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LHCDb: a forward spectrometer @ LHC “EP

“v-‘\ ”‘5‘»’!’ ‘
gls— 'THUT /*

Linst = (2~4)x1032 cm~1s~1 before 2019

1
after U1 ll - » ; vuli

|

Vertex op = 20 um

Time o, = 45 fsfor (B; - J/Y¢) or D~

Momentum |Ap/p =0.4~0.6% @ (5 — 100 GeV/c)

Mass 0,, = 8 MeV/c? for B - ] /}X (constrained m )

Hadron ID e(K - K)~95%; mis-ID e(m = K)~5%

Muon ID e(u = u)~97%; mis-ID e(mr - u)~1 — 3%

Detector before 2019 g4 RICHs —— ECAL AE/E =1® 10%/./E(GeV)

JINST 3 (2008) S08005
Int. J. Mod. Phys. A 30 (2015) 1530022

2026/02/02 Xuhao Yuan, IHEP



LHCD

LHCDb physics performance %S

A decade of important discoveries and precision measurements (9 fb-! pp data by end of 2018)

T oank
O 30— __2025(13.6 TeV): 10.53 fiy’
> [ Ta0s(138Tev) 057 i
= — - .6 TeV): 0. _
g L el 2
®) — —_ ev): 2. X
S L —2017(13TeV): 1.71 fb 13.6 TeV
= - —2016(13TeV): 1.67 fb”!
S 20— 2015 (13 TeV): 0.33 fb"
—l ~  —2012(8TeV):2.08 fb™!
o) - —2011 (7'_Fe¥): 8.(1)” B
) — — . 0. B
S 50 2010 (7 TeV) LS
s F 6 fb~*
c 10— -1 13 TeV
- | 3fb / Upgrade
2 -~ 7/8TeV /
®)) L
L /
€ ,C g | | | | | | |

2009 2011 2013 2015 2017 2018 2020 2022 2024 2026

2026/02/02 Xuhao Yuan, IHEP



LHCD

Upgrade | (U1), started in LS2

LHCDb Upgrades “E

[ ~2%10%3 em2s-] Upgrade | Upgrade |l
max
Lint~ 50 fb'1 Run 1 Run 2 Run 3 Run 4 Run 5
= 18 <>
- Ky & " 350
Upgrade Il (U2), starts in LS4 "¢ 14 @ % 0 2
Lo~ 1.0-1.5x103 cm2s™ o 12 o
Lint~ 250 - 300 fb-1 9 10 m— actual 250 8
— - w= eXpected £
%‘ 8 =11 m11m: expected with improved LHC optics at Run 5 s 200 g
Some smaller detector 2 6 V@g’ 150 9
consolidation and enhancement§ P x
. = X5 Lrun1g2 ~ 100 5
in LS3 (2026) < U1b x o
S 2 el — 0 o
= 0 1, : 1 2 1 . 0
2010 2015 2020 2025 2030 2035 2040

2026/02/02

YearMajor upgrade of ATLAS/CMS

xuhao Yuan, IHEP LHCb also plan enhancements (U1b) ,



LHCD

Upgrade |: a brand new detector g;
Higher luminosity (5XLgn182) results in SideView ., HCAL i
» Higher rate, pile up, occupancy, fluence / Seifi  RICH2 e ' \\

New tracking system /I

and Scintillating Fiber Tracker (SciFi)

RICHs: New optics + photon detectors
Calos: Reduce PMT gain + new electronics
MUON: new electronics

upgrade

Readout at the LHC To be upgraded - . : :

bunch xing rate (40 MHz) To be kept 5 o5l A Bom LHCb simulation
(=] ) r ® B;— ¢y

Detector channels R/0O electronics DAQ % 2: B B.—~DK
MUON o A oz > - Ll
: 5 .| No hardware trigger

T 1sp dronic

> 18t GPU trigger in a HEP experiment

_ Already saturated
E @5“!‘15&2

iy
1 1.5 2 . . 4 4.5 5
Luminosity [ x 10% cm2 1]

2026/02/02 Xuhao Yuan, IHEP 5




U?Cl‘? Performance of current detector “ P

..................

Trigger efficiency for D* Trlgger efﬁmency for B*

Clear benefit from LO removal E [ Cichramm it |2 £ [ LHCOmammy
» Improved HLT1 efficiency at low py I NN N O B e N Ot
» Low pr objects can be retained in more M e e 208;*__——-“ _*:::u—_fjj

complex HLT2 selections T I I ey

First LHCb run3 analysis 0 . g L e N -
Transverse momentum, pr(D*+) / GeVc¢~! Transverse momentum, pr(B*) / GeVc~!
Charm meson production asymmetries measured

> USing 2022 + 2023 data, \/E = 13.6 TeV ;E 2: ‘L/?Sz'ﬂev’mpb_l : Z:c; z: T
> Comparable statistical uncertainty as & 'H_= I TE==, l
Run 1, but only with ~1/15 int-luminosity  *F+ | F |
— Gain in selection/trigger efficiency SE W el e 3 Ef o
4 ’ ;:T(DO) [éZV/C] ’ : ) ’ ;fr(Di ) [leeV/C] ’

JHEP 10 (2025) 050

2026/02/02 Xuhao Yuan, IHEP



The Tracking System in Upgrade |l

Vertex Locator (VELO) _
> Pixel with timing Magnet Stations (MS)
s > New RD-foil » Scintillating bar

Ll Y | > 3D, LGAD, 28 nm > Low P particles
: 1 5 Side View Tungsten S
Magnet & )
Magnet Stations SciFi
&Sfco
RIcHI ¥ = i\
UT 12 | TN
Stave Y= :. (LTt :;:
! Vertex [URT 4 P il NI R Might Tracker (MT)
T Nl /B EREL .\ > MAPS CMOS pixel (inner)
; j \ > Keep SciFi (outer)

][]

Upstream Tracker (UT)
» MAPS CMOS pixel
» Radiation tolerant

l«——— 36 modules, ~1355 mm 4)|
T I I * ‘
| |
|
h O

2026/02/02 Xuhao Yuan, IHEP




LHCD

In VELO

__~2000 trac g

In Upgrade Il ,
Run 3: pile-up ~5
L ..~1.5x1034 cm~2st
£,~300 fbl
~ 40 visible interactions/Xing Upgrade ll: pile-up ~40

7 ~6 cm
X (mm)

B decay
D deca; .
‘ e A typical b decay: separated from PV
’% padmsandieron w - Important for b-related analysis for the

...........
.........

W Typical signal candidate

Underlying event

on

pp collision

o

o
W o e O,

I!IITTTYTTTTTIITTTTTTTTIT TTTTT

» High pile-up induces PV spacial separation of the
same order as VELO resolution
-> PV unresolvable

» Ensure &, at high pileup condition

2026/02/02 Xuhao Yuan, IHEP

N o

Track z pointing error [mm|
N

P
-
e O

—
U1 = 1
T

identification of the displace vertex

VELO spacial Resolution

= e —

Run 3 PV distance
S

—

1T 7

LA

Run 5 PV distane

« VELO forward —
acceptance

LHCb Acceptance




4D VELO with precision timing

Track density with ~40 visible interactions

o

.

\_ ~ J

N ®

R Ty
TNy

20 ps timing window |

3 . N Aligned time [ns] ] Aligned time [ns]
- : ~ -0.070
.% 08 i 05 'g . < A= 7f/ ' ~0.075
= [/ e i |0 PSSl ——— -0.080
o 06 el B -0.5 7 \ \ NN -0.085
c - ] 1.0 sl LR S -0.090
Q 0.4 - Runb5w/o 150 0 150
O .F A timing ] 2 [mm}
S | ~ ‘ Similar performance as the

- e ’_‘—\i\—]_'— -
D_ 0 =, e e e e e e e e e S

= T 1R 560 present VELO for Run 3
Mtracks

New techiques in R&D:
» Baseline: 32 stations with 3D pixel sensor
O Timing (~50 ps),
J Radiation hardness (max ~6x10®n,,/cm?)
» ASICs (28 nm tech)
 Require <30 ps ”
[ PicoPix (50 um pixel pitch)
 Ignite (45 um pixel pitch)

» RF shield: 50 um Al + 20 um CF

2026/02/02 Xuhao Yuan, IHEP 200 0 200 200 600 300

z (mm)

(4 S8888

=

7 —

% E—

AR ——

T S —
/\‘
-
AL
= a
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LHCD

Upstream Pixel Tracker (UP)

Upgrade Il luminosity 1.0~1.5 x1034 cm?s™" (~5x Lryn 384)

» Max hit density ~6 hits/cm?/BX for pp collisions
» For Pb-Pb: ~3 hits/cm?/BX, but multiplicity higher

Current UT not optimized in HL-LHC

» Data rate too high

> Radiation does (3x10"°n,,/cm?) too high for current sensor

A new Upstream Pixel (UP) detector will replace UT

» CMOS MAPS technique applied

l

14r l
1.25—
if
o.sf
0.62

04F

0.2F

efficiency, p > 5 Ge
ffici 5GeV
I efficiency, p <=5 GeV

B chost rate

50x50 um?  100x100 pm? 200x200 pm? 300x300 pum?

2026/02/02

Strip

.

—

60|

20}
op
20(

» QOccupancy (max ~10%) will compromise the performance |

40

t [
O 60
g I
> a0}

10"

Channel Occupancy [%]

n
=S
®
(4

<

Limit

Characteristics

Specification

Hit rate in hot event and region

160 MHz / cm? pp
(~52.5 hits / cm? / BX for Pb/Pb)

Time resolution

O(1 ns) for BX tagging

Pixel size

0(30x30 um?) or (100x300 pm?)

Power consumption

0(100-300 mW/cm?)

Radiation dose for 350 fb!

3x10"5 1-MeV n,/cm?, 240 Mrad

Xuhao Yuan, IHEP

i i) I I I I I n
-80 -60 -40 -20 0 20 40 60 80
X [em]

107

N W s 0 o N

=]
V|VT-E

— UTaX
— UTau
— UTbV

UTbX

¢ € ¥ ¢ ¥
I T S [ S S

— T T T T T T T T T

T

P

TR
800

600

Channel occupancy

3
1000

Chip

Hits / cm? / BX

L 1 1 | L
10 20 30 40 50 60
R [cm]

Beam center

Required links / ASIC
Max 5 available!

Studies based on current UT in
Upgrade Il condition

10



LA C[‘9 MAPS technology for Tracker

MightyPix (AMS 180 nm) —— Key Specification

> MightyPix1 / TSI-180, time resolution 2.93 ns MT-Pixel up

» LF-MightyPix uses LF-150, power ~ 200 mW/cm? Pixel size, square | _ 4 g um2 | 85x85 um?

> MightyPix2 expected to be available by April 2026 rectangular < 50x200 um?
. Max hit rate 34 MHz /cm? 150 MHz /cm?2

RadPix (LF 180 nm) In-time efficiency > 99% within 25 ns

> LFMonoPix, 99% efficiency after 10'°n,,/cm? y ; " ;

> RadPix1 to be submitted in Q1 of 2026 Rad-hard (NIEL) | 3x10 negem? | 310 neglem

(TID) {40 Mrad 240 Mrad
COFFEE (55 nm) Power consumption [< 150 mW/cm? | <200 mW/cm?

» COFFEES3 responds to laser and radiation source, digital
functions validated

MANTA (TPSCo 65 nm)
» Ased on SPARC for ALICE
» Available by Q1 of 2027

2026/02/02 Xuhao Yuan, IHEP 11



LI C[‘9 MAPS-based UP detector

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

» Module and stave designed to be compared and finalized UP detector

» Readout electronics at the end of staves

> Prototyping started Module

) :

ABAAD Npp BAD NN NDOD  pnp DAL ppp

' i . g .
% 7 A L
. X X * 3 g
A 200 R ™ ¢

tUbeS ,!!,””‘ | .

Prototype module

Prototype bare stave

2026/02/02 Xuhao Yuan, IHEP 2 Y 2 Y T

8 modules, ~1217 mm

12



LHCD SciFi and Mighty Tracker (MT)

Keep SciFi design at outer region

> Further away from beam s

» Micro-lens on SiPM to enhance |
light collection

» Crypgenic cooling for SiPM: -40°C
= -120°C

HV-COMS MAPS detector (same as ULy~ . , » | | '
> 6 layers, 13 m? in total o O

> Pixel size ~ 84x84 um2 MT-CMOS Module

4354
=662~}
g

FTDR geometry . - ~ MT-CMOS Plane

support

- => rode

hybrid flex

Sensors

y n
sheet/foam 3D CAD model by Alex Bitadze

2026/02/02 Xuhao Yuan, IHEP 13



Mighty Tracker

o

% \\\\\‘\ & 44/9

. TOPO e
~aONE ==

. —1 i

Magnet Stations (MS)

111

i

1 5 =
52
- ] uT \\W/
= T | __//"/
VELO \—:tF downstrca“\ tracks
i~ ~—
RICH1
Magnet Stations N
0 2 4 (m) ©
4500
UT hit
4000 3 Ut & MS
[ UT & SciFi

3500
3000
2500
2000
1500
1000
500

f%’ 10° 10* 10°

Momentum g, [MeV/c]
2026/02/02

, ulll.llll)
MWIIIM.%

A new MS to be installed for reconstructing Upstream Tracks
» Tracking capability, reconstruction/ for low momentum tracks.

Instrument walls of magnet with extruded triangular scintillating bars.
» Light collected by WS, guided through clear fibers to SiPMs outside magnet.
» sub-% momentum measurement precision.

Xuhao Yuan, IHEP
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Upgrade Il tracking system

Mighty Tracker (MT)
o\

LHCDb track type
» Standalone track for TV, UP & MT Downstream
» Long track: TV-UP-MT

» Upstream Track: TV-UP(-MS)

» Downstream Track: UP-MT(/-MS)
VELO Pixels with Timing . .
(TV) BDT-based tracks matching algorithm
Similar tracking performance as Run3
0 2 1
2 ARALE RILEAS LS R Efficiency vs p - Upstream Tracks Efficiency vs p - Downstream MP Tracks Efficiency vs p - Long MP Tracks
§ 1:__._%5 M g g 1:-'"'I""I""I""I""isoooo_“: 1__IIHIHHI”HIH”IHII—E14000§ g I__-"-|"--|-'--|"-'|"'-_:12000§
et o E [ et rore, O -‘-_; = C WWW* g = é - 3l =
E 0.8 = . g e :70000% Fo mw*—_mooo% £ - *..-"'*m W*M%M%EWOUO%
~ [raditional algorithm ; o -ﬂ Jeooooly 0¥ T 100003 - 1%
0.6 = g ] - GR~15.99%  soo002 - | GR~6.01% %% - GR~1227% 3000 g
r i 0.6 7 ] c 0.6 Jsooo § 0.6~ ] c
Gar UP track E F 00 - | i - ‘ Jeoo0 §
. C Eff 980/ >5G V T 0.4 :'_ —+— Efficiency - Overall: 85.3% —;3000[) 04 O ‘ ‘ —+— Efficiency - Overall: 89.4% ?6000 0.4 N —+— Efficiency - Overall: 86.1% ]
02F o 0 ( € )’ h C P> 5 GeV: 93.2% —izoooo 02: S PrsGevies _:4000 N ‘ P> 5GeV: 89.1% 000
‘ ;t GR~3 /O : 02:_ Reconstructible distribution —210000 . B ‘ Recon§tructibledistribution _:2000 0‘2:_ ~Reconstructible distribution _:2000
00'”'50[00'"1'0(;0(')"1'5(1)0(')"2'0000 00 lom0 20000 30000 40000 30080 00 1000 20000 3000 40000 30080 O o000 0000 0004000030000
Momentum (MeV/c) Momentum (MeV/c)

Momentum (MeV/c?)
2026/02/02 Xuhao Yuan, IHEP Results after PR only 15



RICH1, RICH2
» Reduced pixel size

B > Add timing information
N > SiPM, MCP

Side View

fagnet &
Magnet Stations SciFi
&Silicdn ,
Teant,

i
o 3

Particle Identification (PID) Detectors “E

Muon
» URWELL for inner regions
» MWPC for outer regions

DLC layer (<0.1 um)
p~10+100 MQ/C)

TORCH
» To enhance PID capibilities for

soft particles
» Measure light angle, path length

and TOF

2026/02/02 Xuhao Yuan, IHEP

ECAL

C—— D scintillator @@ mirror
@GS absorber c— light guide

» Space & time, longitudinal segmentation
» SPACAL with radiation hard crystals

front back
—» Beam direction
16




LI?CI\? RICH detectors with better timing

I
. . . . 200 ps
RICH 1 & 2 will remain same geometry, reduce pixel size o | 70 ps R, 500 ps R2
using SiPM, MCP or LAPPD. MAPMT may be backup for low > L‘;‘;P:del( o
10— r no iim
occupancy area 2 [ sops
» Timie-stamping each photon with high precision, which is S I
crucial to PID performance S T
. . . = B
» FastRICH has 25 ps time-stamping and digital output s
compatible with [pGBT =
1-inch MAPMT nerent ; 1L + | N
[T -y - 70 80 90 100
231 1o ‘ 9 . . Kaon ID Efficiency / %
Photon Time TimeStamp
Upgrade Detector FEASIC Resolution | Precision
----- | MAPMT CLARO | ~150ps 3.125ns
.b* MAPMT | FastRICH | ~ 150 ps 25 ps
SiPM, MCP
| LAPPD FastRICH <100 ps 25 ps

2026/02/02 i

Xuhao Yuan, IHEP
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LI!CIQ 5D calorimeter with precision timing

Key features: energy resolution (10%/\/E @D 1%), radiation
hardness (up to 1 MGy), timing capability (tens of ps) and granularity.

» Combination of technologies for different regions from inner to outer = soilator e miTor
EI Spacal W/GAGG Time Resolution C&A GFAG . .
 SpaCal Pb/Plastic Scintillator § ot [+ Weignted Average & -
O Shashlik of different segmentations N el
= E —— Back Section

o & &

5°§_ R & o front back

40;— - - | —> Beam direction

30;— - : : Q i

—— £t | oy

4.5 5
Beam Energy [GeV]

Module types
Il speca-w, 1.5x1 5 cn?
SpaCal-Pb, 3x3 cm’

Y [cm]

Cell size [cm?] Module type Modules Cells

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

- SpaCal-Pb and

Shashlik, 4x4 cm”
Shashlik, 6x6 cm’

Il shashiik, 12x12 cn?

Shashlik with WLS fibers 1344 2688
-300 Sum 3312 30976

-100 0 100 200 300

Xleml]

-300 -200

2026/02/02 Xuhao Yuan, IHEP 18



LHCD

TORCH: Time of Flight Detector s

33.6 ——r—y——r—r——r————r———r——r—

Brand new detector to enhance low momentum PID capabilities, improve

g ]
background suppression and flavor tagging. § 20335- _
» Cherenkov photons produced by charged particles traversing quartz $S | -

plane, then transported by total internal reflection to focusing block and . ué ! :
detected with MCP-PMTs B4l .
» Measurement of Cherenkov angle, path length, and time of arrival. L °F :
> Aim for 10-15 ps resolution/track, needs ~30 photons, 70 ps/photon B B e

momentum [GeV/ c]

o srme W e . s 3 TR A 3 e T 28 5 2

Focussing block 0, = 0.45rad
I . .

1]
J Y~ PMTs G
. . ' i 7,
', »Y ,I \ N\ H 77/
A 5l LR\ & 7
SO o N " 27
v > R, : ',!" p
" . ,' 4)‘ k. 0, = 0.85r
~ ~\‘ 0
"~ ¢ x
ragt S e
Al b -~ ’
Al . N'
T~
L

7\ Focussing block

E
. MCP-PMT o, Focussing
plane
>
=
ter

™ 1 cm thick quartz

66 cm

2026/02/02 Xuhao Yuan, IHEP



LHCD

Tungsten
ECAL M3

Neutron

Muon detector

HCAL replace with
Iron/concrete shield

New G-RWELL detector
in the Inner region

SPD/PS/M1 already
removed in Upgrade |

G-RWELL

» Novel G-RWELL for the innermost region (R1, R2) o

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

» A new readout scheme in all regions, for w [
background reduction and a new FE electronics rataras [

» Additional shielding (4A, -> 10 A,) will be installed .

DpLC,
p,~100 MQ

in front of muon detector -
2026/02/02 Xuhao Yuan, IHEP :



LHCD

Event-builder architecture for Upgrade Il

Readout units

Underground
(uX8s)

Online and offline “ E

» Novel trigger system for Upgrade |

d
d
> Simi
d

Surface

HLT buffer storage
HLT2 compute HLT2 compute

2026/02/02

d

> Offli

J
J

d

Xuhao Yuan, IHEP

Fully software trigger

HLT1 based on GPUs, HLT2 on CPUs

lar concept planned for Upgrade Il
Expected data throughput for real time
analysis is ~ 200 Tb/s, (~ x5 ATLAS or CMS
after LO at Upgrade Il)

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

ne computing requirements are significant
Upgrade | model not sustainable

Issues in Upgrade Il are similar to ATLAS and
CMS Upgrade Il of Run4

Coordination with WLCG and the HEP
software Foundation on mitigation

21



LHCD

Scoping Scenarios

(J Baseline cost ~ 182 MCHF
J Middle scenario ~14% reduction
O Low scenario further ~20% reduction

Baseline Middle Low

1.5 % 10" em 251 1.0 x 10¥* em—2s71 1.0 x 10** em—2s7!
RICH1,2

inner:outer 3:2 inner:outer +:3 inner:outer +:2

3
inner 1.4mm SiPM
outer 2.8 mm SiPM
new optics

750,000 channels

4°1
inner 2.0 mm SiPM
outer 2.8 mm SiPM
new optics

469,000 channels

41
inner 2.0 mm SiPM
outer 2.8 mm MaPMT
new optics (RICH1 only)
445,000 channels

Baseline Middle Low
1.5 x 1034 cm—2s~1 1.0 x 10** em—2s"1 1.0 x 10** ecm—2s™1
VELO

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

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

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

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

6 planes pixel x2.1m?

12 planes fibres
25.9m?/plane

Mighty-Pixel
6 planes pixel x1.3m
Mighty-SciFi
12 planes fibres

2

shorter, 23.7m?/plane

6 planes pixel x1.3m?

12 planes fibres

narrower, 18.9m?/plane

2026/02/02

u-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

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

608.256 channels

Xuhao Yuan, IHEP
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LHCD

Very large samples of b hadrons “ S

T
< 9 tb-1 > < 50 fb-1 > +—250 fb-'1 ——»
Upgrade 1 Enhancement Upgrade 11
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5

2011 2012|2013 2014|2015 2016 2017 2018|2019 2020 20212022 2023 2024 2025 20262027 2028 2029§2030 2031 2032 2033§2034 203542036 2037 2038 2039 2040 2041

Updated from Bernlochner, MFS, Robinson, Wormser, RMP, 94, 015003 (2022)

Experiment BABAR Belle Belle 11 LHCD

Run 1 Run 2 Runs 34 Run 5
Completion date 2008 2010 2035 2012 2018 2032 2041
Center-of-mass energy 10.58 GeV  10.58/10.87 GeV  10.58/10.87 GeV 7/8 TeV 13 TeV 14 TeV || 14 TeV
bb cross section [nb] 1.05 1.05/0.34 1.05/0.34 (3.0/3.4)x10° 5.6 x 10° 6.0 x 10° || 6.0 x 10°
Integrated luminosity [fb~!] 424 711/121 (50/4) x 103 3 6 50 250
B° mesons [10] 0.47 0.77 50 100 350 3,200 16,000
B* mesons [10] 0.47 0.77 50 100 350 3,200 16,000
B? mesons [107] - 0.01 0.5 24 84 760 3,800
A baryons [107] - - - 51 180 1,600 8,100
B mesons [10] - - - 0.8 4.4 24 120
LHCDb has access to large samples of b hadrons other than b mesons Upgradel Upgrade Il

2026/02/02 Xuhao Yuan, IHEP 23



LHCD

Expected physics results @ LHCb Upgrade Il “E

| | Upgrade |l will fully realize the flavor
Key observables in flavor physics physics potential of the HL-LHC

Observable Current LHCb Upgrade 1 ngrade I1 .
N wwoon™  @nt)  conseovh” Further pursue a broad physics programme
~v (B — DK, etc.) 4° 9,10 1.5° 0.35°
®s (B?—> .;/-zj;ét) 32 mrad[ 8] ] 14 mjrad 10 mrad 4 mrad ° SpeCtrOSCO py
Vbl /|Ves| (A — pp—7,,, ete. % [29,30] 3% % % . . .
il e B sl e o High precision EW and Higgs
a$, (B - Dy ptw,) ZMx10%[as] wWxI* T 3Ix104
Charm i Dark SeCtOr

AAcp (D° - KtK—,7tn~) 29 x 10~° [5] 13x107® 8x10% 33x10°°

Ar (D° - K*K—,n*7™) 11 x 107° [38] 5x1075 32x10° 12x107° ° EXOtiC sea rCh
37

Az (D° - K0ntx™) 18x107%[37] 6.3x107% 41x1075 1.6 x1075 . .

Rare Decays

B(BU—);LE,LF)/B(BE—UL*;F) 69% [40,41] 41% 27% 11% * Heavy IonS and flxed target

S“.“ (B = ptp~) - — — 0.2

g N el gig oo oos oo Success of the physics programme relies on
AT(BO _y 4y 4. 12 . .03 S -
A o5 b oms  oms  oms | » HL-LHC providing LHCb ~ 50 fb-'/year

La‘q’(txlg —6117) o Ny [ 0.148 0.097 0.038 during Run 5

ep 01 niversality ests

Ry (Bt - Ktete) 0.044 [12] 0.025 0.017 0.007 . . .

Ric- (B K06 o2 s oo o022 ooo | » A detector with similar or better

R(D*) (B” — D*{*yy) 0.026 [6‘2,64] 0.007 0.005 0.002

L HCC.2021.012 performance as the present one for

Upgrade |

2026/02/02 Xuhao Yuan, IHEP 24



LHCD

LHCb

» Upgrade |. completed
» Upgrade ll: starts in LS4, R&D now
LHCb Upgrade Il to fully exploit HL-LHC for flavor physics and beyond
» FTDR approved and now in R&D phase

Next: TDR @2026, construction, installation and eventually operation for physics

Summary “ EP

More physics results can be expected from LHCDb
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Physics Case
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LHCDb Upgrade Il
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During the LHC Run1&2 the LHCb experiment has successfully performed a large
number of high precision measurements in heavy flavor physics, using 9 fb-1 of pp
collision data at center-of-mass energies of 7, 8 and 13TeV. For further physics
research LHCb detector undergoes an upgrade during the Long Shutdown of LHC,
with the aim to be operated at higher instant luminosity and to collect 50 fb-1 of data
by 2028. The Upstream Tracker (UT) is a silicon strip tracking detector constructed
as part of this upgrade. The UT provides a fast momentum measurement for the
trigger as well as functions as part of the overall tracking system where it will severely
reduce the presence of “ghost” tracks.

The UT Tracker consists of ~1000 ~10x10 cm2 silicon strip sensors, with custom
ASIC readout chips (SALT) arranged as modules containing flex hybrid circuits and
ceramic substrates. These modules are mounted on staves, which are lightweight
CFRP and foam sandwich structure supports having integrated CO2 cooling. The
design details of the UT Tracker staves and modules will be presented, as well as
construction procedures, optical QA feed back, wire bonds, etc.
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