q (2.8)hene �qval = �q ���q : (2.9)Aording to (2.4)�(2.9) one an obtain for the olour number N = 3:gp1 = 29�u+ 118�d+ 518��u+ 19��s ; (2.10)gn1 = 118�u+ 29�d+ 518��u+ 19��s ; (2.11)and hene gNS1 = 16(�uval ��dval) = 16(�u��d) : (2.12)The simple form of gNS1 (2.12) results from the assumption of SU(3) �avoursymmetry: ��u = ��d (2.13)and hene all of gluon and sea quark ontributions from the proton and theneutron struture funtion anel mutually. This feature that the small xbehaviour of the spin dependent nonsinglet struture funtion is governedby the double logarithmi terms �ns ln2n(x) is very important from the pointof view of small x QCD analysis. This is di�erent from the ase of unpo-larized nonsinglet struture funtions FNS2 , where the small x behaviour ofF2, generated by the �ns ln2n(x) terms, is dominated by the nonperturbativeontribution of A2 Regge pole. For gNS1 the relevant A1 Regge pole has lowinterept �NS(0) � 0 and for small x in the Regge limit one has:gNS1 (x;Q2) � x��NS(0) : (2.14)Thus the Regge behaviour of the spin dependent struture funtions is un-stable against the resummation of the ln2 x terms, whih generate moresingular x shape than relation (2.14) with �NS(0) � 0. Therefore the mea-surement of the nonsinglet spin dependent struture funtion an be a veryimportant test of the QCD perturbative analyses in the small x region. Inour numerial analysis we follow [12℄ and [17℄. Solving the uni�ed equationinorporating GLAP Q2 evolution and the ln2 x resummation we get theresults for the nonsinglet polarized struture funtion gNS1 (x;Q2) in the per-turbative region Q2 > Q20 for di�erent values of x 2 (0; 1). This equation



1726 D. Kotlorztaking into aount both GLAP evolution and ln2 x e�ets for gNS1 funtionhas the form [12, 17℄:f(x; k2) = f (0)(x; k2) + 2�s(k2)3� 1Zx dzz k2=zZk20 dk02k02 f �xz ; k02�+�s(k2)2� k2Zk20 dk02k02 "43 1Zx dzz (z + z2)f(x=z; k02)� 2zf(x; k02)1� z+�12 + 83 ln(1� x)� f(x; k02)# ; (2.15)where f (0)(x; k2) = �s(k2)2� "43 1Zx dzz (1 + z2)g(0)1 (x=z) � 2zg(0)1 (x)1� z+�12 + 83 ln(1� x)� g(0)1 (x)# : (2.16)The unintegrated distribution f in the equation (2.15) are related to theg1(x;Q2) viag1(x;Q2) = g(0)1 (x) + Q2(1=x�1)Zk20 dk2k2 f �x(1 + k2Q2 ); k2� ; (2.17)where g(0)1 (x) = k20Z0 dk2k2 f(x; k2) : (2.18)3. Preditions for the nonsinglet spin struture funtion g1We solve Eq. (2.15) using di�erent parametrizations of gNS(0)1 (x): thesimple one, implied by Regge behaviour of gNS1 in nonperturbative regiongNS(0)1 (x) � gNS1 (x;Q20) = N(1� x)3 (3.1)



The Nonsinglet Spin Struture Funtion g1 at Small x 1727and two dynamial inputs: GRSV (Glük, Reya, Stratmann, Vogelsang) [14℄and GS (Gehrmann, Stirling) [15℄. The nonsinglet spin dependent struturefuntion must satisfy the Bjorken sum rule, whih an be written as:1Z0 gNS1 (x;Q20)dx = 1Z0 (gp1 � gn1 )(x;Q20)dx = 16gA (3.2)independently of the value of Q2. This means that for any Q2, the �rstmoment of gNS1 must be equal to 1=6 gA similarly to the ase of the low saleQ20 (3.2):hgNS1 (x;Q2)i � 1Z0 gNS1 (x;Q2)dx = 1Z0 (gp1 � gn1 )(x;Q2)dx = 16gA = 0:2095 :(3.3)This ondition implies the proper normalisation onstants N in all of inputparametrizations. Thus the onstant N in (3.1), found from the Bjorken sumrule is equal to 2=3 gA = 0:838 (we set the axial vetor oupling gA = 1:257)and the Regge nonsingular input (3.1) takes the form:REGGE : gNS1 (x;Q20) = 23gA(1� x)3 = 0:838(1 � x)3 : (3.4)The Regge behaviour of struture funtions at small x, as it was men-tioned above, has been on�rmed by HERA experiments in the low Q2region (Q2 < 1 GeV2). Therefore the hoie of the Regge input allows tounify the nonperturbative origin with QCD perturbative analysis startingat Q20 � 1 GeV2. In this way, assuming the Regge (�at, nonsingular) be-haviour of struture funtions at low Q2 sale i.e. Q20 = 1 GeV2, we expetthat the singular small x behaviour of polarized struture funtions is om-pletely generated by QCD evolution, involving NLO or even (as in our ase)GLAP+ln2 x approah. This analysis, based on the Regge input (3.4), ishowever one of two main possible senarios, desribing the small x behaviourof spin struture funtions. The seond is to allow steeper (more singular)inputs of struture funtions atQ20, what intensi�es more the growth of stru-ture funtions (with x! 0) implied by QCD. The only onstraint on thesetwo senarios is onsisteny of their preditions with experimental data. Inour analysis of the gNS1 struture funtion we onsider dynamial inputs pro-posed by GRSV [14℄ and GS [15℄. These inputs result from a global analysisof all reently available deep inelasti polarized struture funtion data [8℄.Our alulations inorporating both GLAP evolution and resummation ofthe ln2 x terms are based on the LO �tted inputs. In suh a way the spin



1728 D. Kotlorzdependent nonsinglet struture funtion gNS1 (2.12) has an input form:GRSV : gNS1 �x;Q20 = 1 GeV2� = 0:327x�0:267�(1� 0:583x0:175 + 1:723x + 3:436x3=2)(1� x)3:486+0:027x�0:624(1 + 1:195x0:529 + 6:164x + 2:726x3=2)(1� x)4:215 :(3.5)GS : gNS1 (x;Q20 = 4 GeV2) = 0:29x�0:422(1 + 9:38x � 4:26px)�(1� x)3:73 + 0:196x�0:334(1 + 10:46x � 5:10px)(1� x)4:73 (3.6)(for details see Appendix A). All numerial alulations have been performedin C ode on PC omputer under LINUX system. Our numerial results forgNS1 based on Regge (3.4), GRSV (3.5) and GS (3.6) input parametrizationsare presented in Figs. 2�6. In Fig. 2 we plot di�erent input parametrizationsgNS1 (x;Q20). Figs. 3,4 show the nonsinglet funtion gNS1 after evolution toQ2 = 10 GeV2 for these di�erent parametrizations (Regge, GRSV, GS) andFigs. 5,6 present the funtion 6xgNS1 = x(�uval ��dval) at Q2 = 10 GeV2also for di�erent inputs gNS1 (x;Q20). In all of Figs. 3�6 pure GLAP evolutionis ompared with double logarithmi ln2 x e�ets at small x. Additionally, inFigs. 4�6 we ompare our numerial results with reent SMC (1997) data [8℄.Contributions 6hgNS1 i (3.3) and 6�I(xa; xb; Q2),�I(xa; xb; Q2) � xbZxa gNS1 (x;Q2)dx ; (3.7)to the Bjorken sum rule at Q2 = 10 GeV2 together with experimental SMCvalues are presented in Table I. From Figs. 3�6 one an read that the doublelogarithmi ln2 x e�ets are very signi�ant for x � 10�2. Besides, as it hasbeen expeted, the growth of the nonsinglet proton spin struture funtiongNS1 in the very small x region is muh steeper for dynamial parametriza-tions (GRSV or GS) than for the Regge one. The omparison of our the-oretial model with experimental data in Table I and Figs. 4�6 yields theonlusion that all of the theoretial preditions for di�erent parametriza-tions (Regge, GRSV, GS) and inorporating pure LO GLAP QCD evolutionas well as LO GLAP evolution with ln2 x e�ets are in a good agreementwith experimental data within statistial errors. Unfortunately, the most in-teresting x region is still not available for experiment. So the problem, whihQCD approah is the most adequate for the desription of small x physisin the polarized deep-inelasti sattering of partiles remains unsolved.



The Nonsinglet Spin Struture Funtion g1 at Small x 1729TABLE ITheoretial ontributions 6�I(xa; xb; Q2) and their experimental SMC valuesPARAMETRIZATION 6�I 6�I 6�I(0; 1; Q2) (0; 0:003; Q2) (0:003; 0:7; Q2)INPUT 1.257 0.0150 1.232REGGE LO GLAP 1.255 0.0342 1.219LO GLAP+ln2 x 1.249 0.0493 1.198INPUT 1.257 0.0786 1.194GRSV LO GLAP 1.249 0.107 1.171LO GLAP+ln2 x 1.242 0.119 1.153INPUT 1.257 0.123 1.160GS LO GLAP 1.253 0.134 1.151LO GLAP+ln2 x 1.247 0.142 1.139EXPERIMENT 1.29�0.24 * 0.09�0.09 ** 1.20�0.24The mark * means the extrapolation of experimental data to low x and ** is theintegral over the measured range of x.
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1732 D. Kotlorz4. Summary and onlusionsThe results of urrent experiments are: deviation from the Ellis�Ja�esum rule and validity of the Bjorken sum rule. This auses that the ques-tion �how is the spin of the nuleon made out of partons?� is still open.Experimental results whih violating the Ellis�Ja�e sum rule imply thatonly a very small part of the spin of the proton is arried by quarks area great puzzle. So where is the nuleon spin? Maybe gluons take a largefration of the nuleon spin? Or maybe the spin of the proton is �hidden�in orbital angular momentum of quarks and gluons? Maybe at last the so-lution of the spin problem lies in the small x physis and the laking spin ofthe nuleon is hidden in the unmeasured very small x region. The answerto the above questions will be possible thanks to the progress in theoret-ial and experimental researh in the small x physis. Perturbative QCDanalysis, based on the GLAP evolution equations is in a good agreementwith experimental data. This agreement onern unpolarized and polarizedstruture funtions of the nuleon F1, F2, g1 within NLO approximation inthe large and moderately small Bjorken x region. Unfortunately, pratiallylak of experimental measurements in the very small x region (x � 10�3)makes satisfatory veri�ation of the theoretial QCD preditions in this re-gion impossible. Knowledge of the behaviour of the nuleon spin struturefuntions when x ! 0 is ruial in the determination of the Bjorken andEllis�Ja�e sum rules i.e. in overoming the �spin risis�. Understanding ofthe small x physis in the polarized DIS proesses requires taking into a-ount all of these perturbative QCD e�ets whih beome signi�ant in thesmall x region and whih ould be veri�ed by future experiments. PresentQCD analyses, based on the GLAP LO or NLO Q2 evolutions seem to beinomplete when x ! 0. The growth of the unpolarized as well polarizedstruture funtions of the nuleon in the small x region is governed by lead-ing double logarithmi terms of the form �ns ln2n(x), generated by ladderdiagrams with quark and gluon exhange. This singular behaviour of thestruture funtions at low x, implied by ln2 x terms, is however better visiblein the polarized ase. For unpolarized, nonsinglet struture funtions of thenuleon the QCD evolution behaviour at small x is sreened by the lead-ing Regge ontribution. Therefore the spin dependent struture funtionsof the nuleon are a sensitive test of the perturbative QCD analyses in thelow x region. Our numerial analyses inorporating the LO GLAP evolu-tion and the ln2 x e�ets at small x show that the growth of the nonsingletpolarized struture funtion of the nuleon gNS1 , implied by ln2 x terms, issigni�ant for x � 10�2. Our preditions for gNS1 are in a good agreementwith the reent SMC data for small x region (x � 10�3). The ontributionfrom the low x region (x � 0:003) to the Bjorken sum rule is found to be



The Nonsinglet Spin Struture Funtion g1 at Small x 1733around 4% (for Regge input gNS1 (x;Q20)) and 10% (for dynamial inputs) ofthe value of the sum. Theoretial preditions for gp;n;d1 , taking into aountthe ln2 x resummation e�ets will be veri�ed experimentally in the future.There are a few hopeful experimental projets of the investigation of thenuleon's spin struture. One of these is the HERMES experiment (startedin 1995) loated in HERA at DESY with a �xed polarized H,D or 3He targetand longitudinally polarized positron beam of 27.5 GeV [18℄. The aessiblekinemati range is 0:004 < x < 1 and 0:2 < Q2 < 20 GeV2. The HERMESexperiment allows a diret measurement of the polarized quark distributionsfor individual �avours, also gp;n;d1 (x;Q2) and even g2(x;Q2). The questionof the gluon polarization is also addressed experimentally. The polarizedgluon distribution �g(x;Q2) may play a ruial role in understanding ofthe nuleon spin struture. The measurement of �g(x;Q2) in the harmprodution via photon�gluon fusion proess �g ! � will be possible in theCOMPASS experiment at CERN [9℄. In this projet the polarized muonswill be sattered on polarized proton and deuteron targets. The energy ofthe muon beam will be of 100 GeV and 200 GeV and the Bjorken x regionx > 0:02. The COMPASS measurements are expeted to start in 2000.A very important program whih will test many elements of QCD in theperturbative as well as nonperturbative region is the RHIC spin projetat Brookhaven [13℄. This program with polarized proton�proton olliderwill start in 2000 and will allow for a measurement of the polarized gluondensity via heavy quark prodution (gg ! Q �Q) or via diret photon pro-dution (gq ! q). Finally, a very promising experimental projet in highenergy spin physis is planned in HERA [6℄. The polarization of the protonand eletron beams at ps = 300 GeV will enable to measure the stru-ture funtion g1(x;Q2) and spin dependent quark distributions �qf (x;Q2)at very low x (x � 10�5). From polarized di-jet prodution it will be possi-ble to determinate the polarized gluon distribution �g(x;Q2) in the region0:002 < x < 0:2. Additionally in HERA, a program of polarized proton�proton ollisions is proposed. This high energy proton�proton sattering willallow, via J= prodution, for the diret determination of the gluon fun-tion �g(x;Q2). The new HERA projets with polarized experiments andthe largely extended kinematial region of x and Q2 will ontribute a lotto our understanding of high energy spin physis. The problem of the spinstruture of the nuleon is nowadays one of the most important hallengesfor theory and experiment.I would like to thank Jan Kwiei«ski for a great help and ritial remarksduring preparing this work. I am also grateful to Andrzej Kotlorz for usefuldisussions about numerial problems.



1734 D. KotlorzAppendix ADynamial input parametrizations of the nonsinglet polarizedstruture funtion gNS1In our alulations we adopt GRSV (Glük, Reya, Stratmann, Vogel-sang) [14℄ and GS (Gehrmann, Stirling) [15℄ parametrizations of polarizedvalene quarks �qval. We assume SU(3) �avour symmetri senario, where��u = ��d : (A.1)This assumption leads to formula (2.12):gNS1 � gp1 � gn1 = 16(�u��d) = 16(�uval ��dval) : (A.2)Input parametrization of �uval and �dval have a general form:GRSV : �qval = Nxa2xa1�1(1 +Axb +Bx+ Cx3=2)(1 � x)D ; (A.3)GS : �qval = N 0xa0�1(1 + x+ �px)(1� x)D0 ; (A.4)where N , N 0 are normalisation fators, implied by the Bjorken and Ellis��Ja�e sum rules. These sum rules for input sale Q20 an be read asa3 = 1Z0 (�uval ��dval)dx = 1:257 ; (A.5)a8 = 1Z0 (�uval +�dval)dx = 0:579 ; (A.6)Eqs. (A.5) and (A.6) give immediately1Z0 �uvaldx = 0:918 ; (A.7)1Z0 �dvaldx = �0:339 ; (A.8)what allows to �nd N and N 0 fators. The full set of input parameters forGRSV and GS distributions is as follows:



The Nonsinglet Spin Struture Funtion g1 at Small x 1735GRSV:Q20 = 1 GeV2, �QCD = 232 MeVfor �uval : N = 1:964; a1 = 0:573; a2 = 0:16; b = 0:175;A = �0:583; B = 1:723; C = 3:436; D = 3:486;for �dval : N = �0:162; a1 = 0:376; a2 = 0; b = 0:529;A = 1:195; B = 6:164; C = 2:726; D = 4:215;GS:Q20 = 4 GeV2, �QCD = 200 MeVfor �uval : N 0 = 1:741; a0 = 0:578;  = 9:38; � = �4:26; D0 = 3:73;for �dval : N 0 = �1:176; a0 = 0:666;  = 10:46; � = �5:10; D0 = 4:73:In both GRSV and GS inputs we employ the LO �ts. Thus the inputparametrizations have �nal forms:GRSV:�uval = 1:964x�0:267�1� 0:583x0:175 + 1:723x + 3:436x3=2�(1� x)3:486;(A.9)�dval = �0:162x�0:624�1 + 1:195x0:529 + 6:164x + 2:726x3=2�(1� x)4:215;(A.10)GS: �uval = 1:741x�0:422(1 + 9:38x � 4:26px)(1 � x)3:73; (A.11)�dval = �1:176x�0:334(1 + 10:46x � 5:10px)(1 � x)4:73: (A.12)
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