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The LHCb experiment @ LHC

) lv.vljlg?tgeoDOtetector Electromagnetic . ~10m
Height: 10 m Calorimeter i vl

Length: 20 m

® The LHC is a unique heavy-flavour factory

O Large cross-section for production of bb and cc B[ 250 mra

. Vertex | - L.
p All kinds of beauty hadrons Interaction Lgcaetor 10— 300 mrad
. i . region == f |
p Datasets with millions of charm candidates g__ _ v \9,9,,
4+ "Proton
beams
RICH2
Turicensis Muon
[ [ o [ | | S |
® LHCD is designed to exploit it egre Takng  Cagmmeer
O Low trigger threshold on hadrons, muons and photons PV ~eom
O Excellent decay-time resolution (o, ~ 45 fs), . s pion
roton
SS ann (for B?)

momentum resolution (s,/p ~ 0.4 - 0.6 %),
PID performances (K eff. 95% for 5% x — K misID)

B(}

O Challenging environment for Flavour-Tagging of B((;)

D 8LHCb = ¢(1 — 2w)* ~ 4 — 8 %, with large samples
(efffuen ~ 30 % in cleaner env., but smaller samples)

h, N ,.--7. 0S kaon
: C S
b—c —\

b— XU \. 0S muon

OS vertex charge
OS Charm

» DY flavour tagged with the abundant prompt-D”+ — D%zt decays
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https://doi.org/10.1142/S0217751X15300227
https://doi.org/10.1088/1748-0221/3/08/S08005

Unitarity trlangle and TD CPV

® The CKM matrix: / IVu d‘ Vusl Vub\e—”
O rules all quark-flavour and CPV L Vo wolenstein = | —[Veal — [Ves| Vi + O(X\°)
phenomena in the Standard Model (SM) Viale™  —|Visle? [V
O 1s unitary [ ™ VadVan+ Ya¥o + VigVip =0 Im | V, Vo + V. Vp + V.V =0
® Experimental checks of o O
L : PVuun /T = VusVub #7_ B 1 Re
Unitarity Triangles are v Yot e . Re
ts %b ts " tb
redundant L/ /B A }
N 0 1 Re | f
O Tree-level dominated processes e e e

—> SM benchmarks

O Sizeable loop-level diagrams ¢—— TP-CPV M”% gw? vé %MO
» case u,c,t

—> Eventual New Physics

contributions TODAY
- World-leading TD measurements

® Powerful SM tests of B, B, and 7
- Improved searches for TD-CPV

inD - Kt7z~and D' — ztz 7"
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Beauty formallsm for TD CP asymmetrles

7o o P TN o e v S o o e D meS e e g o o oo e —g e g P 2 oo g —g ooy o RPN —,,/,, - =g oy - e '/,’»_‘ e L — - o PP IR L — Py oo o P e D = = o o «—

IBLH> = IBO>6] + IBO>P (S)? + (C)? 4+ (AAT)2 = |
= (f| Hy,| B%.) (qu)/(PAf) = /If — Mf‘ e'®is ! ! !
w (S) No CPV in mixing 1 — |ﬂ ‘2 ZIm[/lf ]
, Af — <f|H |B(S)> lg/p| =1 C . fcp Sf — cpP :
| . Jer 2 r
o Lo () = Tpo (1) L S, sin( Ay f)— C; cos(Amy ) L+ |4 I+14, .
I I'go /() + 1o /) AT 4, AT AT 4, CPV in the decay CPV in interference }
' cosh | ——t | + Af% sinh | ——1 of mixing and decay §

g ame —_ e - = 4 = .-:« a z e _a am

QBO — J/l//KO and BO — J/l//¢ are golden modes

o Ruled by B m1x1ng and tree level b — ¢Cs transitions
i » Penguin contrlbutlons are measured to be negligible ,
~O No CPV in the decay: C; =0 < |4 [ =1 BO%
CP CP
O ,B(S) accessible due to CPV 1n interference of decay with !
d thout m1x1ng Sfcp = sm(+ Z,B(S)) = qb“'s = & Zﬁ(s)

— d(s)
SM
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Measurement of sin 2/ with B’ - nyg decays

® Run?2 analysis then combined with Runl result
p 643 fb-!

VELO

upstream track

magnet T stations
TT /) T track
long track
—

®FourK) > « \~ reconstructions categories

: w | VELO track
o LL, —

& usedforthel flrst time )
| in TD measurements |
| (~13% of signal yields) |

® Three y modes considered

105:""]'"'I""I""I""I""I""
0B’ - Jly( = utu K ~306k, e =4%  + | LHCH R
0 +,— KO _ Z [ 6n il B
OB” = Jly(— ee )KS ~ 24K, Eeff = 6 % E 10* | gg:ﬁi?fee);?s i =
O B’ » wQ2S)( = utu)KJ~43k, e =4% = | e R
jé 1) Fit for bkg. %
< 10° | £ subtraction | <
. . < ; : ]
® Flavour Tagging calibrated = :

Wlth B+ — WK_l_ and B — WK 105150 5200 5250 5300 5350 5400 5450 5500

m(¢YK3) [MeV/c?]

downstream track

B — Jhp(—ete ) KQ
Total fit —

104 {  Data

103 —

10° F

101 3

100 IIIIIIIIIIIIIIIII

10.0 12. 5 15.0
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https://doi.org/10.1103/PhysRevLett.132.021801

Measurement of sin 2/ with B’ - nyg decays

Syst. Uncertainties:

Run 2 result:

Source o(S) o(C)
Fitter validation 0.0004 0.0006
Decay-time bias model 0.0007 0.0013
FT Ae,, portability 0.0014 0.0017
FT calibration portability 0.0053 0.0001
ATl ; uncertainty 0.0055 0.0017
Sng = 0.717 0.013(8'[21'[) T 0.00S(SYS’[)
CWKO = 0.008 + 0.012(8’[&’[) T 0.0()3(syst)

Results from all  modes are consistent

BETTER PRECISION THAN THE (sin(25) = 0.699 = 0.17)
[PRD107. 052008(2023)]

- 0.014(stat + syst) ~ sin2B

PREVIOUS WORLD AVERAGE
Final result:
SRun1&2 — (0.724 -
WK
CRun 1&2 0.004 -
WK

LHCP, 4th June 2024

- 0.012(stat + syst) ~ 0

In agreement with predictions [PRD91.073007(2015)]
by CKMfitter and UTfit groups [JHEP10(2006)081]

1L.Op—

0.5

=
S 0.0
AN

+ BO9-BY yield asymmetry
—— Total fit

- LHCD

—0.9 _
C 6fb ! _
" BO (T e)KQ(— ) [ :
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https://doi.org/10.1103/PhysRevLett.132.021801
https://doi.org/10.1103/PhysRevD.91.073007
https://doi.org/10.1088/1126-6708/2006/10/081
https://doi.org/10.1103/PhysRevD.107.052008

Measurement of ¢ with B — J/wK*K~ decays

10° pr—————————

- LHCb Run 2, 6 fb’! ¢t Data
10’ B — Total fit

® The SM predicts a precise and small value of ¢p.—— Highly sensitive

b b, = — 0.0368+0-990 (CKMFitter), b, = — 0.0368 % 0.010 (UTFit) in mixing L erbke MY T B
[RevModPhys.88.045002] - B> J/y KK

ek
-

(O8]

| I TT

Candidates / (3.5 MeV/c?)

® K"K pair selected in the vicinity of the ¢(1020) resonance /s’:gﬁg:i\ -
O Run2 analysis, then combined with Runl result 102%_ ] / o = 4.2 N . E
5200 5300 5400 5500
m(y K'K-) [MeV/c?)
® An angular analysis 1s needed to disentangle EOE preveyre BN
CP-even and CP-odd contributions SN Thn S
® Flavour tagging calibrated with | DF Umedez d@tagﬁﬂa
Bt — J/wK" and B) — D n" decays s ——
b =49 %@OOW
® Decay-time resolution calibrated with - I o
prompt fake signals (o, & 42 fs) et R
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https://doi.org/10.1103/PhysRevLett.132.051802
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.88.045002

Measurement of ¢ with B — J/wK*K~ decays

2T I ———— :
POLARISATION-INDEPENDENT RESULTS = | tHCbRun2,61" _
=, 0.05 _
Parameter Result Stat. Syst. ng;i I —— ]
¢, [rad] —0.039 +0.022 +0.006 =L 1 -
| 1.001 +0.011 +0.005 2 o // S G
I, — T [ps~!] —0.0056 +0.0013 +0.0014 STAT. LIMITED s | P g ]
AT, [ps—!] 0.0845 +0.0044 +0.0024 : :
Am,[ps=] 17.743 +0.033 +0.009 POLARISATION- oosk —t— -
AL 2 0.2463 +0.0023 +0.0024 DEPENDENT RESULTS : :
Ao 0.5179 +0.0017 +0.0032 Veﬁ_ﬁzzgﬁ'g[}i"; L T R
1 0 0.1 0.2 0.3
5, — &, [rad] 2.903 +0075 +0.048 b9y module oA
5” — 50 [rad] 3.146 +0.061 +0.052
[BO—>D+D_ 3 fh-1 LHCDb
R 68% CL contours
0.13
Runi+Run2 _
4 0.11-
3 SM no pe
= 0.020 rad |mosT PRECISE DETERMINATION i i
| g Y [BQ—»j/wKK 9 fh-1
1] = 0.990 + 0.010 CONSISTENT WITH SM PREDICTIONS - w2
|
LHCb COMBINATION: ¢, = — 0.031 + 0.018 rad 05—

| ¢s [rad] |
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https://doi.org/10.1103/PhysRevLett.132.051802

Measurement of ¢ with B — J/wK*K~ decays

= T 1 — }
POLARISATION-INDEPENDENT RESULTS g . LHCbRun2,6fb" |
=, 0.05 —
Parameter Result Stat _ . S— —— ]
¢, [rad] ~0.039 +0.022 e r T T T~ ]
’/1‘ 1001 :Z0.0I 1 — Bg —’j/([lK"'K_ channels only / @ O \_
I, — Ty[ps~'] ~0.0056 +0.001 1
9 ol | -0.0014 < 0.10- M - [CERN SEMINAR] :
AL [ps™'] 0.0845 +0.00 R PRI 16th April 2024 :
AmS [pS_l] 17.743 +0.03 MS 1162 fb-1 |
’A L ‘2 02463 ZIO.OO CCMS-P§S-BPH—?2:OOI :
[Ag|? 0.5179 +0.00 | LHCb 9 fb~1 A R R .
0.1 0.2 0.3
0| — 0p [rad] 2.903 j88772 | [PRL132(2024)051802] 5oy modulo (/)
5| — 6o [rad] 3.146 +0.061
0.06- 30DFD; 3 b —— L%‘ICb
ATLAS 99.7 fb~1 CRTEEES
Run1+Run2 . R0

¢s — —0.044 + 0.020 radl %00 -150 -100 %0 ' 50 100  150f SMnope

JWKTK™ Imrad]

BO—//wKK 9 fbL

/

‘ ‘= 099() i ()'()1() Combined LHCb
-
LHCb COMBINATION: ¢ = 0.031 £ 0.018 rad gy gy

| ¢s [rad] |
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https://doi.org/10.1103/PhysRevLett.132.051802
https://indico.cern.ch/event/1355812/

A measurement of Al

[https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2023/]

® Not perfect agreement of s N A AT e Sy

. g 0.16- . | ; - T E B

(I',, AI'")) measurements in Son| RIS R =t e 2107

— , -1 = B’ = Jyn' ke

J/wK™K~ channel 12| oy 101 e S O B e | ;

. 0.101 & N § 3000~ Combinatorial B

—> need of independent checks ol g :

. LHCb 4.9 fb~1 ' S E

O . 0.06; \\ * . Combined* \ 3 § -

o B, — Jlyln"n" ] 930y (CP-0dd) .o~ Gmiesips Avserer o :
: measure TH 640 0.650 0.660 0.670 rjs/wKK[pZE?;) 5%00 PARRRTRNNANY | 53[(.)-0.»\\ m\\mnﬁ,ﬁa‘? L ! | ! 5500

m(J/yn'") [MeV/c?]

o BV — J/y(n' — py) (CP-even) < o

= '~ 1 ' 1T T T 3 &Ns500F 1 - T 1 T T T T
0.22 LHCb H 2 C & Da LHCb
: measure TL 0.2 R — A NL 21 fb-l _i % 4000__ _zgttgl)f‘i’t/w”...”- q 2.1 fb-l E
g;z : : Ny 2018~ E N s { 2018
0:14§_ A, is the relative efficiency in eac]:i:bin § 3000 :gg:zzg'n
Runi+Run? 0322_ + : § TPy Combinatorial
1F = -
- - 7 — 2000
— -+ 4+ -1 00sf- TD-ratio of decay rates 3 i
AFS 0.087 +0.012 £ 0.009 P> 006c- - Yields from mass fit 1 O
- - 0.04[ = 1000
GOOD AGREEMENT WITHIN LHCb ok - Correct for detector effect - :
— + + —1 0E—— T SR SR N SN TR A NN S T SR R S SR S = . . _ | . . 1 LT
Al (J/yg) = 0.0845 £ 0.0044 = 0.0024 ps > 4 3 g 10 == W S =
tps m(Jhp ) [MeVic?]
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https://link.springer.com/article/10.1007/JHEP05(2024)253
https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2023/%5D

-2
Cr=—-Cf= — . . .
1 +0r )+ magnitude of amplitude ratio

| Strong phase difference rp.x = M| = [A(BY = DT K*)/A(B] — D7 K™)) ,:
| AT _ 2Dk CO@ (v —2055)) JAD _ T2TD.K cos(0 + (7 — 20s))
- 1+ 7% g S 1+ 7% g ’
o 2rp. Kk sin(d — (v — 20,)) o _ —2rp. g sin(d + (v — 20,))
/ 1+7r7 k ’ 1+77 , |

@ Common final states for both B and B';
O 4 decay rates, 5 CP-asymmetry observables

O 7 i1s determinable including ¢, as an external input t4 B0 DoKH
4 BY — DIK-

_ . # BY —» DIK™
® D reconstructed with 5 decay modes t4 B0 DK

p 7tatn, K¥antn, ¢pn™, K °(892)KT ' Untagged D, K*

t# Untagged DT K~
® BSO — D 77 used to calibrate the FT (-, = 6 %)

p Also used for Am, measurement

Measurement of y with Bf) — DFK™ decays

Candidates / (5MeV/c?)

N DL R B R BN A L
LHCDb Preliminary |
6fb

+ Data [ 1 Combinatorial

...... Bg N DS:FK:I: - BO N DS—K—|— —

1 BY— D;p™ [EOB?— D;n" :
1B - D« A — DY p

B D {K", 7t} -

- : . Bl A - A {KT, 7t}

1) Fit for bkg. Nty o, +

102 H © subtraction Ty

p—
-
Oy

5300 5460 5500 5600 5700 5800

m(DF K*) [MeV/c*

LT + ]
TG LHCb preliminary -
¥ hy g ) 6fh ! -
2) Time-dependent fit =Feea., _
L 7
t [ps]
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https://inspirehep.net/literature/2707809

CKM-phase y with BO — DS“_“ K= decays

B M@Oj | 5' | - | '
Final results from B) — DFK* Run2 (6 fb-1) O [ preposporaoss) LHCD -
0.791 £ 0.061 4= 0.022 ' . from 0.5__ _

latest LHCb combination: .
= (74 T 11)0 : 0'4__

5 = (346.9 £ 6.6)°) 03
7,k = 0.327 + 0.038 02|

—0.051 =0.134 4+ 0.037
—0.303 = 0.125 3= 0.036

s = —0.571 £ 0.084 £ 0.023
—0.503 £ 0.084 + 0.025

95% CL

. . GOOD AGREEMENT N (R
t modulo 2/ Am, [ps| WITH LHCb’s AVERAGE ~WA 7450 12875 y [']
L = e
® The latest y combination by LHCb was released in October 2022 ¢ ou s
O Frequentist approach [LHCb-CONF-2022-003] i G :
0.6 All Modes
O Inputs from beauty and charm sectors Y (°) '
p 173 observables and 52 parameters - 0.4 :—68,3% h
. . . LHCb 63.8+3:5 5, SR 00 R b -
O The inclusion of the results released since then . ) 0L y ]
: : n 0 CKMfitter 65.6+11 20
solves the previous tension between B™ and B | o - 954%
. o . UTFIt 65.8+2:2; 0=—
) A new combination is on the way 0 007080 90 v ]
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https://inspirehep.net/literature/2707809
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://doi.org/10.1007/JHEP03(2018)059

Seeking charm CPV

® Unique laboratory to study CPYV in the up-type quarks

Unique evidence of CPV in single decay (DO — atn’)
o0sf 7 L o171 13
. . . 0.004 ~ 4+ Nodirect CPV 7 :
® Theory predictions complicated by QCD effects : e e
. 0.002 - PR, A ~ =
that are difficult to compute Eoof P 13
= - e { -
. . . . N . T g 90 ]
® CPV 1n charm 1s highly suppressed in the SM 0002 o T - §
O Beauty loop suppressed by the smallness of the CKM elements ~0.004 ;—CO;'(;&;',";;'@%’ 050 L. — =
O Strange-down loops suppressed by GIM mechanism Z0004 0002 0 0002 0004
. ad . .
® An eventual observation of CPV enhancement e
would be a signature of New Physics § A R
5 10| A
} For a review see arXiv:2208.05769v?2 and references therein i 10_— _______________________________________________ _______________________ : gg 'ﬁ
o T\Io ewdence to date of CPV in charm §
= 5Tn|xmg and lnterference between =
z - . | D
® Huge charm data sample from LHCDb led to L . B ;
the unique observation of CPV in D" decays in 2019 Yy 5. | &
. 0 47— 0 + -\ —4 _5* _______________________ T g (@]
[PRL122.211803] e 3
® New measurements in more channels are needed 04 008 T 0 005 o4
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https://arxiv.org/pdf/2208.05769.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091802
https://hflav-eos.web.cern.ch/hflav-eos/charm/CKM23/results_mix_cpv.html
https://hflav.web.cern.ch/

Mixing and CPV in DY - Ktrn™ decays

® D" — K¥z* decays allow the simultaneous e DO e RS
i D = Doy " mix  DCS ™
measurement of mixing and all types of CPV >, DO Sus

O Common final states for both D° and D /\ Cr /

O One mode 1s favoured (RS), gggﬂ‘j‘j;'fjg'g@ EhF'

while the other 1s suppressed (WS) = B
O Ime- ' m e > DO
Two time-dependent WS/RS ratios § D*+ — DO 12 .y C}‘\/\/g
| -~ DCsS . 7
,, RKW (t) — RKW(l L AK'JT) _|_ \/RKW(l L AKT{') (CK’/T iy D - VI_I / """""""""""""""

/ x10° . 0
. . _LHCb 1 30:|LHCb | —+—|Data ’

magnitude  CPVin DOmixing CPVin  CPVin, $asofLHCE  Run2 | & LG :
amplitude DSC decays : mterference mixing =S Zf:m 1.6 M - S | R
ratio — . | R et = C 1/7, €[04, 8] Z L 1/7,, €[04, 8] oD PR E
ADO o K+ a) if;ﬂe Cte(()j Detalled formallsm in the backup g 1 8 % Bl Grobie.
ADO = K1) |2 1 the SM C].OT and Acg, include strong phase % : I 2 i RS -
difference of DCS/CF (Ag,) S 100; _ S 10; Run 2 _
. . . oof ] : 412 M :

® Run2 analysis, then combined with Runl result | F

: s T T o— 0005 2010 2015 2020

® D flavour tagged with prompt-D° " — Dz decays A e S ol (D) [MeV/c
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https://link.springer.com/article/10.1007/JHEP03(2022)162
https://indico.cern.ch/event/1355805/

Mixing and CPV in DY - Ktrn™ decays

® Yiclds of WS and RS measured 1n 18 bins of decay time

® Challenge: precise correction of syst. effects
O Ghosts soft pions

T-Stations

magnet

/%
Qo
-9

”’
—

m
)

VELO =

O Detection asymmetries
» Determined from D° — KTK~

O Decay-time bias (D* from B decays)

control mode

p Novel method improved syst. uncertainty by one order
of magnitude compared to the previous analysis

® Final time-dependent y* fit for the 6 target observables

Main syst. uncertainties (Preliminary) LHCb Preliminary (Run1+Run2)

Source [ﬁfi’z—,] [1662"4] [16(%{_“6] [ﬁfi’é] [?Ocﬂr] [?OC 6 RK’R‘ (342 7 - I 1 9) X 10 D
Mass modelin 0.5 0.8 0.9 1.4 0.8 0.8
Ghost soft piorgls 04 08 08 11 08 11 ” . G, | (_5_2_ -_8_ == ?_:_3) _X_ l_D_ _4_
otal syst. uncertain . . . . : . ‘ / x| I —G
gtgtilst?cil uncertfainttg ?g ;)513 ;g ?;1 ;g ég : CKW (120 T 3 5) X ]‘D
SR RESEEIEEEEIZSESEEIEEEES ::-"3--
STILL STATISTICALLY DOMINATED . -6.6 £5.7)x10"
(Total syst. improved by factor 2,  E, (2.0 + 3.4)x10~*
compared to previous analysis) Ac (_0 7 b 9 6) %106
U - < S e S

----'

“ 550F — =
— n LHCb prehmmary n
X | .
~ 500F 6 b -
~ B — |
. - r .
+ 450:— ; — —I— Data _:
= 400; j; — Baseline _f

[ = No CP violation -

350 [ : | : | : I ]

lfé : | | | :
9 - )

~  Or _[_ L -

SEN: #ﬁ‘ﬂfﬁ:}f%4Lf—1:g -
T -10F T -
n - -
o) : )

20 -
0 2 46

o0

DY decay time / T

FIRST EVIDENCE (3.50)
OF QUADRATIC TERM

NO EVIDENCE OF CPV

40% improvement in total uncertainties

compared to the previous best [PrD97.031101(2018)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101
https://indico.cern.ch/event/1355805/

Search for TD-CPV in D' = 77 7" decays

§ B B o | SRS L
’~ o FD0—>fCP (t) FDO—>fCP (t) (AYr )~ cr a + d rsing } S 160 - LHCD /\ t Data
ACP(fCP; t) T (t) 4+ T (t) \ 2 [\[p q | E o 77 07 \ — Fit
I — 3 — 01
: D™= fop D% fop Related to mixing al |p 11 g opResolved 770 W Signal
P S _ 1 _ (& ~ 100 A/
dir t and indirect CPV ( ) yeos e | 3 s ~1' Combinatorial
2 a AY Pl 14q I B \
for NI 0 | So sional
_ . O 20
e D" — 7777 7" has almost entirely CP-even final state = ——
><103 . —
O AYeff (2Ff — 1)AY, in this case: F7™ = 0.973 = 0.017 [PLB747(2015)9] > O Heh I Da
160 ata
O Optimal sensitivity for PHSP-integrated measurement > a0p 777 — Fit
g 1o0 E Merged ” [
® Runl+Run2 datasets = 100 A signal
. ;f) 80 Combinatorial
® Fit to Am = m(D™") — m(D") in bins No evidence for CPV S w gnarg
= 40
of t/7po to extract A p(7) S 20
O D flavour from D't — D%z decays — First measurement of TD-CPV 40 - 0 'A,,,',, (1'\46'\;1)55
O Merged and resolved 7 - Yy cases in DY decays with neutral pion s B LHCb
O Correct for nuisance asymmetries at hadron collider 2 05F ll ]l_l_ 7707 -
. - Compatible, but not yet & oF 1 . { E
® Linear fit to Ap(?) to extract AY competitive with WA = ll H- ~H— g
O Validation with DO — K+z~z° (~AY ~ Ap = (0.9 1.1) x 10~ “OF DOm0 -
[Phys. Rev. D107, 052008] ) R

» CF = |AY,  <2.5%x 107 | @90 CL
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https://doi.org/10.1016/j.physletb.2015.05.043
https://arxiv.org/abs/2405.06556
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

Conclusions and outlook

® A lot of results are still being produced with LHCb Runl+Run?2

O World-leading measurements of sin(2/) and ¢,

O New measurements of B — Dh decays continuously improving the constraints on the y angle

O LHCDb 1s still exploiting its enormous charm data sample to chase new evidence of CPV

® No evidence of discrepancies from SM expectations is observed

O Shrinking the precision on many CPV observables will be fundamental to testing the CKM
paradigm to 1ts ultimate precision

O LHCb Upgrade I 1s going to start to collect data with the potential to more than double its
sample 1n the next two years
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¢. with B) — J/wK*K~ decays

Fit results with CPV parameters
floating separately for each
polarization mode:

Parameters Values

¢ [rad] —0.034 + 0.023
ol — 40 [rad]  —0.002 £ 0.021
¢ — ¢ [rad] —0.001 5051

¢7 — ¢° [rad] 0.022 ) 05e
A 0.969 *0.2%
AT/ 0.982 +0-95°
AL/ 1.107 7005
A% /X0 1.121 79052
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https://doi.org/10.1103/PhysRevLett.132.051802

A measurement of Al

Systematic uncertainties:

Source Value [ns™]
Simulation sample size 4.6
Acceptance model 3.0
Bin centre method 0.3
CP violation 0.1
I 0.1
J/ym' background model 6.9
Jpmtr~ background model 0.8
Total 8.9
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https://link.springer.com/article/10.1007/JHEP05(2024)253

Mixing and CPV In DY - K*tn™ decays: formalism

2
4 L U
R}gﬂ(t) ~ RKW(I::AK,T)+\/RK7r(l T AK,r)(CKw::ACKﬂ) | (C’Kﬂ::ACiKW) (—)
TDO TDO
R _1 ﬁ Ay 2
o\ A T Ar )
) A;JAP—|A;/A;2 ,  ——— Expect~0O(107%)in SM-key null test
Kr — — 9 — 5 ~ Apcs s
Ar/Azl +14r/ A _ Mainly constrains A; = improved

CKr = 12 COS qb? cos Ay + 15 COS qby sin Ay, 4

knowledge of SU(3)r breaking

AcCp. = T15SIn qb}w cos Ay — yp2 sin ¢§ sin Ay,

~ 1 2 2 \
Cgn ™ 1 (%12 + Yia) Probe mixing-induced CPV
1 .
AC,K7r ~ 5117123]12 SlIl(¢}w — ¢5) «

¢ — Ay = arg(—Mi2 Ay Ay),
oy — Ay = arg(-T12 As/Ay),

¢‘}W + Ay = arg(—Mo A;/Af-),
¢§ A; = arg(—I'o Af/f—lf).
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Mixing and CPV in DY - Ktrn™ decays

— 1.5 — — = 15— — 1 100—
I SNSRI o =
Z b > % , _:!80 > L .
o s 2 ¥ LHCb preliminary 1 960 3 ‘Fiducial selection’ removes
¥osh = Kos[ 17% £ candidates from detector
S < a8 T 120 < , .
0L oL 1o regions with large
: : 1120 instrumental charge
0.5 —0.5 140 .
: : 60 asymmetries
-1 -1} g .
: : \ B0 (plots for RS candidates)
-1.5 5 S - e— S (U
p () [GeV/c?]
~~ ><|103| T T T T T T T T T T T A~ 30>_<|106| T T | T T T | T T T —]
% 250:—L¥__ch —: % : :p[;egng}; +Data _
2 - 61! 1.6M signal 1 2 25;6fb'1 ﬂ Signal _ m(DOT[) distribution for
& 200 DK B R comv.bke. 1 WS and RS samples
~ [ 1/7,, €[04, 8] ~ 5L /Ty €048l Bl Ghos: bicg, - .
3 0 1 & T ostbke 1 after all selections.
S 150p 1 3 :
s I 1l = 15 . ]
S I |l £ i 412M signal - : : :
S ook 1 3 1 Fits to this variable
n . 10_ _
i : e y l 99% :
- /" 31% purity within : o : ;lsed ;o subtract BG
i . . i S5H —
/ signal mass window- ; P : rom R(t)
0005 2010 2015 2020 03505 2010 2015 2020
m(D’) [MeV/c?] m(D’7?) [MeV/c?]

LHCP, 4th June 2024



Mixing and CPV in DY - Ktrn™ decays
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‘Ghost’ tracks from random
hits give problematic BG.

Suppressed with fidicial and
track-quality cuts.

Modelled with data-driven
approach.

Left: misID backgrounds
In WS sample

Right: WS-RS cross-talk



Mixing and CPV in DY - Ktrn™ decays
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Mixing and CPV in DY - Ktrn™ decays

< :
z :
2 —02F D'>K*K ]
= i
> 4
2! _
2 :
<

7

. ' ' |
_ LHCb preliminary
- 6 1fb

<
=

Instrumental asymmetries determined
from D?—K*K~ control mode

—0.4
e | = el LHCh 7 & b LHCh
=) preliminar v i o L reliminar -
_06_+H ']' + + I i S 0g 2018 7 S e L 018
B 'l'ﬂ “‘ «‘» ] % = n /7, €[0.64,0.77] ; % § V7, €[1.46, 1.61] E
~0.8 T - 5wk R I P o
L - § \ C == Prompt D* g § ++ Prompt D™ E
: : 10 g_ - Secondary D*i_g 104 - == Secondary D*i_;
—1 ,O __ __ 103 ;_ Uncertainties _; E Bl Uncertainties ;
: : - B :
—-1.2 - _ 102;— _; a: -~ E
i | l | | | | F ; = — T R T/ ——cT
0 2 4 . 6. 8 1P(D?) [um] IP(D’) [um]
D" decay time / 7, T — ——— = I5F | ———
5 LOp=e = — E LOfear T —
A e A
0.5=_1 1 1 1 1 1 1 1 L — 0.5 k= | | _|
2 F - T = I —
E R LHCb F0 LHCD
() - preliminary . g - . preliminar y
g/ 10 2018 — g 10° = 2018 a
2 = /7, €[2.51,293 3 @ = /7, €[4.36,8.00[
:-g I T —+—Data | "Cés ] —+—Data
g 105 §_ +++ . _§ F% L Prompt D”
O : - Prompt D ™ E O L = o= — T
o S ondary D
. . . . :_ ++ Secondary D*i_: 10° — +_._+ =
Fits to IP used to statistically ¢ - 5 g I o
disentangle prompt and secondary g 1 : . |
Y O A N B
1+ 0 200 400 600 0 200 400 600
charm — mitigates and accounts for 0 PO
° d l d ° b . = 1.5F T T T T T T | T T T — = 15F T T T | T T T T T T —
=
residual decay time bias. £ " " .70 H P SR
05= 1 1 1 1 1 1 + | 1 1 1 — 05= 1 1 1 | 1 1 I I L gl —

LHCP, 4th June 2024



Mixing and CPV in DY - Ktrn™ decays
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D' decay time / 7( D’)

Left: Secondary contamination
depends on decay time.

decay-time bias / 7( DY)
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- %;H** % Secondary D~ i
I i I : -

| | | | | | | | | |

DY decay time / 7(D")

Right: Decay time bias from
secondary background



Mixing and CPV In DY - Ktrn~ decays: results

Parameters Correlations
E RK 7 CKn C,K7r AK Q4 ACK 7" AC’K“
S Rk, (34314+20)x107% 1000 —924 8.0 09 —08 0.1
= CKn (51.4 + 3.5) x 10~* 100.0 —94.1 -—-14 1.4 —-0.7
- Che (13.1 £3.7) x 107° 100.0 0.7 —0.7 0.1
B Ag.  (-7.1%6.0) x 1073 100.0 —91.5  79.4
O Ack, (3.0+3.6) x 104 100.0 —94.1
Acy (—1.9+3.8) x 107° 100.0
Ry Ck Chrere Agr Ackgr Al
Source 1079 [1074 [10-¢] [107%] [1074] [10¢]

Mass mismodeling 0.5 0.8 0.9 1.4 0.8 0.8

Ghost soft pions 0.4 0.8 0.8 1.1 0.8 1.1

E Instrumental asymmetry — — — 1.2 0.7 0.7

< ad . external input -~ R - 1.1 -~ -

< AY external input — — — — 0.1 0.1

E Doubly misidentified background 0.1 0.1 0.1 — — —

d Common removal 0.2 — — — — —

E Decay-time bias 0.1 0.2 0.1 0.1 - -

mpo/Tpo external input - 0.1 0.1 - - =

Total systematic uncertainty 0.7 1.1 1.2 2.4 1.3 1.4

Statistical uncertainty 1.9 3.3 3.5 5.5 3.3 3.5

Total uncertainty 2.0 3.5 3.7 6.0 3.6 3.8
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Run 2 measurement
and correlations

Breakdown of uncertainties:
Statistically limited for all
parameters



CP violation in B! — ¢¢

e Motivations:
O The SM predicts CPV to be suppressed in this channel
O Any CPV enhancement would point to new physics
in the BY mixing or in the penguin-mediated b — s decay

e Caveat: angular analysis needed to disentangle the
three polarisation states of the B — V'V decays
> (0, CP even), (||, CP even), (L, CP odd)

e Target CP observables: ¢, |/ |

S,
O The SM predicts no dependance
of the CP observables on the polarisation

» CP phase: ¢i — ¢sss ~ () No CPV in mixing

> Direct CP violation parameter: |A.| = |A,//A.| = |A]| =~ 1
[Nucl. Phys. B 774 (2007) 64] [PRL 89 (2002) 231803][arXiv:0810.0249]
[PRD 80 (2009) 114026] [Nucl. Phys. B 935 (2018) 17][PRD 96 (2017) 073004]
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https://doi.org/10.1103/PhysRevLett.131.171802

CP violation in B! — ¢¢

e Data:
O Run2 data (6 b

O Results are then combined with Run1 > i (@) LHCb 3 Z1200f (b) LHCp -
- _ 10° — BY — ¢y E RGP -
measurements (additional 3 fb~1) s TR 1 g%
L | ----- Combinatorial = 200 [ e 4 -
= g 15.8k" = 2 R +
D S N i__"’}_ . § 600 :_ _
P e Ui . :
e Strategy: s 0 B :
: : = BB S A T - 200 - . .
1. Invariant-mass fit to subtract S [Peelmmary -t p Preliminary -
5200 5300 5400 5500 5600 -1 -0.5 0 0.5 1
the background. . m(K'K' K*K') [MeV/c?] cosf
2. Flavour-tagged fit to decay time S 1200 T e
T L _ o, =
and helicity angles to get the CP observables £y @ 1 5 F (DR
[details in the backup] = - 4+ + 1 2 107
= 800 34 —+- 4+ + N L . §
I+ 1 g 10F Eias g II E
600 |- -4 o s Lyt .
§ - i g 1;— 1 II .‘II
e Main experimental challenges: 2 EREC I |
: : O 2001 . . 107" =
O Decay-time resolution ( ~ 40 fs) EPrehmmary : - Preliminary :
. O ! ! I ! ! ! I ! ! ! I ! ! 10—2| A SR A T T N NS SN SO SR AN T T SR NN M1 N
O Flavour-taggin wer (~ 6 % -2 0 2 2 4 6 8 10
avour-tagging po ( °) x [rad] Decay time [ps]

O Their calibration

Helicity angles (v, 6) defined in the previous slide
LHCP, 4t June 2024 29



https://doi.org/10.1103/PhysRevLett.131.171802

