CONFIDENTIAL LLP-BSM-Search-AP + .... 10Feb2024

LLP-BSM Searches
(Istanbul University and University of lowa)
Abstract
Introduction
BSM Physics
LLP Searches
References

A fundamental reference on LLP searches is [1], the first report of the LHC LLP Community,
summarizing materials discussed in meetings at CERN, ICTP (Trieste), Nikhef (Amsterdam)
and Ghent University, from 2016 to 2019. See page 90-91 for “Possible improvement to LLPs
searches using timing information”; In particular Fig. 1 (43) and Eq. (5.2) Ref 363:
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Figure 43. An event topology with an LLP X decaying to two light SM particles a and
b A timing layer, at a transverse distance Ly, away from the beam axis (horizontal gray
dotted line), is placed at the end of the detector volume (shaded region). The trajectory
of a potential SM background particle is also shown (blue dashed line). The gray
polygon indicates the primary vertex. Taken from [363].
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with 3, = gy = 1. An ISR jet could easily be present for all processes, and can be used to
‘timestamp’, i.e. to derive the time of the hard collision at the PV.
For the CMS MTD located just outside the tracker volume, £/ g is about O(1 ns). As
a result, with tens of picosecond (ps) timing resolution, a sensitivity to percent-level time
delay caused by slow LLP motion, e.g. | — [y = (.01 with boost factor v < 7, is expected to
be achieved.

Fig. 1 : From Ref. 1 and 2: A LLP X decaying to 2 light SM particles

Another fundamental reference on Forward Projects for BSM Physics is [3] : the FPF
Collaboration is a consortium to promote the construction of an underground facility for
experiments in the (very) forward direction at LHC, aiming at catching BSM signals that may
escape the standard LHC experiments that have limited and non-hermetic coverage of the
forward regions. While the full facility project is under scrutiny and presently ranking behind
the completion of the upgrades of LHC and experiments for HL-LHC, individual small-scale
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projects (FASER, SND) have been approved to start at least in part the experimental program
addressed by FPF. The FACET project might join these pioneer experiments, if a scheme
compatible with Run 4 configuration of LSS5 in the region 100-120m from IP5 may be found
for a compact (PreFACET) spectrometer.

Up till then, other possibilities for LLP searches may be considered in the CMS forward regions

(3 £ Inl £5), developing the scheme of Delayed/Displaced Jets (DDJ), following reference [2]
[363 in Fig. 1] shown above, but adapted to Jet timing [4].

At CMS searches for LLP have been performed extensively (see Ref. [5]), using special triggers
[6]: the timing properties of ECAL have been exploited [7] to tag non-prompt jets in a search
for SUSY gluinos, which are excluded at 95% confidence level for proper decay lengths greater
than 0.3m. The HGCAL excellent time resolution [8] would allow to achieve better sensitivities.
DD triggers, for LLPs decaying into jets within the CMS HCAL [9] were introduced in Run 3 and
provide a complementary sensitivity coverage to higher lifetime signal models.

HCAL Phase 1 upgrade (replacing HPDs with SiPMs and updating the QIE, including a TDC):
e improved energy resolution with SiPMs

e increased number of readout channels: depth segmentation — identify displaced jets

e precise time measurements (TDC) : identify delayed jets,

e Valuable for implementing new LLP triggers at hardware level

However, even with SiPMs, the timing properties of the barrel HCAL are not comparable
with the ECAL time resolution, and show rather broad timing distributions (Fig. 2)
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Fig. 2: The time spread of HB in 2023
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Up to now little attention was addressed to HF calorimeters, which have potentially excellent
intrinsic time properties (Fig. 3):

e Quartz fibers + fast PMT - - > subnanosecond time resolution

e Cherenkov Light collection

e Long baseline (11m from IP5)
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Fig. 3: HF time and charge distributions

The calorimetric study of “delayed jets” has been proposed, f.i., for the CMS barrel
calorimeter, over 1.8 m inner radius, and for the end-cap calorimeter, at 7 m from CMS IP5:
the HF modules are distant from the IP5 approx 11m, and cover therefore larger intervals of
LLP lifetimes.

Within the many BSM signatures investigated, “Long Lived Particles” (LLP) have become a
popular objective, in particular considering “non-standard” time properties, resulting from
“slow”, weekly interacting, particles that can travel substantial distances, before decaying. One
situation of this type is shown in Fig. 4.

Long Lived Particle (LLP) X --> a+b (--> jet)
-

-
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Fig 4 : A DDIJ scenario for HF calorimeters
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