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LHC as a vy, yp and YA collider

\l
\\ // , Ultra-peripheral collisions (UPC): b > R;+R,
O o o~ e ] — hadronic interactions strongly suppressed
- \W S
// \W =M o High photon flux
Eh L R (T" 2 ! — well described in Weizsacker-Williams approximation
| — flux proportional to 72
// \ — high cross section for y-induced reactions

Pb-Pb UPC at LHC can be used to study vy, yp, YA interactions at
higher center-of-mass energies than ever before

Reviews on UPC physics:
A.). Baltz et al, Phys. Rept. 458 (2008) 1
J.G. Contreras, J.D. Tapia Takaki. Int.J.Mod.Phys. A30 (2015) 1542012



Tau anomalous magnetic moment

* Anomalous magnetic moments are sensitive to BSM physics 0 = (& —2)

* Supersymmetry at a scale Mleads to day ~ m3 /Mg

m?r/mi ~ 280 -> tis 280 times more sensitive to SUSY than p!

Theory:
>M = 0.00117721(5)

« Short tau lifetime (1013 s) — standard spin precession
methods used in muon g-2 experiments are not applicable

* Workaround: t production cross sections are sensitive to a_ %

. Strongest constraints by DELPHI in eTe~ — ete 77

-0.052 < ar < 0.013 (95% CL) EPJC 35 (2004) 159 e § e




Measure tau g-2 in UPCs?
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« |nitial idea: F. del Aguila et al, PLB 271 (1991) 256
« SMEFT: L. Beresford, J. Liu, PRD 102 (2020) 113008
« Direct calculation: M. Dyndal et al. PLB 809 (2020) 135682
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Tau decays

* 1-prong: tau decays into 1 charged particle with BR ~ 80%:

BR(TF = e 4 ve + vr) = 17.8% v,
BR(7F — pu™ + v, +v,) = 17.4% T
+ + 0 W €. 1. d
BR(t" — 7~ +nn° +v;) = 45.6% Y. VT
e’ Wu

* 3-prong:
B(t* — n5 1T 15, + neutral pions) = 19.4%.

Pb

e Selection in UPCs:
1 lepton + 1 charged particle
1 lepton + 3 charged particles
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ATLAS and CMS potential

* ATLAS: | r j |
— Tracking: |n|<2.5, p;> 0.5 GeV . (el e 2= "5 &
— Electron selection: p;> 4.5 GeV
— Muon selection: p;> 4 GeV

e CMS:

— Tracking: [n|<2.5, p;> 0.5 GeV
— Muon selection: p;> 3 GeV

Superconducting Solenoid
Silicon Tracker

Compact Muon Solenoid



ATLAS !

EXPERIMENT \

Pb+Pb, 5.02 TeV

Run: 365914
11.9 GeV Event: 562492194
2018-11-14 18:05:31 CEST

All calo cells with ET > 500 MeV shown

Pr
pi = 11.7 GeV

L. Beresford, ICHEP 2020



Lepton p; spectra and background mitigation

. Iepton pT d|str|but|on5 L. Beresford, J. Liu, PRD 102 (2020) 113008
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p; differential measurements Acoplanarity cuts can be used to suppress

provide better sensitivity continuum dilepton background



Possible constraints on a_ with ATLAS/CMS

Beresford et al. (SMEFT) Dyndal et al. PLB 809 (2020) 135682
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Run 2 (2/nb) statistics estimates for ATLAS/CMS: 1280 events with 1-prong selection
Looser limits predicted by Dyndal et al. Issue with SMEFT calculations?

Measurements might be limited by systematics



Can we measure a_ with ALICE and LHCb detectors?



ALICE and LHCb detectors

ALICE:
— Dedicated heavy ion experiment
— |n[<0.9, p;>0.3 GeV
— Continuous readout in Run3+Run4
* no trigger losses
— Expected Pb-Pb lumi: 2.7 nb! per year

LHCb:

— 2<n<4.5

— Electron reconstruction: p > 2 GeV
— Muon reconstruction: p > 6 GeV

— Muon triggers: p; > 0.9 GeV
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Ditau event candidate from Run2 in ALICE
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1 electron + 1 muon/pion UPC event with large acoplanarity
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ALICE: p,-differential electron yields for arbitrary a,

Looking into 1 electron + 1 pion/muon events

Following Dyndal et al., developed a dedicated UPC
generator of tau pairs with arbitrary a_ using generalized
vertex:

. 1 . L 2 v . 1 ?/ v
il'"(q) = —te (7’ Fl(qz) + %awq Fz(q2)) — —1€ (7'[ + %am/q (Ifr)

Using Pythia8 for tau decays

—
L

Looking into 1 electron + 1 pion/muon events
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Fiducial cuts:
* |n|<0.9
* p;>0.3GeV/c
~ 70k events expected in the first year of Run3

Number of events per 1 GeV/c
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p; differential measurements provide better sensitivity
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PbPb — PbPb+1t, 5 TeV, 2.7 nb

ALICE acceptance: 1 electron + 1 pion/muon

ml < 0.9, p,>03 GeV/c
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Closer look: sensitivity to a_in p; bins
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* Consider 3 bins in p; providing 1%-tish statistical uncertainty
* Ratio of electron p; differential cross sections has a parabolic shape in the vicinity of a_=0
* Up to 15% variations of the yields within the range restricted by DELPHI limits



a.limits with ALICE
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SMEFT predictions
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* Considering uncorrelated systematic
uncertainties: { = 1%, 3%, 5%
* Precision limited by systematics
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* Considering 1 muon + 1 electron eventsin 2<n<4.5
e ~ 7k events expected with 2 /nb
 Complementary pseudorapidity coverage but limited statistics




Caveats and future steps

Higher-order corrections ; >

— Multiple interactions due to high Za, R
e.g. Hencken et al. PRC 75 (2007) 034903

— Radiation from final state particles, % ‘
e.g.S. Klein et al. PRD 102 (2020) 094013 Coulomb corrections
Precision of the equivalent photon approximation
— Need to study flux uncertainties due to variation of Pb shape parameters >
Try ratios to electron/muon spectra to reduce systematics,
proposed by M. Dyndal et al. PLB 809 (2020) 135682 )
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Conclusions

e precision is limited by systematic uncertainties

* Expected limits on a_ at least x2 better compared to DELPHI results
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