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P-symmetry
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Which implications could the
presence ol strong P-violation cause

to inclusive DIS?



DIS process

[(0) + N(P) = ~"(q) > 1(/) + X

lepton

} remnants

nucleon



Cross Section

d’o o’y

drpdydds  2Q*

Lo (1,1, /\e)IzMW‘“’ (g, P, S)]




Cross Section

d’c a2
dx ded¢s 2 Q4

YL\ I2MW‘“’(q, P, S)}

In general

d3o

> LY U Ae)2MWH D) (g, P, S)

I=Y"v4,4

drpdydgs 2Q4




Cross Section

d’c a2
dx ded¢s 2 Q4

YL, PMWW@PSﬂ

In general

d3o
drpdydgs 2Q4

> LY U Ae)2MWH D) (g, P, S)

I=Y"v4,4




Hadronic Tensor (unpolarized)

2MWaP) =Y T XS +q - Px) (PO Px) (Pl (0)P)

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



Hadronic Tensor (unpolarized)

2MWaP) =Y T X 5P +q - P)(PILO)Px) (Pl (0)1P)

Dominant contribution on the Light-Cone

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



Hadronic Tensor (unpolarized)

2MWaP) =Y T XS +q - Px) (PO Px) (Pl (0)P)

l Dominant contribution on the Light-Cone

OMWH (q, P, S) = Z 2—Tr O(q, P, S)THyTTY]

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



Hadronic Tensor (unpolarized)

g

./

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



Hadronic Tensor (unpolarized)

g

|
|
% |
|
|
|

Vertices of the interactions

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



Hadronic Tensor (unpolarized)

g

I
I
/! |
I
I
I

Vertices of the interactions

P-odd structures

D already present in the
hadronic tensor!
It

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



Hadronic Tensor (unpolarized)

g

./

L~ T P-odd structures

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

It

OMWH (q, P, S) = Z 2—Tr O(q, P, STH~TTY]

Correlation distribution function

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



Hadronic Tensor (unpolarized)

g

H

./

L T P-odd structures

/\ P & already present in the
hadronic tensor!

It

OMWH (q, P, S) = Z 2—Tr O(q, P, STH~TTY]

l Correlation distribution function

d4
‘I%j(k,P,S):/(Q 3

L TSP (0)U (0,€)4(¢) | P)

)

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



Hadronic Tensor (unpolarized)

g

H

./

L T P-odd structures

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

It

OMWH (q, P, S) = Z 2—Tr O(q, P, STH~TTY]

l Correlation distribution function

®;;(k, P,S) = / (gw§4 e S (Pl (0)U (0, ) (€)| P)

Decomposition in partonic densities

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



Partonie correlator (unpolarized)

Integrated correlator

Bij(on) = [ G e EPIG O)0(E) IP)er—ermo



Partonie correlator (unpolarized)

Integrated correlator

Bij(on) = [ G e EPIG O)0(E) IP)er—ermo

Lorenz scalar Lorenz scalar



Partonie correlator (unpolarized)

Integrated correlator

Bij(on) = [ G e EPIG O)0(E) IP)er—ermo

Lorenz scalar Lorenz scalar

Hermiticity Hermiticity



Partonie correlator (unpolarized)

Integrated correlator

Bij(on) = [ G e EPIG O)0(E) IP)er—ermo

Lorenz scalar Lorenz scalar
Hermiticity Hermiticity

Parity invariance



Partonie correlator (unpolarized)

Integrated correlator

Bij(on) = [ G e EPIG O)0(E) IP)er—ermo

Lorenz scalar Lorenz scalar
Hermiticity Hermiticity

Parity invariance

po v
1, %, o



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee

po v
1, %, o



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee

LAt o™ i, Y, iy ot



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee
1’ /y’u’ o i’75, ’Y'UJ’757 i’VSO'UJV

Leading twist contributions



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee
1’ /ylu’ o i’75, ’Y'UJ’757 Z.’VSO-'UJV

Leading twist contributions

1

Ppe(z) = 5 filz)y”

2



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee
LAt o™ i, Y, iy ot

Leading twist contributions

2re(@) %f 1)y Dpy(z) ~ g7V (2)7

2



Partonie correlator (unpolarized)

Integrated correlator

Bij(2n) = / W e (PI (0)i(€)| P e —ermo

2T
Lorenz scalar Lorenz scalar
Hermiticity Hermiticity
Parity invariance Parityinvarianee
L% o™ i, Y, iy ot

Leading twist contributions

Ppr () %f 1)y Dpy(x) ~ ~ gV ()77

2




Neutral-current DIS

do* B 2mo®
dedy  xyQ?

(Vs +9%2/2) (Favw + AF3i)

o y2<FL,UU + AFIZELU)
Y_

Vi

xF?ftUU + )\ZBF3LU)

do*
dxdy

2T
~ ryQ?

Y\ P -y Ff R Y ok

PDG 2023

10



Focus: structure function xFs(x, Qz)

e Z e e Z
xFSLU(xaQZ) — xF?,(ﬁy) — gvnfnyF?)(v ) T (9V2 T QAZ)anF?)( )

N



Focus: structure function xF;(x, Qz)

e Z e e Z
$F3LU($7Q2) — sz(W) — LC]V77’ny]-'7:’>(7 ) T (9V2 T QAZ)anFs( )

xF(V) (£,Q%) =0
ZEF(WZ) (z Qz ZzquAxf(q q)

ZUF(Z) ZIJ Q2 ZQQVQAZUf(q q)

N



Focus: structure function xF;(x, Qz)

e Z e € Z
rFspp(x, QQ) — sz(W) — 9v77fny]-D3(7 ) T (9V2 T 9A2)77233F3( )

xF(W) (£,Q%) =0
CEF(WZ) (7 Q ZQquAxf(q q)

xF(Z) (7 Q Zzgngxf(q q)

| xAFS(W)(x’QQ) _ 633791 PV (g+q)
q

Y4 2 q+q
tAFY D (2,Q%) = = 2e,9hxgy TP
Additional contributions q
due to the new PV parton

distribution xAFS(Z) (, QQ) Z (gv 4 gA )x91 PV (q+q)
q

N



Focus: structure function xF;(x, Qz)

e Z e e Z
wFBLU(xaQQ) — sz(ﬁy) — LC]V77’ny]~'7:’>(7 ) T (9v2 T QAZ)”ZxFS( )

mFg(V) (z,Q%) =0

Additional contributions
due to the new PV parton
distribution

N



Focus: structure function xF;(x, Qz)

e Z e e Z
wFBLU(xaQZ) — sz(ﬁy) — LC]V77’ny]~'7:’>(7 ) T (9v2 T QAZ)”ZxF?)( )

mFg(V) (z,Q%) =0
MAIN INNOVATION
OF PV-HYPOTESIS

Additional contributions
due to the new PV parton
distribution

N



Neutral-current DIS

do* B 2mo®
dedy  xyQ?

(Vs +9%2/2) (Favw + AF3i)

o yQ(FL,UU + AFI:ELU)

Y_
— (ng:leU + )\CE'F3LU)

VIt

PDG 2023

12



Neutral-current DIS

do* B 2mo®
dedy  xyQ?

(Vs +9%2/2) (Favw + AF3i)

o yQ(FL,UU + )‘FI:ELU)
Y_

Vi

xF?ftUU + )\ZEF3LU)

Standard DIS structure functions

PDG 2023

12



Neutral-current DIS

do* B 2mo®
dedy  xyQ?

(Vs +9%2/2) (Favw + AF3i)

o y2<FL,UU + AFIZELU)
Y_

Vi

xF?fleU + )\QCFgLU)

Standard DIS structure functions

PDG 2023



Phenomenology



Experimental observable

PVDIS Asymmetry

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

14



Experimental observable

PVDIS Asymmetry

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

14



Experimental observable

PVDIS Asymmetry

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

Q.
2
>

|

|
Q)
2
> | >~
|

|

1 \ 1 \
f T
N—

Vi)~ ) - V-6
YilFouy|— yQFL,UU — Y lxlbsyu

Contribution of gf) Yin each of

S| S
“

the structure functions due to
Yi=1=£(1-y)? yZ and Z channels

14



Available experimental data

HERA dataset
(Run I + II combined)

H1 Collaboration, JHEP 09 (2012) 061

15



Available experimental data

, H1 Collaboration
" L !
HERA dataset A® L :
: | * A" (P
(Run I + IT combined) 05—  _ miepraoiz | | -
H1 Collaboration, JHEP 09 (2012) 061 r /*/./"?,,- —t ]
of | ﬁm-k* | :
+ ™~ .b- - 'd’"#"é--«%‘. .‘L 11. o -
€ = asymmetry: 16 data r N |
- 05— o A (ep .
€ asymmetry: 17 data T e HIPDF 2012 I
L S
_1 L | o i %
10° 10°
Q* [GeV7]

15



Available experimental data

, H1 Collaboration
HERA dataset A® L :
: | ° A" (c'p)
(Run I + IT combined) 05—  _ miepraoiz | | -
H1 Collaboration, JHEP 09 (2012) 061 r /*/./),,- —t
ok = e -
n r '5"¢‘°'¢'¢"¢“‘%‘---<‘... 5 o ]
€ asymmetry: 16 data r T L §
— 05 — o A (ep) |
€ asymmetry: 17 data T e HIPDF 2012 I
L 2
_1 L | | i %
10° 10"
Q* [GeV?]

JLab6 PVDIS dataset

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



Available experimental data

HERA dataset
(Run I + II combined)

H1 Collaboration, JHEP 09 (2012) 061

e+ asymmetry: 16 data

€ asymmetry: 17 data

JLab6 PVDIS dataset

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

1 H1 Collaboration
P T T o
I e A" (e'p) ]
05—  — HIPDF2012 ?
C J —;/d'_’__—d"-:
i * i N
0 - —4 .
r Ty :
] VI EEY b e
el
05 :_ o A (ep _: =
T B HI1PDF 2012 e §
- — - Iz
10° 10"
Q? [GeV?]

€ asymmetry: 2 data

15



Available experimental data

HERA 11

1 H1 Collaboration
HERA dataset A® L :
: | * A" (¢'p)
(Run I + IT combined) 05—  _ miepraoiz | | -
H1 Collaboration, JHEP 09 (2012) 061 - J/./},-—*"’.
L <+ ' ]
o—-ﬁ—m""*‘ﬂ* -
+ C 3 ¢'¢¢"¢"~%~--.&_____Y; ? .
€ asymmetry: 16 data r [ S SO A
— -0. L o A (ep _
€ asymmetry: 17 data 057 ..... HIPDFE 2012 I
1 L PRI W | e e s 1o
10° 10"
Q* [GeV?]
JLab6 PVDIS dataset ¢ asymmetry: 2 data

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

SLAC-E122 dataset

C.Y. Prescott et al., Phys. Lett. B (1979)



Available experimental data

HERA dataset
(Run I + II combined)

H1 Collaboration, JHEP 09 (2012) 061

e+ asymmetry: 16 data

€ asymmetry: 17 data

JLab6 PVDIS dataset

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

SLAC-E122 dataset

C.Y. Prescott et al., Phys. Lett. B (1979)

, H1 Collaboration
At | l ] i
I * A* () |
05—  —HIPDF2012 *
L ,* ;/‘_?,,.-—«-".
L 4 ' ]
C ’ i §TT b T i

| "
05— o A (ep) _
[ e HIPDF 2012 5 ]

L e L

-1 3 1

10 10
Q* [GeV?]

€ asymmetry: 2 data

e asymmetry: 11 data

15



Available experimental data

e+ asymmetry: 16 data

€ asymmetry: 17 data

€ asymmetry: 2 data

€ asymmetry: 11 data

15



Available experimental data

e+ asymmetry: 16 data

€ asymmetry: 17 data

Imbalance between

information from electron and
positron beams

€ asymmetry: 2 data

€ asymmetry: 11 data

15



Experimental data: energy range

HERA dataset

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?

high-energy
0° > My

no need of modification of the theory

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?

high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets

16



Experimental data: energy range

HERA dataset Q* € (200, 30000) GeV?

high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets Q* € (0.9,1.9) GeV?

low-energy

2 2
O zMN

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?

high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets Q* € (0.9,1.9) GeV?

low-energy
0> ~M ]%,
applicability of the theory?

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?
high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets Q* € (0.9,1.9) GeV?

low-energy Target-Mass Corrections

Q2 ~ M2 e.g., A. Bacchetta et al., JHEP 02 (2007)
— N

applicability of the theory?

16



Experimental data:

HERA dataset

high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets

low-energy
0> ~M 1%,
applicability of the theory?

energy range

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)

16



Experimental data:

HERA dataset
high-energy
0° > My

no need of modification of the theory

JLab6 + SLAC-E122 datasets

low-energy
0> ~M 1%,
applicability of the theory?

1 1 4

Ciu — 2¢%gy — 2 (—5) (5 -3 sin® GW)
1 . 1
) +2sin20W) (5)
1 2. 45,

) (—5 -+ gblll aw)
+2sin” @ L
Sin 0w —2

&
&

I
b
QO
<0
Q
PN

|
Do

/A\

o 9
& I~
[l |
() ()
o {fw)
- N
=) e
N <
| |
N

N /‘T\
| bt DD |

energy range

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)

16



Experimental data: energy range

HERA dataset Q? € (200, 30000) GeV?
high-energy
0° > My

no need of modification of the theory

2
JLab6 + SLAC-E122 datasets Q* € (0.9,1.9) GeV
low-energy Target-Mass Corrections
Q2 ~ M]%, e.g., A. Bacchetta et al., JHEP 02 (2007)
o EW radiative corrections
appllCablhty of the theOry? J. Erler, S. Su, Prog.Part.Nucl.Phys. 71 (2013)
1\ /1 4
Ciu — 2¢%gy — 2 (——) (— — — sin? GW) 9
1 o 2/\2 3 O = ~0.1887 - 0.0011 x 2 In((Q?)/0.14GeV?)
. 1
Cu=2e.°=2(——+2'20)(—) I |
2 v 94 g T 2“’ 2 CSM — 0.3419 — 0.0011 x Tlln((Q)'}/O.MGeV?‘)
— ggegd —of XY (12 2,
Cra = 20a9v ‘2( 2) ( 2 T3 ”W) C5' = —0.0351 — 0.00091n({(Q*)/0.078 GeV?)
=M ~In( D2\ 2
Cot = 2g%.0% = 2 (_ % 4 25in? ew) (_% ) C5 = 0.0248 4+ 0.0007 In({Q*)/0.021 GeV?)



Parameterization of g'""(x, 0)

17



Parameterization of gf) Y(x, 0?)

PV parton density comes from the structure

Py

17



Parameterization of gf) Y(x, 0?)

PV parton density comes from the structure

75 ,-yﬂ — Same evolution as helicity PDF g,(x, 0?)

17



Parameterization of gf) Y(x, 0?)

PV parton density comes from the structure

75 ,-yﬂ — Same evolution as helicity PDF g,(x, 0?)

— C-odd

17



Parameterization of g'""(x, 0)

PV parton density comes from the structure

'75 "Y'u — Same evolution as helicity PDF g,(x, 0?)

—_— C-odd

xFJ (z, Q%) ZC’Ja:f(q )

17



Parameterization of g'""(x, 0)

PV parton density comes from the structure

'75 "Y'u — Same evolution as helicity PDF g,(x, 0?)

—_— C-odd

rFI(z, Q%) ZC’]ajf(q D AzF](z, Q%)

chxagl

17



Parameterization of g'""(x, 0)

PV parton density comes from the structure

'75 "Y'u — Same evolution as helicity PDF g,(x, 0?)

—_— C-odd

rFI(z, Q%) ZC’]ajf(q D AzF](z, Q%) ZCJ

ZECkggq—HI)

17



Parameterization of g'""(x, 0)

PV parton density comes from the structure

'75 "Y'u — Same evolution as helicity PDF g,(x, Q2)
EE— C-odd
xFJ (z, Q%) Z ijf(q q) AxFJ (, Q?) Z C J:EagquFQ)

FJ CL’ Q chxf(cﬁ-@



Parameterization of g'""(x, 0)

PV parton density comes from the structure

’75 "Y'u — Same evolution as helicity PDF g,(x, 0?)
E— C-odd
xFJ (z, Q%) Z C’fo(q q) AxFJ (, Q?) Z C Jxagng)

Fj (z, Q%) ZC’fo(q+67) AF] (z,Q%) ZCjajozgY] 7)

17



Parameterization of g'""(x, 0)

PV parton density comes from the structure

75 ,-YM — Same evolution as helicity PDF g,(x, 0?)

—_— C-odd
vF (2, Q) ZC”:vf(q 7 AvF(z, Q%) ZC Tzag" "
Q) = TG ARG == Y s

1 parameter to be fitted

17



Error propagation

PDF set for

18



Error propagation

PDF set for fi(z, Q%)

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

18



Error propagation

PDF set for fi(z, Q%)

gl(vaQ)

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

18



Error propagation

PDF set for fi(z, Q%)

gl(vaQ)

100 MC replicas of unpolarized PDF

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

18



Error propagation

PDF set for fi(z, Q%)

g1 (xv QQ)

100 MC replicas of unpolarized PDF

100 MC replicas of helicity PDF

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

18



Error propagation

PDF set for fi(z, Q%)

g1 (.CE, QQ)

100 MC replicas of unpolarized PDF
100 MC replicas of helicity PDF

100 MC replicas experimental data

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

18



Error propagation

PDF set for fi(z, Q%)

g1 (.CE, QQ)

100 MC replicas of unpolarized PDF
100 MC replicas of helicity PDF

100 MC replicas experimental data

NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

18



Error propagation

PDF set for fi(z, Q%) NNPDF3.1

Ball et al. (NNPDF), EPJ C 77 (2017)

g1(z, Q%) NNPDFpol1.1

Nocera et al. (NNPDF), Nucl. Phys. B 887 (2014)

100 MC replicas of unpolarized PDF

Statistical distribution of
100 MC replicas of helicity PDF

100 values of parameter

100 MC replicas experimental data

18



Results of the fit: y* values

CASE 1: fit WITHOUT EW radiative corrections

N of points X2/Ndata (SM) X%/Ndata (Fit)
HERA AT 16 1.13 1.13
HERA A~ 17 0.63 0.63
JLabs A~ 2 4.27 1.12
SLAC-E122 A~ 11 1.23 1.12
TOTAL 46 1.07 0.90
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Results of the fit: y* values

CASE 2: fit WITH EW radiative corrections

N of points X2/Ndata (SM) X%/Ndata (Fit)
HERA AT 16 1.13 1.13
HERA A~ 17 0.63 0.63
JLabs A~ 2 1.92 0.91
SLAC-E122 A~ 11 1.13 1.09
TOTAL 46 0.94 0.88
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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: data-theory comparison
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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

CASE 2 o= (—1.714+1.52) x 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 global fit of present experimental data is compatible with a non-zero
contribution from a new strong PV parton density at 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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