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Spin decomposition in QCD

o Jaffe-Manohar decomposition r. safic and A Manohar, NPE 337, 509 (1290)
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X. Ji, Phys. Rev. Lett. 78, 610 (1997)
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Gauge indenpendent gluon spin

X. Chen, X. Lv, W. Sun, F. Wang and T. Goldman PRL 100, (2008)

X. Ji, J. Zhang and Y. Zhao, PRL, 111 (2013)
Y. Yang, et. al (y QCD Collaboration), PRL. 118 (2017)

Nucleon spin decomposition

C. Alexandrou, et. al ,PRL. 119 (2017)
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Ad: -41(2)%

G. Wang, et. al, (v QCD Collaboration), PRD 106 (2022)
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Rev.Mod.Phys. 80 (2008)
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Naive spin decomposition of charmonium

e The quantum number of charmonium (]P C)

exotic state

== 1+ 1t -t

2= 2—F 2t o+

 The naive spin decomposition in quark model

S=1 L=0
S=0 L=1
S=1 L=1
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00
P = (_1)L+1
C = (_ 1)L+S

1.Are the predictions of quark
model comparable with
QCD?

2.How about the contribution
of gluon?

3.What is the spin structure of
exotic states?



Lattice QCD

e |n lattice QCD method, the correlation functions are non-perturbatively

calculated using path integral.
q, t, |
\/5
q2 t2

Configurations (specific
path)

Lattice QCD

R
i/

O quark A gluon

Discretization the QCD action in Euclidean space

_ [ptute=orui
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The configurations are gl[ig]tributed {0) [D[U]es1U) > ﬁz;, O[U]]
o

according to
| D[U1e-sU]
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Outline

1D  Background and introduction

2 Lattice calculation of quark spin and gluon total angular momentum

ensemble L°>xT  a (fm) m. MeV) meca Neg
32T  32°x 64 00828(3) 300 0493 305
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Quark spin in charmonium (spin one)

e The quark spin operator sandwiched by different hadron external state.

Quark spin operator 0y = )" Gy,sq(x)

Spin basis

1 <V+|02q|V+>=_<V—|OZq|V—>5&0
V, = —(V, +iV,)
2

(Vol Os, | Vo) = 0

Vo = VZ #

VilarysqlVy) = =V, larysq| V) #0

(V.1ar.rsqlV,) =0

The matrix elements we calculate from Lattice QCD
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Lattice results

 The ratio of three point correlation function to two point correlation function

1 I 2 VtOs@ V() 2, , {Vy(0) [n)(n| Ox(0) |m){m| V.(0))e Eli—D-Eye
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The contamination of excited state
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Quark spin in charmonium (spin two)

 The irreducible representation of of spin-2 charmonium can be converted to

the spIn basis SZ{4=2 — <1,m1; 1,m2 | Ja M>l/_/}/m1szl/j

Irreducible representation (27)
J. Dudek, et. al, PRD 77 (2008) 034501

Q222 = —\/lg; Q233 %

<V2+ | qul V2+> = 2<Vl+ | Oqu V1+>

v

(E*| 05, | T5) = 2T5| 05, | T3)
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Quark spin in different charmonium

e The contribution of quark spin to the different charmonium spin

1.0F

1 B T
. e 1™ o 1t .2++(Jz=2) |
o 17 o 2% (Up=1) o 17
_I::::*::ifiIII
o5F © & )
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: [t
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The plateau at large Iy corresponds to
the ground state matrix elements

Comparison with the prediction of quark model

1.The contribution of quark spin is very small in
17~ (p wave), but dominantly contributes to the
spin of 1™~ (s wave) .

2. The quark spinin 17" and 2¥7(J, = 1)
is very close since their spin structure same
(L=1, S=1).

3. The quark spinin 17~ and 277 (J, = 2)
is also similar.

4. The quark spin contributes half spin of 1~
exotic state.
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Total angular momentum of gluon

e Gravitational form factor (GFFs) of vector meson (moving frame)

1
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The relation between angular momentum and GFFs

. % . £900
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Calculation of the gluon total angular momentum
(AM)

 For the gluon AM, the 3pt correlation function can be described as

« «

Y AY 4

\ i
1 hyp smearing
FH*Y o m——
{ A{ A

= (Cz(ff) — (Cz(ff»)( 2 O, (1) — <0g(tc)>)

tce(o,tf)

t.: timeslice of O,

—>—

e We can extract the matrix element of gluon condensate at the ground
state through difference between the ratio at adjacent time slice

= = t;>t>0\C tvt’é t;—1>t50103(¢ _l’é ~ —émit

Matrix element at The contamination of
the ground state excited state
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Numerical results of ratio of gluon angular
momentum (Bare matrix)

e The numerical results of gluon angular momentum

Results of 17~ channel Results of 17" and 17~ channel
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The bare matrix elements of gluon angular momentum operator in
charmonium spin are very small.
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Results

e The contributions of quark spin and gluon angular momentum in different
charmonium states
R _ B Sq+Lq)R:(qu qu)(sq+LQ>B R R R _
SR =27,8t ( I, Z. 1, L;+S5;+J,=1

g9q

--------

Z,,=0.18(2)

S¥ (Quark spin)  LX (Quark OAM)  J¥ (Gluon AM)

I (L=0,S=1)

Renormalized results
b _ _ of gluon AM is larger
1 (L — LS — 0) than bare results
due to the mixing
with quark operator.

1L =1,5=1)
1"t (L =92,S=9)

ML =18=1)
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https://arxiv.org/abs/2204.09246

Summary

e We studied spin decomposition in different charmonium state. The
contribution of quark spin is compatible with the prediction of quark model.

e Though the bare matrix elements of gluon spin in charmonium is very small,
the renormalized results are still large due to the mixing with quark operator.

e The quark spin contributes to half of spin of exotic 1~ state.

Thank you for your attention!
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