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CP
Vud VUS Vub Unitarity VCKM . V(;l-KM = |
Vekm = Ved | Ves | |Veb imposes several conditions which
Vi | Vis| [Vib give rise to
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E.g. Unitarity condition from 2nd and 3rd columns
VuSVJb + Vcch*b + Vtsvtz =0
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The CKM matrix

(0]

(0]

(0]

The CKM matrix accommodates the

of
quarks that arises from the EW symmetry
breaking, !

The SM works so remarkably well that we
have to make more and more precise
measurements

o See e.g. J. Charles at al arXiv:1309.2293 [hep-ph]

Due to the CKM structure the B system is
favourable for CPV studies. But important
to investigate also the charm sector.
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The protagonists

Today, selected results from LHCb and Belle II on CP violation!
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The LHCDb

Collaboration

o About 1400
scientists, engineers
and technicians

o About 100
different
universities and
laboratories from
more than 20
countries
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The LHCDb detector in Run 1 & 2 (2011-2018)

LHLG isctor Electromagnetic

'.t:'lh 1: 5,600 lonnes

ﬁil_léflﬁ
Single arm spectrometer

Loro: 20m Calorimeter
designed for high —r-
RICH1 T—

precision flavour
physics measurements

Pseudorapidity range , : _

€ [25] L—t} - o §
. t:;:_:o-‘ ‘i b ; e -
72|

-Lcm-‘;'é. Trécking
P —" tation e
= ipole :
—s Mggnet Tracking
Stations
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Hadronic  Stations

Calorimeter

LHCb Detector Performance
Int. J. Mod. Phys. A30 (2015)1530022




The LHCDb experimental scenario

Large Hadron Collider (LHC) High Luminosity LHC (HL-LHC)
FCC-ee
[ Rl | st ] Rz ] 12| 3 | 153 | 154 | Rms
7 TeV— 8 TeV — 13 TeV ———————oooooo 13.6 TeV ——————eoooe 14 TeV
LHCb 9 fb-1 =i Upgrade | 35 fb-1 =i Upgrade Ib Upgrade Il 300 fb-! _’ GPD
ATLAS/CMS 190 fb~" ey 450 fb' ——— 3000 fb-!

) ) ] e e e 2 e e e P

LHCD Integrated Recorded Luminosity in pp by years 2010-2024

We are

— 45— 0 2024 (6.8 TeV): 2.73 /b
HERE o) s o 2023 (6.8 TeV): 0.37 /b
= P 2022 (6.8 TeV): 0.82 /fb
= 410 . 2018 (6.5 TeV): 2.19 /ib
‘ . 2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb
\ é‘ 3.6l s 2016 (6.5 TeV): 1.67 /fb
2= S 73 . 2015 (6.5 TeV): 0.33 /fb
~ Amt (@} : ° 2012 (4.0 TeV): 2.08 /fb
'QlkadMat [ £ 321 . 2011 (3.5 TeV): 1.1 /b
oo £ <l 2010 (3.5 TeV): 0.04 /fb
s - ME?-[.CIS S T
ISOLDE _l 2.7 _._ .............................................................................................................................................................................................
] . s - g
m \ EX/HIE- i  East Area
o Lb—iféég)g /4_(_ g 23__ ..............................................................................................................................................................................................
i) L — . —-.- )
g |
T 091
» Now: proton-proton collisions at /s =13.6 TeV & o5l
» Luminosity in Run 3 already bigger than 2018 = %

» Today, results from Run 1 and Run 2, ~9 fb'! M
onth of year
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The Belle 11
Collaboration

o About 1200 scientists, engineers
and technicians

o About 130 different universities and
laboratories from about 30 countries
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Super KEKB: asymmetric energy accelerator to
provide et (4GeV)-e~ (7GeV) collisions

Interaction
Region Belle Il detector

electron / positron
linear injector

positron damping ring

Super KEKB and

Belle 11

KL and muon detector

Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC

(end-caps , inner 2 barrel layers)
e

EM Calorimeter

Csl(T1), waveform sampling electronics "

~—

\

electrons (7 GeV) Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector P e 4

2 layers Si Pixels (DEPFET) + | / i ~S
4 layers Si double sided strip DSSD 4 /

&

y & positrons (4 GeV)
Central Drift Chamber R "
% Vertexing: PXD+SVD

Tracking: CDC
I K and m: RICH + TOP
e,a’:goor* s *
o By~ 0.284

y and e: ECL

u and KOL: KLM
o BR(Y(4S) — BB) > 96%
o Coherent B-meson pair production:

*

K/
000

000

000

° one B to determine flavour (tag side)

o other B for CP measurement (CP side)
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The Belle IT experimental scenario

>

>

>

World record luminosity 4.7X10%* cm™2s™!

Run I: recorded 424 fb~! of data ~ equivalent to
BaBar and 1/2 of Belle data sample

Run I: Data taken between 2019 - 2022
Run I data at Y (4S) resonance: 362 fb~!

Today results on this samplel

42 fb! of off-resonance data [60 MeV below Y (4S)]
» compared to ~90 fb! from Belle
19 fb! above the Y(4S) resonance

Run II has started from early 2024
In total Run I + Run II recorded ~530 fb~! of data

Total integrated Weekly luminosity [fb~}]

17.5 11

15.0

12.5

10.0 -

Belle Il Online luminosity

Exp: 7-33 - All runs

Integrated luminosity
mm Recorded Weekly

1 [ £ Racorded dt =526.59 [fb™1]

- 500

- 400

- 300

- 200

100

Total integrated luminosity [fb L
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Hadron colliders

o Production cross section
o, Much larger at hadron
colliders > Typical bb rate
of O(100kHz) vs O(10HzZ)

Larger variety of hadron
types produced.:
B*tB~(40%), B°B° (40%),
B2B2(10%), B.(<0.1%), b-
baryons(109) plus large
charm cross-section!

» Compared to mostly
B*B~ and B°B°

Larger b-hadron boost:
decay vertexes well
separated

CONsS PROS
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B-factories

o Purity of the event much

better at B-factories:
0p5/0iner Significantly
smaller at hadron colliders!

Coherent production of BB
pairs and thus coherent
mixing

These two features

make flavour tagging
much more efficient

Known initial energy: full
reconstruction of the event
and access to modes with
neutrals in the final state




1=

Francesca Dordei -

1.5]III|IIII]IIII

Imsisiyiaml 1 I 1 T | | 1T 1

: excluded area has CL > 0.95 | %%I :
i iy i
1.0 — e —
: 8 Amy & Amg ]
05— _
0.0 — .
-05 — -
1.0 Y €&
B % sol. w/cos2B <0 —
= Summer 23 : (excl. at CL > 0.95)
1.5 BN /AT T e
-1.0 -0.5 0.0 0.5 1.0 1.5

Recent developments in CP violation

p

2.0

CKM ANGLES

» Experimental checks of
Unitarity Triangles are
redundant

» Tree-level dominated
processes = SM benchmarks

> Sizeable loop-level diagrams
—> Eventual New Physics
contributions

u.ct

M° W 7 W, MO
H
u.c.t
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State of the art of ¥

(¢]

Clean test of the SM: measurable with tree-level processes and

theoretical uncertainty is ~1 0~7 [JHEP01(2014)051]

—

—

1

0.8

0.6

04

0.2

.............................

LHCb combination
y = (638:33)

[LHCb-CONF-2022-003]

In agreement with previous and global
averages ¥ = (65.66713)° [cknpiter]
Statistically limited, still room for NP.

80

| T
LHCb -
Preliminary -
October 2022 —

!IIII»'I:I|III|III

90
v [°]

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

B* — Dh* D — hth™ 29 Run 1&2 As before
B* — Dh* D —hfrntrs (30 Run 1 As before
B* — Dh* D — K*n¥gtr~ (18 Run 1&2 New

B* — Dh* D — hth~x° 19, Run 1&2 Updated
B* - Dh* D — K3hth™ 31 Run 1&2  As before
B* — Dh* D — K{K*r¥ 32 Run 1&2  As before
B* — D*h* D — h*h~ 29, Run 1&2  As before
B* - DK** D — h*h~ 33 Run 1&2(*) As before
B* - DK** D - htr—atz |33 Run 1&2(*) As before
B* - Dh*rtm~ D — h™h™ @ Run 1 As before
B° - DK* D — h*h~ 35 Run 1&2(*) As before
B® - DK*° D — htr~ntn~ |35 Run 1&2(*) As before
B® - DK*° D — Kdrtm~ 36 Run 1 As before
B® - D¥r* Dt - K ntrt 37 Run 1 As before
BY —» DFK* Df — hth~n* 38 Run 1 As before
B? - DFK*ntn~ Df = hth wt 39) Run 1&2  As before
D decay Observable(s) Ref. Dataset Status since

Ref. M

D° — hth~ AAcp 24/40/41] Run 1&2 As before
D’ - KK~ Acp(KTK™) 16,24/25 Run 2 New

D® = hth- yor —Yop " 42 Run 1 As before
D® = hth- yor = Yép " 15) Run 2 New

D® — hth- AY 43 Run 1&2 As before
D" - K*rn~ (Single Tag) R*, ('), y* 47] Run 1 As before
D" — K*r~ (Double Tag) R*, (z'*)?, y* 48] Run 1&2(*) As before
D’ - K*n¥ntn~ (z% +y?) /4 49 Run 1 As before
DY — Kdntn z,y @ Run 1 As before
D’ - Kdrtn~ zcp, Yor, Az, Ay 51 Run 1 As before
D" — Kdntn~ Zep, Yop, Az, Ay |52 Run 2 As before
D’ 5 Kintn~ (= tag) zep, yep, Az, Ay [17) Run 2 New

Frequentist approach, 173
observables, 52 parameters

12
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Some Y analyses not included in combination e

CPV in B° - DK*(892)°

o 2 and 4-bodies D decays (t*n~, K*K~,
Ktn* 4nt K*nt mtm™)

o Simultaneous fit to D final states in B%/B°
invariant mass to extract CPV observables

’J 1_ T T T '_
S LHCb |

— 081 9! [

T 06F 1
& - ]
= i i
s 040 6g3% )
E i ]
2 o2f B
Rs) . 95.5% :

0 L | L L |
50 100 150
Y [°]

A combination with B » D(KJhh)K*? gives

Y = (63.27§9)°

CPVin B* —» D*h*
o D* > Dn’/yand D -» Kontn~/ KIKTK~
o Strong phase inputs from BESIII and CLEO

o Two approaches: fully and partially
reconstructed final states

== I ' ]
L Q| LHCb ]
S — 08 9 fp!
S [ ‘ 1
m ~ 1 -
(q\| - _
T o6l (69" e .
P i .
N - ' -
g - s -
s 040 6839 1
2 : | :
= o02F | i -
= - i . Fully reco -
< - oss@ | YRR ]
5 O " [ M | N |

5 0 50 100 150

<. 7 [°]

Using partially reco final states:

y = (92547

Negligible correlation within two approaches.

CPV in BY —» DIK*

o Dy > K*K™n~ , K ntn~ , n ntn~

o Need input on the B mixing phase —2

1-CL

o
o]

[LHCb CONF 2023-004]

[S—

S
=)

<
~

o
o

Run II result:

I T ]
- e  LHCbH |
N Run 2 Prelimina.ry_—
o l 12977
i l 74
- 683% | ]

F954% /|
A% L0 N

50 100 150
7 [°]
v = (74 £ 11)°

13
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Some Y analyses

CPV in B° - DK*(892)°
o 2 and 4-bodies D decays (t*n~, K*K~,
Ktn* 4nt Kint ntn)

o Simultaneous fit to D final states in B%/B°
invariant mass to extract CPV observables

LHCD

not included in combination Russ

CPV in B* > D*h* CPV in B) - D K*
o D* > Dn%/yand D - K0ntn~/ KOKTK~ o D> K*K n~ K ntn~ , nntn~
o Strong phase inputs from BESIII and CLEO o> Need input on the B mixing phase —2f

o Two approaches: fully and partially

reconstructed final states A 1T -Rllml T B ]
1 ﬁew < Ll) : Run 2 IEI%EH(H;’-B :
S | | LHCb| ] A d 10t a il | | E
i : S : Z K : ; ]
— L o L = uﬂ G t‘_o I C ‘ . 1
; geay T md0? T e R
— r Q ‘ Z - ! ! 74+11 ]
= - — : e® L ! 1 _ i
= : % Lﬂcb Y EY 02A S 04 - e3n | Y
— - 1 s ] S £ 0657 ol AN -
= 04 o3t 1 - C ] % R
§ E : : s At ‘ ....................... e = o02f
< E = Loz 10 I - [954% [ |-
el . . . = i E ullv reco 27 it N
e Y S = E __________ 055% ¢« |\ v : 050 100 150
I L [ - | ! | [e)
50 100 PP 2 % 50 100 150 i
! 7 [°
- Run 1T result:
A combination with B® = D (KSQ hh)K *0 gives Using partially reco final states:
— +6.9\0 _ +21~\o0 = °
y = (632783 y = (92+2 y = (74 +11)
Negligible correlation within two approaches. 1%
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State of the art of y

o Clean test of the SM: measurable with tree-level processes and
theoretical uncertainty is ~10~7 [JHEP01(2014)051]

Belle + Belle IT (2024) preliminary

160

150 f

140 F

contours at 68.3% CL

.............................

BPGGSZ

BPGGSZ and GLW

BPGGSZ and ADS
3 All decays

Belle II combination

y = (78.6 + 7.3)°

[arXiv:2404.12817]

bs[°]
* Slightly above LHCD result and global
averages ¥ = (65.66113)° [CKMFiter]
* Few ab! needed for a meaningful
comparison.

D

<o

Belle I

Several methods used
» GLW Bt - D2p K™ [arXiv:2308.05048]
o Use CP eigenstate of D meson
» ADS [PRL 78 (1997) 3257]
o Enhancement of CP violation by using
doubly-Cabibbo suppressed decays.
> BPGGSZ DY —» K .hth™ [JHEP 2022(2022)63]
o Different amplitude and strong phase in
different region of Dalitz plot.
> GLS D° -» K K7 [JHEP 09(2023)146]
o0 D-decay strong phase from CLEO-c &
BESIII

Likelihood with 60 input observables
* including 15 auxiliary inputs (D-decay)
* 16 free parameters

15
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excluded area has CL > 0.95 :
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sin(2[)

sin(2B) = sin(2¢,) FZH

BaBar J/iy K el 0.657 + 0.036 + Q.012
PRD 79 (2009) 072009 i :

BaBar JAy K, ) . 0.694 + 0.061 + G.031
PRD 79 (2009) 072009 '
BaBar y(2S) Kg ; 0.897 + 0.100 + 0,036
PRD 79 (2009) 072009 ' - :
Belle JAy Kg L 0.670 +0.029 + 0.013
PRL 108 (2012) 171802 x :
Belle JAy K, 0.642 + 0.047 + 0.021
PRL 108 (2012) 171802 "> T* :
Belle y(2S) Kg ) ; 0.718 £0.090 + d.031
PRD 77 (2008) 091103(R) ! -
LHCb JAy Kg 0.750 + 4.040
JHEP 11 (2017) 170 e :
LHCb y(2S) Kg ) _0.840+0,100 +0.010
JHEP 11 (2017) 170 ! o ! !
World Average 0.699 +0.017
HFLAV Ea :
0.4 0.5 0.6 0.7 0.8 0.9 1

S = —ncpsin(2B8) = 0.699 + 0.017

Pure CP-even n¢ep= +1 [HFLAV 2021]

SSM = sin(2B) = 0.731%3-072

[CKMfittet]

o Golden channel B® — J/ypK?

No CPV in mixing
lg/p| =1

Direct decay
35!

OAI\BO _A])

Mixing and decay

CPV in the decay 127 1)

/ |By—>If)

Tgo () = Tpo (1) l < 5y sin(Amy)—Cp cos(Amy1)

2

cp f( 1) =
070D oy (520) o (22
2

CPV in the interference
of mixing and decay

° Ruled by B 0 mixing and tree-level b — ccCs transitions

° Penguin contributions are measured to be negligible

Francesca Dordei - Recent developments in CP violation
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AT’ 3= 0 in this analysis
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State of the art of sin(2f) in LHCb (i

T stations

Analysed all charmonium: |/ = uu, ee and Y(2S) = uu

0 4+ - . . used for the first time TT - T track
* Four Kg » m™m™ reconstruction categories: LL, DD, i0 TD measurements VELO T
* Flavour tagging calibrated with BT = K™ and B® —» K*® | (~13% of signal yields) | " = long track
VELO track
\\
\
BO —>]/l/1(—> .ull)K.s(‘) ~300k 4.661 i 0.013 downstream track
B® > J /(> ee)K?® ~40k 6.462 + 0.032 _
* Run 2 simultaneous fit to all channels
B% - ¢¥(28)(—~ K ~20k 4.59 + 0.04 1s€
cC
1.0 T ] ©§=0.717+0.013 +0.008 Mote?t \
L BO-BY yield asymmetry 1 ﬂWA'
= ot i © C=0.008+012 +0.003 tha
% 0.5
S & oo * All Y modes are consistent. Final LHCb Run 1 and Run 2 result
S [
& 5[ LHCb o §=0.724 + 0.014 (stat + sys) ~sin(2p)
3 [ b~ o C=0.004 = 0.012 (stat + sys) ~0
By, [ B (LM ) K (—nta) ]
—L T T T T e T oo 2h 150 In agreement with predictions by CKMFitter and UTFit groups.

t [ps] [PRD 91, 073007 (2015)] [JHEP 10, 081 (2000)]
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State of the art of sin(2¢4 /) in Belle 11 <

9000 Belle Il simulation
H 50 —— B GFlaT 0nr
* 0 jzzz B —— B, GFlaT B
* Updated results using a new algorithm that exploits a graph-neural-network, S oo BY, category-based
c @ BY, cat -based
GFlaT, used to determine the flavour of the B meson 5000 caeaeryhase
(O]
o o —_ + 4000
* Performance evaluated on data using self-tagging B? - p®—gt decays S 000
o . 5 unknown g
(+18% relative wrt category based FT) 2000 Z
Uses information from all charged o g~ Th-.—. 5
gtag(CB) = (31 7+05+0 4) % final-state particles (25 variables per 200 —0.75 -0.50 —0.25 0.00 025 050 075 1.00 ja
— . qr 9)
€tag(GF|aT) = (37.4%£04%0.3) % track) and the relation between them. 500 — — S
= Belle Il (Preliminary) } Btoag = +1) <
Q ,oof Jedt=3621b"1 LB (g= —1) - S}
2 Bo—d/ng 5’/ ‘} ag g
e Uses: J/W - ppand J/P — ee = d S
* Fit AE = E — Eppqm distribution to subtract background K ¢," i N
. .. . S 200 ; | 5
* Fit background-subtracted At distribution to extract CPV parameters S ?4’ %\ + fé
_(80 100 | ¥ Y -
Final Belle IT Run I result: © ; 2 RN
© §=0.724 +0.035 + 0.014 ~sin(2p) fef | /’“’\*\+
2|2 g
o C=-0.035+0.026 +0.013 ~0 NS R {
N i
Statistical uncertainties 8% smaller than with category-based Flavour Taggers. ='= "L = . - 1
At [ps] 19
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Time-dependent CPV in charmless B decays\é)

RunIB - n K}
o == yy)mtnT
o n = p(=>mtnT)y

o High BE theoretically clean
o 829 £ 35 signal events

Belle Il Preliminary fL'dt= 362 fb?

. B% - n'Ks Background
a
< BY tag
© 300F =
— =) ¥ B°tag
o0 v 250 F
-
= a
o o200
-9
o 150
S T
T 100
C; c
> 8 so
-
N> o/ . P
— 5 o5
E
0.0
£
o -05
< :
-8 -6 -4 -2 0 2 4 6 8
At [ps]

S =+40.67 £ 0.10 + 0.04
C =-0.19+0.08 £ 0.03

[ArXiv:2403.02590]

RunIB — KYK) K

o Challenge: no prompt tracks from B vertex

o Use K& > mm™ extrapolated to interaction point

o 158%13 signal events

60 |

- Belle Il

B - 0
S0 JLdt — 362 fb" = q,=+1, By

i - 4 RO
40 | B*>K2KIK2 TD Tq,=-1, By

Events per 3.0 ps

30;

205

1

0: e T "~.___‘

-8 -6 -4 -2 0 2 6 8
At [ps]

-1<5<-0.72
—0.29<(C<0.14

[See S. Lacaprara FPCP 2024]

Run I B - Kon®y

o Vertex from K — ¥~ and IP constraint

o Expected to have small/none

mixing ind. CPV

80 —- 80 ——
Belle Il Preliminary Belle Il Preliminary
& [Ldt =362 fb? [Ldt =362 fb?
o 60 - " 60 |
Q % & Btag
— 3 .. RO
A e B~lag ‘]]’ res ol
8 Tous qaq _
qC) +BB _
i ‘20 99 20 |

29\ 9!
A
A
F
A\
2 P S
0 SR

> 1 1
L e g :
E of i t i o¥+*
L
10 -5 0 5 10 -10 -5 0 5 10
At [ps] At [ps]
S =0.001937 *0.03 Resonant

C=0.10£0.13 £ 0.03

K*°(- Kdn®)y

S =0.04%34% +0.10
C = —0.06 + 0.25 + 0.07

Non Resonant
K2n%y

20
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https://link.aps.org/doi/10.1103/PhysRevD.109.112020
https://indico.cern.ch/event/1291023/contributions/5765248/attachments/2867052/5018534/FPCP2024_Lacaprara_20240530.pdf

0.10

0.05

Q
n

= 0.00

-0.05

| !itter €k

Summer 23

i

| excluded area has CL > 0.95 | _

_0.10_| N
-0.10
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CKM ANGLES
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[PRL 132 (2024) 051802, 2308.01468]

CP violation in B mixing and decay, ¢, (%

Candidates / (3.5 MeV/c?)

T T T T T —- - r r T . . . . I

LHCb Run 2, 6 fb! ¢ Data
10° — Total fit

1) Fit for bkg. — - Signal
104 subtraction ---- Background
10°

~  ASignals
10% 1ty
L% € 4

| |

5200

5300 5400
m(Jhy K*K-) [MeV/c?]

5500

Direct decay

4

b q

—|_ * % u‘z,i/’f b —|_ —
af W0 | [T B for
! b= q
K] q \ /
” i 0y 0 — @

Higher order “penguin NP could be difficult to M Bq vD
contributions from non-perturbative  distinguish from ]\[l\’l]lg and (10(’23@’
hadronic effects penguins...

CP-violating phase arising from interference between mixing and decay.

o Precisely predicted by the SM: @3M= —28. = —36.8702 mrad
[CKMFittet]

> Golden channel exploited by LHCb, ATLAS, CMS: B = | /¢

o LHCDb also measured many other channels

e Full Run 2 analysis of BY = J/WKK with KK pair in the vicinity of ¢;
* Angular analysis is needed to disentangle CP-even and CP-odd

contributions, FT calibrated with BT = J/YK™* and B —» Dy, e¢ff=49,
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Run 2 @, result from LHCDb

Using full Run 2 BY - J/YKK

@s = —0.039 + 0.022 4 0.006 rad
|A] = 1.001 + 0.011 + 0.005

[, — Iy = 0.0056%50072 &+ 0.0014 ps~t

AT, = 0.0845 + 0.0044 + 0.0024 ps~!

[PRL 132 (2024) 051802, 2308.01468]
@, consistent with Standard Model

@5 1.7 6 away from 0
consistent with no CPV in interference

| M|, which measures CPV in decay, ~ 1
consistent with no direct CPV

I's — I'; consistent with HQE prediction
JHEP12 (2017) 068]

Al [ps™!]

[B2-DD; 3 fb! LHCb
: ; 68% CL contours
0.13 | BS~sJfynn 5 fb?
B2-y(2S)KK 3 fb~!
0.11
SM no pe
0.09 B
Combined LHCb
0.07
B2-J/wKK high mass 3 fb™!
0-0%5 -0.3 -0.1 0.1 0.3
¢ [rad]
Run1 + Run 2

@s; = —0.044 + 0.020 rad
|A] = 0.990 £+ 0.010 rad

23
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Run 2 ¢ result from LHCb

Using full Run 2 BE7 Tension in Al CMS Preliminary

68% CL cont
Ps = —0.039 + 0.027 [CKMfitter] BY - JlyK*K~ chanrf:!r; Z:Ir;
|A| = 1.001 + 0.0 SM no penguins [CERN SEMINAR]

[.—T. = 0005670001 ‘ 16th April 2024

s.ooa - = -0.001 71 cMSs 116.2 fb?
AFS = 0.0845 i 0.0044 CMS-PAS-BPH-22-001
=i LHCb 9 fb~? )
[PRL132(2024)051802]

[PRL 132

@ consistent with Sta

ATLAS 99.7 fb~!
@5 1.7 o away fi§ 0.05] EPJCE120211342]

consistent with no CPV 1

00400 <—1s0 -100 —50 : 50 100 150

: JIWK*K=
|A| consistent s [mrad]

consistent with no direct CPV

I's — I' ; consistent with HQE prediction ] = 0.990 £ 0.010 rad

[JHEP12 (2017) 068]
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Mixing and CPV in charm: DY - K*tm~ (s

o Charm is the only up-type quark that mixes and allows precise CPV measurements. ®4 Wrong-sign
D° K
o Tagging D%s from D** = DOt¥ via the i charge. Mix\_ 15043'1:)
o To measure the CPV fit time-dependent WS/RS ratios ﬂ?F)\‘ Riéhj-sign
D ‘K-
B Mix . D_O""'(]SCS)
R* (t) — F<D0(t — K*r R- (t) o F(D()(t) — K_7T+)
Kr o N — 0 = _
L(DO(t) - Ktm~) K L(DY(t) - K—n) This result
: o Run1+2
Since oscillating parameters X1, Y1, <K 1 :
: - R, (342.7 + 1.9)x1073
Rigx(t) = Rica (12 8keg) + v/ Ricn (1 £ Arer)(Cin £ Bien) — + (€lnit- Acicr) (TD0> G, (52.8 £+ 3.3)x10—~
d.  (12.0 £ 3.5)x10~°
CP-Violating parameters mixing parameters A]’ (_66 j: 57) X 10—3
—4
> : first evidence for a significant quadratic term AC{" m (2'0 - 3'4) x 10 5
> no evidence of CPV neither in decay, mixing nor ACKT, ('0'7 AL 3°6) x10

interference

» 40% improvement in precision wrt the previous best result 25
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https://indico.cern.ch/event/1355805/

The experimental scenario, this is not the end!

o S ] WS |
ch A e SR = BT ~ Lo ~ 2% 10° cm™2s ~ Lo ~ 1.5 X 10%* cm™2s
~1 visible interaction/bunch-crossing ~5 visible interaction ~40 visible interaction
< 9 fh-! ———p 4——— Goal: 50 fb-! > <+——Goal: 300 fb! —>
rade | Consolidation Upgrade 11
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6
2011 20122013 2014\2015 2016 2017 2018|2019 2020 2021 2022{2023 6 202512026 2027 2028|2029 2030 2031 2032|2033 2034}2035 2036 2037 2039 2040|2041 2042
2
Brand new detector installed in LLS2! Woare
HERE

Significant HLT1 efficiency

RICH

40 MHz readout e i Y hamb : .
e Bl > Tracking system completely improvement wrt Run 2!
readout electronics
replaced BO—D- (—K*rrTT) Tt
e » RICH: new photo-detectors + 5 T m )
reduce ain, new . 2 r —_— s ] S
s new optics 2 2 a0 I 1 4
: D08 —e— - 4 4
» New luminometer (PLUME), & 7'f, T 1 8§
- . .. = - - 5 63
SciFi Tracker = 0.6+ —
new pixel detector Upstream Tracker scintillating fibres refurblShed Beam Condltlons E : - : %
i Monitor (BCM) .l; 04F - LHCb 2024 preliminary ] 9
=T 41 =
> : qu i - - LHCb Run 2 . __é
. . 0.2+ - — )
* First data @13.6 TeV the 5th of July 22! software trigger A ] i
e Bx instantaneous lumi 2x1033cm=2s71 0i+ : S S
. - _ 2024 is the first opportunity to 0 10000 20000 @0y 2V
* Average # of visible pp collisions =5.5 i o T
run at nominal conditions! 26
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D

O

Belle II

.2

35

Peak Luminosity [x10°cm s°]

60

50

- 40

30

20

10

1 0 T T 1
e | peak( Tarqﬁj IJ
Q int. L[ab-1]
Long Shutdown 2
5L - 2028 or later
- still under discussion >
Long Shutdown 1
4 . pxD replacement
- TOP PMT replacement *
e F \ Run
Run1
0 : o 1
2019 2024 2029 2034
‘We are

HERE

[PTEP (2019) 123C01]

[,.gel i

THE

FEXPERIMENTAL
SCENARIO, THIS

IS NOT THE END!

Belle II goal:
> L=6x10%cm?2s’!
> LintNSO ab -1

» Run II data taking just
started in January 2024!

» Waiting to enter 10%° cm s
luminosity era.

1
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Looking turther into the

LHCD

—_ Run 1 Run 2
uture 7 uE
g 14
o =
9 12 -
— =
= 10 -
2 sF
£ of
E 4F
5 2F
Target: ~300 fb-" £ ks
9010

* Pile-up: ~40
200 Tb/second data produced

be required in some sub-detectors

A lot of R&D on new technologies

Run 3 Run 4 Run 5 Run 6
o ; 350

4300 "
E =)
4250 >,
3 =
4200 &
= g
4150 €&
= IR
4100
= g
= 50

=)

2020 2030 2040
car

To keep the same performance in more difficult conditions, timing will

Sub-detector TDRs expected after Run 3
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= 0.0 —

[2rXiv:1808.08865]

What could be achieved in the future?

NOW

1.5||||||||||||||@|||||
: excluded area has CL > 0.95 | 2
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Phase I:

LHCD at 23 fb'!
CMS/ATLAS at 300 fb'!
Belle IT at 50 ab!

Phase II:

LHCDb at 300 fb'!
CMS/ATLAS at 3000 fb-!
Belle IT at 50 ab!
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Conclusions and remarks

o LHCb provides a unique laboratory to study CPV in the up-type quarks

|:>See also arXiv:2405.06556 Search for TD-CPV in D° —» m*m~m°

° Interest in precision flavour measurements is stronger than ever
[ If no direct evidence of NP pops out of the LHC,

flavour physics can play a key role.

° Most of the results in the CKM sector in , need
to go to even : Run3 of LHCDb and Run II of Belle 11 will
permit to acquire a much larger dataset!

° Most of the measurements still limited by statistics.

phase of LHCb.
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