The proton spin puzzle / “crisis’

1988 European Muon Collaboration:
measured polarization of quarks adds to only ~1/3 of proton spin 1/2
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Towards solving the proton spin puzzle

arXiv:1808.06631 — A. Ekstedt, H. Ghaderi, G. Ingelman, S. Leupold

p-wave — L=1 not observed in DIS

7N

|P>=“0‘Po> + Cfpn‘Pﬂ()) + a,g|nTT) + ..

/

hadronic fluctuations partonic fluctuations |uud qq) |

ChPT phenomenological pQCD
form factor + starting PDFs
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DGLAP Q > Qo
@ ‘Free’ parameters: o1, 02, 04 and Ay, Qg

A priori expected value: 0; ~1/Dy ~ 0.1 GeV and Ay ~ Qo ~ 0.5 GeV 3
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Unpolarised
structure functions
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parameter values

F5 at small x
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F,, F; at larger x
— 01,07, Ithf

7y = 0.028 GeV.
o = 0.11 GeV,
7y = 0.22 GeV,

Ay = 0.87 GeV,
Qo = 0.88 GeV



Resulting unpolarised PDFs — based on 5 physical parameters
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cf. conventional PDF parametrisations with ~30 parameters
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Polarised PDFs: AfPe(x) = Af," o2 (x)
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— |p) = |u'u'd') in contrast to non-relativistic quark model



Conclusion

Hadron fluctuations (ChPT) + non-pQCD parton fluctuations
+ pQCD DGLAP evolution + SU(6) quark flavor-spin symmetry
— repoduce data on

* proton spin structure function

e Ellis-Jaffe sum rule

e proton quark spin sum AX
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+ SU(6) breaking — reproduce data on

e neutron spin structure function
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0.26-0.36



@ Also in agreement with virtual-photon—absorption asymmetry A; ~ g1/F;
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Sea quark asymmetry in proton
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