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scintillating pad detectors removed
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V E LO LHCb-TDR-013

RF foil metrology

* Ongoing delivery from Module Assembly sites u ?
* All 52 detector grade modules produced -

1
q

* All modules installed on the first half ey

— —

Wil
Prey

e Dummy transport made last week to CERN in
preparation for the C-side transport in December

e Second half expected by early February 2022
(tight schedule)

e
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| Dummy VELO half [
transport tests '
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Ut

» All staves ready for first half

* Next shipping to CERN will provide
enough staves for the first side

* Preparation of the detector infrastructure
* Cooling installed on both detector boxes

e Assembly tests of the HV and data
cables

* Halves installation:
* First side installed before cavern closure

* Previous experience will allow a faster
installation of the second half in, for
example, June/22 technical stop

LHCb-TDR-015
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RICH2 signal with light source

5 O c L€ ‘.' o = = i e (5 0
..1.F>f ' : e i - '1}:; —JE
RICHes 4}1 | - (s
- LHCb-TDR-014 X |
———— e RICH2 installation complete ;\Q } / /
 Took data during the beam }\/{} | \é/j/ ;
test in October —
Y 1‘\ :
'/ << \K:

| . - . N ricH2 mirro
"4 —' * * RICH1 being commissioned on
y UAS : | surface
. s ———
/A\ | * Gas enclosure, mirrors,
p-, ¢ y

quartz windows installed

* PMT columns installation on-
going in the next weeks

RICH2 gas chamber



I Services being prepared for the A-side =S )

All modules attached to all frames for the whole detector
One side of the detector completely installed, connected and aligned
Second side, first 2/6 frames installed
LHCb-TDR-015 Installation of the last frames expected in Jan-Feb ‘22
Tight but achievable schedule
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CALO and MUON LHCb-TDR-014

e All are equipped with new control and frontend
boards and a new HV system

e Upgraded CALO movement system

e New electronics fully installed
e All electronics and optical fibers retested

Commissioning ongoing for the
calorimeter & muon system

Both took data in the beam test
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PLUME, RMS and BCM

ﬁUME: luminosity measurement with qua@
tablets + PMTs

LHCB-TDR-022

RMS: Radiation monitoring
system (luminosity and
beam background monitor)

Metal foil detectors
installed and pre-aligned

|| Detector planes

BCM: beam condition
monitor

(produces beam abort
protecting LHCb)

All Run 3 diamond sensors
ready

Upstream station installed




O p e rati ons LHCb-TDR-016; LHCb-TDR-021

Inject MEP§
* ~93% of the resources being used for MC production from local disk

* Reprocessing of the Run 2 data to be finished by the
end of the year
* Main purpose to add additional analysis
channels
e 2017 and 2018 done, 2016 in the pipeline

EOS
[Tierl]

HLT1

storage| || el

| Switch | Switch | Switch
% cl L Ll 1 LDLL ;

Dirac-Transfer .‘

(S
HLT2
Storage

Eventbuilder

Running jobs by JobType Same hardware
10 Weeks from Week 35 of 2021 to Week 45 of 2021 (1 ) (2) (3)

* October FEST (Full Experiment System Test)
* Joint effort of all software projects
* Run simulated data through the whole Online and
Offline chain to verify the readiness of data processing
* Exercise all aspects from data production in event
builders to long term storage in EOS
* With low rates and only partially available

hardware
2021-09-04 2021-09-11 2021-09-18 202'1-09~25 2021-10-02 2021-10-09 2021-10-16 2021-10-23 2021-10-30 2021-11-06 ° H LT 1/A| |e n integratio n With eve nt Output Sto ra ge
Max: 167, Min: 5.61, Average: 136, Current: 5.61 . . .
Dimue., % SRESeew., B EMm. g e - and basic monitoring (1)
Generated on 2021-11-12 16:39.28 UTC [ ] H LT2 proceSSi ng Of H LT1 Output (2)

* Transfer of HLT2 output files to EOS (3)
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https://doi.org/10.1007/s41781-020-00039-7

Operations: Pilot beam

 Fantastic beam test with all installed subdetectors:
 RICH2, Calorimeters and MUON
e PLUME, BCM and RMS

* All subdetectors were time aligned within a few
days

 HLT1 and HLT2 running in passthrough mode using
CALO lines

* Data throughput tested down to the writing

LHCb / Beam Conditions Monitor smeothed averages

First rings in RICH2

Cluster 1/0

Throughput test: >20 GB/s

[v'ECH 1 BCM-D
Device S Sat 23-0c42021 209711 le

o RMS top ) + bottom stations’

Readout Board  Top - Bottom

tate
READY

BCM upstream

Beam injections

K| /
¢
ke
3
3
)

AN

2021-10-31 01:47:30
es 21.6GB/s
] 20.1 MB/s

- Re

MUON Station 2 §

02:00
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Upgrade 11 (2030)

* Framework Technical Design Report (FTDR)
* Baseline design and subdetectors roadmap for R&D
e Under review with LHCC
 Subdetectors upgrade options are presented with the target to record 300fb~1

* Testbeam activities for RICH, VELO, ECAL and MUON

';‘.,—:‘.-V"

| Credit: Robert Erik Geertsema

:
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Physics output
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P hyS | CS h |g h | |g htS Discussed in this presentation 13
T

e [PAPER-2021-038] Tests of lepton universality using B - K2¢*¢#~ and Bt - K**£*¢£~ decays

e [PAPER-2021-035] Angular analysis of D® - t*m~u*u~ and D® - K*K~u*u~ decays and search for CP violation
e [PAPER-2021-034] Study of the B decays into charmonia and three light hadrons

e [PAPER-2021-033] Simultaneous determination of CKM angle y and charm mixing parameters

e [PAPER-2021-032] Study of the doubly charmed tetraquark T,

e [PAPER-2021-031] Observation of an exotic narrow doubly charmed tetraquark

e [PAPER-2021-029] Study of Z bosons produced in association with charm in the forward region

e [PAPER-2021-028] Search for massive long-lived particles decaying semileptonically at Vs =13 TeV

e [PAPER-2021-026] Measurement of y.,(3872) production in proton-proton collisions at /s = 8 and 13 TeV
e [PAPER-2021-025] Observation of two new excited Z} states decaying to A)K ~m*

e [PAPER-2021-024] Measurement of the W boson mass

e [PAPER-2021-023] Updated search for B} decays to two charm mesons

e [PAPER-2021-021] Measurement of the lifetimes of promptly produced Q2 and Z2 baryons

e [PAPER-2021-020] Measurement of J/{ production cross-sections in pp collisions at /s =5 TeV

e [PAPER-2021-019] Search for the doubly charmed baryon Z7. in the Efn~ 7t final state

—— Preliminary since the last LHCC

o [PAPER-2021-036] Constraints on the CKM angle y from B — Dh* decays using the D — hth¥? final states
 [PAPER-2021-037] Precision measurement of forward Z boson production in proton-proton collisions at /s = 13 TeV
e [PAPER-2021-039] Searches for rare B? and B® decays into four muons

e [PAPER-2021-030] Measurement of the photon polarization in A?, — Ay decays
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Constraints on the CKM angle y from B* — Dh¥ LHCB-PAPER-2021-036 14
decays using the D = hTh*r0 final states

* Run 1+2 dataset (9 fb™ 1)
. + Frt 0] gFi 5 180
Syprgssed channel B* - [n K*m ]DK is observed for the ? LHCh
first time (7.80) 3 160 e, T
* 11 CP observables are measured with world-best precision Pre""‘m..'fary
* Results are interpreted as: 1407 " ;
* 1g: The ratio of the magnitudes of the B~ - DyK ~ and
B~ — Dj K~ amplitudes 1207
* oOp:therelative strong phase | [ S
* y: the relative weak phase determine the size of the CP . o gi‘f gt
violation 99.7% OL.
24 801 ,1 g ; e 2021 Comb. y
voo= (5677)° o b o o
R 25 50 70 100
op = (122%39)° .
rg = (9.257%:) x 1072,
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Simultaneous determination of CKM
angle Y and charm mixing parameters

Run 1 or 1+2 datasets

More than 20 LHCb publications combined in this study:

e 151 input observables to determine 52 free
parameters

Includes 7 new and updated inputs from B-meson and 8
inputs from D-meson decays

Comparison of the y with the global fit

y = 65.4138  CKMfitter: y = 65.6122

Charm mixing y improved by a factor 2

17/11/21 Oscar Augusto
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https://arxiv.org/abs/2110.02350

Precision measurement of forward Z boson production 16

in proton-proton collisions at /s = 13 TeV HACB-PAPER-2021-037

60000 e,

« Run 2 dataset (5.1fb™1) Lo . T
& C LHCb 5= 13 TeV . LHCb .
. . . oy g . . 50000 - pT(].l.)>20 GeV/e ]
* Unique information to the PDFs global fitting, specially in the large E 20<nu <4 .. preliminary:
and small x region oy E
* Most precise measurement of Z boson production cross-section in 30000 - =
the forward region at Vs = 13 TeV to date 20000 F- £
10000 f— o . —f
Oppsz-utu- = 194.96 + 0.22+1.50+ 3.90 pb i: N .
60 80 100 120
M(p) [GeV/c’]
= 20 T T T — T T T v ]
LHCb {s= 13 TeV Stat. Uncertainty § 18 :_ - o]
pT(M) > 20 GeVie Syst. Uncertainty (w/o Lumi) i = LHCb;!zg(): N T/eV ?2:?3?::::?::;&““:
2.0< n(u) <_4-5 Tota; Uncertainty :-é 16 ;_ STSLL) n(y) SZ\.’;C * Resbos _;
60 < M(u'p) < 120 GeV/e® ,8%? 14 60 < M(u') < 120 GeV/c? N ﬁg:\::‘;éﬁz::;e -
—f POWHEG+NNPDF3.1 LE o o Matchilax E
- - o oy ]
LHCh S b e
reliminar esbos : o - E
P y__ FEWZ+CT14 F ” preliminary ;
— = FEWZ+NNPDF3.0 Ops o °o¢co E
— FEWZ+MMHT14 i ™ E
— FEWZ+ABMI12 2 a0 =
2015 Publication . AN 5

[ IS Dl IR B B 1 10 10

170 180 190 200 210 220 230

o(Z—u'Ww) [pb] p,(Z) [GeV/c]
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Searches for rare BY and B® decays into
four muons

Run 142 dataset (9 fb~ 1)

Expected Branching fraction is very small according to the SM (BR(B? —
pppp) ~ 1071% and BR(B® — pupp ~ 10712).

Increased BR could be a sign of BSM physics

Non-resonant, J /Yuu and a(uu)a(up) (m_a =1 GeV) modes are taken
into account

Models which predict a low mass scalar (a) around 1 GeV can explain the
anomalies in magnetic dipole of the muon and b —> Suu

No evidence was found for all modes. The limits at 95% confidence level
are:

B(By— pruptu) <8.6x 10710
B(B*—= pu*p ptp) <1.8x 10710,
B(BY=a(utp™)a (i) lmemt cevyer <58 x 10710,
B (BO—> a (;ﬁu ) a (/L+,LL_)) - <2.3x 10710,
B(BY— Jh () phu) <2.6%x 1077
B(B— Jhp (whp™ ) ptp”) <1.0 x 107

17/11/21 Oscar Augusto
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Angular analysis of DY - ¥~ u*u™ and

D® - K*K~u*u~ decays and search for CP violation

« Run 1+2 dataset (9 fb™1)

» 8 angular observables and 8 angular asymmetries based 8,,, 8;, and ¢.

For example:

I'(| cosB,| > 0.5) —I'(|cosé,| < 0.5)

(I2) =

I'(| cos 8, > 0.5) + I'(| cos §,| < 0.5)

e CP averages and asymmetries are constructed based on the observables

for Dy and D, in addition to the A.p

 First full angular analysis of a rare charm decay ever performed

* The results are consistent with expectations from the Standard Model

and with CP symmetry

17/11/21
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https://arxiv.org/abs/2111.03327

Study of the B; decays into charmonia and three light hadrons LHCB-PAPER-2021-034 19
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« Many new B decays observed:
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2. Bf > J/YK*K~K* (5.20)
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https://arxiv.org/abs/2111.03001

LHCB-PAPER-2021-038 20
CERN seminar Oct 19th

Tests of lepton universality using
B » K2¢*¢~ and Bt - K*t¢*£~ decays

* Recent dedicated workshop on Flavour Anomaly

70 LHCb 3§ Data9 b

* New lepton flavour universality test with K? and K**

5 ;

= 60 — Total -

« Run 1 and 2 datasets N Y g”bKB“’*}f_ E
~ ombp. back. -

* First observation of B - K%ete™ and B* - K*te*e™ with 5.3¢ 5 40 -g::i;y(:j:)[(m:
and 60 respectively g 30§ BB Part Reco K

_ 20 :

* Double ratio between non-resonant and resonant modes largely oE 3
cancels the hadronic systematic effects : e A ]

0 ............... N I l_

_ B(Hg—Hsu*u™) / B(Hp—~Hsete™) 5000 ) 5_500 7 6;)00
Hs ™ B(Hp—~Hs J/Y(u*w™)" B(Hp—Hs ]/ {(e*e™) mifsere) IMVIC] IMevie]

s g . . . . & N T ' ‘ ' ' T ' ‘ ' ]

* ]/ satisfies lepton universality at 0.4% precision (PDG) 3 2k LHCb  § Data9fb E

————— § g — Total ]

Values consistent with SM at — fa]---fjj'em - S o0 |, A B'— KJete E

. . E . q* < 6. e C _:" C b B k .

1.50 and 1.4, with combined | . g . oo

T & : 045 < o2 < 1.1 GeVY b S A §& ]

significance of 20 RS oe = Wl B’ J/y(ete) K

E R o Belle g 10 B Part. Reco. K -

T 1.0 < g2 < 6.0 GeVc* o : g

Precision is limited but same Ry LHChO b 5F -

. o s : 0.045 < g2 < 6.0 GeV¥/c* - - ]

trend showing deficit of muons g : e . o oo = == AR
. . —— Ry LHCD 9 1o 5000 5500 6000

as in previous measurements T i pea0Gevie (K e e) MeVicl]

0 1 2 3

Ry
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https://indico.cern.ch/event/1055780/timetable/
https://indico.cern.ch/event/1065152/
https://arxiv.org/abs/2110.09501

21

R(K?) and R(K**)

Final remarks

Wide physics programme including rare decays, EW, flavour and LFU tests R IR
- : 1.1 <2< 6.0GeV¥ct
e New lepton flavour universality (LFU) test through B® -» K2¢* ¢~ and Bt - L Ry Belle j
K*+—£+»£_ 0.045 < g2 < 1.1 GeV-/¢*
R, Belle
e Most precise Z cross section in the forward region : 10 < ¢ < 6.0 GeV/e*
e Dominating contribution to the world average y average with the most precise —.— B O e
single experiment measurement (constantly updated with new or updated .
measurements) T 1< ¢ <60 GeVic

0 — 1 — 2 IR3
LHCb upgrade | K

e Many subsystems already installed and profited from the fruitful beam test in
Oct/Nov

e Tight schedule for some of the subsystems (VELO, UT and Scifi)

LHCb upgrade Il

e FTDR defining the baseline design and R&D roadmap
e |n review with LHCC

Exciting and challenging times ahead! Especially with the beginning of Run 3!
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