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WA 2 > 7 B 2 BRI KD FEERIISR® 55, AW (@] TIX, Pire-
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TDITNED T EWRE NI, KT, GPD(H, E, H, E) IZFAET 284 Pl T & p i
TOH, JV—FY GPD TH 5 Hy & Ey. KIGDTF)VF =73 EDRRICHTIHIR IR
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DFFIEEEHB 22 £ D QCD DAIFEHR DRI & & b 1S TR FEEHERTR 2 H 2 2 VB OBER
ZHIIZL T3, Zohdd & Midrid, 2030 410 D57z Hig L TP TH
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HENTREAZ W72y TR0 8— F v BB D BIfR & Lorentz AL VERIFRA
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NICA SPD IZEF 21 L BB T D 7V —F v 4B
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Fr—24, BELTER L EOBEETHETE S, A [ oHME, Zo7rYz” b
OFEHEM, BIEd 2 BilGm & R, RSN 2 HBERE2MIET 22 Lich 5, Fric, 2
DEIBRICEWTIE, ACVIEGHIEOHIEIC LD BTAEYAD P IL—F Y« AV D
5. %D 7 N—A v - Sivers BI% & Boer-Mulders %, \EG D7 V—% v« b7V A
W=7 4 DWREET 5, KX ] 2B T, BBEIL 2 ODfi 5.3 Gluon transversity
in deuteron) & 5.4 Tensor-polarized gluon distribution in deuteron; DEEIZEA L 72,
NICA DIRGER £ — o %2 HWT, A Y 1| OBEGHICRE 2 RS2 53 2
CLEDHRETH B, FRIC, NV T4 —2DZALDBME LR TN —F v« 8T U AN=T T4
X, AEV 12 OB TFIIZFAEE T, ERTICIEEET 2 0mBKcH 2, BT I3 T
EPETORBRTH B0, ZNSDETIEITIN—F Y « b TV AN=L T 4 ICEEES
Lpwied, TOTN—F V3R 2 2 287 W2 30T % 7- © D)
BEHETH D, o, TV NVEERBEIZA Y Y 1/2 DM TICIIEE T, E
BRI X 2 BEREIRIE, BIFE T2 HERMES D by 7—% L B2 270 1], =%V F v 7
AP VEHRERL BOWFERTH S EHEZ 6515, NICA-SPD Tlk, 2o oY%
MR 12— A2 o BEEE T2 Fu v OAEBGERIC X DT %,
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AEY 1D Fa I § 2 EEETRIRT 7 4+ — 7 704 B

AR T, 74— 7 HBIEE%% Lorentz AERIE TR T2 Z LICL D, AV T DA
O VAR T A BGHEE) RAEAF [transverse momentum dependent (TMD)] 7 4 — 7 704 B4
ZRLE D, BHS, YA A R 3 & 4105\ Cffgs TMD BISE I 5 201c L7 & & 237 L
WIERTH D, TOREBICEEL T, 2L S — MEEERIKEAEEOEFEZH L2, Ly
L. TMD Bi%cE NI SRR TIRAE T 5 Y v 7 BEDSAET 5 7O, RHRIEAZ
PEFERL T, fiE> T, TMD BIBUCIZIEH DR SR 120 2 BB IN 2 T A B4
DHEIET 5, TLld, TNFTEEINT IR HHHERT L n IZKET 2HZ E
AL, YA A M4 FTIFAET 22TOTMD BISZIREL, AV 1D Fr vITid 40
D TMD BIBNEET 5 2 L 2R Lz, 70, FirchnKEEHOEAIC XD | HEREE DR
FAfREE Y A 2+ 2D TMD BIBDIEL WA Z R L, YA Ak 3 & 4121330 DFT 77
TMD 23FET 5 2 & 26 2 L7z, M TatHBIBIBUI IR R A E 2 i 7§ 720, #F
TMD %%ﬁ%fﬁ@@b%f%ﬁtk%ﬁt &fﬁﬁ*ﬂﬂ” fd2k‘TgLT = fd2kThLL = fdzk’TthL =0
DTS 2 /OT, £, 2060 TMD ABEEICHIET 5, AEY 1 OFik
7% TMD RIS E T 2 L 28 L 72, g Fr vy HICBHCA® 6N Tw 5729
FRRICBIMT 2 Z &3 EEL WA, TMD Tl HHELZ ot e LTt 215HE
LS TH D, TMD ORI, 7L —A V. 1 Aharonov-Bohm R, D
IV ITIVRAY b RN AT 2 AR T I LB TE, SBROBEIYFEIN
%, AEv 1 OEG ORI, KEOD Jefferson 7T, Fermi iff5err. |1« 4 4
NE LRSI 1P (EIC), v 7D NICA IZE WTEDL TETH 5,

Drell-Yan @f2Ic X 2 7V —F v « F 5 v AN—2F 4 DO

N oy oigafFEsy IR & L THIZEEA TR 20D, 74—7 « F 7V AN—Y
FAPDBH B, ZONAEIE, 74—V DAEVNIRIC L D EESINLIYHETH 270
THA TNV EIEN TS, £/, SO1IRE—AV M, Z74—27ICW L CEF
RINBELWE € — X > b (EDM) 2 EBTHIE S 5 ik EDM I &Y % (7%
ThHY, TR FEHEREZHEZ 2V 2RBET2OICHELRZYHETH S, ZHUIXHL
T II—=F v« b TV ANRN=T T A HAE, TN —F VDA VKR (As = 2) D303
THDLIDAEY 120 FICIEHES, AV 1 OEBGFICIEHFET S, ZJV—4v - b
T YAN= T AL T, KEY = 77—V VISR (JLab) DR TR % FH
T FEBEHED B 203, RELCEBRIITbN Tk, AL (@@, #Hirzic7 =3
K E N IEERHFZEAT (Fermilab) 72 £ D2y R v v S iR % FHWC, Zv—% v - b7
Y AN=T T 4 DA DEEEDRETH 2 Z & ZPRIICR L7, 1ERRMRERL L 72 BT
RN % R 7B - R F Drell-Yan e 2 &€ b9 % 2 &1 X b, Wit 2 b+ 0 IEfw
M7 4 — 7 3B EEBTDOIN—F > « b T VAN= T D THEZ6NS Z
RS LT, 2. MABOfEEZ S 2 —F v NoEE., #EfiE. SEF4 74D
BE% e LCR L7z, Z3UT kD, Fermilab 128\ CEBIRENHEEIC R ), BE1039 E 7
nYzy bEL TR THL, 51T, I—F v bFTUAN=TT 41, NICAD
RS2 AW CHOHERRETH 5, hE. EMEHRITERTORmRE LI LA EH
Vo NS, X (@] CIRERRRZ EZBRCH W S N5 EE OERG ARG TR L %,
BTG e ETFORMBRTH LD, AV 12037V —F > « b5V AN—
ST AGMICEEES Lk uicd, Bl RAEIREZ B2 52877 Fa VB2 R
26, J—F v« b I VAN=TT A DEREGYHEETH D, Hirclao Fu v
T OFAEEIN D,
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N Fa v oEIJBIKAT

MIACYDOTERZERIZ I+ — 7 DAE Y TIREWI EBHS IR D ZDEF %2k
ETB0I12iE, S— b v OiEAESEDEFS 2RO ZNEBH 5, ZDd, ERKD
Bjorken Z x TR I NAMEST D/ S— F VBB D A TIE 7% <, BT S & 3 Koukk
R E Rk B T EDSEEI o7, 3RITEERIBDO—20 B3, 2 TFIERE (v +v — h+h,
h: NFuay h ORKF) TR S 12— Ak GDA (Generalized Distribution
Amplitude) TH 5, T 2t K2 7 b V#ELIC BT Mandelstam 2% s
Et 2RI EIBRTH 570, GDA IZRFHEIN—#A S — F > 7740 GPD (Generalized
Paton Distribution) &b &9 2 L3 TE %, 2016 F£ICHO T, KEK*B 777 Y —5
B2k . 267 BRRIC BT % 70 T O AR RBT 2SS 1, FEEINIC GDA 3F
TE BRI o7, 3RICHEERIE D GDA 13, BHBIRRTFS X ) 74— RO
N—=FVDIINVX—T VY VDIGREFZNELTE D, GDADYRETEZIUL, 2o
POIRAT- 28 ST 2 EDHEETH 3, 4T Belle DFEERT— 2 % v, HFETH
O TEBRIHED NP vy oBENBRET L %2 ko 7 [HIE], «HEFICE2>0%
ITRRT- 01 & O, DIEFEL . &2 035 (1. $0)EH) 24, BESAICHET
%5, a3, ThoDIBIRAF 2R, P FEREL LT /(r?)men = 0.82 ~ 0.88 fm,

(1) mass = 0.32 ~ 0.39fm 2537z, MO FPEEEE \/(r?) charge = 0.659 £ 0.004 fm
o EEL SR SN TEN, HEERIZINI DR DN, HERERIRD LK
VI LEE®RT S, TNETEHOHE IR~ 7 0 2PKICIR S Tw» S, i D%
&b, EOEKELTONFeYERE, NFRYNDEIBRI 7k xr—7 « J)—
FroOHBEEZHOTHENEICZD, ZOTBFOSBROREIPRFIND, B, 20
R EFRD TN —F > - b T v AN= T 4 OWFRIE, 2019 KEK SERREFHICE
WT, KEK DA 74 FIFZEBREDO—> L LTI nE Lk,

PG EEHERIRC X 2 T vV OURSERIS b, o FREREHE

AV 1O B Y EFFZICE, AEY 1/2 DREFITHE L e W imtiE DS A e L,
i ru vz RO 3 FEE LTEHSIN TV, fifEL 7 b v EIEMMERGELIC
BEWTIE, 208k Ty I UEGELE L T4 o0&, DHFET S, ZON2O0
BIEIY A A 2THDH, A=V v ZTHRIRIZEWT, Callen-Gross BAtR=NH24§ % X
20b) = by THRELXDWTED, T16 DREEREEDRUICHIE I NS, 2D T ¥ Y VIR
WHERIE b, 13, T CIC HERMES IZ & 258035 % 23, 2020 4ERF2 £ 5 JLab CTHE% 72
HIENHBINE FPETH 2720, BHINICAY Y 11T % BT DOEUERT 2 H
TFPHL T BEDNH B, R, BTFEdlEF&4 L 26 D S HHRIED S b ICF
E 0wz, ZoOMEREBIEH- R AV F— A UVYHEEE LT, $INETIC
ToNnFoUvEEEELITRELTEHINTW S, —RNIC, H &R 2 33T
51538 L TBEMAARETEDRH 5, Zud, SRR % N o EE) B4y
i LT ND = b VEBITE DA DB R AARD & L CEld T 2 FikTh s, ZOFHET
L et - T D IERREEZ SO E - OEENEM 2 W<, EfpFoTrr vy
TRt RE 2 b, DMGEm P28 L 72 D), A7 T, 20 ToMEmRI R OME W 2 154
L. FiicdBicRE o 88 (2 > 1) ICOREET 2 2 L 2R Lk, ZOMRHBREE.
2005 4D HERMES %Ef & g U 725558, b O RE I & o IFHEDRRE SR L 2 2
BHL 72, U, WodEfAEBRIREE S & D ICH BB & thi: 1o B 72 iR AE 2 8 2.
LVBEOEAEETRETE2HDTHS, b L. ZOEMEERIOFH LI HZ 2H550% JLab
EECHER I IUL, NP v OH- R RICEN S, EEE. ZNFEF TR Tw
ROLENZOOHBED b ICEHET 5 L OMER O HIBEOTE D, FircmFo vy
DT OBRPIGEI NS,
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%, 2017 fFRFRIC. CDEBRIIH - BREICHD, T oDL b7 7 —D CP X
PR DB D FE RIS TEBEFEINEA TV, —a— Y EETIE, —NICER
T TSR TH D, P2 X T2K EEROE 13K (H,0) TH %, fE>T, =2 —
FY /- BAEBELOWIHRE I A T, BBRIE % L ORIGD RSP L TH < B8ns
b5, Friz, =a— MY 2 IREFEERO RMEALZDO KT IE=2— bV 2 HFEOCH T D
AEMEDFERETH D, Zid 6 DOREE CP E D= I1TiE, KR W RGHTIHE 2 PR
WKEHRTE L 2 LRI TH L, 220, KAV F—DPOLEIRNT—IIRES, =2 —
N RS O WS % ISR TS 2 BRI 2 19 2 2 & 2 HIVICTE 2 17\,
Za— MY ARG BB T AL Ea—fmE LTHELL B, L7 VR
SLOGEB AR IC X D B 2 BERETR A2 v 5, K 2L X — 2> o #EHIERGEL, It
WAL TR, PEIEMIPERGEL, Ly ¥ = LD R 25 OB ZEE L 72, OB, I
¥ CHEBREREDFET 2E SO 7 — 7 & M Z g L CREBIOREEZ T\, =2 — |
V) 2 RISDRHETH Bl X 7 FOVEIROSICHRER L 7, P a v &R, BRI
HAMANEH ©H 2B FBI1F (QCD) TRRIATE 2133 Th 205, HREELDK =L
F—HRICE VLT QCD ZIEMEICHEC FED 2 Wicd, NFurvHRERZEEC L6
W % o 7o, SEBIEBITO 2/ TH S Q2 IKEL (Q? > 1 GeV?), AEHEEDKE L
(W2 > 4 GeV?) fHlgClE. BEERN QCD & BHEM S — b > 20 AhBE% % A v TR & 3
L7, 26 20D, 74 —7 NP a Y BOHEIC X DRI 72, Q? <1 GeV?,
W2 >4 GeV2OMEBIZL vy o T e RxuvickhaddIa, @iEx7 FrAaL v bic
BAL T, Q? — 0 DGR CEMICEREEI 1L B0l L v b (PCAC) D523 2 &
WCHEEL7, N6z E e, i—ftBEFEE LTRET 2 a— FMERzZiED 7,

BERITSE O CLEG Y figbT

BT BENEEICB U 2@ Fa v ERT = 20T, BEAER a, ICOWTHE
BRAER (LO) & 2% (NLO) DN 217\, m i, K hfET. BBt s zh
5 DAREWE KD B3], ZDOFHTT, FIZT IV —F v LT 4 — 7 DB DO A E
MEPIEFITRZ W E 2SI L 7, BHEICHV 5415 Kniehl, Kramer, Potter (KKP)
& Kretzer ODWHBIEUIC X, REKEBL 23D D, 216 OEFEEDMELE 2> T
72 AREHTT, 2 ODBEUIF A DIRD - AEEDHPHNICH D Z L 2R L, 20D DS
FHCFIED W EZHS I Lz, F7o. WREIEZ IEMEICHE T 5123, Z RV VD
HEXLD/PNIWVWIZRFLF—D Belle FD 7 — Y NMBEETH S Z L 2HEML -, — BN
W2, BERRBEEICIE S — b v AR DA 7 o+ — 7 o3 AR LT 4 — 7 3 ARICHRYS § 5 E R
PRERE & IEE RIS B BFAE T B, B A1 ot (ud) ISR L TR, uB XV d 7 4 — 7 flhk
BIEUIARIBIE. d 7 4 — 7 BIEUIIEARIBIETH » . BEIE N Far o 7L —
N—EEZRHETS5-DIHHTE S EEZO6ND, 22T, XV F v 7 Fa ekl
TH 2 f,(980) 2B LT, BERBES D 2 K€ — X~ b L BABIE Rz BRER ISR L,
LX¥YFy IOy ONEHEZEET 2720IcflTE5 2 LR LA @), e
v OMEBIENE. CNETEICLEP R SLD ICE T 5 ZHHBOE T - BaE FelEikic 17
ZAFavEREHGCTIREZINTE 2, 2013412, Belle & BaBar 23JEH G B Wil
BB D F— % AR a Y (r, K, p/p) (X UTHET Lz, BB ot id, i
L7 b IR ERELIC B B K PR AERE 72, JEREGE X OREIRA F LY o —
A OIEICKRERFE L L6 L, T A Y ORIRORFEICKRY) 258 %2 7
T, ¥, Belle £ BaBar D7 — ¥ BWHBAB DO AN ELEZ /NI T5 2 E2RL, 2o
DEBAEROBEBEMZ /R L 0], £/, 2016 FICFBIZEE & L TKEK K6 L 722K
Jefferson W72 « W28 B Sato K & OH:EIFZEZ HEE L . Monte Carlo % Hva7z
BRI DO YLEFZE % SER L. 15 6 N7 BEFBE s o — F 2 2B L 72 [m3),
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17. Fermilab I8 1T 2P « EHFST Drell-Yan @2 D 7 > ARG EE o B

18.

AV 1 OEGIIEH7 LRSS EE L. Z2OTDY A A+ 2 ORGERIED b,
Ebh, THB, CNLDBEBUZ I A+ —0 L TN —F DT UG S— b VAR T
TIEDTES, by 132005 4EIC HERMES 12 & Dl Sz, HIEEAERKE WD,
FEEREDS JLab TITONE FETH 5, L L. JLab FEEIF LA & V> Bjorken 28
rHEBOMETH D, K7 4 — 7 DT v VRIS ARIC DO W TTRETE kv, R, &
TIREL RIS, BRI [ doby(z) = 0226 DT IUSHRAEK 7+ — 27 DT > Vil %
EHRLTEBY, B VX—RIBIC L 27T VI VA U SET S OEZ BT 5,
T, Gottfried AR DWNDIK 7 5 — 7 34D 7 L —N—REE (u—d #0) Z/RL
7o 2 EICES 5, HERMES 8Tl [ daby(z) = [0.35+£0.10 (stat) +0.18 (sys) | x 1072
BEENTEY, BRRK T A —7 « F ¥ VRS AR T 3 L £ 2 65, 22 TA
W clx. Z DRI AREEL. K7 4+ — 7 « 7 ¥ VY VR4 BI%C% Fermilab-E1039
FEEICBWTHIET 522 L%, Bt - E T Drell-Yan if2 o 2 € v IERFREE %2 BlEmT I
THT %2 LIk DIREL 7 23], HERMES EBRIZ X /NS v Q2 #8IK (Q? = 2.5 GeV?)
DT —F ZHATE 57 vV UG [B5]) % W T, Fermilab EEROK &\ Q? fHIH T
SR ZEIE L, 24z H\»C Fermilab Bz 1 « 8Pz Drell-Yan 25RO IERTREE 2 K
7zo 2 2T, Fermilab-E1039 EWiCHIREZ: . IERMGRES 1 — & & 7 ¥ VO OURMRE R 120
ZRE L%, 2@ Drell-Yan Wit X, B3 7D 7 4 —72 « K7 4 — 7 OIS AREIE &
DT vV WREIRS AR OB R I L, Z DWIIHED 7 >~V )UIARIE TR 1328 %
ThHhotz, TORM% Fermilab Drell-Yan #7885 23 KE I V> B FEBUZ 1A T
Tuyzy hE#EERTH S,

J-PARC 281} 2 JEth Y Drell- Yan @2 % H v 72 —#Ab S — b v A B o i 5e

N FE T OMEGERIBUL, MEATmEEE S E L TD 8= b U OB ICHZE I 1
T&7/, Lo2L, BETFAE Y-, RS fAEE) & O F 5 O I T Mo Am o B
FRDIAT]RTH %720, 3 RITHEEBIE DDA IfTbiIt w5, 3 XIuisEBEE DR
KD E LTt — F 3B (GPD) 2°% . CERN % JLab % £ D fi#
PR CIIZE I N T VWS, TNO6DMEL 7 vy E—AZHL 2ERTI, (Kffar 7
& v HLEL & PR ARG 2 LT GPD OfZEDMTh it T %, Zusxf LT, J-PARC
R EDN N a VIEREREICE T B GPD I E ST o7, 22T, ALl
J-PARC @ 7 HfilFE—2 %2 L 7z, HEBIY Drell-Yan J@F21C & 5 GPD OiffE % 14
L7 [22], GPD & L T2 20EH BMP2001 & GK2013 ZFH\WTCnp — ptp~n OHERT
IR 2GR L, Zn e AR, J/Y 26D I 2 —F4 VIER, Z2ofioNy 77
7V FEIEL, REEEARZ P vE RS 2 812X b Pt Drell- Yan @RV E © &
52 ExM LT, ZORIBIE JLab DEBGEE v*p — 7tn OWHEIETH D, JLab FEED
IRASE IR TH 2 DIKT LT, J-PARC EERCIZRiENTH 5, £/, 2=10.3-0.6
WD S 5 JLab EH X D /NI WLz i 2 = 0.1-0.3 THIETE 23E VDR H D, 2D
DEBRIIMHHNTH 5, mHEFE—LE LT, 2020 5K OEHEEIEN NP0 v E— L 5
AV EGHTS, 2OE—LI7A4 YOFEBEIHICES) 70y =7 33D, ZOFHMWIZ
F =NV FUFHTH LD, TOMHBMOBITICI a—A4 VISR ZHRET 52 LI
X ) GPD FHEEEDSAJREIC 72 5 72, E50 EERIC b 2 TRl Z# L L 7z, J-PARC /N F
u Y OF e TRk R L, 2 OFEEBOFEBUCIIT T, 2019 412 Lol (Letter
of Intent) Z & L 72,




19.

20.

PHEE = 2L X — P e v RIC X 2 2% V' F v 7N K a v O N SR

Gell-Mann & Zweig D 7 4 — 7 BRI LU, FEF1E qq. 2N A v id gqq DR Z R,
NP DR, B Z1X qqqq *° qqqqq ZFREORNFIZ XY F v 7 nFu v EEEN 5,
2004 LI, =XV F v 7Py OEBIFRRIEOSOMEINT VS, L2LAEDS,
HWHEONNRYDPIXY T 7500, HE - HEIE - 2 © Y OB 2 ED S
TIHHE L, 220, M RLX—Fa v Kb & EBEEEN QCD % TG
YD, XV F v s IR HEET 2 2 ERRE LA 30, BEERN QOD I ki
X, B R LX =P Fa v oG, 7 4+ — 7D N— P 7V —F v 58
FoTRRI 2D, "—Fh I +—2 LN —F v OEEBHRT2EET2Z LIk, W
RIS L T 7 4 — 73BN 2 2 EDSBEGINIOR I N T W5, ZOFHEHNIC XN
. 2o Fa v G a+b — c+ d DWIIEIZ, BELRISE W T, ngpeq 2 OGBS
THENFa Y NORRTEE L Tdo/dt ~ f(0)/s" L, n=n,+np+n.+ng ERXRT L
NTES, ZOMGETHNE, BNL % JLab OFEEBRCHEEBICHEES 1L, ZoHHNIICER
L. EnEEE T E— o2 HoTUlEREZ &4 Ra v O NS 2 31X % Al
W2HIE L7z, P o RSN 2 R 7 )L X — i) & B # a1 QCD 23
TEL2EIFNVXF—FIEE T, 37 +r—7RELEINS A(1116) KXV F v 7K 0
v &IN5 A(1405) DAEJRIETHEZ HAED . ZDiEV2HN% 29, 2O %Z J-PARC
FE7e s LiEm L. EEE R Y — A2 ERont 2R Lz, Ric, FL4I1E2o
2 O ToN— F e g Ra VOB BOG D FEERAGR & DX % Ji 7o, FEEIRED
A(1116) 123 7 A —Z7HREBEFER VD, XV F v 7 Far e Ind A1405) I2DW0
TIRFEBFREENRE L, BT EZHET 2 2 LDRREECH -7, LrL, ZRLF—
RELBBIZON, 520D 7 —7IREDNS 3OICBLT 2 8ED 2HRBA Sz, Z
DWFFERR I % G (23] 1ICF R L 7z, 8. JLab-12 GeV OEBDMTb L, BEEOR 3141
ZHAVEIZXYFy 2P aryoffEsitEsseEZions,

IXVF v I EnaryoEaeE

MR, XY F v 7 Fu vondEZRiciEi Inn s, ZoMmNEdh e LT,
WEOMRZ O Y (qq, qqq)s XV F v 7 BBEZE 2RO T, ~"Fav o+
K&, H2VIEINEDEAREBLE AL TEEZL ERRL DD H 5, Ts OFRAITIE,
HTFEBIEZTHHT 289 A= —DEFINTE D, 216 DdidiE N Fu v o NG
FHAT 27201213067 LA RTFERE LT L HE 2%\, FEIKE L 2w,
N UG BRT 2P EE L LT, WEREBOEAKEYH 5, fiild, =XV Fv 7
NER Y DBEHTH B A D T =T £,(980) & ag(980) D 2 AR % R AT % W5t
L7 @), Bz, 74— 7RI X % qg RERTIE £o(980) DERWHAMEHIC X % HiEIE
fo— nr ZHHATET [N, ¢ — foy[E9] 2 JETHIHEIE (fo — vy) D%EDL S, KK 49
THRRENE RSN TE L, HAELIZ, 2 REDOTIC 20N Fa v BFEEL T
WEHEET, A REG TG T EPETFORERTh 2F 2" TOICH e, B
2 VISR UL, ~FaraT e LTORMRETH D, Wiz olzidiul, 7 4+—7
BARICRUR I N AR EE DO N Fa v Th b, Hhld, FERRIC K > TREI N fo, ag D
HELEGEBREHCT, £7 £ & ao D KK 8EE (X, X,) ZalHE LR, fo 0F
BEEIFRE L ap FHEAVNS W EDMHL 72, RIT, fo-ao IRADIREIRE (&4,) 25T
L. BES OFEREAL & R L 72 RRIT, &po & | XX | DBIRZ ANTRER [ X X,| < 0.4
PRSI fo & ag DRIRHC KK 3 FIRETII W £330 o7, TNo DRIz D,
f0(980) 13 T2 KK 1RAE, ao(980) I3 Z LISV, DF D 7 4+ — 7 OHFEIRETH 2 LEZS
NBZERHSIZ L2, ZTNET, fo & ap lZMAIIC KK 5 FIREETH % L DB
D3 > 7D3, Bex DFFERIZ UKL, fo(980) & a(980) D NTBREIERITLICHT 72 2 AT
w527,
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21.

22.

B i Ze i o SRR i & B 5

KEK & SLAC @ Bt 7ifZeizk iz, KEICAERI N ZBhETF2y 7 « v — 201
7 EOREHRIC K D KT KR FONTEDOW N Z R, Filcml 2R L TE7x,
IS DT, B AT & X B T ORIREDB L EFE R L. MK - 38R O BEE
BT EDOBRRZZT 0, ZNSIMAT, Hitth Xy Fy I rofi, i
BB ORENELR ENFa VYA BEWTHERAREZEB L -, 2N E TCOWZERK
ReF Lo, MEMOT, FEENT L, AR - [)BER & 2 OMEE, N Feragite
HAEE, B se 23R L < ﬁfh;ﬁ L. 928 R—Y DX The Physics of the B Factories &
LCHRLZ E,, ZoHEHFIF 201447 H 11 H, TCP WMo Ft o 6 50 4~
Belle 525 & BaBar F2l, m% ) |G IR D Rtk & e mHk~, £ L TKEK 226 7L
AV Y =R 3Nt BEFIE, ZomXDF T, K Wh%ﬁwmﬁuﬁﬁtkoﬂFm/
@@W%ﬁi ZNFETEICLEP R SLD iz %\, ZEREROET - By 70y
BB Fa v EREHGTHREINTE 2, 2013412, Belle & BaBar 235EH 12K
EROGEHEB DT —% %2, BonFay (r, K, p/p) ICA L THE L, £/, HLRT
FOLF—EHERN N R YD IV X = 2 DINOTEIRZ A N— LT, 1B BB £ H3
ETE BHRICKR o7z, Belle & BaBar DH/LAR LI 2L X —13#)10GeV TH O, LEP/SLD
O ZEEEEIZRESERY, BB R —) v IO, DF ) I —F Dl
WEAE DY 2 2IRMNC I o Ty BNV XF —BEA A VNS KD 74 =0 - TN—F 7
7 A2 DR EWEDOMH, & L X — ks 7RG X 501 A E VRO Iz 1%
IEFE 22 BBV EA TR CTH D . B IR C 0 THICE W THRKE C EHER
L7, 512, BHRBETFHEMRICEWTEHEDA ZVIEHERZAE L2282k b, fib
DMEERNEE THF A A 7 VHEZ RO 83— b VBB OMEMITTRE I 2 b, FRICRE T A E
VRO T A Y VRGOS REN R E 2 R L, WX [2E) T, s R
ZEEL SESLL 72,

GPD & GDA ZH WXV F v 7N Fa v DN &

IXYVFy s ParyPERNICHREIN TV, ZOUBNEBRICZX YV F v 7 hfllz
RO 89 I3 EYTII A < HEPHEIEZ £ OWRE CIHW Ly, 22T, BT
FINXF =2 VB THEDHEA TV 3 3XouGER iz T, =%V F v 7 Fry
o NG Z R 2 2D 72, N Fua v DK% 3 XouhhdBI%Is —m b S — T+

> 434 GPD (Generalized Parton Distribution) 23% 0, Z @ 3 Xyuli& 2 H S 22§ 557
Bix, ~nFay - FESI 74— LHENTV S, AR, COMETRZZXYFv 7
N YOREICHC, NFur o 3TiEE o nIcd 22 LItk ), XY Fy Y
D2E)DORENTE S E &R EE, BRI, #ETR D=t oA D E
Ko, TWIRHFORE W Q? DIRZFEVIC, XV F v 7 BREDEHN 21T TH 5, i
7 *— 7 DIAABEBUE. KDL K %513, 20503/ o EEICHEEIT 5,
RN Bn =2 & 3DYG. BIR LAl 7 + — 7 534 h39E6D 615 6 e o i+ & %
TOfi 7 =73 —8 T 5 2R L. FHIINETE774—7 (n=4) XV
57 x—7 (n =5) N Favoftiz x—rafieRn Lz, £, IBRERFORE - Q* H
Iz BT, BEEER QCD OMEERL-FHE A 2 v THERBL F B2 A 5 Z LTk D
XV Ty I BHEE OGS EDTES, LirL, TFVF vy 71 F 0y ORAERE
ER T FEERDOFEER E LA TE R\, 22T, GPD ZHlE T % {K4H Compton it
BD s-t ZGHETH % 26tz v THE S L 5 gfhﬁ\?ﬁﬂfﬁﬂﬁ (GDA: Generalized
Distribution Amplitude) ZfH\2% 2 & Z24RR L 72, 26 @RRICE T 2 Py Fo oot
Ak BEERET QCD Dy & IHEEIR% GDA off e L THb T, D GDA %= FHEin
SRD D Z EITK D, BRI NI Frr ONFHHEIC O W TOMEIME 6N D, K%
Tl, Belle 3287 &CHIE S5 2 6T B2 %2 FV T ag(980), fo(980) & ED X V' F v
T ORGER RS 2 EITE S 2 E 2RI L 7%,
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23. WA HIEEIC X 5 A(1405) O NEBHEIEAFH

24.

Mt EFORREE, 2 DRSO N & v DBEEIZ, qqq DR E GE L 7 HiffiZz
7 x— 7 BRI XD BRECE 205, A(1405) DEEICOWTIEFEMREE KE B3 L
DHIGNT WS, Tk, A(1405) 13 KN O FIHEANRETH 2 L PRI TV 3,
RIL TR, K DRF IR T % K T B0 FZEFE03 J-PARC 7 £ O I# &
ROMREINTEY, ZOHEL 2 KN O FIREEL LTD A(1405) ONHREE X, £
TSN EXREPETH 5, AL T, A(1405) OEEEHIEEIR [A(1405) — Ay, 2v] 2 H
W, A(1405) WD KN HEEHIGTH 2 HAEIRETE . FTIRETH 2 0B DHH|
DCEB I E2m LT [, KT, JOEMIESIEEIZELER TH 570, WRRDORE
ST X D IR RE S B ), 7G> a v 87 b s — 7 HIIRRE L D 2% X
TELEEZOND, £ IC, HESTHIEIE O FEERE % T A(1405) OEAE % X7,
9, HERIICHIET - N F U HRRREED )L — TR E B RE L T, A(1405) — Ay, Ty
DRI Z R L, BiEEIRE & A(1405) AR & OBIfR 2 BEERIVICN L 72, RIT, A(1405)
Yy EDRIAERZ A(1405) — 78 OHIEIED 6 R, 78 DEEED 0.19 RETH %
ZE&RL, mX 0 FHEEDS A(1405) D FERPRER TRV I E2HS I L, £/, W
SRR Ty, Ty, OMIEME & FERHAZER L T, 200 DfHE A(1405) HEE L DB
BaR U7, B BRI IERE IS HIE S T e ds, BRSNS o IRl & BEGEHE 2 il
T2 LITED, A(1405) DEAEED 0.5 K D b RE VIR 27, 16> T, TS AR
5 A(1405) DFEERELIERIZ KN THH I LG L7, F72, A(1405) DE R 1424
MeV & 1381 MeV TH 2 5EICDWTH, iR & EAKE L DBIfRZ /R L 72, IEWELREE
JE2 PIET B 1TId. Ev TR L O HIERIE 2 SR & 2 3D 1 . [ D J-PARC %R
ICHIREL 72\,

HADEYB O KL R— T, MG

21 HAdIc 2 0. HAR IR SRR D IES iR, J-PARC, KEKB & RIBF 23585 L |
RCNP, ELPH & & iz, I o 0EESZFH L TEANIC F o v H Y O
KDL Z EDHBRIC R o7, o, KEGIHEBOMRICOWTHELWREELRH D,
HE A QR L 72, M5, HERICIZ LHC, RHIC, JLab, GSI 72 &0 B HE S i
BIH D, TS DEREE TSI HROMEE XS L Tw3%, 26
DONMHEERTEH I N 2YBIZ LI h 7> T 303, JHF%II9EE 135 H OpfE i o &
2T 5HFE VT OBMIHEA TR WATREEDH 5, 72, J-PARC % RIBF 13244
DOFHED S HEBLE T2 HFE Lo TWwAE I EN6, 2o DR TIThbN 2 WHICE
L THBSDBHETH D, 22T, MYHEBLOREICL Y. HAROKYH ORI
FHHIZ £ & O 7 E 2 2013 FFIS/ER L 28], SRS REFHEZ R L 7o, Z OWMEEH
k. NEREGYBL, WMESYHE, N =% ALy AYEL, ~NFu v, &5
IRV F—EA A UEHRICK 2P, MFEOYHE, BYHNTFIEIC X 2 Y, G
SRV OR YO 2N T2 G050 TH 2, o, ZORGETRE 2021 FFITHR L7
Blo NS D@MILOFT, RIHIML RSB OMPEICHIR L 72, LTREaa T, A
BV SZVEGAL W7 E 3= b o ABI% EREERTS e L 7" b > - B Bl
XOBGT - B FERICOWTHRILL., NS ERT — 5 OERBNEITIC X > TRESI NS
i S — + O AR ORI Z SA L 7, $7-. BiRBERR OB L5 Y 4 A D3I
ROBRZRL, BMTAEY D= v« 2BV EEMAEBIRADSMEIZOWTHE L
720 BilC, T A vy ORIFEZFET 5 7201213, i EEE OS5 2FE T 2 08N H
D. ZD7DD IRIUEEREBERIL 72, £/, o ORGEBIEICEIT 2181 QCD
BRI X 2 BERRY 2 BRI DWW T E & O RIBICTRER O FEEREHE (CERN-COMPASS,
RHIC, Fermilab, KEKB, JLab, EIC, J-PARC) %8/ L 72,
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25.

26.

W PR D Q* FEIET A DREME & FEfea — 1

Belle i 7L — 713 2013 412, 20 F TO LEP/SLD 7—% & IR TE L \WIZ LD E
JECI BB OMER R &2 FK L 72, LEP & SLD & Z B RICHNM T 2 = 7 )L ¥ — Tl
BI%% R 7 D3, Belle DELR L FILF —1310.58 GeV TH % 7z, MBI DA r—Y
YT DOWNDREIC R D, WD TN —F v OB ZRD 2 Z 13 TE S EHIfFEI N
Teo A=Y v 7O %GRS 5 DGLAP (Dokshitzer-Gribov-Lipatov-Altarelli-Parisi)
JifRE, K2 QCD oEEIEXIEZ UG, EHEAEES TR TH D TR <
T EPTE R, T, BB E F W eR RV X —oN B v OGO TSI 6
7o b, FRFEEERN 2B 2YB, 74 —2 - INV—F V77 A DOMWH, BMTFAEYD
BRIz 12 & > TEARRIRTH 5, FZ 3 X —FEET — & OUFERIGENTIC X 5k
E SN BIE UL, — RIS VIRV X =R 7 — )L (QY) ILB W TREEINTE D,
Z e AEEPDLE LRSI RV F =G THWL 2 EEI12E, Q* DA — VR EZ R
B 208035 5, 0 Q* FEITEBRITILH PHERMZEHE DI L TWw 503, —
IR ESN TV a— NP hwid, LA — FE2ERT 2RICEEDRH > 72,
WEEE% D DGLAP AfEaIE, MBS D Q2 12 & 285 & . WEBI% & B2 D D |
BEAFR Y DI NF =2 T K 3BT TRIND, Thxld. ZoHBERZ EMEIC)D
M < iR < Bfiff#EE % . Euler £ & Gauss-Legendre iE2FEHEIC LTI RT 5 Z LIT X D IRE
L. @*FEa—FzhF L7, QCDMAER o, DEHEIRMEXK (LO: Leading order) & 18
Hj 2 X (NLO: Next-to-leading order) Z & & DGLAP /i O fiEfif 2 — P2 524t L 7,
Cha—FEfgEFizim B icgRL, —ROMAEVPFHHTE 28kIcA ¥ —Fv + &
ICRBAL 72, 2D a—Fid, N EFu AR ORTR & SBRT — 5 O, ST tL ¥ —
N RSOGO FELRICH S 3, AROFZE I = 20V ¥ — RN BEE O FE R I
FhH L7,

BRHERIIC X % CDF 22 =y FMERAEFBR O R

201144 H. Fermilab 13 1.96TeV D5« KB EZ2RINLE RS Tevatron O CDF F25iF— A
DMEHERIRICIIFHCE L WHIFRZ L7 L KR L, Z DFEHIE Physical Review Letters
106 (2011) 171801 ICFEE I Nz, Pt - KB FOBERICL > THERINDE W L 22D
Yy FZENL, Mz 200 2y FOALEEHELE L TRLIE T A, 140 GeV I
ICERERTRICHIHTE R WE— 2V 25/ L7z, 2D CDF OFEIHIFHRTH 272D,
ZNEHERRIO RN CHHTE LR VLI L 2R T 206N H 5, WY =y RIS
X, WIHPREEDRG T £ KB THNOMA 2 7 L —N—=D 7 A =7 LK =7 ROV —F
VHBGLTEY, N6 D= b v DT NGB RS 2 IEMEICINE L TE S BEND
%, 2S—= F D) BT b 5 VId KT OB R OEI A Bjorken 28 » TR I, I
z = 0.05 ~ 0.1 fhEDIIAGBIED CDF BRI E T 5, A L ¥ 7 4 — 75704 s(x)
. PEkR= 2 — MY BEIEMIMERGLIC BT % ptpm BRBOBTIRE S s ~ 0.4(a + d) /2
THHZEPHSNT LD, 20 x FFEOBRAIC DS 5 2 L5, HERMES &
KD RBIN T, BADIZD s(x) DAEWED 2 Y 2y P HRICKIZTTHEZ TN
£ 2%, CDF OfkafwE— 7 s Cldh vy, WELWmEo 2tz Wit L%, CDF
B BHRIIWIEEDYE L 2B DTS 5 720, WIHEEDZDFE RO ET 2,
ZDZ LS, CDF BEHRO L s(z) OAFAEEICRRL T I L 2EMLE. B
HIZIE, A MLy Yo 4 — 7 oI BEERN R 2V —F VA EGERE (9 — s8) ICKE
FEER T 228, BHEA ML Y ERIEND QDA — ILFEIE L BIR R A BT NICHEET
204038 % EEZSNTED, s(x) DIANIZEIEX, ZDERA A =X 2 & BE§ 2 Bk
HLHETH 5, T OWTERT R Z X [BI] ICHEE L 7203, BHEZA D 2 HR IS E
SN, RO RAM L BEEIROoNIbDEE LD,
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27.

28.

FREEBAR 72 5 5 5 A (2940) " DOHEIE

Belle® BaBar iICk D, BEWIZ =720 FaryRiZ, WSDbDIZFYVF v I NEF
O RIS S, Z2O—DIC A (2940)" 3D D BT & D T D53 TR
BTl EEZSNTVS, LaL, A(2286) @ D IEIFIREETH 2 HJREMELH D |
Z OGRS EE > T, ZONRKNGEZIREET 2720, A.(2286)" DRSS HHE &
BOCAHAMEIIC X 2R ZTIND ZE2IRE L2, £9. A(2940)" — A.(2286)Ty DI
S HABEIR 2 2 TREERENC X DEME L, x oM Pl Z R Lz B, ZoFHE T, %
59425 ND* V=7 0H%ZEZ, 77— AEMRIERL TERMLZITo 7, HRIE~DE
Hix, ND* V=7 H D156 DERHESRKE (. D, AF KO AFND* TR IZ gy
INE Do Tz, A(2940)T 2 pD* & nD* DIRGIREETH 2 LER. ZDORAGMOZEAL
72 (JAc(2940)") = cosf |pD*) + sin @ |nD*")), WESHIEIZ, CDEAM O & ATND* IR
HrDiEdEEA Y b A7 « NFTA=F ANCKRESMEET 272D, TN5D8F7 X —F D
BE L THEHBOMEEZ R L, HlZI1X, §=10°, A =1 GeV DA, HIEEIEIX 84 keV
Thotz, RIT, A(2940)" — A.(2286) 77—, A.(2286)+n07° DIEHHAAEHIC X % A1
HizowTh, oG EZE L CHIEIEZ BERMICEHE L 2 B2, 2% 2 B
P2 A(2940)F — Xt a — AL(2286)T + 7 m, A(2940) — X0t — A (2286)T + nt,
Ao(2940)" — BF7rY% — AL(2286) T + 7070, A(2940)T — pPA.(2286)F — A.(2286)T + 7t
TEZ, HBLXOBBROFLEZHS T Ui, FRHT, AL(2940) — Bom — A (2286)T + 77
DHFERRE . IS p LT 2HIZHEECE 2 BETH -7, ZOREIRZIEAF
QA bAT7 - NFTRA=F ANDBEEELTRL, BlZIE. 0 =10°, A =1 GeV D
A HIEIEIZ 4.9 MeV & 2o 7z, FERE, 206 OMGRHERH & ERRfiE & oIz X D,
A(2940)r DX V' F v U R NEBHEEDSHH & 222 % 5 EIRE I N B,

JRFIZERI S D 7 7 A 5 —HIE

% DFFZIFBERIC K >CRdib S s, L L, HEE 10 MHEOE F%E L O ZEK
26 HEN 7oA ZE R FZIC S, BRIOHER, 2 JEFICE VW & 2 A F TS R WIR D | jgfsim
TRV L\ 7 7 A Y — Wi 2 RO IR FIDFAAE T 5, R 2 BRI L 72 Rk
LD FEEFDE L 72 [ FALICN L T T ORGSR, 7 7 A8 — MG 2 R D LIS LT,
REYEEESL & 8 — b AR BIB DO IZE DS HERE L 72, 2009 4F YBe OREEBIBUCEI L ¢, HlEmM
(ZRRR DR 72 A5 Y JLab O FEER Tl S e, WHERIE D I %H0IE Fy @ Bjorken 2
B 1T 21 E |d(F FP) ) de| Z R FREEOBBE L TR L 8i6A. 3He, ‘He, 12C
R FIEEN R E L 2 A1t T O IR P IEOEE L L T3 It b b 5
T, Be Z NS DFHIE X D IERICKE W THRE L) HERFER L o7, AL T,
ZDORERDIBe DY 7 A Y —HHE (~ 20 +n) 2T T EERIERHL 72, @ OBBR L
7 7 A8 —HE % 5lib T & 5 RO F B 2 A ORISR B 2 7R L 72
B3], AN D E B oA & B REERIR DB A IA AT & U TR i
Bzl L7 L 25, ‘Be DFEREZFIHTE 212 E Ff AIRICHT 27 7 25 —DRR
BEREL Bdrot, T, BTN 9257 —iigEzHio L LThH, 2N MEY
B GE, BEROB R EESREREVERI LI LICERT %, LarL, 7
T ALY =L ko THL BT HNDJRATINR R EE 2 Z R T, "Be OB 2 BIRILH
fRCE2 2 L2, ‘Be ORGERISAE L 7 9 2y — MG & DBIRZ R L 72, > T,
JLab OfEH L °Be DR 7 7 A7 —H5i&E EBIR L TE D, EEEREBICX DT/
HHEHE 2 B0 7 BIR DD o btk L B2 5, Bk ORI %2 ZF T, JLab D%
Bite % (JLab PAC-35 proposal, PR12-10-008) 27 7 A ¥ —Wt%8 D HHY = Il 2 7= FEHgHE i
DSEA T,
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29.

30.

AV 1R DG B D G & T > Uikl S — b > oA B R

AEV 1 DOAFRVICE, AE Y 1/2 DB FITIIFAAE L 5 WGBS E T %, W
ik EE - RIEHEBELIC B\ TR, by OFT L OIEEBIBDIEET 2 2 LMo N T w5,
AKWETIE, ANFR YT YYD 6 by ZatB T 25 2HEE T2, N Fo v odEiE L 2
Er X7 PVOfAGEHLEIC LD IEMEICKS, G 0] ICFEER L 2, ZORIRIE, B
RIeARFay Ty Y LREHEL, 2005 4 DO OREERBEZ IFREICE 72 0 IR
THb, Ric, AV KT, RICERTOT v I WG E 74— - T V—F v OHHE
THET % 2 &2 HEIC, 8= b YO BB ORI 2 1T 72, 2005 4, HERMES (Z
LD WD TET - itk E IR EELOREIERIE b, DE S N dd, Z DRERN 7 4 —
7 DT Y MR EDRRICBIR T 2 S 2 Tld B o7, 23— F VBT PHIS
DA ([ drby(z) = 0) ZAifi 7 + — 7 1<% LCTHWT HERMES OFfER%Z @ L. i
Wis T VY R 4 — 7 LT+ — 7 A 2437 B3], T vV ARSI AT BEEU 3 IR
N— b v et Fay TERINTE D, ZOTMBEKD Q* A7 — VI, IR
DGLAP AfERIc ko CididE 3, Lo L. HERMES OFERETIE, ZD Q* FRIE%
N ENTELRER VO, SAEBDORELIZE VT Q?* Z HERMES 7—4% @
SEYHMETH B Q? =2.5 GeV2ICHEHE L7z, ZOMERLS. BRAK 7 +—7 « 7YV
Aii [ [ dx (8671 + 207d + 67 + 075)/18 = 0.0058] M5 1725, T AUIHEK D H T
TR TE R\, B 2 RIS BETH 2, 25 NfulT v Y VR S —
U R, DL — Y —DEIRTE SRR L, INE T, JODMITEAE
Lo tete®, FNEROFERRE, T QCDEHE, » Fa vBEIC X 2 H5 5 & T &
25D, ANEICL>T, B FVX—FHICE T 2EBTFORAE U HED
WIS FERNC HIREIC 2 o 7o, FERR. T OWIERTIR Z VT 2KE Jefferson IFEAT (JLab)
THTHELFEBROIRE D 72 I 1 (Letter of Intent to JLab PAC-37), 2020 4G 1X1T 135
BRI N PETH S,

NFa v ROGEF L e —fi S — b v oA & B

2008 IR T, —#t{b S — b 3 ABIE (GPD) 1, fifEL 7 b U IEERER IC B 1 51
AR a v 7 b EGELIC & D FZEASETEI S LTz, Lo L, J-PARC % GSI-FAIR 72 &
D Fa UIEIERIC B VTS, GPD BIFETE 5 Z & 2RISR L 7 B, 2 OW%E
Tt BMZRLFXF NP YRR a+b = c+d+eZEZ, R c & dDNRIEWTTH
DR EVETIAEB) E 2R OB 2 E 27, fIZIE, N+ N > N+7+B (N #&%F. 7
NAYRT, B TFH 503 A) ORICOMIHRIC, %T-HED GPD %196 AT
~DEE GPD W59 % Z L2521 L, GPD ORI 2 BEEREIR 2 F Vo CTRUE I
N+ N — N+7+BOMIHEZFE L 72, e vtz e 2 F] U BimEs R E w2
L&, V7P URIGE Bg 5 EE AR, $ 2 1 Efremov-Radyushkin-Brodsky-Lepage
I EWEN D —¢ <z < & (2 138— b v BRI, € ZEA ST X —=5) & T8
SR TE 2RI H 5, ZOWFZEIE, N Fu ViR 7 vy = 7 b oz A
J. B 28556 GPD 2% TE 2 AREME 2R L 2 sUClED D 5, R, 7 T
E—2azHwiztEZHEOMAZIRE L % 66, K AEEE R0 Fa v O EEMI,
HEARWZ N Fa Y HAEFHZ2HRT 2 KT, £ 0V X —J OB~ DIGH FA
WHEMETH 5, EEBRETON P v OSBRI, EIhS o P v ook
HEICES T2 EE26N5, CONILA ROV, HEEE %13 E A SHEEA
T5ZEnGEBRTIEEZON, ITNEOBEHNE LTS, M1 e T - T
RISOBHERLZEID . Ch2OEWET EEET 2 [T =ona/(Aoyy)]e BBFE—L -
I ANFX — DR IGO0 — P27 — 3K E L iU, 2F ) KISIKBET %
NRFBYDRT—)VHVNS K iR, BBEHEIIRES 2% LRI N5, AT TIE,
EEHE D 7 il v — AR &R FE BB OREE 2 BRI P L 72, 2 ORER
lZ. CERN-COMPASS %> J-PARC DB CHEERIETH 5,
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31.

32.

JLab, RHIC-Spin O FEfG R % B £ 2 7wk $— + v o0 fi

BT Ay olR2RET 570121k, FEFRRE QCD OEXMIEHZ & 4 T
52 K DR N— F R IEMEICRE L, 74— 7 TN —F v BH) A DE|
BERROBNERH B, 22T, L7 by - BTIEMMEEELD 2 €V IENTRE: A, . W
i1« Ba D © PRFARIC BT 2 2 © v IERTFR O EERAE D & . Fediit i i
NR—=b+ v ahizRd 2% ED T, DT TIX, JLab, HERMES, COMPASS ? %%
fi & PHENIX @ m HEFERD T — 8 2 & O THEIT L 258038 L v [0d], 2 OFTIC
X o THES N mi S — b 3 mIcw$ 2 3 ANT 2 . Hessian 7z W TiTo 7%, ZD
fEHL, JLab D7 — 13K & \» o IO 7 4+ — 7 D34 %, HERMES & COMPASS
DT —=FF 2z =01MHEDRMBIK 7 + — 7 DA RET 57-OICHTH S I LT
72o x = 0.05 {3 HERMES & COMPASS O HEG 17 — 7 121X Q% DEWWIZ Kk % &R
BHH, THIFKEV 2 RO N —F O AABIETCH B 2R B LT, 5612,
PHENIX DFEERIZ & D itk 7'V —F ¥ FAEDAEWD U T Ics 2 2R Lz, X
12, Jefferson WFZEHT DIFEFEER E07-011 2327V — A ik JIE 382025 H L. RHIC
2B B84 thiE R T — & ORE L kT L 72 B8], Z OWfE@Tc, Zv—7%
MEtiiE z ~ 0.1 BTN E < REVH (2 > 0.2) TRIEODAICKR S 2 & 26 )
W2 L7 74— 708D —RE— AV NI 2BURRIETH - 7203, il 7V —F v oA
BEBUCBI L TIERZICAEEDIREL, ~RE— AV IDPFETE LW ENTho T,
TR S E07-011 FEERO RGHSEEIEL g1 DIREIIEFIT/NI Wiz, EBEOERIE
L CHEGT RN —F VIR DOMRPREETE L 2 L%, ZORICL > THS I
L7, £72. ZDORIRIZ RHIC D234 HfFARIC & 2 Rtk 7V —F >3t~ DOflR & [F
BETH S Z %/ L, RHIC & JLab @7 — & (Xt 7 )V — 7 > AR BB D E % 10
BEICT 2 LZHSICTL T2,

J-PARCIZBUIA3E I LX— 1 Fu i

JR 23T & T H R CRliR S 41, IR E2 SOB O 43 B 13 ESL S L7 i FEaE
WM o2H5, LrL, NFuv - HAOEAMAEHTH 2B FE1% (QCD) &
JEBEINEIE TR Z EDRFETH D, 74— - TN —F VLR RE L TDON 1 VP
FIRLOREE & )% IEMEICHUYE T 2 2 EDEE L WiGAERH 5, ZORMERF 2. J-PARC
Tk, 7V—N—NFu Vv EEOHHEZZMIE L LICLDHLORTR I +—7 -
NFuvYBEZEAE L, ZNoDYWEEZED NPy OWESPRIGEZMNET 52 L%
HIVE L TEBBTHONT WS, 2020 FICIiZEEFHRE —L 54 V23S5%ER L., BRIV
¥ hElr R 2L 702 2 7 FOTERIC R 2, G [BY) TlE. REEM
WA RE R T R L ¥ — o Fa VYR OBVEZ A L 72, FRIZ, 30—-50 GeV DFzF—X
E—AZHOERICOWTHESL 72, J-PARC ORI, &I 2L ¥ —OEEIEEN
QCD OFEDEZ 2RI H D . BEYFIEOMGEE L EICFEROILRKDIZEIC 1, 2
FEm B Hs S JEB BRI PRIC 2 2 fER 2 (EMEICPEfE T 2 2 L IR 2 EEEDLNH 5,
I, F v — LR TR Drell-Yan i@fE 2 -, BFEeERTEDO 7 +—7 « 7L —
F UG, = bF v X—HE, ACVIENHEOMEIC L AT A UEEICEET
ZEEBIRERH D, ZNSOREEFHL 72, £, BrEe—2oZH0TR7 FLhfET
ODEEEZMET A2 EICE), A"NFrVvEBOERE#ELZHS T2 827 b
RIS, S50z, BRI CHEBEHHIZ RS DD, (p, 2pN) 1T & 2 1% 1B kA A
EHOME, Ay 1O FuroT vy i, —#b 3= v oM OEEOKk L 7
HUEDHBEE E LTEASN D Z E 2N LT, TFRINICIE, BafE— L2 REHS ¥ THE
Bzfro, PR YOREZIHL 2T 278 b eIt T\w3, J-PARC IZNFu v
VIR D SR 2 TR T2 2 LD CTE AFEDMRTH D, 5% S HIHA~DEFHDH
FENTns,
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33.

34.

HEESRIADOFE 2 ) AT JE N S — b v A B

LHC % RHIC Tl&, I3V X —HA A4 VIGZH AR fTONTE D, KIGDW
HREHENS 74— « PN —F v I X2 DWERFARS N TS, 2 OWimEo b
WIFIEER I Fi% S — b v A cdh O | fx O nmBBunE b oz iED -, %
7oy =2 — MY 2 IREIOHTEIC T IEME R BRI T O BRI TH 5, hEIEED
FHZIZBWTIE, BT D 8= b i 6 10-20%FRE DD H 5 Z Lo TED,
Z OWIEZ IEMEIC R T 2 2 &1k, RPN DB D X A = A L 2R T 570D H
7253, oA LEEEAHETH S, HlAIE, —2— MY JIREIOMED DX, 5%D
FECWINRE 2 3HH T2 2 EDEEN T3, RIS, SHIRIEEIOERIEZ & O 7 f#hr %
fro7z, IR FIAEERI% Fy & Drell-Yan Wil 7 — % 2 L. QCD OEERLRK
(leading order, LO) & 2 X (next-to-leading order, NLO) DT % 17 > T it 25 574 B2
FWREL, DHBEBOAREEZ R L @2, Zauck b, AE vz (=0.01—0.001) IZE
AR =27 LV —F v Do5Fild, NLOICEWTE D FWKSETHREI NS Z L
Girotc, B0 DR TSR 2 BOR IO ERZHHT 2 Z LIclL, &
SN HFED =+ A E N L 7z, ORI K D LT ofER2E7%2, (1) K
0 g JHIBOMM 7 4+ — 7 DA B, D7 —% X OEERSRETE 2, ZOHIE
ENY T VBRI R BRI R O GHFIIC X D DNE v ITB W T U7 + — 7 0 Ah
IRBERCRETE 2, (2) #IT, NSV RO 7 4 — 7 D FHMIEIR, F, DT —
T RO THEERSRETE L, £/, z=0.1 DFEETIZ Drell-Yan 7— % OFlFIZ X b
JRARAIEIZ 2 (. KREWV 2 TEREOAEEZFF> T3 22T L, (3) 7
W= U mIFEEOERIA L LT, MEBEBCHnEIcEFE S T % 72O, NLO Ol T
IOIEREI kD SN2 2 EMFEINS, Lo L. RSB B2 Q? irik:
DIREINTESL T, IV —F VIO FIEMIEZ IEMEICRKD 2 2 LN TE LD o7,

HERMES %h53

BT - R FEEIEMIERGELIC K D, 2 OOREERIB FA L B ko s s, (REDETOD
b ¢ RAuE, FA MR, F IR & SRR S O KGR % & A TE D, Fi
S BERER 7 %2 22 L1\ CHERIREIE. FA DR 605, Q? — oo D A — VHBRIRICE W T
X Ff = 0 DSRAZ T %08, ERROEEDMTON S Q? HIRICE W TIE, R EMIZN S
itz & BERARRRERI B D R = FA/FA ZERZEZFFO 2 DAL TW» 5, 1980 4
Riciz, BB 2 7 i%4H1IE TH % EMC (European Muon Collaboration) 25O %%
DA TN, ZD% RIIZOWTHRFMIEDTET 2008 ) g S Cni,
2000 £, HERMES 27V — 7’13517 & RGO WHifEL o /o IR T HREEIRDIEET 5
ZEEFERL. ORI HERMES #158 £ WH X7, A lE. Z DTS iz
IV FERTCIE R (. KE OV o TR O IIERRI BRI PRI S 2 L Z2HS
2T L7z @), fit> T, HERMES O G RO 241 & I1ZBIR L WEERE TH 5, F
12, BRI 2 —A VEELIC B 2RBEDET- oS G RDS, JFE RN T OEE) T &k
—MRINCIZ R e 2 2 LI L, BT ORET IMEERE FY LR Mo FN BNRGT 5 C
ExRN LT, 2F 0, HEFEOMEGMEERIE FA X, BTREEBEEB Y & FN oL
M OMEEESMIC I > TERbINS, HlAIE, BT - L FHELO WA & HHEB 50,
AT OEE EZ 2 HIAICED . g R —2 Fro@EEIciReE L Calid X s,
L2 L., BN OET OB Fermi #HE) & FEIE, HRORRA 25 RNIEE L Tw 3
72, KW EHMET I ORERBNREE T IR S, ZORAICEL D, HERMES %1%
DREV g B CHETH S 2 L 2R L, FEROFEBNBEEO T REEZ 8 L 72, 20
#%. HERMES 137 — % Z F#ET L, R FREAIEIN S O o SHBICHEET 20089 213
PTIERL o, L L, HA I HERMES & 13 %72 2 @ B~ WHEIRIC. R OJR 7%
ROFIET % LHEET 5,
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35.

36.

NuTeV D FHEAH BE & 208

FOHEEHOTEA L v M, EEESROIEHT27AVAEY ALY b EEBIT,
B E XN TIEHT2ERAL Y DD, Ins2o0AL v b DIRAEE
DIIHRAA H 5\ 13 Weinberg 4 0y TH %, ZDFHEAIZ, 2002 FERf fCEF A ESS
DFRRIZ X D IEMEICRD 5 TE D, sin® Oy = 0.2227+£0.0004 THo7z, ZiUIxf LT,
NuTeV O =2 — btV / #ELD FERAE I sin? Oy = 0.2277 £ 0.0013 (stat) & 0.0009 (syst)
Thh, B 2EPEONT, ZUd. NuTeV OFRAMHEE EENTWS, BAEM
sin? Oy (FEHERRIC BT 2 HEAYHECTH D, ZORBROFRKEZMHT 2 2 LM ET
H 5, ki, NuTeV FEEE 7 )V — 75 L 7 sin? Oy BB L €, BERIRICER L
THIE L 72 [B0), NuTeV FEBRDMEH L 72 B335 TH 2 720, BT HEHIIEIC X 230803 E
1L & 2 7z, Paschos-Wolfenstein BRI R~ = (o, — o%%.) /(0¥ — o) = 1/2 —sin? Oy
TR L & sin? 0y DOBRZ 52 2, [ FEAHIESRED X 9 RO thik 1 %)
HIzEZEEIN T, F 72, Paschos-Wolfenstein BfR=01%. FEFD N— b+ v o046
B L TT7A VAR ZIGE L TRONTED, ZOREICEIL THEET2SnE
THd, KFETIZ. T4V AEYRAMEOBN., i+ — 2750w, & d, IS T 3HT
BAHIERIR, AR % s(x) — 5(z) & c(z) — e(z) T DINF%Z . Paschos-Wolfenstein PR
DOFfIEIE E LT/R L, NuTeV OFRAAREORKB I NG ICH S Z 2L 72, i
TREAHIEICBE L T, BRICHli 7 A — 7 0 ff u, & d, DR TRIERRZ 2 2 & 2#E)E
RE. NI U ERE, BRRAETH TR Lz, BHIC, BENICZ 022 EHE L I3,
Paschos-Wolfenstein BIfRR D2 % FHX, TS sin? Oy DAERDPFIHTE 255 %
B2, LorL, 2020 4ERFSICEB VLTS, 74 VY AV HIREDBIL. u, & d, DRI
IEZIR. s(x) — 5(z) & c(z) — é(z) DRRIT TN D RNEWEIKE L, ZEROKIBDIEA
fRIRD F FHEINTED, FEROMBHIE -5,

RRE= 2 — b Y/ (e IC B 1 281 & R ORISR

Za2— MY MHAEFERIZS WO, RIGCOWIAR I —MBIIFRIT/NE {, Z2 D7Dk
BAZIIRE VL, FEROEE =2 — Y VPR O 7 »I12iE, Neutrino Factory & WL
NEZKWE=2— YRR BHETH D, ZOREREHEICSM L 72, Rz, EHM5
Woh 2T HHEREB O Z £ LT, B pr V¥ —RmE=2— Y / PR %2 H
WTHIZETE 2N F e UG IS D W TR L 72 [S. Kumano, Nucl. Phys. Proc. Suppl.
112 (2002) 42; AIP Conf. Proc. 721 (2004) 29], =2 — Y / « B FIRIFHIEREL TR,
HEx 7 VAL v SRR ORI X D, BB EGELIC 13 2 WEXERESL Fy 2SR T
%, ZORGEREIE, BT D7 4 — 7 B cRIN S D, =2 — Y LD HE
Bir—%, BT oMV +— 7 5B IE T 2 7 O ICHEE R RE 2 72, D
fili 7 4+ — 27 3 ABIE. D F D B EAIEICBI L Tld, FiElD & K Z v Bjorken-z 2B DHH
OGP 26RO 6D, NS0 FEIRICE W TR, HFRONY I v # L i
R K Bl 7 4 — 7 34T 2880035 2 b DD, 554 % IEMEICIRET 5 T & IR HE
Thb, 22 THEALIE, DS o IO A 7 4+ — 7 53BN =2 — Y/ #ELD
MEXEBIB FA Z O TIRETE, i 7 4 — 7 DHELHR ORI B % 2 R 73 2
& LTz, R, fRsER% s L <, @ OMEL 7" F Y ELO BTN 2 TH L v
BH%L g3, g4, g5 DIEETEL . 2406 Z TRt S — ~ U D ARBIEZFE L <989 % 2 L 23A]
BTHEIEERLT, MEL 7 VBELIC X 2T AE VRO T, li7 +—7
ERI A=V PHIACCOEEETHET S 2 EDEHEL WA, —2— Y JEGLICE VT
X, ZDTEEDHREIC A 2, RIS, g3(H D\ g5) 2RI L CRIGRALG 7 + — 7 545 % R
LZEDHHEELE D, FMDT—F LHAGDOE DL T LI D/NZ 0 p IR TORRK
7 A=V 3MIEMEIC RO B 2 ENTE S, ZORRIC, fWEL 7 F VEELO A TIZ 7 4 —
7BHEIGTFAEVDEIGIIHEETE R0, 2 — VY RISTIHEREZ DOEIGKD
SNBHRDH Y., BT AE Y DRI D,
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37.

38.

TS 7 & — 27 54 D 7 L — N —IERFR M

MTWIK 7 =704, FIZZV—F v 56 OBEEGENDEERE g — ¢ 1Ic k> TAL
TEN, 7o 7TEeFIy « 73— DEHBIZNZI VWD, ZORENSHEL S0k dDK
7 4 =7 0mEBICIZ RN W ERBbN s, L L, R +— 7 5miciE 7L —
N—REVEDELE L. JEBEINRIRAEZI W TWwWa 2 A6 N T w5, e, K
7 & =7 BB RT LT, 7 L= N—FETREDEAET 200 E ) 2 IEHD T v, iR
MR % & I REDBRD - D1zid, 7 L — "= %2 4 U 2 IEBEI X A =
AL ZHELTEAMELRDH S, 22T, L3N P s/ ERZ W, FiRK 7 +—7
SARD 7 L — =3I 2 Pl 2 BRI 2 1T o % (B, IR TH W s R
TN BT H 2 P FERRLZ LT, WK 7 +— 27 34D 7 L — N —JE TRk % it
FLT T2k THBEITE) b3 2 EPHoNTED, BIZIZEH XT3 T
DEADFY 2 Fe5E (r2) < 0 DI DA A AL THHI NS, TNERMIL 7 + — 27 5945
DFEIHHT 2, nPETFRAE Y 0DLD, FETFEL L TEFHOEB S— b v
AICEHBEZF G L\, 2070, W S— b U o MmiciEE8 2 JT TR b EERA X, A
Y10 pHTFThsd tELoNS, BFHELICE W T, IKEEGETDY p i+ E HAAE
M43 LT. 20 phHTEORNEEZ 7 L — N—IERFRED A Au— Ad 12k L CEFE
L7z, ZOETIE. N = pN &N = pA DT DBEEEG D, p D g &S D A 7%
573 g HZ ANTERZTo 72, ZOE, Au—AdIZH L TADTHBES I, OF
0. IR & BRI AR IC BV TH AdD3 AT X h Y chr LELoN, 2D
JRNE LT pt DFDABKRESHEEL LI E2R L, ZOHEHETFHIZ RHIC-Spin
% COMPASS OFEBCHGEEI 15, £7:. P « HEG T Drell-Yan @212 8 T b RERER]
BETHD I EIERL 72,

JEFAZN S — b 2 904 D adq L

BT 2OV X — JH A% SO0 % IERE IS 30T 2 72 DI X FREIN D — + v i 2 fEE T 5 0
FRH D, Bontkofild, 24—7 IV —F v 77 X2EROAWIR=2— Y / IRE)
FERD TR 2 ENOBEELZIGHNBE Z 6 s, L L, TNSTEICBT 2 CTEQ,
GRV, MRST OISR BRI X % 0r 5 72, 7 20, i aiZeic B v Cha%
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INE W g FEIE TR A DEELEIE. 2 = 0.1 fHETIRIEDKEREL. 03 <2 < 0.7 Tl3f
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205 DR FHRIRZ BT 288 LT, 2 D 3REAEE 1/(1 —2) ZEHL 72, %
HE AR I RORRICE Z 7o, R FEOWIHE L, — &I A IHEIT 2 FBERIHR &
ABTCHZ bNDZREMPCTET I EDTE S (04 = Aoy + A Pog), Tz 1Tk
h OWIEREIC TIUL (04/A = oy +05/AY3) LD 1/AVPIRFEEDN PRSI L, KL 132
DAKEEZH VW, oDz & ADBEBIEZHWT, Q* =1 GeV2IZEIT 201 %
NI RX=FZRWTREL, TR % o 72 R IR L O £ 7 — % % 2 T
2ZEIZED, ZNEDRIA—FDEZIE L 72, ZDFEE, i 2 fHI D 7 4 — 2
PARENI O FHBDK Y =7 AR RET 5 2 EIFTE D0, ZDMMOEED 7 + —
2R F— DA DOPREIZIEFICHE L W AL 72, £ HRANDO L —F v
DHERET S Z EZNEETH -7, 6 Nl iz oFFEE I TE 5 X 9 I,
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LV X —fRRbs - - B OGO ERLIZFE L <SS TE D, RHIC-Spin 7
Uyl FERITIEEERSTHWS, L)L, AEY 1R TFEEET 5 Fa v KGR
WS — b v oA & OB T I I T Lo 72, 1999 45 24F, RHIC-Spin X
Hi L LT, RMERSFONESHH SN T W idS, Hi721c EORER BLE D A g8 & 2>
Tl ot, Z 2T, LR « T Drell-Yan if2 O BRI E b Z2 i1, A
vy 1 Hp - O W& % %2 Drell-Yan @2 CHIE T 2 0% % L 72 [646366], L)L S —
M. Y T4 BREE, RIS 2 L 72854, i1 - 1 Drell-Yan
WREICE VT, 108 HOMERI BN AT 22 2R L [BE, bbAA, TNHLTD
GRS EEClE e\, 22T, L7 o hnEs s cHmErEo T2 2 LI
XD 108 DHD 2R ERLEE LCBMTE2Z 2R L, BT B TFRIGOEEIC
FIEEET 2720, LW 11 EOREEREED S5 2 L L 72, Fekx Dif%E
T, NS DWEERBIIETERTO T v VY IOVIEGEICBIR L TE D, IEMRRR D KOS
X DBIHITE S 2 R ENnT, £, A= FUEBOMBHTICE D BI, TNS5DOHD
VAR 2D, AV 1 KFICRA R RERIE b, IR L TW3d Z L3 gho T,
Z Dbz ¥+ EF3 1 Drell-Yan i@f21%, FHIW 7 + — 7 DRMBOME2RET 572 0I1CH
BTH 5 B, 2020 FFEAREIXITIZ, JLab Th OFEBRDHIIR I L5, P a v hiddR
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TIFEB L o 7203, 2020 4ERFRS . RERERS 12 EEmR & L THW T - HG T
Drell-Yan EEOFEBUZ M} T, Fermilab-E1039 7’02 = 7 FdSEA TV 5, 72, FHk
DERACIE GSI-FAIR 5> NICA 72 EDfth D Bz, S 6 I1FRD EIC Gl TcHWwW 3 Z &
MWTE D,

BB RS — b > oA
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Project on QCD) 7 £ DGR 7 )V — 7D % it . 2000 LERE R CTH 2 FEEEHEL L 72047
BISSEAE L 72, L L. ki S — b v B DT I DO W TTHEA TO o 72720
WRF D FEBRAE R 2 FH T 2 % TN ORI S — b > 04 % K 2% 247> 7% [BR863], EMC
I2& % gy DRIELK, GRS EEZRHEE LTRSS N TELD, L —F %
BERDWGT = PEDRRIE T DA NZEHFE L T30 HABHL ThwAadrol, 22
T, MRV F — A E YR B 2 RO BRI EE & EBRTEE D %E$ D Asymmetry
Analysis Collaboration (AAC) & U TR/ S — + > A I B § 2 2w ihsE 2 o 72 B3],
COWIEBMIE., BT - BT - 3He D gy SBT3 FEERRE R A MEHT L. Bod R — b
VA ERETLIETH D, Q=1 GeV2IZBWT, R/ S— v oL BD T
A= ORBELTBE, 2002 HOTRAEVIENTE A, Z23HE L, 2 2R/NST 2
XTI A=Y DEEPREL T2, T ORRIC L TR S— b v iz kD 5 2 LT Xk
D, INV—F UEIZKRZEVIEDETH D, W7 +— 7 DIFRIT/NI WEHDETH S Z &
DRI N, TORITICEIUE, BBTFARAE YD) DRIV —F v DRtz Xk 3 b
DTHoT, RIZ, EELDRIRS—F VA3 % 312N % Hessian %% W TfT-
72 B8], fERIEHIEHELO R T — & % 2 T L R II 235 2 &tk D, 28— T
YO DR T L 72, Z OFER, WA 2 4 — 7 A X IEMEICRE TE 208, ik 7
W= VRIS BEGEMNIERICRZE W L 2R LT, 5T, Ag=0Z A HHAET
HDHIED Do, TORRIZ, L7 VEELDO EEFER DO AT 70V —F Rtz DO
THIETET, EBRWICIZH 212 REIC ITB T 2Rk F o v BELORSESRICE S 2
50, FrRBESNIOMEEE AACa—FE L TR LD, ZiuttioimEitE
BERID—> & L THWwWS L,
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REERIB h DRERIL E Q2 FEIE

R RS BB by 12 RHIC-Spin 72 & CTHED TN S, 2 OGBS A, @ Q> 21k,
1996 4EIRf A T QCD DIBBIRARKIAD AH1 5 10TV 7, WHEBIED Q2 F8IE 1%, HHERNICIX
EEj o XEZ2 DI T, 74132 OEE) 2 KIER hy IS L TRD 7, 2% 0,
BEERN QCD % v, MR ERIE b OB E) 2 XD Q> BEAZRET 2 20— 7
BRI EFE L, ZOREEHOTh O Q? FREAZMZE L2 ), £7. h ZEEEN
QCD T ) 7= DIIFHEF T 2B AT 208D H D, Z4UT OV#bn = S, 4) iy oV i DH2 -
< iDFra) — trace terms , n = 1,2,... EEXT S, HROWBRE LD T ENHEE
T O3 EDBIRIZ. (D ZARER Zo ZHT O = Zo.0% THEZ 65, BERILIE
Yo = pO(InZon)/Op W X D FHRE S L, ZOUIERHLDTGETIE, <) TAEED 1/ Fi
MO 6 BEXITUBMEF O ND, h FFHA IV ECHIWED IO /I —F VIFHE
BREIZOUCHES L v, 22 THRAEE, 595 20— 7D Feynman X% 4 CH E
L. Feynman %7 — & minimal subtraction (MS) A ¥ — A Z M L TREXITLOGH %
L7, 2OWRIZE D, h IO T HEEE X2 G A MO ARE L k> 7, Z D
FLTRD & N B RIC%Z Wi Mellin #4925 Z L1 X D Altarelli-Parisi B DAE 75 /572
KXTh O QREZILBTE S, ZOMREHICE T 2B OBERZ Ko 51,
Rt Q? FEIE BR] LT 2 2 LIk D, WFHD Q* FITERL 2 2 L BBHENITR I
Teo BIZIE7 L —N——EHIHD S — b AL TE Q? 2 KRE L LA, Bk
D Q? ZALIIMERIR AT DAL & D DIEFF /NI OFERZ B, F 2 EBHEN QCD O
7 L= N=IERNTES A AL u— AL d ~NDFEGE Q? HIEABRRXEHOTEHHE T 2 LItk
D, HERIROE & LI L T, ZOTFERRKEV o FIICH> T2 2 EMHIHL %, C
o DR ZFH L T, RHIC-Spin THfZE S L 5k 4 72 A E ¥ IEFREZ PRI 72,

N — b RN X B GBI P odid

WEXEBIEL By DI F#2AHIEIE EMC (European Muon Collaboration) X4 & FFIE41, Bjorken-
x DT X D, 8% 2 X = XA LBMHERNRICES T 5, NS5 RE v £ T,
N— b BN X B PEE2 BHS UL R RRGERIE F & oS — T v oA B Rz Bt
L 72 [BBEDES], COBRAEIE LT, S— b VEEGOMIRE AN QXA —) v JH
Bz F 7z, RN O 1 EEEHE 2.2 fm 13, % TOERE IZIEHEETH 2, Tt
JRAHENICE O TEFRALIEEELL TE D, 2 00 Ma L CREBLHAELES 2 &
6, 74— 7 DVEHURADERED TR LR, W OR T —V2{hE LT
BNz LEZEZ B TH L, £, DI FEBICEWLTIE, = F Y OPHURADED
IR RIEERE L D D REI (D, B2 ICET 25— F AT 2, Z0ds,
N— b+ VEEEHRTH L, INH XA L2 EOMREAZEE L2, 7. MG
B Fy(x) 28— b UBERIT 1073 < 2 < 0.9 DFEBICE W TEMEE L, SLAC, EMC, NMC
LN E665 O FEEFHER & HERET U 72 6857, 2 OFTIE, /N v 2(0.005 < 2 < 0.1)
KOKRE W (> 0.7) TlE 28— b v FESGORIHR T, FED 2 TR QP HATF—Y v /i
RICEBHERIIHH SN, L, EFHIT/DZ 0 a(<0.01) SR CORERR I, BT
VBT HD TN —F VI RE CRET 2 2 EB AL 72, T 8— |k VR
D 2OV —F ¥ ARG L 226558 B3], /D& w2 §HIK (2 < 0.02) TIES— b v HS
BAORBIZK Y TNV —F VAIERE WA L, iz FIK (0.2 < 2 < 0.6) ITBWTIE
Ga(z)/Gn(x) ~ 0.9 o7, TOBERRRZ . 1992 FICFHER S 117z NMC D EHHHEH
Gon(2)/Go(z) EHIRU 723, ZDOEBREEIZR %, #LVWBREHIARETH > 72,
BND 7N —F 2 5 DMEI DWW THIRER O FEBRICHIRF L 72, AWIZEIC X 0, Rk
B O KB I, 08— b BB X ) R T E 7,
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2= b VBN X B R TGS — b v AR B

B S— b VA OMEE AN QP A — ) v JERIZ VT, A% — b v
BB OF 7 BR 2 T L 72, £, BTN @ — d iz W58 L 724553 [65]. #
THTRIZZ L= =P 9% (i —d = 0) TH-oTH, ETHMHEIERD 1%
NTHERAZDH (u—d#£0) 1K EWHBAL, ftoT, BIET 25 v 7 AT VN
% F\> 7 Drell-Yan O F2E#G R & NMC OfiHR 2 HHEHHT 2 2 & ITIEEDBRLETDH 5,
Fermilab 128> T, MO 72 BRI & U 72 Drell-Yan SEERAS 2020 %1 @ 12
fion s, WIHEND a — daHOWZEI3EED 2 HETH 5, Kic, ’r D=1
YRR T, NS o B TOIRT A 2 4 — 7 iz it%E L 72 [63], DR D
Hix, oLz 3T 2 > OREN LB TH 58— F VG L X7 P L
HrfE] -3 (VMD: Vector Meson Dominance) BB 2 H[59 5 Z & TH 5, A< DIETIC
L0, HEAER TG Y 4 — 7 04 D JFEF A IEIZAN S Voo THEINT 2 2 LB L,
VMD B8 & RN DOFER E o7z, TOEBIF=2— Y ) EBROHIET 22 ENTES
23, BIHELC BT 2 1 PETEROEBR OO L LB TELEEZOND, 3
I, Tk DBEFE L 7 Q2 FIE DB % VT QF RIB DR MR 2 % L. NMC
D O[Fy™ /FE)/0In Q* DEBRFESR L Lk L 72 [61), Z OFEH. BIES S i v 3 N
D=+ v L DGLAP RIS X D, C DR EDTBSIICHiHTcE 2 2 L %
AL7z, L L=k vEEEOREZ &AL Q* BIEHBRACIHEEZT L GAICIEHE
B & e D, mRY A A MY 25 A a3 NETH 5 2 L 2RRL 7o, BRI,
EA A VRSB 5 T/ MG 2 285 %27, T/ filik, 24 —2 & 20—
XV DRFHMIEDRHE L T 2 2 & 2 KE L CGlim S T2y, AL &
fHET 2D S — b v D FRHIEN K E B 2581200, R HEAIERIR % 1A I
WO AN 2 HE DD 5, Fox 3 I DFRFNR 2 TR, 7V —F > D EMC D
5—10%REDOMHNFHG-T 5 T L 2R L7,

¢ T F IS I 2 T\ 72 2 4 7 — R RE O W

Gell-Mann & Zweig @ 7 # — 7 BRI XU, FEF I qq. NV AV qq D7 +— 741
AR, ZUCU T ESROHBZR b0z X Y F v 7Py N, B4
WI7ERMfThbnTE 7, Z2OHTH, XA 7 —HEF fo(975) & ao(980) 1&. V> u, d 7 * —
7 D qq MRZARGE L 7RI TR, WA X 2 iR 2309 5 2 L3 TE 0
ZEPHIENTEY, Thold, s5. KK, 7877 4—7 (qqqq). 5\ IE 70—
F—I (g9) DREEZFODTIE RV EEZ LTz, 1993 441K, CP S MED %L
2 BN MIER & LT, ¢ HRIFWIZEHEEE DS Frascati & KEK IZ& W THET ST
7o RFETIE, ¢ PRITIFEMERICE VT, AA 7 —H/IT S [£0(975),a0(980)] DHEE
% ¢ — Sy OEBRMED SIET %% L7 [69), ¢ — Sy ITELXMNBR-EELTH %,
OB T 3 22 R I I L T B0, ¢ — Sy DEBRKIZ S O NG 12K
AT 5, FEBR, BEma R 2T o AR, b L SO KK OWfEIREOS&ITIE, 20
HRERIEDS 72 D RE (%25 T EAVHBAL 72 [BR(4 x 107°)], 2, KK 23 % W HHER
BECTH 270 KK MOV HHNKE L, 5T o — Sy DEXIHRF-EBRENKE L %
206 TH5, £, SHqqH D 0IE 7N —F—) )L DOEAEITIIHEEEIZ Z 1 X D RIEIZ/N
<% % [BR(107°—1079)], ZORRICL T, ¢ FREFWIZERIERICE T S PTG O
TN TELI LR, 51T, ¢ = Sy — KoKoy DD, ¢ P F-IFERICE
W CPIREDHNZMIET 2 ECEBER NNy 775 v NIz 50N H - 720, &4
DIFET, Z DilfdlE CP IREDHNDEERIC K E W EZ TSI W AL 72,
Z D%, ZOWRSHEENFEEIICHIE SN, N OHETFRT FI7 74— H D50
KK 53T DOlEz2 RO 2 LRI,
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FERIB D Q* FEIE TR D B g

HHERIB D Q? FIE % i ¥ 2k X TH % DGLAP HERiZ. QCD oE &R
ZEDLGAIIIEMEL K TEZ SN TED, BEYIML 2 EIFTE R\, I T,
FHERIB D Q2 TR DB %2 . Laguerre ZH %2 H\ 72774 [B4[@M] & Euler D77
2 paBR B2 TRO, £F. 8 v &R % . Laguerre I TRE L TH
B RO Z KD 72, ZDfEHE, 10 BREDOZHEAZEEUE, 0.05 <2 < 0.5 DHE
BOHER CBUEMRIE S 7z, Lad EHEICEE T 2 1E 1994 4 245D SUN-IPX T
BRELLEDFEHNTH -7, NSV, HlZ1EX2=0.01 TZ7 L —"—JE—BEHDOHER
BOBE. ROKENEL 20 DLEX 2> T 10 BWRETH>7-, KE w2 (x >0.8) I
BOLTHHEIZRC 2wy, fdEBEEAARIET IS o FHH LREIZ 2w, 765 T,
NE Vg EREV 2 FEITICE W TRRRENES 20300F, @AV NS o fHgIcE T
X, 2 ® Laguerre ZHAX D HIEKIZHRNTHEER WL L LTHEHTE %, Euler Dk
k. Bz & Q? /AN VXN EIL T LD 21T HIETH 505, ZDITIEE
/N E v g fEICE T 2HE A  ENTE S, BEMAENTOFER. © % 1000 X
Q? % 200 X438 L T 2 34U, 0.0001 < = < 0.8 DEIFHNICE VT2 %L 1
DFGEE TR D 5015 2 ED3yDh o7, RIS, T DEAEMEZ V> THERM S— b+ v 497
D Q> FIEAWIZE L 7 B8], WEBHHERIE g1 & A EVIENFM: A, © Q? ifFiE% ., BH)
BRI D A & BEIEE —RIH 2 & U FE TN L <. BEE RIEHOR R 2 5
L7z, BRIC. % K OFEBRENT CIERFRME A; D Q? IIFIEZ L T ¢y 23RO ST
7end, Pk OBERIIZE TR, NS v Q2 I (Q% < 2 GeV?) D Ay ITHHE 7¢ Q? IAFIED
T 52 EDMERI N, TOMIRITE D, IEMEIC gy ZKD 2 I1TIE, A VIERTHNE A
D QA BRICAN TN Z LU niF A nZ AL 72, X512, MR
N—=F VMDD Q? FBICOWTHIEL 7 B, ThsDfETHONAa— N2, i
DMFREDFIHTE 21612 web FITABHL 72,

K04 — 2 A D7 L=~ —IE M @ — d, (a+d)/2 — 5

K7 =7 3 ABEE. TV —F v 5 DEBEEEINTEORTE ¢ — g7 TRIZERI T
EEZoN, BOR I =7 DoMIERICTH S LIRESN T, LrL, AFL YV
U A= 50 0, d DFEFTRETH S [(u+d)/2~5] ZLiF, =a— PV UBICET
%t ARBIR D & R E 4, NMC (New Muon Collaboration) 12 & % Gottfried &A1
HIDOBENDFERDP S 0 £ d IZOWTHHEIZR o7, QCD OEFEHZIFRIC L >THEL %
7 L—N—IENFRIK 7 4 — 7 5340 1348 8) 2 RIAICHEER T 5720, Z DRIRIE Q? > 4 GeV?
DEIFUIC B W TUIFHEBHER L D 1Z 201N S0, fE>T, 206D 7 L — =I5 16
FETFOIBE A A = AL IR H 5 EEZ 6N b, 22T, JHEBEHRRE LT, FiH
TEPRITIET DR 4 — 7 BB OV TN, £3, SU@B) 7L —"—3F
WFRIAR (0 +d)/2 — 8 ZEtHE L7, TORRICIE, 87 X —%—& LT aNNBREFH
CHEBR A v N A 7 BEET 508, TNE (u+d)/2 — 5 DERRMEDL S RE L, HERIZR
KFDEEE0.7GeVIEETH 57z, Zhid, | HETFRBER T vy v uh 6 FHREINS
1.4 GeV BRE DM 7NN OTRIRAF L 13R A2 L2l (@, Zohy F A7 - %
FA=F—% (u+d)/2—5 TEEL., SUQ2) 7 L—"=FERFRI4 0 — d % BRERIIIC T
L7, 19914F, NMCIZ k> Tugfild d ot & 872 5 C EAVRRI 73, Fx O
T [da(u—d) = —0.06 233 541, NMC OFERD 7 PRIFEOEH L THHI NG 2 &
2 L7 [@m), Xz, 2o NMCEE LA, =2 — Y /2 8L Drell-Yan D%
Bicu(z) —dz) 2 MET 2 EVTREETH S I L AR L7 BB, & [BY) Tl
7 L= NI RorA 1C BY S 2 BE LAY S B EhEHY QCD OFF L, BRkA Bl 3
FOFEBHAER, TR RO AREIC OV TE LT,
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i L 7" b YIRIEHEBELIC B T, AE Y 1/2 DFICIE 4 D DORGERIE Fy, Fy, g1,
G BEET S, AV 1OEEBGFICNL T, X 5124 DDORMEERIE b,y D’HFEET
52 EH1989 IR S N, i LREEBBDON, VA A+ 2 ORERE b, & by 13 A
r—1) v JHRIRIZE T Callan-Gross BARZUCHEIL T 2 22, = by THREOXDWTED,
by & by IFERY A X MEERIBTH 2720, T ld, EITHEERIE b OMAIHIZE L
7oo 280 T 4 — PR EIREIRIBAZERHAL T UL, B FREDAE Y 1 RTFOEW
[RE—AXAVPT, AV 12D TFICEL RV DIFERMNEMTE— XV FTH 5,
o> T, by DRANIERVIEM € — X v MCB#ET 2 £ E 2, S— b UERZ W T
Al 2 E 7, by ORIHEZ N — b B CRBIL . RITHEF -~ P o sl
ELo~NY v T 4 —iRIE 2 BRTIRIA T L AV EBIZIRR L L. 206 DD
B2 KD, THITKD, K7 5 =7 DR L THZRwiGEicid, @l [ deb (z) =
limy—,0(5t/12) Fo(t) = 0 SRALS 5 2 & 2R L7 @, I Ty Fo(t — 0) IZAE Y 1R
DEXWUEM-E— XV b TH S, £/, RIZA—703T ¥ VIV L Tw 2551213, &
B by DFFANG [ da by (2) = —limy0 5 t Fo(t) + >, €2 [dedo,qi(x) THY @, Th
IZRERIC 28— b L% FL T 5 4% Gottfried SRR & K 7 4 — 2 « 7 L — N —FERR
HIE A [(dz/2) [FY(2) — Fp(x)] = (1/3) + (2/3) [ dx [u(z) — d(z)] } (BEBIT 2 BfRAC©dH
%, ZOMMENE HERMES (2 X D 5t S 41 [A. Airapetian et al. PRL 95 (2005) 242001],
S drbi(r) = L[1.05 + 0.34(stat) + 0.35(sys)] x 1072 BEF5Ntk, TITI2HTEA
NNz 1 %TFH7-Dic L, Zud, BRER I x—7 - Ty VafizRmR L, it
KOBEGFHEITIIHBETE LW O FERENRBETH 5, TDRVLIZ, Gottiried &
FHIOWENDFERD, KT 5 — 7 D7 L —N—{KFEE & Z2 DIFBHIN X A = X L OWI5E5
B2AIDHL7RDUSBITE D, L oSS N5, &E 2020 FRFEIFXIC,
FEMI 72 by FEERDS JLab ICB W TR bNBE FETH 5.

JE AT EMC %4

B A& D %A 1E (X European Muon Collaboration (EMC) 12 X > THR I,
EMC RIS & MEN T w5, JE PSSR B VRIENME L 77 F v HELIC X > TifgE s s
D3, L7 b VIZEFRORRA 2T ERIET 270, BTk oWE 2z kb3 2 Y
HBTH2, L2LuBs, FEAENORPE. 2% D EFENDO EOMT LV T UK
L7 DERZEES 2 L, BTEIRORA =R Z2THX5 7012, F2)0H EOH
W TH S, HZIE, BAAVEHRICBT S I/ WG, 74 —=2 - Tv—F 7
7 R PR S NI TH 2 WREED D 250, KIBDA XV + &2 BET AT 2L ¥ — By
DR E I THL EFADEIRITHET 2720, JF EMC AR OB NETH 5, 22
T, EMC#ROFATEIC D THERIVICHTE U, SR OMEGEE 2 BET L 72 (@, EMC %)
RIZFEFEREAEE, QB —Y v 7B rhEFERZ SIC k> THI SN Tw 5
D, VTN AN T INAR L LTI LT, T, (e,ep) EICE
W, BIREDG DR FIEND 1s 2 1p FD £ DIRED & U S 7 DIEHRZ R -
TEY., BPEORIIREZA S 2 ENTE S, Fkic, EFuEafdz TR, /T
7% EMC RIS O WTHIZET 5 2 L3 TE %, Jaft EMC #5 2 Ji Fis aBii & Q2 #f
A=Y v 7R f G CHERIVICHAN 7, B E LTYF 28 2, BHamhidl e L O
JEHAE Hartree-Fock %2 H\Ww7z, EMC ZIE I, FRHZROHHE T 2L X — L BRRICIKE T
578, 206 B I OEBREZ FHTE 2 MR & U CE KA Hartree-Fock 15 % £
M L. BTDHENT 1s, 1p, 1d DIEEIBIEZ HTRAT EMC 2R 25t H L 72, Z ORGR,
EMC#FZFEF RO HFLRICE W TRE L, RIMERICE W TINI W2 LML 72 [m),
1990 FRF T, ZOBRICBIH L 7258 & LT, Fermilab-E745 %> BEBC (Big European
Bubble Chamber) Di4fi Z fiH] U 72 FEBEHKGIRD3H - 703, R EMC 23R 2 B IR L C
W3 EEEVE, fE> TRAT EMC 1RO SEERIIRGEEIC D TRRERICHIRF L 72,
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1988 FEMIR;, FA Y GSI DT F v - 7 ZEFEE TR S L+ D ©— 7 233
TELRVIEYRH -7, WA ld, BTESNY (QED) ZHW T I ofMEZIEL 72,
DEA X EHRTIE, 77 VDR TFESHN2TH S0, 184 DREMMPELET 5, QED
DIHIREEER o~ 1/137) 1T/ S ®, QED OBGwEIR TIIEH . BiEEmo FiEH
WHNA, LaL, SROEA L #ETlE, B 184231 /a £ D b RE WA B H)Em%
W2 ZERTER Y, 22T, 1+1 X500 QEDMEZ XY VLT 5Z itk b, QED
DIFEEIFTEZ ) P> 72, 2 2T 1+1 R0t & IR & 2B ERE (r) 2T 5,
HERINCH D #09 2 3T E aRkIChEZ G L. REVETHES (Z~180) 26T %
AL B2 DA D DOtk U 72 EZ2 D JilEIRAE 2 SR 72 [83], 1+1 XIuD D B
BT, 72V IAVEAYVBICLoTRBTES Z EPAISNT WS, TizFlH
LT, 1+1XICD QED @ Hamiltonian # XYV L L 72, 2@ “EH M D OEFEDTE
MMz Ry vk, HERED? S DL E 2z, ZOfHR., EFEOIRED, 2
DO L 7y R TR TE L 2 o, TNE DM HRREM 2L
0. YRR DD OfG L 72 EEICI3 A S SO DRERIIEIRENH B Z &
R LTy 2O YT DHRENTIA—F =L LTREL, ZN5DIET )L ¥ —
1Z1.8MeV & 1.5MeV & %57z, 4513 GSI THIE S NGB T DT 2L ¥ —I12IZIEHR
JELTED., QED OEFIEIREEIC X > TEBRDFIHTE 2 WfiE2 "B L7, Z Dk,
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