Spin asymmetry and dipole moments in tau-pair
production with ultraperipheral heavy ion collisions
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Weizsacker-Williams method of virtual photon

The photon distribution from a relativistically moving charge particle can be computed
from its boosted electromagnetic fields Fermi 1924, Weizsécker 1934, Williams 1934

(a)

11.18 The electric and magnetic fields of a partlcle of charge g moving in a straight line

with speed v = Bc, given by (11.152), become more and more concentrated as

B— 1, as is indicated in Fig. 11.9. Choose axes so that the charge moves along the

z axis in the positive direction, passing the origin at t = 0. Let the spatial coordi-

nates of the observation point be (x, y, z) and define the transverse vector r,, with
components x and y. Consider the fields and the source in the limit of 8 = 1.

(a) Show that the fields can be written as

r vXr
E=2qr—;8(ct—z); B =2g —5—= 8(ct — z)
L L ()
where V is a unit vector in the direction of the particle’s velocity. Figure 11.9 Fields of a uniformly moving charged particle. (a) Fields at the

el L. . . . observation point P in Fig. 11.8 as a function of time. (b) Lines of electric force for a
(b) Show by substitution into the Maxwell equations that these fields are consis- particle at rest and in motion (y = 3). The field lines emanate from the present position

tent with a 4-vector source density, of the charge.

J* = qev*8@(r,)8(ct — 2)

where the 4-vector v* = (1, V). VI/\ EEZijJ j -

(c) Show that the fields of part a are derivable from either of the following sical Electrodynamics
4-vector potentials,

A® = A* = =2q8(ct — z) In(Ar)); A, =0

or
0= 0= A% A, = —2g0(ct — z) V, In(Ar)

where A is an irrelevant parameter setting the scale of the logarithm.
Show that the two potentials differ by a gauge transformation and find
the gauge function, Y.
Reference: R. Jackiw, D. Kabat, and M. Ortiz, Phys. Lett. B 277, 148 (1992).
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Linearly Polarized Photon

e Typical transverse momentum of the photon is 1/R, e.g. 30MeV for Pb

e Photons from the highly Lorentz contracted EM filed are linearly polarized in
the transverse plane
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In the high energy
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Spin interference effect predicts cos4p modulation
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Azimuthal angle distribution for dilepton photoproduction
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Azimuthal asymmetries of muon pair production in UPCs
DYS, Zhang, Zhou, Zhou 23

We consider

y( P+ ki) +y(xoP +kyy ) = 1T (py) + 17 (py)

The joint impact parameter and transverse momentum dependent cross section

gl =Ap+A 20+ A 4 g, = P11 T D21
d>q, d*P dy,dy,d*b, " 2 COS2¢) + A4 cos4¢p

P, =(p1L—p21)/2

The resumed cross section reads

do(q.) d’r, 2a,0, A Cy ir,-q, ,~Sud(r ir,-q' doy(q, )
DS :/(27[)2 1 - . cos 2¢h, + . cos 4¢p, | e rq1g=Sud( l)/dzq'le 14y L

Sudakov factor in the large mass approximation

M?  P?
Sud(r,) = S il =
Hr

Hatta, Xiao, Yuan & Zhou ‘21 PRL & PRD
T m?



Azimuthal asymmetries of muon pair production in UPCs
DYS, Zhang, Zhou, Zhou ‘23

« However, at RHIC energy, where the muon mass is roughly the same order of pror M, the
soft factor receives the sizable finite lepton mass correction

gL < m~DM

 We consider the full finite lepton-mass correction. Its correction to the unpolarized cross
section is tiny.

 The contribution from the muon mass effect to the asymmetries is quite sizable
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Lepton pair production in UPCs

Toward a precision test of the resummation formalism
DYS, Zhang, Zhou, Zhou ‘23
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 We improve the accuracy of the previous calculations beyond the double leading logarithm
approximation.

* Notably, the single logs arising from the collinear region are greatly enhanced by the small
mass of the leptons.

* Our findings demonstrate the accessibility of these subleading resummation effects through
the analysis of angular correlations in lepton pairs produced in UPCs.

Precision physics at Heavy ion collisions



UPC and beyond SM
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Axion-like particle search
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Dark photon search

Xu, Lewis, Wang, Brandenburg, Ruan 22
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Anomalous magnetic dipole moments
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Significance will likely decrease Fermilab 1+2+3
with an updated SM prediction (2023)
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A significant challenge arises due to the short lifetime of the t lepton.



Tau magnetic moments at ete-
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All the knowledge regarding the a: and d: relies heavily on the theoretical

assumptions made in the analysis, such as the frequent exclusion of other possible
NP effects.



Tau lepton pair production in UPCs

PHYSICAL REVIEW LETTERS

Highlights Recent Accepted Collections Authors Referees Search Press About Editorial Team N

Editors' Suggestion Access by Fudan University Go Mobile »

Observation of the vy — 77 Process in Pb + Pb Collisions and

Constraints on the 7-Lepton Anomalous Magnetic Moment with the '
ATLAS Detector

G. Aad et al. (ATLAS Collaboration)

Phys. Rev. Lett. 131, 151802 — Published 12 October 2023 u m

I Access by Fudan University  Go Mobile » I

Observation of 7 Lepton Pair Production in Ultraperipheral Pb-Pb

Collisions at \/syy = 5.02 TeV Q

A. Tumasyan et al. (CMS Collaboration)

Phys. Rev. Lett. 131, 151803 — Published 12 October 2023
< More
Article References No Citing Articles PDF



Magnetic moments in UPCs
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With this measurement, ATLAS can now measure the tau lepton's magnetic
moment with precision competitive with lepton colliders.

https://atlas.cern/updates/briefing/observation-taupair-heavy-ions



Spin asymmetry and dipole moments in tau-pair production with UPCs
DYS, Yan, Yuan, Zhang '23

The joint impact parameter b, and q; dependent cross section from the QED and dipole interactions
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Spin asymmetry and dipole moments in tau-pair production with UPCs

DYS, Yan, Yuan, Zhang '23

To determine the coefficients of the cos2¢ modulation,
it is convenient to define

o(cos2¢ > 0) — o(cos2¢ < 0)
o(cos2¢ > 0) + o(cos2¢ < 0)

Ac2q§ —

Assume that the cut efficiencies for future Pb+Pb
collision would be same as the current values of the
ATLAS and CMS experiments, and the statistical
uncertainty 6Ac¢ can be obtained by properly
rescaling.

Incorporating the azimuthal asymmetry into the
analysis can significantly reduce the parameter space of
arand d

With the inclusion of more decay modes of t leptons
and further optimization, we expect that future
experimental analyses could significantly improve the
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Summary

e UPCis a golden probe of the strong electromagnetic field
e All the results support linear polarization
e Spin interference generates many interesting phenomena
e |t provides a great laboratory to study:

e Gluon saturation

e QGP in EM field

e all-order precision resummation

e BSM (tau MDM & EDM, axion-like particle, dark photon)

Thank you
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Selected events must contain exactly one muon, which
targets a muonic decay of one of the 7 leptons while
reducing backgrounds from yy — uu and yy — ggq. Three
signal regions (SRs) then categorize events by the decay
signature of the other 7 lepton. The ue-SR category
additionally requires one electron and no additional tracks
separated from the muon (electron) by AR, m > 0.1,

which targets fully leptonic decays of both 7 leptons. The
different-flavor (ue) requirement suppresses same-flavor
backgrounds dominated by yy — uu/ee. The ulT-SR
(u3T-SR) category requires exactly one track (three tracks)
separated from the muon by AR, > 0.1, which targets
7-lepton decays to one or three charged hadrons. The one-
track requirement also captures leptonic z-lepton decays
that fail electron or muon reconstruction. The electric
charges of the muon, electron, and tracks must sum to zero.



