RMS-R3 - Radiation Hard System for
Beam, Background and Luminosity Monitoring at I BIC O

the Upgraded LHCb Experiment nternational Beam

Instrumentation Conference ‘g

Vasyl Dobishuk?, Serhii Chernyshenko?!, Oleksandr Okhrimenko?, Valery Pugatch?, Federico Alessio?
lInstitute for Nuclear Research (KINR), NAS of Ukraine, Kyiv, ?2CERN, Geneva 12-18 September 2020, Brazil (Remote)

THPPO2

INTRODUCTION RMS-R3 DESCRIPTION MC SIMULATION
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Permanent monitoring and measurement of the beam&background ObJectlve of the RMS-R3 |mplementat|on Detector design improvements O MC parameters: : f — T—
running conditions are of paramount importance for the success of the = The RMS-R3 is functionally projected for online monitoring running conditions Module comprises 2 sensors 9x9 cm? 10 gp coIIisions. 13 TeV Q 10005— o
LHCb experiment upgraded to take data in Run 3 at extremely high near the interaction point of the LHCb experiment (IP8) during the various . 5 |3 er structure made out of modular e 1 9y 10% cm2st e
interaction rates of colliding nuclei at the LHC (CERN). stages of beam preparation at the nominal levelled instantaneous luminosity of PBC frames ] G'”St - 102.5 mb ool
33 cm-2¢-1 ino i - : pp, total — ' w0l
Presented here Radiation Monitoring System RMS-R3 is designed for 2x10° em™s™, measuring, in partlcular. . o = Sensor layers: 50 um cooper foils 3 _
those purposes. " beams interaction rate (relative luminosity); = Special guard rings added for sensor and =~ 26 Kt max nominal dara race
= position of the IP8 (via calculation of the asymmetries in V-layers ol .IHHH.”HH LOLLLIR . )
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= background from collimators; .

e / o Detector enclosure made of fiber glass 0 Hit-to-response conversion:
LH Cb EXPERIMENT- | " radiation loads (charged particles fluxes distribution). material covered with Al-shielding o factor- '
= To this end, four RMS-R3 detector modules with two sensors each are cross Conversion factor:

UPGRADE I (2 O 1 9-2 02 1) symmetrically located around the beam pipe approximately at 2 m from the IP8 - = K =550 MIPs/sensor B

region in the backward hemisphere of the LHCb detector. = Sensor size: 9x9 cm?
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1 Run 3 conditions [1]: = Specifications for all complementary monitoring systems given in [4]. “” 125 kHz max. nominal data rate
= Novel centre-of-mass energy, — “ L vy vaes,
Vs = 14 TeV for p-p collisions [ Z';S':f‘gert(is)(;’;‘:)) Key features of the RMS-R3 L. BEAM PIPE x| cooreinate form]
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* |nstantaneous luminosity, | New Reidou:langlcm" Reduce PMTvgain = Well understood and reliable principle of operation (SEE in MFD) Response distributions for various positions of RMS-R3 modules with respect to the
p oton detectors OI’»

beam pipe along X (top) and Y (bottom) axis

5><L,'nst: 2x1033 cm2s1 . Low Operationa| Vo|tage (24 V)’ digital outout
" Step-up of radiation level R = High radiation tolerance (up to fluence of 1020 MIPs/cm? or a GGy level) =
etc. Tv«mtcg)m e — = Relatively low price of fabrication, commercially available readout (RE) electronics el
Aim to collect totally a data TS N | . = Large dynamic range (103-10° MIPs/sensor/s, output linear response up to 4 MHz) =
Samp/e Of 50 fb_l over the nhext ; Muon: Remove M1
10 years. |
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GPUs @30 MHz  and ** The final version of the LHCb RMS-R3 modules have been produced applying
CPUs@1MHz Charge sensitive integrators = new technological and technical improvements to a concept of MFD and
) ) JSuy =82 TeV 5wy =50 Tev s 3 :
1 LHCb studies in Run 3 [1]: - ‘_Q ﬁ_, ‘_G = Universal ADC FE, KINR developed ViSRS module LHCb RMS.RS modules/ OB successfully tested at INR NAS of Ukraine.
= flavour physics, particularly c-  citermode p = - - = Charge-to-frequency conversion: input current s — =5 \.. Ba,. i il 20 o s The obtained results have demonstrated expected stability of operation
and b-quark physics (e.g., CP om“loc’evﬁ tr_wfé converted into a sequence of output pulses with a ey v o . minl > 20 cm (~1% reproducibility of a sensor’s response as well as baseline fluctuations
violation measurements in B Fixedtrgetmode | cas TSR frequency proportional to it aniog signal A [] ‘_‘Q"' ‘ within few Hz at the level of 20 kHz) that is good enough for monitoring of
and D decays = Sensitivity: 10fA—-1Hz _ qls ' inosi '
f ' y ) | LHCh heavy-ion collision programme y £ HIE <[] X relative luminosity and background at IP8 online.
= flavour violating decays in the L ; " |nputcurrentrange: 1 fA-20nA e | IPg  p-mmmmmeeesssssses WinCCever """ """ . , , ,
significantly extended with the LHCb . . /o 811§ ; ** Readout electronics have been upgraded with 32-bit frequency
lepton sector , . = Excellent linearity: £0.02% @2 MHz . 3| L Heb FIISF3 fomtend electron | Heh resdout electromice : , ,
- fixed-target system, called SMOG, since . N STM32F4DISCOV B S| 3 ---oooon-- - HHORAME RS Font e SO, oo mmmmmmenny | fERIERC ul electronics __ : counters implemented on the STM32F4DISCOVERY board with a
" physics beyond flavour sector 2015 = Radiation hardness ~3 kRad ”/ \\M / \ s S 1 Charge Integrator Versatile Link Demo Board v PCle40 card : ' i . . ) L
(e.g., electroweak, exotic HIE ' (x8) S TM32FADISCOVERY boad Fu:m?m_ i ! Fw(m;m_ | Data storage | m|crocontroller-wh|.ch will provide secqnd—by-second mo.n-lt.ormg and enalc?le
ohysics and QCD etc.) S VT E T g 1f Funeton B oC bus ' o B g : RMS-R3 operation in a standalone regime of data acquisition as well as its
) = o Function: (ﬁ data transfer, ' Vin data readout ! : : : : i i
" non-SM processes = Based on the STM32F4DISCOVERY board e Ve | egseney (8o | ansiiacheceier e <.—TL°n"ne ciplay integration into the central LHCb monitoring system.
= STMicroelectronics developed f  converten )tr;e:é%fggr S S i | — -
= 2 32-bit programable timers (counters) ¥ I I i D | HH I R |
= |2Cinterface to communicate with the VLDB board o e SR e e I e
eresiile Link Demmanaiser Basr) (UBE) 5 Block diagram of the readout chain of the Upgraded RMS-R3. The front-end electronics
LH Cb IT RM S IN RUN 1 o 2 - CERN ESE group developed L% 5 R ‘ connected to 4 2-sensor modules that are placed around the beam pipe in front of the
- Evaluation board for rad-hard Optical Link ecosystem I2C bus voltage-level translator VELO comprise the Charge Integrators, frequency counters implemented on the
0 Main function [2, 3]: 4.8 Gobs data t for link bet FE and BE Y STM32F4DISCOVERY board with a microcontroller and the VLDB board. Measured data
L o " %.©Lpbsaata transter fink between rt an = are transferred to the global LHCb readout system REFERENCES
" Monitoring  and  measurement  of = Radiation hardness: of up to 400 MRad STM32F4DISCOVERY 4 I ’
radiation load on the silicon microstrip
sensors of the Inner Tracker (IT)

O Directly measured quantity:
Flux/Fluence of charged particles

= Fluence distribution over IT-2 silicon [2] V. Pugatch et al, Ukr. J. Phys., 54 (4) (2009) 418.
sensors for integrated luminosity of 2.5

fol (2018) was in the range of (0.8- modutes 12345]67!%12;:“75([:; RM S _ R3 PERFO RMANCE STUD I ES [3] O. Okhrimenko, S. Barsuk, F. Alessio, V. Pugatch, Proc. (2015),
4.5)x10'2 MIPs/cm? / V77 ! 1/2(3(4/5/6/7 arXiv:1512.07393v1 [physics.ins-det].
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= Absorbed dose and leakage current in  Photo. The RMS (Run 1, 2) fixed at IT-2 ¢ ' _ — RMS-R3 prototypes irradiation . . . . [4] F. Alessio, et al., LHCb-INT-2019-021; CERN-LHCb-INT-2019-021.
IT-2 Si-sensors corresponding 2.5 fb! station: four detector modules each Reference calibration 7 _— e Response |mear|ty estimation _ [5] R. Lesma et al., JINST 12 C02020 (2017)
(2018): containing 7 MFD sensors (built under . nf ¢ . ; = St %::— """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ~Cht |t ' N '

. ) o . technoloav developed at * Flux ¢, conversion factor K, response a°°F !

0.2 - 1 kGy resul-tlng in the .|ncrease Qf gy P : . B = Test at X-rays source (CLINAC) §_o.7g

leakage currents in the IT-2 Si-sensors in the INR NAS of Ukraine ¢ [MIPs/sensor/s] = K [MIPs/sensor] x R [Hz] @os;

the range of 50 - 380 pA — in a good b * MIPs: beta, E,;, = 2.28 MeV, RS Sr-90/Y-90, 30 MBq " Beam energy: up to 6 MeV 2%
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