LHCb upgrade and physics prospect
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» LHCD status and Upgrade I

* With a focus on Chinese contribution:
Upstream Tracker
ECAL

» Physics prospects
* An example: potential for T, search



LHCDb detector ... upgraded!

» Single-arm spectrometer at LHC dedicated for heavy flavour physics

Total recorded luminosity — pp — 35.8 fb!
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LHCb-China contribution in tracking system

Upstream Tracker / UT A / Scintillator Fiber Tracker / SciFi \
= UT installation & operation Side view Side View = FE board design and production
= |rradiation study of SALT o o (>2500 PCB)

chip with Chinese facilities o sdfi 1 | = Quality assurance system
. Control & safety software . "\ | ' . Study of radiation damage on SiPM
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Run3 Performance

= Trigger efficiency significantly improved — removal of LO working
* For hadron and electron as intended, and also for muons
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Performance

= First glimpse at the mass peaks ...

Y(15),Y(2S),Y(3S)
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From performance to results

» First new particle discovered at

upgrade LHCb: £

= But let’s take a closer look at the

doubly charged =z yield
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Upgrade i

LHC HL-LHC
Upgrade | Upgrade Il
Run 1 Run 2 Run 3 Run 4 Run 5
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» Upgrade Il to fully exploit flavour
physics potential in HL-LHC

= Target luminosity:
* 1.0 x 103*cm™2s7!

e 300fb~!

= High-lumi operation challenges:
* Pile-up: u ~1 -5 (UI) — 40 (UII),
* High multiplicity (— occupancy)
* Severe radiation damage
* High data rates (200 Tb/s)

Expression of interest CERN-LHCC-2017-003
Physics case CERN-LHCC-2018-027
Framework TDR CERN-LHCC-2021-012
Scoping Document CERN-LHCC-2024-010



... an ultimate flavour experiment at HL-LHC

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels
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New Magnet Station MS
VELO pixel Scintillation + SiPMto -
detector with improve low-p tracking

timing capability

! , New readout, FE, ASICs, event
- l g builders, HLT1 & HLT2 farms ...

S <= Linge = 1.0 X 103*cm™%s™1
LHCb Upgr (5 X Run 3)




Chinese LHCDb team playing essential roles

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels

Upstream Tracker UT | " - o on _

1 - [OR( —

with CMOS pixels o Mighty RICH =

|
’ Muon detectors uRWELL (inner)
+ MWPCs (outer)

r B -
.

VELO pixel ,
detector with , , =
timing capability

m— Linst = 1.0 X 103*cm™?s1
RICH1 & RICH2 with SiPM/MCPs
and timing capabilities (5 X Run 3)



Upstream Pixel Tracker (UP)
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UP: COFFEE sensors

= Advanced 55nm CMOS R&D driven by (4
Chinese groups using domestic foundry CHIR
(COFFEE-HiRes)

Cmos sensOR IN

COFFEE 2 Firty-FIvE nm PROCESS
First HVCMOS 55nm - Validation of
prototype chip process
- Breakdown at -70V modlflca.tlon _
_ - Key design Quarter-size
- Responsive to laser, feature chip submission

X-/beta-ray sources

S0 Y 2025 2004 o 2025 3 206 O 2027

Submission timeline

COFFEE3 )
COFFEE1 - Two pixel arrays with arflti
- Prototype in LL I data-driven readout g{:n?\ é’ge
process - Designed for good timing 027

resolution and moderate
power consumption

- Validation of deep
N-well structure
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UP: design concept & prototyping

= Three module concept designs
* Unique gapless design proposed by Chinese groups; prototypes with dummy chips
* Mechanical prototypes of light-weight bare stave

STAVE §
(TOP View) sensors ~
hybrid I

modules flex T

SSSSS rs
bond pads (-7
v ..
MODULE MODULE o MODULE

bond pad = m— =l =
onepee \ CFRP honeycomb core

hybrid-flex g rid- A -
S ex
gt ] CFRP facing
chips hybrid-flex \
thermal interface
sti aterial (under] sensol
stiffener

8 modules,

readout flex




cy (Before Select)

Efficien

UP: simulation and performance

Standalone UP tracking possible with pixel sensors /
v MP/FT Standalone (MT1)

More possibilities in tracking algorithms S .~
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Merging all algorithms give good performance (eff ~95%,
ghost rate O(%)) as of now, under >8 times more tracks!
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UP: organization

» Collaborations of 12 groups from China, France, Mongolia and US
* Chinese groups playing leading role

Project Leadef_Jianchun Wang / IHEP, >

Deputy: Tomasz Skwarnicki / Syracuse, Benjamin Audurier / IRFU

WPs Work Packages and Sub-WPs Leaders
WP.0 |TDR preparation Marin racuse
WP.1 |Simulation, reconstruction and performance i@\ao Yuan / IHEP}eve Blusk / Syracuse 4
1.1|Detector description and simulation software xmu \,
1.2|Reconstruction and performance study P%) 2nd UP
WP.2 |Pixel sensor chip development Yiming Li/ IHEP, rice Guilloux / IRFU ksh
2.1|Sensor chip design Xiaom U, Yang Zhou / IHEP WOrKShop
2.2|Sensor chip evaluation Elisabeth Niel / LLR, Hui Zhang / IHEP @ Paris
WP.3 |Module and stave Ray Mountain/Syracuseﬁheng Yu/HNmuel Guittiere/Subatech
3.1|Design and prototyping (Xuhao Yuan / IHEP), Theo Bigourdar’ Subatech
3.2|Stave mechanical and thermal study Yi Yang / HNU, (Arnaud Cadiou / Subatech)
3.3|Module evaluation Charlotte Riccio / IRFU
WP.4 |Overall mechanics, installation and cooling Arnaud Cadiou / Subatech
4.1|Mechanical support Meriadeg Guillamet / Subatech
4.2 |Detector integration and installation Meriadeg Guillamet / Subatech, Bassem Khaniji / Syracuse
4.3|Cooling system Hangyi\Wu /Syracuse
WP.5 |Data acquisition system Kai Chen / CCNU, Zijun Xu/IHEP_>
5.1|Overal readout scheme (Jiachun Wang7THEP)
5.2|UP-specific firmware (Kai Chen / CCNU)
5.3|Control and monitoring (Zijun Xu / IHEP)
5.4|DAQ system for evaluation and production (Marina Artuso/ Syracuse)
WP.6 |Electronics (Kai Liu/ LZU,)hristophe Renard / Subatech : [ | W 3
6.1|Design of FE electronics WZU e o : /{L.,.f : N/ ), = AN s f'il WERRTE
6.2|HV and LV systems Kechen Li/ HTU Leprince-Ringuet R < % Scbrorsly o Chbms Anmduey of ek

14



ECAL - PicoCAL

= Maintaining ECAL performance
» |nner part using SpaCal and outer keeps Shashlik technology
* Timing of O(10) ps expected

= Chinese groups active in the R&D:
* Simulation and optimization
3D-printed tungsten absorber

* GAGG crystal fibre development
* Light guide
* SiPM R&D
% s 00 w0 w0 w0 e SpaCal module assembly
.
@ B
. lead t WLS
I,IIlIl,=II,I,I
beam (NN NNNEREER
—> PMT [ [HMENNNENNN — PMT
(ENNNNNRNNNRN
(NN NNNNNNNN

15



PicoCAL: progress

= Software and simulation
* Performance studies: decay time impact; timing information
* Software development & optimization of reconstruction algorithm in full swing towards U2 TDR

0 + =0
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4 Noise method 2 | 4 Testbeam results
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. . wos o
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~~~~~~~~ Ay o
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Input Energy (GeV)



PicoCAL: progress

= Software and simulation

» Fast GAGG crystal fibre development
* Collaborating with SiPAT (BB}t 7 )+CERN starting from end of 2021
* Gradually reducing effective decay time t.¢: 50 ns (2022) - 20 ns (2024) - 8 ns (2025)
* SpaCal-W-GAGG prototype with GAGG with 7.4 = 20 ns, testbeam at SPS+DESY

T T T
0.032 A Fit: V(@/VX)2 + (bjx)2 4 2 3 ® R11187 (square LG) Data
® Measured ol 0.12 @] R11187 (Direct contact) Data |
@ R9880U Data
0.0301 og——-10.2% - Gpoise @ 2.0% I P l® MAPMT Data
[ — . 0 :
E VE E

g
0.028 - '€ 0.08

S

E|

E_ o
5 $ 0.06{ &

0.026 A

g

": *

0.04 = 3
0.024 4 *
*
+ ¢
0.02
* ¥ +
0.022 4
. . . | . 0.00 '
20 40 60 50 100 0 20 40 60 80 100
Beam Energy [Gev] Energy/GeV

Increase doping, LY decrese,
time resolution increase
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- . Both use W absorbers
PICOCAL_ prog Fress from China group
= Software and simulation "
» Fast GAGG crystal fibre development

» 3D printed tungsten absorbers
e Co-developed with LaserAdd (F{¥)

» | S3 SpaCal-W-Polystyrene module assembly

* Modules assembled in Beijing and tested at CERN beams

DESY Il - Measurement )

A -
w —
v =
= 01 B DESY Il - singlesided @ SPS - single-sided
© = —&— SPS - Measurement 451
0.09— )
9; — Fit to the measurement o W
0.08— 10%/ VE ® 1% - n
- . . .
0.07— .| == Simulation B
- = 304
0.06F- Sampling Term: 0.098841 +/- 0.001392 2 % ¢
E Constant Term: 0.011271 +/- 0.000147 Z 5
0.05- ) I I S O o
0.0 Ry vemese e ° ®
E 151 20 ps o
0.03}—
- 101
0.02— .
= —=8 i —— 3
0.01=! L ! 1 el . 1
o 20 40 60 80 100 l { H 6l ()
Beam Energy [GeV] .
beatn energy |Ge
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PicoCAL: progress

= Software and simulation

» Fast GAGG crystal fibre development
» 3D printed tungsten absorbers

» | S3 SpaCal-W-Polystyrene module assembly

» Light-guide system development

* Radiation-hard hollow light-guide and new fiber
bundle process with Chinese provider

= PMT R&D started, collaborating with ESR reflection film
NNVT(j tﬁ&?‘)ﬂu)HHEP Test different production method
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ECAL/PicoCal management structure

ECAL organ'sation ECAL Upgrade Project Leader: Philipp R.
towards LS3 enhancement (since July 2024)

WP1: Absorbers

CERN & China*

WP2: Optics assembly (fibers & lightguides) WP3: Organic & crystal fibers R&D

Maryland & % a0 & 1na* CERN & Chi
Matteo S. § @ Etiennette A

g
D
O

WP4: PMT & HV & LED system

WPS5: Electronics

Patrick R. & Christophe B.

WP6: Infrastructure (incl. cabling)
CERN, LAPP, Imperial
Rolf L. & Andrei G.

CERN, ICCLs Bnllaryland, Cincinnati, Bologna, Milano IJCLab, LPC, LAPP, ICCUB, CSIC, Syracuse
Phoebe H. @ ynor H.

WP7: Detector Software

CERN, ChingX dle, Milano-Bicocca, Padova, MIT, Syracuse
Marco P. &

WPS8: Testbeam coordination & analysis

CERN & All
Loris M. & Daniele M.

* China: Peking, Tsinghua, Wuhan, SCNU

20



Upgrade |l physics potential



Physics Prospects

= Statistics is powerful

= Some gain can be expected

LHCb LHCb LHCb
Observable
current (23 fbh) (300 fbt)
CKM tests
~ (all modes) 4° [784, 931] 1=52 0.35°
v (B°=D¥K-) (*35)° 1° 18
sin 23 0.04 [932] 0.011 0.003
o (Bg_>]/¢1¢) 49 mrad [933] 14 mrad 4 mrad
¢s (BY=DF D7) 170 mrad [825] 35 mrad 9 mrad
0555 (BY—00) 154 mrad [936] 39 mrad 11 mrad
ag 33 x 1074 [938] 10 x 10~4 3x 1074
[Vub|/|Ves| 6% [847] 3% 1%
Charm
AACT 2.9 x 10~4 [790] i il e 3.0 x 1075
Ar 1.3 x 1074 [877] 4253107 1.0 x 1075
Bly—=utu~
gﬁ—g% 1% (661, 662] 34% 10%
TBO—u+p— 14% [661, 662] 8% 2%
EW penguins
Ry (Bt—K*0+e) 0.044 [703)] 0.025 0.007
Ry~ (BO—K*0¢t(7) 0.10 [709] 0.031 0.008
LFU tests
Rp- (B®=D*+y) 0.026 [941, 942 0.007 0.002
0.24 [943] 0.07 0.02

Ry (BE—=J /bty
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Physics case for Upgrade Il, CERN-LHCC-2018-027, arXiv:1808.08865
Chen et al, Frontiers of Physics 18 (2023) 44601
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An example: search for T,

= T..(cctid) discovery in DDn™ final state

= Similar tetraquark states T,.(bctid)?

* Mass prediction around BD threshold (-50, 120)MeV

W. Chen, T.G.Steele, S.-L. Zhu, PRD 89 (2014) 054037

M. Karliner, J.L.Rosner, PRL 119 (2017) 202001

T.F.Carames, J.Vijande, A. Valcarce, PRD 99 (2019) 014006
A.Radhakrishnan, M.Padmanath, N.Mathur, PRD 110 (2024) 034506
S.Meinel, M.Pflaumer, M.Wagner, PRD 106 (2022) 034507

W.L.Wu, Y.Ma, Y.-K. Chen, L.Meng, S.-L. Zhu, PRD 110 (2024) 094041

D.Ebert, R.N.Faustov, V.O.Galkin, W.Lucha, PRD 76 (2007) 114015
Above BD E.J.Eichten, C. Quigg, PRL 119 (2017) 202002
threshold J.-B. Cheng, S.-Y. Li, Y.-R. Liu, Z.-G. Si, T. Yao, CPC 45 (2021) 043102
Y. Song, D. Jia, Comm. Theo. Phys. 75 (2023) 055201

* If m(Ty.) > m(B) + m(D) can decay strongly

Yield/(500 keV ¢?)

70
60 -

50 F

= n w »
o o o o
LI I I L O

o

+..i<<t4_ v

Yield/(200 keV
Zn‘

il

N
i 5E {» + H
| 0 Bt ’++
o 3.874 " 2,876
| I T~ D°D’s*
| (GeV ¢?)
. | ———Background Mpepeg:
i Total
I4 | DD threshold
{» g [ D°D* threshold
' SN |
|
f

1l
iw W **% P

3.87

388

Mpopoy:

389

Nature Phys. 18 (2022) 7

3.9
(GeV ¢?)
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do/dAd [ub]

Background to strongly decaying T,

» Main background: associate production of B and D mesons
» Use MadGraph_aMC@NLO to simulate SPS & DPS contribution

Whelre to look for Ty,

F T T T T T ] 3 :' T T L T T ;‘ O ’7__' T T T T =]
255 Y <= 1} 1 8 osf l
R 3 A 1 X 06 E
2F ] 32 osf 4 2 osf o
F ] -8 E ] +E 04 ]
C I 0.6 — e E
e ] [ ] Ié o ]
i [Cses E 04l [Cses E % 0.35— [ sps E
[Cops ] C [[Joes ] B 02F [l oes s
05F — SPS+DPS - 021 — SPS+DPS ] = 01E — SPS+DPS E
O:...||...x|.|.|l..l|.‘..: 0_ e T T SN OE, \ N e, L
0 02 04 0.6 08 1 -2 -1 0 1 2 10 15 20 25
Ad/T Ay M(BDY) [GeV]

Ocff = 15 mb
also scanned for 5, 30 mb

M.Feng, YL, H.-S. Shao,
accepted by CPC

J IR o o
B™ = J/p(—= pTu)K™,
DT — K atgT

Using published LHCb B
and D production paper to
weight DPS contribution

g(B)xa(D)
o(BD) =
Oeff
U e I A U L R L =
s F = E
5 035F . E
T 03F =
<N £ =
'S 025K =
E 3
o) 042:— =
Z 015E —— MG5_aMC Reweighed =
01 | e LHCb Published =
005E" e MG5_aMC =
{ TS S TR S S T | |
-2 -1 0 1 2

Ay
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I'pc assumption e 08

= Cross-section prediction
* Optimistic: 103 nb A. Ali, Q. Qin, W. Wang, PLB 785 (2018) 605
* Pessimistic: 0.3 nb Y.-Q. Chen, S.-Z. Wu, PLB 705 (2011) 93

* |Intermediate: 18 nb

Derived from Tcc; Tcc xsec prediction from

o(Ep.) i

~ 4 be) ~ A. Ali, I. Ahmed, M.J.Aslam, PLB 855 (2024) 138779

O'(Tbc) ~ O'(ch) X O'(E ) ~45x0.4 ~ 18 nb. Xibc/Xicc ratio from J.W.Zhang, X.G.Wu, T. Zhong
£C PRD 83 (2011) 034026

= Mass / Width

m(T,,) [MeV] T(T,.) [MeV] o(T,,) [nb]

7167 {5 0.3, 18,103
3 93,18 103
3229 10 0.3, 18,103
40 0.3, 18,103
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Sensitivity to strongly decaying Thc

O-(Tbc) =103 nb

o(Tp.) = 18 nb

O-(Tbc) =0.3nb

Significance Z Significance Z

Significance Z

Ocff = 5mb
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Oeff = 15 mb

Ooff = 30 mb

M.Feng, YL, H.-S. Shao,
accepted by CPC
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Summary

» LHCD is taking data at full speed after Upgrade | with improved performance, especially
trigger efficiency for hadronic final states

= Development for Upgrade Il is ongoing with innovative technologies

» LHCb-China contributed in U1, and leading in many aspects in Ull activities exploiting
domestic technology

= Upgrade Il will be a rich mine for heavy flavour physics, and QCD
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