Probing the four-fermion operators via the transverse
double spin asymmetry at the Electron-lon Collider

Hao-Lin Wang (£ £1#)
South China Normal University

In collaboration with Xin-Kai Wen, Hongxi Xing and Bin Yan
arxiv: 2312.xxxxx

BT+ tRETeVILEAZATYS
2023.12.16, FMXR




SMEFT confronted with NP effects

Null result in searching for new Assume no new light particle
particles with m < Agy
Poprr = Lyt Lo+ Lo+ 7 i o©)
SMEFT = L sMT -7 5T Lo+ L1 Foi ¢
 Gauge symmetry: SUQ3)-XSU(2); X U(1)y
A: NP scale

 Dynamical degrees of freedom: SM fields
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SMEFT confronted with NP effects
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SMEFT confronted with NP effects
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SMEFT confronted with NP effects
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How to extract such NP effects at O(1/A?%)?

Iransverse spin asymmetry * Single-spin asymmetry (SSA):
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How to extract such NP effects at O(1/A?%)?

Transverse spin asymmetry  Single-spin asymmetry (SSA): ep collider
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* Double-spin asymmetry (DSA):
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Future Electron-lon Colliders

* Forthcoming EIC in USA and planned EIC in China (EicC)

* Aiming at uncovering the fundamental questions in nuclear physics

 Precisely determine the spin-dependent parton distribution functions (PDFs) High luminosity

» Explore and image spin and 3D structure of the nucleon

Polarize both the electron and light ion beams simultaneously

» Have the potential to probe the EW properties of the SM and search for potential
NP effects



Transverse DSA in the SM

Superscripts 1, | :
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In the SM, transverse DSA is suppressed
by both the electron and quark mass!



Transverse DSA in the SM

Superscripts 1, | :

A = the direction of transverse
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Transverse DSA in the SMEFT

SMEFT Q*/4na
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Transverse DSA in the SMEFT

» Define the integrated asymmetry for the special case: ¢, = ¢, = ¢

> w(¢) = cos(2¢) Re[C, dq]
Arp = J dp w(P)Arr(P) w(¢) = sin(2¢) IM[Creg]
0
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» Adopt two extractions of quark transversity distribution:
Both obtained from the global analyses of the Collins asymmetries in SIDIS
and Sl ¢ e annihilation process measurement within the TMD factorization
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Transverse DSA in the SMEFT
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Transverse DSA in the SMEFT
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Summary

We explored the possibilities of probing the scalar and tensor type four-fermion
operators by using the transverse DSA of the electron and proton beams in inclusive

DIS at the EIC/EicC

We demonstrate that the interference between these operators and SM leads to
nontrival azimuthal cos 2¢) and sin 2¢) distributions and are linearly dependent on the

Wilson coefficients associated with these operators at the ©(1/A?), without any
suppression from the electron and quark masses

The results depend on the quark transversities, which are expected to be precisely
determined at EIC & EicC

The results are not significantly affected by the presence ot other NP operators in DIS
process
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Momentum Transfer Q° (GeV?)

Future Electron-lon Colliders

3
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19

D. P. Anderle et al., 2102.09222



Transverse DSA in the SM

Superscripts 1, | :

the direction of transverse

c (eTpT> +0 (elpl) + 0 (eTpl> +0 (eipT) spins of electron and proton

J,(x, p): PDF
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hq(x,,u): transversity distribution
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Transverse DSA in the SM

Superscripts 1, | :

the direction of transverse

A =
T G (eTpT> + - (elpl> + 0 (ngl) + 0 (eipT) spins of electron and proton
f.(x,n): PDF
ASMz _ 4 : N
TT _ h,(x, p): transversity distribution

Sﬁe = P7,(0, cos ¢y, sin ¢;,0)

swep(Q% +m)(y?2 =2y +2) 2, Offy(x, )

Sﬁp = Pr,,(0, cos ¢,, sin ¢,,0)

X thq(x, i) [COS d. (1 — )& —cosp_(1 + y)((y — )€ + ggfg)]
q

Q*=-3, x=——7, y= , Suppressed by both the

Pa bk electron and quark mass!
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21



Transverse DSA in the SMEFT

A qSI\/IEFI Q2/47wc
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