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LHCb A Forward Spectrometer @ LHC
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Goals: CP-violation in b & ¢ sectors, ¢
rare decays, search for new physics.

AL

bb correlation = flavor tagging e AN e S Cail vEL s Collaboration: 27 countries
boost = decay length measurement g 1 i - 108 institutes, 1835 members
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— =5 . -
— : —_— -




TRO LHCb Performance

Total Recorded Luminosity by Year - pp LHCb Physics Papers

12 T T 1 T | T

2025 (13.6 TeV): 11.81/fb
2024 (13.6 TeV): 9.56 /b
2003 (13.6 TeV); 0.37/1h
2002 (13.6 TeV); 0.82/1h
2018 (13 TeV): 2.19/fb
2017 (13 TeV): L71/1b
2016 (13 TeV): 1.67/fb
2015 (13 TeV): 0.33/fb
2012 (8 TeV): 2.08/fh
2011 (7 TeVy: 1.11/fb

——— 2010(7 TeV): 0.04/fb

807 paper submitted
(+12 detector performance papers)
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TR Selected LHCDb Physics Results WE

CPV in Charm decays Amg CPV in Baryon Decays
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Ty Towards Upgrade |1

o A
oy 4

Linax ~ 4x10%2 cm™2s71 Lnax—2x10%3 cm=2st L nax—1.5x103%4 cm~2s1
< L ~ 9 bt ) <{s—— L ~ 50 fbt EE— 4= I,,~300fb! mp
~1 Vis Interact./Xing ~5 Vis. Interact./Xing ~40 Vis. Interact./Xing
O N N L Y b O 0 © A O O O & & H F H L N
Yy & &Y Y S v A2\ R\ S A A $ &£ & o ¥
§ & &S $ FITIFSESIELEFETS

EEEEEEEEEEEEEEEEEE
- Runl |52 | Rw2 | 152 | Rw3 | 13 | Runs [  Runs |

Upgrade | Consolidations Upgrade Il
Installation (Upgrade 1.b) Installation

Expression of Interest Physics Case Framework TDR Scoping Document
LHCC-2017-003 LHCC-2018-027 LHCC-2021-012 LHCC-2024-010
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https://cds.cern.ch/record/2244311
https://cds.cern.ch/record/2636441
https://cds.cern.ch/record/2776420
https://cds.cern.ch/record/2903094/

% Physics Reach of The Upgrade 11

Key observables in flavor physics

N
Observable Current LHCb Upgrade 1 Upgrade I1I
(up to 9fb™1) (23ftb~")  (50fb7 1) ((300 ﬂ)_lQ

CKM tests —

v (B — DK, etc.) 2.8° [20,21] 1.3° 0.8° 0.3°

Os (BY — J/o) 20mrad [24] 12mrad 8 mrad 3 mrad

Vol / |Vl (A = pu= 1w, ete.) 6% [56,57] 3% 2% 1%
Charm

AAcp (D - KK, 7"n7) 29x107°[27] 13x107> 8x107> 3.3x107°

Ap (D' - K*K—,ntn™) 11 x 107 [31] 5% 107°  32x107° 1.2x107°

Az (D° = Kntn~) 18 x 1075 58] 6.3 x107° 4.1x107° 1.6 x 1077
Rare decays

B(B" — ptpu™)/B(BY — ptp™) 69% [32,33] 41% 27% 11%

Sup (BY — ptu™) — — — 0.2

AP (B 5 K*%+te) 0.10 [59] 0.060 0.043 0.016

Sy (BY = ¢) 0.32  [60] 0.093 0.062 0.025

o (A) — Ay) 30 [61] 0.148 0.097 0.038

(Ref: LHCC-2024-010 and references therein)

O Upgrade Il will fully realize the flavor physics potential of the HL-LHC

O Further pursue a broad physics program (spectroscopy, high precision EW, dark sector and other
exotic search, heavy ions and fixed target)

0 Success of the program relies on a detector with similar or better performance as the present one
11/24/2025



https://cds.cern.ch/record/2903094/

e LHCb Base Detector

Hardware trigger y@ Tracking Particle 1D gl Calorimeters - Lpa~ 4x10%2 cm~2s~1
Computer farm HLT N Ecap HCAL s M \ L~ 9fbl
SPD/PS M3 _ . = 7 ~1Vis Interact./Xing
H2 M1 | 250/300 mrad

Muon: MWPC
; (central M1): Triple-GEM

/ < . - | SPD: PS+Pb+PMT
PP colllsyo : :
NET S D e ' PS: PS+Pb+PMT

I/’

/'v
/

VeLo/TT/IT: Si Strip + Beetle }

OT: Straw tube | L1 - |
pag® RICHL1: Aerogel/ C,Fy, + HPD
@Al RICH2: CF, + HPD gkl L NN
J———— el il - Ap/p = 0.5% at <20 GeV, 1.0% at 200 GeV
E oo | f{ \\ = IP resolution ~ 15 + 29/p; [GeV/c] pm
S . \ - Decay time resolution 45 fs (e.g. B > J/y ¢)
2o / |Bdz=4Tm Kaon ID ~ 95% for 5% n—K mis-ID probability
11/24/2025 O | s 8
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LHCDb Phase | Upgrade

Trigger-less readout
1 MHz = 40 MHz

Si Pixel Det
+ VeloPix

Remove aerogel
New optics
New photon detectors

Tracke

Remove
| sPD/Ps & M1
Side View AL AL M4 M5
M3
SORi  RICH2 M2

11/24/2025
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Lax~2x10%8 cm=2s™1
\ x5 increase
L. ~ 50 fb-t

~5 Vis. Interact./Xing

\

New electronics

Si Strip Det
+ SALT

Scint Fiber
+ SIiPM

Reduce PMT gain
+ New electronics




U rade I Perfor ance VELO efficiency UT efficiency
2 100 o - = 1 °<9c=pa
% Completion of installation in Mar 2023, #* ' 5 wi UT 8
- 0 - . 0 i I 200k 1°7’ S
commissioning since 2022, physics 3 : 0
. . 90— — - _
production in 2024 : °F e
. ) 85 - -200F 9
« All subdetectors working as designed! R ; : g
BOE LHCb very preliminary -8~ 2024 data = 500 :— e g
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Upgrade | Performance

Trigger efficiency significantly improved — removal of LO working

for hadron and electron as intended, and also for muons LHCb-Figure-2024-030
T T | T T T T I T T T T I T T T T | T T T I__l_I I-_-_\ = T T | T T T T | T T T T T T T T I T T T T r T I T T T T | T T T T I T T T T | T T T I—:II::II:II:
é [ LHCb Preliminary HLT2 Twbo | = é C LHCmeliminary HLT2 Turbo - J0.16- E 1.4 = THCb Preliminary HLT2 Turbo o
512 - 2024 HIt1(Two) TrackMVA J0.150 & ;‘]'2 L 2024 Hitl(Two) TrackMVA ] _._j » o F A 2024 HItI(Two) TrackMV A g
5 Run 2 LOHadron + Hitl(Two) TrackMVA 8 & [ + Run2LOHectron+ Hitl(Two)TrackMVA 014 = gl2r Run 2 LOMuon + HIt1(Two)TrackMVA ] 3
E i KL iyt~ SR G 1.0 === === === — e m—m—mm————— e opoeo = SR Run 2 LODiMuon + Hit1(Two)TrackMVA ~ — 0.150 ¢
& SR e 70123 > g I O i apas b sh s q012§ S0 e 3
w - —_— ] = W I = ] - w1 - __--FI:: = 0.
EO.E_ —_— = 0.100°7 EU.S - e e ._a___“l“ Dng;— s ] :
[ — 18 i e 18 -ET A 010
0.6 L —_ ] E 0.6 |~ 40085 C Il + 5
: L 00752 C = 1 3 06 e 0.075 2
o ] '3 : == —-|J|Jf : B |-.-|""'-.-| R =]
04F — + S POCKtY Yt ooen [ - + + o \K+ - S e + Y ‘e 3
- = B*-SDU(Ktmo)mt ooso. 04} B > /¥ (eTe)K" | 04F B™ - J/¥ (u"n )K 100509
- B 47 T C ] -
02:—__ —0.025 0.2; —:I'J,I'JJ 02__ E 95
0. I I I R RN 0.000 Con lonononon Lonononon [l nonn o |l . ] ¥ 0 [ N 1N T N T T A T T T T T [ S N HT i 0,000
0 5 10 15 20 25 0.0 5 10 15 20 25 00 5 10 15 20 25
Transverse momentum, p(B+)/ GeVec™! Transverse momentun, pr(B *) / GeV¢™! Transverse momentum, pr{B*)/ GeVc™!
e =5 e L s L T L B R =
é [ LHCbPreliminary HLT2 Turbo —0.16 = é [ LHCDb Preliminary HLT2 Tubo | = élﬂ - LHCb Preliminary HLT2 Turbo () ;75 =
5'1'2 L - 2024 HItl(Two) TrackM VA 10142 A2 J 2024 HEL( Two)TrackMVA 1014 8 o b 4= 2024 Hu(Two)TrackM VA ] 1
5 [ = Run2LOHadron + HItl(Two)TrackMVA 1 & g =+ Run 2 LOElectron + Hlt1{Two)TrackM VA g §12C - Run2LOMuon+ Hitl(Two)TrackMVA | 0.150 §
B 10 pemmmmmm——m—m e e o S el 012 & 510 === e T e AL S [ - Run2LODiMuon + Hitl(Two)TrackMVA £
g r —_ I = e * s ] G T T §0.125 2
O L —_ . = o e lo1n® S 15 g
208 _ 1010 g D08 o w*n—l—_.lj'l“_g E Lo — ] =
E C — . @ E r et 1008 8 E08— 40.100 &
L — —_IJIJ[N-_-_-': [ -t 1VYe g il 5 ..[.LI_']'I-[-l'l"_I_,] ! —— =
0or — 13 06 ¢ . AP 06 T T 00753
C — 4006 § I - J006 g L e ] =t
0.4 — ] - 04 - 0 +,—\*0 © £ 0 R P
. — B> D~ (K*mm)m* 0042 - B® - J/¥ (e"e )K" |, 1 04 F = J/¥ (W u)K™ Joosog
02 F ....:_. —: 0.02 02 ;:H —: 0.02 02 :_ 40025
: _—; | | | 1 : | | | | ] - | | | | E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 10N 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | || L 1 1 L L 1 1 1 1 1 1 1 1 1 1 ||||||I|
0.0 B 10 15 20 25" 00 5 10 15 20 25 00 5 10 15 20 25
Transverse momentum, pr(B") / GeVc¢! Transverse momentum, pr{B%) / GeVc™! Transverse momentum, pr{B") / GeVc™

11/24/2025 11



e LHCb Phase Il Upgrade

RICH1, RICH2 TORCH \ Loy ~1.5%10% cm-2s-1
. Redu.ce.d pl.xel SIZG- e V = Quartz + MCP = 7.5 increase
= Add timing information » ToF for low P trks M4 M5
VELO =5 TV = SiPM, MCP, LAPPD M3 = L. ~ 300 fb1

5iFi ‘RICHZ _ : _
= 3D Si Pixel, 28 nm ASIC or 40 Vis. Interact./Xing

= Timing ~ 50 ps \ = \
= New RF-foil | =\ ‘ I r
-/ lﬁnFE’ |

i Muon
; &A | ’ ‘ =m " New MPGD (inner)
f =  Keep MWPC (outer)

UT —» UP
=  MAPS pixel

v Bl ——=- AN - =Cw = -
/ T PicoCal (ECAL)
Magnet Stations (MS) MightyTracker (MT) = Timing, longitudinal segmentation
= Scintillating bar =  MAPS pixel (inner) = SPACAL with radiation hard crystals
= Low P particles = Keep SciFi (outer) = Keep Shashlik for outer region

11/24/2025 12



e 4D Vertexing with Precision Timing

B decay

Essential for flavor physics D decay

¢/
K ... final state
*%‘ hadrons and leptons

« Primary vertex (PV) reconstruction, correct pile-up ~ 40
association with B decay vertex.

« Decay time and impact parameter solutions.

= 3:/,4 ; Typical signal candidate
v‘%u

Underlying event

Track density with ~40 visible interactions pp collision

Aligned time [ns] Timing to the rescue: each hit in VELO will be time-

l 05 stamped with ~50 ps resolution — ~20 ps per track.
| 0 _ Ref:LHCC-2021-012
-1.0 c C - ]
© 081 F  (with timing ) ]
9 i ‘ffll‘:. ]
_~  Aligned time [ns] E 0.6 _ JJU_” 3D
- -0.070 S [ ]
= 3 o + UI3D ]
£ — K Z /% l -0.075 8 0.4 - U-II 3D ]
E D s S —— == — = i
_ < — /AN -0.080 > - - U-IT4D 1
20 ps time VIR - o 02 Neracks(has B hadron)
window 27 VN N o o —_— ]
_glL \ \ : -0.090 0 b= ’—,_‘—,T A Rl s
-150 0 150 50 100 150 200

11/24/2025 2 ] Ttracks 13


https://cds.cern.ch/record/2776420

40t 1=¢.0
¥ %
20t nfas Il
0_ 1 4
[ T—— it
20} ]
N
-40}
-200 0 200 400 600 800
z (mm)
+ Baseline: 32 stations & N
+ Sensor 3D sensor Seclwce _SBimmch . —
iati ~ 16 2 4 \ e
= Radiation tolerant, max ~ 6x10*¢ n,,/cm Gl roues
| peest
= Trench vs column ‘ ‘ —

'IWM

+ ASIC (28 nm technology)
= Requirement < 30 ps

=  Picopix (50 um pixel pitch)
= Ignite (45 um pixel pitch), 3D integration

. S| | .l .
. Modkle coolng Riiii
= Coolant: CO, or Krypton - 100 A ﬂﬂmi i

=  Substrates: silicon, ceramics, Metal 3D printing §§§ ;%*&g;gggﬁ{{;{i{%i{g

. : TR
« RF shield: 50 um Al + 20 um Carbon Fiber i G 0 A Y -
11/24/2025
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e

Monolithic Active Pixel
Sensor (MAPS)

Parameter

Pixel size, square
rectangular

MAPS Technology For Tracker

Key Specification

MT-Pixel

< 100x200 pm?

UP

< 85x85 pum?
< 50x200 pm2

Max hit rate

34 MHz /cm?

150 MHz /cm?

MightyPix (AMS 180 nm)

In-time efficiency

> 99% within 25 ns

=  MightyPix1 / TSI-180, time resolution 2.93 ns
= LF-MightyPix uses LF-150 , power ~ 200 mW/cm?

Rad-hard (NIEL)
(TID)

3x10% ng,/lcm?
40 Mrad

3x10%° ng,/lcm?
240 Mrad

=  MightyPix2 expected to be available by April 2026

Power consumption

< 150 mW/cm?

<200 mW/cm?2

RadPix (LF 180 nm)
= LFMonoPix, 99% efficiency after 10°n,/cm?
= RadPix1 to be submitted in Q1 of 2026

COFFEE (55 nm)

= COFFEE3 responds to laser and radiation source
correctly, digital functions validated

MANTA (TPSCo 65 nm)
= Based SPARC for ALICE
= Available by Q1 of 2027

11/24/2025

MightyPix2

Chip: 2.1 x1.9cm?
Pixel: 84x84 ym?

AR i

1024um

256 rows x BOum=20,450um——"»

!

~2.1724cm




e MAPS-based UP Detector

Four layers based on MAPS, total active area ~7 m?

a
0 Module and stave designs to be compared and finalized 77{
O Readout electronics at the end of staves
O Prototyping started |
E
E
Module
.

8 modules, ~1217 mm

cooling

Prototypénbérehstave
11/24/2025 16



e Mighty Tracker of Two Technologies

Keep SciFi design at outer region
* Further away from beam

Micro-lens

SciFi will be upgraded

: _ _ _ to Mighty Tracker of
<«—=— Micro-lens on SiPM to enhance light collection. MT-SciEi + MT-Pixel

Cryogenic cooling for SiPM: —40°C = ~100 K

= 9 3176 -

module g8 ==

== Vacuum box |

cooling

/‘i‘v plate

L e~ i
| Kapton flex cables D T

v hybrid flex
Sensors

feedthrough

| clear fibre interface

sheet/foam 3D CAD model by Alex Bitadze

\ By k)
Y Interface to SciFi module |\
| e \

11/24/2025



e Magnet Stations of PS+SiPM

Mighty Tracker
FRONT VIEW
100 10— — 100

84—

[
IR

[

8
I

N

I

] o |
]

1T Y
y segmentation
magnet wall

]

181 Lol

}’—><
x

U

To enhance the tracking capability, improve track reconstruction, particularly in
the outer edges of SciFi acceptance and for low momentum tracks

Instrument walls of magnet with extruded triangular scintillating bars

Light collected by WLS, guided through clear fibers to SiPMs outside magnet

' It delivers sub-% momentum measurement precision

. ‘!” ‘
' th

U000

Significantly increase the acceptance of low momentum tracks, e.g. gain a

3} ,
n

U " factor of ~2 in prompt D** with slow
i

L

The Magnet Stations could be installed at LS3
11/24/2025 18



e RICH Detectors With Better Timing

Ref: LHCC-2021-012

O RICH 1 & 2 will maintain same geometry, reduce pixel

]
size using SiPM, MCP, or LAPPD. MAPMT may be | 200 ps |
backup for low occupancy area 2 70 ps R1, 500 ps R2
. . . . . . . =~ 100 ps
a _Tlme-s_tamplng each photon with high precision, which § 10l Upgrade I (no time) |
is crucial to PID performance. S [ s0ps §
Q = P -
O FastRICH has 25 ps time-stamping and digital output = i i
compatible with [pGBT %
5 e
E I ,/:#‘7%/‘ )
7;:,:*"7:_
Y I S N
70 80 90 100
Kaon ID Efficiency / %
Photon Time TimeStamp
Upgrade Detector FEASIC Resolution Precision
I MAPMT CLARO ~ 150 ps 3.125ns
|.b* MAPMT | FastRICH | ~ 150 ps 25 ps
I S'EX;Q”SP FastRICH | <100 ps 25 ps

* LS3 consolidation

11/24/2025 19


https://cds.cern.ch/record/2776420

E

TORCH Time of Flight Detector

336
— |
=
—
=
= E‘D D
o %335
Gy
s o |
o g i
.s I
3341 |
[ a
1 L s 1

. L 1 L " 1 L ]
15 20

momentum [GeV/ c]

250 cm

L

66 cm

11/24/2025

yL/

1 &nt*tick quartz

Brand new detector to enhance low momentum PID capabilities,
improve background suppression and flavour tagging.

Cherenkov photons produced by charged particles traversing quartz
plane, then transported by total internal reflection to focusing block
and detected with MCP-PMTs

Measurement of Cherenkov angle, path length, and time of arrival.

Aim for 10-15 ps resolution/track, needs ~30 photons, 70 ps/photon

66 cm

MCP-PMT

)

53x53 mm?
active area

114 pixets[1]1]

8 columns

66 cm 60 mm pitch
Single module
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Y [cm]

5D Calorimetry with Precision Timing

Improve efficiently the performance at high luminosity
Re-organize ECAL zones to follow the radiation and occupancy map

Baseline: combination of technologies for different regions starting
from the inner-most,

Cell size [cm?] Module type Modules Cells

= SpaCal W/ GAGG fibers 1.5x1.5 SpaCal-W with GAGG fibers 40 5120
3x3 SpaCal-Pb with plastic fibers 136 4352

= SpaCal Pb / Plastic fibers
= Shashlik / WLS fibers

Shashlik with WLS fibers 1344 2688
Sum 3312 30976

Module types

B soacaiw, 1 5x 50 Energy Resolution

C— scintillator @@= mirror
@S absorber D light guide

Time Resolution C&A GFAG

100

SpaCal-Pb, 3x3 o’ @ z F
K —= T+F = E i
SpaCal-Pb and R N + L E GO e —— |
[ N & 012 & 2n+2° g E Weighted Average
Shashik, 6x6 om’ L R Ti,ﬁ, I = ~| —=— Front Section
B sresnik, 12112 g S BoaE° E e
A BN N g":gﬂ E 705 —— Back Section
agob |10/ E@1% B0 R =SS
E ] - — s——
008N ; g E a A
E Qg - s
N E i
E y | — — S -
DL0B [T e T E . - = i
E — 20— s g s . o
] = = 10—
004 by gy oo gy e S T B B S S R
1 15 2 25 3 35 4 45 5 1 15 2 25 3 35 4 45 5
Beam Energy [GeV] Beam Energy [GeV]
-300 -200 -100 0 100 200 300
X e NIMA 1045, 167629 (2022)

21



e Muon Detector

Tungsten
~ \
ECAL M3
Neutron
Shielding

HCAL replace with
Iron/concrete shield

New G-RWELL detector

in the Inner region ?
== ESEwan
== ==
SPD/PS/M1 already 2 _—
removed in Upgrade | R2 23 ale

0 Novel G-RWELL for the innermost region (R1, R2) —

Drift field

3.5kv/em L
-7 Drift gap 3+6 mm

0 Reuse existing MWPC in the outer region (R3, R4)

O A new readout scheme in all regions, for background
reduction and a new FE electronics

0 Additional shielding (44; = 104;) will be installed in
front of Muon detector

11/24/2025




e Online and Offline

Event-builder architecture for Upgrade Il

Readout units

O Novel trigger system for Upgrade |
= Fully software trigger
= HLT1 based on GPUs, HLT2 on CPUs

Underground emwm
(UX85)

O Similar concept planned for Upgrade I

= Expected data throughput for real time analysis
is ~ 200 Th/s, (~ x5 ATLAS or CMS after LO at

Upgrade II).

= Further exploitation of hybrid architectures:
CPU, GPU, FPGA...

Surface

Q Offline computing requirements are significant
» Upgrade | model not sustainable

= |ssues in Run 5 are similar to ATLAS & CMS
Upgrade Il of Run 4

= Coordination with WLCG and the HEP
Software Foundation on mitigation

: . TS HLT buffer storage
HLT2 compute HLT2 compute
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Information of Detector Upgrade

Detector Original Upgrade | Upgrade Il / 1-b
(\\//PE,"T(\)/) R-® SS%((;;?EOO um, SPD (55x55 um2), VeloPix 3D-SPD, <30 ps
TT (UT, UP) SSD (183 um), Beetle SSD(93.5/187.5 um), SALT MAPS
Magnet ) i Triangular scintillating bar (=5 mm),
Station WLS, SiPM, PACIFIC
(ggté‘lt'iﬂn% SSStrg(V\l/é;buerrEngergt)l’e SciFi ($250um) / SiPM / PACIFIC | SO (‘1’250”32/@2'\/' I PACIFIC
RICH1 Aerogel+C4F10 / HPD New optics, no aerogel; G~15I\?)ApF;ITA2T’5 i,?;f;'riﬂ (I.b)
MAPMT / CLARA _
RICH? CE4 / HPD 6~150ps, 25ns/8 stamp S'PMG/< hl/lgopp/sl,_ggig’sraari;RICH
TORCH - - Quartz, MCP(8x64), 70 ps / photon
SPD/PS Scint pad / WLS / PMT, Pb Removed -
ECAL Pb + PS/WLS/PMT Reduce gain, new electronics GAGG+W, PS+Pb, Shashlik-MCP
HCAL Fe + PS/WLS/PMT Reduce gain, new electronics Iron-concrete shielding
MUON Triple-GEM @central M1, Remove M1, new electronics, G-RWELL in inner regions

Rest MWPC

more shielding

Keep MWPC in outer regions

11/24/2025
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Scoping Scenarios

J Baseline cost ~ 182 MCHF
O Middle scenario ~14% reduction

L Low scenario further ~20% reduction

Baseline Middle Low
1.5 x 10** em 2571 1.0 x 10** em 2571 1.0 x 10°*ecm—2g7 !
RICH1/2

inner:outer 1:2
inner 1.41111ﬁ SiPM
outer 2.8 mm SiPM
new optics

750,000 channels

inner:outer +:2
inner 2.0 mm SiPM
outer 2.8 mm SiPM
new optics

469,000 channels

inner:outer +:3

inner 2.0 mm SiPM
outer 2.8 mm MaPMT
new optics (RICH1 only)
445.000 channels

Baseline Middle Low
1.5 % 10%%em 25! 1.0 x 10*¢cm—2s—1 1.0 % 10¥em—2g"
VELO

32 stations, n < 4.8
module 0.8% X,
RF foil 75 pm

32 stations, n < 4.8
module 0.8% X,
RF foil 75 pm

28 stations, n < 4.7
module 1.6% X,
RF foil 150 pm

18 quartz bars
225,000 channels

TORCH
12 quartz bars
158,000 channels

removed

4 planes pixel x1.7m?

up

as baseline

remove corners

y . ( 9
4 panels fibres x3.5m*

Magnet Stations

as baseline

remove

40 SpaCal-W
408 SpaCal-Pb
2864 Shashlik
double R/O
30,976 channels

PicoCal
40 SpaCal-W
408 SpaCal-Pb
2864 Shashlik
double R/O
30,976 channels

40 SpaCal-W

408 SpaCal-Pb

2864 Shashlik

single R/O except 176 inner
20,224 channels

2

6 planes pixel x2.1m*

12 planes fibres

25.9m?/plane

Mighty-Pixel
6 planes pixel x1.3m?
Mighty-SciFi

12 planes fibres

shorter, 23.7 m?/plane

6 planes pixel x1.3m?

12 planes fibres

narrower, 18.9 m?/plane

11/24/2025

w-RWELL in R1/R2
96/192 new MWPC in R3
keep old MWPC in R4
additional shielding
718.848 channels

Muon
w-RWELL in R1/R2
keep old MWPC in R3
keep old MWPC in R4
keep HCAL
608,256 channels

w-RWELL in R1/R2
keep old MWPC in R3
keep old MWPC in R4
keep HCAL

608,256 channels

25



K6 Summary

o LHCb plans Upgrade Il to fully exploit HL-LHC for flavor physics and beyond
0 The framework TDR was approved. The scoping document is being reviewed
a0 The TDRs are expected by the end of 2026

a The upgrade entered the R&D phase, leading towards construction, installation and
eventually operation for physics

0 The upgrade is ambitious with innovative technologies that may apply to future colliders

o New groups have been attracted. More collaborators are welcome

Thank you for your attention!
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