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LHCb: Large Hadron Collider Beauty Experiment

® Precision measurements of particles containing b and ¢ quarks mainly produced in the forward direction at LHC

® A single-arm forward spectrometer covering the pseudo-rapidity range 2 < n < 5
® Precise vertexing, tracking, particle identification and reconstruction

* Runl
« 1fb™! @ 7 TeV - (2011)
¢ 2fb™! @ 8 TeV - (2012)
* Run2
« 6fb™! @ 13 Tev - (2015 -2018)

Particle Identification
o/K/mPID

LHCb MC
\s =8 TeV

Muon
Calorimeters System

Tracking Stations
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Physics motivation: CKM matrix and Unitarity Conditions

® The rates of the decay processes are parametrized in different ways Unitarity triangle in the (p, 1) complex plane
by CKM matrix elements
(1)

- N (o E .m\
Vud Vus Vuh 2

Vekw = | Ve Vi Vi » 1 +0(2%)
Via Vis Vin
N\ J\l .

® Overconstraint the CKM elements precisely is one of the key goal of
the Flavour Physics

" 4 parameters: A, A, p,7
® 3 angles
" 1 complex phase

® Parameters are obtained and tested
wrt data (rich pheno and large mass range):
Nucleons, K, D, B and top quark physics
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Physics motivation: CKM matrix and Unitarity Conditions

® In order to verify the unitarity of the CKM matrix

" Complex phase y = arg( V“dvtﬁb) which is source of CP violation
cdVch :
can be measured from the processes mediated ( )

® Only angle accessible at Tree-level (direct measurement)

® theoretically clean
" “Standard Candle” of the Standard Model

® Tnterference between b—c and b— u quark transitions

®" Precise measurements of the magnitudes of the CKM matrix
elements : mixing, branching fractions

® Sub-degree level of measurements to be compared with the
CKMfitter global fit to challenge the Standard Model

® Loop-level (indirect measurement) - sensitive to New Physics (NP)
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Physics motivation : Unitarity triangle

® Discrepancy between these will indicate “New Physics”

® Many different channels used to measure the angles and sides of the triangle
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Indirect measurements
(Possible sensitivity to NP)
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http://ckmfitter.in2p3.fr/
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CKMangley in B - D K* withD » K™n*n*m™

® Sensitivity to y determined by the interference between favoured b—c and suppressed b—u quark transitions
in the tree level

" Analysis based on Runl1+Run2 data sample corresponding to an integrated luminosity of 9fb~*1

~interference V x —arg(Vup)

i b U ﬂ
W TR D
d: 5 W- C
B-
E]' » - C d, b1
B- DY TR
(A - U Wwe- - 1
53 I O'()/) X 2
g

03/09/2022 CIPANP 2022 HS-LPC



CKM angle y in B* - D K* with D - K¥nm*m

® This analysis based on the study " Improved sensitivity to the phase y through binning phase
spacein B- - DK ,D-> K'mr—n wn*"” by T. Evans, J. Libby, S. Malde and G. Wilkinson
[ Physics Letters B, 802 (2020) }

® A binning scheme is proposed in the phase space of D - K*n~n~m* to maximise the sensitivity to
CKM angle y (The coherence factor Ry is larger in bins 2 and 3 and less diluted)

x10~"

. - RN 1 . 4F ' ! -

£ - — CF 1 £ - -

5 20 1 & 10 -

: : 6 |- -

10 / - ' :

- _ 4 — -

g ‘ E = -
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5K37r [D] 6K3’ﬂ' [O]

" First use of this approach, based on a four bins choice
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https://arxiv.org/pdf/1909.10196.pdf
https://reader.elsevier.com/reader/sd/pii/S0370269319309104?token=3578ED7BC0AA78A1AD359287F12400D6357D4176D6298700C366B22305CBE9D2971093F80925E6B2519C652EE1661948&originRegion=eu-west-1&originCreation=20220827221601

CKM angle y in B* - D K* with D - K¥nm*m

® The measurement for D » KTntwTnt decay mode in four bins T“H

| |
B~ o I B+ :

of D-decay phase space »

<
%n-.._
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>D decay hadronic parameters from CLEO-C, BESII|
(JHEPOS (2021) 164])

f

+I-—+-I-||-I~'|'+—H-+-J-|;I+-I-I-I-++ bhd B

i+t|++|++— ’r{f H++++++++{I++ n

LHCb 1 LHCb _
9 b1
B~ — DK~ ,Bin 3

B* = DK+, Bin3 -

® One of the most precise measurement by a single charm D
meson decay mode

Candidates/ (10 MeV/c?)

® | arge difference between the invariant mass of charged B™
and B~ hadrons designate CP asymmetry

Jlj'.ijrh-lrjrjr 4+_||1++’r bt 4 d b ﬂ—++—*4+++ +J‘+-t|—Jf ++++ +++= L

LHCb
9fb1
B~ — DK~ Bin 4

B* — DK+ Bin4 -

Largest Ap ~ 85% !

Candidates/ (10 MeV/c?)

dqcp ~ 11%

0 | i'i#*#t TR STRETE I bty gy LH-HJLtH-Jr_*Hj+_+J-_+-H+_-I-_+_I

+
0.2 5.4 5.6 0.8 5.2 5.4 0.6 5.8
mpi- [ GeV/c?] mpx+ | GeV/c?)
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https://link.springer.com/content/pdf/10.1007/JHEP05(2021)164.pdf

CKM angle y in B* - D K* with D - K¥nm*m

" D > KTatatr® decay provides a important contribution to the CKM

_120 | | | ! !
o . . . e e e o+ _.—
< | 1 | B*->DK*| 1HC | angle y combination: (best sensitivity from D — Kgm™m~ [JHEPO2 (2021) 169]
100 - 9™ : 1 9fp™! | .
| oL | ® High branching fraction
| | D I B Absence of neutral pions
80 — [ T % LHCb v combinationl"-_: _
Ny | : | | ™ Confidence intervals for Y vs B-hadronic parameters in the cartesian parameterisation
: - | — (XK, yK) and (xn' YE)
1 Nocpv No CPV ! | ™ B-hadronic parameters: 5 > 2
40 ,_ ] -+ I - rg=x“+y
- L o Y= i 0 i _ - +3.1+0.5+3.0 -3
0.1 -0.05 0 0.0 0.1 0.05 0 0.05 0.1 rg = (94.6751 52 53) X 10
LK UK
120 +6.04+0.7+8.6
il [ ' ' |' | " 6p = (134.62¢070:7757)°
“ | LHCDb
-1 .
100 |- -+ _| _9ﬂé>8(7 . -+ ® The CKM angle y is measured to be
I — sycL
--99.7% C.L. 6.0+0.6+6.7°
80 - : % LHCb ~ combinatiom — (54 8+5 8+O 6+4- 3
60 |- + i\l : . .
il >compat|ble with the measurements from
No CPV "1 No CPV [Eur. Phys. J. C (2021) 81: 226], [JHEP12 (2021) 141]
40 T | y = 0 =
10 5 0 5 10 5 0 5 10 = (65.4135)°
2, [1073] Yr [107°]

® This result will reduce the uncertainty on the CKM angle y combination with
measurements from B and D decays
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https://link.springer.com/content/pdf/10.1007/JHEP02(2021)169.pdf
https://arxiv.org/abs/1909.12524
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8156-7.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf
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Constraints on the CKM y from BT - D(hTh'tr%)ht decays

® h can be either kaon or pion

03/09/2022
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LHCb-PAPER-2021-036

" Analysis based on Runl+Run2 data sample corresponding to an integrated luminosity of 9fb~1
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https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf

Constraints on the CKM ¥ from B¥ — D(hTh'*r%)ht decays

LHCb-PAPER-2021-036

A B candidates BY —» DK™ and BT — D, where charm meson

B R R reconstructed in quasi-GLW and ADS method:

Bl 57— [rTKEr0p KT
B Combinatoric

el ™D 5 gt
B D Kkt _/:hys. Lett. B 740 (2015) 1
" D> Ktp " " R, Coherence factor ~1
]

D —» K n’(suppressed)

LHCb
9fbH—!

v o Kot B Measurement of 11 CP violation observables with world best
precision

B BT — [7TK*a'|prT

Bl B - 7Kl p KT

B BT — [hTh*a ] prT

B Combinatoric

N Part. reco. D

0 Mis-ID low-mass part. reco.
B — DX low-mass part. reco

B Signal yields from each decay modes used in the analysis:

5000 522;571([7_K+7T65]411)5}§)_) [Mev/62?675 5000 522;571([7T+K_7T65]4;5£+) [Mev/c2?675 MOde Yield
BT - [K*K¥aVpr® 4026 £ 77
" First observation of B~ - [t~ K*n’]K~ suppressed mode with a significance B* — ;’ﬂ'“’“ A U]P’”I 14180 & 140
of 7.8 ¢ ! B* — [K*nTn']pr™ 140696 =+ 589
B* — [n*K¥n°pr™ 293 £ 27
BT — :KJ:K:F’}TU]DK: 401 = 29
® Evidence of a large CP asymmetry ! B :,n.::ﬂj—uﬂ.o] NG 1189 + 51
_T I ~F 0 - 1
Aapsiy = —0.38 + 0.12 + 0.02 B* = [K=r¥m |pK- 12265 & 158
B+ — _’JT“K¥7T0_DK‘E 150 = 19

03/09/2022
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https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf
https://reader.elsevier.com/reader/sd/pii/S0370269314008247?token=ADD4515B530C107BBC48400F3D23381F49BD2FE240F5E251929CCDC1316EEE36E61A12B6BBDDD6E86E88A1BF84454B4E&originRegion=eu-west-1&originCreation=20220827232911

Constraints on the CKM ¥ from B¥ — D(hTh'*r%)ht decays

LHCb-PAPER-2021-036

® Confidence regions of the strong phase vs the CKM angle y

® Results interpreted in terms of:

"y =(56113)

B 5p = (122119)°

" g =(9.3759) x 1072

» Consistent with the LHCb y combination! [JHEP12 (2021) 141]

o —— 68% C.L.
............ o500 C.L.
L& 160+ 99.7% C.L.

_________
. -~
» -
.
ey

140-

120-

LHCDb
O fb~1
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REK=®  — 1.021 + 0.079 + 0.005
R — 0.902 4+ 0.041 4+ 0.004
AT —  _0.024 + 0.013 + 0.002
AEKT?  — 0.067 + 0.073 + 0.003
ATFTC 0.109 + 0.043 + 0.003
AKK=®  —  _0.001 + 0.019 +  0.002
ATTTO = 0.001 +  0.010 +  0.002
R} — 0.0179 + 0.0024 + 0.0003
Ry — 0.0085 =+ 0.0020 =+ 0.0004
R — 0.00188 -+ 0.00027 =+ 0.00005
R — 0.00227 =+ 0.00028 =+ 0.00004
|o—| 180
— LHCDb
l’& 1601 oOfb~ 1
1401 /7 .
120-
1007 e G
e OB9% CLL.
99.7% C.L_.
80 o LHCb’xy":Comb. /
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https://cds.cern.ch/record/2798917/files/LHCb-PAPER-2021-036.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf
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Simultaneous determination of CKM angle y and charm mixing parameters

® Measurements are performed from beauty and charm sectors which are sensitive to y and charm mixing
parameters.
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

Combination of CKM ¥ and charm mixing parameters

> Inputs from beauty sector

JHEP12 (2021) 141

B d D d Dataset
eccay ccay abase Updated & New
B* — Dh* D — hth™ Run 1&2
BT — Dh™* D — htm—awta— Run 1
B* — Dh* D — hth—7n° Run 1 o o
B* s DRt D — K°h*+h~ Run 1&2 ® Combination of measurements sensitive to CKM angle y performed
B* — Dh* D — KOK*7n¥
B* — D*h* D — h"h~ Run 1&2 ® 151 observables to determine 52 free parameters with all frequentist
B* — DK** D — h+h™ Run 1&2 (2015-2016) freatment
B* — DK** D — htn— 77~ Run 1&2 (2015-2016)
BT — Dh*ntn— D — hth™ Run 1
BY — DK*O D — hth™ Run 1&2 (2015-2016
BY - DK* D — htaata™ | K R 015-2016
B —» DK*° D — Kdntn— Run 1
BY — D¥g* Dt - K—ntn™t Run 1 >
BY _s DFKE D+ s hpth—at Run 1 Inputs from charm sector
B) » DIK*r*n~ D} — h*h 7t New
D decay Observable(s) Dataset
D’ = hth™ AAOP Run 1&2
D’ — hth™ Yop Run 1
D’ = hth™ AY Run 1&2
D’ — K*n~ (Single Tag) R*,(z%),y* Run 1
D° - K*r~ (Double Tag)  R*,(z%),y*  Run 1&2 (2015-2016)
DY — K=nFrtn™ (2% + %) /4 Run 1
D’ — Kontr~ z,y Run 1
D’ — Krtn zcp, yop, Az, Ay Run 1&2
03/09/2022 CIPANP 2022 HS-LPC 15


https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

Combination of CKM y and charm mixing parameters

® Most precise determination of y from a single experiment, Belle-II experiment is Time-dependent and tagging analysis
coming on stage B? —» DI K*(nm)

®* Different B modes agree at 20 level

1—CL

® Combination of Unitarity Triangle angle y measurements of the LHCb
with excellent agreement with the global fit results:

0.8

0.6 -
° New average: | Y = (65. 4-131:&2} o (direct measurement) ]
0.4 -
* BY - DFK*(nm) analysis used Run 1 & Run 2 [LHCb-CONF-2020-003] =
o 02 -
® constraint on y ~ 20 level of precision and the most probable value i
seems to be high wrt the B*and B® measurements ]

®* Coherence with 0

0.9~° °
(CKM fitter, frequentist) (UT fit, Bayesian)

® Compatible with previous LHCb combination:

¥ = (74129)" [LHCb-CONF-2018-002]
03/09/2022 ' CIPANP 2022 HS-LPC 16



https://lhcb-conf-2020-003/
https://cds.cern.ch/record/2319289/files/LHCb-CONF-2018-002.pdf
https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

Combination of CKM y and charm mixing parameters

>_Most precise charm mixing parameters determined by combining for the first time

AM
® x =— =
r

AT
= (0.400%5025)% ¥y =--=(0.63013033)%

%| =0.997 + 0.016 ¢ =(-2.44+1.2)

> Precision improved by 3 factor of 2 in y!  See the talk Fred Blanc@ICHEP22 Bologna (recent improvements on charm mixing )

AM
I

® World average: | x = (0.409%0533)% y

= (0.615*836)%

— 1 LIS AL L N R R B LN — LN B LR B L BN
X LHCb °_ 10 "L HCb .
> 0.8 ' A % ! Current WDl‘ld Average
06 g [ =0 LHCD Beauifynd Charm
0.4
O
0.2
0. Nﬂ Mixing e, -5
i_________JICurrent World Average
0.2 . :LHCb Beauty and Charm
N IS IR R R B B 10
-0.2 O 0.2 04 0.6 0.8 1
x [T0]
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf
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First Observation of the decay By - K~ u*v,, and a measurement of |V |/|V cp|

" Analysis uses 2012 data sample corresponding to an integrated luminosity of 2 fb™1 @8 TeV

03/09/2022 CIPANP 2022. HS-LPC

PRL 126, 081804 (2021)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804

First Observation of the decay B? - K u*v,, and a measurement of |V | 74
Y Bs H Pu Vupl/Vep PRL 126, 081804 (2021)

" [Vupl/|Vep| is measured through the relation of the ratio of BF of B - K~ u*v, signal and By — Ds u*v,
normalization channels

N(BY » K~ pu*v,)1,n= 6922 + 285

~ - I I .
a - 1600 —
_ _ _ S -t Data g2 <7 GeV? I -
RBF — B(B~§—>K H"‘Uﬂ) — N(Bsz—ﬂ( H"‘U[,L) €(Ds ) X B(DS_ N K—K+n—$ — |Vub|2 N FFK_ > 400: — Total 1l HCb _:
B(Bg _>Ds_l-l+vl~t) N (Bg _)Ds_l-l-l_vu) e(K™) Vepl? FFp, g 1200 _ BE —>K'y+vﬂ ‘i ” 2 fb-l ]
. PDG Theory input o  [f— Hy— H(—> K X)u X | I :
experiment < 1000 B s k¥t v, [ =
" Binned maximum-likelihood fit m_,,- of the B to obtain the signal and normalization yield % 8005— B—s ct(— ,u,u)KX _ ol _
g oo D =
_ . - ) | p? | FF:form factor e - ombina 01‘1a # E
" Meorr defined as @i meppr = \/m(XM) | Cé Fp,/c ¢ efficiency £ 400F KD % ]
LCSR: light cone sum rule O 200 — e Lol e
_— _ . 5 LQCD: lattice Quantum Chromodynamics s =
Signal in two regions of g : 0 3000 " 4000 5000
> 7 [PRD 100, 034501 (2019)](LQCD) . m,,, [MeV/c?]
< 7 [JHEP 08,112 (2017)] (LCSR) — N(Bs> Dsn V) = 201450 £ 5200 _ .
a } Data — ~ 2500 _
§ : 000: —I—EgtalD_ LHCb T‘-j L g2 > 7 GeV? i LHCb :
L. _ — W B;—Du'v - i -1
" V., by normalization channel BY — D; ,u+vu %‘ 0 : - A 2 fb?! : % 2000 | 2 fb! —
modelled by LQCD [Phys Rev D. 101 074513] " 40000:_—3?—#.3’3—#% - E i .
> : T - L 1 < 1500 .
o0 B + 1 N - -
: 30000 - B.—D, u Vﬂ/DS DX - : : :
" g2 is reconstructed up to twofold ambiguity 8 200005 —B-D" ety 1 & 1000 -
using vertex and A} const [JHEP 02, 021 (2017)] 3 F B0 DX ] % i i
2 10000 - — MisID 18 S0 -
g - 1 O i i

-

3000 4000 5000 6000
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://link.springer.com/content/pdf/10.1007/JHEP02(2017)021.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://link.springer.com/article/10.1007/JHEP08(2017)112

First Observation of the decay B? - K u*v, and a measurement of |V | 74
¥ 5s H P Vupl/IVep PRL 126, 081804 (2021)

" First observation of suppressed semileptonic BY — K_,u+vu decay and the ratio branching fraction measured:
L B(B? - K~utv,) = [1.06 + 0.05(stat) + 0.08(syst)] x 10~

" The ratio |Vy,|/|Vep| is obtained in two g* regions :

D IV l/IVep | (low) = 0.0607 + 0.0015(stat) + 0.0013(syst) + 0.0008(D;) + 0.0030(FF) v V. 2
BF — q

VL 1/IV.,  (Righ) = 0.0946 + 0.0030(stat)T9992%(syst) + 0.0013(D,) + 0.0068(FF)

® Discrepancy between the |V, |/| Ve, | values is related to the difference in theoretical calculations of the FF

1

| | I | (’.F\‘_! » q; g §

o= N o Do - -

I_LHCD — 6 Z Z [LHCDb -

— » > o _

B! > K ut LCSR (Khod.& Rus.2017) Y S F 3 = .

. > Kutv, o CSR (Khod.& Rus.2017) > sk Lo = -

q? <7 GeV?/c* - 3 B et *
Bf - K‘#+Vﬂ —~e— [LQCD (MILC2019) * p |Vuh Inclusive . ql S T GeV /¢

q? > 7 GeV?/c* | |Vuh Exclusive B. — KV

21 A -

Ag — p,u‘?ﬁ —o— LQCD (Detmold2015) 2 b 25 15 GeV/c .

q> > 15 GeV?/c* TA, — PHY 1’7@@ 5 &

= < -

- B — KWWY. 4 3

‘ VUb ‘cxcl/‘ VCb ‘EJ{CI(PDG) < E 1 ~

(') — '0'1 ! '0'2' 35 40 45
. . -3

‘ Vub V‘ Vcb ‘
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804
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Precise determination of the BSO — ES" oscillation frequency Amg Nature Physics 18 (2022) 1-5

® This analysis uses the full Run 2 data sample corresponding to an integrated luminosity of 6 fb™1

® BY mesons can oscillate to its anti-particle B ~ 3 x 1014 per second

03/09/2022 CIPANP 2022 HS-LPC


https://www.nature.com/articles/s41567-021-01394-x.pdf

Precise determination of the BY — B? oscillation frequency

Nature Physics 18, (2022) 1-5

> Time-dependent analysis of BY - D™

- B,—Dg o - B.—B.—D T -— Untagged

® Most precise result of the Amg = my — m; (heavy (H) and light (L) > 500

mass eigenstates) oscillation frequency :
— 2,000
S ;
Amg = 17.7683 + 0.0051(stat) + 0.0032(syst)ps~* S 1500

o
> 1,000

» Current Am, precision improved by a factor of 2! ‘8’

500

" Fit to the BY —» D; ™ decay time distribution :

0 B | | I -
2 4 6 8
| Al t 1 t (ps)
P(t) ~ e ' |cosh (TS) + C cos(Amist)
03 L + pata +
0.2 - > 7 t
- —  Fit Y
® The asymmetry distribution between the tagged-unmixed and tagged- % 0.1 -
mixed samples is defined as: = ol N
>
< —0.1
0 — »]0 — |
A(t) _ N(BS _> DS 7T—I_, t) - N(?S _> DS 7T—I_, t) _0.2 - N + , LHCt.I)
N(BY — Ds nt,t)+ N(B? — Ds 7, t) 03 | , A 6f|::
0 0.1 0.2 0.3

t modulo 2x /Am, (ps)
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https://www.nature.com/articles/s41567-021-01394-x.pdf

Precise determination of the BY

— B? oscillation frequency

Nature Physics 18, (2022) 1-5

> Am

® Precise oscillation frequency measurement by LHCb

® Combined result from all LHCb measurements using Run 1 & Run 2 data:

® The result is compatible with SM prediction:

» History of Amg

\ CDF2 hadr+semllept

(11b™)

LHCb Dsp D 1p P p
(0.036 b ~ 2010)

LHCb D;n"X
(1.0 fb > Run 1)

LHCb D;p’
(1.0 fb™ Run 1)

LHCb JIYK'K
(3.0+1.9 fb™* Runs 1+2)

CMS J/Iyf
(96.4 fb ! Run 2)

LHCb D.ppp’
CALE ' Runs 1+2)

LHCb D;p’
(6 b Run 2)

Average

Heavy Flavour
Averaging Group

03/09/2022

174 17.6 17.8 18

Dm_ (ps'l)

18.2

17.77 £ 0.10 £ 0.07 ps™
17.63 £ 0.11 £ 0.02 ps™

17.93 £ 0.22 + 0.15 ps™

17.768 + 0.023 + 0.006 ps”

17.694 + 0.041 + 0.011 ps~

17.51 " )13 £0.03 ps™

17.757 + 0.007 + 0.008 ps”

17.768 + 0.005 + 0.003 ps”

17.765 + 0.006 ps™

A

mg = 17.7683 + 0.0051 + 0.0032ps~

Amg = 17.7656 + 0.0057ps ™1
A — 18 4‘+1 ZpS -1
[JHEP 12 (2019) 009]
Average ——
LHCh
07 o - Latest result @
D'rr 9 ! - —
DAt - —
KK 2t ¢ ' B
Ik 3T+ = .
| | | | | | | |
764 166 1768 N0 IR M 116 778
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https://www.nature.com/articles/s41567-021-01394-x.pdf
https://arxiv.org/pdf/1909.11087.pdf

Conclusions
® L HCb shows great success at flavor physics program with Run 1 and Run 2
® | argest CP violation observed ~ 85% by a single charm decay mode B* - D K*, D - Ktnintn?
" First observation of BT - [rtK*r°]K* with a significance of 7.8¢
® y combination with a best sensitivity to date by a single experiment

" First observation of the By - K~ u*v, decay and measure |Vy,|/|Vep| in two g° regions

® Most precise determination of B? — B? oscillation frequency Amg in of B —» D;n* with full Run 2
data

® With Run 3 and Run 4, LHCb expect to collect 50 fb~! data

® | HCb aims more precise measurements with increased data samples and higher collision energy

Stay Tuned !



LHCb Experiment at CERN

e«&g Run | Event: 236189 / 3032040187
Data recorded: 2022-07-05 14:44:16 GMT




BACKUP SLIDES
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LHCb: Large Hadron Collider Beauty Experiment

Identification: e(h = h)~90%, miss e(h = h)~5%, £,~97%
® IP resolution: g;p = 20um

B Momentum resolution:A—p = 0.5—-0.8%

p
® Mass resolution: a(mg_p,) = 22MeV
® Time resolution:45-55 fs current LHCb » Upgrade | » Upgrade l|l——»
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| | | | | | | | | | | | |
excluded area has CL = 0.95 |
1

Physics motivation : measurement of CKM Unitarity

_.e'I|I||I

CLEO (E_) :
4234+ 0.49 +0.22 -0.31 - El.)
BELLE sim. ann. (mx, q?) ;

4.52 +0.47 +0.25 - 0.28 — —

BELLE (EE)

4.95 +0.46 + 0.16 - 0.21 : = =" 0.0
BABAR (E_) '

3.96 +0.10 +0.17 ——
BELILE multivariate (p™*) v
4.62 +0.28 + 0.09 - 0.10 7 -05
BABAR (m_<1.55) :

4.30 £ 0.20 + 0.20 - 0.21 e
BABAR (m_<1.7) :
4.10+0.23+0.16-0.17 " *—
BABAR (m_<1.7, q*>8) : -1.0
4.33 +0.23 +0.24 - 0.27 —_
BABAR (P"<0.66) :
4.25 + 0.26 + 0.26 - 0.27 : . ' !
BABAR{mK,q?ﬁt,p”“ﬁ-]GeV) -1.5 NN N A (T SO ST NN SRR N SR A MR R RN R AR
4.44 + 0.24 + 0.09 - 0.10 —® -1.0 -0.5 0.0 0.5 1.0 1.5
BABAR (p*>1.3GeV) ;

4.43 +0.27 + 0.09 - 0.11 —®
Average +/- exp + theory - theory
432 +0.12+0.12-0.13 - 0.7
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CKM status over the years
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Combination of CKM y and charm mixing parameters

® Confidence intervals and best-fit values for y when splitting the combination inputs by initial B meson species

. . 68.3% CL 95.4% CL
Species  Value [°| _ |
Uncertainty  Interval = Uncertainty  Interval
BT 61.7 iy 56.9,66.1 iy 52.2,70.3]
B° 82.0 e 73.2,90.1 IRy 64, 99]
BY 79 iy 55, 100] o 32, 130]
® Confidence intervals and best-fit values for y when splitting the combination inputs by time-dependent and time-integrated
methods
68.3% CL 95.4% CL
Method Value [° o | o
Uncertainty  Interval  Uncertainty  Interval
Time-dependent 79 5y 55,100 o 32,130
Time-integrated  64.9 e 60.4, 68.8] ¥y 55.3,72.7
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

Combination of CKM ¥ and charm mixing parameters

JHEP12 (2021) 141

Decay Parameters Source Ref. Status since
Ref. [17]
B 3 DK*: T LHCb 24] As before
B? 5 DK* R LHCb 45] As before
B® - D¥x* 5 HFLAV Al Updated
B? - DFK*(nm) ¢, HFLAV 11 Updated
D — hth—=° Fr o, Fg o CLEO-c 46 As before
D—rtnntn~ F} CLEO-c 46 As before
D— Ktn—n° pKnn® §Ewn® gKxn®  CLEO-c+LHCb+BESIII  [47-49] Updated
D— K=aFatin— r5, 00>, k5> CLEO-c+LHCb+BESIII  [41,47-49] Updated
D — KQK*r¥  phskr sKsK= (KsK=  oLEO 50 As before
D — K9K*n¥  lsKn LHCh 51 As before
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CIPANP 2022 HS-LPC

31


https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

CKM angle y in B - D K* with D - K* n*mtn’

120 | |
=
LH(;P LH(;P Table 3: Correlation matrix of v with the B-hadronic parameters, expressed in the Cartesian
100} 91b + 91b = form.
. —  68% CL.
— 9% CL. ..
| .. 99.7% CL. v TpK Ypk T D YD
80 - T~ % LHCb  combination oy
N VA y 1 —0.286 —0.305 —0.196 0.047
' D 1 0.357
O | | | | .

01 -0.05 0 005 01 -0.05 0 005 01 ® Hadronic parameters in the cartesian form

Tk Yk
_120 | | |
B LHCb LHCY +7.6 4 0.9 +10.0 3
100 9fb~ + 9! . LDK = ( 66.4 _ — 0.9 — 7.3) x 10 2
T T = 68% CL.
| | f : . + 7 1 + 0.8 +11.1 -3
— 95% CL. p—
0 .' -999?'% CL. YDK ( 67. 4 — 1.0 — 12. 1) X 10 y
- i —+ - % LHCb 7 combination L + 12 +0.1 + 0.9 —3
F AN . ror=( 30713701F §9) x 1078
: ! R
y _ 4 +11+03+ 08 —3
o T i § . ) - YDm = ( - 1.1 -0.3 — 0.8) x 10
| | N | | |
-10 -5 0 5 -10 -5 0 5 10
107 1079

@ICHEP by Tim Evans
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Constraints on the CKM ¥ from B¥ — D(hTh'*r%)ht decays

LHCb-PAPER-2021-036

® 11 observables are reported ® B candidates BY - DK and Bt = Dr™, where charm meson
reconstructed in quasi-GLW and ADS method:

REE™ — 1021 £ 0.079 <+ 0.005 " Dot
R = 0902 4+ 0041 <+ 0.004 | DKk
AKm®  — 0024 £+ 0013 + 0.002 " D - m*K-n(suppressed)
KKnO _ 1 4
AK ; - 0.067 + 0.073 + 0.003 —>First determination of the CP content of D —» n '~ 1°
AF™ = 0109 + 0.043 £ 0.003 and D — K*K~m"
0
A?IEK = —0.001 = 0.019 + 0.002 Analysis by M. Nayaka, J. Libbya,*, S. Maldeb, C. Thomasb, G.
Ag’“’”ﬂ _ 0.001 4+  0.010 4+  0.002 Wilkinsonb,c, R. A. Briered, P. Naike, T. Gershonf, G. Bonvicinig
Ry = 0.0179 + 0.0024 <+ 0.0003
R, = 0.0086 £+ 0.0020 £ 0.0004
R’ = 0.00188 £ 0.00027 4+ 0.00005
R = 0.00227 £ 0.00028 =+ 0.00004
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https://arxiv.org/pdf/2112.10617.pdf

First Observation of the decay B? - K u*v, and a measurement of |V | 74
¥ 5s H P Vupl/IVep PRL 126, 081804 (2021)

B Systematic uncertainties are summarized in the table

TABLE 1. Relative systematic uncertainties on the ratio
B(B) - K u*v,)/B(B} = D;u"v,), in percent.

Uncertainty All g? Low g? High g°
Tracking 2.0 2.0 2.0
Trigger 1.4 1.2 1.6
Particle identification 1.0 1.0 1.0
6(Meorr) 0.5 0.5 0.5
Isolation 0.2 0.2 0.2
Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
g* migration e 2.0 2.0
Efficiency 1.2 1.6 1.6
Fit template iy v Y
Total g i 53

03/09/2022 CIPANP 2022 HS-LPC 34


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804

Precise determination of the BY — B? oscillation frequency

Nature 18, (2022) 1-5

Systematic uncertainties

Description Systematic uncertainty [ps™']
Reconstruction effects:

momentum scale uncertainty 0.0007

detector length scale 0.0018

detector misalignment 0.0020
Invariant mass fit model:

background parametrisation 0.0002

BY— D* x* and B"— D_«" contributions 0.0005
Decay-time fit model:

decay-time resolution model 0.0011

neglecting correlation among observables 0.0011
Cross-checks:

kinematic correlations 0.0003
Total systematic uncertainty 0.0032
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https://www.nature.com/articles/s41567-021-01394-x.pdf

