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A light-cone quark model for the nucleon

|N) = Yiq)laqa) +  Y@Eqriglqqe)  + Y(3q+43)|99993) +
> T + > T 000
6 terms

126 terms

many more terms
X. Ji, J.-P. Ma, F. Yuan, Nucl. Phys. B 652 (2003) 383; Eur. Phys. J. C 33 (2004) 75
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A light-cone quark model for the nucleon

Y(3q)lq9a) + Y(3q+1g)l9qa8) + Y(3q+qa)l9999q) + ...

U — VU —

6 terms

+ ...

126 terms many more terms

X. Ji, J.-P. Ma, F. Yuan, Nucl. Phys. B 652 (2003) 383; Eur. Phys. J. C 33 (2004) 75
e basic assumptions
@ only valence quarks

@ described by SU(6) symmetric canonical w.f.: ¢({xi}, {kii}) ®({\i}, {7i})
@ light-cone w.f.s obtained by transforming from the instant to the light-front form

@ Melosh rotations introduce nonzero orbital angular momentum (L, = 0, +1,2)

[m] [ =
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time-even TMDs in a light-cone quark model

FkE) = N9 / A[X]fo({xi}, (ki PP

siy) = P d[x1|w({x,-},{m})\2%
I B N B e
h(x, k%) = P"/d[X]Iw({X;},{ku})F%
) = =P [ A, G D

1 2y _ Xi Ly 2Mm + xMo)
Rl k2) = P"/d[XW({ 2L v ES

g d?kq | d®kp | dks | g
d[X] = dxqdadxs s (1= > x| —————=5 (> kiL | 6(x — x3)d(k — ks)
i=1

i=1 [2(27"3)]2

as dictated by SU(6) symmetry: N¥ =2, N9 =1, and P¥ = %, pPd = —

u]
L)
1
u
!
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(model-dependent) relations between TMD

in QCD all twist-2 and twist-3 TMDs are independent of each other
—> no exact relations among them
[ ]

model-dependent relations are possible
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(model-dependent) relations between TMD

in QCD all twist-2 and twist-3 TMDs are independent of each other
—> no exact relations among them

model-dependent relations are possible
e in the light-cone quark model:

1
hqu(kai) = _glq'r(xv ki)

i.e. transv. pol. g in long. pol. N = — long. pol. g in transv. pol. N

(=] = = =
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(model-dependent) relations between TMD

in QCD all twist-2 and twist-3 TMDs are independent of each other
—> no exact relations among them

e model-dependent relations are possible
e in the light-cone quark model:

1 2
hoGkl) = —glr(xkl)
i.e. transv. pol. g in long. pol. N = — long. pol. g in transv. pol. N

g a(v 12y Plrar, 12
2h](x, K1) = g (x. ki) + NaL ok (%)
q q 2 kzl Lg
—f (x,K2) = hi(x, k3 2M2h1T (x,k3)  (x%)
(4) = (x0) =
k2
2 1L
800K~ h0) = L)

i.e. difference g1 — h; measures relativistic effects encoded in hf‘q

u]
L)
1
u
!
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-04 —02 00 02 04 -04 -02 00
ke GeV) ks (GeV)

Phys. Rev. D 78 (2008) 034025

f dx gt ‘ lattice cglculatlon

k. ka

Ph. Hagler et al., arXiv:0908.1283 [hep-lat]

giT = —hij ar: (k) = 67(5) MeV
hi; : (ke) = —60(5) MeV  (up)
(kx) = 55.81 MeV  (up)
(kx<) = —28.14 MeV  (down) g17 : (k<) = —30(5) MeV
hi : (ke) = 16(5) MeV  (down)
e light-cone quark model: g7 = fhllL
e lattice calculation: g7 ~ _hﬁ 5 = _ - : sac
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2
/deJ_[glL(X k3) — h1(x, k%)] _/deJ_ 2kM2

up quarks

x g1(x)
x h1(x)

L(l (X)

o

at the model scale

hi(x, k3) = B (x)

after evolution to Q2 = 2.5 GeV?

05
3,

041
2r 0.3F

0.2F
1,

0.1
0

0

e ‘“approximate” evolution of hf.r

025 05 075 1
X

0505 05 o0’ 1

using evolution equations of transversity
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angular momentum decomposition of hlLT
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orbital angular momentum content

integrating over k £ g b
5 3 3
up
TOT al . s
——— S wave 7 il
——— P wave
—— D wave 2 1r 1p
0 A e i 0 = ; 0 ; ; ,
0 025 05 075 x 0 025 05 075 x 0 025 05 075 x
f h,
1
3 i 0
0
down 2k L -0.2}
TOT .0.25
—— S wave 1k L 041
—— P wave 0.5 0.6
—— D wave r .
-0.75

0 e L . L h L n
0 025 05 075 x 0 025 05 075 x 0 025 05 075 x

total results obey SU(6) symmetry: f* = 2f7, g} = —4gf,, h¥ = —4h¢
e partial wave contributions do not!
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orbital angular momentum content

integrating over k [i}] 1(1) L(D)
81T hyy hip
0.4
up
-0.1F
TOT s0.2t
—— S-Pint. 020
—— P-D int.
0.3F -0.4F
0 025 05 075 x 0% 025 05 075 x 0 025 05 075 X
88} L(1) 1(1)
81T by h
0.1 L
0
down 0.21
TOT 0.05F
—— S-P int. -0.05 - 0
——P-Dint. \/
0
-0.2r
-0'1[} 025 05 075 x 0 025 05 075 x 0 025 05 075 x
total results obey SU(6) symmetry: gl = —4gd-, hij¥ = —4h}d, hid = —4hd

e partial wave contributions do not!

=] =) = = E 9DacC
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asymmetries in SIDIS

HADRON PRODUCTION PLANE

weight _ Fxv
Avelght

T Fuw

; . X = beam pol.
q N z-axis Y = target pol.

LEPTON SCATTERING PLANE weight = ang. distr. hadron

d*o d40'0 cos(2> ) (2b )
— 1 2 [oF8 3 2 sln bh
dxdydzdg, ~ dxdydzdo, { + cos(2¢p)p1(y) A + Sisin(2¢4)p1(y) A

+ ASLpa(y) AL + AST cos(¢n — ¢s)p2(y) AT (©n=95) 1 S7sin(gp — ¢5)AiTT(d)F®5)

+ S sin(¢n + ¢5)pL (V)AL 4 St sin(3¢h — ds)pr () AT “S’} +...

Fuu ~ f QD1 Ftsj;((bﬁ%) ~  hQ@H;

Fiu ~ gu@®Di FLC,°J(2¢") ~  hi @Hi

T~ £ @D Fineon o pl @HE

FEE@h=¢s) o g1 @D FEnGon=9s) | pl @yt
=] =2 = = = DAl
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a test under “controlled conditions”: A;, A

Ay @

e inclusive longitudinal asymmetry 1

no complications due to k; dependence
evolution equations known

Y. xei(x)
> e xf(x)

SMC data at (Q?) = 3 GeV?

Al =

0 01 02 03 04 05 06 07 X
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e inclusive longitudinal asymmetry

no complications due to k; dependence
evolution equations known

Y. xei(x)
> e xf(x)

SMC data at (Q?) = 3 GeV?

Al =

001702 03 04 05 06 07 X

AL (b) 1 AL (©

e double-spin asymmetry 1

08}
_ Xa.exgf(x) Di(2)

Y. e xf(x) Di(2)
Di(z) at (Q?) = 2.5 GeV? from
S. Kretzer, PRD 62, 054001 (2000)

¢ . . . . 0 L L L
¢ SMC ¢ HERMES % 01 02 03 04 x %0 01 02 03 04 x

ALL

0.6

0.4

0.2

— g1(x), fi(x) at initial scale - — - g1(x), fi(x) evolved at (Q?)
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Gaussian ansatz: f(x, k?) = f(x) exp[—k?2 /(k?)]/m(k3)

k1-dependence not of Gaussian shape
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Gaussian ansatz: f(x, k?) = f(x) exp[—k?2 /(k?)]/m(k3)

e ky-dependence not of Gaussian shape
e if transverse momenta were Gaussian, then the ratio in the fourth column would be unity

4(k7)?

TMD (k7)) (GeV) (k%) (GeV?) 7r<<k2T>>
fi 0239 0.080 0.909
& 0.206 0.059 0.916
hy  0.210 0.063 0.891
gir  0.206 0.059 0.916
hi  0.206 0.059 0.916
h;'—T 0.190 0.050 0.919
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test:

Az°_]f(¢>h*¢5) (x)

1
_ X, eExg () 0
>, e2xfi(x) D3

Acﬁ(“’rf‘f’s)
01

0.08- -~ S~

0.061

0.02-

— — — with Gaussian ansatz
exact result

D1 (z) from Bacchetta el. PLB 659, 234 (2008)
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(1)a a
cos! d)h—cbs o~ Z e Xng (X) <D1>
AT ) = T oG (D)

0.1 AT 0.1 AT 0.1 AT
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Collins SSA

_ T, el xhi(x) (H )

in(¢n+os)
AS'"(¢h (x)
uT 2
2oa €5 xf(x) (D7)
A @ A (b)
01F 005 ,
3 ¢ proton [ 7T proton
E ET
005~ 0
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@ TMDs not of Gaussian shape in k1, but Gauss approximation reasonable
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» Thank you for your attention
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angular momentum decomposition: A

A A

LL LL

A .
0gl T proton gl TE proton

fi and g1 at the model scale 0~~02 04 06 08 x ° 02 04 06 08 x
total
———S wave A A
~~~~~ P wave 1tk 1t
N i
ogl TU deuteron o0l Tt deuteron
0.6} 06}

02 04 06 08 X 02 04 06 08 X
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angular momentum decomposition: Ai‘;f’(@h_%)

fi and gl(lT) at the model scale

cos(@- 9g) cos(@- ¥g) cos(@y- ¢g)
A A A
0.1 —" 0.4 —T 01—
' proton 1T proton € proton
0.05F 0.05 0.05
O n n n O 1 n i O L n n n z
025 05 075 X 025 05 075 X 025 05 075 X
Ay 0) A0 0) ARy 05)
04— 04" 01—
" deuteron Tt deuteron € deuteron
0.05F 0.05F 0.05
ol ; : ol . 0l . )
025 05 075 X 025 05 0.75 X 025 05 075 X
total — — — S-P interference .- -- P-D interference
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angular momentum decomposition: AS'"(@”J”DS) (Collins SSA)

hy at the model scale
fi from GRV at 2.5 GeV?

total
———S wave
~~~~~ P wave

Sigfrido Boffi (UniPV)

o
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o
[
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0.05
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AT ©
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0 02 04 06 08 X

cone quark models
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sin(2¢p)

angular momentum decomposition: A/

in(2 in(2
AT @ oy A (b)
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T T P e i L L LSS
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total [ N 4 Tro
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-003[- 004~
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005l il 0 DL e
0O 02 04 06 08 X 0O 02 04 06 08 Xx
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sin(3¢n—¢s)

angular momentum decomposition: A7

AT ®) @ A9 ()
001 00y
o 002
00LF [/ \\\
5 0 3
002F . [ R
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PR BN I AN R 0021
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S 0,015 —~
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