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q Vg q / In the SM

\\\ W+ \\\ W_
CP
Vud VUS Vub Unitarity VCKM . V(-:I-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 fit: still

room for NP

o

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]

°o Interesting
. In the latter,
unknown particles could contribute.

° Due to the CKM structure the B system is
favourable for CPV studies. On the contrary,
CPV in the Charm sector is predicted to be
small since amplitudes are dominated by the
first two generations.
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The LHCDb
Collaboration

o About 1400
scientists, engineers
and technicians

o 86 different
universities and
laboratories from
18 countries
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The experimental scenario

Large Hadron Collider (LHC)

High Luminosity LHC (HL-LHC)

FCC-ee
7 TeV— 8 TeV — 13 TeV m— 13.6 TeV = 14 TeV
LHCb 9 fb-1 m—] Upgrade | 35 b =———- Upgrade Ib Upgrade Il 300 fb-! ——p GPD
ATLAS/CMS 190 fb~" ey 450 fb™! ey 3000 fb™!
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The LHCb detector in Run 1&2 (2011-2018)

LHCDb Detector

Electromagnetic

% Weight 5,!}00 lonnes ;
Single arm spectrometer ik Calorimeter
designed for high —
precision flavour RICH1
physics measurements
Pseudorapidity rance Vertex P - vy
picity rang Locator A N i , | B
ne [215] —Z' Rt : e §*
2|
= === Trécking
P —" tation T
— Mggneet Tracking
Stations
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Muon

Hadronic  Stations

Calorimeter

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




Flavour physics @LLHCb Run 1-2

. . LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
o # of Primary Vertices ~ 2 &~ T e
s °F s /
o Decay time resolution: ~45 fs z 85 Tt /
8 7 E_ 2011 (3.5 TeV): 1.11 /fb .
. é E 2010 (3.5 TeV): 0.04 /fo ]
[o) o ~ S 6
IP res: ~20 um for high py 3 2 Run1,3 ! 7
ke E -
. ; - > s B 7&8TeV
o Highly eff. Particle IDentification [§ N
o 3E Y .
: B F -1
o Excellent primary and secondary [& 2 // un2, 6 fb
. 8 1E 13 TeV
vertex reconstruction £ Oi »
I—INTJI\IC)DPHYS 1\30 (2015> 1530022] 2010 2011 2012 2013 2014 2015 2016 2017 2$168ar

Large number of beauty and charm hadrons within LHCb acceptance:
opp(7 TeV) =72.0% 0.3 £ 6.8 ub

0pp(13TeV) =144 £ 1 £ 21 pb

[PRL 119 (2017) 169901]

Oc.c(7 TeV) = 2369 £ 3 £ 152 £ 118 ub

JHEP 05 (2017) 074]
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Status of y

© v =—argWVuaVip/VeaVep)
* TI measurements of y from B decays mediated only by tree-level transitions provide a
standard candle for the SM (assuming no new physics in tree-level decays [Phys. Rev. D 92, 033002 2 1f the assumption is
015) = Theoretically clean [§y/y] S O(1077)yurp 1401 014) 051] dropped, Upgrade 2 will
* This can be compared with y values from B decays involving loop-level transitions, such as allow to search for NP.

By — hh' decays (h = K, ), to get signs of NP

o Can be measured in the interference between b = ¢ (favoured) and b — u (suppressed) transitions, e.g.:

Vi S Vi Ratio of magnitudes
K b—s L
. c Agy . <Dh
- p — Té)hel(SB i]/)
]) - B - C ‘ VCS Afav
B~ Ve DP B S K- Strong phase difference, ext. input
""" Favoured = " Suppressed . " fromm CLEO and BES III

Small signal yields (BR 1077), small interference effects (10%). Combining a plethora of independent decay modes is

the key to achieve the ultimate precision. 0
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Direct measurement of ¥

/ \ K* (KT
\ e

g TL;)

Largest CPV ever
measured (~85%)!

o Recent LHCb measurement with the full dataset

o Model-independent determination in 4 bins of the D decay

phase space with different strong phases

o Second most precise measurement from a single D mode

Yy = (54.8%%3(stat. )t

0o (syst. )57 (ext.))’

o Using inputs from BESIII/CLEO

[LHCb-PAPER-2022-017, arXiv:2209.03692]

Candidates/ (10 MeV/c?)
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Candidates/ (10 MeV/c?) Candidates/ (10 MeV/c?)
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State of the art of ¥y

o Strategy similar to previous combinations: frequentist treatment.

° This combination includes new and updated measurements.

S

— 038
0.6
04

0.2

LHCb combination
¥ = (63.8135)°

| T
LHCD |
Preliminary -
October 2022 —

60 90

v [°]

70 80

* In agreement with previous and global
averages ¥ = (65.6737)° [CKMFitter]
* Statistically limited, ample room for NP.

[LHCb-CONEF-022-003]

B decay D decay Ref. Dataset Status since
Ref. [14]
B* — Dh* D — h*h™ 29 Run 1&2 As before
B* — Dh* D — htr~ntz~ |30 Run 1 As before
B* — Dh* D — K*n¥rtn~ (18] Run 1&2  New |
B* — Dh* D — h*h 7 19) Run 1&2 Updated
B* — Dh* D — KXhh™ 31 Run 1&2  As before
B* - Dh* D — KK*n¥ 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= hirntn= 33 Run 1&2(*) As before
B* - Dh*rtn~ D — h*h™ 34 Run 1 As before
B° - DK* D — h*h~ 35 Run 1&2(*) As before
B — DK D - htr~rtr~ |35 Run 1&2(*) As before
B® - DK D — Kdrtm 36 Run 1 As before
B —» D¥r* Dt - K—ntxt 37 Run 1 As before
BY - DFK* Df = hth~nt 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. [14]

D° — hth™ AAcp 2440/41] Run 1&2 As before
D" KK~ Acp(KTK™) E Run 2 New

D° — h*h~ Yor — Y& 42| Run 1 As before
D° — h*h™ Yop — y& ™ 15 Run 2 New

D® — hth~ AY 43 Run 1&2  As before
D" - K*r~ (Single Tag) R*, ('), y* 47] Run 1 As before
D° - K*n~ (Double Tag) R*, (z'*)%, y'* 48 Run 1&2(*) As before
D' » K*n¥atn™ (2% + y?) /4 49 Run 1 As before
D — Kdn*n~ T,y @ Run 1 As before
D’ - Kdrtn~ zcp, yop, Az, Ay [51] Run 1 As before
D" — Kdntn~ zcp, yop, Az, Ay [52] Run 2 As before
D’ » Kdntn~ (u~ tag) Zep, Yop, Az, Ay |17, Run 2 New

11
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Using the binned analysis alone:

v = (116113)°,
op = (81%13)°,
rp' = 0.11050 550,
55" = (2987%%)°,

rp" = 0.0041750531,

Analysis of other decay modes at LHCb

—
=]
(=]
I
I | 1
—
=]
(=]
|

[ PS integrated

50 Binned - 50
[ LHCb 2021
0 " I . B " 1 " ol 1 " 1 . | "
0 50 100 150 0.05 0.1 0.15 0.2
v [°] IRx
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Latest
measurement of y

o First study of CP violation in the decay mode
B* > [K*K n*n~]pht, withh = K, n

° Self conjugated D decay mode, analysis
performed in bins of phase space

o HExternal charm-decay parameters taken from
LHCb amplitude analysis

o Phase space integrated measurement also
performed for B* - [rtn ntn | h*

° Full Run 2 exploited, precision of the four-
body D-decay studies is limited by the sample

size.

[Submitted the 24th of January: arXiv:2301.10328] 12




State of the art of sin(2[)

sin(2p) = sin(29,) EEYT

PRELIMINARY

PAD S (2009)-072009 - 0692003001 Golden channel B — ] /YK? | averages including all charmonium:
BaBar x E :  0.69+0.52+0.04+0.07
PRD 80 %00055 112000 P
Eggasrg\{/z\%o(%aggggéﬁ) Kg 1,76 £0.421+0.21 LHCb
gglﬂios(zomf)wmoz 1 0.67+0.020.01 ©§$=0.760 % 0.034 JHEP 11(2017) 170]. (RUN 1 ONLY)
ﬁhBE EgHz 259 (é2000) . s . 084Tnx016
OPAL , , 3.20 *182 + 0.50, Belle:
EPJ C5, 379 (1998) ;- *
CDF : S N 0.79 %41 © §=0.667 1 0.026 [PRL 108(2012) 171802]
PRD 61, 072005 (2000)
SHEP 11 (2017) 170 o e Babar:
Belle5S : : 0.57+0.58 + 0.06
PRL 108 (2012) 171801 T © §=0.691+0.031 [PRD 79(2009) 072009]
ﬁ\éﬁ;\a e 0.70+0.02 -
2 -'1 0 i 2 3

= —npsin(2B) = 0.699 + 0.017 SSM = sin(2B) = 0.731%9:0%2

[HFLAV 2018] [CKMfitter]

* LHCDb has a similar precision to the B-factories
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|B,>=p|B) > +q|Bd>

o - -
BS lelﬂg By >=7p |BY>—q|BY >

— BY - Dyt = BY - D;n* = Untagged

Decays / (0.04 ps)

Average - LHChH —'—
Dyrt 6fb B

Dyntata~ 9fh~ ' F E—

Dynt 1fb |

J/YKTK= 2fb '

J/YK+TK= 3fb '}

17.64 17.66 17.68 17.70 17.72 17.74 17.76 17.78
Amg [psT!]
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o Neutral B mass(~CP) eigenstates characterised by
!

AT /T, = 0.124 + 0.008, Am,/T’, = 30

b

|

-} -~ -~
| _ _ = |
| U,C,t |
I |
| |
v e
| |
| |
| |
[ U, C,t [
1 1
s o o b

o To measure oscillation, need to know By state at
production (flavour tagging) and By state at decay!

° Recent LHCb measurement of Am; uses B
—» D;nt/ B » Dfn~
o BY state at decay fixed by final state

o

Am, = 17.7683 + 0.0051 £ 0.0032 ps~!

[Nature Physics 18 (2022) 1] 14




AFs[ps‘l]

0.14
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0.10

0.08

0.06

CP violation 1n B mixing and decay, @

Dominant SM “tree” contribution

Direct decay

m

B} fcp
(251\1\ Bg /—@D

Mixing and decay

b q
- Hc/,i/f - _|_
By w
s q

Higher order “penguin” NP could be difficult to

contributions from non-perturbative  distinguish from

hadronic effects penguins...

HFLAV

68% CL contours

(Alog £ =1.15)

Status in 2018 DO 8 fb-!

CMS 19.7 fb !

LHCb 3 fb!
ATLAS 19.2 fb!

CP-violating phase arising from interference between mixing and decay.
o Precisely predicted by the SM: @3M= —36.861 )25 mrad [CKMFitter]

Golden channel exploited by LHCb, ATLAS, CMS: B — [/} ¢

o

o

LHCD also measured many other channels

— * World average (dominated by LHCDb) consistent with predictions;
Exp. uncertainty (31 mrad) almost a factor of 30 larger than uncert.

04 02 00 02 04

of indirect determination when penguin pollution is ignhored.

o e [rad] Francesca Dotdei - CP violation results from LHCb

15




Overview of the @ results

Combination of all LHCDb results
including “15+’16 B? - J/WKK and B? - J /ynn

@s = —0.042 + 0.025 rad
|A| = 0.993 + 0.010

I, = 0.6563 + 0.0021 ps~*

AT, = 0.0813 + 0.0048 ps~!

[Eur.Phys.].C79(2019)706]

@5 0.1 0 away from SM
consistent with Standard Model

@5 1.6 0 away from 0
consistent with no CPV in interference

|A| consistent with 1
consistent with no direct CPV

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

HFLAV
DO 8 fb™
0.131 68% CL contours
(Alog £ =1.15)
0.111 CMS 116.1 fb1

0.09

LHCb 4.9 fb~*
0.07

0.5 0.3 0.1 0.1 0.3
¢<Irad]

The HFILAV combination is:

@s = —0.049 + 0.019 rad
ATy = 0.074 £ 0.006 ps~*

[HELAV]
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Overview of the @ results

Combination of all LHCDb results
including “15+°16 BY — J/YKK and B? - J/Ynn

@s = —0.042 + 0.025 rad
|A| = 0.993 + 0.010
I, = 0.6563 + 0.0021 ps~*
AT, = 0.0813 + 0.0048 ps~!

Arcés[ps—l]

[Eur.Phys.].C79(2019)706]

@5 0.1 0 away from SM
consistent with Standard Model

@5 1.6 0 away from 0
consistent with no CPV in interference

|A| consistent with 1
consistent with no direct CPV

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

0.16;

0.141

0.121

Theory assuming
T)A=1.519 + 0.004 pp

DO 8 fb~!
CMS 116.1fb" 1L

HFLAV

68% CL contours

(Alog £ =1.15)

Theory f \

0.101 A \
0.08- C
LHCb 4.9 fb~! £
0.061 Combined”
“T's errors scaled by 2.6 ATLAS 99.7 fb~1
0.04 AT errors scaled|by 1.78
0 %640 0.650 0.660 0.670 _ 0.680
relps™1]
The HFILAV combination is:

@5 = —0.049 + 0.019 rad
ATy = 0.074 + 0.006 ps~*

[HFLAV]
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CP violation in charm

o Searching for CP violation (CPV) in charm decays is a stress test to the Standard Model:

o Up-type quark: complementary to studies in K and B systems

o Small CP asymmetries expected < 0.1% [Phys.Lett. B222 (1989) 501]

o CPV searched for since decades, finally observed in 2019 with the AAcp measurement [Phys. Rev. Lett. 122, 211803]!

The raw asymmetry (A) in Cabibbo Suppressed DY — h'h* decays (h = K or 7) includes both physics and detector effects:

N(D-f)=N(D-f)
A=A D - = ——— A~ H{ A HA
( f) N(D—-f)+N(D-f) CP D P ) Production asym. from
To eliminate these contributions: D™ or B decays

AAcp =AKTK™) — A(m™n™) = Ap(KTK™) — Agp(m¥m™)

o Experimentally robust as production and detection asymmetries cancel to first order

o AAcp = (—15.4 * 2.9) x 10~ ]

o Additional measurements are needed to have a better understanding]
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[LHCb-PAPER-2022-024, arXiv:2209.03179]

Time integrated CP asymmetry in D® —» KTK~

o Measuring time integrated asymmetries of single channels is much harder, the raw asymmetry must be corrected for
using calibration samples to extract the physical asymmetry

_ND-f)-ND-f) _

A=A (D — f ) = = Acp HAp H Ap ) Production asymmetry in pp

N(D—)f)+N(D—>f) .
collisions
°© Measurement from LHCDb using the full Run2 dataset
ACP(K+K_) = [6.8 £ 5.4 (stat) * 1.6 (syst) ] X 104
T
B | L L ]
~ E 0.006 - o= LHCb combination, 8.7 fb! LHCb I E791
S - z::2x: LHCb combination, 3.0 fb™! . — FOCUS
0.004f + Nodirect CPV I i Icfll . —— CLEO
0002 _ ;‘;;__ﬁ: adK+ k- = (7.7£5.7)x10 . 140 - — Eege
N ] a _=(23.2+6.1)xX10 [ i abat
0 - _!__ | Tl'+Tl' ( - ) ~+ '—°—' CDF
~0.002 |- e 7 - CP violation in the decay i LHCb 3 fb'!
B . H ; 1
L e ] amplitude \’ ] N LHCb 5.7 fb
—0.004 - contours hold 68% 95% CL _: p H = ACP(K9K+) [0
I U ST N [ el Y B
—O 004 —O 002 0 0.002 0.004 -5 0 5 10
TGk Acp(KK*) [107] 19
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The experimental scenario, this 1s not the end!

Large Hadron Collider (LHC) High Luminosity LHC (HL-LHC)
FCC-ee
7 TeV— 8 TeV — 13 TeV = 13.6 TeV = 14 TeV
LHCb 9 fb- m—] Upgrade | 35 fh- m—l Upgrade Ib Upgrade Il 300 fb-! =——dp GPD
ATLAS/CMS 190 fb~" ey 450 fb™! ey 3000 fb~!
d last year: tear
nstalle HERE

scifi Tracker
sc'\nl'\\\at'mgf\bres

First data @13.6 TeV
registered the 5th of July 2022!
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Looking turther into the

—_ Run 1 Run 2 Run 3 Run 4 Run 5 Run 6
u ur e b 1OF . 79350
£ ME J300 T
D =
= 10fE 1> &
> = 4200 &
a‘ 8 = .8
g 6F 150 E
S E_ 4100 =
2 E E =
7 2 450
Target: ~300 fb-" = . =
3010 2020 2030 2040

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

To keep the same performance in more difficult conditions, timing will
be required in some sub-detectors

A lot of R&D on new technologies
Sub-detector TDRs expected after Run 3
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LHCb
UPGRADEI

Technical Design Report;




What could be achieved in Upgrade 117

1-5 B T 17T L | T [ h%l | P i T 17T L
L excluded area has CL > 0.95 g Z%
- e\
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" sin2p
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I|IIII|IIIIIIIII|IIII|IIII

-0.5 —
1.0 i &k
: i r E sol. w/cos2B<0
~ Spring 21 E (excl. at CL > 0.95) -
15 oo oo o b b by 0
-1.0 -0.5 0.0 0.5 1.0 15 2.0

p

I

0.7
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Y

LHCb 300/b

L/

excluded area has CL >0.95|7
/
4

0.6

A

/
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Prospects for the

I T T T
e Blallccs s B2-D;D} future II
*  BI-J/yd ® B)-y(25)¢
" BJ-Jlyn*n~ B¢
R ¢ B2-J/ykK*K~ high mass A BI-K™K™
¢ s N
A SM prediction
4 ¥
¥ o 300/fb: 74T (@) ~ 4 mrad from B - | /YKK only
*
% o @4 expected to be statistically limited
L
: °E = =00 o Upgrade II sensitivity below SM prediction in

Integrated Luminosity [fb™!]

multiple channels

[LHCB-PUB-2018-009] ,
Impact of Upgrade I and II very important for ¢!
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Prospects for the tuture 111

With more data, LHCb has the potential to
map the structure of CP violation in the
charm system.

Merely scratching the surface now!

LHCDb Upgrade II is the only planned
facility with a realistic possibility to
observe particle anti-particle
difference in charm mixing

(at >50 if present central values are assumed)

Francesca Dordei -

Current LHCb 23fb~!

CP violation results from LHCb

Solid (dashed) contours contain 68.3% (95.4%)
0.98 1.00 1.02 1.04
|9/

[LHCB-PUB-2018-009]
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Conclusions and remarks

o

o

o

o

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

tlavour physics can play a key role.
CPV discovery in charm opens a new tool to investigate the SM

All results in this sector in good agreement with SM, need to go to
even higher precision: now focused on Run3 to get the new detector in
shape to acquire an even larger dataset!

Excellent prospects for precision measurements in the Upgrade 11
phase of LHCb.
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"And if someone dares to yawn during your presentation,
this pointer easily transforms from a laser to a taser!"
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LHCb 2012 Trigger Diagram LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate 40 MHz bunch crossing rate

~ <> > LY I .

LO Hardware Trigger : 1 MHz
readout, high Etr/Pr signatures

LO Hardware Trigger : 1 MHz
readout, high Et/Pr signatures

450 kHz 400 kHz 150 kHz

400 kHz 150 kHz
l-l/ Hy | e/y

{ Software High Level Trlgger \ . Software High Level Trigger

Trigger Introduce tracking/PID information,

find displaced tracks/vertices ( Partial event reconstruction, select ]

S Stem Offline reconstruction tuned to trigger displaced tracks/vertices and dimuons
y time constraints

Mixture of exclusive and inclusive { Buffer events to disk, perform online
\__Selection algorithms J detector calibration and alignment

o O I

(5 kHz (0.3 GB/s) to storage i Full offline-like event selection, mixture
2 kHz of inclusive and exclusive triggers

Inclusive/ O

Exclusive
12.5 kHz (0.6 GB/s) to storage
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Different kinds of CP violation

° Must have two interfering amplitudes with different strong (3) and weak () phases

A
o For a B? decay to a CP eigenstate f, CP-violating effects depend on Af = %A—f
f
Pace CPVin d
in decay
B¢ " fcp

> * P(BY > f)#P(BS~f)
* |Ag/Ar|# 1

o ¢dec

s = Omix —2 Pgec

CPYV in mixing ¢
« P(B? - B?) # P(B? - B?) rmix
* lg/p|#1
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B?

CPYV in the interference between decay and mixing

+ P(BY~f)#P(BY - BY - f)
« arg(df) # 0




B flavour mixing

o Neutral B mesons can oscillate between their particle and anti-particle states

b s b

vy

-} I i_ ' - - - -}

| E,E,t | W+

| [

| |

| |

| |

| u,c,t [ W=

1 l - e e e

S | - b . . - b

B, >=p|B) > +q|B5 >
|By >=p|B) >—q|BJ >

The physical mass eigenstates (L,H) are admixtures of the weak eigenstates:

with mass difference Am = my — m; and decay-width difference AI' = [} — Iy
flavor at production (t=0) could be different from flavour at decay time t

Francesca Dotrdei - CP violation results from LHCb
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Flavour tagging in the future

Almost everything will be new in Run3 (similar situation as in
2010)

o Upgrade challenge: increase in track multiplicity and pile-up (~6
tor Upgrade-I and ~55 for Upgrade-II) that have negative effect on
w and E¢qg.

o FT performance directly linked to the ability to associate PV <
track. To improve/maintain tagging performance need:

o Hardware: timing information (upgrade-II workshops)

o Software: deep neural networks to learn correlations between all tracks
and the signal B meson (inclusive taggers), need to reduce significantly
persisted info.

Francesca Dotrdei - CP violation results from LHCb
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Control ot penguin pollution

o U-spin or SU(3) flavour symmetry to constrain size of penguin with b—ccd (related by s-d spectator exchange)
o Penguin pollution and/or CP violation could be different for each polarisation state, f € (0, L, I, S)

— no sign yet of dependence in B — J /i KK (also in Run 2) so penguins are small

PLEASE BE AWARE OF US!

Aqﬁ‘” Y% = 0.000+99% (stat) 999 (syst)rad

Ag7? = 0.001+9919 (stat) 0.008 (syst) rad

A¢!Y? = 0.00355919 (stat) £0.008 (syst) rad

[JHEP 11 (2015) 082]

Precision of ~10 mrad
To be compared with the current precision of HFLLAV of 21 mrad

Fundamental to , expected sensitivity at 300/fb is 1.5 mrad (statistically limited)
+ adding BY — J /1w and B® — ] /1@ (E + PA diagrams only)

Francesca Dotdei - CP violation results from LHCb

31




What could be achieved with Run3+4°

07 s WM

1.5 1 LI BRI Y B L — LI — Lol DA L A B ) 4] . Loy | | T T
[~ | excluded area has CL > 0.95 | % N w0 : 7
- N\ ] = : Amy& Am,
- ] 06 : Y Km Ex 7]
1o % Amy & Amg s : d =
L ] LS ’ -
£ g ' —
L ] 05 — = sini ; kim
05— — 5 2B - - sd.wieos 3 <0 -
= B o b ' (exdd QICL> 0495) -
- 5 04 g S =
I= 00 1 = H /«\- = m
It i g - ~ =
. o 03 ’ o v
L o= L) —
05 — — ) - -
L i 02 ' —
- € - - Vubl -
-1.0 — v K — 0.1 ! X
- : I.W/cos2B<0 | .
r Spr:ﬂg 21 ; E (szxc‘lljla(lmCSL>0.95) - ' ? B 1
15 o v v v v iy 0 0.0 P TS T e | S — | T S ST W N T S | I T h
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 04 -02 0.0 0.2 0.4 0.6 0.8 1.0

P p
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Prospects for y

e 4° with Run 2 data (~ 9 fb')
* 1.5° by the end of Run 3 (~ 22 fb'!)
* < 1° by the end of Run 4 (~ 50 fb'!)

* ~0.4° in Phase 2 upgrade (~ 300 fb)
[arXiv:1709.10308v5] [CERN-LHCC-2017-003]

100

o(v) []

101

[arXiv:1808.08865]

10

x  B* - DK*

LHCb

ADS/GLW only

+4

B* - D*K*
v B*f - DK* *
+ B() N DK*()
) 23 50 300

Integrated Luminosity [fb™]

o
2 5
o)

LHCb

B* - DK* GGSZ

x  With /N improvement
+  With current CLEO ¢;, s;

0.1

[arXiv:1808.08865]

5 23

50
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300

Integrated Luminosity [fb™!]

D reconstructed in a 2 charged-track
final state

All ADS/GLW asymm. curtrently
statistically limited

Dominant syst., due to knowledge
of background contributions,
expected to scale with statistics

D is reco in a 3-body self-conjugated
tinal state
Powerful input to the overall
determination of v
Need good description of strong phase
difference &p

* Current inputs taken from

CLEO-c (current syst ~ 2°)
* Future BESIII and LHCb charm

inputs are vital
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Interest triggered by a measurement from DO yielding an anomalous like-sign dimuon asymmetry

[Phys. Rev. D 89, 012002 (2014)]
* Consider a flavour-specific final state f:

0 = 0

—0 — —0 =

Bisy > f or B}y =B — T

. _ T(Bls)()=N—T(B%, (0>F) _ Ap
= F(Bls) (NN+T(BY, (1)=7) ~ AW tan

LHCb measured both ag,'s using Run |

* | a; = (0.39 £0.26(stat) £ 0.20(syst) )%
Phys. Rev. Lett. 117, 061803 (2016)]

* | a8 = (—0.02 & 0.19(stat) & 0.30(syst))%
[Phys. Rev. Lett. 114, 041601 (2015)]

ATLAS measured same- and opposite-sign charge
asymmetries based on the p charge from a top and the
charge of the soft i from a b-hadron in tf events [JHEP 02
(2017) 071]

* Four CP asymmetries (one mixing and three direct)
compatible with SM (uncertainty ~ 1%).

_GFP in mixing is very small in the SM

a%(B")°"  -(-41406)-10"*
a (Bl =(19403):10">

as; (%]

[Lenz & Nierste, arXiv:1102.4274 [hep-ph]]

e P v S e S B s B e e e e S S
1: I Standard Model .
S ——— - - E—
C 7= \ : ]
-1 < ]

= ]

-2F 5 = i 2
[ 3 LHCb D®uvX -

- Q D0 D®uvX e

e BaBar D'lv , ]
- A BaBar I/ —_—— E
C Belle // ;

4 N 1 |
-3 -2 -1 0 1
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\ deviation in the value of ATy from the SM prediction has recently been proposed as a pc
xplanation for the anomalous like-sign dimuon charge asymmetry measured by the DO co
1rXiv:1409.6963 (2014)] [Phys. Rev. D 89, 012002 (2014)].

SM
AT
r—d — (0.42 4 0.08)%
d

[arXiv:1409.6963 (2014)]

DELPHI IAT4| /Ty < 18% at 95% CL [Z. Phys. C76, 579 (1997)]
BaBar -6.8% < sign(Rex ) ATy /Ty < 8.4% [Phys.Rev.D 70:012007 (2004)]
Belle sign(Rex,)ATy/Tg = (1.7 1.8 £ 1.1)% | [Phys. Rev. D 85, 071105(R) (2!
LHCb ATy/Tg=(—44+£25+1.1)% [JHEPO4 (2014) 114]

ATLAS ATg/Tg=(—011+1.11+09)% [JHEPO6 (2016) 081]

Joth LHCb and ATLAS measure it comparing the decay time distributions of B° — J/1|)K§
30 5 J/PK*O decays [J. Phys. G 42 (2015) 119501]:

* ATLAS measurement (full Run 1) is the most precise measurement from a single exp
date;

* LHCb measurement still on a limited data sample (2011 only) = factor 7 in statistics
available from 2012 and Run II;

Francesca Dotrdei - CP violation results from LHCb

The Bd width

difference
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Some thoughts on ¥ in Upgrade 2

o

Since the bulk of the sensitivity to y comes from the difference in rates of the B — B processes, a

—> these systematic uncertainties are considered to scale with integrated luminosity

(@)

Upgrade of the calorimeter will greatly expand LHCDb’s capabilities for modes with neutrals in the final state.

(@)

Upgrade 2 will also make it interesting to measure y using baryonic decays
= TORCH system particularly helpful in allowing for low-momentum separation of protons and kaons

(@)

Addition of may lead to important signal-yield improvements, particularly for high-
multiplicity final states.

o

Constrain 55 without penguin contaminations = ~2° sensitivity on y — 285 from BY - D.K
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Prospects for sin(2[)

o @50/fb: 051qr = 0.006 with B® = J /YK
o @300/fb: Ogpqr = 0.003 with B® - J /YK

Systematics:

* Mostly depends on size of control samples
—> scale with statistics

* Important to understand how to take into
account K% — K9 CP violation and nuclear
cross-section asymmetry.

0.7 T T T T T T T

| T T

- 8 : L K
0.6 A | fitter

- § sin 2[3 Am " & AmS LHCb 300/fb
C s ]
05 & —
— e —
- |2 =
C|® ]
0.4 3 =
— o 1 p—
-3 ! ]
0.3 — ]
C H o 7]
0.2 [ : —
5 [Viol/| =
0.1 ! —
: B =
0.0 1 1 1 l 1 1 1 I 1 1 L l 1 1 l L -
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.

(Y

Penguins controlled using B® = J/yYm® and B — J /YK
e BY - J/YK studied by LHCDb [Phys. Rev. Lett. 115 (2015) 031601]

* Belle II expects a good precision for B® — J /ym"
Leading sources of systematic uncertainty are ¢ Improving ECAL will allow also LHCD to contribute
different between Belle II and LHCb * Upgrade II will also allow to study other SU(3) related modes
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o(¢s) [mrad]

1000

100

10

Prospects tor the

I T T T
@ Blallccs # BY-D;DZ future
*  BJ-Jlyg o BJ-y(25)¢9
- Bd-Jlyn*n~ BI-¢¢
N ¢ BO>J/yK*K~ high mass A BOSK'OR * Include gain in trigger for BS0 — D D after Upgrade 1
¢ . | * Same performances as in Run I
i : ; SM prediction * Assumed tagging power 4%
o ¥ o * Additional modes planned: J /Y — ee,n - p°y or,
e N — NI or Yy as cross cheks
* ' .
®
*
. | | o 300/fb: 74T () ~ 4 mrad from B — | /YKK only
D 23 50 300

T— -1
integrated LUmMInGsit) b= ° @ expected to be statistically limited

[LHCB-PUB-2018-009]

Impact of Upgrade I and II very important for ¢!

Francesca Dotrdei - CP violation results from LHCb 38




Charm mixing

Until very recently (2020), no observation yet of charm mixing
(extremely difficult).

New measurement:

Study two-body D°®-meson decays
Decay D® > K nt isa

TD° > K nt)=1/T

Decay D° > h"h*(he€m, K )isa

T (D% > h~h*) <7 (D°-> K~ nrt)
From difference in lifetimes determine

y =(6.96 + 0.26 £ 0.13) x 103

The new world average becomes: y = (6.461053)x 1073,
improving the previous result by more than a factor of two.
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