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Exotic Glue in the Nucleus?
Gluonic Transversity Structure Functions from Lattice QCD

Phiala Shanahan, Will Detmold

Massachusetts Institute of Technology

July 8, 2016
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‘Exotic’ Glue in the Nucleus

‘Exotic’ Glue

Contributions to gluon
observables that are not from
nucleon degrees of freedom.

Exotic glue operator:
operator in nucleon = 0
operator in nucleus 6= 0
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Double Helicity Flip Gluon Structure Function: ∆(x,Q2)

Jaffe and Manohar (1989)

Leading-twist, double-helicity-flipping structure function ∆(x,Q2) sensitive
to exotic glue in the nucleus

Clear signature for exotic glue in nuclei with spin ≥ 1:
NO analogous twist-2 quark PDF → unambiguous

Experimentally measurable (JLab LOI 2016, James Maxwell’s talk)

Moments are calclable on the lattice

First Lattice Study: arXiv:1606.04505

First moment of ∆(x,Q2) in spin-1 φ (or ρ) meson
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Double Helicity Flip Gluon Structure Function: ∆(x,Q2)

Hadronic tensor for inelastic lepton scattering from a polarized spin-one
target:

Optical theorem relates squared amplitude of DIS process to imaginary
part of forward scattering amplitude:
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Helicity projection:

Double helicity flip amplitude:

∆(x,Q2) = A+−,−+ = A−+,+−
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UNRENORMALISED reduced matrix element: φ meson
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Different Irreps.

Different basis vectors

Boost of φ (not mtm transfer)
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Search for Exotic Gluonic

States In the Nucleus

J. Maxwell

with W. Detmold, R. Jaffe, R. Milner, P. Shanahan

EIC User Group Meeting
July 8th, 2016
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Double Helicity Flip Structure Function Search for Exotic Gluonic States In the Nucleus

Measurement Approaches

Measuring ∆(x,Q2) via DIS

• Transversely aligned, spin-1 target and unpolarized
electron incident from −z

• In the Bjorken limit, double helicity component of the
hadronic tensor W∆=2

µν,αβ(E,E ′) becomes (dropping higher
twist structure functions)1:

lim
Q2→∞

dσ

dx dy dφ
=
e4ME

4π2Q4

(
xy2F1(x,Q2) + (1− y)F2(x,Q2)

− x(1− y)

2
∆(x,Q2) cos 2φ

)

1Jaffe, Manohar, Phys Letters B 223 (2) (1989).
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Double Helicity Flip Structure Function Search for Exotic Gluonic States In the Nucleus

Measurement Approaches

3 ways to measure ∆(x,Q2)

((((((((((((((((hhhhhhhhhhhhhhhh
(3 cos2 θm − 1)

(
b1 +

1− y
xy2

b2

)
−1− y

y2
sin2 θm∆(x,Q2) cos(2φ)

1 Leverage cos(2φ) to isolate ∆(x,Q2) dependence
• Need azimuthal detector acceptance

2 Form tensor asymmetry: A = 1
A
N++N−−2N0

N++N−+2N0

• θm = 54.7◦ to cancel b1, b2 dependence
• Change polarization to produce N+, N− and N0 yields

3 Form difference of vector polarized and unpolarized cross
sections
• θm = 54.7◦ to cancel b1, b2 dependence
• Lose cancellation of acceptances, efficiencies
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Gluonometry at the EIC Search for Exotic Gluonic States In the Nucleus

Electron–Ion Collider Approach

((((((((((((((((hhhhhhhhhhhhhhhh
(3 cos2 θm − 1)

(
b1 +

1− y
xy2

b2

)
−1− y

y2
sin2 θm∆(x,Q2) cos(2φ)

1 cos(2φ) offers ∆(x,Q2) sensitivity
• Vastly increased kinematic space for search
• Vector polarization observable

2 Form tensor asymmetry: A = 1
A
N++N−−2N0

N++N−+2N0

• Set target at θm = 54.7◦

• Yields at N+, N− and N0 separated in time: systematic
headaches

3 Form difference of vector polarized and unpolarized cross
sections
• Set target at θm = 54.7◦

• Lose advantage of asymmetry, still have systematic
headaches
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Unique opportunities to measure proton
elastic form factors at EIC

Jan C. Bernauer

EIC UG Meeting, July 2016
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History of unpolarized electron-proton scattering
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F.F. summary: Collider kinematics
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Can measure proton electric radius without
Two-Photon-Exchange effects
GM at large Q2: count rate very small
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F.F. summary: ”Race” kinematics
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Scattered electron angle

Unique opportunity to measure low-Q2 GM and
magnetic radius
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F.F. summary: Polarization variables

Blatantly stolen from C. Sofiatti and T. W. Donnelly,“Polarized e-p Elastic
Scattering in the Collider Frame,” Phys. Rev. C 84, 014606 (2011)
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10 @ 250 GeV
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Can study e/m form factor ratios
Or: Take from fixed target experiments
=⇒measurement of beam polarization product
PV also in reach
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Takeaway

Clearly tremendous physics potential
for an EIC!

Must build a machine that can truly
deliver the physics we are promising
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