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Purpose-built Forward Physics 
Facility

Detectors designed 
for Standard Model 
and BSM Physics.

Neutrino detection 
at FASERv2, AdvSND 
and FLArE.

Underground facility ~620 m far forward from the ATLAS IP, shielded by 
concrete and rock. FPF experiments to detect ∼ 10! neutrino 
interactions, energies up to a few TeV.
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White paper: Feng et al. (Kelly, Pandey, Denton, Jana, Chauhan and others), Phys.G 50 
(2023) 030501
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https://indico.cern.ch/event/1296658/ Forward Physics Theory Workshop 
hybrid Sept 18-19 @ CERN. In person? Register by July 31.

https://indico.cern.ch/event/1296658/


Collider neutrinos: 𝑝𝑝 and 𝜈𝐴
collisions

4

hadron 
production that 
ultimately yields 
neutrinos 
of all 3 flavors

neutrino interactions
(all 3 flavors, from  

different hadron    
sources) on
nuclear targets
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Neutrinos as proxies for hadron 
production at LHC

Charm contributions: Jeong, Bai, MHR (similar to Bai, Diwan, Garzelli et al, 
2112.11605,2203.07212) NLO+kT smearing; L. Buonocore and L. Rottoli, in 
preparation (2023) NLO+PS (NLL_x PDFs);
Light meson contributions: see e.g., Kling & Nevay, Phys.Rev.D 104 (2021) 113008

All from charm.HE charm, plus kaons. HE charm, lots of pions.

Interacting at FASERv (35 fb-1) that will extend to 150 fb-1 in Run3

(~200) (~1200) (~4)

⌫e + ⌫̄e
<latexit sha1_base64="+RoeVw9gbWAkZ0LaDmzhee6MImc=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QSLIAglqYJdFty4rGAv0IQwmU7aoZNJmItQS5/EjQtF3Poo7nwbp2kW2vrDwMd/zuGc+aOMUalc99sqbWxube+Udyt7+weHVfvouCtTLTDp4JSloh8hSRjlpKOoYqSfCYKSiJFeNLld1HuPREia8gc1zUiQoBGnMcVIGSu0qz7XIbn0IyRyCu2aW3dzOevgFVCDQu3Q/vKHKdYJ4QozJOXAczMVzJBQFDMyr/hakgzhCRqRgUGOEiKDWX743Dk3ztCJU2EeV07u/p6YoUTKaRKZzgSpsVytLcz/agOt4mYwozzTinC8XBRr5qjUWaTgDKkgWLGpAYQFNbc6eIwEwspkVTEheKtfXoduo+5d1Rv317VWs4ijDKdwBhfgwQ204A7a0AEMGp7hFd6sJ+vFerc+lq0lq5g5gT+yPn8AjeqS/Q==</latexit>

⌫µ + ⌫̄µ
<latexit sha1_base64="zFqE4ItIG6Q/F0157pPJeezUBfM=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJqmCXBTcuK9gLNCFMppN26MwkzEUIpb6KGxeKuPVB3Pk2TtsstPWHgY//nMM588cZo0p73rdT2tjc2t4p71b29g8Oj9zjk65KjcSkg1OWyn6MFGFUkI6mmpF+JgniMSO9eHI7r/ceiVQ0FQ86z0jI0UjQhGKkrRW51UCYKODmMoiRLDhya17dWwiug19ADRRqR+5XMEyx4URozJBSA9/LdDhFUlPMyKwSGEUyhCdoRAYWBeJEhdPF8TN4bp0hTFJpn9Bw4f6emCKuVM5j28mRHqvV2tz8rzYwOmmGUyoyo4nAy0WJYVCncJ4EHFJJsGa5BYQltbdCPEYSYW3zqtgQ/NUvr0O3Ufev6o3761qrWcRRBqfgDFwAH9yAFrgDbdABGOTgGbyCN+fJeXHenY9la8kpZqrgj5zPH87TlNc=</latexit>

⌫⌧ + ⌫̄⌧
<latexit sha1_base64="wcD4woHe6njn4V+3OsOusyYt264=">AAAB/nicbVDLSsNAFL2pr1pfUXHlJlgEQShJFeyy4MZlBVsLTQiT6aQdOpmEeQglFPwVNy4Ucet3uPNvnLYRtPXAhTPn3Mvce6KMUalc98sqrayurW+UNytb2zu7e/b+QUemWmDSxilLRTdCkjDKSVtRxUg3EwQlESP30eh66t8/ECFpyu/UOCNBggacxhQjZaTQPvK5Dn2F9LkfIfHzCO2qW3NncJaJV5AqFGiF9qffT7FOCFeYISl7npupIEdCUczIpOJrSTKER2hAeoZylBAZ5LP1J86pUfpOnApTXDkz9fdEjhIpx0lkOhOkhnLRm4r/eT2t4kaQU55pRTiefxRr5qjUmWbh9KkgWLGxIQgLanZ18BAJhJVJrGJC8BZPXiades27qNVvL6vNRhFHGY7hBM7Agytowg20oA0YcniCF3i1Hq1n6816n7eWrGLmEP7A+vgGZA2Vuw==</latexit>

Interacting at 10-ton detector at FPF (3000 fb-1)
~105 ~106 ~103
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Neutrino flux example
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light mesons and 
baryons

charm contributions 
(2 calculations)
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Neutrino flux example
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Uncertainties from:
• small-x 
• mc close to 1 GeV 

(QCD) 
• non-perturbative 

effects
• new kinematic 

region
• very forward –

factorization & 
fragmentation
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New kinematic range
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Run 3: 150 fb-1 at 480 m from ATLAS IP
Faserv with front surface 25cm x 25cm, 𝜂 > 8.5
SND@LHC off axis, front surface 39cm x 39cm, 8.5 > 𝜂 > 7

High Luminosity: 3000 fb-1 with FPF at 620 m from ATLAS IP
FASERv2, 𝜂 > 8.7
AdvSND (in FPF), 8.4 > 𝜂 > 7.2
FLArE, 𝜂 > 7.8

AdvSND (“near”) in range 4 < 𝜂 < 5

FPF

⌘ = � ln

"
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pseudorapidity

rapidity 𝑦 ≃ 𝜂 for small masses 



Histograms almost the same for most of LHCb range, much different 
at FLArE. Jeong, Bai, Reno (similar to Bai, Diwan, Garzelli et al, JHEP 06 (2022) 148, JHEAp

34 (2022) 212) NLO+kT smearing; L. Buonocore and L. Rottoli, in preparation 
(2023) NLO+PS (NLL_x PDFs) 

Differences: primarily in PDFs, one has NLL_x PDFs sum ln(1/x2).
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Strategy: LHCb extrapolated to 
FPF 

𝑦" = 2 − 4.5 𝜂 > 7.8



B. Chauhan presentation (2023)

What kinematic region? low pT of Hc most important

moderate & high y of Hc
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At FPF: Most 𝜈# + �̅�# with 𝐸$ < 700 GeV and 𝜂$>7.2 come from charm 
mesons with 4.5<y<7.2. Direct connection to the prompt atmospheric 
neutrino flux (from charm).

FPFAtmos.

Bai, Diwan, Garzelli, MHR et al, 2112.11605
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Astroparticle connection: prompt 
atmospheric neutrinos 
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Neutrino CC DIS cross sections
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Statistical uncertainty only in figures (from 2203.05090 Feng et al.). 

Next: how important is low Q, low W in the inelastic CC cross section? 
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Inelastic cross sections: low Q, 
low W at FPF
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𝑄% = −𝑞%

𝑊% = 𝑄%
1
𝑥
− 1 + 𝑚&

%

𝑥 =
𝑄%

2𝑝 ⋅ 𝑞

MHR, Eur.Phys.J.ST 230 (2021) 24, 4419-4431

shaded: not inelastic
dashed: W= 2 GeV
solid: limit for (𝑥, 𝑄%)See V. Pandey’s talk this week



QE, RES, DIS
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How many 
resonances in RES?
Depends on Wmin



Structure functions - EM
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BC=Bosted, Christy, Phys. Rev. C 81, 055213 (2010) param. of EM data
TMC includes target mass corrections
CKMT= Capella et al. Phys. Lett. B 337, 358 (1994)



CKMT
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We use functional form of CKMT adapted to weak structure functions.

Conserved vector 
current dictates the low 
Q behavior of structure 
function for EM.

With Y. S. Jeong, in preparation.



Structure functions – weak 
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Patch and match at 𝑄'% = 4 𝐺𝑒𝑉%:
• We use functional form of CKMT adapted to weak structure 

functions, “valence” and “sea” terms, but same basic structure, 
matched to NLO+TMC at higher Q2.

• Add in a PCAC correction, as a first start, matching form of CKMT. 
See Kulagin & Petti, Phys. Rev. D 76, 094023 (2007).   

• Compare with Bodek-Yang and NNSFnu structure function inputs. 
See Candido et al., arXiv:2302.08527.

• (We have started with isoscalar nucleons.)



Structure functions – weak 
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Q2 dependence of CC cross 
section

CETUP*2023  19



CC cross sections
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NNSFnu(D) doesn’t 
have expected low Q 
behavior, overshoots 
data.

But, what about 
nuclear effects?



CC cross section (Fe)
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Remarks
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• Based on our CKMT+PCAC (patched and matched) 
extrapolation, the fraction contribution of low Q, W< 2 GeV for 
E>100 GeV in CC cross section is small (most of the FPF 
events).

• Even above W=2 GeV, modeling low Q structure functions for 
E<100 GeV is useful for FPF experiments (and for DUNE too). 
There will be 10’s of thousands of 𝜈( + �̅�( CC events at FPF in 
the energy range of 50-100 GeV. Thousands in the RES region.

• The NNSFnu structure functions for deuterium don’t agree 
with our inputs. Extrapolation from heavier targets to isoscalar
nucleons the problem?

• CKMT+PCAC as implemented can be improved.


