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FORESEE

® A python based tool that enables LLP searches at forward detectors.
® SM fluxes available for 13.6, 14, 27, and 100 TeV.
® Provides an HEPMC file with signal events.

® Based on arXiv:2105.07077 by Felix Kling and Sebastian Trojanowski.

® New members: Jyotismita Adhikary and R.M.A.

® Latest version v1.3.0 available on Github.



https://arxiv.org/abs/2105.07077
https://github.com/KlingFelix/FORESEE
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FORESEE v1.3.0 - What's new

® Many new updates in the latest version.

® Improved treatment of flux uncertainty.

® Uses better SM flux estimates for light and heavy hadrons.

® Generalized 3 body decays now available.

® Optimized back-end calculation to improve speed dramatically (x100).

® Expanded list of validated and updated models.



Systematics

® The SM flux uncertainty was one of the biggest sources of systematics from
the theory side.

® LLP flux is derived from the SM flux. Hence a good control of the latter is
required.

® A lot of work was done by many others to refine the flux estimate.

® See also Max Fiegs talk in the other parallel session.



Systematics - Light Hadrons

® Previously we were using EPOS, SYBILL, QGSJET for light hadron (7, 7, 1’, K)
production.

® Each generator provides only a central prediction.

® Authors of 2309.08604 have a new tuning for Pythia, for forward light hadron
production.

® The new tune is it to LHCf data.

® PYTHIAforward also provides a data driven uncertainty estimate.


https://arxiv.org/abs/2309.08604
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FIG. 1. Forward Particle Energy Spectra at LHCf and Model Predictions. We show the forward spectrum of
photons (upper left and upper central), n-mesons (upper right) and neutrons (bottom) as measured by LHCf
in different pseudorapidity bins, and compare it to the predictions of different generators. The shaded bands 2 4 02 1 3 3 l 8
correspond to the spread of generator predictions (formed by EPOS, SIBYLL, QGSJET and PYTHIAforward) .
and tuning uncertainties. We also show ratio between the the central prediction from the different generators

(MC) to the data.



https://arxiv.org/pdf/2402.13318

Systematics - Heavy Hadrons

e Heavy hadron (B, D) production suffers from large uncertainties due to a lack
of available data on forward heavy.

® In 2309.12793, a state-of-the-art QCD calculation that include radiative
corrections were presented.

® They use POWHEG+PY THIA to model charming beauty forward production.

® Renormalization and factorization scale variation gives and estimate on the
uncertainty.

® They fit to data from LHCB.


https://arxiv.org/abs/2309.12793
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FIG. 2. Heavy Hadron Transverse Momentum Spectra at LHCb and Model Predictions: We show the
transverse momemtum spectrum of D" + D~ (top) and BT + B~ (bottom) mesons as measured by LHCb
in different pseudorapidity bins, and compare it to the predictions of POWHEG+Pythia 8. The shaded bands
correspond to the scale uncertainty. As before, we also show ratio between the central prediction from
POWHEG+Pythia 8 (MC) to the data.




Systematics in FORESEE

® FORESEE now contains the updated fluxes
e EPOS, SYBILL, QGSJET, PY THIAforward for light hadrons.
® POWHEG+PY THIA for heavy hadrons.

® LLP flux is now derived from all the available generators.

® FORESEE outputs an HEPMC event file with multiple weights
corresponding to each generator.



Systematics in FORESEE
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Systematics in FORESEE
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Updated B hadron decays rates

® Relevant for B — X, LLP.

® Previously we were using b — s quark
FOrmUla Wi-l-h .l-he rescaled mOdel. | — Spectator Model

-=-= Exclusive Model

Rescaled Model

e Updated to B hadrons now.

® We use the spectator model, follows the
mass dependence of the b — s LLP decay.

2309.12793



https://arxiv.org/abs/2309.12793

3 Body Decays

® This can be a relevant channel for production (e.g: MCP, M -> v ¥ ¥).
e And also for decays (e.g: HNL -> v e e).

e Previously required a differential BR (¢ = (p, + p)(z)z, 6 = angle between

p,, in rest frame of (p, + p, ) and direction of (p, +p, ) in rest frame of

M).

® Now it is more general, can just specify a decay chain: A>BC, C>DE.



Validation of Primakoff Process

® Relevant for models with ALPs coupling to
photons.

® Photon -> ALP conversion takes place
inside materials.

® Location and target material are important
considerations, as they can effect the
event rate.




Validation of Primakoff Process
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FASER (blue cone). T I e with 6= 150prad, E=2Tey

® For FASERZ2 this is
more of a problem
(red cone).

AS
Q1-3 Quadrupole D1 Dipole
25 50 75




Validation of Primakoff Process

e Further away from IP, Event rate at FASER(2) goes up

® So critical to understand where the photon -> ALP conversion takes place

M=0.05 GeV, g=10"*% ALP with photon coupling (BC9)
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Validation of Primakoff Process

Op..:
o ALP conversion probability is P = zrom
GCOI”W
® 0., = SM XS for ¢e"e” pair production in material.

® Previously for FASER, we used iron (5.25 barn), but actual target
material is copper (6.46 barn).

® For FASER2, more materials can act as target.

Image courtesy
L. Nevay




Validation of Primakoff Process

e Taking the ratio, the Z dependence is suppressed in the conversion
probability.

® So almost similar event rates for material with similar Z A.

® But a heavier target (maybe for FASER2) could have a larger impact on
event rate.

M=0.05 GeV, g=10""% ) ALP with photon coupling (BC9)
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Summary

® Many new updates available in the latest ™) ALP-g
version of FORESEE v1.3.0. (D ALP-LSW
(3 ALP-photon
® Better SM flux estimates making use of ™) ALP-W
forward data from LHCf and LHCB. ™ DarkHiggs
(D DarkPhoton
® Flux uncertainties are now included, taking ™ McP
info account predictions from multiple O ()8

generafors. (3 U(1)B-L
(9 UpPhilic

® Updated BRs for production and decay of

LLPs. \

® 3 body decays now implemented in FORESEE. Validated Models

® Dramatic speed-up in calculation (x100).



Summary

® FORESEE is a tool that helps bridge the gap between theorists and
experimentalists.

® Can generate signal evens and also plot the sensitivity curves.

® We once again thank everyone who has contributed to the model library.

*rmammena@uci.edu



