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Neutrino oscillation BAUDark matter

Call for New Physics beyond the SM
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Why we need New Physics?



3.3 𝜎

LHCba: 2302.02886 [PRL]
LHCbb: 2305.01463 [PRD]
Belle II: Lepton Photon’s talk 2023

Search for NP in charm sector? 

Hint of New Physics B physics
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FCNC in charm sector

Ø absent at the tree level
Ø Strongly GIM-suppressed in charm sector

In SM, the flavor-changing neutral-current (FCNC) transitions

Li-Fen Lai, Xin-Qiang Li, XY, Ya-Dong Yang
2111.01463 [PRD], 2203.17104 [PRD]

Resonances problem

𝒆 beam, 𝒑 target:
polarized 𝒆 beam, 𝒑 target:
APEX: 1108.2750, Qweak: 1409.7100 
COMPASS, hep-ex/0703049
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Theoretical Framework

4



5

Cross section and Kinematics
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LFC



Same Exp Setup!
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LFV



Leptoquark model
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distinguish models 9



Spin asymmetries
Li-Fen Lai, Xin-Qiang Li, XY, Ya-Dong Yang
2203.17104 [PRD]
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𝝉 polarization in charm sector
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Consider:
XY, Liang-Hui Zhang, Qin Chang,
Ya-Dong Yang, 2402.16344 [PRD]

only leptonic (tauonic) decays are possible

Other observables 
are needed!

not measured yet!

only sensitive to axial and pseudoscalar OPs
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Cross section:

Lab CM of 𝝉

Polarization of 𝝉: 𝑷𝒂: polarization component

narrow width
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Extraction of the 𝝉 polarization components

Integrate over 𝝓𝒅:

FB asym

One can obtain 𝑷𝑷 and 𝑷𝑻 in a similar way, and τ polarization 
components can be extracted from analyzing the kinematics of
the τ visible decay products.
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Note that 𝑷𝑷 = 𝟎 in each case.

15 NP vector models (I-XV)

𝑬 =12 GeV, Q2=6 GeV2



𝒈𝑽𝑹

Polarization vector

Constraints on the WC of

16𝒈𝑽𝑳 𝒈𝑺𝑳 𝒈𝑺𝑹 𝒈𝑻𝑳

Ya-Ru Kong, Li-Fen Lai, Xin-Qiang Li, XY, 
Ya-Dong Yang, Dong-hui Zheng. 2307.07239 [PRD]

(can choose a different OP basis)



PL PP PT𝒅𝝈
𝒅𝑸𝟐

𝒈𝑽𝑹

Involves all 𝒈𝜶
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Challenge from Form Factors (𝚲𝒄 → 𝑵)

LQCD:

NRQM:

RCQM: Double-pole

dipole

z expansion

S. Meinel, 1712.05783 [PRD]

T. Gutsche, etc, 1410.6043 [PRD]

M. Avila-Akoki, etc, 
Phys.Rev.D 40 (1989) 2944
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NRQMLQCD RCQM

Large uncertainties induced by form factors.
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NRQM LQCD RCQM
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Summary
Ø With desired experimental setups, competitive constraints can be

provided by the low-E scattering, compared with other FCNC
processes in the charm sector.

Ø The LQ models can be effectively distinguished by measuring 3
spin asymmetries, involving only longitudinally polarized
scattering processes.

Ø 𝝉 polarization components can be extracted from analyzing the
kinematics of the τ visible decay products, and can be used to
distinguish 15 NP vector models.

Ø Large uncertainties of the polarization observables arise from using 
the different schemes and dwarf that from the error propagation of 
the form factors.



Thank you for your patience
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Backup slides

23



Theoretical Framework

SM
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VS

Polarized electron
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12 GeV CEBAF at Jlab, proposed SoLID:

E=12 GeV,

XY, Liang-Hui Zhang, Qin Chang,
Ya-Dong Yang, 2402.16344 [PRD]



LQCD RCQM NRQM 
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LQCD
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Scalar cases

𝑷𝒂: independent of form factors!


