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Kinematic coverage at LHCb

e Full simulations with LHCb Upgrade I detector (5 =1[2,5]) were produced to investigate the kinematic coverage and
efficiencies vs the distance between the cell and the vertex detector (VELO)

e The kinematic coverage
e The goal of this WP to
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shrinks when moving upstream

physics reach
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Spectrometer

® The IR4 setup will be 1in-between an R&D setup and an actual detector

e le need a GEANT simulation of a possible spectrometer layout, possibly using [DD4HEP] geometry description

e Ahead of that, here I just make simple considerations from formulas

e Momentum resolution: Gluckstern formula for
equally spaced trackers in B

e For the configuration on the right side 1t
can be shown that:

op 30 1

p _\/N+1 0.3z-Bl-L

l) Qe - - - - -

L()
® Assuming:
e Sagitta error ésx~o
e N>10 hit measurements with resolution o
e Small bending angle (e.g. a few degrees) 5_]7
e No MS contribution. (or can be assumed to p MS OBBﬁ

be equal to the spatial resolution)
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https://dd4hep.web.cern.ch/dd4hep/
https://link.springer.com/book/10.1007/978-3-319-70494-4

Momentum resolution vs lever arm

e The lever arm will be driven by the available space

e Showing three easily achievable hit resolutions:
e with reasonable bending powers: Bl = 1,2,3 Tm

e and N = 10 hit measurements

Momentum resolution vs spectrometer length

o=1,2,3 mm (*)

Momentum resolution vs spectrometer length
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Spectrometer length (m)

Spectrometer length (m)

— can achieve < 1 % resolution within a few meters for momenta up to a few GeV

(*) the single hit resolution of the prototype sciFi modules installed at IR4 is around 150 um

LHCspin meeting Feb 2024

Marco Santimaria

4/08



Mass resolution

opening angle

® An interesting performance figure for physics is the 0.04 Jy— utu~
dimuon invariant mass resolution around m =3 GeV 0.035 pH @ /s = 115 GeV
o If p > GeV and with small opening angle, as shown on the 0.03

right, then:
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IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

%

momentum

700
Jy — ptpu”
pH @ /s = 115 GeV

600

500

1n the above we have ~ similar contributions, which means a 400
mass resolution of ~ 4/2 X the p resolution 300
— 1f we achieve &p/p=1% that makes ém ~ 40 MeV at the J/y 200

mass (compared to ~ 13 MeV at LHCb)

100

IIIIIIIIIII|IIII|IIII|IIII|IIII|I

1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 20 40 60 80 100 120 140 160 180 200

P(u) [GeV]

o

LHCspin meeting Feb 2024 Marco Santimaria 5/08



Muon i1dentification

M4 M5
® MuonID can be done with some layers of gas seops o M2
chambers and iron walls. e.g. from M1 removal T3 Rict: e
(2018) at LHCb: L
® GEMs with pad size 1 x 2.5 cm
e MWPCs with pad size 2 x 5 cm
— might be reused? T T e || ] R R
— an occasion to test muRwells planned for y = N
LHCb U2? .
I I N I B I B I R B >

Probability for a muon to reach a given station

e Can think of 3-5 layers of gas chambers w £ I
. . 2 oI e —E— X —
1ron walls to filter muons s | . ™
> T S
. . . 0.8—
e Right plot: 82 cm of iron btw each station - é
C _ S
e Can tune absorbers length and number of v /] & saten: o
stations to achieve a desired muonID-misID e = Saton =
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L o
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https://cds.cern.ch/record/1202759?ln=en

Time of flight

e A RICH detector
e Time resolution

® p~1GeV = o =

® p~3GeV — o¢,=0(10) ps (cannot)

Time of flight vs spectrometer length

1S probably too much, what about scintillators for TOF?

needed to separate = and K by at least 5¢

©(100) ps (can)
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Spectrometer length (m)

TOF [ns]

Time of flight vs spectrometer length
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Conclusions

e Not covered: a vertex detector? Maybe use spare VELO modules or exploit the setup to develop UZ-
like sensors in vacuum?

e Basic considerations given here to start the discussion

e A second step can be to check kinematic acceptance on generated quantities from LHCb FT
simulations, knowing the spectrometer acceptance

e Ve need to develop a GEANT simulation from scratch to assess detector capabilities: needs people!
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