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LDMX Tagger & Recoil Trackers
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recoil

Sensors are grouped into axial-stereo modules
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STT Layout
Layer L1 L2 L3 L4 L5 L6 L7
z w.r.t. target (cm) -61.5 -51.5 -41.5 -31.5 -21.5 -11.5 -1.5
stereo angle (mrad) +100 -100 +100 -100 +100 -100 +100
z-resolution (horiz.) ~ Tpm ~ Tpm ~ Tpm ~ Tpm ~ Tum ~ Tpm ~ Tpm
y-resolution (vert.) | ~100um | ~100um | =~ 100um | =~ 100pm | ~ 100pm | ~ 100pm | ~ 100pm
| SRT Layout
Layer L1 L2 L3 L4 L5 L6
z w.r.t. target (cm) +1.5 +3.0 +4.5 +6.0 | +10.0 | +18.0
stereo angle (mrad) +100 -100 +100 -100 —= —
z-resolution (horiz.) | = Tum ~ Tum ~Tum | =T7um | =7pm | =~ 7pm
y-resolution (vert.) | =~ 100pm | ~ 100pm | =~ 100pm | =~ 100y — —

*** |last 2 axial only

e  bend-direction =~ measured direction —good momentum
resolution
e sensors will be similar to ones used in HPS (a bit wider) and
also read out with APV25 chips




Track reconstruction pipeline

e detector description read in via the gdml into a Acts::TrackingGeometry and
GeometryContext; each sensor is Acts::DetectorElement

e per-event, hits are made and put in put into IndexSourceLink map
o currently, truth hits are smeared with expected resolution in uv
o implementing sensor simulation + realistic digitization as we speak

e 5-hit track seeds are found using parabolic “in-house” method
o we need to look at using ACTS seeder

e |terate over seed with Acts::CombinatorialKalmanFilter to extend and fit tracks
e Use GreedyAmbiguity solver to resolve tracks with many hits in common

o Inspired from but does not the actual classes in ACTS
e Acts::GaussianSumFitter for final track fitting to obtain best track parameters

We are currently using ACTS version 36.0! So,
about 2-years behind. Should we update?



Physics requirements for the LDMX trackers

Tagger Tracker:

e full acceptance and at least 95% recon efficiency for non-interacting beam electrons — no problem
e fake rate for misidentifying low-energy beam electrons (<2.4 GeV) within 5% of beam energy (8
GeV) must be less than 1x10~"3



Tagger requirement: no fakes from low-p beam tails

The beam will have some tails ~ <1073 for p < 2.4 GeV
e simulate lots (10'?) of 2.4 GeV events through tagger tracker
e observe 0 events in full-p window with very loose selection
e cutting on track 8 and ¢-at-target, we remove ALL 2.4 GeV
simulated tracks — we should be safe
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Physics requirements for the LDMX trackers

Recoil Tracker:

e acceptancexefficiency is greater than 45% for mediator masses between 1 MeV and 1 GeV
e probability to reconstruct a non-interacting beam electron as having less than 30% of the beam
energy is less than 1%



Recoil requirements: efficiency & fake rate

e efficiency x acceptance:
o above recoil p>~3 GeV, reco the recoil > 95%
o integrated eff xacc: 1 MeVA'=94%; 1 GeVA'=54%
e we reconstruct non-interacting beam electrons with fake
(—P, ., <2.4 GeV) rate < 107
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Physics requirements for the LDMX trackers

Combined Tagger + Recaoil:

e contribution to uncertainty on 6pT == p,(after target)-p_(before target) from tracking reconstruction is
less than the multiple scattering in the target



Combined requirements: uncertainty on ¢
pT

e Look at the (reco - truth) change in s _; vs truth recoil
momentum for simulated signal...

e recoil signal region <~ 2.4 GeV and for that we see
the trackers contribution to 5 .~ 3.4 MeV compared to
4 MeV from MS on 0.1 X, target
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Doing more with the trackers

e Everything above was done with the nominal “signal” in mind (recoil+missing-p) and

assuming 1 electron-per-bunch on target
o  This is about the simplest thing you can do
e We have capability and interest to do other physics, dark-sector related and not

o  Other DS models, eg Strongly-Interacting Massive Particles (SIMPs), can give multiple tracks in the recoill
tracker + missing momentum; decays can be displaced from target — vertexing

o  We have a program for electro-nuclear scattering measurements which require reconstructing the outgoing
hadronic system in the recoil tracker and precise pT and 6pT measurements

o these are documented in the design report
o  From the tracking point-of-view, we want to make sure we still have tracks with the correct hits assigned

e The average electrons-per-bunch is settable...and it is likely we will want to push this

as far as we can go. Who doesn’t want to get more data, faster!
o again, hit-on-track association will be more of a challenge
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http://arxiv.org/abs/2508.11833

No. GAIN Tracks (reco)

Majd Ghrear, Stanford submitted to

GAI N for tr’aCk flndlng Physics and Al Conference

Recently looked at using a “Graph Attention
Interaction Network” in place of the seed+CKF
extend combinatorial method of track finding.
Efficiency and purity both increased, particularly (and
crucial) for larger number of tracks.
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https://datascience.stanford.edu/events/center-decoding-universe/c4du-annual-conference/2026-conference-physics-and-ai-pai26
https://arxiv.org/abs/2011.01393
https://arxiv.org/abs/2011.01393

Vertexing in the recoll tracker

We'll need vertexing to search for displaced DS particles, ID
quasi-stable hadrons (Ks, A, D maybe). We've (re-) implemented
Acts::FullBilliorVertexFitter and it is working.
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Common constraints in ACTS?

e Speaking of vertexing...it would be great if ACTS had, built in, some of the

constraints that commonly used. Such as:
o invariant mass
o 3C and 4C kinematic constraints
o beamspot/interaction region
o point-back (VO displaced vertex that projects back to a beamspot)

e | started this conversation with PF & Paul but then dropped the ball
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Wrap-up

e QOur experience ACTS has been great and we plan on sticking with it
o trick question: how often should we be updating the ACTS version we use?

15



Field Strength (kGauss)
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