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Physics motivations
The LHCb detector
Key ingredients for time-dependent measurements

Recent LHCb results
— Time-dependent CPV in BY - D7 K*tm*m~ (LHCb-PAPER-2020-030)
— Time-dependent CPV in B¢y = h*h'~ (h = K, 7) (LHCb-PAPER-2020-0
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Time-dependent CPV
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The LHCb detector

 LHCb is a forward spectrometer
— High geometrical efficiency to collect bb and c¢ quark pairs
— Great time resolution (o, ~ 45 fs), momentum resolution (dp/p ~ 0.4-0.6%),
PID performances (RICH)
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Key ingredients of TD measurements

Determination of B flavour at production

— Dilution factor D¢qy = 1 — 2w of the asymmetry

— w = mistag fraction

Decay time resolution
_G%Amz
— Dilution factor D, = € = 2

— 0 = decay-time resolution
— Very important for BY
Decay-time efficiency &(t)
— Introduced by reconstruction
and selection requirements
— Crucial for the determination of
(effective) lifetimes
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CP-violation in B? — D; K*m*m™ decays
(LHCb-PAPER-2020-030)

To be posted on arXiv soon



CP-violation in BY - DK 't~ decays

Study interference between b » cand b - u
transitions achieved through B — B mixing
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Four decay rates with CPV parameters sensitive
to CKM angle y and B2 mixing phase ¢,

Strong phases in A%(x) and A°(x) in the decay
depends on 5D phase space of Dy KT n~
final state
— Sensitivity on y and ¢s change over the
phase space

— Perform both model-dependent and
model-independent analysis over the
phase space
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LHCb-PAPER-2020-030

CP-violation in BY - DK 't~ decays

Analysis based on full LHCb dataset = ~9 fb1

Natural calibration sample is B - Dyn*ntm™ decay
— Used for flavour tagging and decay-time efficiency
— Large statistics allow to perform precise measurement of B mixing frequency Amg
— Use mass fit to subtract background and then perform sFit [arXiv:0905.0724]
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LHCb-PAPER-2020-030

CP-violation in BY - DK 't~ decays

Analysis based on full LHCb dataset = ~gfla

N
Natural calibration sample is By —» Dy &

— Used for flavour tagging and decay-time ef§} =
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CP-violation in BY - DK 't~ decays

* Analysis based on full LHCb dataset = ~9 fb!
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1-CL
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CP-violation in B? — D; K*m*m™ decays
Model- dependent fit
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1-CL

CP-violation in B? — D; K*m*m™ decays

Model mdependent fit LHCb-PAPER-2020-030 Model- dependent fit
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CP violation in charmless
two-body B?S) decays

(LHCb-PAPER-2020-029)

To be posted on arXiv soon



CP-violation in B?S) — h™h'~ decays

* Arich set of physics processes participates

to the B) - h*h'~ decays
— Tree and penguin decay topologies

 CPV observables are sensitive to
CKM angles y/¢5 and a/¢,, and
B?s) mixing phases ¢, and ¢,

— presence of loop diagrams
introduce hadronic uncertainties
but gives sensitivity to physics
beyond SM

[PLB459(1999)306, PJC71(2011)1532,
JHEP10(2012)029, PRD94(2016)113014]
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CP-violation in B?S) — h"h'~ decays

* Analysis based on 2015 + 2016 data = ~ 1.9 fb!
— Time-dependent CPVin B® » r*r~ and BY - K*K~
— Time-integrated CPVin B® > K*r~ and B » K n*
* Two strategies are used to cross-check each other

_ “Simultaneous*” “Per-event”

Fit Simultaneous fittomtm ™, Independent fit to background-subtracted
K*K~-,K*m~and m* K~ samples ntn~ and KT K~ samples
Per-event resolution as a function of decay time

Decay Time Averaged resolution for all events

Resolution error

Flavour Distinct OS and SS taggers, calibrated during Single combined tagger, calibrated before the
tagging the fit with B> K*7- decays fit

Acceptance Calibrated using B® -» K*m~ Per-event swimming method
correction (see backup slides)

*: results from this method are used for the combination with Runl
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CP-violation in B?S) — h™h'~ decays

e CPasymmetries of B® - K*tm~
and BY - K~r* are determined

— The time-dependent fit allows to
remove effect from production
asymmetry
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CP-violation in B?S) — h™h'~ decays

Per-event method

Simultaneous method
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CP-violation in B(S) — h"h'~ decays

Simultaneous method Per-event method o
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CP-violation in B(S)
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LHCb Preliminary

CP-violation in B?S) — h"h'~ decays

From simultaneous method LHCb-PAPER-2020-029

Cre = —0.311 4 0.045 % 0.015, Crn = —0.320 4+0.038

Sex = —0.706 + 0.042 + 0.013, Sex = —0.672 +0.034
P Y YIRS EOIEEN  Combination A, = —0.0831+0.0034
AB = 0.236+0.013£0.011, with Runl ABS = 0225 +£0.012
Ckx =  0.16440.034 4 0.014, Cxx = 0172 £0.031
Skx =  0.12340.034 + 0.015, Skxk = 0139 £0.032
ARL = —0.833 4 0.054 & 0.094, AL = —0.897 +0.087

LHCb-PAPER-2020-029
Test for the SM [PLB621(2005)126] LKy
@) pre//.

A B KT,

= + s
Algls") B(B® - K*m) Iy

Should be 0 in SM = No evidence of BSM effects

= —0.085 + 0.025 + 0.035 m’hary

LHCb Preliminary
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LHCb Preliminary

Crw = —0.311 % 0.045 4 0.015, Cow = —0.320 £0.038 >
See = —0.706 + 0.042 + 0.013, See = —0.672 £0.034 &
ABL = —0.0824 4 0.0033 = 0.0033, Jele sl JTar1ale]s AZ = —0.0831+£0.0034 E
AB = 0.236+0.013£0.011, with Runl AB = 0225 0012 £
Cxx = 0.164+0.034 4 0.014, Ckxk = 0172 £0031| 8
Skx =  0.123+0.034 % 0.015, Sk = 0139 +£0.032 | T
ARL = —0.833 4 0.054 4 0.094, A = —0.897 +0.087

CP-violation in B?S) — h"h'~ decays

From simultaneous method LHCb-PAPER-2020-029

LHCb-PAPER-2020-029

C2,+S2,+ A%, =0.93 + 0.08
\/ KK KK KK First observation of time-dependent CPV

(Cix» Skic, AR%) # (0,0,—1) @ 6.50 in B® decays!!!
(Cxk,Skx) # (0,0) @ 6.70
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Conclusions

Most recent time-dependent CP-violation measurement from LHCb have been presented
Measurement of CKM angle y from time-dependent amplitude analysis of B2 - Dy Ktmtm™
decays

— Exploit full LHCb data sample

— In agreement with World Average

Measurement of time-dependent and time-integrated CP asymmetries in B?S) — h*th's

— No evidence of BSM effect in the direct CP asymmetries of B® > K*n~ and B » K r*
— First observation of time-dependent CP violation in BY decays with 6.7 significance

— Analysis based on a sub-sample of LHCb data = with full dataset a factor of about x2 in statistics is
expected

More time-dependent CP measurement in the pipeline with the full LHCb dataset
— B2 mixing phase from B - J/WK*K~,B? - J/yntn~ (J/Y - ete , utu")
— sin2p from B? = J /YK?
— CKM angely from B - Dy K™
— B2 mixing phase from BY - ¢¢p and B —» (Kt~ )(K~nt)
— Many other...
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The LHCb detector

 LHCb is a forward spectrometer

— Great time resolution (o, ~ 45 fs), momentum resolution (dp/p ~ 0.4-0.6%),
PID performances (RICH)

— Real time calibration of detector

Length: 20 m
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The LHCb detector

LHCb is a forward spectrometer

— Great time res
PID performan

— Real time calib
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CP violation in B® - D*tD*
[JHEP 03 (2020) 147]

* Not a pure CP-eigenstate RO
— Four decay rates f=D"D"
d = +1 - B-flavour tag
- r = #1 - Final state tag
dr(t) et/ BP =D D"
(t) _e (4 rdpep) f=D"D
dt 874

x [1 — d(Sp+p + rASp+p)sin(Amt) + d(Cp-p + rACpsp) cos(Amt)]

. . . d w d

* Receive contributions from tree and D+ ] @
penguin diagrams ‘ 5 ¢
b [ ¢

— Sensitive to physics beyond SM B

— Sensitive to B? mixing phase

— If penguin contribution is small and no BSM physics
is present 2 Sp*p = —sin 23 B




CP violation in B® - D*tD*
[JHEP 03 (2020) 147]

Not a pure CP-eigenstate RO
— Four decay rates f=D"D"

1 2
dI'(t) Spp = 5(S5 + S%), g, _ ZmXy o= 1=IF A —
dt - % f 1+|/\f|2 f 1+|/\f|2
ASD*D - §(Sf —Sf_'),
1 2 112\ 12 112
| Coop = H(Cy+Cy), (1P 1AG2) - (1472 + 1452)
Receive co 2

T (Ar 4 1AR) + (1A +1AgR)

— If penguin contribution is small and no BSM physics
is present 2 Sp*p = —sin 23 B

d = +1 - B-flavour tag
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Q9
29
2




Candidates / (6 MeV/c?)

Pull

Signal yield / (0.125 ps)

Pull

CP violation in B® - D*tD™

About 6k signal candidates in total
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Spep = —0.861 & 0.077 (stat) £ 0.019 (syst) ,
ASp+p = 0.019+0.075 (stat) £ 0.012 (syst)
)
)

Cp+p = —0.059 + 0.092 (stat) + 0.020 (syst),,
ACp+p = —0.031 £ 0.092 (stat) =+ 0.016 (syst)
Ap+p = 0.008 & 0.014 (stat) = 0.006 (syst) .

* Compatible with determination from BaBar

and Belle [PRD79(2009)032002,
PRD85(2012)091106]
* No evidence of CPV in the decay
— Cpp=0andAp+p = 0
— Small contribution from penguins

M FIXIng CD*D = (0 and AD*D =0

— Spp = —sin2f = —0.839 + 0.070 - 1.96 from

SM
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CP-violation in B?S) — h™h'~ decays

Systematic uncertainties for simultaneous method

Source Crrn S Ag; Agfi Ckxk Skr  AR%
Time acceptance
Model 0.0048 0.0027 0.0005 0.0005 0.0028 0.0029 0.0450
Calibration channel 0.0028 0.0013 0.0003 0.0057 0.0009 0.0009 0.0470

g Transport between modes | 0.0038 0.0019 0.0010 0.0001 0.0010 0.0007 0.0470
OI Time resolution
(=) Width 0.0015 0.0026 0.0001 0.0001 0.0087 0.0095 0.0000
N Bias 0.0003 0.0003 0.0000 0.0000 0.0035 0.0034 0.0000
~ Average 0.0004 0.0007 0.0000 0.0000 0.0038 0.0038 0.0043
EI Input parameters 0.0029 0.0018 0.0001 0.0001 0.0055 0.0070 0.0471
w BY from B — — — - 0.0040 0.0032 0.0036
% Flavour tagging
o SSK calibration — — — — 0.0033 0.0042 0.0001
_6 Calibration model 0.0012 0.0013 0.0000 0.0000 0.0037 0.0034 0.0012
(@) Hy— h™h'~ mass model 0.0065 0.0078 0.0004 0.0074 0.0017 0.0018 0.0057
XL Cross-feed model 0.0075 0.0044 0.0001 0.0001 0.0011 0.0001 0.0015
- Comb. bkg. model 0.0057 0.0030 0.0001 0.0015 0.0005 0.0005 0.0064

Part. reco. model 0.0043  0,0063_ 0.0005 0.0036 0.0012 0.0013 0.0113

PID in fit model 0.0020 0.0031 0.0002 0.0016 0.0004 0.0006 0.0013

PID asymmetry — — 0.0028 0.0028 — — —

Det. asymmetry — — 0.0012 0.0012 — — —

Total 0.0145 0.0128 0.0033 0.0108 0.0137 0.0149 0.0044



Acceptance corrected on per-event basis

Per-event decay-time efficiency

B-hadrons are moved along their momentum

vector and decay time biasing selections are re-evaluated

(“swimming method”)

Each hypothetical decay time is assigned a 0 (not accepted)
or 1 (accepted). Transition times are called turning points

Acceptance is a step function within the “start” and "end”
turning points of the event

Biasing selections are:

Mother and daughter IP x?
DIRA

Flight distance x?

BDT

Additional requirements on:

Radial flight distance

— VELO acceptance

HLT1TrackMVA (it’s an OR of the selected tracks)

(Swimming)

Accepted?

Yes

No +

h+

h'~

Accepted?
Yes

No +

tmin tmeas
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CP-violation in B

Runl result
PRD98(2018)032004

Cpip- = —0.34 £ 0.06 £ 0.01,
Sy = —0.63 £ 0.05 +0.01,
Ci+x- = 0.20 £ 0.06 % 0.02,
Sgix- = 0.18 £ 0.06 & 0.02,
AT = —0.79 4 0.07 £ 0.10,

A, = —0.084 £ 0.004 + 0.003,

ABS = 0.213 £ 0.015 £ 0.007,

Input parameters

Parameter Value

Amy 0.5065 £ 0.0019 ps~!
r, 0.6579 £ 0.0017 ps~*
AT, 0

Amg 17.757 +0.021 ps~!

r, 06654 £ 00022 s
AT, 0.083 = 0.007 ps - Old WA

A
p(T,, AT,) ~0.292

(s) = h*h'~ decays

Runl result
LHCb-PAPER-2020-029

C.i.- = —034 £0.06 =+0.01,
Sp+n- = —0.63 £0.05 +0.01,
_ Cx+k- = 0.19 £0.06 £0.02,
Updated input Sk = 018 £0.06 +0.02,
EICIE AT = —0.97 £0.07 +0.10,
AB, = —0.084 +0.004 £ 0.003,
By
Acp = 0.213+0.015 £ 0.007,
Runl result
Parameter Value
Amy 0.5065 = 0.0019 ps
Ty 0.6579+0.0017ps™>
ATy Ops~t 2
Am, 17.757£0.021ps™  _ o
T, 0.6562 +0.0021ps~ S S
AT, 0.082 £ 0.005ps | = o
p(Ts, AT}) —0.170 S
Q.
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sample of LHCb dataset - potential to relevant

Golden modes from LHCb

* Time-dependent CPV is the golden way to
access B? and B? mixing phases

— Golden modes are BY - J/{h*h'~
and B - J/yK?2

— Current LHCb measurements based on partial

reduction in uncertainties

— LHCb is working hard on legacy analyses of these mod:

About x3 in luminosity

still to be analysed

sin(2f) = sm(2¢1) e

PRELIMINARY

BaBar 069 +0.03  0.01

PRD 79 (2009):072009

Egg%rox@lbo&j 12001 : 0.69 +0.52 +0.04 + 0.07

BaBar J/y (hadronic) K 1,56 +0.42 + 0.21

PRD 69 (2004):052001 ° E"_*_'?

Belle : : | 0.67 +0.02+0.01

PRL 108 (2012) 171802 !

H H H +0.82

AT 59’1, 259 (000) T iR 084 0016

OPAL : 3.20 150+ 0.50,

EPJ C5, 379 (1998)

CDF : : 0.79*941
me1ﬂ7mh--- ---------

LHCb ; ; 0.76 +0.03

JHEP 11 (2017) 170 i Mo |
'"se'n;s'; e e o e e T IO eB 000

PRL 108 (2012) 171801 {1 o

Average ; 0.70 +0.02

HFLA! :

2 -1 0 1 2 3

EPJC79(2019)706

0.14

lV)
& 3 fb!
—
<

J/pm ]

DD,

0.12

0081 1/pK*K- 4.

0.06

-0.4 -0.2 -0.0 0.2 0.4
¢s[rad]

Total LHCb dataset is more than
twice the effective luminosity

32



