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% M o X 4 Study of Quark Distributions using the Light-cone Wave Functlon based
’ on the Chiral Quark Soliton Model
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The spin structure of the nucleon is one of the most active fields of the recent hadron physics. There are
introductions and researches of the new parton distribution functions called generalized parton distribution
functions (GPDs), which are the biggest progresses in recent years in this field. It is expected that GPDs which
can be observed through deeply virtual Compton scattering, include various interesting information, for example,
contribution of parton’s orbital angular momentum to the nucleon spin. In this thesis, we study and predict
behavior of GPD using the light-cone wave function of the nucleon based on the lo‘w energy effective model of
QCD. The partonic interpretation becomes very clear by usjng the wave function in light-cone coordinate for
GPDs which are characterized by the non-local quark operators separated along the light-cone. Especially,
GPDs in a certain kinematics domain are described by the overlap integrals of the non-diagonal nucleon wave
function in terms of Fock components. Therefore, the unified theory systematically treating with the nucleon
bound state problem including higher order Fock components beyond three valence quark approximation
becomes indispensable to cover GPD in a full-kinematical domain and to predict it. In this thesis, it is studied
based on the chiral quark soliton mbdel which is one of the most promising effective models in such a theory.
The prediction for the usual Feynman distribution fimctjon which is the forward limit of GPD was first given by
using the light-cone wave function based on this model. Under approximation of taking only five quarks in the
Fock space expansion, we confirm reproducing qualitative behavior of the isospin asymmetry of the sea quark
(anti-quark) distribution, asymmetric strange sea distribution in the nucleon. These facts show clearly that the
effect of vacuum polarization of the Dirac sea quarks in this model closely relates to the effect of the clouds of the
pion as Goldstone boson which surrounds the core of three valence quarks in the nucleon. Next, predictions of
off-forward distributions, GPDs, were similarly given in the 5 quark approximation. The model predicts that

the behavior of the non-polarized distribution H (x, &, t) strongly depends on the longitudinal momentum
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transfer, &, around x= &/2. If there is such behavior, we point out that a deeply virtual Compton scattering
cross section may be enhanced. Thus, the low energy chiral dynamics of QCD taken in as a vacuum polarization
effect of the Dirac sea quarks predicts very characteristic behavior of GPD and Feynman distribution which are
the quantity of observation of high energy deeply inelastic scatterings. From these facts, we have recognized

anew the importance of the non-perturbative dynamics of QCD even in the high energy physics.
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FEORBREREROVEDOIZ, — b/ \— M FEEE (GPD) LIRINZH LV S— U SR OEA L 20
RS DD, BEMRAR= T b BELEE L TERIFTEEZ GPD 13, BT DAY AT 58— OBEAEEE
DHESOEREND & LT, Bia BRADEEVEREEA TS LHFESN TS, A%, QCD D=3
FAPRENCE SO TEH SN FORM#ERBHEKEZ AV T, GPD DRZBVETFELELLDOTHS, HH
 SERYICBEN B R B T BRI 7 4 — 7 EE T CREM T b A GPD . RHE$EEC R 5 eIk E A
W5 ZETEDN— M HIBRBET AR5, 2, b2 EBFEIETO GPD i3, HFHEBROIENAL
TA v I RGOERVBESTRILEND, Lo T, GPD 2B FNERICE-> TFETH720I0E3 74—
IR EBRAEERDO 7+ v 7 BN E TR—ICR I DIBTFOFREREEZEIBRA/ARTAREL 25, AR TR, %
DEOBRERBOFTLROELR DDV ELDOTHD, HATN T F—T VU b UEBEZESWTIHER T o T,
IR ESWTHE O MSEEBEEE AV, ETHIZ. GPD ORIFBRTHIBED 7 74 <%y
MBI T D TFEE 5, WBBROT+ v 7 EHRATS 74— ETEMYANRD LW IERDOSL & T, ¥
FHROWr+—7 (RI7F+—7) ZIOTA Y ACVERNHREDR I BV EZEEMICER T L 2HMID, Th
RFELT, ZOBBCRT B2 +— 7 OEZERBOBHENS, BMTFHDO3 27 4+—27 OFERYE T—L FR MR
VL LTOn ST OEOME L BECHR LTS Z L 2B bR Ui, KIC, R 5 2 4 — 2 L OfEEE <,
FAF 53 THD GPD OFER 5 2=, HENIIERES A H (x, & t) B, x= £/2 fHETRAES B OESHERIT

EWBRCIRTE LIEA BV A OZ LA FRET 5, bLINE I RIELZBEORHT, FEEFEEI L7 b BENE
ﬁ%@@éﬁéﬂ%ﬁﬁ&éolbli’ Wi s 4 —2 OEZEREOHEL LTL Y hbhiz QCD OIE=3 A%
—NASINEALFT I RT, BERNF—IEHEREHEOBRETH S GPD X7 7 A < U O OIEE IEHKN
RIBHDBVETE L, B RNVX—HILOWIRIZE TS QCD OIEBERHHIZDOEEM N KD TRE SN,
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HATN - Za—y + I R, B IX—BFEHEORVEELME L ELOND I A TR L
Z D ERMENOHREE . DEEICRY ANAY 3L OEBER Th 5, KEB—BOWRIL. ZOHAL TN -7
Fe2 - VY MUBEICHESE | ZRERRY L THAh S M SR B R BT v%@ﬂ~byﬁﬁ@§@—
AL S— DR E TR L2 b O Ch 5, MR THEEEE 0 L+ 5 Z OB L uE, N AViES
%ﬁ%&w4?W%(ﬁﬁwﬂ4¢%%%)Kﬁ%éhk3@@%ﬁ%7ﬁ~7®%&k% mom@ﬁmnﬁoo
T2iZL. ZDXA FNFE, SBEOWMKT 7 44— 2 #FETIHEET2ET TR, AZIVF—DT 4T 7D
WERBESE, NVFLORLI +—2 K74+ —27 OB RS ERBITORKE REMTH S, 1A FAHOEE
DFETHY =2 RR Y +— 7 OEE AR 7 ) — 2 BBEE AV TR = LIk . AU AL oRES R
BBIY, 3EOMZ A4 — 7 OEBBERE 7 4+ —2 - K27 4 — 2 ROBEEZET I — L MEKER LT
HOBTEZOND T ENFES, EBIT, 29 LTALREAY 3L ORBIBRE o — L Y ERT5 LItk Y,
US— b AR MR S — b A B R B B O ER A R R B O N ERTH B, RER D,
Z OERER T, Th B OAHBIEIE Y 4L DIBRIES X USIREED Fock B DERVMS L LTRENENE
Thd, KEEIL., Moioaﬁ R EER L, 3SEOI 4+ —JICMATCSBOI +—2 (48D x—7 L 1A
DRI A —7) @ Fock bMWY AND EWVWIIEPDOTT, NV ALV D I 4+ — I/ #EBELRET A DI AEICE
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L Ex NBREA RSHERICRT B PEEE A, FIRE. L~ b ATORFER E LTE LB EE
D= b S A R ORI B O TIE. BFHOWS +— 2 HEDT A Y AV HERTEOIAT LB LT, 527 4 —
IS DEERGE LT DN Uiz, Eo, —fRb S h o AMBIEICIE, WREB MR TEE L. T O
DHFEEILERE D/ 5— b VAT OBERIUCITE S BRSO Fock RADHEMBITFIERTE 2
BB T L EHIELE, TOMICh, BEARET S~ b oARE%, BMEREBRKE — N SAR Y, B,
BT OMSBROWERIC BV CREDE AL o TV BERBNBICRT 5 BKE N TE2 52, ThEBLT,
CNLDBZINX—EREOFICELRT AN EON A FARNFEDEERRE RO L, b ORRI.
TNERCRESES LY, CONBOMBCEERESE525 b0 ThHS LSS, LoT, ARX
L (GB%) OBMBRTE LTHAMEESS b0 LR,
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