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DETECTION OF THE TAU-NEUTRINO
AT THE LHC® VIEWPOINT

Klaus Winter The Dawn of Collider Neutrino Physics

CERN. Geneva. Switzerland

CERN-TH-3892/84 Elizabeth Worcester

Brookhaven National Laboratory, Upton, New York, US
July 19,2023 « Physics 16, 113

NEUTRINO AND MUON PHYSICS IN THE COLLIDER MODE OF FUTURE ACCELERATORS") epton in e'e” collisions by M. Perl and collabo- The first observation of neutrinos produced at a particle collider opens a new field of study and offers ways to
the hypothesis that it is a sequential heavy test the limits of the standard model.
A. De Rujula and R. Riickl [2]. From measurements of the forward-back-
CERN - Geneva d in e*e” annihilations (31, (4]

PHYSICAL REVIEW LETTERS 131, 031801 (2023)
|_Featured in Physics

ent coupling constant of g, = - 0.45 ¢ 0.05

1/2 for the assignment of left-handed tau-
ABSTRACT

) of a weak isospin doublet. Hence, the most First Direct Observation of Collider Neutrinos with FASER at the LHC

Extracted beams and fixed target facilities at future colliders 13 = +]1 /2) would be to a neutrino with the
(the 8SC and the LHC) may be (respectively) impaired by economic and
"ecological" considerations. Neutrino and wmuon physics in the multi-
TeV range would appear not to be an option for these machines. We

partially reverse this conclusion by estimating the characteristics of
the "proumpt” Vy? Ve v, and | beams necessarily produced (for free) at —
the pp or pp intersections. The neutrino beams frow a high luminosity
(pp) collider are not much less intense than the neutrino beam from

the collider's dump, but require no wuon shielding. The muon beams
from the same intersections are intense and energetic enough to study
pp and pN interactions with considerable statistics and a Q2 coverage

Henso Abreu ,' John Anders ,2 Claire Antel ,'1 Akitaka Ariga ,4‘5 Tomoko Ariga ,(' Jeremy Atkinson ,4
Florian U. Bernlochner ,7 Tobias Blesgen ,7 Tobias Boeckh ,7 Jamie Boyd ,2 Lydia Brenner ’x Franck Cadoux,3
David W. Casper®,” Charlotte Cavanagh®,'® Xin Chen®,"" Andrea Coccaro®,'? Ansh Desai®,"* Sergey Dmitrievsky®,"
Monica D’Onofrio ,m Yannick Favre,3 Deion Fellers®,"® Jonathan L. Feng ,9 Carlo Alberto Fenoglio ,3
Didier Ferrere ,3 Stephen Gibson ,15 Sergio Gonzalez-Sevilla ,3 Yuri Gornushkin ,“ Carl Gwilliam ,10
Daiki Hayakawa ;3 Shih-Chich Hsu®,'® Zhen Hu®,"! Giuseppe Iacobucci ;> Tomohiro Inada®,'" Sune Jakobsen®,’
Hans Joos®,>"" Enrique Kajomovitz®,' Hiroaki Kawahara®,® Alex Keyken," Felix Kling®,'® Daniela Kock®,"
Umut Kose ,2 Rafaella Kotitsa ,2 Susanne Kuehn ,2 Helena Lefebvre ,15 Lome Levinson ,19 Ke Li ,16 Jinfeng Liu,11

Google Earth, imagery (c)2023 Maxar Technologies, map data (c)2023; ¢

well beyond the presently available one. The physics program allowed Figure 1: The Forward Search Experiment (FASER) is installed in a s¢ 20 . . 3 . . .3 21 . . 3

by these lepton beams is a strong advocate of machines with the g . P ( ) Jack MacDonald®,”" Chiara Magliocca®,” Fulvio Martinelli®,” Josh McFayden®, }V[atteo Milanesio .

highest possible luminosity: pp (not pp) colliders. Hadron Collider (LHC) and the Super Proton Synchrotron (SPS). Pre Dimitar Mladenov®,? Théo Moretti®,> Magdalena Munker®,> Mitsuhiro Nakamura,”> Toshiyuki Nakano,?*
experiment’s interaction point (red star) generate beams of neutrini Marzio Nessi®,”* Friedemann Neuhaus®,”’ Laurie Nevay 213 Hidetoshi Otono®,° Hao Pang . Lorenzo Paolozzi®,*”

Brian Petersen®,” Francesco Pietropaolo,” Markus Prim®,” Michaela Queitsch-Maitland®,” Filippo Resnati®,’
along a tangent to the LHC. 22 . . L . 2 ’ . 42
& & Hiroki Rokujo,”” Elisa Ruiz-Choliz 20 Jorge Sabater-Iglesias ,3 Osamu Sato ,'2 Paola Scampoli ,4”4

Kristof Schmieden ,20 Matthias Schott ,20 Anna Sfyrla ,3 Savannah Shively ,9 Yosuke Takubo ,25
Noshin Tarannum®,’ Ondrej Theiner®,’ Eric Torrence®,'? Serhan Tufanli,” Svetlana Vasina®,'* Benedikt Vormwald®,”

Di Wang®,'" Eli Welch®,® and Stefano Zambito®’

It
) To be published in the Proceedings of the ECFA-CLRN Workshop on the
Feasibility of Hadron Colliders in the LEP Tunnel, Lausanne and

Geneva, March 1984. A preliminary version was also included in the ¥ — A Ay -
"Workshop on Fixed Target Physics at the SSC", Texas, 1Y84. 30 Hu @ — \ ! (FASER Collaboration)

£19E (2025%F) HEYMEZESEFREME (Young Scientist Award of

:T:Z:jww ﬁ Q 7&: # E h‘{Efd: D %ﬁﬁﬂ’g ‘: %IE the Physical Society of Japan) XE#&—%K

R RUFREBRE (338)

(jl.—c Q w LH C§+E ‘z: ‘i% E hT b\ 7&: K% MBEAMA EMNERFEFAZEEE (CERN))

(FIE)

A\ }
e y x LHC-FASER (el 5 ) B=a—KNU/®D p:ll
h\ - T‘_ \Eb mﬂr\gﬁ) gig;/ R H 17 3 HREMESEE=1— Y/ OWEH

First Direct Observation of Collider Neutrinos with FASER at the LHC, Phys.
Rev. Lett. 131, 031801 (2023)
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Cosmic-ray to Hadron Physics?

arXiv:2602.22105 [link]

Air shower observables (Xia,, Ny) fros LHCR: Fo =107 eV (m‘,‘f"f‘“", ), 0= 60° -
— first interaction hadron physics 1200 0 (X1)(gem™2) 275 1L o0 (nme) Lo (ma) ]
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This work does not directly compare with LHC data,, but provides a framework to interpret cosmic-ray air showers
in terms of particle production in the first interaction, complementary to accelerator measurements.
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