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INTRODUCTION
Motivation and a chief objective of the RMS-R3
After the LHCb Upgrade I is being fully completed, the deeply modernized LHCb
experiment will be able to conduct advanced studies of high-energy ion collisions in the
collider mode with an energy up to 14 TeV in p-p c.m.s. at significantly increased
luminosity to 2x1033 cm-2s-1 in Run 3 [1], which will also incorporate the fixed gas target
regime (SMOG2) with approximately an order of magnitude increased areal density of
10x1012 cm-2 and a much wider palette of gases (e.g., He, Ne, Ar, Kr, Xe, H2, D2, N2, O2) at a
c.m.s. energy per nucleon-nucleon collision ranging from about 0.07 TeV to 0.115 TeV [2].
Under these conditions, reliable and comprehensive monitoring, measurement and
storage of the characteristics of the new environment created by LHC’s beams at the
LHCb IP8 luminous region is a guaranty of successful testing of state-of-the-art detector
and readout technologies, implementation of sophisticated research techniques and
scientific discoveries [3].

RMS-R3 SPECIFICATION AND OPERATION BASICS
Principle of operation

Application
▪ Functionality: the RMS-R3 is designed to provide online monitoring of beams interaction and
background conditions in the LHCb during and after the various stages of beam preparation for
the nominal levelled instantaneous luminosity of 2x1033 cm-2s-1, measuring, in particular:
▪ beams interaction rate (relative luminosity);
▪ relative location of the IP8 (via calculation of the asymmetries of fluxes in detector
modules);
▪ background contribution (stability and tendencies);
▪ radiation loads (charged particles fluxes distribution).
▪ RMS-R3 detectors layout : 4 modules with two large-area sensors are symmetrically located
around the beam line at 2.2 m from the Interaction Point of the LHCb (IP8) along a horizontal
and vertical axis, while covering a backward acceptance of 7–14 degrees.
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The Radiation Monitoring System (RMS-R3) [4] as a complementary system to such as the
PLUME [5], the BCM [6] will measure and display the interaction rate of the LHC’s beams
together with its background in LHCb.
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Current (since 2019) LHCb detector Upgrade I [1]
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Aim to collect totally a data sample of
50 fb−1 over the next 10 years.

❑ Run 3 conditions:
▪ Novel centre-of-mass energy, √s
= 14 TeV for p-p collisions
▪ Instantaneous luminosity, 5×Linst
= 2x1033 cm-2s-1
▪ Step-up of radiation levels, etc.
❑ Major
hard&
software
novelties:
▪ Triggerless readout system
▪ Full software trigger with GPUs
@30 MHz and CPUs@1MHz
The Upgraded LHCb detector, in fact, a brand-new
detector!

(a fixed-target mode, down illustrations)

RMS-R3 — A SUCCESSOR OF RMS
FOR LHCb IT IN RUN 1-2

❑ RMS main function [7, 8]
▪ Monitoring and measurement of radiation load on the silicon microstrip sensors of the Inner
Tracker (IT)
❑ Principle of the Metal-Foil Detector (MFD) operation
▪ Positive charge originating in a thin metal foil due to the Secondary Electron Emission (SEE)
under the impinging charged particles is integrated by the Charge Integrator proportionally
converting its value into output frequency
❑ Evolution of the LHCb Integrated luminosity measured (calibrated) by the RMS in
comparison with on-line official values

The RMS-R3 modules
(yellow-green) installed on
the wall (grey) upstream of
the VELO vessel (turquoise).
More details in the
reference [4]

In essence, it is a primary ionizing radiation detector that measures its integral characteristics
Well understood and reliable principle of operation (SEE in MFD)
Low operational voltage (24 V), digital output
Detector’s high radiation tolerance (total fluences up to 1020 MIPs/cm2, a GGy level)
Relatively low price of fabrication, commercially available readout electronics (REE)
Large dynamic range (103-109 MIPs/sensor/s output linear response up to 2 MHz)

▪
▪

The electronics provides continuous measurement of relative luminosity along with
observations of background evolutions during the various stages of the beam
preparation towards collisions in Run 3

❑
▪

Task
•

Vacuum

The analogue input signal is
proportionally converted by a
Charge Integrator to the output
frequency measured by
a
frequency counter

Module geometry based on Monte Carlo
simulations comprises 2 sensors 9×9 cm2
5-layer structure made of modular
PBC frames
Sensor layers: 50 µm copper foils
Special guard rings added for sensor and LVlayers
RC-filters (τ = 1 s) on LV-layers
Detector enclosure made of fiber glass
material (G10) covered with Al-shielding

▪ 104 pp collisions at 13 TeV
▪ Linst = 2 x 1033 cm-2s-1
▪ σpp, total = 102.5 mb

Hit-to-response conversion
▪ Conversion factor K = 550 MIPs/sensor
▪ Flux ϕ [MIPs/sensor/s] = K [MIPs/sensor]
× R [Hz]
▪ Sensor size: 9×9 cm2
Module out of protection box

Universal ADC FEE developed at KINR
Charge-to-frequency conversion principle of operation
Sensitivity: 10 fA ‒ 1 Hz
Input current range: 1 fA ‒ 20 nA
Excellent linearity: ±0.02% @2 MHz
Radiation hardness: ~3 kRad

CONCLUSIONS

Block diagram of the
readout chain of the
Upgraded RMS-R3. The
front-end electronics
connected to 4 2-sensor
modules that are
placed around the
beam pipe in front of
the VELO comprise the
Charge Integrators,
frequency counters
implemented on the
STM32F4DISCOVERY
board with a
microcontroller and the
VLDB board. Measured
data are transferred to
the global LHCb
readout system
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Frequency counters [9]
▪
▪
▪
▪

I2C bus

VLDB

Based on the STM32F4DISCOVERY board developed by STMicroelectronics
2 32-bit programable timers (counters) used
Counting reference time of 1 s by an internal high-speed crystal oscillator
I2C interface to communicate with the VLDB board

Versatile Link Demonstrator Board (VLDB) [10]
▪
▪
▪
▪

Developed by CERN ESE group
Evaluation board for rad-hard Optical Link ecosystem
4.8 Gpbs data transfer link between FE and BE
Radiation hardness: up to 400 MRad

RMS-R3 PERFORMANCE CHARACTERIZATION
RMS-R3 prototypes irradiation

Response linearity
estimation
▪ Test at X-rays source (CLINAC)
▪ Beam energy: up to 6 MeV
Good linear response in the dynamic
range up to 1.2 MHz output frequency

Stability and linearity of sensor’s response
Calibration test setup

Response time profiles
Signal spread < 1%

Response projections

Evaluation response distributions for various positions of RMS-R3 modules with respect
to the beam line along the X (top) and Y (bottom) axis illustrating the acceptable
operation region (shaded blue) of them to ensure maximum responses around 125 kHz
at nominal p-p collision rate @ 2 x 1033 cm-2s-1 during the data taking in Run 3

❖ The LHCb RMS-R3 as an integral part of the beam, background and
luminosity online monitoring in the LHCb has been developed and will
provide independent continuous long-term monitoring and measurement of
the interaction rate of the LHC’s beams along with its background in Run 3.

Charge sensitive integrators [7]
▪
▪
▪
▪
▪
▪

RMS-R3 should allow monitoring 10-times
occasional sharp increase in intensity
caused by either the luminosity by a few
times exceeding the LHCb nominal one or
occasional sharp increase in the intensity
of B&B contributions

MC parameters

RMS-R3 module

Calibration schematic

❑
▪

The positive charge arising in the
sensor (insulated metal foil) is
integrated by a sensitive charge
integrator. In an air-filled detector
enhancement of current occurs
due to ionization current

Detection principle (in vacuum)

RMS-R3 READOUT ELECTRONICS

• Flux ϕ, conversion factor K, response R
• ϕ [MIPs/sensor/s] = K [MIPs/sensor] × R [Hz]
• MIPs: beta, Emax = 2.28 MeV, RS Sr-90/Y-90, 30 MBq <K> = 550 MIPs/sensor

Photo. The RMS (Run 1, 2) fixed at IT-2
station: four detector modules each
containing 7 MFD sensors (built under
technology developed at
the INR NAS of Ukraine
Directly measured quantity:
Flux/Fluence of charged particles
✓ Fluence distribution over IT-2 silicon sensors for the total integrated luminosity of 11.1
fb-1 (Run 1 + Run 2) was in the range of (2.9-18.0)×1012 MIPs/cm2
Observables/Extracted values:
Absorbed dose and leakage current in IT-2 Si-sensors corresponding to 11.1 fb-1 (Run 1 + Run
2)
✓ 0.72 – 4.25 kGy resulting in an increase of leakage currents in the IT-2 Si-sensors in the
range of 190 - 1510 µA
✓ good agreement with expectations (Hamburg Model) as well as with direct
measurement in some sensors

▪
▪
▪

Reference calibration

Evolution of the LHCb integrated
luminosity measured (calibrated) during
2011-2018 by the RMS (blue markers) in
comparison with on-line “official” prevalues depicted by a green band with 10%
of uncertainty. The figure doesn’t pretend
to be accurate, it only illustrates general
correlation behaviour

▪

Key features
▪
▪
▪
▪
▪
▪

Fluxes of charged particles
passing through a sensor cause
secondary electron emission
(SEE) from the near-surface layer
of metal foil (10-50 nm)

Improved scheme of the MFD technology

Detector design peculiarities

BOTTOM

BOTTOM

LHCb-extended heavy-ion collision programme in Run 3
❑ LHCb studies in Run 3 [1]:
▪ flavour physics, particularly c- and
b-quark physics (e.g., CP violation
measurements in B and D decays)
▪ flavour violating decays in the
lepton sector
▪ physics beyond flavour sector
(e.g., electroweak, exotic physics
LHCb heavy-ion collision programme (a collider mode,
and QCD etc.)
upper illustrations) significantly extended with the
▪ non-SM processes
LHCb fixed-target system, called SMOG, since 2015 [2]

CHARGED PARTICLE FLUX MC
SIMULATION FOR RMS-R3
RESPONSE ESTIMATION

❖ The new detector modules manufactured under the advanced radiation hard
technology of Metal-Foil Detectors have been successfully tested at INR NAS
of Ukraine. The obtained results have demonstrated perfect stability of
operation: about 1% reproducibility of sensor’s responses and baseline
fluctuations within a few Hz at the level of 20 kHz. That is good enough for
monitoring online relative luminosity and background at IP8.
❖ The upgraded readout electronics have been successfully tested in the lab
and being actively prepared for installation, integration into the central LHCb
monitoring system and commissioning.
❖ Our goal is to carry out appropriate preparatory work for the deployment of
the system before the start of test beams at LHC in the autumn of 2021.
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Response dependence with beam intensity increased

Long-term stable baseline and low noise

• Baselines measurement for about 21 days
Readout channels noise < 1%
• Test setup: the Compact RMS equipped with Charge Integrators featuring the conversion of 1 fA ‒ 1 Hz
Compact RMS device

Baselines and their projections as responses to a reference current of 250 pA

