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o (P violation in charm:
_ local CP violation in D(JSF) — K KTKT
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Introduction

 CKM matrix unitarity: key test of the SM

« CKM phases responsible for CP violation in quark
transitions

e Magnitudes of CKM matrix elements determined with N o
branching fractions and mixing measurements gy

» Sensitive to New Physics = o

» LHCb experiment ideal place for CKM and (P _
violation measurements in beauty and charm decays " popam”
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CP violation in BY — ¢¢

« Time-dependent (P violation arises from the interference between decay and mixing, el
characterised by phase ¢, and |4 | parameter

+ In SM: ¢** expected to be very close to 0 and | 4| very close to 1
« Sensitive to NP in the penguin decay or the BS mixing

» Three linear polarisation states for ¢ = NP may be polarisation dependent

d4T'(¢, Q)
o Strategy:. measure differential decay rate 146 X Z

i AT AT
hi(t) = Npe "< |ay cosh( > St) + by, sinh( > St) + Qe cos(Amg t) + Qg sin( Amg t)

N,, a, b,, ¢,, d, are function of . |
amplitude magnitudes, phases, O is the initial BSO flavour fki?);rﬁ f-E[mCtIOTS of
¢S,i and ‘/11‘ (i =0, H , L) e NnellCity angles

JHEP 12 (2019) 155
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(P violation in BSO — Q@ Yﬁc‘é

LHCb-PAPER-2023-001 /

« LHCb Run 2 data sample N - L I Sl E
S () LHG 1 Z 1200 () LHGp -
_ é) 103§—B%ﬁ¢¢ ERRNGYN L -
e Angular and decay-time acceptance are o Ao Preliminary ] Preliminary
. . . C: 2- . _8 800 = e 4 - =
obtained from simulation = for angular = 17 2 coof v E
acceptance, iterative procedure to correct for ¢ | SHEN: :
. . . = 10E 400 |~ i
simulation-data differences, based on the g ok -
a reement Of K O : ol 1 e ‘ _—— T C
g p T( ) l 5200 5300 5400 5500 5600 0—1 -0.5 0 0.5 1
m(K"K' K*K') [MeV/c? cos6@
* Flavour taggers are calibrated on ~ 1200 2 I I ]
— ] Q.‘ ’
B+ — J/l//K+ and BO — D 7Z'+ samples glooo— © & 1 S < Iéffltgb
A) A 6fb o 102=—
g 2001 AR N = 41: N fupg, Dreliminary
. : = - G B Tt
« Both polarisation-dependent and 3 600 T3 § LI,
_ . _ - OS¢ g Preliminary -g L ‘ I )
polarisation-independent (¢, . = ¢, and S 400l 1 8§ ' |
. ’ g f : gy
| 4;| = | 4]) fits are performed S 200 1 10F :
| | | | D e S S ST
* Dominant systematics: time resolution, % [rad] Decay time [ps]

flavour tagging, angular acceptance
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(P violation in BSO — Q@ Yﬁ(;‘é

. >

LHCb-PAPER-2023-001 &ay

Run 2 results
Polarisation independent Polarisation dependent
$>** = —0.042 4 0.075 4 0.009 rad | = 1.02 £ 0.17 bso = —0.18 +0.09 rad
__ 1 1 A1 /X =0.974£0.22 @5 — @50 = 0.12x0.09 rad
|A| 1004 T 0030 o 0009 7 ‘)\”/)\0 = 0.78 £ 0.21 ¢s,i — ¢s,0 = 0.174+0.09 rad

Combination with Run 1 gives: R

¢SS§S = (—=0.074 = 0.069) rad Run | +Run 2,9 b LHCb Preliminary =
Run 2. 6 fb’! - SM prediction o
1] = 1.009 + 0.030 |
. Agreement W|'th the SM Run 1 + 2015+ 2016,51tb™ [17] =T
0 Run 1, 3 fb"' [16] —
 Most precise measurement of time-dependent CP asymmetry in B, = ¢¢
2011, 1 b [15]
 Polarisation-dependent (P-violation parameters are measured for the first time P R TR
= no difference observed between different polarisation states b - ¢sgs_['rad] ’ |
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(73 OfBé) — Jlyn rﬁg‘é

. (P violation in BY — BY mixing small = effective lifetime in (P-even modes T
= . — Fit
detel’mlﬂeS Ty — 1/ F o | Combinatorial _
L L é) 400: — Comb. + Signal
O [B Iy
] , ] ~ 300 [~ Partial Rec. —
e Stringent test of consistency between direct measurements of Al and those g~ |
inferred from effective lifetimes S 200 PRt 4y pd -
correlated uncorrelated £ [ L SN
syst. syst. O 100 -
e Run2result: 7; = (1.445 = 0.016 £ 0.008) ps / ;
/ 0 | 5200 III 5400 III 5600
: : : . m(J/ MeV/c?
»  Combination with Run 1: 7; = (1.452 = 0.014 £ @.O()ﬂi @.002]) JOR arXiv:2206.03088 ™Y | |
. o Bg — J/yn | ——— — — Fi
 Future improvements expected with (Run 142) S 10°F 5 1 fp-! P
other final states with ;7() and Run 2 B D | 3 w2018 e
B;) —> DS+DS_ '§ 10 \ Partial Rec. _E
Bg — ]/l[/(P - —o— = ) _
(HFLAV21) = N, _ i -
U 10 =
BY — KK~ | ——— : “ E
SM Prediction 2 \ |
JHEP07(2020§ 177 | —e— l'e . . ml“"":.i.i =
JHEP 12 (2017) 068 T
13 135 14 145 15 155 2 4 10
7. [ps] t [ps]
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Direct measurements of y TR ‘é

Vud V;I:b
= ar
’ - Vcd Vékb

» ¥ measured in tree-level decays sensitive to interference between b — ¢W and

b — uW transition amplitudes

I 61(534‘7/) DOK+

(y + lx)

['(B* - frh™) rlz) + rl% + 2rprgRy cos(op + 0p £ 7) B+ : fDK+

e Golden modes: BT — DK+

: .
—1pRp(Y COS O — X SIN Op)) + 5()62 + y7)
—rglycos(dg £ y) + xsin(oz £ 7)] OK i g De

* I\, coherence factor — suppresses interference and reduces sensitivity
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Measurement of y with B~ — [K*r n 7] Dhi S “!)

arXiv:2209.03692  «
~ I _ : l % 30
« Rys, =~ 0.4, but in decay phase-space bins R, can reach also

1 = increased sensitivity with binned measurement .
EPJC 78 (2018) 6, 443 s
* 4 bins chosen according to LHCb amplitude analysis =
« LHCb Run 1 + Run 2 data sample "ol
_'200:"|'2"|'_"|'2"I'_"I: 550 |
& 190 F A dOmeBn  — AQ—RwBm |
180 [ e = Bin Measured
128 E: / | : R§<3n 6}.<37t
150 £ : 1 0611028 (1001“?3)
140 £ .
30 E : 2 1007090 (131433)
E : 3053903 (1577%)
T T s 100 120 140 4 019755 (ZGJ—Fgg)

v [°]
PLB 802 (2020) 135188
Moriond EW 2023 - 20/03/2023

LHCb LHCb
’ 9fht 9fht
B~ —- DK~ ,Binl 7| B* - DK* Bin 1
+ Data
B + + k W Bt DK
) : M Bt — Dt
L + H — HSH BY - DKTX
]{ J{ BB - DKTX
| | BB - DrtX
m A — Dpr~
\ sssssssss
\ Combinatorial
| %ﬁ@#ﬁ'ﬁH bl H] ﬂﬁ,mrﬂﬁm++ T
LHCb LHCb
9fh1 9fh1
HH B~ — DK~ .Bin 2 Bt — DK+ Bin 2
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9fht

B~ — DK ,Bin3
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https://www.sciencedirect.com/science/article/pii/S0370269319309104?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-018-5758-4
https://arxiv.org/abs/2209.03692

Measurement of y with B* — [K¥ 7 777 | ,h A RR “!)

arxiv:2209.03692

_ 6.040.646.7\°
/= (54°8J:5.8J—r0.6—4.3)

* ¥ obtained using external inputs for:

> Hadronic D decay parameters from model-independent determinations by CLEO-c
and BESII| JuepP 05 2021) 164

- DV—D mixing parameters by LHCb PRL 116 (2016) 241801

« 2nd most precise determination of y from single D-decay mode

. Large improvement expected from incoming BESII w(3770) data (20 fb~!) and LHCb
measurement of D" mixing with promptly-produced D"
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.241801
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¥ + charm combination Yﬁ(:;é

= I T [ — T [ T T T I T T T T T T T T T
&) - — o - —
IS SO0 LHCb D'—>K* 7"t — MO CLEO/BES D'—K*n° LHCb
LHCb-CONF-2022-003 L : LHCh D'~k Prelming
- - - ~ 15 e 1 X Qss| 2072
Xy % 250 7 1 Al Charm Modes October 20
¢! LHCb D" —=Klmm-
rooo Allc(j;arm Ms;resﬂ 7 - All Beauty Modes
1 [ Beauty and Charm

* Latest LHCb combination includes new and _
updated measurements of: s

200

150

- BT = [hTh Y] b arXivi2112.10617 |
+ T 4+ + T + . 0 | ! . ! ..|....|....|....|....|.
> B N _K+7T T 7T+]Dh arXiv:2209.03692 0 0.5 1 15x % 0056 0.058 006 0.062 OO?%E
» Yepin DY — hTh™ PRD 105 (2022) 092013 01
e R U e M B
> Xiv:2208.06512 i ’ s -
Xcpr Yps 5X, 5)7 inB —> D ( —> KSJZ' /A ),l/t I/IMX arxlv Q:\QQ - D D ll_;eﬁlnglg -
» Ap(DY — K™K™) arXiv:2209.03179 0.14 S0 57D, D"—=n"h" October 2022
| B All B*—Dh* modes i
» Compatibility with indirect determinations s §
- Y= (65.7fg:2)° CKMfitter 010 -
.y =(65.8+2.2) UTFit ; :
Frequentist approach 0.08 B
o 63 8_|_35 © 173 observables i -
}/ — . 52 parameters 0.06 = | | | | I T
—3.7 30 40 50 60 70 80 90 o
Y
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https://www.utfit.org/UTfit/ResultsSummer2018SM
http://www.utfit.org/UTfit/ResultsSummer2018SM
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https://arxiv.org/abs/2209.03692
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092013
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Measurement of y with B* — [hth 7 27| )h v G ,é

N N N G 800
. . . . = = S 700 = 700
e First study of CP violation in : : : :
S S S S
i + _ i $ i \E g g " s B —Dh*[ 7] g o
BT = [KTK n~nt]|ph i E I
2 = = 200 e = 200
: oy 3 . 5 100 b 5 100
2 0 2 5 5600
(DK*) [MeV/c?] (DK™) [MeV/c7] (DK™) [MeV/c?] (DK™) [MeV/c7]
e LHCb Run 1 + Run 2 data sample POV DIV DKV e

—— B* —=DK* —— B* —=DK*
— B*—Dn* B Dp*
— DK zr’] -1 -l = B —>D'(—D [77)) i*
— B =D (=D 7D I — B* =D (=D [') *
e B* =D (=D [2°]) * = B* =D (=D [y]) h*
s B* =D (=D [y]) I : s B =D [ 7]

=== Combinatorial

—— Total

—— Data

e Integrated analysis for K"K~ z*n~ and
A A A

Candidates / (6.20 MeV/c?)

56l00 0 56l00 5400 56.00 5400 56.00
m(Dx*) [MeV/c?] m(Dx~) [MeV/c?] m(Dx*) [MeV/c?] m(Dx) [MeV/c?]

VA A A

e Also binned analysis for KT K ztz~ —

charm-decay parameters taken from LHCb —
amplitude analysisJHEP 02 (2019) 126 S o arXiv:2301.10328
K
2L ]
Qé :_ _: +12)\°
> i ] —
Z of — / (116—14)
a1 B PS integrated
_ ] 50 — Binned . . cry s
D - LHCb 2021 Precision will improve after
—— NoCRV predcion : charm model-independent
A T L 0 50 measurements

K8 -7-6-54-3-2-1123456 7 8
Bin number
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(P violation in charm TG

» Charm unique laboratory for study of (P violation in up-type quark decays

e Due to smallness of involved CKM elements and GIM mechanism, (P
violation in charm decays predicted to be small: Ap ~ 107* — 107

 SM calculations dominated by long distance contributions

» LHCb huge charm data sample allowed direct (P violation to be observed
in DY — h*th™ decays by LHCb in March 2019!

= observed value challenges first-principles QCD calculations =
enhancement of QCD rescattering or NP?

e Further measurements are needed In charm sector
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Search for local (P violation in D(JS“) —- K KK N ‘é

arXiv:2303.04062

« Multibody decays: local (P asymmetries possibly larger than integrated ones
« D - K~KTK™: Cabibbo-suppressed — might show (P violation

« DT - K~KVK™: Doubly-Cabibbo-suppressed — no (P violation in SM

x10° 60 210°
g -0 0 [ o oo ”>'\ oor I oor I
2 b — Total fit A LHCb s [ — Totalfit A LHCb
LN D" signal “ 56fb7" - o p e D} signal 56fb! |
= OF —Backerowd [ - <~ Backeroud | LHCb2016-2018
g | 8 a0l -
E ’ 2* 1.27 M S ' 0.97 M. data sample
S 40 A - =
< - < -
O l : @

E
]

E
]

. s m
0' “
L. 1 L tend | 1 1 O L ] 1 .l_

L . I TR FPROG I ATt L I
185 1900 1950 2000
m(K"K*K*) [MeV] m(K"K*K*) [MeV]
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Search for local (P violation in D(JS“) —- K KK N ‘é

2.2

 Dalitz plot divided in 21 bins that reproduce the pattern of the main E

resonances (~ constant strong phase)
1.8F
. Miranda method: »* test to compare Dalitz distributions of N ’(D(J;)) and |
. 1.6
N'(D;) (yields obtained by mass fit in each bin) |
a takes into account global arXiv:2303.04062 !

nuisance asymmetries |

T Slow = mr%ﬂn(K K +5

N(D) — aN'D;y) 2, N'DG) . o =

Sl — , o = - . —
4 Y Ni(D) ¥
52 52 i)
A\ Oipg) T Onig, )

» Control samples: Cabibbo-favoured D™ - K~ z"z" and D - K"K zn™

« Sensitivity studies: possible observation of (P violation if relative
magnitude of amplitudes for ¢K™ or f,K™ differs from 3% to 7% (or phase

differs from 3° to 7°) between D}, and Dy,
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Search for local (P violation in D(JS“) —- K KK N ‘é

x10° x10’
, §6""|""| §6""|""|
arXiv:2303.04062 3 |—Toum ice 1 % [—Touri et
ORI O D} signal 56" - v pee D} signal 56" -
D} mode: p-value = 13.3% B 1 e
O moaqe.: -Value = ) 0 = ackgroun = ackgroun
A

g af 4 8 4 -
= =
S | S |
= g
@) @)

« DT mode: p-value = 31.6%

= no local (P violation observed
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Measurement of ACP(DO — K~K™)

Producti
AraW(D — f) =~ ACP(D — f) Adet(f )|+ API‘Od(D) agimurﬁel’?r;

“w 1800 F
S 1600
Physical (P asymmetry Final state detection  Tagging particle detection = o0 F
asymmetry asymmetry o :
 Run 2 data sample s
5 -
* Nuisance asymmetries corrected with Cabibbo-favoured decays — two ; S0
calibration procedures almost statistically independent =
\ , - .
Acp(D? - K"K*) =+A(D " - (D° » K KH) 7} )—AD * - (D° > Original =
+ N + D0 4 o method (used © ¢
+AMD" - ") — [A(D* - K° %) - AK")) also in Run 1)

Acp(D° - K'K*) =+A(D" - (D° - K" K"z} ) —A(D ™+ - (D° - New
+A(D; = ¢) - [A(D} = K° ) — AKKO)] method
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arxXiv:2209.03179
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Measurement of AQD(DO — K K +) R ,é

Ap(KKY)|D* = (13.6£8.8 %+ 1.6) X 107" , _o0s arXiv:2209.03179 — |em
Ap(K K| D} = (2.8 6.7£2.0)x 107* #y==028 \ i oS
. Uncertainty about half of | R e
iy CEC;{”J%IT;Q Aazléll Lszyme(ajs%thements of the previous world average 4oL e ] oesae
P S48, B8 NG - _H e
| . p <t>h—h+ -5 0 s
using Ap(h™h™) =a;_, , AY Acp(KK) [107]

\ TDO

- e Evidence of direct (P violation
- - d — -+ —4
A kK (7.7£5.7) X 10 in DY - 77t at 3.80 level

al =(232+6.1)x 107 —,

A : » Exceeds at 20 level SM
_0.002 N /.‘ e _-."“’ ] " ]
O : P(CleKa aleyz) = (.88 expectations of U-spin
R i S symmetry breaking

A I S R R I
—0.004 -0.002 0 0.002 0.004
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Conclusions Yﬁc‘é

. New precise tests of SM in B mixing

» ¥ now known with an uncertainty < 4°

= further improvements expected with other decay modes and also better
knowledge of charm hadronic parameters

» First evidence of (P violation in charm in single decay channel at 3.8¢

» New search of local (P violation in charm multi-body decays

 The LHCb Upgrade | will improve the measurements in Run 3
> higher integrated luminosity

> removal of hardware trigger — higher trigger efficiency, smaller detection asymmetries
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Charm at LHCb Yﬁc‘é

_ . . JHEP 05 (2017) 074
e | arge cc production cross section (2017)

0 _ 1 9 L
o(pp — (fX)\/E_13 TeV = (2369 £3 £ 152 £ 118) ub o(pp = D°X) = 2072 +2 4+ 124 pb
B (7(pp—>D+X):834::2:: 78 b
» More than 1 billion D — K~ z* decays reconstructed with the o(pp — Dy X)=353£9% T6ub
full LHCb data sample o(pp — D**X) =784+ 4+ 87ub

e« LHCDb detector: JINST 3 (2008) S08005 e N
+ Excellent vertex resolution (13 ym in transverse plane for PV)
+ Excellent IP resolution ( ~ 20 pum)

+ Very good momentum resolution (0p/p ~ 0.5% — 0.8 %)

+ Excellent PID capabilities

+ Very good trigger efficiency (~90%)
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7, of BY — J/yn

g )
TR

Source Uncertainty |[fs]
Simulated sample sizes 5.2
AvELO 1.1
ApLs —
Arp,y2 0.4
AMVA 1.7
BT lifetime 4.0
Time resolution model 0.3
VELO half alignment 3.8
T for BY — x.n component 0.7
Mass model 0.8
BY component 0.4
Momentum scale —
z-scale 0.3
Data-simulation y7p differences 0.1
Mass-time correlation 0.5
B component 1.0
Quadrature sum 8.0

arxiv:2206.03088
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g

v + charm combination TRCY

B decay D decay Ref. Dataset Status since _ , 68.3% CL 95.4% CL
Ref. [14 Quantity Value . ‘
CL. |12] Uncertainty Interval Uncertainty Interval
B* — Dh* D — h™h™ 29 Run 1&2 As before ~Fl 63.8 +35 [60.1, 67.3] +6.9 56.3, 70.7]
- + + =t ‘ - 22 45 -
B= — Dh D—h™n 30 Run 1 As before rDk* 0.0972  F00022 10.0951, 0.0994] 0004510 0930, 0.1017
+ + +~F - ‘ ’ . -
B* — D’li D= K=r T trm |18 Run 1&2  New SDK* ] 127.3 +34 123.8,130.7] +65 [120.0,133.8]
B* — Dh D — h™h™= 19 Run 1&2  Updated ro7 0.00490  F000059 1) 0437,0.00549] 00013 [0.0039,0.0062
B — Dh,i D — th+h_ 31 Run 1&2 As before 5}3)..‘1" 0 204.0) +€l).l7 [283 303 7] +19 979 313]
== + 0+ ' . — ) ’ -22 . )
B* = Dh* D = KsK=a% |32 Run 1&2  As before rBi 0.098 097 0.079,0.115] 09 [0.061,0.129]
B = D h*j: D — h™h 29_ Run 1&2 As before 5113):}{’ o] 308 téi_f [283, 320] :gé :239,329]
+ * + 5 ' * . :
B* - DK** D—=hnnrn 33 Run 1&2(*) As before 50 o] 137 +22 154, 159] +32 17,169
- +, - +p- : b o B P T
B = Dh*n "« D — h' h 34 Run 1 As before Tgi\--n* 0.108 tggig 0089,0124 :8g£ 006(),0138
B - DK* D — h*h™ 35 Run 1&2(*) As before SOK [0 a4 +20 119, 54] +54 6,88
0 *0 T T T . * B,..|J _1:?)-) . o ; 28 X ’ ;
BO — DK*O D — h O’/T +7r _7T 35: Run 1&2(*) As before rDK 0.249 +0.022 0.224,0.271] H0.0u4 0.198, 0.293]
go I g{.( s g - KIS{“ o ggz ﬁ‘m i ﬁ Eei"re 52K [°) 198 iy [188.4, 208] ‘. [179,222]
— D7 —> K T un elore DIK* ‘ 0.096 0.20 5
) ) . ) ; rb; 0.310 +0.09 0.216,0.406 +020 0.09,0.51
LHCb-CONF-2022-003 B® - DFK* DY — hth nt 38 Run 1 As before DKk o e | o | e [, , |
B - DFK*ntn~ Df - hth =t 39 Run 1&2 As before O +[ | 390 o [338, 375 o [318, 395
p s s ] D K*¥x*nx / +0.081 : - 5 +0.1§ (
D decay Observable(s) Ref. Dataset Status since 7Bi’+ e 0460 —0.08 J0-575,0.541 0.1 0-29,0.62]
Ref. [14] O[] 346 AT [334, 358] £ 321, 372]
DY = hth~ AAcp 24/40/417 Run 1&2  As before o " 0.030 o012 [0.018, 0.046] 0027 [0.003,0.071]
0 + - + 5 (95 g0 ™ [°] 32 o [—8, 58] *36 [—54,77]
i }_{ Acr(K f_( +) 16.’ 24j20] Run 2 New -DK*xta 0.079 e 0.045,0.107; e 10.000, 0.128]
D’ — h'h ycr = Ycp " 42 Run 1 As before 715++ | e g (14529, 1L AU g DOt
DO - h+h— Yop — y(I;;'rr+ 15 Run 2 NeW 7'82 o 0.068 iOO;(; 0038, 000‘1 :0068 [0000 0107’
DO — hth- AY 431146 Run 1&2  As before z(% 0.398 iy 0.349, 0.448] 1010 0.30,0.497]
D’ - K*r~ (Single Tag) R, (¢*)%,y* |47 Run 1 As before y[%, 0636 “oois 0.617,0.656 “oos  [0.597,0.677
D — K+n— (Double Tag) R*, (xli)Q, y'* A8 Run 1&2(*) As before ri7 (%] 5.865 fggié 5.850,5.879 :8:&% 5.835, 5.894
] Car o 2. r 9 N 5.6 [ ]
D 5 K*pFata~ (z? + y*)/4 49 Run 1 As before 55" [°] 190.2 28 187.4,193.0 iy 184.1,195.8
D’ - Kintn~ T,y 50 Run 1 As before la/p| 0.995 o016 0.979,1.010] T0.032 0.963,1.027]
D’ — Kgﬂ+7f— Top, Yor, AI, Ay 51 Run 1 As before ¢[~.] =2.5 _—Figﬂ [—3'71 _1'3] i%% [—5'0? —0'1]
DO = Konm- top, yop, Az, Ay [52 Run 2 As before ad, . [% 0090 097 [0.033,0.147) Hu ~0.03,0.20]
DO - KSTT+7T— ([J,— tag) Tcp, Yopr, Ail?, Ay 17 Run 2 New a;jrwr [%] 0.240 tggg:lz [0'17810'301] igig [0'12?0'36]
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Y + charm combination Yﬁ(:;é

LHCb-CONF-2022-003

Decay Parameters Source Ref. Status since
Ref. [14]

B* - DK** kDK™ LHCb 33] As before
B° — DK* kDK™ LHCb 53 As before
BY — DFx™ 5 HFLAV 13] As before
B? - DY¥K=(nm) o HFLAV 13] As before
D— Kt~ cos On™, sind8™, (r™)%, z%, y CLEO-c 27 New
D— K'n~ Ay, ATZ™ 1K™ cos 6K™ rE7™sin 65  BESIII 28 New

D — hth= 7" Fr o Frr o CLEO-c 54| As before
D = rtrntn—  Fy CLEO-c+BESIII 26,54)  Updated
D — Ktnn° pRrm  §Emm o Kmr CLEO-c+LHCb+BESIII  [55-57] As before
D — K*gpFatg—  pB37 §E3m ghsm CLEO-c+LHCb+BESIII  [49,55-57] As before
D — KQK*rn¥ ngK”, 515(5)1{“, ngglﬁ CLEO 58] As before
D — KQK*r¥ ngxﬂ LHCb 59] As before
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Measurement of y with B* — [hth 7 27| )h v G ,é

CP -violating observable Fit result (x10%)
DR 7. . 4404 .
b BSOS arXiv:2301.10328
i —125+25+03+1.7
yP s —42+31+03+1.3
asgf —31+35+0.7+0.1
yP 174474064+ 1.1
Bin B —-DK~- BT™"—=DK"™ B —=Dan~ Bt —=Dr" Uncertainty (x10?)
8 17+ 6 74 4 10 312 + 21 920 + 34 Source e - . S
7 21 £ 7 71 £ 10 309 £ 21 1160 £ 37 Mass shape 0.02 0.02 0.03 0.06 0.02 0.04
6] 81 + 12 173 +15 1025 4+ 36 24292 + 53 Bin-dependent mass shape 0.11 0.05 0.10 0.19 0.68 0.16
5 157 + 15 271 + 19 2103 + 50 4296 + 68 PID efficiency 0.02 0.02 0.03 0.06 0.02 0.04
T L L L Low-mass background model 0.02 0.02 0.03 0.04 0.02 0.02
;L 1;12 N 55 ?ig N 171 12?(1) N ;Lg gigi N 2461 Charmless background 0.14 0.15 0.12 0.14 0.01 0.02
- T - “ CP violation in low-mass background 0.01 0.10 0.08 0.12 0.07 0.26
2 43£9 120 £ 13 468 £ 25 1417 = 41 Semi-leptonic b-hadron decays 0.05 0.27 0.06 0.01 0.07 0.19
1 114+6 65 £+ 10 369 £ 22 1137 = 37 Semi-leptonic charm decays 0.02 0.07 0.03 0.15 0.06 0.24
—1 606 += 10 20 += 7 1009 4+ 35 376 + 23 D — K¥n*nt7~ background 0.11 0.05 0.07 0.04 0.09 0.05
—9 03 + 12 51+ 9 1477 + 41 449 + 925 A) — pD7~ background 001 025 014 0.04 0.06 0.34
B 11 N N N D — K¥rErt7— 70 background 0.30 0.05 0.19 0.07 0.05 0.01
: 102 = :_5 39 &9 2424 % 53 090 = 30 Fit bias 0.06 0.06 0.13 0.02 0.06 0.13
—4 277 £ 19 88 + 12 3800 £ 65 1851 £47
_5 339 + 921 03 + 13 4185 -+ 68 2910 =+ 50 Total LHCb systematic 0.37 043 034 0.32 0.70 0.57
—6 180 + 15 46 + 9 2375 £+ 52 939 + 34 Ci, S 0.35 3.64 1.74 129 0.14 1.10
—7 61 + 10 34 + 8 1127 1= 36 376 & 23 Total systematic 0.51 3.67 1.78 133 0.72 1.24
—8 1+ 10 297 J87 £ 34 283 + 20 Statistical 2.87 340 251 3.05 4.24 5.17
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Measurement of y with B* — [hth 7 27| )h v G ,é

arXiv:2301.10328

CP -violating observable Fit results
ARBETT 0.093 £ 0.023 4 0.002
ARRmm —0.009 4+ 0.006 =+ 0.001
ATTTT 0.060 =4 0.013 = 0.001
AT —0.0082 4+ 0.0031 £ 0.0007
RAS™™ 0.974 +0.024 +0.015
op 0.978 £0.014 =4 0.010
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Charm formalism Yﬁc‘é

I'(D—f)-T(D — f)

Ag(D = f) =
a) —_ —_
I''D—->/)+1D - 1)
. . . 2 112
- Direct (P violation when |A¢|™ # | Af] d (D0 <M—ir> DO(7)
dt \ D) | 2 DO(1)
» For oscillating neutral mesons, mass eigenstates | D, ,) = p| DY) + ¢| DY)
> (P violation in mixing when |g/p| # 1 -
> (P violation in decay-mixing interference when ¢, = arg[(gA,)/(pAs)] # 0O
Phenomenological parametrisation Theoretical parametrisation
~ 2(my — my) - I,-T, q 52|M12| _ T, | _ <&>
=TT " tir; || 7! ET T, e T T,
2 —y? = a2y — vy, PRL 103 (2009) 071602
PRD 80 (2009) 076008
TY = T12Y12 COS P12, PRD 103 (2021) 053008

+2
(£B2 y2) m— 33%2 y%z 1T 2:1312y12 sin gblz

NI
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Search for local (P violation in D(“;) - K KTKT N ‘é
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Measurement of ACP(DO — K K +) R ,é

Decay mode Signal yield [10°] Red. factor Source Ch [1074 Ch, [1074 Corr.

Ch Chs Ch  Cbs Fit model 1.1 1.0 0.05

DO s KKt 37 37 0.75 0.75 Peaking backgrounds 0.3 0.4 0.74
DO s K-t 58 56 0.35 0.75 Secondary decays 0.6 0.3 -
Dt & K—ngtgt 188 _ 0.95 _ Kinematic weighting 0.8 0.4 =

Dt — KO+ 6 B 0.25 B Neutral kaon asymmetry 0.6 1.3 1.00
Dt - ¢t B 43 B 0.55 Charged kaon asymmetry — 1.0 —

Df — KYK™ — 5 — 0.70 Total 1.6 2.0 0.28
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- 0002~~~ — =
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VELO vacuum 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 Aluminium boxes, the RF foils

On 10th January 2023, during a VELO warm up in neon, there was a loss of control of the protection system
A pressure differential of 200 mbar built up between the two volumes, whereas the foils are designed to withstand 10 mbar only
Initial investigations show no damage to the VELO modules; sensors show correct leakage currents, microchannels show no leaks

RF foils have suffered plastic deformation up to 14 mm and have to be replaced. Major intervention, planning under study

« Replace now (delay), or replace at the end of the year (run in 2023 with VELO partially open)
« Physics programme of 2023 is significantly affected, commissioning of Upgrade | systems can proceed as planned
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