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Ultraperipheral collisions (UPCs)

Two nuclei miss each other,
Interact electromagnetically

linearly polarized photon

Au+Au 200GeV

g, =Dp11 T P2

P = (Pu - Pu)/2

Li, Zhou, Zhou, 2019

linearly polarized photon predicts cos4¢ modulation
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supersymmetry at energy scales MS: da, ~ mL%/Mé

m,%/mﬁ ~ 280 times more sensitive to BSM physics than ap

Poor constraints of tau: room for BSM physics, and motivate new experimental strategies.

Short lifetime: at and dt can only be obtained from 1 production and decays at colliders



P (q?) = —ie {wqu) + 7 i) + F3<q2)»y5}} F1(0) = 1, F3(0) = a, F3(0) =2m,d,/e
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DELPHI, 2004 g

V5., = 183 GeV~208GeV, 650 pb~’
a, = —0.018 + 0.017,
d, = (0.0+£2.0)- 10" ¢ . cm g
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eet>Z-171tY
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Pb

In the SM, d, is very small, dT~%de~10‘33 ecm Pb Ze Pb

1908.05180 2002.05503

abs

(PbPb) o (AA = AALHE;\/527) = fa (v = €763 Wor) N(wi, br)N(ws, b2)S2,, (b)

Oyy=XxXx = / dzidzg n(z)n(z2) 09y x x W, o
| x AWy dY gq dby dby db.

VENN = 5.02 TeV
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Constraints: |d;| < 6.3 x 107" ecm
yoanm =002 eV —0.021 < a, < 0.017

Constraints: d, < 3.4 x 107" ecm
—0.008 < a, < 0.0046



ATLAS, Phys.Rev.Lett. 131 (2023) 15, 151802

Vsyny = 5.02 TeV, 1.44 nb™!

One muon from one tau, an electron or
charged-particle tracks from the other tau

95% CL : —0.057 < a, < 0.024

CMS, Phys.Rev.Lett. 131 (2023) 151803

Vsyny = 5.02 TeV, 404pub~!

One muon from one tau, three charged hadron

68% CL :a, = 0.001+3935
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FIG. 1. Pair production of tau leptons 7 from ultraperipheral
lead ion (Pb) collisions in two of the most common decay
modes: 757w, and fvv,. New physics can modify tau-
photon couplings affecting the magnetic moment by da..

B(t% — ;) = 35%,
B(7* = 75 v, + neutral pions) = 45.6%,

B(r* = n*xFr¥ v, + neutral pions) = 19.4%.



Shao, Yan, Yuan, CZ, 2023

The joint impact parameter b, and q,; dependent cross section from the QED and dipole interactions
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Shao, Yan, Yuan, CZ, 2023

joint b | and q 1 dependent cross section:

do B
d2q,d2P,dy;dy.d?b,
2
2]\;4 2 [Ao +BVF,+BPF2 + cPF2 + (Az +BPE2 4 CSQ)F;?) cos2¢ + A4cos4q§]

polarized differential cross section and the azmimuthal asymmetries arising from
linearly polarized coherent photons:
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Shao, C.Z., Zhou, Zhou, 2023



A1 Ay — A1 A>T T cross section:
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electromagnetic potentials: A% (k;,b,) = 2nZe : )5(k cup )ubetkrL b

Ab (k2,0) = 2w Ze 6(kz - ug)ul. Greiner, 1993

v(k1)y(k2) = 77 (p1)7™ (p2) amplitude:
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do ~ {AO + B(()I)Fg + B(()2)F22 -I—C(()Z)F:,,2 + (Ag 4 B§2)17‘22 - CéZ)FE?) cos2¢ + A4cos4qb}
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reduced systematic uncertainty of 1% ]

* Incorporating the azimuthal asymmetry into the _
analysis can significantly reduce the parameter space of [
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« With the inclusion of more decay modes of t leptons
and further optimization, we expect that future _ _
experimental analyses could significantly improve the ‘2:' Asymmetry |
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Outlook: STCF ete™ = ete 77~

A1As — A1 AT cross section:
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Fig. 1. The QED diagrams contributing to the 7 lepton g — 2 at order 2. The mirror reflections
(not shown) of the third and fourth diagrams must be included as well.
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Fig. 3. Some of the fermion-loop diagrams contributing to the 7 anomalous magnetic moment.
x*

Fig. 2. One-loop electroweak contributions to a,. The diagram with a W and a Goldstone boson
(¢) must be counted twice.



through 7-pair production in UPCs. The primary de-
cay channels of the 7 lepton include leptonic decay with
one charged lepton, and hadronic decay with one or
three charged hadrons (pions or kaons). The experi-
mental measurements have considered the following typ-
ical event topologies for the signals: (a) one muon and
one electron; (b) one muon and one charged hadron;
and (c) one muon and three charged hadrons. Using
a data sample of one muon and three charged hadrons
collected from 5.02 TeV Pb+Pb collisions, with an in-
tegrated luminosity of 404 ub~!, the CMS collabora-
tion obtained the fiducial cross section of 7-pair pro-
duction 0 = 4.8 + 0.6(stat) £+ 0.5(syst) ub [/]. On

efficiency, L, = 404 £20 pb~! is the total integrated
luminosity, and B, = (17.39+0.04)% and B =

T3prong
(14.55 +0.06)% [13] are the branching fractions for the
two 7 lepton decay modes. The factor of 2 accounts for
the two potential 7 lepton decay combinations yielding the
same final state, whereas three-prong decays could include
additional neutral pions. The efficiency is the product of the
pion and muon reconstruction, the trigger, and the analysis
selection efficiencies, and is evaluated using simulated
signal events. The efficiency is calculated as the number of
reconstructed events passing the analysis selection criteria
divided by the number of generated events inside the fiducial
phase space region, and is found to be ¢ = (78.5 4 0.8)%.
Combining all of the above, the fiducial cross section is
found to be a(yy—>r ) 48=0. 6(stat) £+ 0. 5(syst) pb.

do ~ |Ao+ B(()l)Fg + B(()2)F22 +C[§2)F32 + (Ag + Béz)FL,2 + C§2)F32) cos2¢ + A4cos4qb}

CS Unit:mb 1 Cos2¢ Cos4¢
Pr>0GeV 1.12128 0.173431 -0.013339
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3.01183 8.55912 -2.12471 6.93618 -2.12471
2.00072 7.21247 -2.07976 6.10566 -2.07976
-1.32171 3.27991 -1.32171



polarized differential cross section and the azmimuthal asymmetries arising from
linearly polarized coherent photons:

4M2
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Hep-ex/0406010 DELPHI
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