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What we want to do and why?
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UPGRADES INANUTSHELL

® Single-arm forward spectrometer
® |[HCb acceptance2 <n < 5

® [ssentially the same spectrometer detector

— needs fast readout, high granularity, fast timing, extreme radiation hardness

Original
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® Single-arm forward spectrometer
® |[HCb acceptance2 <n < 5

® [ssentially the same spectrometer detector

— needs fast readout, high granularity, fast timing, extreme radiation hardness

Original Upgrade |
Run 1+2 Run 3+4

Side View Ecal, HCAL

M4 M3

Magnet SciFi ~ RICH2

upgrade

Fast readout + higher granularity
+improved radiation hardness
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® Single-arm forward spectrometer

® |[HCb acceptance2 <n < 5
® [ssentially the same spectrometer detector
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REMINDER: bbPAIRS @ LHC

Gluon-gluon fusion

detector acceptance |

LHCb MC
\'s =14 TeV

0, [rad] 2 0



REMINDER: b) PAIRS @ LHC

Gluon-gluon tusion
® | HCb Detector

2<n<)5
27% b or b and 24% of bb pairs *
° (GPD)

f || < 2.5

LHCb MC

\'s =14 TeV _ _ .
49% b or b and 41% of bb pairs *

*in acceptance



© SoGPD catches more? ]
.Yes and o, W|th a m|rrored second LHCb we Woutd have a better acceptance

LHCb MC
\E: 14 TeV

8 6 -4 2 0 > 4 6 8
T]1

Our detector is opt|m|sed for b phy5|cs we st|H do beter t

S _




c (hb)

Luminosity levelling: lead beams collide with oftset and reduce it till head-on collision

— stable luminosity = stable readout rates

proton - (anti)proton cross sections
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W|th|n HCh acceptance ab = 154 £ 14 ,ub at\/_ — 13 TeV
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® Hardware trigger limited at frontend to 1.1MHz rate

o With lumi increase from 1t02 — 4 - 10°%2 cm™%~!-

| prand E cuts saturate for hadronic channel
® Pile-up significantly increases
— higher track/PV multiplicity

® Not processable in online farm

Limit of radiation hardness will be hit
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e Upgrade I till end if Run 4: 50 fb~!

e Upgrade Il accumulate maximum possible integrated luminosity but at least: 50 fb~!/y



® Tracking detector exchanged due to radiation damage ﬂ:HaSica”ybra”d new detector

|Upgraded LHCb Detector

® Upgrade to finer granularity

® Pixel VELO getting as close as 5mm to beam
® New silicon based Upstream detector (UT)
® SciFi tracker 11.000km of scintillating fibre

e New RICH mechanics, optics and photodetectors way N

— better granularity e

® New electronics for all systems

upgrade
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MILESTONE 1 - RTA

® Fast readout: Upgrade of computing resources to GPU + FPGAs for readout electronics

———

|

40 MHz inelastic event rate
(full rate event building)

Buffer events to disk, perform online
detector calibration and alignment

! |Output full event information for inclusive] |
triggers, trigger candidates and related| |
primary vertices for exclusive triggers
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Goal for Upgrade II: 4Th/s — 200Th/s
~ More information about Real Time Analysis project ‘

On\yxemetatL running tigr



https://twiki.cern.ch/twiki/bin/view/LHCb/RealTimeAnalysis

UPGRADESCHEDULE

2021 2022 2023 2024 2025 2026 2027 2028 2029
J|FIMAM S|O|N|D[J|FMAM| AM[J|]|A JIFIMAM[I[J|AIS|ION|D|J|FIMAM|][J|A|S|ION|IDjJ|FIMAIM| ][] |A]S|ON FIMAM|J[J|A]S
“l“‘“ Long Shutdown 3 (LS3) |“““
Installation Upgrade Upgrade Il infrastructure

Upgrade | ”

— first upgrades

2030 2031 2032 2033 2034 2035 2036 2037 2038
J|FIMAM S|OIN|D|J[FIMAM S|OIN|D| J|FIMAM| 3|3 |A J|FIMAM| 3| 3|A[S|O|N|D| 3| FIM|AM| 3| 3|A|S|OIN[D| 3| F|M|AIM| 3| 3 |A[S|O|N|D| 3| FIM|AM]| 3| 3| Al S|OIN[D{ 3| F|M|AM S|ON|D| J|FIMAM| 3| 3|A[S|O|N
Installation Upgrade |l
Upgrade Ib = Upgrade |l
2040 2041
MAM 3] 3[AS|OND3[FIMAM] 3] 3[A]S Shutdown/Technical stop
BEEE || Protons physics
LS5 Run 6 | lons
Commissioning with beam
AN

Hardware commissioning

Last update: April 2023

Upgrade ||



NEED FORTI
® | et's have a look at VELO

30 [l - ~ = — — ] <
. ED [ = = —
® Run 3: pile-up ~6 = = = _
%0 0 200 400 600 x (mm)
Z (mm)
. A
® Upgrade II: pile-up ~42 3 s cm
=20
230 v

® (Closer look at PV region

Track density for pi\e-up ~40
\ *‘ / Aligned time [ns]

\ f/f — 0.5
: 0

-0.5

-1.0

Distinguishing PV ¥ |



® | et's have a look at VELO

~y (mm)

® Run 3: pile-up ~6
® Upgrade II: pile-up ~42
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Example: interactions happening are at
same z but separated by 300 ps in time
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NEED FOR
® | et's have a look at VELO
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® [et's have a look at VELO
® Run 3: pile-up ~6
e Upgrade II: pile-up ~42 RO |

® (Closer look at Calorimeter

— overlapping CALO cluster due to pile-up

" " 2 — 1T v r r T T n
PV happen to many different times £ Upgrade I b s Gy 5
- Lﬁ 500 [~ —— w/o time cut -
T = E —— At/ot(comb) < 3 .
t =-300 ps > 400 [~ t - . Co.
L N s 2 : hh 3 Precision timing in CALO
300 [ b - o .
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Example: interactions happening are at Z?OOO 5000 6000 7000

same z but separated by 300 ps in time M(K*my) [MeV/c?]



UPGRADE Ib

® Motivation: opportunity to test Upgrade Il technology under real conditions
® Reuse of designs and part of Upgrade Il budget, but independent of approval

® Some exchange needed due to radiation damage

B
6 metres

XUVX 5%¢m * |
SiPMI=_ | A

3 X

5 metres

SiPM

SciFi replacement of
the inner modules




UPGRADE Ib

® Motivation: opportunity to test Upgrade Il technology under real conditions

® Reuse of designs and part of Upgrade Il budget, but independent of approval

:

® Some exchange needed due to radiation damage
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ECAL exchange inner region LRI
with new SpaCal technology Run 4




No time gate

6.25 ns ,
/

— 600 ps —
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® Same overlap problem for Cherenkov rings

— fastRICH ASCI ~25ps resolution
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Pion MislD Efficiency / %

— apply time window gate

90 95 100
Kaon ID Efficiency / %

RICH electronics
with timing



Downstream tracking with RETINA

® Run for downstream cluster & track reconstruction on FPGA

— done for Run3 VELO clusters

— downstream tracking at 30MHz

— frees resources




UPGRADE Ib-TECHNOLOGY

“GECCO”
MAB v2

ATLASPix3
Carrier

NexysVideo '
FPGA board

ATLASPix3
— MightyPix
*: jz‘ J’ -
® Monolithic Active Pixel sensors (MAPS) :‘;
oo . 40 \
— needed radiation hardness and granularity |
0 515 220 '225:230

— include 2 first layers with Tm? surface e
Great resolution 2.37+/-0.00
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® Soft particles bend out of acceptance

:
e Example soft 7~ from AY — J/wA( — pr™)
> - b

® Magnet stations as solution

® Scintillators inside magnet (4layers each)
® Photomultiplier outside

® Horizontal ~O(1Tmm) vertical ~O(10cm)
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® Magnet stations as solution

® Soft particles bend out of acce

)
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VELO

! / B | ® \/ELO based on pixel for high granularity : 3D sensor with 28nm thickness
........ oo Sy v T ,
T | ,
= B i ® New RF foil
N / \Fi IR

— A ® Add timing

After irradiation with 2.5 x 10'%n, cm >
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Entries 5378
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- 1 Norm 3711+ 0.058
120 — ] l.‘ " 8.51+ 0.00
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® \/ELO based on pixel for high granularity : 3D sensor with 28nm thickness
® New RF foil

® Add timing

® Timepix4 ASIC most advanced

® Planned to be used in Timepix Telescope for new lumimeter



ECAL
magnet

on / g i ® \/ELO based on pixel for high granularity : 3D sensor with 28nm thickness
upstrean H
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1)
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By

previous generation (Timepix4), massive size reduction in 28nm — pixel
size feasible
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A \ ECAL Itave
agnet
5m f and magne TORCH =
stations -
RI rmghty RI
> |

G e Pixel for UT using MAPS (50x150 m?)

.............. § ® [ow-cost commercial production + low material budget === B

%% s ® Radiation requirement 3 x 10"n, cm =2

36 modules, ~1355 mm




agnet =
5m and magnet ;
stations RICHD
=
QG

® MightyTracker: MAPS pixel inner, scintillating fibres outer
® Radiation hard fibres, cryogenic cooling

® Photo detection efficiency enhancement with micro-lenses for SiPMs
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® RICH1 and RICH2: reduced pixel size and adding timing fastRICH ASIC

-------------- - @ SiPMand microchannel plates (MCP) limit timing to & ~ 150ps




10m 15m m

® TORCH: Timing Of internally Reflected CHerenkov photons

E
L0

— new detector with Time-of-flight quartz In front of RICH2
® Photon readout with SiPM + MCP

® Enables hadron separation inaccessible by RICH .

250 ¢cm

66 cm ; 1cm



PID - RIC

HeTorcH

d ECAL
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® ECAL combination of old Shashlik ECALand SpaCal

)
§ — 5D reconstruction: Space + Time + longitudinal separation
® (Goal : same energy resolution and reconstruction efficiency as Run 1+2
— suffer from pile-up and radiation up to TMGy
Shashiik] ® Need granularity and precision timing
| L — SpaCal with crystal fibres
TN \
| SpaCaI \ 150; 1.:GAGG ::¢ < GFAG
— il
Q_|—D.\»},ﬁ

front back
—3» Beam direction

Radiation limit of Shashlik Prototyping, now towards production




MUON CHAMBERS

ron
ding

\ e Novel micro-pattern gas detectors RWELL

\\ Top Copper (5 o~

l ® Used in innermost region um:":‘\; e | |.’.':‘

® Reuse multi-wire chambers otherwise

® HCAL replaced with iron-concrete shielding

— shielding against neutrons

® Shielding in front of ECALalso remains for RICH




CONCLUSION

® Framework TDR published in February 2022

® This year finish scoping document
LHCb

. . . UPGRADEII
— evaluating different technology and cost options

e \\Vith approval final TDR will follow
® \/arious stages of testing and already production

® Full production planned for LS3 to ensure installation in LS4

Technical Design Report

® More details on physics next week in Upgrade Il Session of LHCb week

‘CheckTwiki on Upgrade 2‘



