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Proton Spin Crisis

@ Up to 1980s physicists expected

that quarks carry all the proton

spin
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@ EMC experiment in 1987
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contribution from the quarks,
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Proton Spin Crisis

AY.q, : Quark helicity

L. : Quark orbital angular momentum

J4 + Gluon contribution to the nucleon spin
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gp = iAZq . + Lg, : Total quark angular momentum
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Alternative approach: Jafte-Manohar
not imvestigated in our study
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Operators relevant to proton spin

@ lirst moments of PDFs and GPDs are readily accessible on the lattice

@ Increased interest to compute PDFs and GPDs directly on the lattice
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Operators relevant to proton spin

@ lirst moments of PDFs and GPDs are readily accessible on the lattice

@ Increased interest to compute PDFs and GPDs directly on the lattice

sk Traceless Energy-Momentum tensor

THY _ THVG " THY3g
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Operators relevant to proton spin

@ lirst moments of PDFs and GPDs are readily accessible on the lattice

@ Increased interest to compute PDFs and GPDs directly on the lattice

Traceless Energy-Momentum tensor
* b4 Angular

THY = THY9 4 THYY momentum

Phys. Rev. Left. 78, 610 (1997)
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Operators relevant to proton spin

@ lirst moments of PDFs and GPDs are readily accessible on the lattice

@ Increased interest to compute PDFs and GPDs directly on the lattice

sk Traceless Energy-Momentum tensor

Angular

THY = THY9 4 THYY momentum

Phys. Rev. Left. 78, 610 (1997)

— b e = S [AR0) + By 0)

ZEZ'W{“?V}ID F{“’OF”]/’O
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Helicity A2

contr. )

sk Quark helicity operator
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Operators relevant to proton spin

@ lirst moments of PDFs and GPDs are readily accessible on the lattice

@ Increased interest to compute PDFs and GPDs directly on the lattice

Traceless Energy-Momentum tensor
* b4 Angular

THY = THY9 4 THYY momentum

Phys. Rev. Left. 78, 610 (1997)
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Helicity A2

contr. )

sk Quark helicity operator

1
Orbital angular momentum LT = J% — §A2q
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Extracting connected and disconnected contributions
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Extracting connected and disconnected contributions
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Results for quark helicity and average momentum fraction

Quantities are given in MS scheme at ;> = 4 GeV” Inner bars 1s only the connected and
outer bars the total including disconnected contributions

* Quark heIiCity Phys.Rev.D 101,094513 (2020)

Huge and
. positive
- contribution
. from the
up quark

Kyriakos Hadjryiannakou Decomposing the proton spin to quark and gluon contributions



Results for quark helicity and average momentum fraction

Quantities are given in MS scheme at ;> = 4 GeV” Inner bars 1s only the connected and
outer bars the total including disconnected contributions

* Quark heIiCity Phys.Rev.D 101,094513 (2020)

Huge and
. positive -
- contribution : :
. from the
up quark

.- Down, strange
. and charm
- contributions :

. are negative

Kyriakos Hadjryiannakou Decomposing the proton spin to quark and gluon contributions



Results for quark helicity and average momentum fraction

Quantities are given in MS scheme at ;> = 4 GeV” Inner bars 1s only the connected and
outer bars the total including disconnected contributions

* Quark heIiCity Phys.Rev.D 101,094513 (2020)

Huge and
. positive -
- contribution : :
. from the :
up quark ST, A :

- Down, strange : :  The total is reduced

- and charm | compared to the up due

. ¢ contributions . to the negative contr. '
are negative from

the rest. Disconnected are
reducing further the

Kyriakos Hadjryiannakou Decomposing the proton spin to quark and gluon contributions



Results for quark helicity and average momentum fraction

Quantities are given in MS scheme at ;> = 4 GeV” Inner bars 1s only the connected and
outer bars the total including disconnected contributions
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Results for quark helicity and average momentum fraction

Quantities are given in MS scheme at 1> = 4 GeV*
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sk Average momentum fraction
1.2

1.0

Up quark has
the biggest contribution : ;s about 60% of the
- and for the rest the :
- contribution is decreasing. - while gluon is about :
- About 5% for strange :

and 2% for charm.

- Quark contribution

' proton momentum :

Decomposing the proton spin to quark and gluon contributions



Results for quark helicity and average momentum fraction
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Comparison with other studies

Our previous study
Phys. Rev. Lett. 119, 142002 (2017) Results from yQCD

\ Phys. Rev. Lett. 121,212001 (2018)

/

Colorful points are results from the lattice,
while black points are results from phenomenology
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Renormalization is done non-perturbatively.
Very challenging for the gluon case!
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Results for total and orbital angular momentum fraction

Inner bars 1s only the connected and

Quantities are given in MS scheme at 1> = 4 GeV*
outer bars the total including disconnected contributions

sk Angular momentum

Phys.Rev.D 101,094513 (2020)

57.1(9.0)(1.8)%

1.8(0.9)(0.0)%
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. contribution :
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Quantities are given in MS scheme at 1> = 4 GeV*
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Summary & conclusion & future plans

w A complete Ny =241+ 1 LOQCD study about the origin of the
proton spin 06
Spin sum 1s verified
Momentum sum 1s verified
Non-perturbative renormalization 0.4
All disconnected contributions
are included
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0.019(9) | 0.009(5)(0) [-0.005(2) | 0.014(10)(0)
0.427(92) 0.187(46)(10)
[ 1.045(118) [0.473(71)(14)[0.191(15) | 0.094(51)(9)
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Excited states analysis procedure
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Excited states analysis procedure

sk Plateau method
R(ts,tins,t()) tmsto>>1>@|:1 + O (e—AE(tms—to)’ B_AE(ts_tins)>j|

ts _tins >1
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Excited states analysis procedure

sk Plateau method
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Extraction of By
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Renormalization
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How we can see inside the proton...
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How we can see inside the proton...

Experimentalists need
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How we can see inside the proton...

LOCD needs supercomputers § Experimentalists need
] accelerators
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How we can see inside the proton...
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