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B Cl‘9 LHCb: a forward spectrometer @ LHC q;
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Detector before 2019 g4 RICHs

Main physics goal
» To study b & c sectors on CPV,
rare decays, new physics...

Ap/p = 0.5% @ < 20 GeV/c, 1% @ < 200 GeV/c
IP resolution ~ 15 + 29/p7 [GeV/c] um

Decay time resolution 45 fs (B = J /Y ¢)

s Kaon ID ~ 95% for 5% m — K mis-ID probability

Xuhao Yuan, IHEP
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Integrated Recorded Luminosity (1/fb)

2023 (6.8 TeV): 0.25 /fb

2022 (6.8 TeV): 0.82 /fb
2018 (6.5 TeV): 2.19 /fb

S - .
2017 (6.5+2.51 TeV): 1.71 /tb + 0.10 /fb 9 fbl /

2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb
. 2012 (4.0 TeV): 2.08 /fb
B 2011 (3.5 TeV): 1.1 /fb

2010 (3.5 TeV): 0.04 /fb
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More physics results reported by
my LHCb colleagues

Chenxi Gu,

Cesar Da Silva,

Camilla De Angelis,

Alessandro Bertolin,

Chen Chen,

Cynthia Nunez



LHCD

Upgrade | (U1), started in LS2
L ..~2x1033 cm~2st

Upgrade | Upgrade Il
Lin™50 fb «—>
Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

Upgrade Il (U2), starts in LS4
L ..~1.5x1034 cm~2s
L .~300 fb!

schedule updated beginning of 2022

N

Some smaller detector

consolidation and enhancements
in LS3 (2026) <= U1lb
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Year Major upgrade of ATLAS/CMS
LHCb also plan enhancements (U1lb)
2024/04/09 Xuhao Yuan, IHEP 4
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U?Cl\? Upgrade |: a brand new detector s )

Higher luminosity (5xLg n152) results in

» Higher rate, pile up, occupancy, fluence / Side Vies \
‘ VELO: hybrid pixel detector / S \\

Tracker

» Closer to the beam
(from 8.2 mm to 5.1 mm)

New RF box
MAX fluence: 8x101> MeVng,cm=

upgrade

UT: Si Strip detector
» Higher coverage, segmentation, resolution L .
. SciFi: Scintillating fibers detector
» Speed up tracks reconstruction . : . ——
2 reduce P o o > 3 station with 4 detection layers
GhostTrk o > 2x2.5 m long modules with Readout
SiPMs at the outer edge

readout

2x~V2.5m

2024/04/09 Xuhao Yuan, IHEP



The Tracking System in Upgrade |l

Vertex Locator (VELO) .
> Pixel with timing Magnet Stations (MS)
=S » New RD-foil > Scmtlllatmg bar
[ > 3D, LGAD, 28 nm » Low P particles
‘ Side View Tungsten wea WS
Magnet & N ECAL
Magnet Stations SciFi
&Sifcoy,
..... UT 12 |
Stave : ; :.
, <Nl R Might Tracker (MT)
1| \ _______ » MAPS CMOS pixel (inner)
2N > Keep SciFi (outer)

]

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

l«—————— 36 modules, ~1355 mm
11 I T
il I ‘ (F

11/27/2022 Xuhao Yuan, IHEP




LHCD

High pile-up in Upgrade Il s

VELO spacial Resolution

In Upgrade |l e
L ..~1.5x1034 cm~2st <
Lint~3oo fb-]_ Upgrade II: pile-up ~40 E
~ 40 visible interactions/Xing

FrT 1 T L
: Run 3 PV distance i
=

-
B o oon
T T

&9

Run 5 PV distane

—

» High pile-up induces PV spatial separation of the

Track z pointing error [mm]
S
0T o Ot O
|
1

. 05 E E
same order as VELO resolution s | &7
PV vabl 4 -2 0 2 4 ;
9 unresolvable VELO Acceptance
» Ensure Erigger At high pileup condition —_— e — o —
Z . LHCD simulation s + Upgrade-I Z’ LHCD simulation 3 + Upgrade-1 ]
° ° -":: 0.1 = ] — = = 0.1 . ] . —‘:
tlmmg £ oosk NO timing * *  [|Upgraden i £ . 50 ps per hit Y [veemden
] — E - J'—' é 0.08 i -
E % _; 0.06 - . - 3 0.06 ; =
~ & S . - o ]
a % 0.04 1  Sood 7 -~
': 002 J . —: : 0_0‘: 4 : _E
7 20 ps timing window 1900 2000 2100 ' 1900 2000 2100
= — : - - 15 m(K'K'n") [MeV/e?] m(K'K'n™) [MeV/e?]
z [mm]

o.(Track)=20 ps restores the performance to U1 level

2024/04/09 Xuhao Yuan, IHEP



Velo R&D

Extrapolation Term

| pixel pitch ‘ pixel pitch
| 40um 55um

LHCD

Balance btw @, and oy,
> GIP = O-extrap'l' c)-scatter
» Two different layouts optimized

nsor [mm]
[T

Inner Radius Sel

Fluence for delivered luminosity of 50 fb~1 in 1 MeV nex

°

9
3

=

<
l

Sensor R&D, candidates: 3D pixel,

Planar, LGAD, CMOS ...

» timing ~50 ps

» Radiation hardness (max ~6x10'®n,,/cm?)

D R&D On 28 nm teChnOIOgy: PiCOPiX’ IGNITE Sketch of a Scenario A using the current sensor modules

J Replaceable modules, thinner or no RF foil, robust 3D printed Ti cooling substrate...
Additional shielding when RF foil in open position
d) e) ﬁ

Sensor
modules

o

2024/04/09 Xuhao Yuan, IHEP 8




LI!CI\? Upgrade Il UT

Channel occupancy [%]

Current UT optimized for Ly, 324

Upgrade Il luminosity 1.5x103*cm=2s? (x7.5 Lz, 384)

» The occupancy (max ~10%) will compromise the performance
» Radiation does (3x10*°n.,/cm?) too high for current sensor
+[5% J Beam pipe

N Upgrade Il UT
Upgrade Il UT: 4 layers

» CMOS MAPS technique applied |
Very promising and cost effective for large area pixel detectors. R

Chip
Monolithic Active Pixel Sensor (MAPS) Reticle size

~20.2x21.4 mm?

Guard ring = 80 um
Tolerances ~20-40 um

—> | Pixel = 50x150 um?
Matrix = 400x128

ﬂ Periphery ~2mm

2024/04/09 Xuhao Yuan, IHEP



LHCD

R&D status “ P

Upgrade Il UT software
» Preliminary studies on

Track efficiency vs X coverage

%o.s:— //i - 3 Track efficiency for B~ - DYK~,D° > K.n"n™, K, > mim™
S, //’/ i - Optimizing UT coverage
"l // : § ] Detector simulation and performance
—ETota|4pIanes ]
0'2// —poeranes 1 Two choice of CMOS tech: HV-CMOS & Small electrode CMOS

oE T wo e me w0 T Extensive tests using ATLASPix: lab test with cosmic ray and
radioactive sources, testeam at DESY & CSNS @ 2022

R.L. as functions of ® and 7

3.5

) 8 —
5 .~ Hitmap with Fe55 source
=,
4.5 6 4
a2
4 5
3.5 ‘ 4
3 B 3
258 2
2 1
1.5 0
=2 0 2
(UTaX) phi[rad]

2024/04/09 Xuhao Yuan, IHEP 10



LHCD

SciFi and Mighty Tracker (MT)

3176

Keep SciFi design at outer region i \\
> Further away from beam «— \
» Micro-lens on SiPM to enhance .

light collection Si
» Crypgenic cooling for SiPM: -40°C w7

= -120°C e —
HV-COMS MAPS detector (same as UT) G DL LA e

5 :
> 6_Iayer_s., 18 m? in total / MT-CMOS Module -
» Pixel size ~50x150 um2
> Upgrade the inner-most in Upgrade 1b m Carbon Foam
- \ N N
FTDR geometry e - MT-CMOS Plane Embedded cooling tube Chips on either face Carbon Fiber facings

MAPS Chips  Flex Circuit  528mm Service Hybrid

- 3843 — w0 3843 40 - 38a) 4O —ATTI 20 S 8AI 40— 843 N0 ——— IBAY 4O —ATTY

omm W

-

2024/04/09 Xuhao Yuan, IHEP



Particle Identification (PID) Detectors

RICH1], RICH2
> Reduced pixel size Muon

> URWELL fori i
> Add timing information M or inner regions

. > MWPC for outer regions
SiPM, MCP & \ —
fagnet & r
Magnet Stations SciFi e reng
& Sitich m_
. Twanlal PCB electr:
d \
\ A
{
C—— scintillator @@ mirror
@& absorber c— light guide
TORCH (pw1)
» To enhance PID capibilities for (pmT)
soft particles
Yy P et arele. oath lenth ECAL EC
easure i angle, path len . L o
4 TOF & g, P » Space & time, longitudinal segmentation
an

2024/04/09

7o vuan, e |~ SPACAL with radiation hard crystals
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. lead scint WLS
(HNNANENNAN
'ANERNNARNN

Pt | HENEEEREAER
NERRRRARAN
(NN NENERN

[ scintillator = mirror
I absorber 1 light guide

back

front
—>» Beam direction

3D printed W-absorber
1x1 mm? holes
500 pm wall thickness

'

Xuhao Yuan, IHEP

5D calorimeter with precision timing

/7

PMT

Time resolution (SpaCal)

100~
)

90F —o— DESY - Front
= —— DESY - Back
80 : | — — DESY - Weighted Average
70E9 —e— SPS - Front
E o —=— SPS - Back
60— —— SPS - Weighted Average
50[
“f- LHCb upgrade Il
30—
= .
_/ DTS i e L] -y g
20 ps n . % .
U S NS B ST R
%

20 40 60 80 100
Beam Energy [GeV]

me resolution (o) [ps]
8 8 8 8 &
T

IS
o

N
=
T

1 Time resolution (DESY and SPS)

o
TTT

Key features: energy resolution (10%/VE @ 1%) , radiation

hardness (up to 1 MGy), 20 ps timing capability

and granularity.

» Multiple techs. for different regions from inner to outer

» Possibility of adding timing layer: Si layers.

» Possibility of replacing the inner-most modules at
Upgrade 1b.

L ¥ Y11+R7899-20
" Shashlik
Lo 1doal ] ¢ Y114 R7600-U20
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LHCI‘? Expected physics results @ LHCb Upgrade I D

”,

Key observables in flavor physics Upgrade Il will fully realize the flavor physics
potential of the HL-LHC
Observable Current LHCDh Upgrade 1 Upgrade 11
(up to 9fb~1)  (23fb~1) (50 ﬂ)—lwo b1
el g A T " s Further pursue a broad physics programme
os (B = Jhpo) 32mrad (8] 14 mrad 10 mrad 4 mrad
Val/ IVl (A9 pu-7,, ctc) 6% [20.30] 3% 2% 1% * Spectroscopy
ad (B - D~ p*y, 36 x 1074 [34 Ay, Szt 2xip" . . . .
a?, EBO—>D L ;/; 33 x 104 %35} WRI* Ix1* Sl ¢ ngh precision EW and HIggS
Charm
AAcp (D° - K*K—,nt7~) 29 x 1075 [5] 13x107% 8x10® 33x10°5 ° Da rk sector
Ar (D° - K*K—,nt7™) 11 x 1075 [38] 5x1075 32x10° 12x107°
Az (D° - K0ntx™) 18x107%[37] 6.3x107% 41x1075 1.6 x1075 ° EXOtiC seq rch

Rare Decays

0 T t % | . 41% 27% % . .
T et i * Heavy ions and fixed target
A (B 5 K Oe*e ) 0.10 [52] 0.060 0.043 0.016
4 (B0 - K* ) 0.10 [52] 0.060 0.043 0.016 . .
?—‘-F(;Bf’:g)) t08$i§ Eﬂ i 1 0053 0033 Success of the physics programme relies on
ay (AY — Ay ), ff’;ﬁ (53] 0:148 0:09;’ 0205;3 _ 1A ~ -1 H
R Tl » HL-LHC providing LHCb ~ 50 fb-1/year during
Rg (B+ — K'[+C‘) 0.044 [12] 0.025 0.017 0.007
Rj\—. (B - K*0¢+¢-) 0.12 [61] 0.034 0.022 0.009 Run 5&6
H(D*) (BD — D*{*yy) 0.026 [62,64] 0.007 0.005 0.002

» A detector with similar or better performance

LHCC-2021-012
as the present one for Upgrade |

2024/04/09 Xuhao Yuan, IHEP



LHCD

LHCb

Summary “ E

» Upgrade I: installation completed
» Upgrade Il: 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

More physics results can be expected from LHCb

Physics Case
for an
LHCDb Upgrade Il

2024/04/09
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CERN-ACC-NOTE-2018-0038
2018-08-29

Ilias. Efthymiopoulos@cern.ch

LHCb Upgrades and operation at 10+ cm' s* luminosity —A first study

G. Arduini, V. Baglin, H. Burkhardt, F. Cerutti, S. Claudet, B. Di Girolamo, R. De Maria, I.
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Xuhao Yuan, IHEP

» Expression of Interest, LHCC-2017-003
» Physics case, LHCC-2018-027

» Accelerator study, CERN-ACC-2018-038
» Framework TDR, CERN-LHCC-2021-012

Thank you for Your attentlon
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