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K= Cherenkov
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Approx. time of proposal or detection
Markov, ICHEP 60 (1960) 578

Askaryan, Sov. JAE 3 (1957) 921

Greisen et. al., e.g. Proc. 9thICCR (1965) 609
Linsley et. al., PRL 6 (1961) 485

Galbraith and Jelley, Nature 171 (1953) 349
Askaryan, Sov.Phys.JETP 14 (1962) 441

Jelley, Il Nuovo Cimento 8 (1958) 578

Blackett and Lovell, Proc. Roy. Soc., 177 (1941) 183
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Radio emission

* Antenna optimized tor horizontal showers
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DPE Target

EXHFE

® Transition radiation

Ginzburg and Frank, J. Phys. 9 (1945) 353
Motloch et al., PRD 93 (2016) 043010

' ® Radio emission from
I_‘__.H..m i sudden death of shower
INTERACTION Revenu and Marin, ICRC2013, 0398
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Telescope Geography Technique Energy v flavor E2® Assumed time
EUSO-SPB2 [134-136] Balloon Atm-Cher, Fluo > 10 EeV v, 2.1 x 1077 100 d
PUEO [137,138] Balloon Atm-radio, Aska >04EeV v, v, ,, 63x1077 100 d
POEMMA-Limb [109] Satellite Atm-Cher > 10 PeV v, 3.2x 1077 5 yr
POEMMA-Stereo [109]  Satellite Fluo > 20 EeV v, 1.6 x 107° 5 yr
GRAND [103,104] Mtn-val Atm-radio > 50 PeV v, 1.3 x 10710 10 yr
TAMBO [139] Mtn-val Atm-Cher > 3 PeV v, 4.6 x 10710 10 yr
Ashra-NTA [140] Mtn-val Atm-Cher, Fluo > 1 PeV v, 5.5 x 10710 10 yr
Trinity [105-108] Mtn-top Atm-Cher > 1 PeV v, 5.9 x 10710 10 yr
BEACON [141,142] Mtn-top Atm-radio > 10 PeV v, 1.9 x 1010 10 yr
IC-Gen2 Radio [143,144]  In-ice Aska >30PeV v, 1.2x107% 10 yr
RNO-G [145,146] In-ice Aska >30PeV v, 24x1077 10 yr
ARA [147] In-ice Aska > 30 PeV Ve ur  43x1077 by 2022
ARIANNA-200 [148] In-ice Aska > 10 PeV Ve jr 1.8 x 1079 10 yr
RET-N [149-151] In-ice Radar echo > 8 PeV Vopr 40X 1010 5 yr

XERIE XY EeV PRI BURRBISIER

Askaryan RNFOEEIA LR O DUARINIFFEIKER Pl
HMOFEEA FRXY 7 DHMSERN, X2RN 7 & EeV NPT KEAMBEE 50 km,
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All-flavor E2®, (GeV cm s 'sr™)
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B GZK PRTERHIUBIER—TRISTXIEN. B ERZHIE
SEEPMT M IMMIRMIPOHITXVE, £FEEAKLZ LBIFSE

:I:/%E])j'fl:l_'fo
v XYF vV XUE, RINREEETILISIAZ] 43 TeV,
v LHC BZELIE v-N RS T2, A0 FASERv 3E 43 GeV,

v RBIESAFWRE/)NRENDMS8xK5 %f@o 8.3 Ch Y3 IEA, 2
PSP XVEM], ?

T. Yang et al., arXiv:2204.11871

e /’pnet al., arXiv:2205.15350
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/5543 TeV
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Baret and Elewyck, Ré'p?"Prog. Phys.
74 (2011) 046902
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e B physics anomalies. Muonphilic new degrees of freedom?
?

e Muon 9-2. What about tau*

e CDF W mass

° Neu“.on lifetime. ]- Decay into dark matter?

e Beryllium decay.

e Short-baseline anomaly. Sterile neutrino at eV scale?

e ANITA Long-lived new degrees of freedom?

e Lithium-7 abundance

e Hubble tension Challenging the Standard ACDM

e Small-scale structure paradigm

etc...
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?,%ﬂ‘]EI’SI%S}E,: neutrino + electron, quark, gluon
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Neutrino—nucleon scattering
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Neutrino—electron scattering
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_GRAND200k (8=3")

GRAND200k (ﬂ:3°‘)
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0 IceCube HESE (7.5 yr) extrapolated
e IceCube vy, (9.5 yr) extrapolated
Heinze et al., fit to Auger UHECRs

Rodrigues et al., all AGN
e Rodrigues et al., all AGN
Rodrigues ef al., HL BL Lacs

Fang ¢t al., newborn pulsars
@) Padovani ef al., BL Lacs

Muzio ef al., max. extra p comp.

Bergman & van Vliet, fit to TA UHECRs @ Fang & Murase, CR reservoirs @ Muzio et al., CR-gas interactions
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V. B. Valera, M. Bustamante, C.
Glaser, JHEP 06 (2022) 105
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3 | Charged Higgs
liverssadllVd:
=L 2 \ é .f",::'z
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%_] — Combined >
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XViE, 28RS

B LHC pair production process sets a lower limit
B t-channel leptoquark exchange at LHC
B LEP Drell-Yan production

T PRSTEnRENE]

®m For the couplings, we highlight the sensitivity to second and third families
B The combination of different telescopes is very useful
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Telescopes Single 7 Double 7 Triple 7 Sphaleron n 7
Ashra-NTA [33] 19 0.2 0.007 0.7 (0.5)
BEACON [30, 31]| 137 1.6 0.062 7.1 (5)
GRAND [20] 178 2.1 0.082 10 (7)
Trinity [21, 22] 16 0.2 0.006 0.6 (0.4)
TAMBO [29] > 7 >0.1 >0.002 > 0.11 (0.08)
Trinity station

Mountain
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M.C. Gonzalez-Garcia, F. Halzen and M. Maltoni, PRD 71 (2005) 093010; J. Liao and D. Marfatia, PRD 97 (2018) 041302
K. Murase, PRL 103 (2009) 081102; P. W. Gorham et al., PRD 86 (2012) 103006;

IceCube, Nature Physic, 14 (2018) 961; IceCube, arXiv:2111.04654

> FRREIN

A. Esmaili et al. PRD 89 (2014) 1130003;
Z.-Y. Wang, R.-Y. Liu and X.-Y. Wang, PRL 116 (2016) 151101;
D.F.G. Fiorillo et al., JCAP 04 (2021) 079; M. Chianese et al., Symmetry 13 (2021) 1353

> &R/ (fifth force)

M. Bustamante and S. K. Agarwalla, PRL 122 (2019) 061103

> A1EM

X.-J. Xu, H.-]J. He and W. Rodejohann, JCAP 12 (2014) 039; M. Ahlers, M. Bustamante and S. Mu, PRD 98 (2018) 123023;
P. B. Denton and J. Gehrlein, arXiv:2109.14575

> MEET

Y. Uehara, PTP 107 (2002) 621; J. Alvarez-Muniz et al., PRD 65 (2002) 124015;
S. I. Dutta, M. H. Reno and I. Sarcevic, PRD 66 (2002) 033002; M. Kowalski, A. Ringwald and H. Tu, PLB 529 (2002) 1; P.
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