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Motivation

« Anomalies strongly affect (3+1d) fermion transport

[Landsteiner, Acta Phys. Polon. B47 (2016) 2617, Chernodub, Ferreiros, Grushin, Landsteiner, and VVozmediano, Phys. Rept. 977 (2022) 1-58]
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« Must have consensus on anomaly existence and form

 Torsional Nieh-Yan anomaly controversial across two fields and ~3 decades
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http://arxiv.org/abs/1610.04413
http://arxiv.org/abs/2110.05471

* Problem 1: Total derivative > Absence of boundaries = No anomaly
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Any = ZEWM (naBT[ivaA] N 2Rw>\p) =V, (QEW’MT[VPA])

[Nieh, Yan, J. Math. Phys. 23 (1982) 373]

* Resolutions?:
— “Singular” geometries with torsion flux LY.N.Obukhov, E. W. Mielke, J. Budczies, and F. W. Hehl, Found. Phys. 27 (1997)]
— Boundaries



http://dx.doi.org/10.1063/1.525379
http://arxiv.org/abs/hep-th/9702025
http://arxiv.org/abs/gr-qc/9904071
http://arxiv.org/abs/gr-qc/9702011
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Problem 1: Total derivative -> Absence of boundaries = No anomaly

Any = iewm (naﬁT[iqu,\] - QRWAP) =V, (%Ewp)\T[va])
[Nieh, Yan, J. Math. Phys. 23 (1982) 373]
Resolutions?:
— “Singular” geometries with torsion flux [Y.N.Obukhov. E.W. Mielke, J. Budczies, and F. W. Hehl, Found. Phys. 27 (1997)]
— Boundaries

Problem 2: Anomaly coefficient

cx p®, and regulator — dependent

Resolutions?:
— Weyl invariance  [Chandia, Zanelli, PRD 55 (1997) 7589, Kreimer and Milke PRD 63 (2001) 048501]
— Explicit cutoff

— Temp__dependence _(counter counterargument)[Chernodub, Ferreiros, Grushin, Landsteiner, and Vozmediano, Phys. Rept.
977 (2022) 1-58]

Goal = Consistent/coherent interpretation
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Setup

« Backround = Riemann-Cartan = independent vielbein and connection
[Shapiro, Phys. Rept. 357 (2002) 113]
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« Matter = single Dirac fermion
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« Couple to geometry and chiral gauge field
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http://arxiv.org/abs/hep-th/0103093

Torsional Anomaly sans boundaries:
Generalities

[Bertimann, Anomalies in quantum field theory (1996)]

(local) Chiral anomaly 454 1In Z # 0 < d¢p(0,J" —cA) =0
(§ — -3y M

Can calculate directly <au J u) —

Can calculate via (local) heat kernel

/M 0p cA = lim Tr [(M'y*e_m /MT ZM” a 5@’}’*,¢2)
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Nieh-Yan anomaly = Non-zero as (d¢x, lD2)


https://inspirehep.net/literature/429465

The caveat

FOI’ constant 6@5 9 |ndeX theorem [Atiyah, Patodi, and Singer, Math. Proc. Cambridge Phil. Soc. 77 (1975) 43]

/ cA=Ind) =ny —n_ =Tr [fy*er/Mz}
M

Index = regulator-independent
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If heat-kernel index exists, a2 (Vs IDQ) = 0> a2(0¢v., D7) renorm. artifact

- No NY anomaly

Nieh-Yan invariant exists =/= Nieh-Yan anomaly exists


http://dx.doi.org/10.1017/S0305004100049410

The punchline

« Instanton-like spacetimes sans boudaries

[ Y. N. Obukhov, E. W. Mielke, J. Budczies, and F. W. Hehl, Found. Phys. 27 (1997)]

g = h(r)2dr? + f(r)%dO3 (Eg. f=5—3)

r2 4 2

 Support Nieh-Yan flux but...

/ Axy = f(o0)Vs,
M

« ... no global Index 2> NoO Nieh-Yan anomaly in spaces without boundaries


http://arxiv.org/abs/gr-qc/9702011

Adding the boundary

Boundary 9 M with normal n

Most general BCs (chiral bag)

[Wipf and Durr, Nucl. Phys. B 443 (1995) 201-232]

I_(O)¢lopa =0, T_(0) = 5(1 —inue™
Chiral angle = free 9 AM parameter

0 —0—2¢

Chirality not preserved globally > May/may not support global Index

Focus on local Index /
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http://arxiv.org/abs/hep-th/9412018

The anomaly

« Sanity check: Use zeta and cutoff regulators ( Reminder: ) — lD + iny* )

 Zeta function: /cqucA + /6¢> cgCp = —2a4(0¢x, lf)
M OM

» Cutoff (“flat” am):  [dpcA + f 8¢ c5Cp ~ —QZM Ea(0¢rye, D)
M OM =0
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Nieh-Yan = scheme artifact
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Pontryagin = Chiral anomaly + @Torsion effects (Au = ?[MAE])
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?? = Pure boundary term
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Consequences/Conclusions & Outlook

Torsional anomaly exists, Nieh-Yan term doesn’t with or without boundaries
Caveats: Lattice, finite temperature, derivative expansion

Adding boundary = non-trivial Hall effect transport...
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... and bulk-boundary transport via

Dynamics of b.c.s?
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