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Form Factors of the nucleon to O(p°) [ Definition

IsovECTOR FORM FACTORS

Nucleon matrix element of the isovector component of the quark vector current V2 = Gy, (% )q :
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Form Factors of the nucleon to O(p°) Definition

NON-RELATIVISTIC REDUCTION

BREIT FRAME FOR ep — €p

Nucleons treated non relativistically —-

. . — — - —

@ Heavy Baryon approximation B=+q/2 P=-7G/2

@ non-relativistic reduction in the Breit frame o ——Gj2 P —+g)2
9=(0,9) = & =7°

pH — mut +rH

(NEIVEINGR) = 3 Tolre) [Ge(@un+ oo Cul e[S Sa"| wotr) x o' G

1
Uy (r) = P u(p) = 5(1 + p)u(p) with the choice v* = (1,0, 0, 0)

v [Exm ~G‘E(q?) = Ge(d?)
TV o2my Gu(d®) = Gm(d?)
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Form Factors of the nucleon to O(p°) [ HBChPT

HEAVY BARYON CHIRAL PERTURBATION THEORY

@ = —F2 {Tr[Vu UIVAU +xTU + xu*]}J

U= exp[ £ ?]
VU =0,U—i(vu + au)U + iU(v, — a.)
x = 2B(s + ip)
£0 = N(iv- D+ gaS- u)N ]

Ny = e ™ P, W, D,V =08,V+I,V
1 i i
Fu = glu",0uu] = S (v + 8u)u = Fu(vie — &)u’
u, = iW'v,u—uv,uh)

1,
S, = Elysa',“,v”

Marina Dorati (UniPV) Moments of GPDs in HBChPT



Form Factors of the nucleon to O(p°) [Chiral ChPT results up to order O(p~)

NON-ZERO LOOP DIAGRAMS AT ORDER O(p%)

V.Bernard,N.Kaiser,J.Kambor,U.Meissner
Nucl.Phys.B388(1992)

Power Counting Scheme of HBChPT:

D=4N,—2ly—Ilg+Y 2nNgh+ > nN7

n=1 n=1

where

@ N, = number of independent loop momenta

@ Iy = number of internal pion lines

o Ng’,’., number of pion vertices originating from Lo,

Q Ny =372, 2nN2A',', = total number of pion vertices

@ Ig = number of internal nucleon lines

Q N,? = number of baryonic vertices originating from L(:I)V

@ Ng =Y 52, = number of baryonic vertices
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) Chiral ChPT results up to order O(p°)

Form Factors of the nucleon to O(p

ExXAMPLE OF LOOP DIAGRAM CALCULATION

defining
? = mi — @?x(1 = x).
- i ! 1 — In4
SN = Tz |g—a T2 1M
4 \
/ |
ar —gaS - (I + q)r2 i joab
Ao = [ o U(R) : U
(2m) = o (r—N+i0r (I+q?2—m tio*
isdc . |-d
i6 9aS - IT ()

c3b

e (I+1+a) oz o~ F,

G T {f : K 5 )( 2 ﬁ)

e’ 2" U(r)e-vu(n) | (6m2 3q2 167°L + log—
2 U ’ 2

+2m$r—§q2+/o dx (3m2 — 5¢°x(1 _X))IOQ{EH

=1

1 _
—T(r2)[Sy, Suletq” u(r) /o dx47r\/ﬁ72}
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Form Factors of the nucleon to O(p°) [ Chiral ChPT results up to order O(p~)

Dirac ForM FACTOR

BB — 1 {2(_? 2 (r)) 2<_§ 2_1) [ﬁ}
A (q)_1+(4wFﬂ)2 T\ 3928 ) Ta{ ~39% 30|

+/01 dx[mﬁ (3g§+ 1) — ¢?x(1 -x)(5gf,+ 1)} log [%”
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Form Factors of the nucleon to O(p°) Chiral ChPT results up to order O(p°)

PAuLr ForM FACTOR

Fy(e) = HU{1 —gf\% /01 dxw%_ m”} }

%)
N
U= N W O
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Form Factors of the nucleon to O(p°) Generalized Parton Distributions

GENERALIZED PARTON DISTRIBUTIONS

GPDs as generalization of Parton Distributions.

& DIS ep——eX
(a)
Y%(q) v#(q)
FACTORIZATION: hard partonic X x
subprocess
+
parton distributions P P

f

Handbag for CS
PDs 0

& Case finite momentum transfer
to the target

Handbag for DVCS
GPDs
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Form Factors of the nucleon to O(p°) Generalized Parton Distributions

Notation:
Working in light-cone coordinates

(voiv3) v=(", V)

5
pt —p"*
f p+ + p/+
Definition:
Az~ gtz = 1 + 1
Fi = 2 27 ¢ PlazataGae)
1
= 55 | H0 €. 0T 7 ulp) + E(x. . 0Ty T )
xe[-1,1,£€>0
x+& M 4/ Ex x+& /, \ €
- = 0 5 !
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Form Factors of the nucleon to O(p°) Generalized Parton Distributions

GPDS: PROPERTIES AND RELATION TO FORM FACTORS

@ caso £ = t = 0 [forward limit]
=> GPDs reduce to PDs H9(x,0,0) = g(x)

no corrisponding relation for E!

@ case £ = 0, t # 0 [purely transverse
momentum transfer]

* Generalized parton

— N, distribution at =0
Hq(x,O,—Ai):/der_f(x,bJ_)e A1by rbtionat

= info about transverse structure
of the target

O MOMENTS OF GPDs

O [ axi(e, 8% = (8,
1

1
[ aElx e o) = B8
—1
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Generalized Form Factors to O(p”) [Definition

GENERALIZED FORM FACTORS

higher x-moment of GPDs are form factors of the local twist-two operator

1_ = = g
o n = ;q'ym(/ DM)....(I Dun}> q — traccia

1% MOMENTS OF GPDs

1
[ aex (€ 8%) = AL y(82) + £ o(22)
1 i ,

1
/ dx x E9(x, €, A%) = B ((A?) — €2C] ,(A?)
1 } ’

Matrix element of singlet twist-2 operator:

i — —>
(p'|0%uu} |p) = E(PIM’Y{M D ,qlp)
u p h
= Ag,o(Az) U(p')v{ P,y u(p) where

>

P
— B}, (8% o U(p')A% 0. ,.B,y u(p)

L
+ G o(8%) —= T(p )u(P)A [0y
N
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Generalized Form Factors to O(p”) | Definition

CONNECTION TO PHENOMENOLOGY

@ caso £ = 0 [limite forward]
H?(x,0,0) = q(x)

#5(0) = (xg) = [ ae x(@ () + a1 ()

@ as for Form Factors

Ay = A4(0) {1 + %(rz)qz + O(q4)}

6 dA3,(d%)

v 2
(he) = Za(0) a2

G?=0
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Generalized Form Factors to O(p”) [Definition

NON-RELATIVISTIC REDUCTION

By performing the non-relativistic reduction we define three new structures:
1 _ 1
#1010,y 1P) = 5z Tore{ 61 (O + 000, = 3000)

+ G2(1)([Sp, Sa]A%vy 4+ vu[Sy, Sa]A%)

1 7
+ G3(t)(ApAy + ALA, — Eg,wAz)}uv(ﬁ) X nT?n.

related to the Generalized Form Factors through the following expressions:

t t
Gi(t) = (@u)y | m3 — — | Az o(t) + —5 By o(t
1) = @k — £ [Aa) + 1 B0)
62() = @)y — [ (At a0 + B o)

Gs(t) = (Tu) [miNcg,o(r)]
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Generalized Form Factors to O(p”) | ChPT results up to order O(p")

LOOP DIAGRAMS UP TO ORDER O(p*)

To this order the three structures take the form

G (t) = (uu) \/m2 - = [Az o)+— 4n72 By ,(0)+O(p )] e

1) = )y — 3 [ (4% (0B o0 +0 )

G (t) = (au) [m—N CLo(0) + ooof’)]

Introduction of new mathematical tools:
|
Viw = V0 E(u 73u + urut)

(2 ®) (4)
£7\'N ’£'7rN 7£7rN
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Generalized Form Factors to O(p™) Forward limit

The first structure G1(t) reduces to
G1(0) = (@u) my [A; (0) + O(p°)]
= (Uu) my (x >u—d
and

_z (Bga+1) m’,
<X>”“"°8{1_ @nFye 5] - @n F)?

gf\ }+4ms)
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Generalized Form Factors to O(p”) | Forward limit

RESULTS

The forward limit HBChPT calculation, performed for the Generalized Form Factors n = 1 up to
order O(p*), give the following results:

y . (33+1) ma 2
A“m:%%’(ﬁaﬁﬁmﬁﬁywwaﬁﬁﬁ}

a4 4mﬁ8‘(16) + Saat + (’)(p5) .

BY 4(0) = Bso my + O(p°)

C34(0) = Siz my + O(p°)
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Generalized Form Factors to O(p”) | Coneclusions and Outlook

CONCLUSIONS AND OUTLOOK

@ Reproduction of HBChPT results for Dirac (F1"(q2)) and Pauli (F{(qz)) Form Factors;

@ Introduction of GPDs and definiton of the Generalized Isovector Form Factors (A3 o(t), B; (%), Cs o(1));
@ Derivation of the non-relativistic Form Factors G;(t);

@ Construction of new Lagrangians and introduction of new counterterms;

@ Forward limit up to order O(p*), derivation of < x >,_, and comparison with phenomenological and
lattice data.

NEXT: OFF-FORWARD LIMIT UP TO
ORDER O(p®) AND MAPPING OF
LOOP DIAGRAMS INTO

AZ o(1), B3 o(1), C3 o(1)

1.0 1.5
—A? [GeV?]
Ph.Hagler et al.,hep — lat /0409162

Marina Dorati (UniPV) Moments of GPDs in HBChPT



