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The LHCb experiment

~ A large collaboration

= 21 countries, 96 institutes, 1572 members
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Hugely successtul track record

~ Access to high mass
scales through flavor
physics was key through
development of SM
= No K; — pup = c quark

= Amg = m,. ~ 1.5 GeV
- e = t, b quarks
= Amp => m, > 100 GeV

~ LHCb has demonstrated
emphatically that the
LHC is an ideal
laboratory for flavor
physics

Manuel Franco Sevilla

B(s) — HH

S FT
§ - LHCDb Preliminary —e— Data
é) 40 [ 5 9 fb! —— Total ]
- BDT =0.5 = Bi—u'u
0> — B
30 ) _
(:]/ — B,—~u'uy
-’ /‘\ ------ B—h'h
N
L 20k X,~huv, ]
1_84 ‘ B 2%
= ‘ Combinatorial
5 10F + | ) -
O ]L | +
P SO SEisy 6 \t: svs 2 L K
E | ]
5000 5500 6000
PRL 128, 041801 (2022) m,., [MeV/c?]

First CP violation in charm

9 fb'\/s = 7,13 TeV pp LHCb [LHCb-PAPER-2019-006]
PRL 122, 211803 (2019)

385.8 fb' Y (45) BaBar [Phys. Rev. Lett. 100, 061803(2008)]

9.7 fb~1\/s = 1.96 TeV pp CDF [Phys.Rev.Lett. 109 111801 (2012)]

976 fb~' b~ Y (4S5) —_ Belle Preliminary [arXiv:1212.1975]
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjI7rny2Jj1AhUDC-wKHR56A9sQFnoECAoQAQ&url=https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf&usg=AOvVaw0GkMoEjNYJRL1sMIjwZW9o
https://arxiv.org/abs/2108.09283
https://arxiv.org/abs/1903.08726
https://arxiv.org/abs/2104.04421

Flexible and broad program

Tetraquarks, pentaquarks Anomalies in b — ctv

I

T T T T l T T T T l T T T T I T

—BaBar, PRL 109, 101802 (2012) —Belle, PRD 92, 072014 (2015)
Belle, PRL 118, 211801 (2017) —LHCb-PAPER-2022-052 (2023)
Belle, PRL 124, 161803 (2020) —LHCb, 2302.02886 (2022)

—HFLAV average March 2023 —SM predictions (HFLAV aver.)

I_e a d I n g a n d 1(1): | I23 newl exotic Ihadron; at thel LHC| | | LHCb, P. Koppenburg P 05
° ° 8.0-17 T 0.45
critical |

7.0 4 .TW(69OO)
.TW(GGOO)

contributions | 8 ..
2,

|IIII|IIII|IIII|IIII|IIII|

lll|llll|llll|llll|llll|llll|l

N
L
>
S 5.0 -
_— X(4700) X(4685)
@ Pl(4450)* ® x(4500) Pi(4457)" ©X(4630) : , O 3
© X(4140 X(4274) IPW(4440)+ Tys1(4220)* .PWS(4338)
= @ 440 pyazsor ¢ Py(4312)* ® 75 (4000)" T8,,(4000)°
4.0 + ¥5(3842) o ® Y ws1
. ch(3875)+ X(3960) \
® cc(qq) 0 25 B o
rodram W e et or o0 | -
_ csl Tcaé |
g quq ’ = | ] ] ] ] | ] ] ] ] | ] ] ] ] | ]
m  ccqqq
2.0 T T T T T T T T T T T T O 2 O l3 0 4 O 5
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
patrick.koppenburg@cern.ch 2023-02-10 Date of arXiv submission R(D)

W mass Dark sectors p He — pX with highest fixed-target \/E

— Total uncertalinty | | |
Stat. uncertainty 10—2 SpEEmEES an = . T | . . . . S
Tevatron I combination \ Py N — Q: 0 Y :_ LHCb Data —:
PRD 70 (2004) 092008 B - pHe v sy = 110 GeV —— EPOS 1.99 7
DO II - B 0.6 —— EPOS-LHC
PRL 108 (2012) 151804 10—3 = — HIJING 1 38 .
Ll%Py:.O &%ﬁ?ﬁn(zom) 119 y - 05 — PYTHIA 6 =
A}E%ésm (2018) 110 ° e :_ 04 t i i I l—}—|_i_|—{—l QGSJ ET-1104=
I]I;II(IZEIDP 01 (2022) 036 ? 03 :=A—|—A—I—A—|_A_|_A_|—A—|—A—: A } p—i i _:
CDF I o C Ml e G SRR S 5 =
| Science 376 (2022) 170 . —o—+—o—+———" ; = 5
Electroweak Fit (J. Haller et al.) . 10_5 = RIS = 0 2 [ T ]
EPJC 78 (2018) 675 e e A = [ 1
Electroweak Fit (J. de Blas et al.) . - PRREELIN = 0.1 :_ _:
arXiv:2112.07274 — ‘| .~._ cT=1lcm 7] — -
| | | | 10_6 1 1 L1 111 | 1 1 1 L1 111 | 1 1 1 11 l\’l/l I RS L 1 1 11 1 11 I 1 1 1 1 — . . . . . . . . | —
80100 80200 80300 80400 80500 1072 107! | 10 my [GeV] 0 20 30 40 50 60 70 80 90100
Al . —_ 7
LHCB-FIGURE-2022-003 My [MeV] LHCbH-PUB-2022-012 arXiv:2205.09009 7 momentum [GeV/c]

Manuel Franco Sevilla A new frontier of precision physics: LHCb Upgrade Il Slide 4


https://arxiv.org/abs/2205.09009
http://cds.cern.ch/record/2806574?ln=en
https://www.nikhef.nl/~pkoppenb/particles.html
http://cds.cern.ch/record/2806113

Upgrade |

SSRRLY I | 1 SRS Upgrade 1 S OF, 79 T 1§ | § J o ———
Run 1 L.S1 Run 2 LS2 Run 3 LS3 Run 4
2010 2011 2012[2013 20142015 2016 2017 201812019 2020 2021 20221{2023 2024 20252026 2027 20282029 2030 2031 2032
[ Runs 1 and 2 | 3 new trackers: Pixel VELO, UT, SciFi
40 MHz LO 1 MHz 12.5 kHz (0.6 GB/s) Upstream Tracker (UT) with US leadership
—»
pp Hardware Detector EVentS on dlSk | Muon stations
COHiSiOnS readout Calorimeters vz M4
. - Magnet ICH? HCAL 12
SciFi
Tracker || =
v AT
Upgrade 1 H
UT | 0
40 MHz O (100 kHz) [0 (10 Gb/s)] . —4_ 1l ol
PP Detector Events on disk Locator '
collisions readout // Ly

All electronics upgraded to send every hit to
flexible software trigger (GPUs + CPUs

Manuel Franco Sevilla

CERN-LHCC-2012-007
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http://cds.cern.ch/record/001443882?ln=en

Upgrade I: installed

FPGAs & GPUs
‘running HLT 1
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Pixel VELO , N 0k o
only 5 mm frm P N e scintillating fibers

Major project
installed successfully
and on budget

Exciting physics until 2032
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Upstream Tracker (UT)

US leadership =

Upstream Tracker (UT)
US leadership =
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Proposed Upgraae |

~ HL-LHC program until 2043

~ LHCb program limited by detector
— clear case for further upgrade

Accelerator study
CERN-ACC-NOTE-2018-0038

CERN
\\
S

Expression of Interest
CERN-LHCC-2017-003

Physics case
CERN-LHCC-2018-027

[ P
L
THCD renroers

Physics Case
for an
LHCDb Upgrade Il

P,

CERN-ACC-NOTE-2018-0038

Ilias.Efthymiopoulos: (@cern.ch

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

Opportunities in
and beyond, in the HL-LHC era

flavour physics,

Expression of Interest

CERN Research Board 2019
"The recommendation to prepare a framework TDR
for the LHCb Upgrade-Il was endorsed, noting that
LHCDb is expected to run throughout the HL-LHC era.”
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ATLAS/CMS
Phase 2

Run 3 Run 4 Run 5 Run 6
z 1 2 =
2030
Year
Framework TDR

CERN-LHCC-2021-012

scoping document to be prepared,

followed by sub-system TDRs

European Strategy Update 2020
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"The full potential of the LHC and the
HL-LHC, including the study of flavour
physics, should be exploited”

LHCb
UPGRADEI
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http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
https://cds.cern.ch/record/2244311?ln=en
http://cds.cern.ch/record/2636441/files/Physics_II_cases_final.pdf
https://cds.cern.ch/record/2319258?ln=en
https://cds.cern.ch/record/2720131

Upgraae ll: very large b-hadron samples M

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

Experiment BABAR Belle Belle 11 LHCD
Run 1 Run 2 |Runs 34 Runs 5—0
Completion date 2008 2010 2035 2012 2018
Center-of-mass energy 10.58 GeV 10.58/10.87 GeV 10.58/10.87 GeV 7/8 TeV 13 TeV
bb cross section [nb] 1.05 1.05/0.34 1.05/0.34 (3.0/3.4)x10° 5.6 x 10°
Integrated luminosity [fb™'] 424 711/121 (50/4) x 10° 3 6
B® mesons [10] 0.47 0.77 50 100 350
B™ mesons [107] 0.47 0.77 50 100 350
B, mesons [10°] - 0.01 0.5 24 84
Ay baryons [10”] - - - 51 180
B. mesons [10”] - - - 0.8 4.4
b-hadrons in acceptance Upgrade I Upgrade II

Upgrade |l would open an era of Complementing ATLAS/CMS in the search for
unprecedented precision a paradigm shifting discovery at the HL-LHC
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https://arxiv.org/abs/2101.08326

Unitarity Triangle

Observable LHCb 2025 Belle 11 Upgrade 11

~ LHCb Upgrade Il will test the 7 vim 5 = Dok v : 1
v, all modes 1.5° 1.5° 0.35°

CKM paradigm with sin 28, with B® = J/yK? 0.011 0.005 0.003

s, With B) — J/1h¢ 14 mrad — 4 mrad

unprecedented accuracy by, with BY - DD 35 mrad - 9 mrad

. ¢3*°, with By — ¢¢ 39 mrad - 11 mrad

- Key improvements also needed from o, 10 % 10-4 ) 3 5 102
theory, lattice Vsl /[ Ve ] 3% 1% 1%

CERN-LHCC-2018-027
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http://cds.cern.ch/record/2636441/files/Physics_II_cases_final.pdf

Access to extremely rare processes

0.6

Constraints at 2o
— B(B— Xs)
----- BY — K*Yete™ 23 fb~!
—— BY - K*0¢te= 300 b1
BY — ¢y 23 fb~!

0.4 1

~ Access to C7(')

€ €

OF = 50, Prb) F" O = 50, PLb) F* S s
T Tgm2 (5% LrD) "= Tz (50w L) e e T
. . = I "
= Very sensitive to new physics = - oA
= NP could cause non-zero value of C, 04
Achievable sensitivity will depend strongly on the R o (g,o/c )ofz 04 08
performance of the LHCb Upgrade Il ECAL in y/e reco N Y
[ 1 Current LHCb 23fb~1 [ 300fb~!

___________
S~
~

~ CP violation in charm mixing

= LHCb Upgrade Il is only planned facility 5
with realistic possibility to observe SM =
CPV in DY — DY mixing o ’

_5—
G- Solid (dashed) contours contain 68.3% (95.4%)
0.96 0.98 1.00 1.02 1.04
lq/p|
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Characterizing unexpected effects

~ Ability to characterize present/future hints of New Physics

= Thanks to powerful general purpose detector and flexible data taking

0.200
° ° ° B B-factory scenario, 50 ab™! B 1.HC scenario, 23 fb~!
N E g , If b é CTV a n o m a I I e S We re t O b e Co n fl r m e d 0.1751 - B-factory scenario average o7~ ------ LHC scenario average oy
0.1501
: . . % -
= Upgrade Il will allow precision measurements beyond % (D) 5 0125, N
= 0.100,
Run6 % (X,) = Access to .
I\ \°\ U Ty T U T U T T C
Z RDL L 5 all angular oo
i R(D*) | (X — X 11 ) . . 0.025
— () b c*7 coefficients
E s R(D*™) 1 0.000 . L, b, —
B RED%)) ; B (Xb — ch Vf) Hill, John, Ke, Poluektov, JHEP 2019, 133 (2019)  Coefficient
g 14 R(A,) 1
@ i * ]
-ng:; : zgﬁ/cz[j) : E 108% —e— Generated data
S g _- Perhaps even 8 L — T
~ i ' ! -+ + S = g : :(: ;;Z ;)3
= - * :16=_ — B 5 D’ it o
= 6 (D), and A o e
5 " eoretically very ¢« 1o
a 4'_ - : '%(A((; )) | 10 9.66 for BT — 77y s, LHCDb Run 3
oL Optimistic Ny g ; clean
. LHCDb unofficial ~~====- e indepen ent 10°
Ol e e e e ' checks Bt 5 o+ o0l |
TS ITFSSSSESS e | St e
v v v v v Ny vy Sy vy B € “ee
Data sample up to year e T S I W

J. de Jong, Master thesis University of Groningen (2022)  Mcor [GeV/ c?]
Bernlochner, MFS, Robinson, Wormser, RMP, 94. 015003 (2022)
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https://fse.studenttheses.ub.rug.nl/27308/
https://arxiv.org/abs/2101.08326

Goal Challenge

Same detector performance as in Run 3 Pile-up increases from 6 PVs to 42 PVs!
VELO tracks with 42 PVs VELO tracks within 20 ps e 1T e
5 £ 08
€2
=
~ 0.6

CERN-LHCC-2021-012

o
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- U-II 3D
— U-114D
Niracks(has B hadron) ]

/
=
()

_51 50 0 1\50 T 5|O T 100 ‘ 150 - 200
v [mm] Ryracks PCT PV

. . . VELO 55 't h _ Single Pixel V= ~150V - 2g:>fjsneq/cm2 -
~ Will employ innovative -S> pmopiteh, e T L
. : . . ~50 ps per hit, o
technologies with key ingredients fluence of 6x1016 neg/em? | e
= Granularity L

= Fast timing (few tens of pS) TlrpeSPOT,.BD silicon trench i o

Radiation hard pixels achieve Gerr =103 ps = | Y rwieeoon
adiation hardness after 2.5x1016 ne‘l/ cm* 07:4‘Jf‘.é:;ig.‘é"’éféa"éféi"i 56 Ber

858 86
ty <> [ns]
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http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
https://indico.cern.ch/event/1127562/contributions/4954529/
https://indico.cern.ch/event/1127562/contributions/4954529/

5D calorimetry (x,y, z, E, t)

. . G(E) 1() % <_>:Ei:c;cirgaet:ror Irirz;irr;cogmde EXtenSive R&D

E \/l_? Radiation hardness,

~ Radiation up to 1 MGy PMT characterization,
timing/imaging layer,
optimization

~ Increase central granularity

= A x4 sz — 1.5x1.5 sz " front back
—3» Beam direction

US involvement

~ Mitigate pile-up with ~20 ps timing

Time resolution (DESY 2020, R7600-20)

Considering W/Pb + CERRALHCC2021-012 E: —e— Weighted A
C : % T T 1 é’ 905_ """"""""" Test beam eightea Average |
GAGG 1CI’ySCtlal fibers E E g sooF- Upgrade II ET>2./5 GeV : 3 B0 A results, 1 —=&— Front Section [~
; T . —— W/0 tiume cut o) —
(Centra ) and current ! 1, Ué - —— At/ot(comb) <3 7 E 705_ """""""" 10 % /\/_P —— Back Section |
Shashlik (outer) - 400 |- + E s
: 5 - Vo B ->K% ] a
' 3 " E - :
o o . . : ' n +++++ ¢ - A
Tlmlng/lmaglng lay.el' ; - 200 | + ¢ b ++++++++++ ++++++++++H+++++++++++ o - | BB
: 1 é a — [ u
could help deal with : : oo B e, W . MCIAATS S s . L
frequent overlaps : : : o e timing e
0 O e nane T e e e o -
A —— 4000 5000 6000 7000 0_ I ‘ll L1l 111-51 L1 él Ll 12¥51 L1 1é1 L1 13%51 L1 1‘11-1 L1 14{51 1 1[;\1
M(K+J7]_)/) [MCV/Cz] Beam EnerWeV]
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http://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

Other technologies

Rad-hard DMAPs

Monolithic Active Pixel sensors for UT/
Mighty Tracker, first time at LHC
Low-cost commercial process, low

material budget

Side View Tungsten

4 M5
MAGNET STATIONS (LS3) Magnet & N ];:CAL M M3 M —_
™ ™ ™ M tSt t 1 TORCH elilero?n — =
New scintillating fiber m—— \ oo RICHD
stations on the inside of Tracker B

dipole magnet
Improved low-pr tracking

‘ B

b I.:J
"~
I ‘ I I
i/ 1 L 1
)

et

LG dipsle e o

=\/,,

Innovative
time-of-flight
detector based

on quartz plates

2500mm

710mm

TORCH
PID for p <10-20 GeV

with 15 ps timing
(70 ps per photon for
‘ ~30 photons)

MUON
u-RWELL to handle

O ) !
O -
%)J—L o, J ‘ ‘
! o e o L
& ‘. G e
Magnet Station X _
low-momentum tracker 7 & el Phase-I1 Upgrade

high central rates,
MWPCs outside

Slide 14
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Trigger & Oftline computing

HODETO8 CERN Courier LHCb R:n 5 .
,,I—l ~ Novel trigger system for Upgrade |
@
= un ATLAS HL-LHC .

HOORHe TR A = Fully software trigger (RTA)
= ) ATLAS/CI\.AS uperova
g = HLT1 based on GPUs
S 1.00E+04 - ALICE®
= HERA-B @® CDF I1/DO Il . .
~ Similar tfor Upgrade Il... but at 200Tb/s!

CDE/DO ® BaBar DU.NE
100402 e wkos = HLT2 not feasible on CPUs US involvement ==
® NA49
1.00e+01-* " + Will require GPUs or FPGAs
® LEP
1.00E+00
' 1980 19I9O 20IOO 2OIlO 2OIZO 2OISO 2040
year
Model assumptions . ° . °
= Upgrade I Upgrade II & ChaHenglng OHIIne ComPUtIng reqUIrements
Peak L (cm=2s 1) 2 x 10%? 1.5 x 103
Yearly integrated luminosity (fb~!) 10 50 o
Logiea bandwidih 1o tape (/5 i T = Upgrade | model not sustainable
Logical bandwidth to disk (GB/s) 3.5 17.5
unning time (s x 10° . .
?riggergi";te fric‘iion (%) 26 / 68 / 6 FEH /12‘urb0 / TurCal - |SSU€S SIMmi |a I tO ATI_AS & CM S Phase | | (RU N 4)
Ratio Turbo/Full event size 16.7%
P ok p evet Tl [t v NIC (5069 T30 / 00 /% = Coordination with WLCG and HEP Software Foundation on
umber of simulated events 8 x 109/ b~ /year . . .

gatabreplifcas on1 tgpi : 24 (81 foi‘ode/rgsed/gata) m |t| g a tl O n
Data replicas on disk 2 (Turbo); 3 (Full, TurCal)
MC replicas on tape 1 (MDST)
MC replicas on disk 0.3 (MDST, 30% of the total dataset)
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https://cerncourier.com/a/lhcb-looks-forward-to-the-2030s/

Status and timeline

~ Support from full LHCb collaboration

~ Process from FTDR to installation

defined with LHCC

= R&D underway |leading to subdetector TDRs
= In CERN's baseline schedule, LS4 122 years

~ Funding agency discussions underway

Detector Countries involved

VELO BR, CERN, ES, FR, IT, NL, PL, RU, SE, UK
UT CN, FR

Magnet Stations PL.|US

Mighty Tracker (SciFi + MAPS)
RICH
TORCH

ECAL

Muon

RTA

Online

BR, CH, DE, ES, SE, UK
CERN, IT, PL, RO, SI, UK

CERN, UK, SI

AU, CERN, CN, ES, FR, HU, IT, RU,|US
IT, RU

BR, CERN, CN, DE, ES, FR, IT, NL, PL, RU, UK,[US
CERN, FR

= UK already committed to funding their Upgrade Il fair share

Run4

Phase

LS4 Run5 & 6

Project Approval Stages \Y/[e]¥;

1400

LS3 TDR

LS4 TDR

Detectors
Online,Trigger, Computing

1200

LS3 Infrastructure

LS3 Detector Construction

1000

LS4 Detector Construction

VELO

Ut

MT

Magnet Stations
RICH

TORCH

ECAL

Muons

Online & Trigger

800

600

400

200

Manuel Franco Sevilla

1990

Collaboration expanding, and
new members are welcome

Authors

1995 2000 2005 2010 2015 2020 2025 2030

A new frontier of precision physics: LHCb Upgrade Il
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Costs and US contribution

Detector Baseline
(kCHF)  ~US interest in ECAL and RTA in Upgrade |l
VELO 14800 = Also Magnet stations for LS3
UuT 8900 . . .
Magnet Stations 2300 ~ Expected US contribution currently ~5% of project cost
MT-SciF'i 22400
MT-CMOS 199007 < Interest from Brookhaven National Lab and other
RICH 15600 SO o ioin U de |l effort
TORCH 9900 institutions to join Upgrade Il effor
ECAL 34800 = Currently DOE/OHEP does not support LHCb
Muon 7100 = Additional contributions proportional to increase ot US membership
RTA 17400
Online 800 < National lab infrastructure could be extremely
Infrastructure 13500 h ficial for LHCb de | .
Total T7F100 enefticial Tor Upgrade Il construction
— . . = Installation in 2033-34, following completion of final ATLAS/CMS
Preliminary estimates in FTDR upgrade ‘N 2026-28

(European accounting),
primarily based on Upgrade |

Manuel Franco Sevilla A new frontier of precision physics: LHCb Upgrade Il Slide 17



Summary

4+— 99 th'l —————> <4——Goal: 50 tb"! —m—momov-v-p <«——Goal: 300 fb-l —»
Upgrade | Upgrade Ib Upgrade 11

Run 1 L.S1 Run 2 LLS2 Run 3
2011 201212013 201412015 2016 2017 201842019 2020 20211202212023 2024 2025

Run 4 L.S4 Run 5 LS5/ Run 6
2026 2027 202812029 2030 2031 203252033 2034582035 2036 2037 2039204012041 2042

~ LHCb had enormously successful Runs 1 and 2
= Key US contributions

~ Upgrade | installed = major project on budget
- Key US leadership

~ Clear case for Upgrade Il to fully exploit HL-LHC
- Complementing ATLAS/CMS in the search for discoveries

~ Broad support and growing interest
= Additional support from DOE/OHEP would be very beneficial

Manuel Franco Sevilla A new frontier of precision physics: LHCb Upgrade Il Slide 18
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Prospects for selected tlavor observables @ €3

-
ey

Observable Current LHCDb LHCb 2025 Belle 11 Upgrade II ATLAS & CMS
EW Penguins

Ri (1 < ¢?® < 6GeV?c?) 0.1 [274] 0.025 0.036 0.007 =
Ri+ (1 < ¢ < 6GeV?ct) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ryk, R - 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 ~
CKM tests

~v, with BY — DK~ (F31)° [136] 4° - 1° -
~, all modes (F29)° [167] 1.5° 1.5° 0.35° =
sin 23, with BY — J/¢K? 0.04 [609 0.011 0.005 0.003 ~
bs, with BY — J/1¢ 49 mrad [44] 14 mrad — 4 mrad 22 mrad [610
¢s, with BY — DI D7 170 mrad [49] 35 mrad — 9 mrad —
P35, with BY — ¢¢ 154 mrad [94 39 mrad — 11 mrad Under study [611]
ad, 33 x 1074 [211 10 x 10~4 ~ 3x 1074 —
Vb /[ Veb| 6% [201 3% 1% 1% -
BY, B’ —ptp~

B(BY — uTu™)/B(BY — ut ) 90% [264] 34% -~ 10% 21% [612]
TBO it - 22% [264] 8% ~ 2% —
Sup - - — 0.2 —
b — cf~ 1y LUV studies

R(D*) 0.026 [215,217] 0.0072 0.005 0.002 =
R(J/y) 0.24 [220] 0.071 = 0.02 =
Charm

AAcp(KK — 7r) 8.5 x 1074 [613] 1.7 x 1074 5.4 x 1074 3.0 x 107° ~
Ar (= zsin ¢) 2.8 x 107% [240 4.3 x 107 3.5 x 1074 1.0 x 107° ~
rsin ¢ from D° — Kt~ 13 x 104 [228 3.2 x 1074 4.6 x 107* 8.0 x 107° —

x sin ¢ from multibody decays

(K3m) 4.0 x 107°

(K97rm) 1.2 x 104

(K3m) 8.0 x 1079

\,QERSITP
b y

&
56

LHCb Upgrade Il will
significantly exceed the
precision of Belle Il for

the majority of
observables of interest,
not only for B decays to
charged final states
Involving hadrons and
dimuons, and charm
physics, but also for
decays involving
electrons, single neutrals,
and semi-leptonic modes

Physics case
CERN-LHCC-2018-027

Manuel Franco Sevilla
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http://cds.cern.ch/record/2636441/files/Physics_II_cases_final.pdf

| HCb sweet spot for many flavor measurements T8 €3

BY* mesons

B-factories

6 (10°
D

Low uncertainty on absolute rates,

100% ¢(trigger), PID, low e-brem, W
knowledge of collision momentum |

<O

Belle II

Aiming to collect
O (1010) B+ mesons

B(O/)+ mesons
Triggers primarily for flavor,

PID, VELO,
all b-hadron species

LHC

O (1012) B((;/)Jr mesons
All b-hadron species

ATLAS

EXPERIMENT

Manuel Franco Sevilla A new frontier of precision physics: LHCb Upgrade Il Slide 21



The LHCb experiment

Muon stations

. o Calort
~ GPD with focus on flavor physics lormetr wa NS
_ RICH2  poap M2 o
= 25% of bb production with 4% of solid angle Tayers e M
T1 T2 T3 —
(2<n<)b5) il
= 100k b-hadrons produced every second
. | Acceptane |
6 ------------
4
l S RS —
0 yd L
2 . _ =
4 .
5 LHCb MC I1 there is no Muon
Vs =8 TeV other option VELO TT Magnet T-layers ECALHCAL stations

8 6 -4 -2 0 2 4 6 n? Photon

Neutral hadron

~ Excellent secondary vertex Electron
. Charged hadron
reconstruction Muon

High precision

~PID: 1, K, p, 1

Manuel Franco Sevilla

¥-,¥*
* %
%3

>k
DK e
;3

A new frontier of precision physics: LHCb Upgrade Il

T

****

Slide 22



| HCb environment busier than B-factories TR €3

LHC

pp collisions have background
from bb hadronization,
underlying event, and pileup

B-factories

Clean e*e™ collisions only
produce two B mesons
(for the most part)

Manuel Franco Sevilla A new frontier of precision physics: LHCb Upgrade Il Slide 23



Vertexing and isolation key to LHCb

pp — XbBSOX

LHCDb Preliminary —e— Data
0 fp! —— Total

~ B mesons can fly ~cm
thanks to large boost

0 .
BDT =0.5 — B,—u'u
0 4o

— B —=u'u

0 A
— B,—utuy

~ Superb vertexing by
VELO

—_
(@\|
\S)
~~
>
=
i
~
@\
) ——
~~
N
Q
—
<
o
o v
o)
<
av]
@)

= Only 8.2 mm from IP, reduced to

Manuel Franco Sevilla

5.1 mm in upgrade
~ Multivariate algorithms ensure tracks isolated

= Based on track impact parameter, other variables
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Baseline ECAL

» Two technologies for different radiation requirements: Shashlik and SPACAL

PMT Housing

Shashlik

mulead  scint =WLS ™9 mirror » Scintillator-Pb sandwich with WLS fiber R/O
» WLS fiber bundle readout by PMT

» Single or double sided R/O possible " & B

PMT

12.12 cm

» Radiation tolerant up to 40-50 kGy

SPACAL (SPAghetti CALorimeter)

C———D scintillator G Mirror . . . .

@ obsorber @ light guide » Scintillating fibers hosted in an absorber

» Light collected via lightguide, readout by PMT

» Single or double sided R/O possible
v" Fibers:
» crystal
f=t‘ t)=k » organic
ro—n—> Beam direacction 4 Absorber: SPACAL-
— N i WIGAGG
» Radiation hard up to IMGy > 12:(%8 -

-

US LHCb Ull Workshop 17 March 2023 Andreas Schopper
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Baseline ECAL granularity

§ o ceacsee B | Keep current Shashlik technology for region <40 kGy:
250 i » Take advantage of timing properties with improved new WLS fibers
200 -------------- | bl - » Long. segmentation (double-sided readout) for timing and reconstruction
- | | Introduce new SPACAL technology for region >40 kGy:
S SE > | MGy region with scintillating crystal-fibres & W-absorber: SPACAL-W

v Development of radiation-hard scintillating crystals

€ | Simlaton of PicaCa SRR | . . - v' W-absorber for 1.5x1.5 e¢m? cell size
— 10— . ...'.'.:....:..t.:'.'7,‘f".*'..'g"_‘_;“rf;.i... N
S | Cearcn 20zrory | 1 Sheshli dxd crt 50 W me om0 w0 w0 «em » 40-200 kGy region with scintillating plastic-fibres & Pb-absorber: SPACAL-Pb
= B —4— Sp "
5 8= —¢— SpaCal 1.5x1.5¢ . . . .
s T 1 p Radiation limit of current Shashlik technology (40 kGy) v' R&D on radiation-tolerant organic scintillators
O 6 .
c [ ! . v' Pb-absorber for 3x3 e¢m? cell size
S [, Comparison of current and Upgrade 11
" r . . .
c F. —F—— calorimeter layouts at L = 1.5 x 10%** cm-2s! Current ECAL Upgrade II configuration
T e e » occupancies manageable due to increased granularity . g™ " 2% S e o ——————
% 20 40 60 80 100 120 140 160 180 200 d rthombic sh > >
Energy [GeV] and rhombic shape | o
» few 10th of ps-timing allows for pile-up mitigation
) Energy resolution
g MpTT—— =T | Note: For consolidation during Long Shutdown 3 (LLS3)
T - | > scintillating plastic-fibres & W-absorber
- - R s s | .
- Pb/Polystyrene 3°+3° - Simulations, 95% c.i. > 2X2 cmz Cell Slze
. T rorerere s s
T E—
o 13— S S
002f-CERNLHCC 2021012 .. b US LHCb Ull Workshop 17 March 2023 Andreas Schopper
0: | | |

1 10 107
Energy [GeV]
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’gﬂg UNIVERSITY

LIVERPOOL

= Sensor and readout electronics on single wafer
in standard High Resistivity/High Voltage-CMOS
(HR/HV-CMOS)

Reduced material thickness (50 um)
Small pixel size (50 um x 50 um)
In-pixel amplification

More cost effective (Y£100k/m?)

Larger bias voltage (V,..)
o Fast charge collection by drift (15 ns
time resolution)
o Good radiation tolerance (10> 1MeV
Ngo/CM?)

Monolithic pixel detectors — Depleted MAPS

= DMAPS in HR/HV-CMOS processes have huge potential for future particle

physics experiments

— Reduced material thickness (50 um)

— Small pixel size (50 pm x 50 um)
— More cost effective (“£100k/m?)

p- substrate — Fast charge collection by drift (15 ns time resolution)

/ particle track

— Good radiation tolerance (10" 1MeV n,,/cm?)

" Quite a few experiments are interested in DMAPS

— Mu3e (first application of DMAPS)
— ATLAS ITk upgrade (cancelled)

— LHCb Mighty Tracker upgrade

— CLIC

— CERN-RD50 (detector R&D)

One limitation: The chip size is in principle limited to 2 cm x 2 cm, although

stitching options are being investigated

= Next generation

7 November 2019 — Warwick

E. Vilella (Uni. Liverpool) -

= Several prototypes and “pre-production” detectors developed for these
experiments

= Detector R&D to further develop its performance done within CERN-RD50

DMAPS seminar 7 November 2019 — Warwick E. Vilella (Uni. Liverpool) — DMAPS seminar

Manuel Franco Sevilla
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¢, H— cc

1000 I T T ——
. - *  BJ-Jlyg o s§awfzs§¢
~ CP violating phase ¢, , st o1
o . % s ¢ BO-J/yK*K™ high mass A B2-K™K™ I
= Sensitive to new physics S T s
+ Small and well predicted in SM ~ % y ; S predicton
S :
= Upgrade |l sensitivity below SM prediction in multiple > b ¢ .-
channels . .
2 é 2I3 5IO 3(I)O
Integrated Luminosity [fb™!]
~ Leverage world-leading VELO to set most S
o o o S | LHCbdata 1000
stringent constraint on Higgs to charm =S o
m 300
= Currently set limit at 80yg,, at 8 TeV _
o 600
= With 300 fb-1 at 14 TeV = 7y5,, B! _
+ Improved VELO, electron performance, ML could push it to 2yg,, _0.5__ i
- Initial (no-tagging) sample: E =200
L 70% Iigh’[I plartlonl, 2I2T/o .Ch.ar.m’. 8‘|’/o Ibelagty: -
05 0 0.5 1Y
BDT(bcludsg)

Manuel Franco Sevilla
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B.— 1w

Relies on VELO hits left by the 5 ) meson Very clean way to study possible = 5o (n T
NP hinted in b — c7v anomalies [lks e i (e
dy 510 oV 2 |
E i ST
Tinner > 2 10- &
| 2D fit BDT X Meor
> 2
PV 0.0 0.2 0.4 0.6 0.8 1.0
BDT score

Feasibility study fitting m,. ... X BDT, assuming

corr _ _
BF (B+ - Domm), worst-case scenario, €rec = 88% s 10°E —e— Generated data
8 -,.: — Total fit
& 10 §_ —B§—>r:(—> 71':71’:71‘: Z,)vr
€rec fB;I- T O-B;'_ fB—I— T O B+ fBg—/O'B;I— fB—|—/O'B—|— % 10° %_ : g : ;"(;;;” VoV,
84 %  (4.7241.40)-107% (9.324+1.10)-107° 3.3 8.4 & 10° 10 fb-! of LHCb
88 %% (9.38 £1.66)-10° (1.254£0.128)-10~* 5.6 9.6 10k 9.66 for B — v Run 3
92 %  (1.20£0.207)- 107> (1.73+£0.158) -10~* 5.7 10.8 Wk
96 % (2.11 £ 0.307) - 107° (3.91 + 0.228) - 107* 6.8 17.0 102:_ *
08 %  (4.59+0.474)- 107 (7.204+0.328)- 1071 9.8 218 "E|l 560 for B — T&
99 % (9.68 £0.760) - 107> (1.46 £ 0.0476) - 1072 12.7 30.4 % -
99.5 % (2.234+0.128)-10"* (2.89 £0.0715)-107% 17.1 40.7 "B L 1211 L 13 llllllllllllllllllllllllllll
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