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LHCb detector Run 1 + 2

General purpose detector in forward region with a special focus on heavy flavour physics

2> Successful operation in Run 1 (2010-2012) and 2 (2015-2018), upgraded for Run 3 (2022-2025)

Vertex Locator(vertex reconstruction) Tracking system(particlereconstruction)
. Impact parameter resolution: « ¢(Tracking) ~96%
20 pm *  Op/p ~0.5%-1%(5-200 GeV)
. Decay time resolution& / / «  o(mg_npp) ® 22 MeV N

45 fs (tg~1.5ps) °

Sm

RICH: particle ID 5m 10m 15m 20m z
* &K = K) ~95% Muon system
* Mis-ID: g(mt = K) ~5% Magnet » ulD: e(u - p) ~97%

*  Bending power: 4 Tm * Mis-IDz e(m — p) ~1-3%
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Luminosity and data

Successful operation in Run 1 and Run 2

Annual data-taking efficiency above 90 %

Various collision systems:

> pp, p-Pb, Pb-Pb, SMOG (fixed target-like)

Recorded substantial amount of data
> Run 1l;~3fb!
> Run 2:~6 fb?

Largest recorded sample of charmed hadrons

> o(pp->ccX,7TeV)~14mb
> o(pp ->ccX, 13 TeV) ~2.4mb

LHCDb is the most efficient for charged decay modes and

decays with muons

Increasing amount of studies involving neutral particles

such as m° and gamma

Charm physics at LHCb
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% Production modes and asymmetries

2> LHCb has an access to both promptly produced charm and secondary production from b-decays
> Prompt production: higher signal yield, lower purity

> From-b production: lower signal yield, better discriminating of combinatorial background

. V /
primary / secondary K
decays Py decays
M - _—ﬁ
-, ’B’,— %x

2,
p P p -

2> Due to the nature of LHC as pp collider, particles and antiparticles are not produced equally
> Must be treated accordingly in order not to bias any CPV observables
> Using a known values, extracting via suitable control channel, ...

2> Detection asymmetries

> Different interaction cross-section between the detector material and particles / antiparticles
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Charm physics at LHCDb

2> Very broad physics programme in Charm sector, can be divided into three main categories:
> CPV studies
> Production measurements

> Rare decays
»  Predominantly focusing on charmed mesons, however number of analyses with baryons is increasing
> All results available at

2> Due to a limited time this talk will focus only on selected set of some (very) recent results

» Selected CPV results: 2>  Selected production measurements:
> Search for CP violation in Dg)* -> KK*K* decays > Observation of new Q.° states decaying to the
[2303.04062] =K final state [2302.04733]
> Measurement of the time-integrated CP > Proposed naming convention for exotic states
asymmetry in D°-> K'K* decays [2209.03179] [2206.15233v1]

» Selected rare charm decays:

> Search for D*(2007)° -> p*Ww in B--> 1w
[2304.01981]

> Search for rare decays of D° mesons into two
muons [2212.11203]
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http://cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_all.html

CP violation studies

2023/04/09 Charm physics at LHCb



% Search for CP violation in D" -> K'K*K* decays arxiv: 2303.04062

» Search for a direct CP violation using 2016-2018 data based on model-independent binned method
2> First search for CP violation in DCS D* -> K'K*K* and CS Ds* -> K'K*K* at LHCb
2> 0.97 million and 1.27 million promptly produced Ds* and D* decays, respectively

» Dalitz plot of D)* and D) are compared in bins and significance of difference between D)* and D) is
computed
NYD{)) — aN' (D) S NY(DE)

s .
with o =
(3

. : L s } v 7
Two schemes: 21 and 50 bins; significance calculated as: s \/a% o P = N D)

2>  Obtained results show no CP violation for both binning schemes

o 22 5 a e g 22 —— 5 &
:?u [ VJD VJL) % [ :,Jb
8 I 4 o I +
% 20 3 5 2 3
b r S 8
L 2 i 2
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»>  First analysis in a series of studies focusing on three-body D *decays
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% Time-integrated CP asymmetry in D° -> K'K* decays  axv 220008170

» Based on 2016-2018 data, D° tagged from the promptly produced D**

2> Time-integrated CP asymmetry is defined as: f= KKt/
[dtet) [D(D° = f)(t) =T(D" = f)(t)] o (t>f AV

[are(t) [(D" = i)+ 100 = o] ~ T,

2> Complex method to cancel experimental asymmetries applied, depending on set of CF modes

Acp(f) =

> Cp. procedure (used in Run 1) uses D** -> D°(-> KmtY)mt* , D* - KTttt D*-> Kot
> Cps+ procedure (new for Run 2) uses D** -> D°(-> K-Tt")1t*, Ds* -> @(-> K'KH1*, Ds* -> K° K*
+ . ACP(K_K+)

AK KT — A(K 7)) + A(K ntnt) — A(K7nT) + A(K?),
AKKT) — A(K 7% + A(on™) — A(K°K™) + A(KY).

K 7%) ~ Ap(D*") — Ap(K™) + Ap(z™) + AD(T(';;g),
+7T+) ~ Ap(D") — Ap(K™) + Ap(m]") + Ap(my),
) = Ap(DT) + A(K?) + Ap(r),
¢r ") ~ Ap(D]) + Ap(7™),
) =~ Ap(DY) —i—A([?O) + Ap(K™).
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Time-integrated CP asymmetry in D° -> K"K* decays

arXiv: 2209.03179

> Invariant mass plots
> Modes used in Cp: method (left) and Cos: method (right)
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Decay mode Signal yield [109] Red. factor
2> Reduction factors correspond to the statistical power of each Cpr  Cpr  Cpr Cpp
data sample after weighting D° - K-K* 37 37 075 0.75
DY — K—7t 58 56 0.35 0.75
I i 1 + — ot
» Large reduction in case of different phase space between Dt — K n'n 188 0.25
i Dt — Ko+ 6 0.25
various decay modes
Df — ¢r 43 0.55
Dt — KK+ 5 0.70
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Time-integrated CP asymmetry in D° -> K'K* decays  axv 220008170

»  Systematic uncertainties well under the
control and below statistic uncertainty

3 Dgta
BmmD - KK'
D' - K mtn®
D’ = Ketv,
------ D' - Kt
—-Df 5 K K'nt
— KK'X
----- Comb. bkg.

)
I
.
: s
@
O“ —

2> Dominated by the fit model and kinematic
weighting procedure

2>  Fit model evaluated by generating
pseudoexperiments according to the baseline
fit models (Johnson S, + Gaussian) and fitting
alternative models to those samples

-
P

------------------
..................

Candidates per 0.91 MeV/c?
=

10* T :
»>  Asymmetry due to neutral kaon evaluated by SRR T
a separate sample decaying outside VELO 1800 1900 2000
m(K"K") [MeV/c?]
& o ‘ ]
l 2 I —e— Data ]
% 1; 2_17{(;;1 ___Pretdicﬁon é Source Cp+ [107%]  Cps [107%]  Corr.
& 0 oo oo Prediction with perturbation | Fit model L1 1.0 0.05
l% e Peaking backgrounds 0.3 0.4 0.74
—1F ]
I=.=|='==a=.:.=::‘=i Secondary decays 0.6 0.3 —
-2 2 —.?FEE={= E Kinematic weighting 0.8 0.4 —
-3 e E Neutral kaon asymmetry 0.6 1.3 1.00
—42— | | _'—I — Charged kaon asymmetry — 1.0 -
0 1 2 3
t17, Total 1.6 2.0 0.28
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Time-integrated CP asymmetry in D° -> K"K* decays

-+ QObtained results:

+ ACP(K_K+)

[13.6 + 8.8 (stat) £+ 1.6 (sy
Cp+ i Acp(K~K™) =[ 2.8 £6.7 (stat) = 2.0 (sy

st)] x 107*
st)] x 1074

Acp(K~K*) = [6.8 £ 5.4 (stat) £ 1.6 (syst)] x 10
: o LHCb combi 87 b en
~ k - = combination, LHCb _
s 0.006 - z:xm2 LHCb combination, 3.0 fb! : R
0.004 } + Nodirect CPV ‘_I ........... _} {
0.002 |- i PE
0 : - ke I‘;_!:‘—- - :
0002 7 T =
[ T ] N
—0.004 contours hold 68% 95% CL _:
NI B L
—0.004 —0.002 0 0.002 0.004 N
d
aK7K+
Charm physics at LHCb
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Tt I
E791
e FOCUS
— CLEO
-- —F l Belle
-- —*— BaBar
¥ e CDF
— LHCb 3 b
N = LHCb 5.7 fb!
é P 4K 107
| I |Ii PR R RN NN T S T S NS S
-5 0 5 10

A p(KKY) [1077]

When combined with previous LHCb
measurements of AAce:

a% oy =( 77£57) x 1074
ad_ _, =(23.2+6.1) x 1074
platy.al)=0.88

Which is the first evidence for CPV in a single
charm-meson decay as 3.80

Additionally this implies U-spin symmetry
violation at level of 2.70

arXiv: 2209.03179
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Rare decays

Charm physics at LHCb
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Search for D*(2007)° -> p*y in B -> tu*y decays

arXiv: 2304.01981

> Decays of B mesons don’t have to be used only for the tagging D**/D° mesons but can be utilized in
searches for rare decays of D mesons as well

>V ->u*u decays probe same operators as pseudo-scalar decays, but not helicity suppressed

~>  Predicted BR 107%°, expected LHCb sensitivity with a full data-set: 108

» Using B-->J/YK- as the control channel resulting Branching fraction can be computed as:

2023/04/09

> Not possible to observe but still can rule out several BSM models

EJWK -

B(B™— JWK™)

N pxo.—
B(D*O flﬁ/i_) I
NJ/q,z;K— ED+Or-

x10° x10°

B(B~— Dx)

B(Jp— )

%]
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Charm physics at LHCb
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Search for D*(2007)° -> p*y in B -> tu*y decays

arXiv: 2304.01981

Signal fit to B- -> D*° (u*u) 1t is performed as 2D unbinned fit to the m(u*y?) and m(rtp*y) distributions

Four components included: signal B- -> D*°rt, non-resonant B- -> p*u1t decays, misidentified

B- -> py*u'K- decays and combinatorial background.
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> Upper limitsetas: B(D** — utp™) < 2.6(3.4) x 107° at 90 (95)% CL
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% Search for rare decays of D° mesons into two muonNs  aniv: 2212.11202

> FCNC c -> ull transition, mediated through a short-distance, BF ~ 1018, a long-distance, BF < 1013,
contributions

-+ Possible enhancements from BSM models

2> Previous LHCb results based on Run 1 data: B(D?-> p*u) < 7.6 x 1072 at 95% CL

2> New analysis based on full Run 1 + Run 2 dataset

N _ _
> D9-> Kt and Tt used as a control channel  B(D— ptp) = —22wtes  Ehh o B(DO 5 hthT) = alNpisp e
NDU—>h+h— Eptp—
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Search for rare decays of D° mesons into two muons

- Final fit to the data:

o s0p T
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> Upper limitsetas B(D"— ptp) < 3.1(3.5) x 107 at 90 (95)% CL
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Spectroscopy

Charm physics at LHCb
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E ﬁﬁ@ Observation of new Q.° states decaying to the =.*K~ final

->

2023/04/09

arXiv: 2302.04733

State
In 2017 LHCDb studied =c*K~ spectrum up to 3450 MeV using 3.3 fb! of data [PRL 118 (2017) 182001]

S P | . % 800
< 400 - S I
= S
N ~ 600
g 300 g .
] i 3+
=R o [
= 200l E 400
@) i @) i
100] 20014
ol f
3000 3100 3200 3300 0

(=K ) [MeV] 3000 3100 3200 3300 3400
m(=.K*%) [MeV]
Five new Q.° states observed:
> Qc(3000)°, Q(3050)°, Q:(3066)° Q:(3090)°, Q(3119)°
> Hint on another broad structure around 3200 and 3300 MeV

Charm physics at LHCb 18



E ﬁﬁ@ Observation of new Q.° states decaying to the =.*K~ final

->

->

2023/04/09

State

New states can be described by heavy quark effective theory

However large difference in predictions for masses and quantum numbers diverges in different
models

> lattice quantum chromodynamics predicts invariant-mass spectrum with D or F—wave excited
states [PRL 119 042001]

> baryon-meson molecular (quasi-bound) states interpretation for Q,(3050)° and Q.(3090)° [PRD
97 (2018) 094035 , EPJ. A54 (2018) 64, Few Body Syst. 61 (2020) 34]

> interpretation as pentaquark states [PRD96 (2017) 034012, CTP 73 (2021) 035201]

New study is based on a full LHCb data-set of 9 fb*

Data are split into two samples contained previously analysed data (3.3 fb') and newly added 2016-
2018 data (5.7 fb?)

> Higher instantaneous luminosity and improved trigger result into five times large data set

> Dedicated selection and BDT training per sample
BDT trained with a special focus not to favour any particular excited state

Q:(X)° candidates are described by S-wave relativistic Breit-Wigner functions convolved with a
Gaussian resolution function

Charm physics at LHCb

arXiv: 2302.04733
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arXiv: 2302.04733

State

> In total 7 states are reported, including two new states Q.(3185)° and Q.(3327)°

E ﬁﬁé Observation of new Q.° states decaying to the =.*K~ final

» Several checks performed to confirm the existence of new states:

> Splitting data into subsamples based on data-taking conditions, charge combination (=K
or =-K*) and different kinematic regions of pT(K") and pT(=")

02,3065 = EH(—EPK™  menee- 02,3000 — E'K- —F— Data
B 2,(3090)° — EH(—=E YK =emens 02,3050 —> E'K- = == Combinatorial background
2,3119)° > EHEYK™  ====n- 2.3065° — E'K- Total fit
Bl 2.(3185° - EFK™ eeee- 2.3090) - =
B 2.(3327)° > EXK- eeeees 2.3119° - &
o ><'10|3' LI T T T 14
> >
Q (D]
S S 12
NS 2 10
S~ ~ L
75] (75]
) o 8
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= = !
= S 6
E ER
< < 4
@) @)
2
1 0 i

3100 3200 3300 3400 3500 3000 3100 3200 3300 3400 3500
m(E;K") [MeV] m(E;K") [MeV]
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Proposed naming convention for exotic states

A new exotic hadron naming convention proposed: 2206.15233v1

>

>

EN

T states

zero net S, C, B

arXiv: 2206.15233v1

non-zero net S, C, B

T states

(P) I=0 I=1 1

n

=
0

L 3 |

1

(PG) I=0 I=1
Following properties: B E
T for tetraquark, P for pentaquark Eiij b
superscript: based on existing symbols, to indicate isospin, parity and G-parity
subscript: heavy quark content —
. . 4
Minimal quark Current name 1@ gre) Proposed name Reference
content
ce X (3872) 19 =0T, JPY = 17F Ye1(3872) 24, 25]

ccud Z.(3900)* ¢ =1t JP =1* T5,(3900)* [26-28]

ceud X (4100)* I =1- T, (4100) " [29]

ceud Z.(4430)* I¢ =1+, JF =1+ T}, (4430)* 30,31]

cc(ss) Xe1(4140) 1€ =0T, JPC = 1++ Xe1(4140) [32-35]

ccus Z.(4000)* [=1 JF=1" T5,1(4000)* [7]

ccus Z.5(4220)* I=1Jr=1 Tye1(4220) [7]

cect X (6900) I1¢ =0, JPO =77+ Ty, (6900) [4]

cstid X,(2900) JP =0t T..50(2900)° [5,6]

csud X1(2900) JP =1- T.s1(2900)° [5,6]

ccud T..(3875)F T..(3875)F 8,9]

bbud Zy(10610)t 19 =1% JF =17 7%, (10610)* [36]

ceuud P.(4312)* I=1 P} (4312)* 3]

ceuds P, (4459)° I=0 P, (4459)° [20]

Charm physics at LHCb
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Start of LHCb Run 3

Charm physics at LHCb
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CERN-LHCC-2012-007 /

Prospects for LHCb Run 3 LHCb-TDR-12
»  Claimed prospects for LHCb Run 3
Type Observable Current LHCDH Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 28, (BY = I/ 6) 0.10 [0 0.025 0.008 ~0.003
28, (B" — Jj fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Aw(BY) 6.4% 1073 [15]  0.6x107% 02x107° 0.03x 107
Gluonic 20M(BY — ¢¢) - 0.17 0.03 0.02
penguin 26(BY — K K*0) 0.13 0.02 < 0.02
26°F(BY — pK2) 0.17 [15] 0.30 0.05 0.02
Right-handed 28T (BY — ¢) 0.09 0.02 < 0.01
currents 70(BY — ¢7)/7po — 5% 1% 0.2%
Electroweak  S3(B° — Kty 1 < ¢° < 6 GeVZ/cl) 0.08 [1] 0.025 0.008 0.02
penguin so Apg(BY — K*%u*tp™) 25 % [14] 6 % 2% 7%
AKptpm:1 < @2 < 6 GVt 0.25 [17] 0.08 0.025 ~ 0.02
BBt = ntutp)/B(BT - K utu™) 25 % [10] 8 % 2.5% ~ 10%
Higgs BBY > ui) 15x10°2] 05x10° 015x10° 03x107
penguin B(B® — putp™)/B(BY — pt ) — ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DWK®M) ~ 10-12° [19, 20] 4° 0.9° negligible
triangle v (B? - D,K) — 11° 2.0° negligible
angles B (B — J/y K2) 0.8° [13] 0.6° 0.2° negligible
Charm Ar 23x 107 [15] 040x 107 0.07 x 107 -
CP violation Adep 21x10%[5]  0.65x10% 0.12 x 1073 -
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Start (_)f LHCb Run 3 LHCb-FIGURE-2023-002

> First data of the upgraded LHCb already > LHCD Preliminary
recorded in 2022 = Run 3 Data
F —F— Run 254869
2> New tracker detectors and upgraded S 23nb” =01
electronic of remaining detectors 3 no PID selection
Full model
. . . e oy a00E= o r. VY T s 0 S
2> Fully software trigger is especially beneficial 2 *be]:f
for hadronic decays and allows to record om- e
larger statistics while keeping efficiency
similar to Run 2 : ,
1800 1850 1900 - 1950
» LHCb is getting ready for a nominal Run 3 M, (K'") (MeV)
data taking
2 NE LHCDb Preliminary 2 700 LHCDb Preliminary
E 80 ;— Run 3 Data E 600 Run 3 Data
S [ —F— Run 254869 g —F— Run 254869
g 2 23nb™" p=0.1 < 500 23nb? pu=0.1
T 60F g . .
T FE with PID selection 5 400 with PID selection
5 F Full model Full model
T A T (RPPRe D010y - D% S00fF & A ] e D° - Kr*
30 3 Comb. bkg. 200 Comb. bkg.
20
3 100
10 3
14-0 1;15 } 150 155 160 1800 18I50 19100 1950
M, (K''ng,,) — M, (K1) (MeV) M, (K'n") (MeV)
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Thank you for the attention
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Spare slides
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% Time-integrated CP asymmetry in D° -> K-K* decays

» Based on 2016-2018 data, tagged from promptly produced D*

2> Time-integrated CP asymmetry is defined as:

Jdte(®) [P(D° = N)(t) = (D° = f)(¢)] <t>f
[dte(t) (D" = f)(t) + [(D" = f)(t)]waf w

2> Complex method to cancel experimental asymmetries applied, depending on set of CF modes

f=K KV/n~n™

Acp(f) =

e(t)[F(D°—>f)(z:) r(DO-f)(®)]ac <t>f
Acp(f) = [ e@®[T(DO=F)()+T(DO-F)(t)]dt af +

* €(t) is the time-dependent reconstruction efficiency
H‘ 1)

¢ <t>is the average acceptance-dependent decay time of the D° mesons in the reconstructed sample

AY;

Tpo

* AY; isrelated to charm mixing and related CPV parameters ~ x¢ — y(

2023/04/09 Charm physics at LHCb 27
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[(D - f)=T(D - f)
LD - f)+ (D = f)

Ap(D — f) =

. Direct (P violation when |Af|2 #* |Zf|2 4 (D% i \ (D)
i 170(0) ] (M_Er) (500))
» For oscillating neutral mesons, mass eigenstates | D, ,) = p | DY) + g | DY)
» (P violation in mixing when | g/p| # 1

» (P violation in decay-mixing interference when qbf = arg[(qu)/(pAf)] # 0

Phenomenological parametrisation Theoretical parametrisation
_ _ 2|M r M
XEZ(ml mz)’ yEF2 Fl’ q _q Xp = | 1z|, Vip = 11151 , ¢1253rg(—12)
r+T, r+0, p I +15 I +15 [
2 2 _ 2 2
r —Y = T3 — Y2, PRL 103§ 009) 071602
PRD 80 (2009) 076008
TY = T12Y12 COS P12, PRD 103 2021 053008
+2
‘1% (2% + 9?) = 22y + y2y £ 221212 5in P12

2023/04/09 Charm physics at LHCb 728
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Search for D*(2007)° -> p*y in B -> tu*y decays

% nE }:":' ii— (I)‘fI;,Cb ° Dua Parameter Value .
Z 10 = o om T B(B™— JWK™) (10.20+0.19) x 1074
z 8 g 10 B o Kww 4 B(B-— D7) (4.90£0.17) x 107
o 6 E 8 ----- ombinatoria =
5 2 B(Jhp— ptp)  (59.614+0.33) x 1073
% 2 l : g ; € Jppic— € Dron- 1.2140.03
] E 5 of E N s - (2316 £ 8) x 10°
_%900‘ II &950I — 5000‘ II éOSOI — élOO _ZSZOOI I I5400I I I5600I I ISSOOI I I6000
m(ptur) [MeV/e?) m(m ) [MeV/c?]
;:6000 E LHCb | E Component Yield
2 - 9fb
Essoo:— J gm”— B~ — D*O(u+u_)7r_ —2+3
éi : 3 — - 4, —
S0k - IR 1 & | 9fh ! _ - — -
RO Lt ) ot B™— K pp 17+8
5200 —‘“ e N A e 10 o e Combinatorial bkg. 90+ 13
S N B P T PR B B 1x10-7
1900 1950 2000 2050 2100 0 ] 5
m(ut ) [MeV/e?] Measured B(D*" — putu™)
B(D* — utp) < 2.6(3.4) x 107% at 90 (95)% CL
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E ﬁﬁé Observation of new Q.° states decaying to the =.*K~ final

->

->

2023/04/09

State
New study is based on a full LHCb data-set of 9 fb

Data are split into two samples contained previously analysed data (3.3 fb!) and newly added 2016-
2018 data (5.7 fb?)

> Higher instantaneous luminosity and improved result result into five times large data set

> Dedicated selection and BDT for both samples
BDT trained with a special focus not to favour any particular excited state

To improve the mass resolution, the variable m(=.*K") is defined as the difference between the
invariant mass of the Q(X)° and =.* candidates

Q:(X)° candidates are described S-wave relativistic Breit—Wigner functions convolved with a Gaussian

Resonance m (MeV) [' (MeV)
2:(3000)°  3000.44 £ 0.07 *397 4+ 0.23 3.8340.23 F59
2.(3050)°  3050.18 4 0.04 995 + 0.23 0.6740.17 T4

< 1.8MeV,95% C.L.
2.(3065)°  3065.63 & 0.06 t395 + .23 3.7940.20 1238
2:(3090)°  3090.16 & 0.11 39 + 0.23 8.48 4 0.44 961
2.(3119)°  3118.98 4+ 0.12 *395 +0.23 0.60 & 0.63 9-5°

< 2.5MeV,95% C.L.
2.(3185)°  3185.14+ 1.7 775+ 0.2 50 + 7 T30
2.(3327)°  3327.14+1.2 103 4+0.2 20+ 5 1?

Charm physics at LHCb 30
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Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™')  uncertainty
BY mixing 38, (B" = Jjib 9) 0.10 0] 0.025 0.008 ~0.003
28, (B® — Jh fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Ap(B°) 6.4x10% 18] 0.6x10°  0.2x107° 0.03x 1073
Gluonic 2BT(BY — ¢¢) - 0.17 0.03 0.02
penguin 261(BY — K*0K*0) 0.13 0.02 < 0.02
28°T(B° — ¢K?2) 0.17 [15] 0.30 0.05 0.02
Right-handed 2BT(BY — ¢) 0.09 0.02 < 0.01
currents T8 (BY = ¢7)/7po — 5% 1% 0.2%
Electroweak  S3(B° — KOt 31 < ¢ < 6 GevZ/cl) 0.08 [1] 0.025 0.008 0.02
penguin so App(B° — K*u*pu™) 25 % [14] 6 % 2% 7%
AKptp: 1 < ¢ < 6GeV?/ch) 0.25 17 0.08 0.025 ~ 0.02
B(Bt - ntptu~)/B(BY — Ktutp™) 25 % [106] 8 % 2.5% ~ 10 %
Miges B(BY = ) 15x10°] 05x10° 015x10° 03x10"
penguin B(B® — utp™)/B(B? — utu) - ~ 100 % ~ 35% ~ 5%
Unitarity vy (B — DY K®M) ~ 10-12° [19, 20] 4° 0.9° negligible
triangle v (B = D,K) — 11° 2.0° negligible
angles 6 (B — J/Y KY) 0.8° [18] 0.6° 0.2° negligible
Charm Ar 23x 10 [15] 040x 107 0.07 x 1073 -
CP violation AAcp 21x10% 5] 0.65x107% 0.12x 107 -

2023/04/09
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% Trigger strategies

2 Luminosity of 2x10% cm2s?, Vs = 13.6 TeV, visible collisions per bunch p ~5

> Almost all events will produce heavy quarks (b, ¢)

2 Hard constrains: Bandwidth [GB/s] = Accept Rate [kHz] x Event size [KB]

LHCb Run 3
5.00E+07 A

_ Multi-MB events,
Multi-MHz Tbit bandwidth

"h? 5.00E+06 t . t
G rigger rate ATLAS HL
-
o LHCb CMS HL
= 5.00E+05
g CMS
s Ktev HERA-B / ALICE run 3
Sh 5.00E+04
=)
= Kloe CDF 11/ Dzero 11
M 500E+03 BaBar
3 CDF / Dzero
en ALICE
5-00E+02 H1/ZEUS —
VAL Nay Petabyte storage
9
5.00E+01
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05
Event Size (kB)
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https://indico.cern.ch/event/1109611/timetable/?view=standard#745-trigger-upgrades-at-lhc-ex

% Prospects for LHCb Run 3

2 Luminosity of 2x10% cm2s?, Vs = 13.6 TeV, visible collisions per bunch p ~5

> New tracker detectors, upgraded electronics, fully software trigger, ...

» A new detector at LHC

Side View ECAL HCAL

M

SciFi RICH2
Tracker

upgrade

2023/04/09
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LHCb Upgrade |

2> Real-Time Analysis — efficient decision about data in the full online mode
2> Keeping only a signal and suppress any unnecessary information about event

» Continuous readout, full software trigger at visible collision rate of 30 MHz

= e Sl LS
LHC bunch crossing (30MHz)

40 Tb/s DETECTOR READOUT

PARTIAL RECONSTRUCTION (HLT1)

REAL-TIME ALIGNMENT &
1-2 Tb/s CALIBRATION

FULL RECONSTRUCTION (HLT2)

80 Gb/s

68% TURBO &

real-time analysis User analysis

Offline reconstruction and

6% CALIB associated processing

2023/04/09 Charm physics at LHCb
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VELO incident

The VELO detector is installed in a secondary vacuum inside the LHC primary vacuum. The
primary and secondary volumes are separated by two thin walled (180 pm) Aluminium boxes, the
RF foils. The LHC vacuum control system protects against pressure differentials, both during
vacuum operation and during technical stops, when all volumes are sometimes filled with Neon.

-

On 10th January 2023, during a VELO warm up in Neon, there was a loss of control of the
protection system. A relay failed and damaged a power supply, leading to multiple equipment
failures and a pumping action on the primary volume. The safety valve didn’t open at the
designed AP = 10 mbar, and a pressure differential of 200 mbar built up between the two
volumes, whereas the foils are designed to withstand 10 mbar only.

The system has been returned to a safe situation and VELO modules are not damaged and
operational:

- correct leakage current measured in silicon sensors
« silicon microchannels show no leaks

Charm physics at LHCb 37
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Visualisation through viewing port

VELO incident

The deformation of the RF foil has been simulated, and the results have been benchmarked
against measurements on a 1/2 scale prototype box.

AP cycle: 0 mbar— 200 mbar — 0 mbar

Residual deformation [mm] in simulation after I "

FEA simulation (COMSOL) ‘ Benchmarking simulation/measurement

« Plastic deformation of the foils of up to 14 mm expected
« to be validated with tomography with beam
- detector and vacua brought back to a safe state (ihanks o the LHC vacuum group for their crucial help
- commissioning of VELO and other subdetectors can continue
- VELO cannot be fully closed
- foil needs to be replaced in next YETS (~13 weeks intervention)

Physics programme in 2023 will be significantly affected: lower acceptance; slightly worse IP
resolution, similar to Run 2; lower integrated luminosity — targeting ~1 fb-

« could still provide world-best measurements in some areas thanks to the new flexible
software-only high-bandwidth trigger

A\SISICINNNY Pllydl\_a uaL Lrairuuv 38
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