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« LHCDb was originally designed for CP violation and rare beauty & charm decays

 But now it is a general purpose detector: exotic spectroscopy, EW precision
physics, heavy ions, fixed target program...
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MNew Tracking siations + trigger-less readout & sw trigger on GFPUs

LHCD is a spectrometer in the forward direction (2<n<5)

Excellent vertexing, tracking and particle identification
Low trigger threshold on hadrons, muons and photons
Production of all types of b and ¢ hadrons
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Unitarity Triangle Measurements

« The CKM matrix describes the quark charged current weak interactions

Vua  Vus  Vup Vil Vs |Vuple
Vekm = Vea Ves  Veb |~ —IVeal |Ves| Vep|
Vid Vis Vib Vigle 8B —|VisletPs Vipl
Im

* The unitarity of this matrix leads to
VS Vua + Vi Vea + ViVia = 0

It can be visualized as a triangle in the complex plane

* The key test of the SM is the check of the unitarity T addaa ] ‘i 4 GAABRRE
of the CKM matrix ol

* Magnitudes:

Yl ﬂ-ﬂ'lu

|8 Er[ : n ..

* measure branching fractions or mixing frequencies = w-_ r}\ o]
 Phases: | T~

 measure the CP violating asymmetries
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[arXiv:2308.01468]

« B decays to CP eigenstates allow to probe the mixing phase Bs =¢s/2 through the
interference between decays with and without mixing with a c-c resonance in the final

state. @5 = —0.039 + 0.022 + 0.006 rad
|| = 1.001 + 0.011 + 0.005

BY% — J/wK*K channel,in the vicinity of $(1020) resonance I, — Iy = 0.005653 0512 + 0.0014 ps~?

with the full Run 2 dataset. Al = 00845 £ 0.0044 £ 0.0024 ps ™

To extract ¢s, CP even and CP-odd decay amplitude need |
to be disentangled — o1af
A weighted simultaneous fit to decay time distribution

I DO & Th
E8%
(A kog L = 1.15)

COREDUrs

-

and decays angles (cos0Ok, cos6,, ¢n) in the helicity basis is T, ':'u‘-,

CHS 116.1 th
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T -
: e ¥ 53 o 0.1 03
P 1rad]
e B - * Most precise measurement to date
g - ; LHCh Run 2,611 and consistent with SM
PR 1 i TR N . . .
i M,; - * |A|: consistent with no direct CPV
BT weme AT g SRR 5 « I's- I'q: consistent with HQE
i AT S = expectation
o e O B s e T W e [JHEP12 (2017) 068]
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Measurement of ATs in B -J/yno‘nm and B° -J/wn’

 The decay-width difference between the light and heavy mass eigenstates
 AIs can be determined from the decay-width difference between a CP-odd and a CP-even B°% mode.
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Measurement of sin(2p3)

B decays to CP eigenstates allow to probe the mixing phase B through the interference
between decays with and without mixing

i < TP )~ T ) 3 ), SeinfAmgl) —~Covs(Amg)
where T T(BOt)— f) + T(BYt) > f)  cosh(3ATat) + Aarsinh(ATqt)
S =sin(28 + A¢g + Adg )

Decay channels: B%— J/y(= ntp)K%, B%— y(2s)(—= ntpn)K%, B%— J/y(— e*e’)K% with K%—

P(t,d,m) 1 +]pgum +1 ]PED{I}
Pgogoy(t) o {“1 ?@in[ﬂmdr’] i‘@ﬂs{ﬂwrdt']]} ®
R - D

£ {r.j_r'

Simultaneous fit of all channels
Combination run2 and runl data

G B A T, =T T e e | Sy =0.726 £ 0.014 (stat+syst)
2 % osf £ Chu 4 =0.010 4 0.012 (stat+syst)
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CKM vy angle

« vy is the phase difference between b—c and b—u quark transition
- measurable in purely tree level o indirectly
- have negligible theoretical uncertainty as hadronic parameters determined in data
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« LHCb combination:
» simultaneous fit of y and D° mixing parameters

v = (63.8t35)°  [JHEP 12(2021)141]
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y angle ICk

» It is typically measured in B decays such as B* - Dh* (where D= D? D°and h=K, m)

=51 2 2ol N o
. L s cos(dg —
* Measurement technique depends on D-decay mode |A(B™)I" o Ap + 72Ap + 2ApAprgeos(Sp — ¥)

JA(B*)I? oc AL + r AL + 24pApT yeos(dy +7)

 B* - D'K* (full reconstructed)[LHCb-PAPER-2023-012]
* B* - D'K* (partially reconstructed)[LHCb-PAPER-023-029]
with D - K% h+h-

« LHCb y measurements with multibody D decays : .

. . . + f’;‘-‘“ﬂ_‘* n'fy
« The measurements are performed by analyzing the signal yields _J_B_ ___--L\_*
variation across the D decay phase space ®- h*
* They are independent of any amplitude model
* direct measurement of strong phase between D and D from BESIII and CLEO
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ACHEP Anna Lupato 10




y angle

* Gain complementary info from B° - DK*(892)°. T Bamee . o
* interference 3 times larger that for B* - Dh* ;. 0d e “ — Toml
f . - —_ .E"" -J.'.Ih'l
« B? - DK*(892)°with D -» K% h*h- [LHCb-PAPER-2023-009] = o0 = F‘;j:’f
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« B? - DK"(892)°with the ADS and GLW D-decays finale states
[LHCb-CONF-2023-003]

{ - Fit to selected data through a simultaneous unbinned extended

maximum-likelihood fit of the B° candidate reconstructed mass

- or each flavour of each D final state

* Results from D — K% h*h broke the degeneracy
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« Measurement of CP asymmetry in B° —-D_K*[LHCb-CONF-2023-004]
- With D> K*n*m, D> KK*m, D > oK'
 Time dependent measurement of y
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 Significant CP violation in the interference
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First charm CPYV in a single channel

The time integrated CP asymmetry in the Cabibbo suppressed decay

D° - K*K’

[Phys. Rev. Lett. 131 (2023) 091802]

'\.I_III

CPV in charm small O(10+#) — sensitive to NP
CPV in charm observed in time integrated difference
of CP asymmetries:

* The first measurement of CPV in the charm system (5.30)
[Phys. Rev. Lett. 122 (2019) 211803]
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Measurement of the W boson mass

Complementary to Atlas and CMS
2016 dataset

Simultaneous fit to muon p, from W-pp and ¢* of
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~ cosh(An/2) M

{ &

Determination of the charge dependent curvature
biases and momentum scaling

Offline reprocessing of the alignment with Z decays
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Hadron states

11000 L 1
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[arXiv:2206.15233]

» Tetraquark and pentaquark: Tightly bounded states? Hadronic molecules?
» Nature of exotic states still unclear

ACHEP
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Doubly charged tetraquark

» First observation of isospin triplet 4-states in Dt spectrum

Combined amplitude analysis for B°= D°D¢*r and B°— D' D¢t

m(Ds*mm) well described by adding tetraquark states T2, (2900)° T30 (2900)**

M = 2908 = 0.011 £ 0.020 GeV
' = 0.136 = 0.023 = 0.011 GeV

Significance: > 90
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Be—-ptp and D> prr

T F

0 — 0.46 4+ 0.15 -9 -
B(B, = pp~) = (3.09T5557017) x 10 %m;
« Bs’> p*p~ found with significance >10 sigma = ]5:
* no evidence yet for B’ ptu~ (1.7 sigma ) % 10
[Phys. Rev. D105 (2022) 012010 ] -

O

S o S
) —DF i E

= 0F :;m - g4« D= ptu- : unique probe of up-type quark FCNC

HomE TS Faka 3

= 0§ 4 * Using D"- Do+

g xf Jer ] E

E mé—‘i&’% J'#{-HHI”' J 4 }ﬂk } 4 < Normalization channel: D°~hh* (K,m)
nﬁ._____i% _..ﬂJﬁﬁfﬂ.Jﬂ’c}.Jﬁiﬁ e Simultaneous fit to m(p*u~) and m(D") - m(D?)

5 * Most stringent limit of FCNC in charm sector

1 B(D’— ptum) <2.94(3.25) x 107 at 90 (95)% CL
ﬁﬂﬁ [Phys. Rev. Lett. 131 (2023) 041804]

Candidates / ( 0.114 MeV/c? )

150
A m[MeV/c]
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[Phys. Rev. Lett. 131 (2023) 151801]
« The flavour changing neutral-current (FCNC) transition b — sl*l~ proceeds through
electroweak loop diagrams in the SM

» a sizeable contribution could be introduced by BSM physics
LHCDb has a unique access to all b hadron species

* Apbaryon: spin Y2 - complementary to B

Measurement of Branching fraction of A, - A(1520) (- pK)p -
* bins of squared dimuon mass (?

2 ' i T
dB(A) — A(1520)ptp) ] o 1 B(A) = pK~=J/{Y)B(Jy — p* ™) Nagseoyutu-  Epk-J/w
d(fz Q‘Enn (qgmx - qﬁlill) B(A(ISQG) — ph’) ‘NFPK_-U#‘ E*'H]?FJ:ZU}I-!-"I-"_

« Extraction of A(1520) from other states by fitting m(pK)

« Large differences with prediction at low and mid g2
* Need better theory understanding of FF
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 LFU: Equal electroweak coupling of gauge bosons to all charged leptons.

LHCbh measurements before Dec 2022
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LFU with semileptonic decays
 LFU in b—clv decays

. TOUVVr . T 3y,
* Simultaneous measurement of ‘D)= [__._rs_{_.l_ﬂr“ + DTty ] ) F{_g{_ 3 D wtewt
o R(DO) and R(D*) with DOP_- and D*+p_' BB Drtrnt) ! B{B"— E TR |
samples (runl) (D"}, measiraci el
" [Phys. Rev. Lett. 131, 111802] * 2015-2016 data
R(D*) = 0.281 £ 0.018 + 0.024 R(D*~) = 0.247 £ 0.015 (stat) =+ 0.015 (syst) + 0.012(ext)

R(D") = 0.441 £ 0.060 + 0.066

correlation p = —0.43 * In agreement with SM within 1o

 In agreement with SM at 1.90 [Phys. Rev. D 108, 012018]

~ 04 e e « Additional sensitivity to NP comes
S A" = 1.0 contours ~ from B — D*lv angular distributions
0.35 [~ . 0 4 b — fist LHCb measurement of
Eaatl . o ™ longitudinal D* polarization,
+ = —_—— ‘ E complementary to R(D*)
T Hedi A . s i LHCH d‘?r qz i o
0.25 -:.. !’”mht ﬁZiL:._ J ! _E d@dcosfy 2,(q") + Goo () cos €p
] e e HO O s, = « In agreement with SM
s D o & sl IR i e [LHCb-PAPER-2023-020]
(3,2 325 3 1,35 (b {145 (L5 [:'E} D)
Tension of 3.30 between average of
| SM it
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Conclusion

Broad physics program at LHCb

Successful Runl and Run2: 3+6 fb!, still many analysis ongoing

Upgrade Phase I: commissioning ongoing

* 10 times more data (20 times more hadronic events)

» Complementarity with Belle

* Synergy between LHCDb, ATLAS and CMS on some important channels

Strong program beyond flavour exploiting unique acceptance

Original Upgrade | L C b Upgrade 11

ILHC
Em Em
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