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LHCDb experiment

Nominal conditions in Run 8022- 2025):
A P-p collision energ¥s,,= 13,6 TeV
A Increased instantaneous luminosity up2el(®¥ m2s?l

A Collider mode of operation and fixed (gas) target mode

LHCDb research program

- Flavorphysics, in particular the physics efamd bquarks;
- CP parity violation in B and D meson decays
/ Magnet - Decays witHlavorviolation in the lepton sector
- Physics beyond thigavor sector (Electroweak, exotic decays, QCD, etc.)

- Search for New Physics beyond the Standard Model

Toensuresafeand effectiveoperationof the experiment beam

and background (B&B) monitorisystemshavebeen

developed

A PLUMBuminometer

A Beamconditionmonitoring system (BCM)

A RMSR3luminosity and background monitoring system 2




RMSR3as theB&Bsystem monitor atLHCI

Goals:
Alnstantaneous luminosity monitoring:

Nominal- 4x10%? cm?l “&> linear up to 210°3 cnr?l &
ABeams (Target) interaction region and background
conditions monitoring

AConstruction:

aSual ft
and vertical plane around the beam pipe
wReading

wcharge integrators, frequency counters
w [ |/ GEndddaRIY (i

wData monitoring
w [/ 2Y0A y dz2 d
w wSY23iS |

~ Ve ~ ol Ve

JSwy =82 TeV JSwy =50 TeV
e--e

=69 GeV

Jswy =110 GeV Sw =
e @

Fixed target mode p Gas
(He,Ne, Ar...)

Collider mode

2y GKS

U KNE dz3 4 pdiefeby sdcbndanT kbR @nfidiibn

Gas (Ne, Ar)

P

Key features:

ARadiation hard(~1GGy MFD sensors respond
[ 10 O2yGNBE LI ySt

[Hpositive charge in a Fadintegrated
Achargeto-frequency conversion- digital

output

ALarge dynamic rangél®-10°MIPs/sih f A Y
responseup to 2 MHz

Al Gl ot S NBAER%IuFh Bun Bh

ALow operationalvoltage (24 V)
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Beam and background system RRIB

Shielding-

N Cu-foils
Acceleration (50 um thick)

Sensor-

Guard rings

Supporting frame

Chl

Spacer

Ground

RMSR3 sensor schematic

AThe RMSR3 is based on the metal
foll detector (IMFD) technoIoPy, an
nstitute

_psem o 0% original development of the _
] | for Nuclear Research of the Nation:
Metal Foil Academy of Sciences of Ukraine.
Biway i % o BT A Fluxes of bombarding charged
““““““““ ey S B i par_t|cl_es cause secondary electron
SEE B emission (SE) from the neaurface
Py - SEE layer of the sensor metal foil (1R0
B, L L A st W N nm)
s . A The positive charge arising in the

iInsulated metal foll (sensor) is
1 integrated by a sensitive charge
| integrator

” A The input analog signal is converter
S proportlonall¥ by the charge
Integrator to the output frequency,
which is measured )I/_fre uency
counters based on STM32F4
. - Discovery microcontroller boards
Schematic of the physical phenomenon

of EEE on the surface of foil sensors

electrons

Charge |
Integrator |

Scaler



Design of the RMR3 touch module

_ — _ A The module contains 2 sens@=h n
g o MY A5 panels made gfrinted circuitboard (PCB
N ' A Sensors: copper foils 50 microns
A Special protective rings for sensors (guard ring technology)
A Protective inputRClowJr 88 FAE GSNR ONBaAalLl
and 10 pF)

A The module body, made of fiberglass, is covered with aluminum foil
and grounded
A Straight cable connector, BNC type




Rate [kHz]

RMSR3 as an additional luminosity counter

A Currently, LHCb provides instantaneous luminosity for tH@ams
are adjusted> target luminosity is being reached

APLUME is the main luminosity counter
ARMSR3- backup luminosity counter

OnlineMon/Lumi/rms

Mean baseline subtracted (10/16/24 07:20 to 10/16/24 14:00) LHCb Luml nOSIty :
1 mBRAN 4L8 (Hz) 49.29 m BRAN 4R8 (Hz) 70.42 PLUME (Hz/ub) 83.48

MW/V —— Mean baseline subtracted: 0.035 ‘ RMS (Hz/ub) 83.85

o
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Time

RMSRS3 luminosity in MONET RMSR3 used as a backup online luminosity meter



Linearity of RMR3 detectors. Dependence of Top
2 and Bottom 1 on Ton1
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The dependence of detector responses on each other
demonstrates the linearity of the system. The results are
given without baseline subtraction.

Statistical dependence of detector responses on each other.
Maximum number of coincidences in tieentreof loci 7



Theory of asymmetries method

¢ = RTR)/IR+R),
where Ri andR| are the response frequencies of
sensordg and j corresponding to the LEFT- RIGHT
or UP - DOWN pairs

Full cross section azimuthangle
aperture

|
WA=

dt ] polar angleaperture

-]1, -Z, ;{, - angles of RM&3 modules acceptance
Theresponseof the RMSR3sensorsdependsdirectly on where the interaction occusrred
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Asymmetries in MONET (with allowanits)

In 2024
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Asymmetries in MONET (with allowgnits)
In 2025
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RMS-R3 asymmetries for different experimental conditions
pp collisions PbPbcollisions PbPb+ PbArcoIIisions_

Fill
Entries

A RMSR3 asymmetry is

o; = RiTR)/(R+R),

whereR, is sensor response
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A The functional purpose of"é},b

Meany  -0.03031
Std Dev x 0.01408

" . = = : Std Devy 0.01436

A

: : o ces
the RMSR5 is to monitor ”7@;,} 7 ’*;S \Imme““ = =
the state of the beamand . I e [ =5 ==

background, and to control
LHCb radiation safety
A pp collisions foKs,, = 13,6

6

TeVfor luminosity2x1033 - e o
sm? al 03.10.23 | Fill 9220
A PbPhcollisionsfor Ksyy = _ f £8.09.28 fiIFM 920 ¥ | FArifjection a la SMOG
5,36 TeVfor luminosity up Locus COOI‘filnasteSZ*lO?’; Locus coordinatesZl = Locus coordinates4*10
to 1028 sm2 sl 2o *10%; -30*10%) 3 -30*103%
Sigma ~0.43+10° Sigma ~14,4:103 Sigma -9,3+103




Asymmetries gbAfor injections of different gases
In the fixed target mode in 2024
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Not pp collisions in 2025

ApO& OO collisions (July 2025)
ANeNe(1 collison
AAA PbPH November 2025
A3 pOcollisions (2 with Ar)
A7 OO collisions (All with H2)
A1 NeNecollision (With Ne gas SMOG2)
AForPbPh(total 23collisonson 28 November):
With SMOG 19 (11 with Ne, 7 with Ar, 1 with H2)
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PbPbwith Ne vePbPhbwith Ar
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2 Kl dQa YSEUK
Next step idMobile system for monitoring andisplayingn realtime the radiation
situationin the environment andadiationtherapy(MSORE)

MFD (Mobile Fission Detector / MERMS)
AUtilizes the SEE phenomenon

MBased on the RMR3 LHCb work

AJsed for detection of and protons

Pixel Detectors

MBased orTimePix/3

MDetects all types of radiation (alpha, beta,
gamma, neutrons)

MDetermines particle type and energy
AKCreates radiation distribution maps

Gas Discharge Detectors

Metects gamma radiation

Avleasures dose rate in the range of €999
>Svh

Additional Detectors

ABME280: Pressure, Temperature, Humidity
ACompact scintillator




Prototypes of MFD modules for a mobile
monitoring system

New RMS sensor design:
A reduced sensor area to 25 ém
A using of gold foils for hanging and efficiency of SEE
AdzaAy3 2F WNRAdZAKQ O#lI NBS A
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Testing prototypes on calibration current
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Dependence of the response of the prototype Baseline (calibration current testing) from the
module for MSM on the supplied voltage. It has charge integrator. The projections are smooth
been determined that the optimal minimum and Gaussiafike.

voltage is ~10V.



Power supply system

Battery 5s 18.25v12.5v
6s 21.9v¢ 15v

charging board

‘YT, XNF 1%

T e
saagasaasssss

Limiting
controller 17v

STMB2 board
Linear converterl5v

Charge Integratorl5v "
Linear convertet-15v Rasbernpi 5

High Voltage +15V e ."



Mobile monitoring system (prototype)
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Conclusions

1. Fouryears(20222025) ofRMSR3successfubperationat LHClexperimentas
wSecondaryuminositycounter

wEXperimentconditionsmonitoring system

wRealtime control of interactionregionposition

wlndependent systenmtegratedinto LHClxontrol structure

2. Experience antechnologyfrom RMSR3successfulladaptedto developmobile system MSOHE for
reattime environmentalradiationmonitoring.
Systemcombinescomplementarydetectiontechnologies

wTimePix2/3) for particleidentification, energymeasurement andradiationdistribution mapping
wGasdischargadetectorsfor gammadoserate (0.1-999> {/I)

wEnvironmentabensory BME280pressure temperature humidity)

wCompactscintillator

wSuitablefor environmentalmonitoring,emergencyesponse andpotential radiotherapyapplications

Modulararchitectureallowssystemexpansiorandadaptationto variousmonitoringscenarios
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Bonus slides



RMSR3:electronics

Sensitive charge integrators
Universal ADC, developed by the SNR NASU

A Chargefrequency conversion: the input current is converted
INnto a sequence of output pulses with a proportional
frequency

A Sensitivity: 10fs - 1 Hz

A Input current range 10fs - 20ns

A Excellent linearity + 0,02%at 2 MHz
A Radiation resistance~ 3kRad
Frequency counters

Based on the STM32F4ADISCOVERY development board
(developed by STMicroelectronics)

A Two 32bit programmable timers (counters)
A 12C interface for communication with the VLDB board
Universal communication board VLDB

A Versatile Link Demonstrator Board (VL[IBveloped by the
groupCERN EYE

A Board for operation in a radiatieresistant optical
communication ecosystem

A 4,8Gbit's, data transition b/w FE anBE
A Radiation resistance up to 400rad

~

.+ 0 7 x RMBR3

STM32F4

VLDB



