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2. RIC

The LHCb RICH system offers outstanding
PID capabilities across a wide momentum spec-

trum, ranging from 3 to 100 GeV/c and uses
a pattern recognition algorithm to compare ob-
served photon detector hits with expected pat-
terns for each particle type, based on trajecto-
ries from the tracking system. New challenges
will be posed by the approximately ten times
higher track and photon densities in Rund that
are addressed in the proposed Upgrade II of
the detector.

For comparative analysis across scenarios —
referred to as Baseline, Middle and Low —
at different values of instantaneous luminosity
L =1.0(1.3) x 10°* ecm™2 s~! an emulation
has been used, as a full simulation framework
was unavailable for new geometries. Different

cranularities and time resolutions have been

considered for the RICH Upgrade II studies Fig ure 2. Ty.plcal smgl.e event in RICH first
to compensate for the expected increase in generation, typical event in Upgrade I, expected

luminosity. occupancy in Upgrade II if we do not Upgrade the
RICH system

4. Occu

| SdeVier  Tupsen s\ A crucial aspect across these scenarios is managing the detector’s occupancy. In each RICH two
ngﬁzt atims geipg TORCI ) ”é?,‘féﬁﬁ?ng ‘\\ \‘ o ﬁ o o 1 o h h o h ° ° .
B o regions are defined, given particular attention to the high occupancy inner region:
- 1|} ] ‘ High occu- | Pixel size in high | Pixel size in low | Readout New optical
A T pancy area | occupancy area | occupancy area | channels layout
Baseline 1/3 1.4 x 1.4 mm* 2.8 x 2.8 mm"~ 700,000 | RICHI, RICH2
A f———— an m—— Middle 1/4 2.0 x 2.0 mm?- 2.8 x 2.8 mm- 469,000 | RICHI, RICH?2
S — — o Low 1/4 2.0 x 2.0 mm"~ 2.8 x 2.8 mm”~ 445,000 RICHI1
Figure 1: Scheme of Upgrade II LHCb [1]. Table 1: Summary of the Baseline, Middle and Low scenarios for the RICH system |[2].
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Figure 3: Emulated Run 3 signal yield as a func- D00 A al s fram] R el x [mm]
tion of momentum for m and K, with the ’scale fac-
tor’ reducing these values according to the scenario Figure 4: Occupancy plots for RICH1 (left) and RICH2 (right) for the Baseline (top) and Middle |2].

considered.

5. Perfo

Emulation based on the Rund simulation, mod-
ified by a resolution function derived from com-
parisons between simulated and emulated data.

A strategy to reduce pile up will introduce timing windows to separate photons corresponding to
different PVs. The performance is evaluated with two-time windows of +2¢ (time resolution).

Cherenkov angle resolution is also used to emu-
late the effects of optics.
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The performance studies demonstrate that:
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l{ —+— Run3,L=2.0x10%
f —t— Baseline, L=1.5x 103, A,=300ps
" Middle, L=1.0x 10*, A;=300ps

e Baseline and Middle — benefits of new

K* efficiency for 7* misID 1%
K* efficiency for 7* misID 1%

RICH2 optics, particularly at high momenta; O | 1 Low L=10x10% A-300ps ] 027 { 1 Low, L-10x10% A —150ps i
e Baseline — significant drop in performance 0.0 — R 0.0
at low momentum at L = 1.5x10%* cm™%s™ 1, p [GeV/c] p [GeV/c]

mitigated at 150 ps.

Figure 5: Performance comparison vs momentum p for the scenarios at different luminosities for two-time
The occupancy studies demonstrate that: windows: (right) 150 ps and (left) 300 ps. The Run 3 performance is also shown for comparison [2].

e Baseline +— occupancy remains well-
controlled, with finer granularity in the
Innermost region;
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e Middle and Low +— the occupancy exceeds
30% in parts of the RICHI inner region.




