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[lhaH AoKNnapa

LHCb demekmop u e2o0 mekyuwiasi MmodepHu3ayusi.
Kpamkuii 0630p no cmamycy cy60emekmopos.

Ponb O®BI N5 e LHCh. MrooHHbIU Oemekmop. Bknao MU ®.

lNepcnekmueni yyacmusi lMN51P e cnedyroweu ModepHuU3ayuu.



LHCb ao U1 (RUN1 & RUN2)

The history of LHCb

A.A. BOpO6b66 6611 00HUM U3 https://link.springer.com/article/10.1140/epjh/s13129-021-00002-z

mex, Kmo 3aJ10XKus
OCHOBHbIE MPUHUUMNbI U udeu llo ¢pusuke LHCb ~30 3amemok Ha
KoHcmpykyuu LHCb demexkmopa e caume Hogocmeu Hayku NS D

yesniom u MrooHHou cucmembl Kak nodzomoesun Anekceu [3r06a'
OHa ecmb cell4yac u 8eposimHO https://hepd.pnpi.spb.ru/hepd/structure/div/lbp/LHCb-news.pdf
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https://mmm.cern.ch/owa/redir.aspx?C=HVrYNUDH7-os5GnL_OLDxRnhpP67xyH_3G11xcV8dlasCFtxnxvaCA..&URL=https%3a%2f%2fhepd.pnpi.spb.ru%2fhepd%2fstructure%2fdiv%2flbp%2fLHCb-news.pdf

LHCb po v nocne LS2(U1)

LHCb demexkmop (L., ~4x10%cm-?s-t, Rtr . ~1.1 MHz) u mekywas modepHu3auyus (L ,,~2x10%3cm~2s Ritr ,~40MHz)

Precision experiment studying b and ¢ quark decays at the LHC

Upgrade Ul:
single arm spectrometer covering the pseudo-rapidity region2 <1 <5 o1l detectors new bu tRI CHZ, C AL Os and MUON
[ Software-only trigger J Upgraded calo front-
end electronics,

HCAL stations

ECAL
SPD/PS M3

RICH2 M)

/[ New tracking J remove SPD/PS

ECAL HCAL Ma M5

M3

Magnet SciFi RICH2 M2

New pixel |/
[RICHI
UT/

Upgraded
muon

.| electronics,

remove M1

L—J

New RICH PMTs +
upgraded electronics

Herekrtop LHCb. Yunpoménnas cxema. Ciesa B nmepuoag RUN1 u RUN2. CupaBa nmociae mogepausanuu. B
o0oux ciaydasix mokazaH BHJ cOOKY, B pa3pe3e B INIOCKOCTH OCH NYYKa, NPOXOJAIINNA CKBO3b JeTEKTOP
nocepenune. CBeT/i0-3eJIEHBIM IBETOM 0003HAY€eHbI MIOOHHBbIE CTAHIIHH.
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OcHoBHaA uenb Tekyuwero Ul

MHo20KkpamHoe yckopeHue Habopa cmamucmuku:

- RUN1 & RUN2: L, ,~4x10%cm=?s?, Rtr,,~1.1 MHz 2 RUN3 & RUN4: L ~2x10*3cm~2s, Rtr . ~40MHz
— u~1.1 2 ~5 - yucno eudumbix demekmopom LHCb cobbimuti Ha 0OHO cMOJIKHOBEHUE MYy4KO8

JHaHHasi 3a0aya docmuzaemcsi:

1. YeennuyeHuem 2paHynsspHocmu demekmopoe 20e 3mo Heo6xo0UMO U 803MOXKHO.

- B LHCb 3ameHsiromcsi ace 0demekmopsbl Ha Hoeble, KpoMme RICH2 (xoms ecsi uHgbpacmpykmypa demeKkmopa
¢gphakmu4decku obHoessnisiemcsi), ECAL, HCAL (3awyumHsblIl KOXXyXx ny4koeol mpy6bl 6b1s1 3aMeHEH Ha C8UHU08bIU,
makxe yueHmparsbHbie si4elKu Kasiopumempa 6bi1u 3aMeweHbl 3KPaHOM U3 80Jsibghpama Osisi yMeHbWeHUs1 hOHOBbIX
3aepy3ok 8 MUON) u MUON (e MroOHHOM demekmope 6ydym 3aMeHsImbCsi mpuU UeHmpaJsibHbIX pe2uoHa (ecezo 16) e
cmaHyusix M2 u M3 (kamepsi npou3eodsimcesi e NMNAD)

- Heckonbko demekmopoe: M1, PS/SPD (u3 kanopumempu4yeckol cucmemMbl) yoasissemcsi eoobuye.

2. [lontHas1 3aMeHa cHyumabigarouwiell 3JIeKMPOHUKU U cucmem cb6opa OaHHbIX, a MaKXe 8CeX KOMIMbOMEepPHbIX

MouwHocmeu.

09/04/2022 Oleg Maev 5



Luminosity perspectives in
Run3 and Run4

Proposed changes (to be ratified)
Run3 is 2022-2025 (+1 years
* LS3is 2026-2028 (+6 months/

* Run4is 2029-2031(2032)
(possibly 4 years to exploit HL-LHC as 1st is commissioning)

LHCDb estimates based on:
* 2022: 75 days @ efficiency 33% (600h), leveling at 1x1033

cm2st > 2.1 fb!

* 2024: 100 days**, extra EYETS, leveling at 2x103 cm?2 s-

* 2023+2025: 125 days, leveling at 2x1033 cm2 s
-> Variable efficiency 40-60% every year gives
between total integrated 26.3 and 38.4 fb-!
* 2029: 1200h in SB out of 125 days, eff 25%, leveling at
2x103%3 cm2 s> 5.4 fblly
* 2030++: SB of 125 days, leveling at 2x1033 cm2 s+
- Variable efficiency 40-60% every year gives
between total integrated Run3+Run4 57.7 and

* QR=ctahle heam

Integrated Luminosity estimation for Run 3+4 (fb”*-1)

©® LHCestimate @ 40% eficiency

50% efficency @ 60% efficiency

100.0

https://arxiv.org/pdf/1808.08865.pdf

Physics case for an LHCb Upgrade 11

i

Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCh, Belle 1T and Phase-II ATLAS and CMS. The projected

LHCDb physics reach with the

Upgrade-| and Upgrade-l|

Aim at collecting 50 fb™" in Run3-4 and 300 fb" in Run5-6

v" Collected ~9 fb! of data in Run1-2

LHCb sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCb LHCbH 2025 Belle 11 Upgrade II ATLAS & CMS
EW Penguins

Ri (1 < 7 <6 GeV2eh 0.1 [274] 0.025 0.036 0.007

Ry (1 < ¢* < 6GeV2e?) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ryi, Ry 0.08, 0.06, 0.18 0.02, 0.02, 0.05

CKM tests

7, with BY = Df K~ (F35)° [136] 40 1°

7, all modes (i,. )° [167) 1.5° 1.5° 0.35°

sin28, with BY — J/yK? 0.04 [609] 0.011 0.005 0.003

s, with BY — J/e 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610)]
¢s, with BY = DDy 170 mrad [49] 35 mrad 9 mrad

@55, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad  Under study [611]
al) 33 x 1071 [211] 10 x 1071 3x 1071

|Vaab! /| Ve | 6% [201] 3% 1% 1% -
B, B sutpu~

B(Bﬁ — i Iu_)/B( —ptp) 90% [264] 34% 10% 21% [612]
TBO St 22% [264] 8% - 2% -
Suu - - - 0.2 _
b — el LUV studies

R(D*) 0.026 [215,217] 0.0072 0.005 0.002

R(J/ ) 0.24 [220] 0.071 0.02

Charm

AAcp(KK — r) 8.5 x 107* [613] 1.7 x 107* 5.4 % 1071 3.0 x 107°

Ar (= zsing) 2.8 x 107 240 4.3 x 1075 3.5 x 1071 1.0 x 107°

asin¢ from DY — K+a~ 13 x 107* [228] 3.2 %1074 4.6 % 10~ 8.0 x 107°

asin ¢ from multibody decays

(K3m) 4.0 x 107°

(Kdnr) 1.2 x 1074

(K3r) 8.0 x 1076

Oleg Maev



U1l - Hosbin paetektop LHCb!

Upgrade-I| for Run 3
CERN-LHCC-2012-007

Upgraded LHCb Detector

To be UPGRADED

Detector Channels R/O Electronics

HCAL  MUON 2-5

09/04/2022




LHC KaneHpapb

Cenuac

Longer term LHC schedule

In Janmary 2022, the schedule was updated with long shftdown 3 (L33) to start in 2026 and to last for 3 years

202 7022 2023 2024 2025 2026 2027 2028 2029
J|FM|AM|]|]|A|SIO|N|D(] FMI?JVIJJASONDJ FIM[AM|]|]|A|S|O|N|D[J[F|MAM|]|]|A|SIO|ND[{J[FIMAM|]I|]|ASIOND|]|FMAM|]|]|AS|ON|D|]|FIMAM|]|]|A[S|ON|D|I|FMAM|]|(]|AS|OND|]|FIMAM ] |]AISIOND
Ul ‘ Run3 ] [ Long Shutdown 3 (LS3)

Ul daza 2

2030 2031 2032 2033 2034 2035 2036 2037 2038
J|A[S

JIFMAM ] |J|A|S|OIN|D|]|FMAM|]|]|AIS|ONID|]|[FIMAM ][] |AISION|D{] [FMAM|J|]|A|SIO|ND]J|FIM|AM|]|J|ASION|D[] |[FIMAM|]|]|AS|OND|]|FMAM|]

Last updated: January 2022

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training




2022 - Q1

Jan Feb

LHC official schedule in 2022

First beams in the LHC First Stable Beams
around 12fh of April expected around 15th June

24th

i T e 2022 - Q2
Apr

Mar experimerts cioved

opectons
Wk 1 [ 2 I 3 l kY l s I 6 l 7 ] 8 1 9 [ 10 ] 1 ] 2 ] 13 “;;"" "‘":' Start Beam .,ﬁm Technical sop
Mo | Ass 3 10 w 2 » 7 " 2 2 7 u nv o =ty il May | Jun s v Jul
Tv T 1 T il T i | i Wk 14 [ 15 ] 16 I 17 I 18 I 19 ] 20 [ 21 I‘ 2 ] 23 ] 24 I 25 [ 26
We l | 1 Somwerdg et [R— Mo N 1) e 18 25 2 ° 1 2 30 Whan @ | 13 20 27
™ T . == 28 - magnet T s l
—_— ! I e = Es > e !
Fr ! DO Machine We Jﬁ Re commsionng teieaves
; E— ™ § - Aosaraten commisonieg &
- i Scrubbing | Scrubbing intensaty ram
~ 1 Fr T “1ut” May
Sa | checkowt WOL D2 O3 Mod
* LHC tunnel and experimental caverns closed Thursday afternoon 24.03 to enable DSO test on 25.03 Su

« Interleaved magnet training and machine check-out starts Thu. evening 24.03
« Vacuum valves open, except S23 to allow for cold check-out activities on 28.03

+ During week 13 punctual access to experimental caverns possible — coorginated by Bf

+ Large uncertainty on duration of the magnet training — potential to start beam commissioning earlie

* Tue. 05.04 until Wed. 07.04 incl. re-installation of original QPS boards and ELQA
+ LHC tunnel and Experimental caverns closed and all vacuum valves open on Fri. 08.04

« Start of beam commissioning Wed. 13.04

» Four floating MDs that removed the MD block initially scheduled in week 40

2022-Q3

2022 - Q4 o

alons wth ©w [ @ [ @ | o [[a | s ] &« [ o] ] @ [[0 ] st [ =
s A Mo 3 0 17 24 £l 7 " 2 2 ) 2 " 29
Wk 2 [ 2 [l 29 | 0 [ sn [ 32 [ 35 [ sa [ sl 6 [ 2 [ Tu | [ m | oy [— =il
Mo ‘ ¥ . 2 1 . 15 2 We I il | i i i o
To % . J = Y L AMCPD-Pblon run . + yers . !é
e ieriesved fr Lo : |
— 2 :
Sa
Su

* Collisions with >1200 bunches Mon. 18.07
+ Beam stop for FASER and SND to install emulsion not yet included * ‘High beta run

* Along stable running period with 25 ns beam during the summer

+ Wk45

* Technical stop — mainly for experiment r

n for Pb-Pb ions run

+ Setting up of Pb ion beam in the LHC
+ Details of the Pb-Pb ion run to be defined - modalities of the p-p reference run

+ Wk 36 - wk 38: Special Runs, MD block 1, Technical stop * Wk 48 MD block 3 (ions)

09/04/2022

* Mon. 12.12 end of 2022 run

Oleg Maev

https://indico.cern.ch/
event/1100341/contrib
utions/4629160/attach
ments/2356849/40221
46/rs20211130 _2022-
DraftLHCSchedule.pdf

LHCDb:

1. LWaxma 6bina
3aKpbima onsi
MOCMOSIHHO20
docmyna 24-o20
mapma 2022 (cetyac
CHoea omkKpbima Ao
18.04)

2. [llepebie
CMOJIKHOBEHUS —
cepeduHa masi

3. [llepesbil ny4ok Ons
¢hu3uku oxxudaemcs 8
UrOHe

4. TexHu4yeckasi

OCMmaHoOeBKa



Trigger

Cmamyc: 800 8 3Kcrn/Iyamauyuio.

LHCb Upgrade-| challenges

Remove LO trigger!

Achieve same reconstruction performance in harsher environment
Record all bunch crossings with fully software trigger

LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

40 MHz bunch crossing rate

CERN-LHCC-2014-016

Trigger-less readout system

~2000

32To/s l l lll Sl mmi
YYYYYYYYYY

32 Tois

~160 servers: DAQ + event builder + event filter first pass (on GPGPUs)
o 7 4

/ >
1 17bss Sy £ o
Buffer storage
Network
(Ethernet 10G/100G)

LO Hardware Trigger : 1 MHz :Software High Level Trigger
readout, high Er/Pr signatures Full event reconstruction, inclusive and SAMINB akcsorage
lusive ki ic/g tric selections 1Tbis
: Software High Level Trigger Buffer events to d'sk, perforl‘l'l online Event filter second pass (~4000 servers)
s detector calibration and alignment
Partial event reconstruction, select . - i i
[ apia] event coconstructions select : nge : Back-End electronics on surface in data center
: N * ~19000 long distance optical fibers (99.75% yield)
Buffer events to disk, perform online Add offline precision particle identification
li i li ity i
detector calibration and alignment ) and track quality information to selections . Common BaCk-End boards (PC|e40)
K A Output full event information for inclusive
Full offline-like event selection, mixture triggers, trigger candidates and related v 1 i
T ks e Atsaciind s oL T8 Large FPGA and optical links (48 x 10 Gbps)
' Nyt ] v Flavor of firmware defines functionality
12.5 kHz (0.6 GB/s) to storage 2-5 GB/s to storage : ;
i ~ + Total effective bandwidth of 32 Tbps
LO rigger Exlpr threshold SPD threshold Table 1. The LO thresholds for the different trigger lines used to take the majority of the data for each
2015 2016 2017 indicated year. Technical trigger lines and those used for special areas of the physics programme are excluded
Hadron > 3.6 GeV > 3.7GeV > 3.46 GeV < 450 for brevity. The Hadron, Photon, and Electron trigger lines select events based on the £y of reconstructed
Photon > 2.7GeV >2.78GeV > 247GeV < 450 ECAL and HCAL clusters. The Muon, Muon High, and Dimon trigger lines select events based on the pr
Electron = 2.7GeV = 2.4GeV = 2.11GeV < 450 reconsiruced MUON stubs, where the Dimuon selection is based on the product of the largest and second
Muon S 2.8GeV > 1.8GeV > 1.35GeV < 450 largest py stubs found in the event. As some of the subdetectors also read out hits associated to other bunch
Muon high pr S 6.0GeV S 6.0GeV > 6.0GeV fone crossings, the us?e of handvjvldth is further 0].3hmlsed in most of the LO lines by rejecting events with a large
. -, - - Et (> 24 GeV) for the previous bunch crossing [19].
Dimuon > 1.69GeV= > 2.25GeV- > 1.69GeV- < 900

https://arxiv.org/abs/1812.10790

09/04/2022 Oleg Maev

Modern Data center

Dual AMD EPYC 7002 Series ——|
Processor Family

8 channel ROIMM/LRDIMM ——
DDR4, 32 X DIMM slots

System Fans
6x60x60x76mm

8x PCle x16 slots for GPUs
(Gend x16)

10

PCle40+
GPU
server




Cmamyc: 800 8 3Kcnyamauyuio.

Trigger

REAL-TIME
ALIGNMENT &
CALIBRATION

PARTIAL DETECTOR
RECONSTRUCTION
& SELECTIONS
(GPU HLT1)

DETECTOR
READOUT

GB/s c AL,B GB/s
l EVENTS
»

AIL nur:bers ;elaLt:d ;o the dataflow are FULL DETECTOR

s RECONSTRUCTION
Upgrade Trigger and Online TDR & SELECTIONS
Upgrade Computing Model TDR (CPU HLT2)

—_— 26% 4
1

 HLT1 reconstruction in GPUs

* Offline reconstruction in HLT2

« TURBO model for exclusive selections
09/04/2022 Oleg Maev

Data processing and trigger

CERN-LHCC-2018-007

OFFLINE
PROCESSING

GB/s

ANALYSIS
PRODUCTIONS &

USER ANALYSIS

Comput. Phys. Commun. 208 35-42
Run 2: 2019 JINST 14 P04013

GPU: Comput Softw Big Sci 4, 7 (2020)
TURBO: 2019 JINST 14 P04006

11



o(IP) =~ 20um
op/p=04—-0.6%
€track > 96 Y

(i

LHCb Tracking System Upgrade

VELO

e

7\

Upstream track

uTt

VELO\track

1\

VELO
\ertex Locator

Silicon strips

Up%de

PIXEL VELO
Vertex Locator

Silicon pixel

09/04/2022

11 T2 T3

//Egng track

Downstream track

\__’/

e W = s W e ]
7 i =

-

Tracker Turicensis

Silicon strips

Up@de

uT
Upstream Tracker

Silicon strips

T track

IT+OT

Downstream tracking

Silicon strips + straw tubes

Up@de

SciFi
Downstream tracking

Scintillating fibers

Oleg Maev

LHCDb tracking system

Tracks reconstructed by
linking segments from one
or more detectors

Three tracking detectors:

- Vertex Locator
Precision tracking near the
interaction region

o. 11 —=>UT
Track reconstruction before
the magnet

IT+OT — SciFi

Track reconstruction after the
magnet. Important for
recconstructing long lived
particles

All the tracking detectors will
be upgraded after LS2

12



Cmaphbiti 0emeKmop: JINST 3 (2008) S08005, 2014 JINST 9 PO9007

Y
X
open close
beams stable
injection beams

P> 2 retractable detector halves at 5 (30) mm
from beam when closed (open).

P> 21 stations per half with an R and ¢ sensor.

P> First active strip @ 8 mm from the beam.

P> Operates in secondary vacuum.

P> 300 um Al foil separates detector from beam
vacuum.

P> CO, cooling system (operates @ -30°C,
sensors @ -10°C).

4 July 7th, 2018

Figure 2: The layout of the R sensor strips showing two sensors on opposite sides Figure 3: The layout of the Phi sensor strips showing two sensors on opposite sides
of the detector, for clarity only every 10th strip is drawn. The outline of the silicon of the detector, for clarity onl; ip i wi. The outline of the silicon
sensor is marked, as is the outline of the sensitive area of the sensor. The scale has sens a of the sensor. The scale has
major tick marks at 1cm intervals. major tick marks at 1cm intervals.

10/04/2022

VELO

LHCDb Upgrade motivation

B> To be operated @ and cm-Rg-1
and at from the beams
2.8 Tbh/s data rates

8 x 1015 1 MeV n,, cm? max fluence
sensors to be kept <-20 oC

P Improve detector performance
track reconstruction
resolution

P> The plan:
new
no ghost tracks
faster reco algorithm

electronics
RF-foil
more interface

° 70
;—3 B non-muonic modes
-— 53 1 f
s many hadronic
ﬁ channels saturate,
o P due to energy cuts
9 in the trigger
® 44 =
o
2
= -

Run 1 Run 2 Upgrade |

Oleg Maev

[P, resolution [um)]

- R R=
e & c cicis

D B
SRS

TTT T T T T[T T I [T I T [ T T T[T T[T T I [T I T[T TTT
I | I ! ! | ! !

[CERN-LHCC-2013-021]

LHCDb simulation

current VELO

upgraded VELO

|||||||||l|||||||||]|||* PRI S A AT Y P
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Cmamyc: 8800 & aKcrniyamauyuro nepeoli

ycmaHoeJs1eHHOU nosio8UHKU. Moxxem
6b1mb emopas nosisumcs e Mae.

Feature old VELO
operation 2010 - 2019
R, & strips, semicircular
Sensors

173,032 strips (~0.2 M)
Distance From Beam 8.2mm
Maximum Fluence 4.3 x 10141 MeV neqcm™
HV Tolerance 500V
ASIC Readout Rate 1 MHz
Total Data Rate ~150 Gb/sec

Power Consumption ~0.8 kW

Operating Temperature ~-8°C

Number of hits (a.u.)

y [mm]

40+

-40 -20 0 20 40
x [mm]

09/04/2022

VELO Upgrade |

2021 - 2030

pixels, L shaped geometry

41 M pixels
5.1mm

8 x 10151 MeV neq cm2

1000V

40 MHz
2.8 Th/sec
~1.6 kW

~-25°C

e Pixel: 55Um w—ip

lmilant: 35-39@

Deep Reactive lon Etching

DRIE etching of channels

Si cover bonding

Thinning

Plasma etching of fluidic inlets

§E

VELO

Upgraded Vertex Detector

CERN-LHCC-2013-021

+ Two movable halves: get closer to beam (5mm to 3.5mm) to improve IP resolution
v 52 modules for a total of 41M pixels covering total area ~ 1.2 m?

» Hybrid Pixel Silicon detector modules cooled down with fluid (bi-phase CO,) which
passes under the chips in etched micro-channels (T <-20 C)

v' 200 um n-on-p sensor tiles
* New ASIC VeloPix, ~20 Gbps in hottest ASIC and total of ~3 Thps

T A ¢

VELO B Wi

cooling substrate retracted
from module tip

3 ASICs per sensor
Dashed line =

Micro channels

Stainless steel 200 pm x 70 pm
CO, pipe ks
— \3
——
Microchannel cooling Si cooling
Sonoechor substcale 400,

Oleg Maev 14



cmamye:vezoms— TT (Tracker Turicensis) =2

e improve py resolution and suppress ghost tracks

e trigger speed up: using Velo+UT matching, very low-pr tracks can be removed

(pr < 0.4 GeV) and search window in SciFi tightened

Current detector =TT

Four planes of silicon strip detectors vital for
reconstructing tracks outside VELO

Not radiation hard enough for the upgrade
New front-end read-out electronics needed for
40 MHz trigger

Need finer granularity to cope with higher
occupancies

0 00 OO

09/04/2022

1693 mm

e four detection planes, ~2 m? each

e finer granularity than TT, closer to beampipe
UTbX

UTbV

373%’)7

1505 mm

e two planes with vertical strips, two rotated by +5°

QO Stave design well advanced — now switching to construction phase

INTERIOR
(BARE STAVE)

COOLING TUBE
(displaced for clarity)

CARBON FIBER SHEETS
(BOTH FRONT AND BACK)

FOAM (THERMAL)

FOAM (STRUCTURAL)

Oleg Maev

HYBRID-FLEX

66.8 mm

EXTERIOR
(FULL-LOADED STAVE)

DATA-FLEX

Y

k.

UTaX

1317 mm

UT

1

E T T T * +| + E| 5 lgr T T T T
£ 098 F L + +—: £ D98 | 3
E + E| rrade i [=
SomE ey | HE gt fap, opede s =5
Confl = 4 Fowmfp | =lTe. 3
b E e E v 3 -t
092F < 3 092 i "'--_._-.—H E
0.9F on E 09EF | . tﬂ# 3
088 E 0.88F
086F +VELO-Forward E 0.86 $VELO-Forward
084" = 0s4f
082F *VELO-Upstream-Forward = 082F +VELO-Upstm|m-Furwald
DS E 1 1 1 1 3 0 s CL 1 1 1
0 2000 4000 6000 8000 10000 ) 3 10 13 20
Pt [MeV] #PV
z 1 T T T T E| z 1 T T T
E = "
E 09HVELO-Forward e £ 09HVELO-Forward e
= 08 + ”.»"m -3 ° 0.8 s 3
= 07f \"ELO-Upstrcam-Forwa'r&.,- _; o 0.7 _+VELO-Upsl‘rca.m-Furwa.ri—-— 4
06F e v 3 06E ! -~ o
E o LE E
0.5f o o, e 0sE : - - 3
04F o0y " 04f CLT T 5
03f - E 03f (- - 3
02F L E 02F + o 3
3 - 3 3 | -
0.1 - "memmen=® E af L= - E
nE s L L L 3 0 il ! L L
0 2000 4000 6000 8000 10000 0 3 10 15 20
Pt [MeV] #PV
Sensor  Type  Thickness Pitch Length  Strips  # sensors
A p-in-n 320pum  187.5um  99.5mm 512 888
B n-in-p 250 um 935um 99.5mm 1024 48
C n-in-p 250 um 93.5um 50mm 1024 16
D n-in-p 250 um 93.5 um 50mm 1024 16
Staves provide support for 14 or
16 hybrid modules, data flex
connectors and CO, cooling
tubes
Staves are ~ 10 cm wide and T
Type B
~1.6mlong
1024 strips
Type C

Dedicated read-out ASIC chip
SALT (Silicon ASIC for LHCb
Tracking) is being extensively
tested

Second engineering run before
summer

Hybrid routes power
and data between
sor and periphery.

1024 strips
Type D

Kapton
flex
cable(s):

data and
power
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S meosrer IT(ST)+OT -2 SciFi

Gaseous straw tube detector and covers an area of 5 x 6 m?
12 double layers of straw tubes (3 stations, each station consists of 4 module
layers)

= 360

Each module consists of 2 staggered

straw tube monolayers oo ) .
/
Number of straws in monolayer: 64 ] (o,
107| 550 490
Total number of straws: 53760 O‘

525

Inner diameter of straw tubes: 4.9mm

Straw tube length: 2.4m Kapton-aluminium

Glue: Araldite Epoxy AY103-1 nnard: b

Cathode: Kapton XC X\ N
f Kapton XC
Anode: Gold+Tungsten (HV: +1550V)
Gas: Ar/CO,/O, : 70/28.5/1.5 % £2000 A
. ! 2 - . o 0
o inside
LHCB-TDR-015
T1-13 | ]
Outer Tracker (OT) Inner Tracker (IT)

O Current detector — IT and OT
U Four planes of silicon sensors close to the beam
(high n tracks)
3x

U Four planes of straw tube gas detectors outside
U New read-out electronics needed in both cases
U Cannot cope with high occupancies

10/04/2022

XuvXx

CERN-LHCC-2014-001

Scintillating Fibers (SciFi)

Completely new detector based
on Scintillating Thin Fibers

blue-emitting multi clad fibers,
laid down as a mat

2.4m long, 250 um diameter
(2.8 ns decay time)

12 layers of modules in
different layout 3 x (x-u-v-x)

read out with SiPM at -40C

new ASIC, 64 channels 130
nm CMOS

o ADC with 3 hardware
thresholds

FPGA on FE cluster board

Schematic yz- and xy-view of one SciFi tracking station.
It is composed out of 4 layers with vertical (x) and

5 metres

rotated (u,v) fibre orientations.
Each layer is made of 10 or 12 individual fibre modules.
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Cmamyc: 20moesbl RICH]_ & RICHZ
Upgraded Particle 1D

CERN-LHCC-2013-022

Ring-Imaging Cherenkov (RICH)

.. Maintain excellent Particle ID:
3amMeHusiu ecé, Kpome
* RICH2 with CF, (15-100 GeV/c)
v" Replace HPDs with MaPMTs
v New Readout ASIC (CLARO)

RICH2

5
g
©
o}
C
@

koy

ren

v" FPGA on FE boards for serialization
In order to allow operation of the RICH detector system at the upgrade luminosity the RICH 1 . !
optical system is being redesigned: in particular the focal length of the spherical mirrors will be and IatCh | ng Of Slgnal
increased from 2.7 m to 3.7 m to reduce the hit occupancy on the photodetectors. The cooling

system and the support mechanics will also be modified, with the goal of allowing stable operation
and easier access to the detector during maintenance.

MaPMTs (Hamamatsu)

Focal Plane

Quartz Window

Spherical
Mirror

() B
| RICH2 only ~ RICH1&2 ¥

Flat Mirror Elementary
cel

Figure 1: CAD model of the RICH 2 photodetector plane. The two types of elementary cell described in the
text are shown.

PO

09/04/2022 Oleg Maev
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PS/SPD + ECAL + HCAL - ECAL + HCAL

Purpose of the calorimeter system: Choice of technology Cmamyc: 20moesbi
Provide E level-0 tri « ECAL: d EM luti 10%/4/E + 1%), f.
) _:Or\;lajoul ;Ziiu;mnint to everd trgger responsgo(o25 ns),rf:c?.u;;c;gngess 01{25O+krad)/ye2?tin LH Cb Upgfﬂde EDI: CERN'LHCC'ZOUB'UU?
@ Progi;]; EFIE/lSnEt(;JAeLOLtS%QE[ candidates (h,e,y) ;}lr:_ztps)ljnil)lsie;;&ir;[\?;on (energetic * & minimal LHCb Upgrade LOI: CERN-LHCC‘2011'DD1 2 2
- T @« HCAL: moderate resolution (80%//E + 10%), fast, LHCD Upgrade Framework TDR: CERN-LHCC-2012-007
50 krad/year in inner, cost effective. LHCb Phase-2 Upnarade Eol: CERN-LHCC-2017-003

»Hardware Level-0 trigger

' : [ ! GANTR SPD 25)(o PS ECAL HCAL = SPD multiplicity & CALORIMETRY ECAL + H CAL
1 M= Rocts = search for a highest ET object:
‘ . E (e*/y)>2.7GeV < CALORIMETRY
m\‘\ -~ . E: (hadr.) > 3.6 GeV < CALORIMETRY
i * pr(n)>1.4GeV/c € MUON ID system ) .
i ] = Present Calorimeter detectors will be kept:

ECAL (Shashlik 25 X, Pb + scintillator)

3E

—

-
L

—_——

_ﬂ
FRRIY

|
|
|
| | § _.’_3‘
1zl : : "
‘ SI E > solid angle coverage v ‘s . HCAL (TIIeCaI Fe + SCIntIIIator)
Gl B e 200250 ol , . v PS/SPD removed
“beare N % 9 =%F=| ~ > distance from IP: ~12.5 m " s HCAL
Bl —~ » four subdetfectors: SPD,PS,FCAL,ﬂCAL . e PMT gain reduced by a factor 5
il § g > based on scint./WLS technique, light readout with _
Lt e S| PMmT » Front-End electronics redeveloped
T | » provides: . .

j I T E = |0 trigger on hlgh p ei’ T[O, Y, hadron O FOF trlgger'less readout and Sendlng
P T

i g ol | D = precise energy measurement of e* and y Non-Zero Suppressed data

/ ‘ ==l | | » particle identification: e*/y/hadron;
' /% contributes to Muon ID (HCAL).

2
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MUON

Ul: LS2 (phase 1)

3ameHa ecell KOHMPOJsILHOU U cHUMbIgarouwell sIeKmpPOHUKU (U ece20 YMo ¢ Hel cesizaHO) 8 demekmope Osisi
obecniedeHus nepexoda Ha rnepedayvy 0aHHbIX ¢ Hacmomou 40MIy.

M1 nonHocmabio yOasnieHa, MOCKOJIbKY 8 Hell 3aMemHO mepsiemcsi nompebHOCMb 8 ycr108UsIX 5-020 yeenu4eHusi
3a2py30K Ha ¢huzudeckue KaHasbl, m.e. cmaHyusi 6ydem nepezpyxeHa husuvyeckumu cuzHanamu. Kpome moeo,
noJiHbItU omka3 om HW mpuzzaepa u, coomeemcmeeHHO, POoJjib MIOOHHOU cucmeMbi 8 U3MepPeHUU rnonepe4yHo2o
umnynbca MOOHoe8 O5isi mpuzzepa LOMUON, ade Hanu4due M1 obecne4dueano 25-35% e aghghekmueHocmu
paspeweHusi no p,. Hoebie mpekosbie cmaHyuu GOJKHbI 2apaHmupo8amsb MoJIHOe U Ka4eCmeeHHoe 3aMeuweHue
MIOOHHOU cucmemMbl 8 3mou pPoJiu.

Ul (phase 2): RUN3 - LS3

3ameHa Kamep 8 MPEX ueHmMpasibHbIx pe2uoHax e cmaHyusx M2 u M3 (M2R1, M2R2 u M3R1) Ha nadoebie kamepbl
noeblIWeHHOU epaHynsipHocmu. Pazpabomka, KOHCMpPyKUuUsi, u32omoeJsieHue U 8800 8 3Kcrslyamauuro OaHHbIX
Kamep nosiHocmbro siexxum Ha [NNA®.

3ameHa HCAL Ha cmeHKYy u3 xesie3a, 6emoHa u eosib¢hpama

09/04/2022 Oleg Maev 19



MUON. New Electronics.

Ha daHHbIU MOMeHmM ece pabombi 8 waxme ycriewHO 3a8epPUEHbI.
Bcsi Hosast aslekmpOHUKa ycmaHoeJ1eHa U eeedeHa 8 3KCIJlyamauyuro Ha yposHe demeKkmopa.
Ceuvyac omnaxuearomcsi ece uerno4yku e Hoeom Data center:

22 TELLA4Os (control and DAQ) — data servers — HLT — EB etc.

DCS - koHmponb Had LV, HV, Gas, Temperature — 8 nopsidke (A. Yy6bIKUH)
Cambie 6onbwue npobnembl ocmaromcesi 8 ECS (konmponb Had FEE u DAQ).

nODE: 40 MHz readout board; each nODE equipped
with 4 custom ASICS (nSYNC)

nSB, nPDM: system configuration and pulsing boards

nBP: custom Back Plane for nPDM/nSB crates

Installation Expected delivery

Needed (+spares) Produced Tested Installed completion and installation Comments
percentage time
nODE 144(+46) 185/190 182 144/144 100% Completed | All stations ok
nSB 120(+30) 150 150 120/120 100% Completed | All stations ok
nPDM 8(+6) 14 14 8/8 100% Completed | All stations ok
nBP 8(+6) 14 14 8/8 100% Completed | All stations ok

09/04/2022 Oleg Maev 20
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Cmamyc: 20moe K ycmaHogKe SMOG?2 SMOG [* % Bores
TP301 | @D Gas » Restrictions

. Q injection = Evacuation
SMOG?2 and Fixed Target physics S| —
p,- o ] LHCb
CERN-LHCC-2019-005 ! petecter
LHC SMOG2_ !'/r I - |
New SMOG2 system installed to inject various gas species in the LHCb IP beam [\ age cell N |
* Fixed Target physics at the LHC collider: in // with pp data taking VELO vessel | =™ |
* Gas cell attached to VELO, displaced p-gas IP for easy distinction from pp data vacuum I
http://cds.cern.ch/record/2649878/ Additic!nal \
e — ascmeaconmumy Physics program spans over: Pumping (15
g o < iz i Sketch of the SMOG2 system.
‘ o ant pl"OtOﬂ productlon The gas is injected i’l:l. C(';pi]laeiry at the Z\(;:lt?;rnof the storage cell.

stomacece : o Central exclusive production
B
SUSPENSIONS Table 1: Typical SMOG2 areal densities @gnoc2 for different gas species and the resulting target
O X(3872)/ LIJ(ZS) parameters (intensity and flow rate). For comparison, the corresponding SMOG densities fsy;0¢ are also
reported, assuming the same flow rate, a pumping speed on the VELO vessel of 5001/ s and a fiducial
O L|J(28) / J/LIJ region of 0.8m (as in Ref. [6]).
o o Strangeness production Gas species He [ Ne [ Ar [ Kr [ Xe | H; | D; | N; | O
THE CELL CENTER fsrroc (102 em=2) 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 10.0 | 10.0 | 10.0
SR TN ) o Ac > pKm Intensity (10 particles/s) | 5.80 | 2.58 | 1.82 | 1.36 | 1.01 | 4.08 | 2.89 | 1.09 | 1.03
IXED HALF CELL SUPPORT _
| FLEXIBLE WAKE FIELD SUPPRESSOR CONNECTEDTO THE RF FOIL Flow rate (1120 5 rr;bar 1/s) | 214 ] 96 | 6.8 | 4.68 | 3.75 | 15.02 | 10.07 | 4.05 | 3.83
=3 FRAME TR . . Osnoc (10*2 em=2) 0.92 041|029 0.20 | 0.16 | 1.30 | 0.92 | 0.35 | 0.33
+ LHCb part|C|pat|on N Heavy lon runs O 109 | 24.4 | 345 | 25.0 | 313 | 7.7 | 109 | 286 | 30.3
102 ’Beam Energy ) (Pbe and pr data taklng) An improved design for the gas target, called SMOG2, has been recently proposed [12]
7 2500 Gev

v Down to 30% Centra“ty |n LHCb |n Run3' and approved by the LHCb collaboration to be integrated in the design of the upgraded

VELO detector [13]. In this new design, the gas would be contained in a storage cell,
illustrated in Figure 3. The cell consists of a 20 cm long tube with a diameter of 1 cm,
fed by a capillary tube. The target is placed 40 £ 10 cm upstream of the nominal LHCb
collision point. The cell is made from two halves which, as the rest of the VELO detector,
can be retracted from their operating position while the LHC beams are being injected
and tuned, and closed when stable beams are declared. Outside the open ends of the
cell, the gas density is suppressed by the VELO vacuum pumps, so that the beam-gas
pNe pHe pAr p Ar Pb Ar pHe pHe pNe pNe PbNe s . collisions occur mostly inside the cell. This alloyvs to increase the effective areal density in
2015 | 2016 | 2017 | 2018 : - participants the target by up to two orders of magnitudes with respect to SMOG for the same gas flow.
S - - - | Even higher densities could be considered if compatible with the spectrometer occupancy
and machine operation.
i e g v 21
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Cratyc LHCb Ha cerogHs

1. VELO — o0dHa nosioeuHka ycmaHoeJsieHa 8 3mom 200y, emopol ew,é Hem Oax<e 8
LJEPHe, moxxem 6bimb 6ydem ycmaHoesnieHa e Mae. Ecriu Hem, mo e ceHmsi6pe.

2. UT — He 2o0moe, nnaHupyemcs Kk ycmaHoeke 8 ceHmsibpe, ecsiu TS noszeosnum no
epeMeHuU.

3. SciFi — nonnHocmbrO ycmaHoeJsieH, egodumcsi 8 pabomy.

4. RICH1&RICH2 — e nopsiOke

5. CALOs - e nopsiOke Ha ypoeHe 0emeKmopHOU Yacmu

6. MUON - e nopsioke Ha ypoeHe demeKmopHOU Yacmu

7 Trigger — 0ém LHC u demekmopsbl, HeCKOJIbKO Mecsiyee Ha HacmpoUuky.

Bce ycmaHoeneHHble demeKmopbl 3aHIMbl 886000M 8 3KCrJslyamauyuro Hoeol 3JIeKMPOHUKU,
DAQ, ..., U npo2paMMHOU YacmbtO (KOHMPOJIb, MOHUMOPUHS, ...)

B 2022-m 200y ka4ecmeeHH020 Habopa OaHHbIX OJisi hu3uKU He Oxudaemcsi coeceM usu

rnoymu coecem.
Ecnu ydacmcss nocmaseumb VELO, 6e3 UT, aghgh. LHCb “onmumucmu4HO” oyeHueaemcsi Ha

ypoeHe ~80%

09/04/2022 Oleg Maev
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U1l Pa6boTta Hag owinbkamm
B32n5a0 u3 LHCb:

«The overall schedule sees installation of the upgraded experiment in the second long shutdown of the LHC in 2018, to be ready for data
taking in 2019.» - FTDR - CERN-LHCC-2012-007 ; LHCb-TDR-12, 25 May 2012.

Cenvac anpenb 2022 1 Mbl eLLE He rOTOBbI..., MPU XOPOLLEM packiaae Habop KavyeCcTBEHHbIX AaHHbIX HA4YHETCA B 2023...

T.e. Bmecto ~1.5 net, notpebosanock 3.5, Ha camom gene ~4.5 roaa.

- ®akmop naHOeMuu KOHe4YHO rnpucymcmaeyem, HO OH U3Mepsiemcsi MecsiyamMu 3a0ep)KkKu, HUKaK He 200amu...
- [bsieos1 oH Kak ecea0a e demauisix. [I[poyHOCMb yenu ornpeodesissemcs MPoOYHOCMbIO caMo20 cs1abozo ee 38eHa.

1. 3a~10 n1em e nepuod RUN1&RUN2 npou3owsio 3Ha4yumesibHoe, U No MHO2UM HarnpaesieHuem 6ezgo3zepamHoe,
ebIMbl8aHUe peasibHbIX 3KCrepmoe U3 npakmu4eckol pabomsbl. B pe3ynbmame, MHO2ue omeemcmeeHHbIe
pabomabl 8bINOJIHANIUCKL U Oa)ke 8eJ1UChb HeOMNbIMHbLIMU cOompyOHUKaMu U cmydeHmamu, 3a4acmyro soobuwie 6e3
CcepbE3HO20 KOHMPOJIS.

2. [HenezuposaHue 60s1bwW 020 06BLEMA «OesmukamHbIxX» pabom e KoMmmepyeckue hupMbi, YMO MOBJIEKII0
dornosiIHumesibHbIl OMMOK npaKkmu4ecKux crieyuasiucmoe u3 0aHHO20 NMpoeKkma y>xe Ha MOMeHme Ha4yaslbHo20
nnaHupoeaHusi. B pesynbmame KOMMYHUKauusi ¢ ¢hupmMamMu U KOHMPOJib 3aKa308, MaK)xe oka3aJicsi
«HeuOeasibHbIM».

3. Bo MHo2ux cry4asix, KoopOuHauyusi pabom Ha ecex ypPO8HsIX ocyu,ecmesisisiacb JIOObMU, He UMerWUMU
docmamoyYHO20 npaKkmu4ecKko20 orbima 8 co30aHuUuU emeKmopoas.

Pe3rome: cepbé3HOCMb nocmasesieHHol 3ada4u adekeamHo He 80CrNpUHUMasiack Kak Ha MOMeHme fniaHupoeaHusi, mak
U Ha 8CEM NPOMeXymkKe peasiusayuu.

09/04/2022 Oleg Maev 23



PaboTta Hag owmnbKkamu. Yto ganblue.

Jbsieon1 oH kak eceada 8 demarnsix. [IpoyHOCMb yenu onpedesissemcsi MPO4YHOCMbIO caM020 cs1abo20 ee 38€eHa.

Mol nu4HbIl 8327110 Ha 8CE€ 3MoO:

- Bcé ymo HanucaHo HuXe 38y4uUm npuebIiYHO U 6aHasIbHO, HO 3MO Y)Xe He CJlI08a a 8bIX00 8 HOBYH pPeaslbHOCMb.

1.

2.

Ndesi makcumanibHO20 808J1IeYEHUSI KOMMepPYeCcKUX hupmM 8 co30aHue KcrepuMeHmarsibHbIX yCMaHOBOK
HecocmosimeJsibHa U ofnacHa.

Bo MHO2uXx Hay4HbIX ueHmpax (U He moJibKO 3a py6exxomM) Hay4HoO-npouseodcmeeHHas1 6a3za NOJIHOCMbIO
YHUYMO)KeHa usiu Haxoodumcs 8 KpalHel cmaduu deepadayuu, npu4ém caMbIM MSKENbLIM nocsiedcmeauem
siesiIsemcsi mnomepsi crneyuasaucmos, ghakmu4yecku mpaoulyUOHHbIX WKOJ1 M0 CO30aHU 0emeKmopos.

be3 soccmaHoe1eHuUs1 MOJIHOUEHHOU UHXXeHEepPHOU U npou3eo00cmeeHHO-mexHu4Yeckoli 6a3bl BHympu uHcCmumymos
Mo eceM HaripaeJsieHUsiM, CO30aHue KpynHbIX 3KCrepuMeHmalsibHbIX yCMaHOB0K CKOPO cCmaHem rnpakmu4eckKu
HEeBO03MOXXHbIM.

Kpome nyHkma 3., He06x00uUMO e0ccmaHoO8s/IeHUe cucmemMHO20 npoldyKmueHo20 ¢hopmama pabomnl, 20e ¢hu3suku,
UH)XeHepbl, MeXaHUKU U cmydeHmMbI pabomarom e peasisHOM mecHOM e3aumModelicmeuu Had ycmaHoO8KolU om
du3aliHa 00 3anycka u Habopa daHHbIX, MJIOMHO 8KJIH04asi 80 8CE amo obpa3oeamesibHbIl npouecc. 51 umero 8
eudy, Ymo makou ¢popmam OOJI)KEH 8ePHYMbCS 8 PaMKU «Heob6xo0umMo20 u 0b6s13amesibHO20», U eCJiu KaKkoe-mo
38€eHO0 8blinadaem, mo 3mo OO0JIXXHO cpa3y cHumamubcs npobriemMol u pewamabcsi.

09/04/2022 Oleg Maev 24



MIOOHHbIN ,queKTop Bknap MNAD.
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bottom view

OcHoeHbIM 8Knnadom NUSD e akcnepumeHm LHCb ssennssemcesi yuacmue e co30aHuuU U HenpepbIeHO20 Nod0epIKaHUsl 8
paboyem cocmosiHuu MrOOHHO20 demeKkmopa.

- Ha HaYanbHOM amane 3amo 6bi1s10 Npou3e00cmeo Kamep 05151 mMpEx nepugepuliHbix pe2uoHo8 demeKkmopa,

M2-M4 R4 (ycmaHoesneHo no 192 kamepsbl 8 Kaxk0ol cmaHyuu, ecez2o ripouseedeHo 6osiee 650 kamep) u cucmembi
noda4yu ebICOKO20 HanpsikeHus 05nst R3-R4 e cmaHuyusix M2-M5 — ycmaHoesieHo 3840 kaHasi0e 8 cucmeme, ece20

npou3eedeHo 6osiee 4500 kaHasos.
Kpome moeo, 6bi1u npou3eedeHbl GornoJsIHUMesibHbIe 3arnacHble KaMmepbl 0511 mpembe20 peauoHa (R3), e cmaHyusix M2
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MiooHHbIN aeTekTop. Bknag MUNAD.

B nepuod RUN1&RUNZ2:

1. YnpaeneHue demekmopom 8 nepuod Habopa OaHHbIX — HEMpPepPbI8HO, OCHOBHAasI peasibHasi 0meemcmeeHHOCMb
Ha NS .

2. [loddepxxka Oemekmopa e uesiom (ycmpaHeHue ecex audoe Hernosadok) — 100%

3. YcmpaHeHue npobnieM e MHOOHHbLIX KaMepax 80 epeMsi Habopa daHHbIx (Manbmep aghghekm u mn.) — 100%

4. [Moddepxka uHghpacmpykmypsbli (3anacHbie kamepsbi, HV (npu yyacmuu MI'Y), LV, koHmposnb 2a3a, 3/IeKmpoHUKa,
mecmoesbie npoepammbi): RUN1 ~80%, RUN2 ~100%

5. [Moddepxka SW no koHmposo u DAQ (DCS & ECS): RUNL1 - ~100% Umanus, RUN2 - ~80% nepemekno Ha lMUA®
(ymo 6ydem e RUN3 ouyeHum 8 c1. 200y)

6. [IUSAA®P noka noumu He 3adelicmeoeaH 8 npakmu4yeckol pabome no MOHUMOPUH2y OaHHbIx (SW),
PEKOHCMPYKUUU mpeKkoe u uéeHmugukayuu 4yacmuu, CUMynsiyusiM, KOHMpPOJIO 3a 2ceomempueli demekmopa rno
OaHHbIM.

7.

lNocmosiHHOe akmugHoe yyacmue e aHaJsiu3e OaHHbIX

09/04/2022

H.®. boHOapb
b.B. bo4yuH

C.C. BoJsikoe
C.A.Teuy

A.l. paHuk
A.A. []3r06a
A.C. UnbuH

B.C. Kosrnos
C.H. Kompsixoea
O.E. Maee

I.B. Heycmpoes
H.P. Caczudoea
A.[]. Yy6bikuH

B.B. Yynukoe
Konnekmuebi OP3, OMK
U ewé oYeHb MHO20
compyOHukoes lMUNAP,

yyacmeoeasuwux e
co30aHuu demeKkmopa
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Insulator film

MIoOHHbIU AeTeKTOp. Bknag MUAD.

ObecneyeHue cmabunbHocmu pabomsi kamep. Manbmep aghchekm.
Pa3pabomaHa memoduka “nedeHusn” kamep 6e3 yuwiepba ons aghghekmusHocmu u ece
Heob6xo0uMbie UHCMPYMeHMbI OJis1 €€ ycrneuwHo20 MPUMeHeHUs].

Avalanche
- @

ANODE

Build up of positive charge

F.P. Albicocco et al., Long-term and efficient operation of the MWPC muon detector at LHCb, JINST (14) 2019 P11031, http://arxiv.org/abs/1908.02178 CATHODE
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Figure 4. A typical example of the appearance of a self-sustained current and of the recovery procedure during
normal LHCb operation with beams. The data refer to a gap in region M5R3. The plots on the left show the
current (top) and HV setting (bottom) during a period of about 3 days around the first appearance of the HV trip :
and the subsequent start of HV training. The plots on the right show the current (top) and HV setting (bottom) — e oot
during the full recovery procedure, which lasted about two weeks. The nominal HV setting for this gap is
2600 V; the average current in presence of colliding beams is about 0.6 pA.
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MopepHusaumna MUON. Bknaa NMNNAD.

Co30aHue kamep noebIWeHHOU 2paHyIsspHocmu OJisi mpéx eHYMPEeHHUX pe2uoHoe demekmopa. YcmaHoeka: RUN3 - LS3.
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Inefficiencies reported in the TDR

Region Inefficiency at 10° cm~2s | Inefficiency at 2 x 10 cm % |
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inefficiency from CARIOCA
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Following my simulation
DIALOG inefficiency is
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MICOHHOM /ICTEKTODE, CUPABA JAIPYACHHOCTE HA OJHH JIONHICCKHHl Maj) B JaBHCHMOCTH 0T gHIHIecKoil
IACPY3KH X151 0IHOTO N3 NPeNIaraeMplx BAPHAHTOB OYIyIIero maJoBoro JeTeKTopa 11s permona M2R2.

Oleg Maev

Tabnnua 2. Ipornosnpyeman (pacuétel Ha 2012 rog) HesddeKTHEHOCTE TONBKO OT «MEPTBOTO»
EpeMeHH, YcpeTHEHHAA Mo KaMepaM pPerHoHa, B cTaHmmax M2-MS. CTpeakaMu, E cOYeTAHHAX CHHETO
(Bpems dopMHPOBAHHA BLIX0THOT0 CHTHAIa B 18HC) H KpacHOTO («MepTBOe» BpeMH YCHIHTEeIA — ObLia
HCMOIB30BAHA BeIHYHHA B 73 HC) IBETOB B CTPeIKax, OTPaxXéH BKIAJ Kaxaoro H3 (axTopoe,
obpazyrmux «3¢erTHEHOE: MEPTEOE BPeMA PPOHT-IHT TeKTPOHAKH.

These calculations are based on the deadtime maps prepared for the PID-TDR,
convoluted with MC events after stripping and selection.
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Figure 3: Efficiency drop of B — pu*u~ events for different event topologies: all events in bin
1, events with at least one muon passing through M2R1 or at least one muon passing through
M2R2 in bin 2 and 3, respectively, all other events in bin 4; black points are results without
PAD chambers, red with 24 PAD chambers installed in M2R1 and M3R1; the fraction of events
populating bin 2,3.4 is 0.234, 0.362 and 0.404, respectively.
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Prototypes and M23/R1 production

Boris Bochin, Stanislav Gets, Nikolai Bondar, Dmitrii llin, Vladimir Kozlov and many other people at PNPI.

1. M2R2 made in April of 2016 at PNPI, successfully tested with 1 GeV proton beam at PNPI and on GIF++ at CERN at
very high rates conditions.

2. M2R1 made in spring of 2020 at PNPI, successfully tested on cosmics only (beam was not available last year) and
delivered at CERN in Nov. 2020. It is fully dressed with electronics and trained with HV.

- all tests planned on GIF++ were postponed because lack of manpower
https://indico.cern.ch/event/951553/contributions/3997791/attachments/2097783/3526230/M2R2M2R1 tests 7Sept.pdf

Production of the (12 + 3 spares) M2R1 CMBs is ongoing at PNPI.
3. Building a prototype for M3R1 was skipped because it almost same as M2R1 - small difference in pad size only
PCBs for M3R1 are under production.

M2R1 Chamber prototype
M2R2 prototype (2017) FEBs 4.15 cathode PCB

Chamber layout

FEB - 12...23

N o

Lv2 i r
LvV3 | \j {
CL3 -

4

FEBs 0..3 FEBs 16..23

i
NN | N o

FEB -0...11 CGL1

4ch HV

1...4 - LV connectors

CL — Control Line. One per 8 FEBs
LV — Low Voltage supply
FEB — 16ch Frondend board (Carioca/Dialog)
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Infrastructure for the new

Status:

Infrastructure for the new pad chambers in regions M2R1, M2R2 and M3R1.
1. Additional signal cables (576 cables): all cables installed on the wall.
576 connectors on rack side — done
2. Chamber supports (balconies) repositioned on the walls according to the new CMB
dimensions.
3. LV-system. Installation - done
- Modification of the nominal LV-regulators —done
(enough only for M3R1, for M2R2 — will be removed from replaced cmbs. 96
regulators needed in total)
M2R1+4CMBs M2R2 - equipped with GEMs regulators —done

13 Pin 1 - feed back positive
Pin 2 —feed back GND
Pin 3 — LV out channel 1

1 Pind4— GND channel 1
Pin 7 — feed back positive
Pin 8 — feed back GND
Pin 5 — LV out channel 2
Pin 6 = GND channel 2

LV layout M2-front )

Reg.3 Reg.2 Reg.1

N
two MARATONSs for FEBs (one per side) installed in M45 racks in Q1 and Q4, also 2
AC/DC PS and 2 RCMs in B1 + cables, conn., DSS, etc.

- 16 power cables (2x16mm?) and PPs from M1 are installed on both sides. 21 =
- work (cabling etc.) is ongoing on the walls ((3x2)x24=288 LV-cables) : o Lo Fnl

4. Thermo-switches for higher temperature (60 °C) in M2/3 — installed.

T

LV regulators

X
“standard” grey LV cables

m—

R4
R4
R4
R4
R4
R4

R4

A
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Oleg Maev

Boris Bochin, Stanislav
Gets, Nikolai Bondar,
Dmitrii llin, Vladimir Kozlov
and many other people at
PNPI.

2 Kamepbl yXxe cobpaHbl

B amom 200y Mbi OOJIKHbI
nosiHocmsto cdestamb M2R1 u
M3R1.

M2R1 — KkpalHuUU cpok 8 urose
dosmkHbI 6bimb 8 LJEPHe u k KOHUY
200a 6bImb NMNOIHOCMbHIO
nodz2omoesieHbl K ycmaHoe8Ke 8
demekmop.

M3R1 — MO>XHO no3)ke, HO 8 c85s13U C
peopzaHu3sayueu e MNP
npou3eo0cmeo O0JHKHO 6bImb
3aeepweHo 8 3momM 200y.
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Figure 1.1: Integrated luminosity profile for the original LHCDh, UUpgrade I (Run 3 and 4) and
Upgrade II (Run 5 and 6) experiments, in the context of the dfficial LHC schedule of 2021
(extensions of Run 3 and LS3 by one year and six months, respectively, have been deliberated in
January 2022). The blue points and the left scale indicate the anticipated maximum instantaneous
luminosity whilst the red line and right scale indicate the accurmjlated integrated luminosity.

Longer term LHC schedule

In Jamary 202, the schedvle was updated i long shutdown 3 (LS3) to startin 2026 and to lat for 3 years.
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Technical Design Report

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning/magnet training
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Figure 1.2: Schematic side-view of the Upgrade II detector.
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L max~(1.5 = 2)x10%*cm-2s-1

In this proposal the detector challenges are met while keeping the existing footprint of the
spectrometer, and largely maintaining the current arrangement of sub-systems, as shown in
Fig. 1.2. The tracking system will consist of a Vertex Locator (VELO) and tracking stations
placed upstream (Upstream Tracker, UT) and downstream the magnet (Mighty Tracker, MT).
The Mighty Tracker will be split in an Silicon Tracker covering the inner region, and a Scintillating
Fiber Tracker (SciFi) covering the outer region. As a new feature with respect to Upgrade I,
additional tracking stations (Magnet Stations, MS) will cover the magnet side walls. The
particle identification (PID) system will consist of a RICH system composed by RICH1 and
RICH2 detectors placed upstream and downstream the magnet, respectively, an electromagnetic
calorimeter (ECAL), and 4 muon stations (M2-M5). The baseline design will not include
anymore an hadron calorimeter in front of the muon detector, replaced by additional shielding,
and will feature instead a time-of-flight detector (TORCH) in front of RICH2.

TORCH: A large area time-of-flight detector for particle identification arXiv:1810.06658

MUON: Mu-RWELLs & MWPCs

Oleg Maev 33
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MepcnekTusbl ana MUAP 8 LHCb MUON Ha U2

I'panuubI NPUMEHUMOCTH:

I'naBubIN pakTOp MOTEPH
3¢ PeKTUBHOCTH — MEPTBOE
BpeMs (PPOHT-IH/L
1ekTpoHnku (~100 Hc),
onpeaeasseMod BXOIHOU
3arpy3Kou.

YMeHb1IaeTCA € IVIOMIAABIO
CUMTBIBAKOIIEI0 JICKTPOIA.
Jlumut pas kamep MUON
MWPC ~ 2-3cem?.

09/04/2022

MUON detector at UPGRADE I1.
Option with MWPCs

CERN-LHCC-2021-012 ; LHCB-TDR-023
Proposal based on two sets of facts:

- objective

1. No any sign of aging in MUON MWPCs after ~9 years of operation (about 450 effective days irradiation
with LHC-beam) even where the collected charge was ~0.6-0.7C/cm of wire. Same for FE-electronics.

2. MWPC remains still one of the most efficient, robust and same time simple and cheap detector for MIP
particles.

3. One of the main factor of expected inefficiency at HL (means high rate) conditions is a dead time of FE-
electronics which could be reduced by increasing the granularity of the pad MWPCs and with new redout
electronics which should be designed and produced at any case.

4. Second factor of expected inefficiency due to so-called “ghosts” in double-redout MWPCs in
(M2M3/RIR2) could be fully vanished by replacement double redout MWPCs with high granularity pad
chambers.

5. HW-trigger gone. No needs to keep fixed granularity of the physical pads in chambers and granularity of
regions themselves as before.

- subjective (practical/realistic)

1.  Most of the existing MWPCs and significant part of infrastructure could be either fully reused from the
present MUON detector either with some minor upgrade.

2.  About 200 same type or higher granularity but with same geometrical size pad MWPCs should be
produced, installed and commissioned for U2 and it looks feasible for MUON collaboration.

3. About 200 kchs of new redout electronics for MWPCs should be designed and produced and it again
looks feasible for experts within MUON collaboration. New collaborators are welcome for sure! See
Nikolai’s slides with details.

4. Option with MWPCs allows greatly reduce an amount of funding and human resources required on the
stages of production, installation and commissioning of U2 MUON detector.

5. Cost estimation for option with reuse present MWPCs is limited by ~5-6 MEUR in total what looks
reasonable for U2
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Present detector

M1 removed already, but with new PAD CMBs it will be quite similar with M2

i

Ax

M1R2

M1R3

M1R4

Q

R1l R2 |<—R3 —» R4 X
\ BEAM PIPE

Figure 6.47: Left: front view of a quadrant of a muon station. Each rectangle represents one
chamber. Each station contains 276 chambers. Right: division into logical pads of four chambers
belonging to the four regions of station M 1. In each region of stations M2-M3 (M4-M5) the number
of pad columns per chamber is double (half) the number in the corresponding region of station M1,

while the number of pad rows per chamber is the same (see table 6.5).

Segmented cathode Solid cathode

T I i 40% Ar + 55% CO2 + 5% CF4
Anode-cath gap 2.5mm

Gap.A v x Anode wire diameter 30 um
J Anode wire step 2mm
GapB__* Operating voltage ~ 2.5-2.8 kV (2.65 kV - working voltage)
MWPC readout type - Wire pads (R4)
GapC._» - Anode & cathode pads (R1-R2 in M2-M3)
L3 - - Cathode pads (everywhere else)
P Gap D * Hit efficiency 999% (in 25ns time window)
3 A Time resolution 254ns
T T N rpetrsrerrert »,
Grounding Segmented cathode  Solid cathode Grounding

Figure 3. Cross section of a MWPC with the four gaps indicated by A, B, C and D jointed in the common
gas circuit, is shown on the left. Each gap is supplied with an independent HV-line. Corresponding readout
pads in contiguous layers (bi-gaps) A&B and C&D are galvanically OR-ed. The most significant parameters
of MWPC are presented in the table on the right.
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Table 6.5: Basic information for the five stations M1-MS5 and the four regions R1-R4. All dimen-
sions in cm. z: distance of the stations from the IP; Ax and Ay: dimensions of a quadrant in each

station (see figure 6.47). Rows R1-R4: granularity of the different regions of the muon detector as
seen by trigger and DAQ. Number of logical pads per chamber (in brackets) and size of the logical

pads, along x and y. In parentheses: size of the logical pads projected onto station M1.

1.05
W

Ml M2 M3 M4 M5
b4 1210 1527 1647 1767 1887
Ax 384 480 518 556 594
Ay 320 400 432 464 495
[24x8] | [48x8] | [@8x8] | [12x8§| (128
Rl | 1x25 | 0.63x3.1 | 0.67x3.4 29x3.6 3.1x3.9
(0.5%25) | (05x2.5) | (2x25) | (2x2.5)
[24x4] | [48x 4] [48 x 4] [12x 4] [12 x 4]
R2| 2x5 | 1.25x63 | 1.35x6.8 | 58x7.3 6.2x17.7
(1x5) (1x5) (4x5) (4x5)
24x2] | [48x2] | [48x2] | [12x2] (12x2]
R3[| 4x10 | 25x125 | 27x13.5 | 11.6x14.5 | 124 x 15.5
(2x10) | 2x10) | (8x10) | (8x10)
[12x1] | [24x1] [24 x 1] [6x1] [6x1]
R4 | 8x20 5% 295 5.4 x27 23.1x29 |24.8x30.9
(4 x20) (4 x20) (16 x 20) (16 x 20)

CurnaJmsl ¢ nap (A&B, B&C)
NMPOEKTUBHBIX NMAI0B B ra30BbIX
NMPOMEKYTKAX 00beIUHSIOTCH 110
.NJIN. na Bxone FEE, 3arem emé pas
oobequnsroTca nmo .MJIN. Ha BeIXOIE.
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Proposal on application of the multi-wire proportional
chambers of the LHCb MUON Detector at very high rates
for the future upgrades

N. Bondar,? D. llin? and O. Maev®! on behalf of the LHCb MUON group

“High Energy Physics Department (HEPD),
Petersburg Nuclear Physics Institute NRC Kurchatov Institute (PNPI NRC K1),
Orlova roshcha 1, Gatchina, Russia

PThe LHCb collaboration, European Organization for Nuclear Research (CERN),
Esplanade des Particules 1, Meyrin, Switzerland

E-mail: 0Oleg.Maev@cern.ch

AsstrRACT: The MUON Detector (MD) of LHCb is one of the largest instruments of this kind
worldwide, and one of the most irradiated. It has performed exceptionally well during the RUN1
and RUN2 of the LHC at an instantaneous luminosity of 4x10°2 em~2s~!, with tracking inefficiencies
at the level of 1% and 2.6%, respectively.

Looking forward for the future LHCb Upgrade 2 (U2) planned in 2031 and aiming in running
the detector at increased luminosity by factor ~ 50, and at the same time keeping a very high (~ 99%)
detection efficiency, an option with reuse significant part of the present Multi Wire Proportional
Chambers (MWPC) in a new Muon System is presented. In addition, the first idea of new Front
End Electronics (FEE) and an existing test setup applicable for designing both: new MWPCs with
higher granularity of the cathode readout pads and new FEE are described.

Keyworps: Muon spectrometers: Radiation damage to detector materials (gas detectors): Wire
chambers (MWPC, Thin-gap chambers, drift chambers, drift tubes, proportional chambers etc)

'Corresponding author.

© 2020 IOP Publishing Ltd and Sissa Medialab https://doi.org/10.1088/1748-0221/15/07/C07001
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Fraction of correlated hits in 4 gaps in .OR.

From 2012 data, to be checked with rates from bi-gaps in .AND. taken at the end of 2018.

To be mentioned, that this feature really helped MUON to be efficient in some areas with very high
occupancy during RUNI&RUN2.
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®paknusi curaaaoB or LEB (Hu3ko3neprernunoro ¢gona) orpomHa.
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TPEKOB HeET.

Oleg Maev

M2 M3 M4 M5
R1 7 5 10 8
R2 9 8 12 10
R3 15 22 30 20
R4 32 45 45 12
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MNepcnektusbl ana MNUAP 8 LHCb MUON Ha U2

CERN-LHCC-2021-012 ; LHCB-TDR-023

M2 (Q2), four gaps readout + gate

All what was done before including readout from all four gaps in R1-R3 with _AND. at list in two projective gaps.

Fraction of correlated hits:

Input rate: R1%0.565, R2%0.583, R3%0.630, (R4->R3)*0.742. Bigaps in R4 — not possible to separate.

Output rate: R1%0.231, R2%0.283, R3*0.414, (R4->R3)*0.653.

Max. Input rates per FE-ch.: ~4.4MHz (uncor. new pad cmbs M2R1) — Max. Output rate ~1MH?, (tracks, new pad cmbs M2R1)

INPUT OUTPUT
R(Igap) = R(2gaps)*(1+3 *fcor)/(1+fcor)/2 R(out) = R(1gap)*(4*fcor)/(1+3 *fcor)
new granularity, new FEBs (4 gaps redout) output rate
M2 R1%0.565, R2*0.583, R3*0.630, (R4->R3)*0.742 - R12-> new detectors (RWELLs) M2 R1*0.231, R2*0.283, R3*0.414, (R4->R3)*0.653

A3 A2 Al R1~1 MHz/em~2  (gap) Al

R2 ~ 0.3 MHz/cmA2 (gap) 16

=
£ 0

- present R4 cmbs (only 128, 192 now)
24chs

-
MNow

-present M2R3 CMBs, now 48 installed 11
""" needed: 72-> 24 M2R3 to be produced 10
96¢chs 9
fraction of correlated hits (%) 8
size of M2R3 but 2 times higher granularity 7

M2 fcor(%) reduction |reduction 40 new cmbs to be designed and produced 6 206205 112926 249034 3207
4 Gaps input output 192chs 5

___________ R1 7 0,565 0,231 4 138715
R2 9 0,583 0,283 Nphys.ch{UPGRADE I)= 3
; R3 15 0,630 0,414 R4 R3 R2 R1 total 2
490 344 9025 113213 R4 32 0,742 0,653 9216 9216 9216 4608 32256 1 214900 84401 90257 113213
D C B A Nphys.ch{UPGRADE Il)= D
R4 R3  |R2(RWELL)|R1(RWELL)| total MWPCs
6144 58368 73728 36864 | 175104 | 64512 Rmax
36 NEW detectors, 40 NEW M2M3 _Rmax_av

and 24 present M2R3 to be designed and produced
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MepcnekTusbl ana MUAP 8 LHCb MUON Ha U2 |
Option with new FEBs

1. Readout of all four gaps separately immediately gives reduction in the rate per physical channel. It could be realized only in R1-R3
in all stations and in M5R4, where signals combined on the level of OPB/SPB boards. In R4 regions in M2-M4 channels in bi-gaps
combined galvanically inside the chambers and there is no way to separate them.

2. Implementing a smart logic on FEB-level to reject signals from low energy background, so-called uncorrelated hits. It gives a hit
only in one of consecutive pads.

As a first proposal: adding a gate opening an .OR. of all four gaps which is formed as requirement of at least one .AND. in the
projective gaps.

See Nikolai’s presentation for details. Here is a one of simplified version of new FEB.

https://indico.cern.ch/event/967781/contributions/4081323/attachments/2130405/3587643/N-front-end-V2.pdf

Preamplifier Fast Shaper Discriminator

Digital logic for reduction of uncorrelated events w— —Pp— o LiA
ASD 4 bit register A Vi L R
gapA E Majority —> ?;7::}1(
r Preamplifier Fast Shaper Discriminator
output word o The proposed FE scheme foresees a single front-end ASIC per FE board (FEB), directly

separate data concentrator board (GBTboard), as shown in Fig. 4.35 (bottom). The latter could
also be mounted on the same chamber. Since the number of FEBs per chamber is very different

e installed on the chamber, as in the present muon electronics, and the IpGBTx installed in a
ap B 5 Vin
gap | ——{a]B[c][ D] L4 D

Bad GoFc:\d event Logic from inner to outer regions (e.g. 56 FEBs/chamber in R1 ad R2, only 3 FEBs/chamber in R4)
gapC > | events FB_OR| the number of FEBs connected to each IpGBTx could be further optimized by using different
- 0000 EC_ . AND types of GBTboards, with an optimal number of IpGBTx installed for each type. The data
1000 _"::L R IOR L bandwidth and the total number of optical links needed for each detector region is given in
gap D > ) . g;gg FC__OR '_AND,_J—. J Tab. 4.11, together with the number of PCIe40 boards.
' 0001 Fp_jor[
Gate
25ns All other
events are good

Schematic views of the proposed FE channel (top) and data readout
architecture (bottom).
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What we don’t know precisely - a fraction

in the LEB hitting MWPCs which is coming N e u t ro n S h i e I d i n g

from thermal neutrons!
Distribution of the integrated (50 fbl) neutron flux Fluka simulations with Mirrobor (borated “rubber”, 20%) from Dmitrii Ilin
in the upgraded LHCb from Matthias Karacson 1B +n — 0.(0.83 MeV) + 'Li (1.47 MeV) + v (0.48 MeV) (93%)

-30cm neutron shielding in place of M1 . — O (1 8 MeV) + 7I_l (10 MeV) (7%)

- PS/SPD and lead removed

Pe3ympTar ¢ ogHOM U3 HanOoOIee IMpHeMIeMOll I MIOOHHOTO JIeTeKTopa KOMIIO3HITHe
MaTepHaloB, BKIIOYaromed B ceba cmom TommmHOM 19MM cBuHma u 2mMm  Mirrobor

mpeJcTaBlIeH Ha PucyHke.
. (v (V) Neutron Fluence Map (XYZ, 2D Y-projection) Averaged Neutron Fluence Spectrum in region (isoleth. plot)
Mirrobor - 3T0 KOMNO3UTHbI rM6KMIA . “
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Neutron shielding

Idea is an installation few pieces of the flexible by B S - - -
borated plastic “Mirrobor” in front of muon {W | e Ty Insertions |n_M2 beam p!ug (Ieaql + Ml_rrobor) to be made
on external firm. Work with lead is forbidden at CERN.

chambers on M2-front and inside new M2 beam
plug in order to measure a reduction (if it is) of Mockup has been designed and already made by Sasha

the rates directly with comparing the rates on
symmetrical chambers on A and C-sides and
also comparing the rates on shielded and not
shielded neighbor FEB-channels where ratio bw
rates on channels is well known at nominal
conditions.

Final drawings of the lead parts including:

1. Sandwich plates for M2-front (two
samples)

2. Insertions in M2 beam plug — 16 pieces in
total

have been finished by Alessandro Saputi and

already sent or will be sent next days for the

request an invoice.

09/04/2022 Oleg Maev 40



3aKkn4yeHue

1. LHCb e kauecmee chakmuyecku HOBOIO demekmopa Ha4HEMm KadyecmeeHHbIlU Habop
daHHbIX 011 hU3UKU He Nno3oHee criedyrouje20 200a.

2. Ecmb Had yem 3a0ymamabcs, NpuU niaHUpoeaHUU cmpoumesibcmea Ho8bIX KPYMnHbIX
3KcrnepuMeHmMasbHbIX yCMaHOBOK.

3. Bknad O®B3 MN51d e LHCb e uennom u 8 MHooHHbIlU demeKmop 8 4acmHocmu
ocmaéemcsi Ha 8 bICOKOM ypOBHe.

4. Ecmb xopowue udeu ro ucrnosib308aHUKo rnponopyuoHasibHbIx Kamep Ossi crnedyrowel
MoOOepHU3ayuu U OJ1s1 KpynHbIX 3KcrepuMeHmos 8 byoyuwem.
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