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Motivations

EW sector CP violation is included
Weaw OF too small...

0 =L s
CD sector QCD — LQCD +
Strong CP

f-term

SMEFT operators

|

Nucleon electric dipole moment

never measured...
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Motivations

P-Bymmetry
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
Weals Peviolation Strong P-viclation

v X



Which implications could the
presence of strong P-violation cause

to inclusive DIS?



DIS process

[(£) + N(P) = ~v*(q) = 1(¢)+ X

} remnants
'5-'-1'.'.'.'.‘,'_'_::"""- } remnants

nucleon
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Cross Section

d>r a? Y,

dzndydds — 200 oY (K AE)IQMW“”((;,RS)]

In general

d3o

=Y LYV A)2MWH (g, P, S)
I=Y"v4,Z

dx B dydqb S 2
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Hadronic Tensor (unpolarized)
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J. Collins, “Foundation of Perturbative QCD"
M. Anselmino et al., Z. Phys. C 64, 267 (1997)
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Hadronic Tensor (unpolarized)
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Hadronic Tensor (unpolarized)
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Hadronic Tensor (unpolarized)

Vertices of the interactions
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Hadronic Tensor (unpolarized)

Vertices of the interactions

P-odd structures

q
ko4
_— B
O already present in the
hadronic tensor!
P

2MW*" (g, P, S) = Zeg;Tr[@(Q: P, S)@ﬂ

J. Collins, “Foundation of Perturbative QCD"
M. Anselmino et al., Z. Phys. C 64, 267 (1997)



Hadronic Tensor (unpolarized)

o
L/ H
_— T P-odd structures
O already present in the
hadronic tensor!
P
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q

Correlation distribution function

J. Collins, “Foundation of Perturbative QCD"
M. Anselmino et al., Z. Phys. C 64, 267 (1997)



Hadronic Tensor (unpolarized)

I

_— oy P-odd structures

% P /\ already present in the
hadronic tensor!

IJ

OIMWH (q, P, S) = Ze Tr|<b(q,P Sjl““ i

J Correlation distribution function

die

(I).E'j(k,P,S) — (271_)4

e'™*(Ppi (0)U (0, )4 (€)|P)

J. Collins, “Foundation of Perturbative QCD"
M. Anselmino et al., Z. Phys. C 64, 267 (1997)



Hadronic Tensor (unpolarized)

I

_— oy P-odd structures

% () /\ already present in the
hadronic tensor!

IJ

OIMWH (q, P, S) = Ze Tr|<b(q,P Sjl““ i

J Correlation distribution function

1
0,i(k P.5) = [ e S (PIBOUO,W(E)IP)

Decomposition in partonic densities

J. Collins, “Foundation of Perturbative QCD"
M. Anselmino et al., Z. Phys. C 64, 267 (1997)
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Partonic correlator (unpolarized)

Integrated correlator

®;;(zp) :/dg—_ﬂik's(f)hf_)j(ﬂ)%(é)\P)§+=£T=n

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parity invariance
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Leading twist contributions
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Neutral-current DIS

do* B 210’
dedy  zyQ?

(Y+ + ’r’gyz/?) (Fovv + AF51 )

e yE (FL,UU 4 )‘FI:ELU)
Y_

Ve

mFi;U + )hﬂ:FgL[_r)

do™  2ma?
dzdy  xyQ?

Y\ Ff — y*Ff FY_aFF|

PDG 2023
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Focus: structure function xF;(x, 0?)
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Focus: structure function xF;(x, QZ)
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Focus: structure function xF;(x, QZ)

e Z e e Z
F3u(z, Qg) = ﬂng(T) — Qv%fo”F?ET ) + (QVZ T 9A2)7?Z$F?E )

zFy" (z,Q%) =0

Additional contributions
due to the new PV parton
distribution

MAIN INNOVATION
OF PV-HYPOTESIS

(z,Q%) =

Z ¢ -Tng(q+q)

N
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Neutral-current DIS

do* B 210’
dedy  zyQ?
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Neutral-current DIS

do* B 2ma’
dedy  xyQ?

(Y+ + ’r’gyz/?) (Fovv + AF51 )

e y? (FL,UU 4 )‘F.[:ELU)
Y_

Ve
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Standard DIS structure functions

F7) + 298 g4mz By,

(z, Q)
FQZ:EU (, QZ) = ::Qf&mz
_ VA VA
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Phenomenology



Experimental observable

PVDIS Asymmetry

. dJ()\ — ]-) T dJ(A — _1) PVDIS Collaboration, Nature 506 (2014)

Apy =
PV dJ()\ _ 1) n dJ(A _ _1) D. Wang et al., Phys.Rev.C 91 (2015)




Experimental observable

PVDIS Asymmetry

do(A=1) —do(A=—1)
V= do(A=1)+do(A = —1)

Ap

Y_|_F2LU — yzFL,LU - Y—:BF3LU

Y. Fyy — vy FLyu — Y_zF3yy

Ye=1%(1-y)’

PVDIS Collaboration, Nature 506 (2014)
D. Wang et al., Phys.Rev.C 91 (2015)
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Experimental observable

PVDIS Asymmetry

do(A=1) —do(A = —1) |
Apv = _ _ D. Wang et 1, Phys eV &1 (2015)
do(A=1)+do(A=—1)

Contribution of g{p Vin each of

the structure functions due to
Yi=1+(1-y)? yZ and Z channels
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Available experimental data

HERA dataset
(Run I + IT combined)

H1 Collaboration, Eur. Phys. J. C 78 (2018)
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Available experimental data
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H1 Collaboration, Eur. Phys. J. C 78 (2018)

et asymmeftry: 136 data

€ asymmetry: 138 data s

H1 Collaboration

e A" (e'p)
— HIPDF 2012

o A (ep)
----- HIPDF 2012

|LII

)
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Available experimental data
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HERA dataset A*
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.

H1 Collaboration, Eur. Phys. J. C 78 (2018)
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e~ asymmetry: 138 data Dl T ey ;
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JLab6 PVDIS dataset € asymmetry: 2 data

PVDIS Collaboration, Nature 506 (2014)
D. Wang et al., Phys.Rev.C 91 (2015)
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C.Y. Prescott et al., Phys. Lett. B (1979)
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Available experimental data

et asymmetry: 136 data

€ asymmetry: 138 data

Imbalance between
information from electron and
positron beams

€ asymmetry: 2 data

€ asymmetry: 11 data
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high-energy
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no need of modification of the theory
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(1 1 4
U ) - 2 y y = 2 —— . =, it 1 EH
1 TaGv \ 2) (2 3 sin w)

F 1 1
Cow = 2¢5g% =2 —= +2sin?6w | | =
Tu Jvia Y 2+ sin “)(2)

1 1 2
e d _ o - o aine
2940y = 2( 2) ( 2 + 351:1 E’w)
e i 1 s 2 1
Cada = 2gyg4 =2 D) + 28in” fw -3

2
=1
I
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Experimental data: energy range

HERA dataset

high-energy
Q* > M?

no need of modification of the theory

JLab6é + SLAC-E122 datasets

low-energy
0? ~ M!%r
applicability of the theory?

IE:"I i

I

(1 1 4
2990y = 2 _E) (— — —sin® Oy
\

f 1
_E +25in25‘w

29y 94 = 2
29597 =2 (
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\

2 3

)

) (z)

1 1 2,4
—E) (_E—I_ES]H Ew)
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)(

1

—

2

)

Q* € (200, 30000) GeV?

Q? € (0.9,1.9) GeV?

Target-Mass Corrections
e.g., A. Bacchetta et al., JHEP 02 (2007)

EW radiative corrections
J. Erler, S. Su, Prog.Part.Nucl.Phys. 71 (2013}

2
CM = —0.1887 — 0.0011 X Em{{Qﬂ} /0.14GeV?)

CSM = 0.3419 — 0.0011 x %lln({gz} /0.14GeV?)

CSM = —0.0351 — 0.0009 In((Q?)/0.078 GeV?)
Csy' = 0.0248 + 0.0007 In({Q?)/0.021 GeV?)
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Parameterization of g; ' (x, Q%)
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PV parton density comes from the structure

yPyH
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Parameterization of g; ' (x, Q%)

PV parton density comes from the structure

75 ,-YP" — Same evolution as helicity PDF g,(x, Q%)

—_— C-odd

:I:Fj .’17 Q2 ZOJ:E (9—q)
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Parameterization of g; ' (x, Q%)

PV parton density comes from the structure

75 ,-YP" —_— Same evolution as helicity PDF g, (x, 0%

Y C-odd

2F! (z,Q%) = ZC-?:E (9-9) AzFl(z,Q?%) = —ZC;ja:c:rgl

q
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Parameterization of g; ' (x, Q%)

PV parton density comes from the structure

75 ,-YP" —_— Same evolution as helicity PDF g, (x, 0%
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Parameterization of g; ' (x, Q%)

PV parton density comes from the structure

75 f)/-‘u’ — Same evolution as helicity PDF g,(x, Q%)
—p C-odd
:I:‘F‘? (z,Q?) = ZOJ:E (q—9) ﬂ$F§($,Q2) _ _Zcqj$ﬂg(q+tI)
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PV parton density comes from the structure

'}(5 "Y’u’ — Same evolution as helicity PDF g,(x, 0?)
- C-odd
] ‘ —q ) F o +_
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Parameterization of g; ' (x, Q%)

PV parton density comes from the structure

75 f},a“' — Same evolution as helicity PDF g, (x, 0%
—_— C-odd
tFi (z,Q?) Z Cizfla=9 AzF)(z,Q?) = Z Cizagitt?
@)= C™?  AH@Q) ==Y Crad"™
q

1 parameter to be fitted
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Results of the fit: y* values

Fit WITH EW radiative corrections

N of points X2/Ndata (SM) X2/ Ndata (Fit)
HERA AT 136 1.12 1.12
HERA A~ 138 0.98 0.98
JLabs A~ 2 0.67 0.42
SLAC-E122 A~ 11 0.97 0.94
TOTAL 287 1.042 1.037
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Results of the fit: data-theory comparison
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Results of the fit: data-theory comparison
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Results of the fit: gf Y(x, 0?%) extraction

91 (z) = a gi(x)

o= (—1.01+0.66) - 10~*
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Conclusions and Outlook

® The strong P- violation can give origin to a new structure function in
DIS cross section for one-photon exchange

® A fit of present experimental data is compatible with a non-zero
contribution from a new strong PV parton density at more than 1 sigma

e To better investigate its behaviour, new data are needed especially
at small (medium) values of Q

e Experimental data from positron beam are welcome to shed light on the
complementarity with electron beam
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Conclusions and Outlook

® Predictions of the size of the PV distribution can be made in the
kinematic domains of JLab12, JLab20+(?) and EIC
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Conclusions and Outlook

® Further investigations on a new P-odd, CP-odd distribution function
arising when considering the polarisation of the target

3%(z, Q?) = {fl (2, @) + ¢*V(z, @)s
+ 81 (99(2, @) + f1 (2, Q%))
— $T (h{f(ﬂ?: Q2)’}’5 - ElT Wz Qz)) } ?ﬁ
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Conclusions and Outlook

® Further investigations on a new P-odd, CP-odd distribution function
arising when considering the polarisation of the target

(z, Q2) = {fl (2, Q%) + 67V (2, Q%)s

+ 52 (91(2, Qs+ (2, Q?))

— 3 (h{f(ﬂ?: Q%) — EIT (z Qz))}

s

1 e
Azpgs(zp, Q%) ~ Azpgy (x5, Q?) = 5 ) elzp T
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