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

 But now it is a general purpose detector: exotic spectroscopy, EW precision
physics, heavy ions, fixed target program...

New
Vertex

Detector

Particle ID
New
detector +
electronics

Vertex, 4 1k /

Locator /f| 7"

Upgrade 1

Calorimeters
Reduce PMT gain
+ new electronics

Muon

Side View

M2

new electronics

CAL A
ECALﬁ M4 M5 f !
M3 A\
‘."‘ .‘I‘\

New Tracking stations

+ trigger-less readout & sw trigger on GPUs

Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. 2018 (6.5 TeV): 2.18 /b
2017 (6.5+2.51 TeV): 1.71 fib + 0.10 /fb
2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /tb
2012 (4.0 TeV): 2.08 /fo
2011 (3.5 TeV): 1.1 /fb
2010 (3.5 TeV): 0.04 /fb

010

2011 2012 2013 2014

2015

2016 2017 2018

Year

Runl: 3 fb'@ Vs =7-8 TeV
Run2: 6 fbl@ vs =13 TeV

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

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

WIFAI 2024
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Unitarity Triangle Measurements

« The CKM matrix describes the quark charged current weak interactions

1-5[IIIIII[I'\II'IIIIIII\[III
I | 5]

| V] Vsl [ Vile™™ e N ]
1.0 - i % —
Vokm ~ | —| Ved| | Ves| | Ve : g am
| th‘ 6—3,3 _| Vts| e’ﬂﬁs ‘ th| 0.5: Am, R
« The unitarity of this matrix leads , for instance, to = oof st -
B | Wi Y4 i
VEVua + Vi Vea + ViyVia =0 sl - .
It can be visualized as a triangle in the complex plane ok - e
3= axew ]
'1.5 C | Bl e e I L1 1 1 i L1 1 1 l ) - | 11 | \J_I L1 I-
. . . -1.0 05 0.0 0.5 1.0 15 2.0
 The key test of the SM is the check of the unitarity 5
of th CKM matrix ST — S
0.05- 1
I({__g 0.00 : = :
B, D meson and baryonic decays are a great laboratory ; i
. . . . -0.05 |- LB, e
to probe CP violation and to test the unitarity : v sin 2By
of CKM matrix - LM ., ;
010 L L : |
-0.10 0.05 EOD 0.05 0.10
psb
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1"{:{! V$

1

==
Vea Voo

CKM-angle 3

(0,0)
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Measurement of sin(23)

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

: CD(B(t)— f)-T(B°(t)— f)  Ssin(Amgt) — C cos(Amygt)
L(BO(t)— f) +D(B(t)— f) cosh(3AT4t) + Aarsinh(5ALyt)

where
S = sin(28 + Agy + Apa™")
« Decay channels: B°= J/y(= p*tp)K%, B%= y(2s)(—= ntpn)K%, B%- J/y(— e*te’)K’% with K°%—
) P(t,d,n) « |1 +]PBo(t) +1 +)]P§0(t)
Po(g0y(£) {(11 1 @in(ﬂmdt’) i@os(Amdt’))} ®

e(t)

 Simultaneous fit of all channels
e Combination run2 and runl data

10° T T T T T T 3
] o> W T ] Run 1&2 __
LHCb L [J;?,r: .wa(ﬁ“_m_j}(s E %_f | + Tgnr_’?(;rﬁeld asymmetry 1 SJ/ﬂng - O -726 j: 0.014 (Stat-'—syst)
bt —= BO s (28) (ot ) KL ] I o
ofb RGeS T 05 CBRun 12— ().0104 0.012 (stat+syst)
10¢ BY = ih(— £ ) K E r J/’ﬂb KS v

Combinatorial bkg.

] « Most precise single measurement
| « Agreement with SM

—_
[=]
W@

—os5kE LHCb
[ 6fb 1

ro! [ BY (= K (—mrm) 1
g oW _1 NP R S PP B |

" 0 -
102 ' ' 0.0 25

Candidates / (2.5 MeV/c?)

L N M
oA s e s Vs N Ly by by
5150 5200 5250 5300 5350 5400 5450 5500 50 75 100 125 15.0
m(pKD) [MeV/c?] t [ps]

[Phys.Rev.Lett.132(2024)021801]
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[LHCb-PAPER-2024-031, in preparation]
« The B* = J/yx* decay, proceeding via a b — ccd transition, is enriched with penguin

contributions |n| ) . |
il i - A 1 Th
B,| W
{ o b / q
¢ g
q o h n \/ﬁ u,c,t S \’\I
\ (| x ”'/fl! A ~W 11 X (X =T, K )

L L L L
-l -+ Data
LHCb 5.4 fb = Total fit
B —=Jhpm-
B —IipK-
— Comb bkg
|, o Part bkg

L

—+Data

— Total fit ]

m B =)yt
B*—JipK* 3

. — Comb bkg 73

|, o Part bkg

S&;
Important control channel to understand =
penguin effects that affect sin2p <

S

e

1}

- i
et wletety
SIS

10?

By

D
5

measurement in B* - J/yK*
[PRD 79 (2009) 014030, JHEP 03 (2015) 145]

[==]
(T[T
% 2!
2SS
25050505

1
{:

5100 5200 5300 5400 5500 5100 5200 5300 5400 5500
m(Jip ) [MeV/c? m(Jhpa) [MeV/c?]

AAC = AY(BY — Jhirt) — A (BY — JKT).

B(Bt— Jhimt)
B(BT— JWK™)’

|Ur‘§'|' -1t T3
+ Data ]
— Total fit 3
—Comb bkg 7
[ Part bkg -

BYt—=JiypK* 3

1055"|"'|"'|"'|"

+ Data

— Total fit
B =]y K~

—Comb bkg

(7 Part bkg

L LHCb 541" 10°E LHCh 54 b

RK/’.IT =

=]
%
%

3
< 3
<}

252654

%
ot

’ 0‘:‘::
388

0. X
.00
< %A
5
otel s
5
05
K>
2

[
2508
XX
b
25
[

<)
< A

1
Lotek
o0
<

.

o
G
a¥y
55

4w oW vond v vd 1 vind |||||-

Candidates / (4.5 MeV/c?)

!
o %elel
i¥etels
o5
o%%!
2555
e

&

&
Ao

CHAH A A

Candidates / (4.5 MeV/c?)

-
X

.
¥

minary
%% d

5100 5200 5300 5400 5500 S100 5200 5300 5400 5500

m(JpK*) [MeV/c?] m(JpK™) [MeV/e?]

LJ

55
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Run 1
2016

2017

Average

—

[ S —

2018 F——e—d

—————————
Preliminary
3.830 = 0.030 + 0030

S————13.900 = 0.040 = 0.026

3.858 0.039 = 0.024

3.805 = 0.037 = 0.024

—— 3.846 +0.018 £ 0.019

[LHCb-PAPER-2024-031, in preparation]

3.7

3.8

39 4 4.1
Branching fraction ratio [107]

e Combination run2 and runl data

! ' : ' ) . o ' '

= : Preliminary
Run | — + 182 +0.86 =0.14
2016 . 143 +0.87 £0.09
2017 — 0.81 =087 +0.11
2018 — 1.58 +0.80 £0.11
Average R 142 =043 = 0.08

I : | . L L |

0 2 4

AACT 1107

« First observation of the direct CP violation in beauty to charmonia decays (3.20)

WIFAI 2024
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(0,0) (1,0)

Vs Vg . =
CKM-angle 3 VeVl
2 PM ~ —2p,
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Measurement of ¢sin B? -J/y K*K-

[PRL132(2024)051802]
* B decays to CP eigenstates allow to probe the mixing phase Bs =-¢s/2 through the

interference between decays with and without mixing with a c-c resonance in the final
state.

 Bs » J/wK*K channel,in the vicinity of $(1020) resonance with the full Run 2 dataset.

» To extract ¢s, CP-even and CP-odd decay amplitude need to be disentangled since they
depend on angular momentum between J/y and the kaons pair

— A weighted simultaneous fit to decay time distribution and decays angles (cosOx,
cosO,, ¢n) in the helicity basis is performed

':& msi LHCbRunZ,ﬁfbl']_é § 4 Dua  LHCbRun2,6fb" |
S jot +Daa ] 30000 . :
S — Total fit 13 — . CP-odd
P [ o~ - CP-even =
2 10F S — . CP-odd el
é E ~ 0 B 5
R 5000( =
o F

10} JT

iL w l ol ] « The fit function accounts for :

5 10 -0.5 0 0.5
Decay time [ps] cos@,
oo = —— — T T ° 1 1 1

1000 ety en 12 ooz o ] Decay time resolution calibrated
S so00f 1S Mrrstty prsertreeortristig o ssapretisd with prompt fake signals
2 i 13 i 1
% 6000 17 ] - 0~ 42ps
8 20001 “._,.4""" i-?o:a] fit -‘"-.\‘ ] E 4000:—\- e i?;::l fit ] . . .

- e 8 e e ] » Flavour tagging calibrated with

O e e - -] N T B*— J/yK*and Bs— Dsn™ = €~4%
LY 0 05 o—— 0 >
cosOy 9, lrad] « Angular acceptance

WIFAI 2024 Anna Lupato 9




Parameter Values

¢, [rad] —0.039 +0.022 +0.006
B 1.001 +0.011 +0.005
I, —T4[ps™'] —0.0056 *0is +0.0014
AL, [ps™!] 0.0845 £0.0044 £+0.0024
Am, [ps~! 17.7434+0.033 +0.009
|AL|? 0.2463 £0.0023 +0.0024
| Ao|? 0.5179 +0.0017 +0.0032
8, — d [rad] 2.903 *Pon  £0.048

Most precise measurement to date
and consistent with SM

|A|: consistent with no direct CPV
I's- I'q: consistent with HQE
expectation [JHEP12 (2017) 068]
No polarization dependence

Combination with run 1:
¢, = — 0.044 £ 0.020 rad

|A] =0.990 +0.010
LHCDb combination:

s

WIFAI 2024

—0.031 £ 0.018 rad

Weighted B?Ef asymmetry

-0.05

]
=
h

=
T 1 | 1T T 1 | 1 1 1T | T 1

[PRL132(2024)051802]

T | T T T T
LHCb Run 2, 6 fb”!

0.1 02 03
(¢ ps) modulo (2n/Am,)

=

[PRL 114 (2015) 041801.EPJC 79 (2019) 706, EPJC81 (2021) 1026]

[PLB 736 (2014) 186, PLB 797 (2019) 134789, PLB 762 (2016) 253, PRL 113 (2014) 211801]

0.13

0.11

AT [ps~1]

0.07

LHCb

BY-»D}D: 3 fh?
(BS-D;D; 68% CL contours

BY~j/ynn 5 fb~!

Bo-w(2S)KK 3 th~?

B2-J/yKK 9 fb~?

Combined LHCh

BY-J/yKK high mass 3 fb~1

0.0;')&5

Anna Lupato

0.3

-0.3 -0.1 0.1

. ¢s [rad] .




CKM-angle y
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CKM vy angle

» vy is the phase difference between b—c and b—u quark transitions

A/(LEK% Ao oA
(f)pK~ BT (f)pK*

° measurable in purely tree level o indirectly
Tree level direct measurements Loop-level indirect measurements

07— 0 T e e AT
i .

Am & Amg
v e Am : oo
‘Summer 23 d K Su

0.6 0.6

has CL > 0.95

0.5 0.5

sin 2B

excluded area has CL > 0.85

excluded area

0.4
1=
0.3

% 0.4

0.3

0.2 0.2

b
0.1 0.1 ;
A B
L 1 " PR B PR | s " 1 " el
0.0 0.2 0.4 0.6 0.8

-
=

= I\I\‘I\Illlllllllll‘\lllll\HlIIII
il

e IIIIIIIII}\HIlIIIIlIIHlTI'I'I'I'IHT

= IIIIIIIIIJJHIlIIlIllIIJlHIlIIJH

P13 J =TS S NI S S SU—I— S S U —— ———
04 -0.2 0.0 0.2 0.4 0.6

0.0

et
@
o
)
S
o

P
_ +3.3 —|—D 72
Y= (65-9—3.5)0 = (65.29 —1. 86)
* negligible theoretical uncertainty ~10-~7 [Zupan & Brod 1308.5663]
» current experimental uncertainty is < 4°:

thanks to the combination of many modes each with different sensitivities to y
given the current precision also CPV and mixing effects in charm decays must be taken into

account

knowledge of hadronic D decay parameters fundamental to improve sensitivity to y
[JHEP05(2021)164]
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y angle ch

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

|JA(B7)|? « A% + 1%A% + 24, A57 pcos(65 — V)
 Measurement technique depends on D-decay mode

|A(BT)|? « A% + rlz;A% + 2ApAprgcos(dp +7)

« LHCb y measurements with multibody D decays -
« B* - D'K* (full reconstructed — better control of backgrounds) [JHEP 12 (2023) 013] )
* B* - D'K* (partially reconstructed — higher signal efficiency) [JHEP 02 (2024) 118] » Ks
with D*-D° 1 and D° - K% h*h- D ‘\ 0
Bi -7 T /]/
 The measurements are performed by analyzing the signal yields o ‘\ hl

variation across the D decay phase space
- They are independent of any amplitude model
« direct measurement of D strong phase from BESIII and CLEO [JHEP05(2021)164]

w020

% 5] LHCD

y = (69t%2 ° 0.10 o ! Yy = (gzt%% o

rP K = 0.0801+3-022

0.2 4

(1.1 1

0.057

2K = 0.15 + 0.03

0.0

DU K
+

¥

0.1+
0.051 D*K _ +15)°
&g = (310133

65K = (311 £ 15)°

L 0.151

T I T
—1).2 0.0 0.2 0.20
DK ‘

0.107

—.3

1.2 0.1 0.0 0.1 0.2
.I"D‘H

[JHEP 12(2023) 013 ] [JHEP 02 (2024) 118]
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y angle

* Gain complementary info from B° - DK"(892)°:
 interference 3 times larger that for B* - Dh*

« B? - DK*(892)°with D - K% h*h- [Eur. Phys. ]J. C 84 (2024)
« The y angle is determined by examining the distributions
of signal decays in phase space bins of D°-K% ht*h-

Candidates / (15.0 MeV/c?)

N.E BU = th F_i + 33'2 + y2 F;, + 2K F.,;F_i TCp —YyLS;
+ +

T+ = 1rpgocos(dpo £ )

Y+ = rposin(dgo £ )

Candidates/(10 MeV/c?)

B? — Charmless ]
— Total J

gbOO 5200 5400 800

5600 5
M(DK1*) [MeV/c?]

WIFAI 2024

Total
E;U Y I)f(*“

—— B! DK"
---- B" 5 D*K*
-==- B'= D*K*
— B Drta

B* 5> DK™

Combinatorial

+ Data

1! il L T )

5200 5300 5400 5500 5600 5700 5800

m(DK"™) [MeV/c?]

B? - D°K"(892)°with the ADS and GLW D-decays final states

[JHEP 05(2024) 025]

Fit to selected data through a simultaneous unbinned extended
maximume-likelihood fit of the B° candidate reconstructed mass
on each flavour of each D° final state
» Statistical precision on the CP-violating observables has
improved by around 60% comparison to the previous results

Combination of the last two results
Results from D — K% h*h broke the
degeneracy

y = (63.3+7.2)°
2" = 0.233 +£0.016
828" = (191.8 £ 6.0)°

Anna Lupato

I-CL

0.8

0.6

04

02

0

1-

68.3%

LHCbE
0 fb! -

05.5%

0

50 100 150

Y [7]
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- Measurement of CP asymmetry in B° —-D_K*[LHCb-PAPER-2024-020], in preparation
- With D> K*n*m, D> KK*m, D> o oo
 Time dependent measurement of y

_ ] Al
I_, (BAO(?) — f‘/f) ~ e-l"‘ (COSh (Tv [‘) +(‘f,‘; COS (Ah’ii I) + Aql‘/lfr

G =G

= - ;I
‘ I +rp g ‘

| —rjx A =2 rpk COS (‘S (v - 2/’,‘))

« Simultaneous fit of all modes and run 2 years
« Two dimensional invariant mass fit: 20950+180 candidates

WIFAI 2024

Candidates / (5MeV/c?)

3000 |
2000 |

1000 |

LHCb Preliminary
6fb "

[ ]
=
=
=

Candidates / (0.85MeV/c?)

0’03[}[} 5400 5500 5600 5700 5800

m(DT K*) [MeV/c?]

[ Combinatorial
Bl B~ DK+

1 BY— D,p"
] BY— Dt n*

Anna Lupato

S, =

57 =

/AL n
sinh ——1) = Sypsin (Amyt)

2rpk sin ((S (r =25, )

f >
1 + Bk

7 !'n_x““ ((5 (}’ - 2/}\"' )

L +rp

T T T T T T T T T L B

r LHCD Preliminary

i 6fb "
et Sp RN NN R BTN NN
1940 1960 1980 2000

m(h*h’
3 B —» D«
@ A — D) p

h™) [MeV/c?)
0 B° - D {K*+,nt)
] Eg — A {K*, 7"}
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External input: Al's, s detection asymmetry [LHCbh-PAPER-2024-020], in preparation
H*+ DK N DEKC

Input from B%— D¢ ot [Nature Physics 18, (2022) 1-5]

) . : 2 04f :
* Resolution calibration < LHCb plf“sliminary :
. 6fb " 0
* Decay time acceptance ook e
« Tagging calibration T
* Production asymmetry ool ]
) Ams o ; . ‘
External input: O = —20, : iy
[PRL132(2024)051802] - - oal ]
o o . 00 01 02 03
Significant CP violation in the interference (8.80) ¢ modulo 27/ Am, [ps]
Measured CPV observables o ‘ S
O [ Il ~ LHCb 1
Parameter Value Ao gh [ R | Preliminary
Cy 0.791 4+ 0.061 £ 0.022 [ | ]
ART —0.051 £ 0.134 + 0.037 v=(74£11)°, 0.6F 1299
AT i . ]
Af— —0.303 = 0.125 £ 0.036 § = (346.9 + 6.6)0 , " | | | 74T
Sy —0.571 + 0.084 £ 0.023 “le83% || ‘ ]
Si —0.503 + 0.084 + 0.025 rp,x = 0.327 £ 0.038, . 2i . k
95.4% 1
Source Cf A?I‘ Af.gr Sf Sf 0 T ........... _.L__—-—'/\ ...... , ..........................
Am, 0.007 0.004 0.004 0.108 0.103 50 100 150 o
Detection asymmetry 0.079 0.083 0.006 0.007 }l [ ]
Multivariate fit 0.0450.095 0121 0088 0.112
Flavour taggin 0.256] 0.026 0.028 0.012 0.070
Dcca.},'-t-iluf%‘csi]ut-ion model 0.195] 0.002 0.003 ]0.058 0.167 . . = {Slti%}q .
Decay-time bias 0062 0027 o046 Joiss oaef o Compatible withrun 1 @ 1.30 5 — (347.6 £ 6.3)°
Decay-time acceptance, I'y, A, 0.006 IO.Q?S 0.231' 0.003 0.003 . . — Lz ) Yo .
Dnca;t.ime accogtanm ratios  0.001 0.018 0018 —  —  run 1 and run 2 combination 0034
Neglecting correlations 0.137 0,081 0054 0.135 0.043 rp.k = 031875, .
Total 0.358 0273 0.285 0.278 0.294 ) o
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2024 LHCb y and Charm Combination

[LHCb-CONF-2024-004]

* Given the current precision also CPV and mixing effects in charm decays must be taken
into account

- 19 LHCb
- 11 LHCb

» 27 auxiliary inputs from LHCb,HFLAV, CLEO-c

B decay measurements
D decay measurements

and BESIII

* Frequentis

approach used

v = (64.6 & 2.8)°

B decay D decay

B — Dh* D— hth~ntn~
B* — D'kt Full Reco D — KVhTh~

B* — D*h* Part. Reco D — K hth™

B* = DK** D — K2hth™,D — hth'~(xt77)
B’ — DK*Y D — KJhth

B’ - DK*° D — htR~ (nt7n7)

B - DTK* Df — hth—nt

DY — K*7~, Charm Mixing
DY grta—g0, AYef

 ~ 20% smaller uncertainty on y and 6%, when including beauty

~ L0 | e BI'” — D‘:J\’Tr’fl—._
o |LHCb W B - DI K*

| Preliminary W B L DK
- 0.8 Summer 2024 "

0.6

0.4+

0.2 1

0.0

WIFAI 2024

20 40 60 80 100 120

v [°]

— 210
o

I=
<5
Ly

200 1

1951

190 1

1851

180

205 1

88 Charm Only i
- EBeauty and Charm LHCb

Preliminary |

=TT T T s~ Summer 2024 r
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CPV in charm
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CPV in the Charm Sector TR

« Charm sector is an unique laboratory to study CPV in up-type quark decays

« CPV in charm is highly suppressed in the SM

d,s,b
beauty loop are suppressed by smallness B o —Uu
of CKM elements
& _ dsb _
CPV « Im VbV ~—-6x1074 u— - «—C
cs :?:; ds.b
u
strange-down loops suppressed by GIM cancellation g
broken by b quark d
« CPV in charm small O(10%) — sensitive to NP d

Theory predictions complicated by QCD effects, large and difficult to compute

First observation of CPV in decay in D° - h*h- @LHCDb(5.30)
[PRL122(2019)211803]

First evidence for direct CP violation in specific D° decays:
[Phys. Rev. Lett. 131 (2023) 091802]

3.80in D%-mom+

1.40 in D°-K-K*
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Mixing and CPV in D’ = K*mr

WIFAI 2024

D° - K+ decays allows to simultaneously measure the mixing and all types of
CPV.

The SM prediction for the D° mixing amplitude governed by two contributions:

Short distance: suppressed by CKM b coupling and KT,

GIM mechanism c ::<:©)< u
U C:

Long distances: low energy QCD through on-shell s e
resonances — theoretical prediction of x and y very challenging

Full run 2 LHCDb analysis

. . ) o> DO WS
Time dependent analysis of D° - K*m-decays D™ —= DOty " mix CF
~ Do, nes _#K+r[—
Reconstruct D° from D** —» D°r decays - Y Attt
similar amplitudes -
Distinguish two processes
Wrong sign (Ws) > 50 o e
Right sign (RS) D** = DOy “mix  DCS
~—", DO K-1t*
S~ CF -~
[arXiv 2407.18001, submitted to PRD] - normalization ch

dominated by CF

Anna Lupato 20




Mixing and CPV in D’ = K*mr

[LHCb-PAPER-2024-008]

* In order to reduce the dependence on the mixing and CPV quantities a time
dependent fit of WS/RS yield is performed:

T(D°(t) — K+r-)

[(DO(t) — K+m-)

D(D°(t) — K—n)
T(D(t) — K—7+)

« Since Xi, and y12 <<1 this ratio can be expanded as:

Ri (t) — RK«,T(]' + 11\—) + \/Rﬁﬂ(l + "'1;\'?) (‘“h‘w + ‘A(h—) t/TDc] + ((‘:\': + A(L) (t/TDD)Q

K
‘ T2
2\ |A7| |4
A - A AL
|Ar/Af|" + |Ap/ Af]”

AR

~ apcs.<——1CPV in decay

CKx = Y12 COS (,b; cos Ay + 15 cos (,b}'f sin Ay,

ACg. = 112 8In (,f);'}-'f cos Ay — Y12 8in qﬁ}; sin Ap < CPV in the

! —~ 2 2
Crr = (3312 + ?»’12) ;

— e | =

interference

M T . ..
Ak, = sTpyasin(éy — ¢;). <——1 CPV in mixing

oo

¢5§J ~ arg (Mlz), ¢g ~ arg (F12)

WIFAI 2024

Tio = 2‘3&112‘/1—‘
y12 = [T'ya|/T

Anna Lupato

 CP violation measurements

* Ay rigorous null test of SM
since c—uds doesn’t receive
any contribution from QCD
nor chromomagnetic dipole
operators

* Ar: improve the knowledge on
SU(3)r breaking and
rescattering effects at energy
scale of the charm mass

21




Mixing and CPV in D’ = K*mr

[LHCb-PAPER-2024-008]

* A binned fit is performed simultaneously to D*mass distribution of WS, RS and common
ghosts

g mu—‘ I LHCb preliminary E § I; LHCb prclimina g 00 I LHCb prelminary E 2 550__ I I i I —
i PWS o 3 RS L e TS E L CG ms 01 = 77E LHCb preliminary * -
gzm ff;.’,'iff,‘m,.‘mg g z::: H f/)r:,,l;ﬁm,m@ E 200f Zhi’ifjrﬁrl.{pl1£3[é l_)f] 500E 6 bl =
2 2000 2 |1 —+Daa i Z s 3 ~ C | ]
5 1500 5 1501 Il [ ] signal E E g —~ C .
‘ R < C =
1000 ]50 3 :’ " I Ghost bkg. _: : ++ 45 0 C + Data ]
03005 3010 Zo‘li 20:20 3005 _JzolmL 5 zézo 0 2015 2020 5 400:_ —— Baseline —:
m(Dz;) [MeV/ic?] m(D’z;) [MeVic?)] m(D’xr) [MeV/e?) : :
E ey - No CP violation
20 T . 350_ 1 ! ! ]
IJ'.ﬁ2 : T 1 T :
X § ]
 The main systematic sources are D" mass fit model and o Op ] -
ghost bkg pdf L b l R
o C ]
SR :
—20F =
Parameters 0 2 4 6 8
D’ decay time / 7,
Rix  (342.74£1.9) x 1073 .
crr (528 +3.3) x 10~  Run 1 and run 2 results compatible
e (12.0£3.5) x 1076
Agr (=6.6 £5.7) x 1077 » Total uncertainty improved by 1.6 with respect Run 1
Acn (2.0 £3.4) x 1074
Acy.  (—0.7+3.6) x 10°°

* No evidence CPV neither in decays, mixing nor interference
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CPV measurement in D* = K*K'11

« D+ - K*Kmr is the cabibbo suppressed decay with largest BR

« Measurement of Acp around K* and ¢ resonances

1
Acpis = 5 (A

top-left bottom-
A + AA

raw

raw

right) . ( A

raw

Atnp—right £ A Ahﬂt.tum—left

raw

)]

« CP asymmetry significance measured in Dalitz-plot bins

* No CPV evidence

135 M D' —K'K K’
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[arXiv 2409.01414, submitted to PRD]
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Study of A% (=°) = Ah*h final states

[LHCb-PAPER-2024-043], in preparation

« Measurements of Branching fractions and Acp

 Charmeless baryonic decays are ideal to search for CP violation:
Similar level of amplitudes from penguin and tree diagram
Different weak phase

B(A)(Z))— ARthT) NAg(Eg)eAthh’— 9 CAO AT (s Aty S0
B(Ay—= AL (= Am5)7=)  Nagoag(oantym- €ay(20)santni T
AAcp(AY /) — f) = Acp(A)/Z) — f) — Acp(A) — A (— AnT)r7)

e Run 1+2 data

0Control channel yield: ~5200

* Yields extracted from invariant mass fits 3 - iy :
0 s e ld -
0 — T (A9 £ = — Total fit ]
° Af = F(Ab ” f) r(ﬁb % ]i) & 1500 —Agl—) A AT v
CP F(A% _:'f) + F(A?; _;,f) E - Comb. bkg.
g e Tl Al AT T
A2 2 s00f -
Af = AfRaw - Ay’ Af E O Preliminary
,’2100 . 5(;0() . : SSIUO i 6()'(}() S
m(ArtT) [MeV/c?]
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Study of A% (=°) = Ah*h final states

[LHCb-PAPER-2024-043], in preparation

& - & F .
= 500 = (EL) Q LHCb Preliminary = 500 - (b) LHCb Preliminary -
% - i — Total fit . % N — Total fit ]
= 400F T — Ay AK'K” 3 = 400F H —A,— AKK" -
& i — E)— AK'K" ] % ' 1 —E, - AKK ]
~ 300F A AR iy = 300F A= A K w(mis) ]
2 I Comb. bkg. ] 2 Comb. bkg. :
5 200 = A= AK'Ky 1 3 200p A A KKy -
! L L 0 +pe— B - - o ] -
S Ot + A= AKK ] 9 + 1 . y I ST
3 100k | 1 & 100F t v S
© . } Wt ] “ / w -
0 L. .-.-----.'L'_'AJ’.-.I L .Wﬂb i 0 s3ac A | .L X .M%'—

5400 5600 5800 6000 5400 5600 5800 6000
m(AK*K") [MeV/c?] m(AK*K") [MeV/c?]

» First evidence of direct CP violation in baryon decays (3.10)

AAP (A) = Artr) =
AAT (A) = AK*77) =

—0.013 £ 0.053 = 0.018,
—0.118 = 0.045 = 0.021,

AAY (A) - AKTK™) =

0.083 = 0.023 = 0.016,

AAT (29 =5 AK 7t) =

0.27 +0.12 +0.05 ,

BAN) » Artn™) = (5.3 £0.4£0.5+0.5norm)) X 107 [Eist observation
BN > AK*77) = (4.6 0.2+ 0.4 % 0.5(norm)) x 106 [Confirmed]
BN - AK*K™) = (10.7 £0.3 £ 0.4 £ 1.1(norm)) X 1070 [Contirmed]
BE - Artr7) = (11.0 £2.6 £ 1.4 + 3.8(norm)) X 1070 [First evidence (4o)
BE) —» AK~ %) = (10.4 = 1.4+ 1.2 £ 3.5(norm)) x 107°  [First observation
B(E) - AK"K*) <2.4%x107° (90% CL)

« If confirmed, may provide useful insights on sources of CPV in baryon dynamics

WIFAI 2024
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Measurement of |V _ |
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Measurement of |V |

ﬁ:j_| 4,8 _I T L] I T 1 T I T 1 1 I L] T 2I I T L] T I -
a 4.6 = Exclusive [V | Ay~ = 1.0 contours =
J— T E nclusive .
— 44F = Exclusive |V | I\Vubli cGou
>:: i - VLV [V, global fit 3
'4 E [ HFLAV Average ]
3.8F =
3.6 P :
34F NS -
3.2F =
3 HFLAV =

- 3

2.8 P =89%

L L I L 1 L I 1 L 1 I 1 1 1 I 1 L L I -

36 38 40 42 44 3

[Vl [107]

- Measurements of |V, | provide a crucial input for indirect searches of New
Physics

* Discrepancy between exclusive and inclusive
measurements: = 30 tension
— new complementary measurements

WIFAI 2024 Anna Lupato 27




Measurement of |V |

- Two main ways to measure |V | and |V_|: M
Inclusive decays: 70 V|
« B*->X_ Iv,B° > X lv ’

« Focus on all final states
* Need to know QCD correction to parton level decay rate

Exclusive decays:

» Focus on a single final state

* Exclusive determinations rely on form factors (FF) to parameterize hadronic
current as function of g? (pv invariant mass): LQCD or QCD sum rules
« Extracted in experimental measurement from data

* Ground state hadrons in the final are the golden modes for lattice QCD predictions
and have the lowest theoretical uncertainties.

- B, decays are advantageous compared to B°/*

Easier to calculate in LQCD due to heavier spectator quark — more precise
predictions
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Measurement of |Vu/Ve |

1 [/
THROD

« The strategy:
gy [Phys. Rev. Lett. 126 081804 (2021)]

* Dataset: 2012, 2 fb!' @ 8TeV

Signal: B’ - Kp*v
Normalization: B° - D p*v where D, —» K*Kr

CKM extraction strategy:

B(B,~K wv,) _ |[Vwl . FFg

BB=Dsptv,)  [Valt T oy

v Theory
Experiment

The |V, |/|V_| ratio is derived in two regions of g? (pv invariant mass) to exploit
different FF,  calculation method:

« Light cone sum rules (LCSR) @ low g? (g*<7 GeV?/c?)
- LQCD @ high g? (g?>7 GeV?/c*)

Normalization mode FF_fully described by LQCD [Phys Rev D. 101 074513]
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Signal and normalization fits THE

[Phys. Rev. Lett. 126 081804]

e The measured ratio is
Ratio of

yields
0 — e
B(BvéK H yu)_NK €DS B(D- K+K_ _
T — = x B(D; — )
(B ¢ DS H U ,u) N D, €x [Prog. Theor. Exp. Phys. 2020, 083C01 (2020)]

Efficiency

ratio

- A binned maximum likelihood fit to the B_corrected mass

Meorr = \/mz(Yu) +pi(Yu) +p1(Yp), Y =K ,D;

 If only missing particle is a neutrino the corrected mass distribution will peak at
the B_mass
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Signal and normalization fits

ULI600E | Data o 1 Lasoof
% 1400 —+— Total HCl]) — % u
2 1200 _ Bf _)K_)u+v;; 2 fb- E 2 2000 :_
= F—— H,—> H(—> KX)uX'|, 1 < -
TI00F— BY 5 kv, 1 Tis00f
g so0f 18 ¢
S 600 4 S1000f
= 400: 4 = -
S aof | SOF
0 Epasotmptet P o : 0 ) L .
3000 4000 5000 3000 4000 5000
m.., [MeV/c?] Moy [MeV/c?]
N(BY — K~ putv,)ow = 6922 + 285 N(BY — K~ ptvy)high = 6399 + 370
B} = Ds vy
060000F § Parn
; - +Tgtal )
§ 50000 F M B; =Dy,
* The largest systematic uncertainty is 140000 - — B W,
from the fit templates Za0000f B HVD. DX
I3 N
%20000:— B, —~D; DX
- First observation of the decay B - Ku*v 10000 - MisID
@) C

3000 4000 5000 6000
m,,, [MeV/c?]

N(BY — Dy ptu,,) = 201450 + 5200
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Extraction of |V |/|V,,| THRCL

[Phys. Rev. Lett. 126 081804 (2021)]

* The obtained values are  B(B'»K pu'v,) _ Vi FFx
BB=Dsprv,)  [Valt T g
o~ Theory

Experiment

B(B? - K~ utvy,)
B(BS — Ds ptvy)
B(BY - K—u*v,)
B(B3 — Ds pitvy)

= 1.66 4 0.08(stat) + 0.07(syst) 4 0.05(Ds) x 103

« q*>7 GeV?/ct:

© q?<7 GeV?/c*: = 3.25 £ 0.21(stat) "% S (syst) £ 0.09(Ds) x 107°

\Vubl/\ﬂbhbw} = 0.0607 + 0.0015(stat) + 0.0013(syst) £ 0.0008(D,) £ 0.0030(FF)

Viol/ Vo igny = 0-0946 & 0.0030(stat) 9055 (syst) + 0.0013(D,) + 0.0068(FF)

— T T T T Tgr T T a F o v T ]
LHCb = ofF z Z LHCb -
0 —_ . —_g : g g -
B > Kp'v, - LCSR (Khod.& Rus.2017) Discrepancy related to the > sk = = E
2 <7 GeVHch : ) ) = 3 g
i = difference in the theoretical - > > 2 ]
B, — K_#+Vﬂ ~e— LQCD (MILC2019) i L |Vub| Inclusive 257 GeV | ]
@ > 7 GeV2ct calculations of the form factors. By i Exclisive B RS T
A - pu, - LQCD (Detmold2015) [ : - GeVZlet
@ > 15 GeV¥ci 3-_Ah ~ pu. @22 15 GeN'/ _
A\ |V PDG) = - ]
| ub |cxcl | cb |cxcl( ) 2 N ]
L 1 L L L L 1 L L 1 L | 1 [ n n " i 1 n L I I 1 n
| Vo I/ Vo | V| [107]
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|V |: with B - D_"p*v decays

[Phys. Rev. D 101 072004 (2020)]

Signal: B° - D ®p*v where D_— ¢(- K*K')m, y or n° not reconstructed
Normalization: B° - D®-ptv
Both channels reconstructed in the same final

states
Extract |V | from

B(B? — D: utv,) R B(B] = D;p"v,)
B(B — D* utv,) B(BY — D™ p'v,)

R =

external input:
- hadronization fractions fs/f 4 [PRD(2019)031102]

* branching fractions [PDG]
Ds()+p

Due to the undetected neutrino we cannot determine
precisely the q* — use variable p,(D_) with respect to

B flight distance

-
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|V . |: with B - D_"p*v decays

><“-|}II x.“.'}g...,
35¢ BSDy, L LHCb]
300 1BI—=D; v, ]
25 E 7)Phys. bkg.

- [l Comb. bkg.
20F
15
L0E

« 2-D template fit to M___and

p.(D,) identify thesignal yield
and provides a simultaneous
measurement of the ratios R®™
and the form factors

45 5 5.5

=T

Candidates per 0.1 GeV/c?
Candidates per 0.115 GeV/c

05 1 LS 25

M. [GeV/c?] P L(D;) [GeV/c]
- First measurement of |V | using B_and in a A B BN B LI I
hadronic environment CLEO (PRL 52,3745 (1990 —_—
BaBar (PRI 79, 01202 2009) o=l
. Compatible with world average for both inclusive ALEPH [PLB 95, 5731999 —T7
and exclusive determinations OFAL LD 2. 15000 il
« Confirms trend that parametrisation is not E::gijzé;if:ﬁm ~=
responsible for inclusive vs exclusive disagreements | w7 ome cms) —‘-%L
» New f/f, = V aniv2103.06810] Belle [PRD 100052007 2019) el |
BaBar [PRL 123, 091801 (2019)] e _
|Ves|cin = (40.8 & 0.6(stat) + 0.9(syst) + 1.1(ext))x10~3 o :m
\Veb|ger = (41.7 £ 0.8(stat) £+ 0.9(syst) £ 1.1(ext))x10~3 eelocluive average GHFLAY 2019) 1
RPN IR BRI B | B P

10 20 30 40
V.| [107]
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« Changing from an hardware trigger to a
fully software based one.

 Read-out whole detector at 40 MHz with a
brand new detector [PID,Tracking] to cope

with higher lumi and radhardness
constraints

2024 Close to Runl+Run?2 in one year of

data taking

Total LHCDb recorded luminosity at end
of each Run [fb-!]

WIFAI 2024

Integrated Recorded Luminosity (fo™)
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20
- —2024 (13.6 TeV): 9.56 fb™'
18—~ —2023(13.6 TeV): 0.37 fo’’
o 2022 (13.6 TeV): 0.82 fb™
16~ —2018(13TeV): 2.19fb”!
E —2017 (13 TeV): 1.71 fb
14 - —2016 (13 TeV): 1.67 fb”
- 2015 (13 TeV): 0.33 i
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LHCb upgrade 1I Physics case: CP Violation T

> 6(Charm CPV) : 6(107) + o(sin(2)) : 0. 003 > a(qb) 4 mra,d

’ Current LHCb 23! 300fb-! g 04F 1 3 A "
urrent - - B ENS L i
1 é 03F LHCb 300 fb 51mulat10n 4 = 4F LHCb 300 fb 51mu1at10n -
eI C = + - 4
0 /_,/ .MOCP\I a_‘ 02_ 3 _ |
- e 4 C = > 2+ —
1 -~ = N\ o  0.1F = =~ i
_ g 3 % E | +
52 /:}O ‘:, ,’; J %. 0 g A Znn ] T N _
. { {8 _,/ § -0.1F E ! ! |
i Py ] = 3 =2+ —
-4 N~ -02F t 4 =2 r
_— o BO>J/wKs B.2J/vd +
=5 . ,-" N :— —_ _4 |- —
_ So-l'a-(d_a_s.ﬁe;d')—contours contain 68.3% (95 4%) -04 3 | . Lo 1 ) 1 d — L TR S S —
6 . i .
0.96 0.8 1.00 1.02 1.04 5 10 15 20 25 Y 0.1 . 0.2 0.3
la/p| B’ decay time [ps] Decay time modulo 27t/ Am, [ps]
of YVEmE T T @y T T ] mr Yy - - -~ - - - - - - - - - - - -------- I
»o(y) : 0.4° ¢ | ' m BT T T T el
° E—é sin 2 ‘ Am, & Am, cnsare _E | o8 ;_E' sin 2p Am, & Am, R— _; I
«H - ] !
04 E—g —E | 0.4 :._g : —: |
1= 2 H R = E H 31
03 — — | 0.3 — [ = 1
02 [z 3 ezl g E EN
= : 5 Vol 3 :
- 0.1 ) —
b /o B E ! , /4 o el
0.0 e L . L = Y 02 0.0 02 0.4 0.6 08 10 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 I ﬁ |
oL e el _ .

 LHCDb has outperformed expected Run 2 sensitivities for both f and y

 LHCDb Upgrade II will make the most precise measurement of all of
CP violation parameters in the B system
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Conclusion TR

Flavour physics at hadron colliders is able to probe indirectly NP high energy
scales

A lot of results are still being produced with LHCb Runl+Run2 sample
World leading measurements of mixing phases of neutral B mesons

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

LHCD is still exploiting its enormous charm data sample to look for CP violation
in this sector

b-ulv and b—-clv exclusive analysis under study

LHCDb Upgrade I to collect data with the potential to more than double its
sample in the next two years

Complementarity and cross-check with Belle II will be fundamental as well
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The decay-width difference between the light and heavy mass eigenstates
AT's can be determined from the decay-width difference between a CP-odd and a CP-even B°% mode.

; o svihla- ALt ATt
If CP violation is negligible: D(BY(t) — f) o T+t | cosh ) 4 nepsinh s
? ' 2 2
integrating over a time bin [ —Fst(l—f—y)] t2
R‘—NLOC € n 1=y n NRAW
i — t - =A . —
—Tt(1—y)]t2 t t RAW
Nu e Tst-0]2 (1+y) NE
y = AT, / 21, Nrm). CP-even(odd) modes efficiency in each decay time bin
L e B ————— 3 & ‘ ]
o M0 L e LHCb < &£ s0- 3 Daa LHCb 4 — —1
I T R LHCy AT, = 0.087 4 0.012 4 0.009 ps
F BY — Iy E r BY — Iy A
i 0= e 2011&12 i doof B T e 2015&16 LHCh
S 2505 s BU o Iye =S B ]
Q Eooee Combinatorial B Q 300 .. Combinatorial - 2015+16 f———
g ERE-E 1 Preliminary
S 1505 4 g 200 =
=] t 3 =] ik AN 5 1 2017 e
O 0BT R E T AT e B
so= e _E - ¥ ' 2018
TS AN Py 4 4 T .
5%00 5300 5400 5500 5%0{] 5300 5400 5500
m(Jyn’) [MeV/ic?] m(J/yn') [MeV/c?] 201142012 e
& S0 —— ] & 60— T
2 r % Data LHCb ] S E ¥ Dam LHCb ] Average —e—
> 4o — Toul fit 166 1 2 5005 — Total fit 21! 4
= I g:%g 2017 1 = [ g:%g 2018 ] IR
=) C v ] o 400 k —
S a00E o B e =R Y ] -0.05 0 0.05 0.1 Ar[ps(_)l.]ls
Q P Combinatorial 7 9;,5 300 " Combinatorial = .
g s00b- B g r ] Orange band is 1¢ error band
2 1 B 20 =
5 AT G ] ing
oo TR R E o - * 1t measurement using n
T e ENE o channel
5200 5300 5400 5500 5200 5300 5400 5500 .

[LHCb-PAPER-2023-025]
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« LHCDb was originally designed for CP violation and rare beauty & charm decays

 But now it is a general purpose detector: exotic spectroscopy, EW precision

physics, heavy ions, fixed target program...

New
Vertex

Detector

Particle ID
New
detector +
electronics

Vertex, 4 1k /

Locator /f| 7"

Calorimeters
Reduce PMT gain
+ new electronics

Muon

Side View

M2

new electronics

CAL A
ECALﬁ M4 M5 f !
M3 A\
‘."‘ .‘I‘\

New Tracking stations

+ trigger-less readout & sw trigger on GPUs

Integrated Recorded Luminosity (1/fb)

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.18 /b

2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb

2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /tb
2012 (4.0 TeV): 2.08 /fo
2011 (3.5 TeV): 1.1 /fb
2010 (3.5 TeV): 0.04 /fb

010

2011 2012

2013

2017 2018

Year

Runl: 3 fb'@ Vs =7-8 TeV
Run2: 6 fbl@ vs =13 TeV

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

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

WIFAI 2024
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Strategy LA

[LHCb-PAPER-2024-008]

Sample is divided between
D¢ final state (Ko*,K*m),
18 D° decay-time intervals
3 data-taking period (2015-16, 2017 and 2018)

Extracted values:
average D° decay time
WS-to-RS ratio, R, fitting D* mass to disentangle signal from combinatorial
and ghost backgrounds
ghost backgrounds: misassociation of correctly-identified hits in VELO with
hits in T-Stations from different particles)

Correction them from the known systematic effects
bias to the ratio
bias to asymmetry .
magne

bias to D° decay-time _,
VELO =— 7 oL ™

-
-

Experimental challenges: _\
lrue Iy

Time dependence is fitted — extract mixing and CPV parameters

T-Stations
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» Bias of the decay time:
Poor D*vertex resolution (1cm) -

request to D*to originate from primary

vertex

— contamination from secondary D"
» bias towards higher values

 deformed D* shape

« Bias of charge asymmetry:
Originate by the differences in reconstruction efficiency between WS and RS,
may mimic CPV

I+ ”]-j:AP(D )] (

3

Candidates [a.u.]

[LHCb PAPER—2024 008]
'LHCb |

pre| Iun inary
6 b
D' SKr T

LHCb — 1/t €[04, 15 __EL
21-;1]_;!‘:1"121!'}' A ~ /T, e[1.5,3.0] ? ;
DK | | 1T, 3.0, 8.0] 2 10
/1 g
/I =
/1 £ 10
i S
N = 10°
/4
// 10*
2005 2010 2015 2020

S)e(K*77)p dppodpr,

J1F Ap(D*)]e(s

Determinated with D°—= K*K- control mode
To extract the raw asymmetry D™ and D** are
fitted simultaneously

A (m)+A,D)=A"KK)-

WIFAI 2024

al, - AY(t)
direct time dependent
CP asymmetry CP asymmetry
in D°>K*K~ in D°-K*K~
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1+ 1+ [AD(
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\/
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o

0.1
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ms) + Ap(DY)]

1 F [Ap(

Raw asymmetry [%]

0.0

7o) + Ap(D")]

[ 6fb!
- D’ SKYK-

o

3#!-}}* ﬁ L

—— —
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The backgrounds THCAS

[Phys. Rev. Lett. 126 081804]

« B’ - Knutv
- main background originates from H,— H (- KX)pu*X' (unreconstructed particles)
- B - K¥(— Ko%)p*v Muon

B, Kuvw chambers

- B = [cc] (- prp)KX

- B°—>D_pv
- B> D (-D_yutv
- B> D_"p*v, B, ..~ D,DX and B° - D_~t*v

,d

« To suppress background
- the candidates are required to be isolated from the other tracks in the event
- BDT classifiers exploit the kinematics of the decays

- The B momentum can be calculated with a two fold ambiguity — regression
model that exploit the B_ flight information [JHEP 02 (2017) 021]

- Ambiguity solved by selection the solution most consistent with the regression
value
ce=70%
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Study of A% (=°) = Ah*h final states

[LHCb-PAPER-2024-043], in preparation

Preliminary
Fr - T T T r"l"\ = I I I
;‘};:; LHCb, 9.0 fb~* 1 = f{;{: b) LHCb,9.0 fb~!
— Toatal fit E e (b — Total fit
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— ;*r_’ AR m*
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The FF, TG

[Phys. Rev. Lett. 126 081804 (2021)]
» Calculations from QCD light-cone sum rules are most precise at large recoil
(low g*)
[JHEP 08 (2017) 112]

« Lattice QCD predictions provide a precise determination of the form factors at

low recoil transfer (high g2 )
[Phys. Rev. D 90, 054506] [Phys. Rev. D 91, 074510] [Phys. Rev. D 100, 034501]

_IIII|'I'TTT]'T1IIIIIIIIIIII_

_I'TTT]T'IIIIIIIIIIIIIIIIIr_.

E |:| A X Khadra etal.
35k D Bouchard et.al.
3 :_ Flynn et.al.

2.5

£, /1,
f,/f,

IIILl.I.IIIIII

2

IIIIllJlIIIIIIIll.I.IIIIII

WIFAI 2024 Anna Lupato 45




Decay-time dependent y measurement

* The decay time fit has to be corrected for:

[LHCb-PAPER-2024-020], in preparation

To separate B?/Bg candidates — flavour-tagging
» estimates initial flavour

» exploits various fragmentation processes

* MVA-based mistag probability

SS pion
55 proton

wt
voa 55 kaon (for BY) .j__ —
—
) _——r
—— D
_— =
@

S Kt 0S kaon
c—+s

b—=e
b X1~ S 05 muon
0S electron

05 vertex charge
05 Charm

Decay-time resolution
* Finite decay-time resolution in the detector leads to a
dilution of the observed oscillation

» The prompt sample of Ds_zr+ was exploited

1 2.2
D,,, ~ e 74m0
res

Decay-time acceptance
* Decay-time distorted by selection requirements

« Heavily correlated with the CP observable Df, Df

« Acceptance fixed to B — Dz fit and corrected by
the ratio of the decay-time acceptances of DK™ and
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