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Nucleon Structure through Generalized Parton Distributions

Nucleon Tomography

H.W. Lin, Phys. Rev. Lett. 127 (2021) 182001.

Contributions to the total nucleon spin

X. Ji, Phys. Rev. Lett. 78,610 (1997)

1. Quark contribution; not the main 
contribution → spin crisis

2. Quark’s orbital angular momentum, 
accessed through GPDs

3. Gluon spin contributions

Gravitational Form Factors

V. D. Burkert et al., Nature 557.7705 (2018): 396

• Mass/energy 
distribution inside 
the nucleon

• Nucleon mass 
radius

• Shear forces and 
pressure 
distributions
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Ē = 2H̃T + ET

• Generalized Parton Distributions (GPDs) unify form factors and parton 
distribution functions and provide a more complete 3D picture of the 
nucleus.

• Give access to information on the correlations between transverse 
position and longitudinal momentum of quarks and gluons inside the 
nucleus.

• Accessible experimentally through measurements of exclusive 
processes such as Deeply Virtual Compton Scattering (DVCS) or 
Deeply Virtual Meson Production (DVMP).
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Nucleon Structure through (Chiral Odd) Generalized Parton Distributions

Nucleon Tomography

H.W. Lin, Phys. Rev. Lett. 127 (2021) 182001.

Contributions to the total nucleon spin

X. Ji, Phys. Rev. Lett. 78,610 (1997)

1. Quark contribution; not the main 
contribution → spin crisis

2. Quark’s orbital angular momentum, 
accessed through GPDs

3. Gluon spin contributions

Gravitational Form Factors

V. D. Burkert et al., Nature 557.7705 (2018): 396

• Mass/energy 
distribution inside 
the nucleon

• Nucleon mass 
radius

• Shear forces and 
pressure 
distributions
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Ē = 2H̃T + ET

• Chiral odd GPDs encode how transversely polarized quark spins 
are distributed in position and momentum inside the nucleon and 
can be directly linked to the nucleon tensor charge and transverse-
spin structure.

• Less experimentally constrained than chiral-even counterparts. 
• Only appear when the hard scattering amplitude contains a chiral-

odd partner (twist-3 meson distribution amplitude, transverse 
meson exchange, etc.)

11/20/25
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HERMES TSA measurements

same sign for p+ and p- (r?)

Phys.Lett.B 562 (2003) 182-192 [hep-ex/0212039]

• The low statistics measurement from HERMES 
shows a large negative asymmetry in the exclusive 
region.

• CLAS(12) BSA measurements had shown positive 
asymmetry. 

• Traditionally BSA ~ TSA.

• Similarly, measurements for exclusive p+ 
and p- were shown to have the same sign.

ep ! e0⇡+n

Phys.Lett.B 535 (2002) 85-92 [hep-ex/0112022] 

https://arxiv.org/pdf/hep-ex/0212039
https://arxiv.org/pdf/hep-ex/0212039
https://arxiv.org/pdf/hep-ex/0212039
https://arxiv.org/pdf/hep-ex/0112022
https://arxiv.org/pdf/hep-ex/0112022
https://arxiv.org/pdf/hep-ex/0112022
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Run Group C Analysis

• Make use of the full RGC inbending statistics (Su22, Fa22, 
Sp23). 

• Dilution factor calculated via simultaneous measurements on C, 
CH2, He-bath and empty target configurations.

• Target polarizations taken from combination of known ALLs 
(elastic and DIS), Pb and Df and solving for Pt.

• Comparison of data with both solenoid settings extensively 
studied with no impact on results observed.

• Leakage of tangentially polarized modulations into longitudinally 
polarized analysis studied with small impacts.

11/20/25
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Asymmetry Extraction

BSA TSA DSA

Im(CFF)

Re(CFF)

TL;DR: All five polarized modulations for BSA, TSA 
and DSA are extracted, with unpolarized 
modulations simultaneously constrained by all three 
histograms
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CLAS12 Preliminary
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BSA

hM = -1 for pseudoscalar mesons

1 23 4 3
1) Helicity-conserving longitudinal amplitude built primarily from       , encodes the quark 

helicity transverse distribution
2) Nucleon helicity-flip longitudinal amplitude built from      ; describes how axial charge 

(helicity density) is displaced when the nucleon flips its spin
3) Describes the transverse shift of quarks with a given transverse spin inside an 

unpolarized nucleon, analogous to sideways shift from Sivers
4) Generalized transversity GPD (reduces to h1(x) in the forward limit), encodes 

information on the correlation between transversely-polarized quarks in a 
transversely-polarized nucleon

<latexit sha1_base64="l0rIqLf1vGROFUtvAEbM8A+IGn8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEF1ISkeqyIIIboYJ9QBPLZHLTDp08mJkIJQT8FTcuFHHrd7jzb5y2WWjrgYHDOfdyzxwv4Uwqy/o2SkvLK6tr5fXKxubW9o65u9eWcSootGjMY9H1iATOImgppjh0EwEk9Dh0vNHVxO88gpAsju7VOAE3JIOIBYwSpaW+eeAoxn3InJCoISU8u87zh9u+WbVq1hR4kdgFqaICzb755fgxTUOIFOVEyp5tJcrNiFCMcsgrTiohIXREBtDTNCIhSDebxs/xsVZ8HMRCv0jhqfp7IyOhlOPQ05OTlHLem4j/eb1UBZduxqIkVRDR2aEg5VjFeNIF9pkAqvhYE0IF01kxHRJBqNKNVXQJ9vyXF0n7rGbXa/W782rjtKijjA7RETpBNrpADXSDmqiFKMrQM3pFb8aT8WK8Gx+z0ZJR7OyjPzA+fwDH+5X2</latexit>

ẼM

Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137; [arXiv:0906.0460]

<latexit sha1_base64="cBne+gSAP6YqRpfMgiboeaJECqk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwISFR27osuOlGqGAfkMYymUzaoZMHMzdCCf0MNy4UcevXuPNvnLZBtHrgwuGce7n3Hi8RXIFlfRqFldW19Y3iZmlre2d3r7x/0FFxKilr01jEsucRxQSPWBs4CNZLJCOhJ1jXG1/P/O4Dk4rH0R1MEuaGZBjxgFMCWnL6wIXPsub0/mZQrlimNQe2zJpVv6hW8bdi56SCcrQG5Y++H9M0ZBFQQZRybCsBNyMSOBVsWuqniiWEjsmQOZpGJGTKzeYnT/GJVnwcxFJXBHiu/pzISKjUJPR0Z0hgpJa9mfif56QQXLkZj5IUWEQXi4JUYIjx7H/sc8koiIkmhEqub8V0RCShoFMq6RDs5Zf/ks65adfM2u1lpXGWx1FER+gYnSIb1VEDNVELtRFFMXpEz+jFAOPJeDXeFq0FI585RL9gvH8Bcd6RUA==</latexit>

H̃
M

11/20/25
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Twist-3 TSA

hM = -1 for pseudoscalar mesons

6 23451
5) Partner to HT, akin to pretzelosity, associated with quadrupole deformation in the 
distribution of quark transverse spin when the nucleon is transversely polarized  

6) 

Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137; [arXiv:0906.0460]

11/20/25
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E = 2H̃T + ET
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Twist-2 TSA

• The sin2f TSA is TT interference, built purely from chiral-odd GPDs 
(as opposed to the twist-3 asymmetries being generated from 
interference between chiral-even and chiral-odd GPDs).

• Clear nonzero asymmetry indicates nonzero chiral-odd GPDs. In 
particular:

<latexit sha1_base64="tWrCslexJiR2toGFxJchq9hhaNE=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSyCq5KIVJcFN90IFfqCpobJ5KYdOpnEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee/yEM6Vt+9vKrayurW/kNwtb2zu7e8X9g5aKU0mhSWMey45PFHAmoKmZ5tBJJJDI59D2h9cTv/0AUrFYNPQogV5E+oKFjBJtJK945GrGA8hqY69xd4NdAffY9oolu2xPgZeJMyclNEfdK365QUzTCISmnCjVdexE9zIiNaMcxgU3VZAQOiR96BoqSASql02vH+NTowQ4jKUpofFU/T2RkUipUeSbzojogVr0JuJ/XjfV4VUvYyJJNQg6WxSmHOsYT6LAAZNANR8ZQqhk5lZMB0QSqk1gBROCs/jyMmmdl51KuXJ7Uara8zjy6BidoDPkoEtURTVUR01E0SN6Rq/ozXqyXqx362PWmrPmM4foD6zPH3WUlIg=</latexit>

H̃
M
T →= 0
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H
M
T → ω

1→ ω2
E

M
T ↑= 0

<latexit sha1_base64="hYyLmbAq10Te1POXNuo6YYs7fZg="></latexit>

phase

(
H

M
T → ω

1→ ω2
E

M
T

)
↑= phase

(
H̃

M
T

)

• First observation!
• p+ accesses u-d isovector distribution
• Generated asymmetry is negative -- down 

quarks more likely found at edges of pretzel, 
up more like around centers (or vice versa)

longitudinal momentum

Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137; [arXiv:0906.0460]

spatial distribution
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Model Comparisons to RGC Measurement

Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137; [arXiv:0906.0460]

(M. Kerr, MIT)

1. FLUsinf predictions decrease with xB while 
data increases with xB.

2. FULsinf consistently predicted negative 
(like HERMES) while sign flip is 
observed in the data in the valence 
region.

3. FUL
sin2f always predicted negative and 

increasing with –t, as in data.
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Comparison between BSA and TSA
• GK model predict negative AUL; we mostly measure positive 

values with AUL~ ALU. 
• Either the GK model underpredicts the C term or over 

predicts the DUL term. The fact that ALU ~ AUL would seem to 
indicate the C term dominates.

• Because the AULsin2f is predicted well (which contain HT, ET 
and H~T), the logical conclusion is that EM

LL is being 
underestimated.

reminder:

Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137; [arXiv:0906.0460]
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Comparisons to and lessons from exclusive p-

• Comparison of t calculated 
from pion and proton 

• Gives data-driven upper 
bound estimate of 
resolutions

• Exclusive p- (en → epp-) allows for additional systematic studies by detecting the recoil proton (as opposed 
to the unobserved neutron in exclusive p+). 

• Remarkable agreement between missing baryon peaks between RGA/RGC (H2 and NH3) and RGB/RGC 
(D2 and ND3).

• Comparison of ALU between RGA/B and RGC shows good agreement indicating relatively nuclear effects.

(M. Kerr, MIT)

(H. Avakian, JLab)

p- RGB

p- RGA

0.25<t<0.85

no proton detected |Ebeam+M-Ee’-Ep-Ep|<0.12(H. Avakian, JLab)

p- ND3-C

detection of proton allows for removal of background
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Comparison of exclusive AUL

0.26<t<0.86

• Exclusive p- SSAs extracted for the first time.
• Large negative SSAs for both pions are consistent with each other.
• Consistency indicates a common source for both exclusive reactions (pion pole term?).

(H. Avakian, JLab)
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Conclusions
• The analysis of exclusive p+ production off NH3 is nearly complete: 

1. Observation of negative AULsinf for low xB by HERMES is confirmed.

2. First confirmation of nonzero AULsin2f is observed (TT interference: chiral-odd GPDs, in particular      , confirmed nonzero!).

3. Rich structure function extraction (5+ modulations) and comparison with predictions of GK model predictions allow for deep phenomenological 

study.

• Comparison between exclusive p+ off NH3 and exclusive p- off ND3, where the additional detection of the recoil 
proton enables detailed systematic studies and clean up of background, is ongoing. Similar behavior observed.

• p+ and p- target-spin asymmetries observed to be nearly identical.
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Back up



Spin Asymmetries in Deeply Virtual Meson Production
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• Longitudinal photons at twist-2 give amplitudes sensitive to chiral-even GPDs.
• Transverse photons generate amplitudes that involve chiral-odd (transversity) GPDs at partonic twist-2 but require twist-3 meson 

DA.
• AULsin(f) is the interference of a longitudinal amplitude (built from chiral even GPDs     and    ) with transverse amplitudes 
• AULsin(2f) comes from transverse-transverse interference (built purely from chiral-odd GPDs!)
• ALUsin(f) is the same interference as AULsin(f) but in different combinations and with different kinematic weights.
• AUTsin(f-fs) is pure longitudinal-longitudinal and gives nice access to   .
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Ē = 2H̃T + ET
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MωMω→
N ;ωωωN
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Ẽ

Forward limit → transversity PDF (alignment of 
quark’s transverse spin with the nucleon’s transverse 
spin); first moment gives the tensor charge

controls a quadrupole-type distortion of transverse spin densities when quark and 
nucleon are transversely polarized, an “anisotropy”; related to “pretzelosity” 

drives a sideways (dipole) shift of transversely polarized quarks in 
transverse plane; first moment gives anomalous tensor magnetic moment 

ties transverse quark spin to helicity transfer along 
the light-cone direction, “worm gear”

(meson helicity, final nucleon helicity; virtual photon helicity, initial nucleon helicity
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Introduction

Twist-3 GPDs

• Unpolarized GPDs can be targeted in exclusive vector meson 
production (H, E).

• Polarized GPDs can be targeted in exclusive pseudoscalar meson 
production (   ,   ) 

<latexit sha1_base64="FGqE5PIVfeo4aFqa+Z69Oc3yhdw=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KkmR6rEggscK9kPaUDababt0Nwm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVHJo8lrHuBMyAFBE0UaCETqKBqUBCOxjfzPz2E2gj4ugBJwn4ig0jMRCcoZUeeyhkCNnttF8quxV3DrpKvJyUSY5Gv/TVC2OeKoiQS2ZM13MT9DOmUXAJ02IvNZAwPmZD6FoaMQXGz+YHT+m5VUI6iLWtCOlc/T2RMWXMRAW2UzEcmWVvJv7ndVMcXPuZiJIUIeKLRYNUUozp7HsaCg0c5cQSxrWwt1I+YppxtBkVbQje8surpFWteLVK7f6yXK/mcRTIKTkjF8QjV6RO7kiDNAknijyTV/LmaOfFeXc+Fq1rTj5zQv7A+fwB9JGQeg==</latexit>

Ẽ
<latexit sha1_base64="Qksdb1P3If5seGsCD/JzFZQR6I0=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laRI9Vjw0mMF+yFtKJvNtF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+nY3Nre2d3cJecf/g8Oi4dHLa1nGqKLZozGPVDYlGziS2DDMcu4lCIkKOnXByN/c7T6g0i+WDmSYYCDKSbMgoMVZ67BvGI8was0Gp7FW8Bdx14uekDDmag9JXP4ppKlAayonWPd9LTJARZRjlOCv2U40JoRMywp6lkgjUQbY4eOZeWiVyh7GyJY27UH9PZERoPRWh7RTEjPWqNxf/83qpGd4GGZNJalDS5aJhyl0Tu/Pv3YgppIZPLSFUMXurS8dEEWpsRkUbgr/68jppVyt+rVK7vy7Xq3kcBTiHC7gCH26gDg1oQgsoCHiGV3hzlPPivDsfy9YNJ585gz9wPn8A+SCQfQ==</latexit>

H̃

common term, likely dominates at large x

<latexit sha1_base64="m2IUEJA3Ob9XsK6jq6LQPY7hmQs=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSLUhWVGSnUjFNyIIFSwD2jHkkkzbWgmMySZQhn6J25cKOLWP3Hn35i2s9DWA4HDOedyb44fc6a043xbK6tr6xubua389s7u3r59cNhQUSIJrZOIR7LlY0U5E7Sumea0FUuKQ5/Tpj+8mfrNEZWKReJRj2PqhbgvWMAI1kbq2rbopvcTdI2K5+7Z0x2qde2CU3JmQMvEzUgBMpj8V6cXkSSkQhOOlWq7Tqy9FEvNCKeTfCdRNMZkiPu0bajAIVVeOrt8gk6N0kNBJM0TGs3U3xMpDpUah75JhlgP1KI3Ff/z2okOrryUiTjRVJD5oiDhSEdoWgPqMUmJ5mNDMJHM3IrIAEtMtCkrb0pwF7+8TBoXJbdSKj+UC9VKVkcOjuEEiuDCJVThFmpQBwIjeIZXeLNS68V6tz7m0RUrmzmCP7A+fwCJXJGe</latexit>

nM = (�1)JP J = spin (= 0 p, 1 r)
P = parity (= -1)

Kroll, Pion Electroproduction (2008) [arXiv:0802.0822]; 
Goloskokov & Kroll, Eur. Phys. J. C 65 (2010) 137.
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Using proton and cut |Ebeam+M-Ee’-Ep—Ep|<0.1 0.1<x<0.5

With proton detections, no major background is visible for all t

0.0<t<0.2 0.2<t<0.4 0.4<t<0.6

0.6<t<0.8 0.8<t<0.1 1.0<t<1.2
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Comparison from RGC to RGA/B
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Exclusive Final State

• µ and s are very consistent across each bin.
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Comparison to RGA
• Charge conservation ensures that any exclusive p+ event must have occurred with the electron scattering off a 

proton target.

• Very good agreement found between extracted beam-spin asymmetries from RGA Fa18 Inb and RGC Fa22 NH3 Inb.

• Indicates that nuclear effects may be relatively small (as opposed to for example, inclusive epX).
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Kinematic Distributions
Binning scheme:
  xB [0.10,0.25,0.35,0.45,0.60]
  -t [0.05,0.15,0.25,0.35,0.45,0.55, 0.65,0.75,0.85,
 0.95,1.05,1.15,1.25]
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Beam Polarization

• Beam polarization 
determined from Moeller 
measurements taken through 
the run period.

• Su22: 83.84 +/- 0.86%
• Fa22: 83.72 +/- 0.45%
• Sp23: 80.40 +/- 0.61%
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Target Polarization
• N. Pilleux Wiki for elastic analysis for PbPt extraction.

• Elastic analysis leveraging the known ALL in order to determine Pt.

• Two separate DIS analyses have been performed and found to be 
largely consistent. 

exclusivity selection

https://clasweb.jlab.org/wiki/index.php/Elastic_Analysis_for_PbPt_Extraction
https://clasweb.jlab.org/wiki/index.php/Elastic_Analysis_for_PbPt_Extraction
https://clasweb.jlab.org/wiki/index.php/Elastic_Analysis_for_PbPt_Extraction
https://clasweb.jlab.org/wiki/index.php/Elastic_Analysis_for_PbPt_Extraction
https://clasweb.jlab.org/wiki/index.php/Elastic_Analysis_for_PbPt_Extraction
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Dilution Factor Determination

Contribution from Al foils

Contribution from He coolant Contribution from nitrogen in ammonia
Contribution from hydrogen in ammonia

Standalone dilution factor 
calculation by S.E. Kuhn 
and D. Holmberg.

https://clasweb.jlab.org/wiki/images/e/e1/RG-C_Dilution_v2.1.pdf
https://clasweb.jlab.org/wiki/images/e/e1/RG-C_Dilution_v2.1.pdf
https://clasweb.jlab.org/wiki/images/e/e1/RG-C_Dilution_v2.1.pdf
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Depolarization Factors

A. Bacchetta et al., JHEP, vol. 02, p. 093, 2007.

Nearly constant in –t.
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Asymmetry Extraction

BSA TSA DSA
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Run Group C Data Sets
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QADB
• CLAS12 QADB defined in terms of “defect bits”.
• Total accumulated charges are after QA cuts.
• QADB used for all periods.
• Hall-c bleed through additionally removed.

• .
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Particle Identification

• Vertex cuts
• EB: HTCC signal and PCAL energy deposition
• “Diagonal cut”
• 3s sampling fraction cut
• Standalone e- PID document

https://clas12-docdb.jlab.org/DocDB/0012/001255/001/RGC_FD_Electron_Particle_Identification.pdf
https://clas12-docdb.jlab.org/DocDB/0012/001255/001/RGC_FD_Electron_Particle_Identification.pdf
https://clas12-docdb.jlab.org/DocDB/0012/001255/001/RGC_FD_Electron_Particle_Identification.pdf
https://clas12-docdb.jlab.org/DocDB/0012/001255/001/RGC_FD_Electron_Particle_Identification.pdf
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Exclusive Final State

Each xB-t bin’s Mx
2 distribution is 

fit individually to determine cuts.



11/20/25 33

Acceptance Related Effects
• Non-vanishing mean sin(nf) indicates possible acceptance related 

effects.

• Unfolding the data yields with the clasdis MC does not remove these 

effects (whether because the solenoid “kick” is not fully reflected in MC or 

because clasdis does not model the exclusive p+ channel very well).

• Effect is greatly enhanced at lower -t and largely disappears above -t = 1.

closed circles: solenoid +1
open circles: solenoid -1
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Stability of FLU structure function

example of typical bin
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Stability of FUL and FLL structure functions

example of typical bin
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Independence of solenoid setting
RGC Fa22 data with both solenoid settings were investigated separately in each bin and found to return consistent 
asymmetries.
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Contribution from tangentially polarized terms

• qg defines the angle between the lepton beam-axis and 
the virtual-photon direction. 

• Because the target is longitudinally polarized along the 
beam it is not completely longitudinally polarized along 
the direction q of the virtual photon.

• Any non-vanishing tangential polarization can produce 
UT-type modulations

<latexit sha1_base64="CHelPcEGnzr8BFR/JMBXtchiY+k=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIIHCbsi6kUQvHiMaFTIxqV30kkGZ3aXmV4hLPkJL/6KFw+KeBW8+TdOHgdfBQ1FVTfdXXGmpCXf//QmJqemZ2bn5ksLi0vLK+XVtUub5kZgXaQqNdcxWFQywTpJUnidGQQdK7yKb08G/tUdGivT5IJ6GTY1dBLZlgLISVF55zwqwgwMKIWqfxN2QGvgR7wWEQ9FakPqIkE00qNyxa/6Q/C/JBiTChujFpU/wlYqco0JCQXWNgI/o2YBhqRQ2C+FucUMxC10sOFoAhptsxh+1edbTmnxdmpcJcSH6veJArS1PR27Tg3Utb+9gfif18ipfdgsZJLlhIkYLWrnilPKBxHxljQoSPUcAWGku5WLrotIkAuy5EIIfr/8l1zuVoP96v7ZXuV4dxzHHNtgm2ybBeyAHbNTVmN1Jtg9e2TP7MV78J68V+9t1DrhjWfW2Q9471+AVZ7/</latexit>

Sω
→ = Pt cos ωω

<latexit sha1_base64="zBQwMrGc5mAOh+FttIwzQR1d7+A=">AAACE3icbVA9axtBEN1zvmzZSS5J6WaxCBgX4k4YJ03A4Calgi3boLscc6uRtGh379idM4iz/oMb/xU3KRJCWjfu/G+ykq6I7TwYeLw3w8y8vFTSURTdB2vPnr94+Wp9o7W59frN2/Dd+1NXVFZgXxSqsOc5OFTSYJ8kKTwvLYLOFZ7l06OFf3aB1snCnNCsxFTD2MiRFEBeysK9y+QCRX08z06+J2PQGi75F97LiCdOmoQmSJCtjCxsR51oCf6UxA1pswa9LLxLhoWoNBoSCpwbxFFJaQ2WpFA4byWVwxLEFMY48NSARpfWy5/m/KNXhnxUWF+G+FL9d6IG7dxM575TA03cY28h/s8bVDT6nNbSlBWhEatFo0pxKvgiID6UFgWpmScgrPS3cjEBC4J8jC0fQvz45afktNuJDzoH3/bbh90mjnW2zXbYLovZJ3bIvrIe6zPBrtgN+8l+BdfBj+B38GfVuhY0Mx/YAwS3fwH12p4t</latexit>

|ωSω
T | = Pt sin εω

<latexit sha1_base64="NOML2ARaNNtBM5LkRSiwLu6JGHg=">AAACAnicbZDNSsNAFIUn9a/Wv6grcTNYBFclKVJdVty4rNC0hSaGyXTSDp1MwsxEKCG48VXcuFDErU/hzrdx2kbQ1gMDH+fey517goRRqSzryyitrK6tb5Q3K1vbO7t75v5BR8apwMTBMYtFL0CSMMqJo6hipJcIgqKAkW4wvp7Wu/dESBrztpokxIvQkNOQYqS05ZtHV37mtPO7zJWUu8mI5j/gm1WrZs0El8EuoAoKtXzz0x3EOI0IV5ghKfu2lSgvQ0JRzEhecVNJEoTHaEj6GjmKiPSy2Qk5PNXOAIax0I8rOHN/T2QoknISBbozQmokF2tT879aP1XhpZdRnqSKcDxfFKYMqhhO84ADKghWbKIBYUH1XyEeIYGw0qlVdAj24snL0KnX7EatcXtebdaLOMrgGJyAM2CDC9AEN6AFHIDBA3gCL+DVeDSejTfjfd5aMoqZQ/BHxsc361qXvQ==</latexit>

Asinω
UT sinω
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Introduction of “AUT” 
• If a sin(qg) AUTsin(f) term is included directly it will be nearly collinear with the ordinary sin(f) basis.

• Compute weighted mean and charge weighted width of distribution

• Define the centered unitless shape 

• First term renormalizes the AULsin(f) amplitude, second term carries the genuine shape of the “Atg”

• Rewrite original modulation 

• Plug back into TSA 

<latexit sha1_base64="THC2k/1dkI8/UvdZ56fqiYLsL+g="></latexit>

m =

∑
i wimi∑
wi

; ω2
w =

∑
i wi(mi →m)2∑

i wi

<latexit sha1_base64="NhC/QbvxmqC6f1ulhXnzwpsKR5U="></latexit>

mi(ω) → ↑sin εω↓εi
<latexit sha1_base64="vKLl74CZOLFEIKWb+9SfeCiXVRo="></latexit>

=
[
Asinω

UL +Atgmi(ω)
]
sinω+Asin 2ω

UL sin 2ω

<latexit sha1_base64="to9KlmFRO2IBx8CfwwmgwA9ZE2s="></latexit>

mi(ω) sinω = [m+ εwm
c
i (ω)] sinω

<latexit sha1_base64="/pW/383UYPqAKRBJpiURNx0W1rw="></latexit>

Asinω
UL sinω+Atgmi sinω+Asin 2ω

UL sin 2ω = Asinω
UL +Atg [m+ εwm

c
i (ω)] sinω

<latexit sha1_base64="7chjyPNgX/9uM/eBMuF/AXHUnvw="></latexit>

=
[
Asinω

UL +Atgm
]
sinω+Atgεwm

c
i (ω) sinω+Asin 2ω

UL sin 2ω

<latexit sha1_base64="6/YhEx56g5PeQhndV+taEeJw6zY="></latexit>

Asinω
UL sinω+Asin 2ω

UL sin 2ω → Asinω
UL sinω+Atgmi(ω) sinω+Asin 2ω

UL sin 2ω

<latexit sha1_base64="zRlaoqHU/jo80QQ/zKleesvLFJo=">AAACFXicbVDLSgMxFM34rPVVdekmWISKUmaKVJcFNy4r2Ad0hiGT3rahycyYZApl6E+48VfcuFDEreDOvzFtZ6GtBwKHc85Nck8Qc6a0bX9bK6tr6xubua389s7u3n7h4LCpokRSaNCIR7IdEAWchdDQTHNoxxKICDi0guHN1G+NQCoWhfd6HIMnSD9kPUaJNpJfuBAlNx6wM+zCQ8JG2I1MenpZKib4HLtd4Jr4WcgvFO2yPQNeJk5GiihD3S98ud2IJgJCTTlRquPYsfZSIjWjHCZ5N1EQEzokfegYGhIByktnW03wqVG6uBdJc0KNZ+rviZQIpcYiMElB9EAtelPxP6+T6N61l7IwTjSEdP5QL+FYR3haEe4yCVTzsSGESmb+iumASEK1KTJvSnAWV14mzUrZqZard5fFWiWrI4eO0QkqIQddoRq6RXXUQBQ9omf0it6sJ+vFerc+5tEVK5s5Qn9gff4AMt+eLw==</latexit>

m(ω) → m+ εm(ω)

<latexit sha1_base64="O2ufoEstP6F4peV+TKiKXBJrrRI="></latexit>

mc
i (ω) =

εm(ω)

ϑw
; mc

i (ω) →
mi(ω)↑m

ϑw
; mi(ω) = m+ ϑwm

c
i (ω)
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Additional f shape from m(f)

• sinqg generally increases at the edges 
of f bins.

• If sinqg had been f-independent there 
would be no additional modulation 
effect from the tangential polarization.

• Magnitude of the information about Atg 
is set by the sw (~2-3%).

• If      is not fit, AUL shifts by         <latexit sha1_base64="9Y7efOW+aQZLKkmS73MfwG3+zcI=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1WXFjcsKthbaECbTSTt0HmFmIoRQf8WNC0Xc+iHu/BsnbRbaemDgcM493DsnShjVxvO+ncra+sbmVnW7trO7t3/gHh71tEwVJl0smVT9CGnCqCBdQw0j/UQRxCNGHqLpTeE/PBKlqRT3JktIwNFY0JhiZKwUuvWhtHaRzvkMXoe5Gc9Ct+E1vTngKvFL0gAlOqH7NRxJnHIiDGZI64HvJSbIkTIUMzKrDVNNEoSnaEwGlgrEiQ7y+fEzeGqVEYylsk8YOFd/J3LEtc54ZCc5MhO97BXif94gNfFVkFORpIYIvFgUpwwaCYsm4Igqgg3LLEFYUXsrxBOkEDa2r5otwV/+8irpnTf9VrN1d9Foe2UdVXAMTsAZ8MElaINb0AFdgEEGnsEreHOenBfn3flYjFacMlMHf+B8/gA5hpUa</latexit>

mAtg
<latexit sha1_base64="nsV404z63V/J03CWNlLvgwBgv5A=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il1k0/w+G0X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzaKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjMXicDoTlDObGEMi3srYSNqKYMbUAlG4K3/PIqaV1UvVq1dn9Zqbt5HEU4gVM4Bw+uoA530IAmMHiEZ3iFNyd2Xpx352PRWnDymWP4A+fzB6MSjyI=</latexit>

Atg
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Fits including Atg in TSA

• When included in the fit a small, 
possibly positive, contribution 
appears for the Atg term.

• Little to no effect on the regular AUL 
amplitudes.

• For <sinqg> ~ 0.23 and Atg ~ 0.03 
then DAUL ~ 0.007, i.e. a few 
percent change on the total 
magnitude.
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Binned Results (Requested For Release)
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Integrated Asymmetry (Requested For Release)


