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SU(2) flavor asymmetry of the light quark sea

How sea quarks generated inside the proton?

> Perturbative mechanism (gluon splitting): consistent light anti-quark distributions

> Non-perturbative mechanism: SU(2) flavor asymmetry d(x) # i(x)
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In the past decades, the ratio of d/& in the proton is determined

to have a rising-up structure at x ~ 0.1, known as the SU(2)

flavor asymmetry, which becomes an important evidence of non-

perturbative mechanism of the generation of light quarks
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SU(2) flavor asymmetry of the light quark sea

How to experimentally determine d/iz ?

> Pure proton interactions: ideal way, but very difficult, since d and 7 contributions are indistinguishable in
inclusive experimental observables

> Nuclear data: currently the only direct constraints
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= =
2d +u

to the proton-interaction under same kinematic configuration, based on
Probing beam

o —

two important assumptions:

i. the classic deuteron structure picture: o(D) = ¢(p) + 6(n)

A(@). u(i) ii. the proton-neutron isospin symmetry: u,(i,) = dp(cfp), d(d,) = u,,(it,,)




NuSea/SeaQuest experimental results

Drell-Yan process with deuteron target

> Proton-deuteron interaction vs. proton-proton intetraction
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High energy proton beam and stationary target —> Anti-quarks come from target
Kinematics designed at the peak of valence quarks x, ~ ©(0.1) —> s, ¢, b, g contributions suppressed
~10 GeV high energy interactions, y-exchanged — d contribution suppressed




NuSea/SeaQuest experimental results

Higher deuteron cross section

> The deuteron cross section is observed to be much higher

> Interpreted as SU(2) flavor asymmetry
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Other experimental results

Consistent conclusion from other deuteron measurements

> NMC inclusive DIS
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Light quark ratio in pure proton data

> SU(2) flavor asymmetry: results from analyzing the deuteron data with certain deuteron nuclear corrections

> Deuteron data provide the only direct constraints on d/i at x ~ 0.1 in existing PDF global analyses

Proton structure:

» | measurements of SU(2) flavor asymmetry, unbiased

from nuclear assumptions

Measurement of light quark

ratio in pure proton data

Deuteron structure:

test on models of deuteron nuclear corrections

Today’s talk

> Light quark ratio measured from pp(pp) collisions

> Significantly different from previous deuteron results



Weak interaction and flavor dependence

Z-exchanged neutral current interactions

> Flavor-dependent vector/axial vector couplings, so that u(i7) and d(d ) contributions can be separated

> Bxperimental observable: spatial asymmetry A,y at Z pole
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Factorization on A,

Proton structure parameters defined in the observed A, spectrum
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Factorization on A,
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> Light quark distributions are consistent at x, < 0.01 so that x, terms
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Experimental results
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Experimental results consistently show a tendency that d/i is lower than the

current PDF predictions (mainly constrained by the deuteron data)
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Experimental results

The measured R parameter is a direct reflection of the observed A,
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> Appis suppressed in the data with respect to the existing PDF predictions

> Since AI(«{B is less significant than A%, the suppressed Apg observation naturally

FB
reveals a higher weight of AI‘,ZB component, namely a lower d/it and higher d/u
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Summary on the current A,, measurements

LHCb pp @ 13 TeV

on going, expected to provide independent checks for large x region

ATLAS pp @ 13 TeV

Consistent at small x region (preliminary)

CMS pp @ 13 TeV
Discrepancy observed at high ZY region

ATLAS pp @ 8 TeV (preliminary)
Discrepancy observed ( > 20)

CMS pp @ 8 TeV
Discrepancy observed ( > 40)

DO pp @ 1.96 TeV

Discrepancy observed (>3.5¢)
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Global analysis of deuteron data and pure proton data

The R-parameter data (pure proton interaction) yields a d/ii ratio close to unity

> For proton structure: indicating that the sea
quarks generated under perturbative mechanisms,

instead of SU(2) flavor asymmetry from non-

perturbative dynamics

> For deuteron structure: an important evidence

that the high energy deuteron might not be a

classic protontneutron system (with

deuteron nuclear corrections)
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A rough estimation on the deuteron nuclear effects

LMDF (longitudinal momentum distribution function)
in classic deuteron structure picture

> Sharp peak: weak interaction between nucleons in deuteron (with binding energy ~2 MeV)

> Peak at 0.5: nucleons in deuteron are proton and neutron, so they equally share the deuteron energy

LMDF in classic picture
FP(2,Q%) = Z / LMDF(z) (5 57
z 30 -
1‘ 1\ 25¢
Overall distribution of quarks PDF of quarks in nucleons 20!
in deuteron 15}
10+
Distribution of nucleons 5|
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0.0 0.2 0.4 0.6 0.8 1.0

15



A rough estimation on the deuteron nuclear effects

LMDF fitted from deuteron data, using pure proton PDF (d/it ~ 1)

> Significantly smeared: strong interaction between nucleons

> Shifted peak: not a simple proton+neutron structure
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Conclusion

® Novel measurements (asymmetry of neutral-current Drell-Yan) of light quark ratio

achieved in pure proton data

® Discrepancy observed compared to previous deuteron measurements:
No SU(2) flavor asymmetry? Violation of assumptions of small deuteron nuclear corrections?

Thanks
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Discrepancy with deuteron data

> ATLAS W*-asymmetry measurement.

Reaching large x at TeV high m
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> Correlation study of W/Z-asymmetry at hadron colliders:
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Discrepancy with deuteron data
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Cross checks with electromagnetic form factors

® [ .MDF fitting: large smearing
consistent results from quark-level interactions and electromagnetic form factors

~ 16

%’ 1'55_ % EE:E?EEE%E@'ZMMDF NuSea Kin.
1 o
13| i_ proton da:a PDF with LMDF, SeaQuest Kin.
E b 5
12F v i 8
1.1§—‘§i,ffffyiﬁf‘¢ ?
1;_ ey, e, i D*
f(x) LMDF fitted from NuSea/SeaQuest data: *¢
Deuteron breaks into quarks IO
25 N . %
20F
15}
[ LMDF fitted from electromagnetic form factors:
101 Deuteron overall shape Phys. Rev. D 113, 054008 (2026)
0.5 -' 1L 1
I 0100 0100
S S
1 N o " 1 N " N 1 " N N 1 o N —l z b%0.010 500.010
0.2 0.4 06 0.8 1.0 o o001
10E)4.01 0.05 0.10 050 1 5 102)4.01 0.05 0.10 050 1 5
0 [GeV?] 0 [GeV?]

backup-3



What do we learn ?

Proton structure in putre proton data

> For proton structure: avoid potential bias from nuclear data
> For nuclear structure: prior input to analyze high energy data

> Need new experimental observables and large x measurements

fix,Q) @ Q = 100.0 GeV/
| Proton data analysis (I}Lpram
Ratio to CT1I8NNLO |

uy(x, Q) 4
dy(x, Q)

eter mgasurements)

The proton PDFs would be significantly affected

when nuclear data sets are removed.
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What do we learn ?

Measurements on deuteron in Drell-Yan process

Hadron beam — deuteron target

Probing anti-

Why Drell-Yan? quarks in deuteron Hadron — deuteron collision

boosted toward deuteron direction
With high energy hadron beam (ot boosted forward

kinematics), it is easy to individually probe anti- Deuteron beam — hadron target

quarks and quarks inside deuteron Probing quarks in

deuteron

Hadron — deuteron collision

boosted toward hadron direction
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