Strong PV in the nucleon?

Matteo Cerutti

Bacchetta, MC, Manna, Radici, Zheng, PLB 849 (2024)

SoLID Opportunities and Challenges of
Nuclear Physics at the Luminosity Frontier June 19, 2024




matter-antimatter imbalance

A

— CP violation in the strong sector



EW sector CP violation is included




EW sector CP violation is included




EW sector CP violation is included

too small...




EW sector CP violation is included

too small...

OCD sector




EW sector CP violation is included

too small...

OCD sector

Stromg CP




EW sector CP violation is included
too small...
QCD sector /QCD = LQcp + L£CF

Stromg CP




EW sector CP violation is included
too small...
QCD sector /QCD = LQcp + L£CF
Stromg CP

O-term




EW sector CP violation is included
too small...
QCD sector /QCD = LQcp + L£CF
Stromg CP
O-term

Nucleon electric dipole moment




EW sector CP violation is included
too small...
P
QCD sector /QCD = LQcp + L
Stromg CP
O-term
“Strong CP problem”

Nucleon electric dipole moment

never measured...




P-symmetry



P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations




P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations

Are there any effects of QCD
P-violation on the internal
structure of nucleons?



P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations

Are there any effects of QCD
P-violation on the internal
structure of nucleons?

/

Terms from EW sector



P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations

Are there any effects of QCD
P-violation on the internal
structure of nucleons?

Terms from EW sector

uy A % XL o i o i
DR R TR ORI U R TP TVR R U & RO £ AR ORRTERR TN
PR SR S A I L A IR b e
R HE X A A I S EE
o SARALSS G N WA ARVEA Vs RN S



P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations

Are there any effects of QCD
P-violation on the internal
structure of nucleons?

Terms from EW sector Terms from QCD sector

TTAN I an pre BRan BE R pamanedr autee PR oyme Sinart entee et

SR e alt DI O DRESwnRaMerT Mo DD oaln R R N
[ R T R R N L
o SORASS i WA ARVEA Vs RN S



P-symmetry

QCD sector QCD Lagrangian is assumed to be
invariant under parity transformations

Are there any effects of QCD
P-violation on the internal
structure of nucleons?

Terms from EW sector Terms from QCD sector

Strong P-violation

TLAN I gn e PR DT pmrmintr aetee BEogte St enee e

ISV e gl DI D5 BIRAMATT SRV 1Dt el BT 3V At
L e A A R HEH
2 SORASS i WA AN ARVRA Vs A S S



Fiivtol QiRirged Leptons

Electromagnetic
w+ Z W-

V. v, i

Uiitharged Leptons

| 1 1




EW sector

Fiivtol @inirged Leptons

Electromagnetic
w+ Z W-

V, v, v,

Uitharged Leptons

| 1 1



QCD sector

EW sector

Fiivtol @inirged Leptons

Electromagnetic
w+ Z W-

V, v, v,

Uitharged Leptons

| 1 1



Which implications could the
presence ol strong P-violation cause

to inclusive DIS?
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PDFs occurring in DIS processes with P violation
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Neutral-Current DIS
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Results of the fit

N of points X2/Ndata (SM) X2/Ndata (Fit)
HERA e 136 1.12 1.12
HERA e~ 138 0.98 0.98
JLab6 2 0.67 0.42
SLAC-E122 11 0.97 0.94
TOTAL 287 1.042 1.037
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Results of the fit: data vs theory
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JLab 12 GeV — SoLID detector
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Step forward: dependence on x

® BSM terms in QCD that may generate PV parton distributions

2 — ~
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— 3 Z d,9sq(0 - G)vsq; d = 5 quark chromo EDM
q=u,d,s
+ dw%GéG; d = 6 Weinberg’s 3g operator

+ Z C’Z-(4Q) O,§4Q); d = 6 Four-quark operators
i

See talk by Y-S Yoo @SPIN23
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Next steps:

2 Fit model parameters to phenomenological extraction

» Compare the result for gi ' /g, ratio

2 Fit model parameters to experimental data
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PDFKs in DIS processes

Nucleon Pol.

Quark Polarization

fi(z)
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® If we accept strong P- violation in the decomposition of the partonic
correlator, we obtain new PV PDFs

® In this assumption, a new structure function in DIS cross section for
one-photon exchange is generated

e Afit of present experimental data is compatible with a non-zero
contribution from a new strong PV parton density

e Improvements in the theoretical framework of our analysis are surely
needed to obtain more and more accurate results
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DIS Cross Section

d°o 2

dxgdydog

Leptonic tensor - QED
(completely
calculable)

a~vy v
— W[LW(Z, U, Ae)IZM WH*(q, P, S)]
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!
P
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\ P S
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Hadronic tensor - QCD
(NOT completely
calculable)

J. Collins, “Foundation of Perturbative QCD”
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J. Collins, “Foundation of Perturbative QCD”
M. Anselmino et al., Z. Phys. C 64, 267 (1997)
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Hadronie T'ensor (unpolarized)
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=3 [ SE 0P = POPIIOIR) (P A01P

Dominant contribution on the Light-Cone

J. Collins, “Foundation of Perturbative QCD”
M. Anselmino et al., Z. Phys. C 64, 267 (1997)
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Hadronie T'ensor (unpolarized)
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l Correlation distribution function

d4
<I>7;j(k,P,S):/(2 3
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Hadronie T'ensor (unpolarized)

_— T EW P-odd structures

/\ D /\ already present in the
hadronic tensor!

P

2MWH (q, P, S) Z 2—Tr (g, P, S)THyTTY]

l Correlation distribution function

®;;(k, P,S) = / (5754 e S (Pl (0)U (0, ) (€)| P)

Decomposition in partonic densities

J. Collins, “Foundation of Perturbative QCD”
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Neutral-Current DIS

do* B 2mo®
dedy  xyQ?

(Ve +92%/2) (Favwr + AF3i)

—y° (Fruu + )\FE—L’LU)
Y.

Vi

:CF??:UU + )\ZBFgLU)

Standard DIS structure functions

Fouu(2,Q%) = Fy" — ginyzFy D + (9% + 957 )nz Fy”,

Fi (2, Q%) = FganyzFy'?) £ 295 gmz Py
xFSiUU(x? Q%) = ::ginvZfEFs(vZ) + 29%/9277%13}7(2)
Py (2, Q%) = $F3(7) — vy CCF?EW Ut (9%/2 T 922)772$F3( ),
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Impact of future data

JLADB 12
EIC

A(exp) ~ 0.1%



