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CKM matrix
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@ Key test of the SM: Verify unitarity of CKM matrix
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Three types of CP Violation

® CP-violating nature of weak interaction has multiple manifestations
® Requires two interfering amplitudes with different strong and weak phases

CP violation in mixing CP violation in decay

Unequal transition probabilities _
) i Unequal CP-conjugated decay rates

[(B— ) #T(B— f)

between flavour eigenstates

P(B — B) # P(B — B)

CP violation in interference of decays with /without mixing

Time-dependent or time-integrated difference of decay rates of initial flavour eigenstates

[(B..5) — fcr)(t) # [(B(—) = fcp)(t)
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Y measurements

» Relative weak phase y in interference between b — cits and b — ucs transition
» Measured with tree-level decays, theoretically clean observable (§y ~ 1077
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Y measurements

» Relative weak phase y in interference between b — cits and b — ucs transition
» Measured with tree-level decays, theoretically clean observable (§y ~ 1077
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® Interference occurs when D° and DY decay to the same final state f

o GLW: CP eigenstates, e.g. D — KK, D — 7
o ADS: CF or DCS decays, e.g. D — K
o BPGGSZ: self-conjugated 3-body final states, GLW/ADS analysis across the

D decay phase space, e.g. D — Kimrm B
o Time-dependent: BY — D; Kt & Dalitzz B> — D°Ktn™
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. K
)4 measurement In B+ — DK +( —> KSOE_I_) LHCb-PAPER-2024-023

In preparation

o CP eigenstates D° — #t7~, KK,z ntn A oK
o Suppressed decays DY —» K=z, 77K ntn~ . +/y

: : 0 07.47. — JE)DK’*Jr
o Self-conjuated multi-body decays D* — K¢h™h \
A 10 gty DOK*—I— A

o Inputs for D — K¢h*h™, ntnta~x~ from BESIII
[PRD106.092004, PRD82(2010)112006, PRD102(2020)]
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Y measurements

JHEPO5(2024)025
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https://link.springer.com/article/10.1007/JHEP05(2024)025
https://link.springer.com/article/10.1007/JHEP04(2021)081
https://doi.org/10.1007/JHEP02(2024)118
https://doi.org/10.1007/JHEP12(2023)013

y measurement in B. — DFK*

* Time-dependent CP violations measurement

LHCb-PAPER-2024-020
In preparation

o Interference between mixing and decay — relative phase difference of y — 2/,
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Latest y combination

y = (64.6 = 2.8)
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LHCb-CONF-2024-004

e A combination of all measurements of y and D’ - D"
mixing and CP asymmetries including 9 new results

® 20% Improved precision w.r.t previous combination,
consistent with global CKM fit predictions (65.579-99)°
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https://cds.cern.ch/record/2905625/files/LHCb-CONF-2024-004.pdf
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Sln 2ﬁ 1N B — WKS Phys. Rev. Lett. 132 (2024) 021801

e Decay mode B - nyg (CP-odd only) offers a theoretically clean access to the CKM angle [

X — g+ SIN2[- sin(Amt)

e Consistent with other measurements, still statistical
uncertainty limited

e | HCD results dominate the latest World Average
SRun2 — (0,716 £ 0.013 £ 0.008

WKy

CRu2 = 0.012 % 0.012 + 0.003 sin(2f) = sin(2¢,) EEE
S ' P '
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https://doi.org/10.1103/PhysRevLett.132.021801

¢, in BSO — JIyg

® SM predicts: ¢SCKMFW" N — 2P, = (—0-0368J_r8:8888

e Highly suppressed than in BY system (5 ~22°)
Vusvr;b T Vcsvcﬂg) + Vis {Z —

) rad

Phys. Rev. Lett. 132 (2024) 051802

o Golden mode: BY — J/yd

V..Vi

~ — 20 = 2ar o
b, Py g( VCSV;‘z)

(ignoring penguin contribution)
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X — 1]y - SINQ- sin(Amt)
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https://doi.org/10.1103/PhysRevLett.132.051802

¢S |n BS(') —> J/W¢ Phys. Rev. Lett. 132 (2024) 051802

® SM predicts: S MM — 28 = (—0.036810000) rad

e Highly suppressed than in BY system (5 ~22°) e Golden mode: BS — JIyg

Vusvjb - VcchﬂE) + Vis {Z —

X — 1]y - SINQ- sin(Amt)

e \WWorld-best measurements, consistent with SM predictions
e Statistical limited still
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https://doi.org/10.1103/PhysRevLett.132.051802

arxiv: 2409.03009

Time-dependent CPV in B ;) — DDy New

e Different from the golden mode B — J/l//KO, the loop-mediated penguin contribution in B’ - D*D™ can
not be ignored, effective phase Sin(qb;ff = sin(—2p+A¢,) = — SD+D_/\/ 1 = Chipy-

e With external inputs A¢, can be measured to constrain Ag, in Bf) — DD assuming U-spin symmetry

, .
D'D'S., [
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o —e—t -

PRL 117 (2016) 2618Dl :

Average L 0.84+0.12
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https://arxiv.org/pdf/2409.03009

Time-dependent CPV in B’ - D*D- New ... 240003000

dr' (¢, d)
dt

ox e Y780 (14 d Cp+p- cos Amgt — d Sp+p- sin Amygt)

e CP asymmetry observed in B - D™D~ for

E? 102§ _ the first time with a significance exceeding 60

s | B— DD Sp+p- = —0.552 £ 0.100 (stat) & 0.010 (syst)

= 10, E Cp+p- = 0.128 +0.103 (stat) £ 0.010 (syst)

1: L J % [PRL117 (2016) 261801, PRD79 (2009) 032002]
l Jlo ¢ |n consistent with previous LHCb and BaBar results, and
Decay time [ps] corresponding to a small contribution from higher-order SM

S50 L : corrections [PRDS5 (2012) 091106]
S 0f S pep- : e Move the world average further away from the Belle result
<

0.5F _\
| / 5 e Combined with previous LHCDb result:

S 10
Decay time [ps]
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Time-dependent CPV in B} — DDy New e igon
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https://arxiv.org/pdf/2409.03009

Direct CPV in BT — J/yrn™

e Proceeding via a b — ccd transition, BT — J/wxn™ is enriched with penguin contribution
[PRD 49 (1994) 5904, PRD 52 (1995) 242]

e |deal place to look for yet unobserved direct CP violation in B decays to charmonia
o Important control channel to understand penguin effects in sin 23 measurement in B — J/wK"

= Expect O(1%) direct CP violation

[PRD 79 (2009) 014030, J
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Direct CPV In B T —> J / l//ﬂ'_l_ New | HCh-PAPER-2024-31

IN preparation
e Run 2 result, conservatively assuming fully correlated systematic uncertainties
AAY = A BT = Jlyr™) — AL BT - JIwKH) = (1.29 £ 0.49 +0.08) x 1072

e Compatible with Run 1 result: AA“? = (1.82 + 0.86 + 0.14)x1072
e Combined with Run 1 resuilt:

' ' I ' T | ' ' ' I L L
Run 1 : . i1.82+0.86+0.14 Runl +— : 3.830+0.030+0.030 %K/n = (3.852 +£0.022 = 0.018) % 102
016 | : | 1.43+0.87+0.09 2016 1 3.900+0.040+0.024 CP 5

AAY =(1.42+£043 £0.08) x 10
2017 H — 0.81+0.87+0.11 2017 ——— 3.858+0.039+0.022
2018 | ——e—— 158:080x0.11 2018 F——e— 3805:0037:0023 | First evidence for direct CP violation in
Averageé : 9 : 1.42+0.43+0.11 Average I—f—l 3.846+0.018+0.025 beaUty deCayS tO Charmonium final S’[a’[eS

0 2 4 3.7 3.8 3.9 4 4.1

AA_p [107 Branching fraction ratio [10™*

[Phys. Rev. D 95, 052005 (2017)]
e Taking previous LHCb result of A"(Bt — J/wK™) = (0.09 £ 0.27 = 0.07) x 1072 to extract:

A°(BT - J/Yynt) = (1.51 + 0.50 + 0.11)x 1072

agrees with PDG value AP(BT = J/yn™) = (1.8 £ 1.2) x 1072
P. Li - HF-CPV workshop- CPV at LHCb - 2024-10-26 16




Direct CPV in BT — J/yrn™

e Decay amplitudes of BT — J/yh™
A(B* — Jipnt) = =AA(1 + ae”e")
A(BY = JK*') = (1 = N?/2) A (1 + ed e ™)

A=V . e=M1—=21%),A" s the hadronic matrix element

us?

LHCb combined result of CKM angle y = (64.6 £ 2.8)°

e SU(3) flavour symmetry:a = a’,0 = 0’

e Constraints on the relative size (a) and strong phase
difference (6)) between penguin and tree contributions

P. Li - HF-CPV workshop- CPV at LHCb - 2024-10-26

New LHCb-PAPER-2024-31
INn preparation
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CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
* Tiny weak phases in first two generations of CKM matrix (< 4.~ 0.1%)

. Oscillation and CPV ( < 107
* | ong distance contribution comparable/larger than short distance

|44

nt,KT,...
c~ c u
457 d,s,b >C©:)<
U C U C
n,K,...

<
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CP violation in charm sector

* GIM mechanism very effective for charm decays, SM loops highly suppressed
* Tiny weak phases in first two generations of CKM matrix (< 4.~ 0.1%)

. Oscillation and CPV ( < 107
* | ong distance contribution comparable/larger than short distance

|44

nt,KT,...
c~ c u
457 d,s,b >C©:)<
U C U C
n,K,...

|44

<

Breakthroughs by LHCb thanks to huge statistics:
First observation of CPV in D° - h*th™ decays
AMep = Arp(KTK™) — App(etn™) = (—15.4 + 2.9)x10™* [PRL(2019)211803]

Evidence of CPV in D° — ntn~ decay
Arp(mtn™) = (23.2 £ 6.1)x107* (3.80)  [PRL(2023)211803]

P. Li - HF-CPV workshop- CPV at LHCb - 2024-10-26
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Direct CP violationin DT —- K™Kzt

— KTK 7" (S) decay

« Search for localised CP violation in the phase space of D™

New arXiv:2409.01414

» Control channel D — KTK~ 7™ (C) to subtract nuisance asymmetries

A"47413 T Ara,w Al?agv AAgIObal

raw

* Test-statistic to extract a p-value for the
hypothesis of no localised CP violation

i 2 AA
SACP) ) SACP o O~ A;
AACP
> >
. &3 10°
l ° ~ "
l o = ~ ) =
| :E o
: 10° © 2.5 S
| ~ N— 3~
I § “ 10 §
< (av]
1102 2 2 =
. k= —5102 =
J S ; S
3 1.5 13
EIO £ =10 £
I e
: Q — QO
| = 1 = 1, =
0.5 ] 1.5 2 0.5 1 1.5 2
s(K™7*) [GeV?] s(K™7*) [GeV?]
DT - KK zn* (S) DI - K™K 7" (C)
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https://arxiv.org/pdf/2409.01414

Direct CP violation In D+ —> K+K_7Z'+ New  arxiv:2409.01414

« Search for localised CP violation in the phase space of D™ — K™K~z (S) decay
» Control channel D — KTK~ 7™ (C) to subtract nuisance asymmetries

2,89 1,C global
AACP — Ara,w Araw AArw * p-values (2.3-14.1%) compatible with absence of

» Test-statistic to extract a p-value for the localised CP violation in Dalitz plot
hypothesis of no localised CP V|olat|on

i " 107 & LHCb_ 4
i ' 104 g 5.4 1b -
l 10° o .
: 10° 1!
102 2102?; - -
: — E § _'
05 1 15 2 : 05 1 15 2 ! e R R .
s(K™7m*) [GeV?] s(K~7+) [GeV?] 0.5 1 1.§ + 2G .
D" - K"K~ z" (S) DI - K™K 7" (C) s(K7*) [GeV7]
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Direct CP violation In D+ —> K+K_7Z'+ New  arxiv:2409.01414

« Search for localised CP violation in the phase space of D™ — K™K~z (S) decay
» Control channel D — KTK~ 7™ (C) to subtract nuisance asymmetries

. AAéP orecision up to 107

o o - —3
A% = (0.95+ 0.43 + 0.26) x 10

%0 o+ .

Acps = (—0.26 £ 0.56 +0.18) x 10~
c,lq'\ BEE T [ ! '/"_'_I_'\S' EE ST e
2 6 = Ll—éb_1 Statistical Uncertainty =
5/ 4 = S e —+— Total|Uncertainty =
St - +
% Oi B ++ AL B e —+—+ BE +'__§
_2:— —— & & —:
] m . BE _:
5 tt @ e 1E+ — ¢n” :
. e

5 10 15 20
Dalitz plot bin
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p-values (2.3-14.1%) compatible with absence of
localised CP violation in Dalitz plot

C\f]—35_|||| S 3
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g 3- —= 3
e g
< | 2
e 1 1
= g
: 1 0
21 -1
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X
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Time-dependent CP violation in D' = Kr

LHCb-PAPER-2024-008

* Interference between mixing and decay for favoured RS and suppressed WS decays

D" — Dt v »D% - DCS D* — D, i D° =
/ \ RS / \ WS
> D0 — K-T[+ > D0 > K+T[‘
CF DCS
N r(DO(t) - Ktn™) _ [(D%(t) » K~ =)
RKT(' — e ; RKT(' — 0 | ;
(DO — K—r+) (DY — Ktn—)

DCS over CF amplitude
2
£ 5 " ;
R,—(—W(t) (1+ Axr) + Rkn (1 + Axr) (ckr £ Ack ) (—) . (C;ﬁr — AC;(W) (_)

’T'DO TDO

CPV observables: Ak, (in decays), Ack, (in interference), AC%7T (in mixing).

A /
Mixing observables: cx ., ¢,
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Time-dependent CP violation in D' = Kr

P.Li-

 Measured with yields: RS ~400 M, WS ~1.6 M

(r*+r7)/2 [107]

(r*-r7)/2 [107]

550_ ' | - S 5
- LHCDb : :

D OO N 6 fb_l :
- — -
450 +*"" T :
u __,__"""' T Data -
00T rl'H"ﬂ:—':llF Baseline -
350 - 1,44:-*"" I | I | No C;P Viollation .
OF -
bbb f
—10F T T _
-20| :

0 .
D" decay time / 7
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arxiv:2407.18001

. e
% 250:—LHCb —: % - LHCb —— Data .
S ] i > 25 :— 6 fb! Signal —
§ 200 @ - D'oK'w Comb. bkg. -
n . z 20
S 150} s F
=B g br
© 100} > of
503 5—
0005 2010 2015 2020 02:0|05' %010 2015 2020
m(D7) [MeV/c?] m(D°z¥) [MeV/c?]
RKW (343.1 s O) |
o G T 1(]—4 Mixing parameter
c;{ W SRR R AT Evidence of non 0
AKW (—7.1 5+ 0. O) b, & 10_3
ACK7T (3.0 sE 6) _4 No CPV
/ ) —6
Ac, (—=1.9%3.8) x

C,. Y12 COS gb? cos Ay + x12 COS qb?f Sin A
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https://arxiv.org/pdf/2407.18001

Time-dependent CP violation In DY = 1t 7Y

Phys. Rev. Lett. 133 (2024) 101803

* First measurement of time-dependent CP violation in SCS mode

Alsoxm? N <180 >:<—103' L
E“‘) LHCb ! Data E Enéo;_LHCb_1 ! Data : I'po_ fop (t) — 50, fo (t)
0 erged w0 1o et | Acp(for,t) = 1 (t) + Tpo s, (t)
= 133 Signal i £ iig 3 Signal 3 D% fop D= fop
g 80 Combinatorial —f é 80;— Combinatorial —; N dir t
: K ™ e+ Mlher ]
S 2 3 5 »f &
(1)40 145 150 - 155 ?40 145 1510 — 155 . ;)O T N%O
Am (MeV) Am MeV)  Apeas({t/Tpo);) Ni T
DO Do
>, - LHCb1 h . M » . » ]
z 05F o1 77870 4 Ay, Wer ( | ) v sin ¢ ( )
. e+ 1 : = | —(|=|—|=|) ycos¢
é N L S 2 el Pl -
S L | E
2 sk \ }_*_ 3 < No evidence for time-dependent CP violation,
T D' n’ - constant with world average
_1 I B R S B
_ _ —4
0 2 4 6 8 AY = nepAY, = (=13 +63£2.4)x 10

P. Li - HF-CPV workshop- CPV at LHCb - 2024-10-26 23


https://doi.org/10.1103/PhysRevLett.133.101803

Looking at Run 3 and beyond

~&L  ~2%x10% cm™2s7! ~&L_ ~15%x10** cm™%s7!

~9 visible interaction/Xing ~40 visible interaction/bunch-crossing

<4+———Goal: 50 b —— <+— Goal: 300 fb-! —»
Upgrade 11

Run 3 Run 4 LS4 Run 5 LS5 Runé6
202212023 2024 202512026 2027 202812029 2030 2031 203212033 203432035 2036 2037 20392040 2041 2042

T Now

~ZL . ~4x10°% cm™%s7!
~1 visible interaction/bunch-crossing
9 fb-'l ———»

rade |1 Consolidation

Run 1 LS1 Run 2
2011 2012/2013 2014 2015 2016 2017 201832019 2020 2021

LHCb-PUB-2018-009

Observable Current LHCD LHCb 2025 Belle 11 Upgrade 11 ATLAS & CMS

EW Penguins ‘e

Ric (1 < ¢ < 6 GeVch) 0.1 [274) 0.025 0.036 0.007 Great opportunities for much more

Ri+ (1 < ¢? < 6GeV2ct) 0.1 [275] 0.031 0.032 0.008 -

Ry R R . 0.080.06, 0.18 .02, 0.02, 0.05 precise measurements and NP searches

CKM tests

v, with BY — D} K~ (35)° [136] 4° ~ 1° - O

v, all modes (+50)° [167] 1.5° 1.5° 0.35° - 3 ' :./ I

sin 23, with B® — J/yK? 0.04 [609 0.011 0.005 0.003 - *® B8 sin 28 L & Am, oo 300

¢s, With B — J/1¢ 49 mrad [44 14 mrad - 4 mrad 22 mrad [610 05 % =

¢s, with BY — DI D 170 mrad [49] 35 mrad - 9 mrad — - § ]
s5s with BY — ¢¢ 154 mrad [94 39 mrad — 11 mrad Under study [611] |~ o =3¢ =

ad) 33 x 1074 [211] 10 x 1074 x 3x 1074 - 03 =

Vsl /[ Ves) 6% [201] 3% 1% 1% - F a E

Charmn [Vaol :

AAcp(KK — 7o) 8.5 x 104 [613] 1.7 x 10~4 5.4 x 10~4 3.0 x 1075 - v E

Ar (= zsin @) 2.8 x 107 [240 4.3 x107° 3.5 x 1074 1.0 x 10~° = PR Y o =

rsin ¢ from DY — K7~ 13 x 10 [228] 3.2 x 1074 4.6 x 1074 8.0 x 1075 - 5

z sin ¢ from multibody decays — (K3m) 4.0x10™° (Krmw) 1.2x107* (K3m) 8.0 x 107° - —_—
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https://cds.cern.ch/record/2636441

Summary

v LHCb dominates the world average of many measurements in CKM and CPV
v Various measurement of CP violation in Bg) and D" decays with LHCb Run 1+2 data

samples, providing the most precise results
v Run 3 is running, looking forward to further test of the SM and search for new physics

—
o

— 2024 (13.6 TeV): 9.56 fb’
— 2023 (13.6 TeV): 0.37 fb™
2022 (13.6 TeV): 0.82 fb™

—2018 (13 TeV): 2.19 b
— 2017 (13 TeV): 1.71 fb™
65— 2016 (13 TeV): 1.67 fb™

— 2012 (8 TeV): 2.08 fb™'

(o?
|

Run 3 has collected more

Integrated Recorded Luminosity (fo™)

Olafa fhan Run 1_/_2] a /OZ- Of | —2011 (7 TeV): 1.11 fo™
new results to come!
2_
0" e '
Mar May Jul Sep Nov

Month of the year
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https://lhcb-outreach.web.cern.ch/2024/10/18/end-of-successful-proton-proton-collision-data-taking-period/

LHCb Experiment at CERN
Run / Event: 255623 / 300064
Data recorded: 2022-11-25 09:40:16 GMT
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L HCb detector

General purpose detector specialised in beauty and charm hadrons

LHCb MC

/s =14 TeV
A
y —
M3
Sm — SPD/PS 1\ M2
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B o T3 RICH2 ECAL =
M1
Verte
proton beam Locator
—S5m T ' /| —
| W e, .. \ »
| I I > ’72 i I—
15m 20m z j:
o-
L HCb performance: * e
' oF ~ ILHCb MC
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| IR A Los ol ool ooy s ooy
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®
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P. Li - HF-CPV workshop- CPV at LHCD - 2024-10-26 4


https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm e 14 TeV
A
y L
M3
Sm - SPD/PS 1, M2
Magnet C =
: 13 RIcH2 A=
, T1T2 e
RICHI
Verte
proton beam Locator/ _ / k=
/_ N —
I I I N I B > ’72= 61[—::
10m 15m 20m y/ 4
LHCb performance: e
[ [Vs=14TeV

P P JINST 14 (2019) P04013
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

L HCb detector

General purpose detector specialised in beauty and charm hadrons

» Daughters of b & ¢ hadron decays: p, ~ O(1 GeV/c), flight distance L~1mm © =14 Tev
Precise vertex Excellent decay time ) M3
measurements, = fesolution ~ 43 fs for B S M3
o(IP )~ 35 ym - et 3 RICH2 A oo
! Rl =——

/ RICHI il

proton beam \lect;;f /) e
- | Excellent particle
R - identification
/ISR o e(K) ~ 95 %
S/ XS - — misiD p(x = K) ~ 5%
BYZ. 9\ ° i 5 L e(n) ~ 97 %
—5Sm |— ‘ / \
| A| |H\ ] | I N I N . I B > ”i s—::
m 10m 15m 20m z o
collision point iz Excellent momentum
SV “|' | resolution ~ 0.5%
LHCb performance: e
P P JINST 14 (2019) P04013 e,
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https://iopscience.iop.org/article/10.1088/1748-0221/14/04/P04013

Control of penguin contribution

o o(¢,) ~ 0.016 comparable with the theoretical estimation of Agbfe”g”i” ~ 1°~ 0.017,

better control of penguin effect necessary

@ Combined analysis of penguin contributions in ¢, and ¢, (sin 2f), using SU(3) flavour
symmetry

PLEASE BE AWARE OF US!

¢d _ Sin(zﬁtree) 1+ A¢dpenguin ‘|‘¢de
¢s _ ¢’;ree 4+ A¢Eenguin + ¢LVP

og &

0.2 I I I I I I I I I
o~ <] Current Precision

' B() — J / )KQ - x2 Improvemen E
A@d K d /l/ mgbd 0.1 __% xg imgrovemen: N

BY - J/yK?| |BY — J/wrl|  |BY — J/vp° of
(bk ' - */Aé —O.lf— ]
= By = J /v i : I
I VR S| '5'"NlP01_0
J.Phys.G 48 (2021) 6. 065002 ¢, [l
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202010.14423&ui-citation-summary=true&ui-exclude-self-citations=true

Method to measure A44¢F

» CP asymmetries

AP(B* — J[pn*)=a V(BT — ]/ yrt)
ACP(B¢ —)]/IIJK¢) araW(B¢ —)]/IIJK¢) prod(B¢) aDet(K$) _1PID(K¢)
Raw asymmetries
from mass fit Detection asymmetries
from D* control data
Production asymmetries
largely cancelled PID asymmetries

from PIDCorr

_aPID(nF)

» CP asymmetry difference
AACP = ACP(B¢ —>]/l/)7'[$) _ACP(B¢ —)]/IIJK$)
= Aa'dWV — MP{Od — Aqdet — pAqPID credit: Manshu Li
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Y measurements

B decay D decay Ref. Dataset  Status since
Ref. [14]

B* — Dh* D — h*h'T 35] Run 1&2 As before
B* — Dh* D — hth ntn™ 19 Run 1&2 New

B* — Dh* D — K*rFrta~ 36] Run 1&2 As before
B* — Dh* D — h*nF70 37] Run 1&2 As before
B* — Dh* D — K3hth~ 38] Run 1&2 As before
B* — Dh* D — K{K*n¥ 39 Run 1&2 As before
B* — D*h* D — h*W'F (PR) 35 Run 1&2 As before
B* — D*h* D — K*h- (PR)  [200  Run1&2 New

B* — D*h* D — K{hth~ (FR) 21] Run 1&2 New

B* — DK** D — h*h'T 22]1 Run 1&2 TUpdated
B* — DK** D — hErFrta 22]1 Run 1&2 Updated
B* - DK** D — KShth™ 22]"  Run 1&2 New

B* — Dh*rntn~ D — h*h'T 40 Run 1 As before
B° — DK™ D — h*hT 23] Run 1&2 Updated
B — DK*Y D — h¥nFrta 23] Run 1&2 TUpdated
B — DK* D — KShth~ 24] Run 1&2 Updated
B? — DFr* Dt - K—ntnt 41] Run 1 As before
B? —» DFK= Df — hth ™t 25,42]" Run 1&2 Updated
B? - DFK*ntm~ Df — hth ™ 43] Run 1&2 As before

D decay Observable(s) Ref. Dataset  Status since
Ref. [14]

D® — hth~ AAcp 44-46] Run 1&2 As before
DY — KtK~ Acp(KTK™) 46-48] Run 2 As before
D® — hth~ yop — Y& ™ 49,50] Run 1&2 As before
D — hth~ AY 51-54] Run 1&2 As before
DY — K*n~ (double tag) R*, (z'%)?, ¢y'* 55] Run 1 As before
D° — K+~ (single tag)  Rkx, Axn, cio, Act)  [27,56] Run 1&2 Updated
D — K*nFrtn— (z? + y*)/4 57] Run 1 As before
DY — Kdmtm™ T,y 58] Run 1 As before
DY — KQrtm™ Top, Yop, Az, Ay 59] Run 1 As before
D' — Kdrtm™ Top, Yor, Az, Ay 60,61] Run 2 As before
D°— gra—r" AY et 26] Run 2 New
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