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 Nucleon’s spin sum rule:

1 ;(Au +Ad +Aqsea)+L +AG + L,

AY

— Spin carried by quarks: AX~0.2-0.3
— Spin carried by gluons may be small. (cf. RHIC data)

 Orbital angular momentum should be studied
— Generalized parton distributions (GPDs) play an important role.
Can access to quark total angular momentum
— From DVCS and/or hard exclusive meson production

We discuss a possibility to extract information about GPDs
from J-PARC experiment with 30~50 GeV primary proton beam.
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Generallzed Parton Dlstrlbutlon

Generalized Bjorken variables: x
k¥ =xP*, P=(p+p)/2
Skewdness parameter: &
A" =-2EPF

Momentum transfer squared: t

t=(P'-P)* =4 [Ji, 1997]

e (@] 3 o+l 50 P

_ [H (£ DT(P)AU(P) + E(x,£,0T(P) '“;&“Av u(P)} (Unpolarized)

A
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Helicity-conserve Helicity-flip
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Featu res of GPDS

e In forward limit ‘ usual PDFs
HOGED o =000, HED|  =Aq(0)

E=t=0

There is no analog in E and E.

e First moment of GPDs mm) Nucleon form factors

JixHx e =R®,  [dXEXED=F(),
JaxH(x &) =G, (1),  [dxE(x,&,1) =G (t)

« Second moment of GPDs mm) Quark angular momentum

y=t

gijkj‘dsz MOk M“% =" T# —2*T#,  T*": energy-momentum tensor

Jtin,g :<P’

Id3z(2’><'|2,g)‘ ‘ P>

1 1
Ji’'s sum rule: J, =§JdXX[Hq(X,§,t=0)+Eq(X,§,t=0)] J, =Z§ACI+|—q
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PhyS|caI Interpretatlon |n X and af

— (1) Quark distribution &<x<1 (x+&>0,x-¢£>0)

Emission of quark with momentum fraction x+¢&
Absorption of quark with momentum fraction x-&

— (2) Meson distribution amplitude —&<x<¢& (x+&>0, x-£<0)

Emission of quark with momentum fraction x+¢&
Emission of antiquark with momentum fraction &-x

— (3) Antiquark distribution -1<x<¢& (x+&<0, x-¢£<0)

Emission of antiquark with momentum fraction &-x
Absorption of antiquark with momentum fraction -x-&
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Exclusive Reaction: NN > N7A Q"

 High energy exclusive reaction: pp=>pnA p \ p
— p-—>p: large angle scattering (t’: large) f\/
— p~>A: forward region (t: small)

« N-Atransition GPDs is inserted ‘
——(GPDD——

— qq exchange process dominates in t=m?
— Large N, relation between N->A and N->N GPDs
— No study of GPDs in pp reaction

dLlps

7rp—>7rp (S,’ t,)

dt’

do = dt’

ocj dxF, (&, t)

‘ M pp— prA

 This process can be observed by J-PARC experiment with
primary proton beam.
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Factorization
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e Factorization is assumed as below.

(d) s=(p,+p,)° t=(p,—p,)* =A%
S'= (P, +Pp)" t'=(Py—P,)"
= — E_A
> () Pr=Pa—Pe
""""""""" Assuming factorization
(e)

p—2>A transition GPDs Subprocess cross section
(soft) (hard)
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N%A Transmon GPDS

* Helicity-independent p2>A* transition GPDs  Frankfurt et al, *98, “00.

a4z, '“<A P (—%njmrs’wgnj N, pa>

27
= \/glﬁf(pe)[HM (X,f,t)K/’iﬂvnV + HE(X;éj,t)KE‘/nV + HC(Xiéat)K;an:'l//N (pa)

J’_ll Hy ec (X, & 0dx=2G,, .. (t)  :transition form factor

M : magnetic dipole
E : electric quadrupole
C : Coloumb quadrupole

 Helicity-dependent p>A* transition GPDs

g—ie‘“ <A, P, W{—%njw%sl//@ J N, Da>
_ - ~ A, (n-A) —An An —-2A,
=W§(De){H1(X,(§,t)nﬂ+Hz(X,é,t) - +H, (%, &, 1) F——— A - +H,(x &) m2 v (P,)

K. Sudoh (KEK) Page-8



« large N relations (LO in 1/N, expansion) Goeke et al, 2001.

Hy (,E,1) = I[E (X.&D-E' (X&) |

Hi(x &8 =3[ H (%, &) -H (x,&.1) |

H,(x,&,1) =?[E“(x,§,t)— E¢ (x,g,t)]

HE(X1§1t): HC(X,g,t): H~3(X,§,t)= |:|4(X,é:,t)=0

 H, (x,¢1) Inthelarge N, limit
— Isovector part of the angular momentum of nucleon by quarks

im [ dxxH,, (x,£.0) = I[Z(J“ 39 =My + M |

t—0,N, >

M Ejo dx x[q(x) +T(X)]
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 Helicity-independent part:

MY, fj A 72 (Po) Hy (4 £ 0K " (1)

!

> (Mo =g[fldxHM(x,é,t)} T{;mpe)v?f(pe)-wvnv-ﬂzwupam(pa)«i”ﬂnﬂ}

Zl//N(pa)lFN(pa) = (pa_mN)

a — a 1 a paj/ﬂ_pﬂ 2p p
H — -m _ /1+_ H_ Pe e e IMe
%m(pe)m(pe) (p. A)[ g« +37"7 3, 3
M :—i 3(mA+mN) &
”V 2m,, [(mA+mN)2—t] P

Spac

3(m, +m,)? [4t —4(m; +mZ)+m,m, ][t(1—4§2) +4E(m2 —m2) +8&%(m? + mﬁ,)]

C, (&) =Tr[-]= :
Eo=Trl-] 16m; [ (m, +m,)* —t ]
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Transition Amplitude o

 Helicity-dependent part:

M2, =[x (p,) {H (%, &,0n, + iy (x &, 22t )}w (p,)
gAf

pion-pole: H _ M 7o = e L (P)AWy (D)

T

M j dwa(pe){H (x,&,t)n, +(H (x,&,1) rr'nf+Hﬂ,(x,§,t)jAﬂ}wN(pa)

N

2 M - = [ ] a6, €, D, (X E,0C, (60 + H, (66 DH, (X, £,0C, (6,1

+H, (%, EDH, (X, E,DC, (E ) +H (X, & DH (X, E,1C,(&,1)
+H, (%, EDH, (X EDC,, (£, +H, (6 EDH (X, EDC,, (E1) |

C; (&,1) : cofficient function
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(2&-1)%(2mZ + m,m,, +m} —2t)

Cl(git) = GFJT-IZ

A

CoE) = 252 iyt )+ mym, [t () |

3mZm},
+6t(m3 + mﬁ,)[t +(mZ —m} )]— 2t(t* —mim, +2m;im} )}
5

Calé )= {(t m?)[ 2(1-28)(t—m?) —m,m, (L 2¢) +16£m? |

-m’ [65(2m —m,)-2m, + mN I}

C.(51) = ;c:(:t) C,. (&) =— gclz(éo czﬁ(g,t)=%cz(é,t)

 Total amplitude

Z ‘MFHA‘ - (‘Mp%‘ +‘Mp%‘ )
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nN - nN Scatterlng

11

/11 )

117 T T
—> Assuming ©* (t~m_2)

The cross section is parameterized as

1 o
vy Z(mp—7p) = 2 | a+cft'—t'(90°)) | White et al, PRD49, 58 (1994).

n: number of quarks, a,c: parameter
§'=(P, +P)"s U'=(P—Pa)s Pr=Py— P =—A

Parameters a and c are obtained by fitting the experimental data.
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* pp > pmA cross section

2

3 3 3
do = 1 d P, d Py d Py M,
4\/(pa.pb)2_m,‘\‘l (27)°2E, (27)°2E, (27)°2E, =1 PP

x(27)*6* (P, + Po — P, — Py — Pe)

do  |J(s—t+m2)?—4tm} do,,, (s1)
dtdt'dE,  2(27)*s(s—4m?) dt’ C. : cofficient function

<[ [ dxC (G DR EDF (s FiGPDs

Parametrization of GPDs

— use &-independent ansatz [Vanderhaeghen et al, PRD60, 094017 (1999).]
EU(X,é:,t) :u(X)FZU (t)/z HU(X,é:,t) :AU(X)gZ(t)/g/li(O) Cteq6 for q(x)
E‘(x,&,1) =d(X)F,) (t) HY(x,&,t)=Ad(x)g4(t)/ g4 (0) AACO03 for Aq(x)
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Numerical Results
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Summar

hlral p oW

e GPDs are a key issue to study the quark angular momentum.
1
J, :E_[dxx[Hq(x,f,t:0)+Eq(x,§,t:0)]
— Experiments are under going in DVCS/HEMP processes.

e The process pp=2>pnA was investigated.

— Assuming factorization and gqg dominance
— Extract information about isovector part of quark angular momentum

— The cross section is measurable at J-PARC

Outlook:

* Need more reliable calculation (parametrization of GPDs, kinematics,,,,)

 Other processes might be also challenging.
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Counting Rule
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 Leading contribution

 Subleading contribution
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