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Setting the scene

* The Universe is dominated by matter and not antlmatter

« Charge-parity (CP) violation allows decays
of particles and antiparticles to be different

 In the Standard Model, CP violation is encoded
in the quark mixing (CKM) matrix

 CP violation in the Standard Model only
explains a tiny fraction of this difference
* There must be new sources of CP violation
* From new particles or interactions - “New physics”

NASA, ESA, H. Teplitz and M. Rafelski (IPAC/Caltech), A. Koekemoer (STScl),
R. Windhorst (Arizona State University), and Z. Levay (STScl)
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 Unitary triangle(s)

e 5’ gbs If you missed them, please see parallel talks from:
e Jinlin Fu - LHCb
. e Alberto Bragagnolo -CMS
Barygn CPY S_earfhe_s e Maria Smizanska - ATLAS
"Ny —prTwTw « Christoph Bobeth - Theory

« Charmless B meson decays
Bt s ntntnT
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The unitarity triangle

 Unitarity triangle(s) from CKM matrix unitarity
- The most famous of these has the angles ¢, B8, 7 " Fommedmecss] @1 T

 Precision test of the SM, if measurements are not of LA
consistent with a triangle - sign of NP 3 =

* Area of the triangle proportional to CPV in the
quark sector of the SM

» Current status
 Consistent with the SM
* Both”Y and (x are the least precise measurements

» Excellent progress from LHCb in the last decade, 10 - %Y o .
looking forward to Belle Il and LHCb upgrades! [ e (o0 1GL3 095)

| N | I L1 1 l L1 1 1 l L1 1 I L1 1 l | S - l—

 No updates on (X today %0 05 00 05 10 15 20
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The latest on the angle

« World average (currently) dominated by LHCb’s gamma combination
» Defined as: Ir |

VudVyp - I I —
V= ¢s = arg VLV < YA -
cdVcp Ry—

— 0.8

 Measurements with B+, BO, Bg decays 0.6

» Great progress in the last decade
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GLW/ADS analysis with BY — DK*Ydecays

- Improving measurements of 7Y from B" decays
- GLW/ADS approach with D — K*77 KTK~, ntnx
- Data from 2011-2016: 4.8 fb~!
* Measure CP asymmetries and yield ratios which can be interpreted in term of 7Y
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GLW/ADS analysis with BY — DK*Ydecays

- Improving measurements of 7Y from B" decays
- GLW/ADS approach with D — K*7F KTK~ nTn~, K*nTnaT, atnntn~
- Data from 2011-2016: 4.8 fb~1
* Measure CP asymmetries and yield ratios which can be interpreted in term of 7Y
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+ First observation of TK, w7~ 7

GLW/ADS analysis with BY — DK*Ydecays

e Lots of results

T modes

« CP asymmetries consistent with 0 at 20 level
« Combination of observables can constrain 7Y
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0.073 £ 0.018 =+ 0.002.

JHEP 08 (2019) 041

Contours contain the 68.3%, 95.5% and 99.7% C.L.

3003_ LHCb
"
1503—
1005
: (
502—
O:—‘ Lo b by ey ey [ I

20 40 60 80 100 120 140 160 180

v [°]




GLS analysis with BT — DK Tdecays

» Measure CP violation with D — K2K=7T decays K e 0090 4 0011 40003

. region 8 T 7 ' Rt

Full Run 1 and 2 data sample ADT — 0,007 4+ 0.017 % 0.003

* Measure asymmetries and yield ratios in the K*(892) AR = 0.084 £ 0.049 £ 0.008,

and non K™ (892) regions APK = 0.021 £0.094 £ 0.017,

« Results to be added to the LHCb”Y combination fissjos = 25853 0.057 0019,

REKPT = 0.079 4 0.004 £ 0.002 ,

< o — < o — Ros /"™ = 0.062 % 0.006 = 0.003

%125, K* region %1257 K* region oK

z Data E ) Dm __

= 100 T S 100 region AR = —0.03440.020 £ 0.003,

.y B D .y AST = 0.00340.015 £ 0.003,

3 75 b= DR z 75

= Conlinatori R ABE = 0.095 £0.089 £ 0.018,

?% 501 Charmless T% 501 ABE = —0.038 £0.075 £ 0.011,

© po bR o \ Rssjos = 0.706 % 0.019 & 0.009,

ok o _ae . A\ REFPT — 0,081 + 0.008 + 0.004,

5600 5400 5600 DK/ Dr
m([K\K 4] pK ™) [MeV/?] m([KUK 7| pK ") [MeV/c?] Rog' ™ = 0.07340.006 & 0.002.

28/05/2020 arXiv:2002.08858 [hep-ex]




Measuring CPV with B? — D** DT decays

* Measurement of time-dependent CP violation at LHCb
o Full Run 1 + Run 2 data sample of 9 fb~! with D** — D% ", D - K~ n", K~ ntn n™
and D™ - KTn 7~
* Measure five CP observables from the dl'zo () _ e~ t/7a

(14 A7) [1 + S sin(Amgt) — O cos(Amgt)

time-dependent decay rates di 874
~1200~ "~ " T T T T = T T R
= [ LHCb 1 = %99 LHCb _ 1 2 g, — 2ZmAy
Z 10001 Run 2 — Total 1 % _ [ Ru2 total 12102k f = )
= T e B"— D=D¥ E 500 7 e B'— D=pT - 2 1 + |)\f |2
< "2 haodvy 1§ BY— D*D¥ < " Abhodvy b B'—p=Ept 4 I
g 800: 2 bOdy g, D:D*_ g 400 ; 4 bOdy B D:D** 1 % i 1 . | A |2
3 * < 3001 I AT Cp=_—_ 2/
: S RN TS TP
gvs - é)% 200 ---- Comb. bk, = - _f
RS 1) SR il N, — q Ay
. S W s S, s - = D A
E E E 5 2 N ’ E E 5 : f
Lo nr = .
0 e g T e et g : 4 final state
‘ ‘ ; 5L ] -5 -_ ) ) ) ) = = :
5000 5200 5400 5600 5000 5200 5400 5600 2 4 6 8 10 ff prOdUCt]ton
mp«+ps [MeV/c?] mp-+ps [MeV/c?] Decay time [ps] asymmetry
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Measuring CPV with B? — D** DT decays

 Measure the coefficients and combine them into the CPV observables

1 1
Spep = 5S¢ +57),  Cpep = 5(Cr +C5),

1 1 Ap-p = Ayj 532_ o D*IJFD— RE

ASpep =587 = 8p), Alp-p = 5(Cy = ), = 03E  LHCb E
< E DD+ g —

Sp=p = —0.861 + 0.077 (stat) + 0.019 (syst) /// E
ASpep = 0.019 % 0.075 (stat) + 0.012 (syst) R
Cp+p = —0.059 £ 0.092 (stat) + 0.020 (syst) 3
ACp+p = —0.031 £ 0.092 (stat) = 0.016 (syst) E
Ap«p = 0.008 £ 0.014 (stat) + 0.006 (syst) —

Decay time [ps]

 Most precise measurement of this channel, excluding CP conservation at 100

28/05/2020 JHEP 03 (2020) 147



HC Run 1 status of @4

» The mixing phase of B — BY meson oscillations

¢s = —20s = —2arg|— (Vts )/(V;:s cb)] ol
2 0-14 DO 8 fb ! Fm
« Using CKM unitarity it is expected tobe 5 e
0.12 o

—28, = —0.036917 0050 rad CKM Fitter CMS 19.7 fb-!
_2ﬁs = —0.0370 £ 0.0010rad UTFit 0.10 Combined

 Value can be significantly modified by 0.08
contributions from new physics Hitds Sl

« Work to do to reduce the uncertainty on 0.06
the direct experimental measurements to w1 w2 oo o2 oa
have a meaningful comparison ¢ [rad]

®s = —0.021 £+ 0.031 rad

28/05/2020 13



@gat LHCb

* Run 2 (2015 + 2016) update
+ Measurement with B — J/y KT K~ decays in a 60 MeV window around the ¢ meson

* Yield ~120k candidates Ti1so00F Y 32 10
7, 16000 F- ” LHCb 4 =
- Flavour tagging performance =4k e 1S wfk
< 12000 | 14 .l
Category Etag(%) D2 EtagD2(%) ésloooog— — — Signal _; § ?
OS only 114 0078 088%004 2 . 0F -~ Background I B 10}
SSK only 42.6 0.032 1.38 = 0.30 E‘) 4()()();— _z - 1k
0S & SSK 238  0.104 2474015 2 2000f JL 1% |
Total 778  0.061 4.73+0.34 Qoo s300  saw0  ss00 5 10 is
m(JAPpK*K™) [MeV/c?] Decay time [ps]

» Split into six bins of m(KK) with limits 990, 1008, 1016, 1020, 1024, 1032, 1050 MeV/c?
 Full angular analysis including the B mass, decay time, decay time error and decay angles
 Fit to all data samples simultaneously

28/05/2020 Eur. Phys. J. C 79 (2019) 706




e Results
* Run 2 only )

s = —0.083 £0.041 £0.006rad < - D 3

J/yrTrT 4.9 fbo !

LHCDb
Spring 2019

*Run1+2 ¢ = —0.081+0.032rad, |
Al = 0.994 +0.013, 010
Iy =0.6572 £ 0.0023 ps ™, |
AT, = 0.0777 £ 0.0062ps ™',
Am, = 17.694+0.042ps™",  oos

« LHCb combination 0.4 0.2 0.0 0.2 0.4

* Includes this analysis and several _ N
others as indicated on the figure ¢, = —0.042 £ 0.025 rad

0.081 ;/uK+K~ 4.9

28/05/2020 Eur. Phys. J. C 79 (2019) 706



Ogat ATLAS with BY — J /¢

51‘(‘)3‘””\””\ ““““““ U R R ] L= A L B R B IR B 3
* Recent Run 2 update from ATLAS R Y-S T T e o
e = - - Signal E % 106§ r ?tia " E
* Closely follows the Run 1 analysis N3 N4 TE BB o
L = = 10X Ag—= Jy pK (I} § :-?.;* -= Prompt J/y
« Huge signal yield: > 450k o
- Flavour tagging power 1.75% ; iy
Tag method €x [ 0] Dy [%] Ty [%] ; i ; 10; i
Tight muon 450 +0.01 | 43.8+0.2 [ 0.862 + 0.009 ] e R A T
Electron 1.57£0.01 | 41.8 £0.2 | 0.274 + 0.004 = E - 3
Low-pr muon | 3.12+0.01 | 29.9+0.2 | 0.278 +0.006 g & WM%WW e
Jet 12.04 £0.02 | 16.6+0.1 | 0.334 +0.006 % i 3 2 £
Total 27123+003 | 287 +0.1 | 1.75 +0.01 4537525 5.3 535 5.4 545 55 %gﬁwgf%iﬁss S0z 46 Péroper E)‘gcay;i‘ie [pj]4
* Measured value of ¢8 compatible Parameter Value Statistical | Systematic
with previous measurements uncertainty | uncertainty
» Some tension for the value of I’ s ¢ [rad] —-0.081 0.041 0.020
AT [ps™'] 0.0607 0.0046 0.0025
Iy [ps™!] 0.6687 0.0015 0.0017

For more details see talk by Maria Smizanska

28/05/2020 arXiv:2001.07115 [hep-ex]



https://arxiv.org/abs/2001.07115

Ogat ATLAS with BY — J /¢¢

+ Recent Run 2 update from ATLAS ]

» Closely follows the Run 1 analysis &M s - 7and8TeV, 19.2 fb"
i i (o
<

» Huge signal yield: > 450k . [ Vs=7,8,13TeV 13 TeV, 80.5 fo" 1
0.12  68% CL contours — Combined 19.2 + 80.5 fb”

* Flavour tagging power 1.75% ; — SM prediction

Tag method €x [0] Dy [%] Ty [%]

Tight muon 4.50+0.01 | 43.8+0.2 | 0.862 +0.009
Electron 1.57+0.01 | 41.8 £0.2 | 0.274 £ 0.004
Low-pr muon | 3.12+0.01 | 29.9+0.2 | 0.278 £ 0.006
Jet 12.04 £0.02 | 16.6 £ 0.1 | 0.334 £ 0.006
Total 21.23+0.03 | 28.7+0.1 | 1.75 +0.01

0.08F

« Measured value of 5 compatible 0.001
with previous measurements

+ Some tension for the value of 1

« Combine with the Run 1 analysis ¢ —

For more details see talk by Maria Smizanska

=

28/05/2020 arXiv:2001.07115 [hep-ex]



https://arxiv.org/abs/2001.07115

LHC Run 2 status of @4

* Including the LHCb and ATLAS results

- H: After Moriond 2019 m
é 0.14 DO 8 fb_1 % ‘% 0.14 DO 8 fb : Spring 2019
a 68% CL contours Z‘ 68% CL contours
<

(Alog £ =1.15) (Alog £ =1.15)

CMS 19.7 fb~! CMS 19.7 fb !

0.10 Combined 0.10

(O

ATLAS 19.2 fb!

CDF 9.6 fb™! CDF 9.6 fb

0.08
LHCb 3 fb*

0.06

0.06 ATLAS 99.7 fb!

04 = 02 00 02 'ol_4' 04 02 00 02 'o.'_4'
¢ [rad] ¢ [rad]

¢s = —0.021 £ 0.031 rad s = —0.055 + 0.021 rad

28/05/2020 18




« Update from Spring 2020
 Analysis of the 2017-2018

Run 2 data sample

« Multidimensional fit to B
mass, decay time (error),

decay angles etc

« Tagging power increased
from ~1% (Run 1) to
~10% for 2017/2018

* Measurements in good
agreement with previous

results

28/05/2020

Pull

_ Events /(0.0025 GeV)

96.4 o' (13 TeV)

- = Sig
- ’g:;rllizkgbk 2017-2018

CMS

Preliminary

96.4 fo'' (13 TeV)

Events / (0.00493 cm )

CMS
Preliminary 2017-2018

Ll =]
ANOND L
TTRGITITTI ET

Events / (4.8e-05cm)

L 3
AV ONS O 3
g @ T T T

96.4 fo' (13 TeV)

CMS
Preliminary 2017-2018

M(Jhp KK ) (GeV) B; ct (cm) B; o(ct) (cm)
Parameter Fit result Stat. uncer. Syst. uncer.
¢s | rad] —0.011  £0.050 +0.010
AT [ps™!] 0.114  +0.014 +0.007
Amg [hps™1] | 1751 155 +0.02
A 0.972 +0.026 +0.008
[s [ps™!] 0.6531  +0.0042 +0.0024

For more details see talk by Alberto Bragagnolo

CMS-PAS-BPH-20-001




Ogat CMS BY — J /1o

- Update from Spring 2020 -5 ..~ IS S
+ Analysis of the 2017-2018 & % "2 *%F oM Preliminary | Stndara ocs o' E
Run 2 data sample = ol T 19 TeV data 6% CL |
* Multidimensional fit to B "t N 8 TeV data 68% CL
mass, decay time (error),
decay angles etc 5 e o1

[
\ 35 0.004 0.0045 0.005
B2 o(ct) (cm)

« Tagging power increased
from ~1% (Run 1) to | 0.1
~10% for 2017/2018

o
&
o
—_
' N
|III|III|III|III|III|III|I

o8-
* Measurements in good |
. . 0.06
agreement with previous | s = —0.021 £+ 0.045 rad -
results 0-04_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
] ] ‘ 05040340201 0 01 02 03 04 05

 Combine with Run 1 ¢_ [rad]

results T T T For more details see talk Bragagnolo

28/05/2020 CMS-PAS-BPH-20-001
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CPV in B baryons

. S A 12 =, _
Baryon CPV expected but, as yet, S ol m T LHE |2 ol T LHO
unobserved 2 OF -k 12 [Op-knr -

= 800 |- B > K'K . o 800:— B’ > KK ]
1 g : 5,:'.'.1 17 6 R
 Several searches in the last years s COFE 1% F
« AO — — S 400 15 400}
Ay = pk, pm A .
* No evidence of CP violation observed O T S jO . _
with Run 1 data $27 54 56 53 Y2754 56 53

Oy~ 900 mpK-[GeV(/)cz] ; my . [GeV/c?]

= 800 LHCb —+ Data E LHCb 3 p—

2 o0 n o 1% i «— Ay, =, — phhh

o 60 Y BN IR :

S S0 S pkwa 3 2 S0 E e Evidence for CPV seen at

ﬂ_,c; 400 kY e B'— wwatm ﬂ_.; 400 =

2 300 cBeKraa 302 300 = 330—

2 n — B — 5-body i B ' E

S 00k X 4 Asbody 3 O 200 E ° Run 1 data
100 e N Combinatorics = 100 S \ E

o Bt Tt : e, =SSP - » Update needed!
5400 5600 5800 6000 6200 6400 5400 5600 5800 6000 6200 6400
m(pr-mta~) [MeV/c?] m(prtaa*) [MeV/c?]

28/05/2020 Phys. Lett. B784 (2018) 124, Nature Phys. 13 (2017) 391-396(2017), Eur. Phys. J. C79 (2019) 745 22




CPV search in A} — pr~ 77~ decays
 LHCb analysis with 6.6 fb~! of data from Run 1 and 2 (2011 2017)

* Four times more signal decays than previous analysis & 3500F L I B

S LHCb ; A ]
» Signal yield around 27600 candidates > 3000 o E
----- , — PK ]
 Triple product asymmetries and unbinned energy test 1(2 ook I 5 o Ko
methods used =2 T Comb. bkg ]
Scalar triple products < 2000 Paz' e E
_ ~ — Full Fit
CT - ﬁp . (ﬁwf_ast % p_;r"‘) CT - pﬁ . (pﬂ-;f;st % pﬂ-_) é
)
Triple product asymmetries LE
A N(Cz>0)— N(Cz < 0) 1 _ N(-C7>0)—N(-Cz<0
r N(Cf>0)—|—N(Cf<O)7 r N(—6f>0)+ﬁ(—6f<0

CP and P violating asymmetries (%.4 55 56 57 5.8 59
, T-0dd 1 (AA _ ZA) g T-odd _ 1 (AA n ZA) m(pr-wta) [GeV/c?]
cr 2 VT L g Vo T For more details see talk by Jinlin Fu

28/05/2020 arXiv:1912.10741 [hep-ex]



CPV search in A} — pr~ 77~ decays

« Triple product results S W tacy | T sehemes,elpi S & 0ETnCy T schemed,  eapl
2105 indof=543/10 AaT odd 3§ @ = ifngﬁgggﬁg AaT -odd E
° = 55 _4_—5 = 10F
CP conserved at (> 2.90) 5 i I . : 0 $ﬁ$
° 1 1 _10E 3 -10
P violation observed (5.50) g% 4 B Miii I E
B - 7 R\ S =
20E ymdot=26.3/10 heme B 3 30F x/nd 13516 he A E
ag]gdd = (—=0.7£0.7+£0.2)% 15 Fnsoanont _+_SC e : 20F mierzsane e :
SE E 105 =
Todd _ RAE Y = == S PO S+ -
a —4.0£0.7+£0.2)% s %= 0 W
P = (= ) o _&H—é—%;%: ETY ﬁﬁ .
—15E E -20F =
=208 E B0E S
0 0.5 1 1.5 2 2.5 3 2 4 6 8 10 12 14 16
* Energy test results ! [rad] Bin
- Compares two samples Distance scale & 1.6 GeV?/ct 2.7 GeV?/ct 13 GeV?/ct
, , p-value (CP conservation, P even) | 3.1 x 1072  2.7x107% 1.3 x 1072
* P violation observed (5.30) pvalue (CP conservation, P odd) | 1.5x 1070 6.9x 1072 6.5 x 102
e CP conserved at (> 300-) p-value (P conservation) 1.3 x 10_ 4.0 x 10_7 1.6 x 1071
1
=57 wa Z%—_ZZ%
For more details see talk by Jinlin Fu 2n(n —1) — ”(" —1)4 i—1 =1

28/05/2020 arXiv:1912.10741 [hep-ex]
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CPVinBYT - ntntn™

 Exciting results back in 2014

 Large localised CPV seen :}é 75 E_ | LHCb _E
e Quite a lot of interest and ideas % o | ]
» Rescattering effects? O 20 ~
= - i
. . . _E15F |
« Amplitude analysis required e F 1 0
to shed light on things B 10F 3 02
 Arrived last year S N 1.--04
* Run 1 data sample SE —-0.6
« Around 20k signal candidates 0 - 1808
0 5 10 5 !
mX (), [GeV?/c¥

28/05/2020 Phys. Rev. D90 (2014) 112004



CPVinBT — nfntw™

« Amplitude model implemented using the isobar model (except S-wave)
* Notoriously tricky S-wave models in 3 ways

* Isobar with K K — w7 rescattering

« K-matrix, includes 5 rescattering couplings to intermediate states w7, K K, nn, 7777’, 4

- I I I
< 25}

LHCb
Isobar

28/05/2020

Phys. Rev. Lett. 124 (2020) 031801, Phys. Rev. D101 (2020) 012006

2.0

1.5

1.0

0.5

0.0

LHCb
K-Matrix

o

— 32.5
2.0
— 1.5
— 1.0

— 0.5

* Quasi model independent, fit magnitude and phase in bins of the Dalitz plot

0.0

0.5 1.0 1.5 2.0 2.5 3.0

m(nTn7) [GeV/c?]




CPVinBT — nfntw™

« Amplitude model implemented using the isobar model (except S-wave)
* Notoriously tricky S-wave models in 3 ways
* Isobar with K K — w7 rescattering

« K-matrix, includes 5 rescattering couplings to intermediate states 7w, K K, nm, 7777’, 4
* Quasi model independent, fit magnitude and phase in bins of the Dalitz plot

5 I I I I I 5 I ] 5 [ I I I I
— 150+ 4 . 150 — 150 —
< < <
o o o
100 — 100 |- 100 |- —
= LHCb = 5 LHCb
50 L Isobar ol 5 QM| |
ol | ol LHCb ol |
K-Matrix
—50 | . —50 | . ~50
-100 — —-100 |- - —-100
—-150 | - —-150 |- — -150
| | | | | ] | | |
0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0
m(r ™) [GeV/c?] m(nn7) [GeV/c?] m(n 1) [GeV/c?]
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CPVinBT — nfntw™

 Plethora of results in the papers to digest, focus only on CPV here

: . - 2 1.0f ———l sobar L 7
* Large CP asymmetries seen in several regions of S Jr ot 4 outa
the Dalitz plot = I
< 05; T4
* Integrated CPV in the ,0(77())0 resonance cancels 3 ++JF-J[+1[ #
but large effects seen above and below the pole = Fﬂ'ﬁ* f A b
& 00 H +—Jr-Jr~}++_ffi+F‘igt;F
Component Quasi-two-body CP asymmetries (107%) t T
p(770)° +0.7+ 1.1+ 06+ 4.0 05002 < 1y < 078 GeV/e”
w(782) —48+ 6.5+ 1.3+ 4.7 5 | | |
f2(1270) +46.8 £ 6.1+ 1.5410.2 s | !*ﬂjfﬂﬂﬂﬁ-;ﬂ_i r
p(1450) ~12.94+ 3.3+ 3.6+41.9 = ool 1 il R
p3(1690)° —80.1+11.4+ 7.8+£50.5 E —:++'H.!_+ i f
S-wave +144+ 1.8+ 1.0+ 24 E o5 'ﬁJF_ 1[
Third uncertainty from the S-wave models < JFHJWL LHCb
=101 0.78 < My < 0.92 GeV/c? |
For more details see talk by Jinlin Fu " o > " cost
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CPVinBT — nfntw™

 Plethora of results in the papers to digest, focus only on CPV here
« Large CP asymmetries seen in several regions of

the Dalitz plot

- Significant CPV in the f2(1270) resonance

Component Quasi-two-body CP asymmetries (10~2)
p(770)Y +0.7+ 1.1+ 0.6+ 4.0
w(782) 484+ 65+ 1.3+ 47
£2(1270) 146.8+ 6.1+ 1.5+10.2
p(1450)° —129+ 3.3+ 3.6 £41.9
p3(1690)° —80.1+£11.44+ 7.8450.5
S-wave +144+ 1.8+ 1.0£ 24

Third uncertainty from the S-wave models

For more details see talk by Jinlin Fu
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Summary

» Lots of work going on in CPV searches

« Regardless of the final flavour anomaly explanations CPV is an excellent test of the SM
« Expect to reach very interesting sensitivity in the coming years

* Lots to look forward to Want to ask something else

« Full LHCb Run 2 data sample results after the session?
- Belle-1l and LHCb Upgrade(s) entering the game ggtzl;sg?f;;gg’g'?zoom'usm
pwd=NnRNaHV4dmdwM3VSRFE1QX
» Plenty of other CPV topics out there Mo TGVNUTOY
« Charm discovered recently, whole programme to follow
- Semi-leptonic asymmetries agj, G

o Kaons...

28/05/2020



https://cern.zoom.us/j/92275377556?pwd=NnRNaHV4dmdwM3VSRFE1QXN5TGVnUT09
https://cern.zoom.us/j/92275377556?pwd=NnRNaHV4dmdwM3VSRFE1QXN5TGVnUT09
https://cern.zoom.us/j/92275377556?pwd=NnRNaHV4dmdwM3VSRFE1QXN5TGVnUT09
https://cern.zoom.us/j/92275377556?pwd=NnRNaHV4dmdwM3VSRFE1QXN5TGVnUT09
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Looking forward

Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCb, Belle IT and Phase-II ATLAS and CMS. The projected

LHCD sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCDb LHCb 2025 Belle 11 Upgrade 11 ATLAS & CMS
EW Penguins
Rk (1 < ¢ <6GeV3ich) 0.1 [274] 0.025 0.036 0.007 -
Ri+ (1 < ¢® <6GeV3ct) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ryk, Ry 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 -
CKM tests
v, with B — DY K~ (F30)° [136] 40 - 1° -
7, all modes (F29)° [167] 1.5° 1.5° 0.35° -
sin 23, with B — J/¢K? 0.04 [609] 0.011 0.005 0.003 -
¢s, with BY — J /¢ 49 mrad [44] 14 mrad 4 mrad 22 mrad [610]
¢s, with BY — DD 170 mrad [49] 35 mrad - 9 mrad -
#%5%, with B? — ¢¢ 154 mrad [94] 39 mrad - 11 mrad Under study [611]
ad 33 x 1074 [211] 10 x 104 - 3x107* -
Vil /| Ve | 6% [201] 3% 1% 1% -
BY, B'—ptp
B(BY = utp)/B(B? — ptu~) 90% [264] 34% - 10% 21% [612]
TBO s p+p— 22% [264] 8% - 2% -
i - - - 0.2 -
b — ¢/~ LUV studies
R(D%) 0.026 [215,217] 0.0072 0.005 0.002 -
R(J/v) 0.24 [220] 0.071 - 0.02 -
Charm
AAcp(KK — ) 8.5 x 107 [613] 1.7 x 1074 5.4 x 1074 3.0x107° -
Ar (= zsin¢) 2.8 x 1074 [240] 4.3 x107° 3.5 x 1074 1.0 x 107° -
zsing from D° — Ktr~ 13 x 107 [228] 3.2x107* 4.6 x 107* 8.0 x107° -

x sin ¢ from multibody decays

— (K3m) 4.0 x107°

(K{rm) 1.2 x 1074

(K37m) 8.0 x 1076

arXiv:1808.08865 [hep-ex]



Looking forward

Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCb, Belle IT and Phase-II ATLAS and CMS. The projected
LHCD sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCDb LHCb 2025 Belle 11 Upgrade 11 ATLAS & CMS
EW Penguins
Ric (1<¢” < 6 GeV2ct) 0.1 [274] 0.025 0.036 0.007 -
R~ (1 << 6GeV2 4) 0.1 [275] 0.031 0.032 0.008 -
| CKM tests 7 S Current LHCb LHCb 2025 Belle 11 Upgrade i
| v, with B - Df K~ (F35)° [136] 4° 1°
F 7, all modes (*29)° [167] 1.5° 1.5° 0.35°
| sin20, with B® — J/yK{ 0.04 [609] 0.011 0.005 0.003
; ¢s, with BY — J/1p¢) 49 mrad [44] 14 mrad 4 mrad
¢s, with Bg — DI D7 170 mrad [49] 35 mrad - 9 mrad
| ¢35, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad
| a; 33 x 1074 [211] 10 x 104 E 3x 1074
) [Visl/ Vsl 6% [201] 3% 1% 1%
R o 215217, ooorz o005 o002
R(J /%) 0.24 [220] 0.071 - 0.02 -
Charm
AAcp(KK — ) 8.5 x 107 [613] 1.7 x 1074 5.4 x 1074 3.0x 1070 -
Ar (= zsin¢) 2.8 x 107 [240] 43 %1070 3.5%x 1074 1.0 x 1075 -
zsing from D° — Ktr~ 13 x 107 [228] 3.2 x 107 4.6 x 1074 8.0 x 1077 -

x sin ¢ from multibody decays

~ (K3m) 4.0x107° (K{77m)1.2x107* (K37)8.0x 107°
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GLW/ADS analysis with BY — DK*Ydecays

I'(B® — DepK*0) + T(B° — DcpK*0)
I'(BY — DOK*0) + T(BY — DOK*0)

28/05/2020

*0 . *0 .
2krEET sin 6857 siny
Rep ’

Acp =

*0 2 *0 *0
Rep =1+ (rB57) + 26rB% " cos 055 cos .

*0 . *0 .
- 2kr K BT gin (6B 4 65™) sin vy
Axps = * - 4
(rg%7)2 + (r5™)? + 26 g r 5T cos (0557 + 05T) cos |

B

K (”rgK*O)2 + (rfm)% + inrgK*Org” COS(5§K*O + 05™) cosy

ADS — *0 *0 *0 .
1+ (rEErEm)2 4 2kr DR r BT cos(§BE™ + 65™) cosy

JHEP 08 (2019) 041




GLS analysis with BT — DK Tdecays

NDKi 1+ 75rh + 2rgrpkp cos(dp £ 7 — 0p)
NDKi rp + 1D + 2rprpkp cos(dp £ v 4 0p)
NE™ oc 14 (rp)*r + 2rfrprp cos(8f £ 7 — dp)
NEE o () + v + 2o cos(Ph £ 7 + d)

— +
Nﬂlzh . NDh

Dh
A NDh + NDh+

where m € {SS,05} and h € {7, K}.

28/05/2020 arXiv:2002.08858 [hep-ex]



Measuring CPV with B? — D** DT decays

1
SD*D — §(Sf ‘|— SJF),

o _ 2R sin(26 + 6) o 2R sin(25 — 9)
ASD*D:%(Sf—Sf), f 1+ R2 » D f 1+ R?
s - 2Rsin(28) cos(0) AS - 2Rsin(d) cos(25)
D*D = |+ ;2 , AOD*p = T R

28/05/2020 JHEP 03 (2020) 147



LHCb + lattice QCD only
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Pre HL-LHC
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After HL-LHC
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