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Kobayasi-Maskawa mechanism

Describes the quark mixing in weak charged
transitions by means of

Vud Vus vub
VCKM = |:vcd vcs Vcb] =
th Vts th
1- %/\2 A AN(p - in)
= -A 1- %AZ AN
ANB(1-p-in) -AN? 1

+0(A%).

One can build triangles from the unitary condition,

V.. V)
B. = arg(—ﬁ%b).
® vcs Vcb
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CP violation

Requires at least 2 competitive interfering amplitudes with f
different weak (CP-odd) phases. CP violating effects depend on

, iog . 477

/\f = |/\er = b A

© CPVin decay Direct CPV corresponds (B — f) # I(B? - )
and requires both weak and strong (CP-even) phases to be
different, resulting in |A|? # |A|>.

@ CPV in mixing (Y — Eg) # F(Eg - BY), thus |q/p| # 1.

© CPVin interference Where [(B? - f) # [(B - B - f), thus

arg(A) # 0. Final state f usually (but not always) a CP
eigenstate.
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CP violation

The time dependent CP asymmetry writes:

C; direct CPV S mixing-induced CPV
11712 2ImA; .
(B f)-rB-f) ~ e OSAMD* e Sin@mg)
Aol 15 B - f) ar ), 2Rey
(B—f)+T(B > f) cosh(Tt) 1|A|25| h( )
A7

e The mixing-induced CP violation phase is ¢_, in ImA; = sin¢,.
e ¢, is very sensitive to physics beyond the SM.
e Can be directly related with V., elements

*

V..V
SM =) -2ar ts7th )
o3 B, = g|- vV

FPCP 2022 CPV in the BY system 432



Measuring ¢,

f
e Assuming only SM tree level contributions (penguins
seem small ),
0 50
BS S
\»/
93 = -arg(A,) = 7 - 293"

Vs t b \
| \
B | w W+ ! Es |
‘} J
\ b t s \/
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https://doi.org/10.1088/1361-6471/abf2a2

Measuring ¢,

e Assuming only SM tree level contributions (penguins
seem small ),

* NP could enter in BY mixing.

e Can constrain BSM physics in rare decays such as
B — K*PL.

9, = -arg(h,) = o5 . Dby

S t b \ S
| . | |
B | W w* (Bs (Bs NP
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https://doi.org/10.1088/1361-6471/abf2a2

Measuring ¢,

e ¢_is most precisely measured in b — cCs processes, where (SM) penguin pollution is small.

° B‘S) - Jlp¢ golden channel used to measure ¢,

e No direct CPV
e Only one weak phase
* High signal/noise reconstruction.
e Higher order penguin contributions can also appear in ¢..
* Need to control penguin pollution ¢, = -2B, + £gE"E + ApNP.
e For B - J/y¢, SU(3) counterparts where T ~ P (B — J/y{p, K**}) are used to estimate penguin
contributions.

Tree Penguin Exchange Penguin-annihilation
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Phenomenology

Time-dependent angular fit to disentangle
CP-even and -odd components

d“T n
dQdt ) 2 AA, hu,v(t) fu,v(eK’ eu’ $n)
u,v=S,0,L,]|

where B
This corresponds to LHCb formalism, a bit different for ATLAS and CMS

B0 . ar, (AT, ,
huy(t) = e"stfa,  cosh -t +b,, sinh -t +¢,, cos(Amt) +d,  sin(Amt)

and
g A A
huy(t) = efst [auvv cosh (Tst) +b,, sinh (Tst) ~C,,, €OS (Am,t) -d,,, sin (Amst)] )
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Phenomenology

Time-dependent angular fit to disentangle
CP-even and -odd components

d*r -
dodt = AuAV hU,V(t) fuyv(eKy eul ¢h)
u,v=5,0,L,]|
where .
This corresponds to LHCb formalism, a bit different for ATLAS and CMS

u v fU,V au \' bll,V CU \' dll \'A

0 o C§S, 11+ 1A% -|Al cos(g) 1(1- 1A% [Al'sin(g,)

I [ Iss(-c2sh) 11+ 1AP) -1\l cos(9,) -1 [AT'sin(g,)

L L %SKU - S¢54) S(1+121%) |A] cos(g) S(1-1A1%) -1A] sin(¢)
1 s2 sl SeCs 15(1 —|A|2)sin(6l—5H) —|/\|cos(6l—6”)sin(¢s) %(1 + |/\|2)sin(6L—6”) —I/\Icos(él—éu)cos(cbs)
0o |l \/—chKs Sy ;—(1 +|A1%) cos(8, - 5,) -|Al cos(8, - 6,)) cos(¢;) %(1 - [AI?) cos(8, - 5,) |A] cos(8, - ) sin(9,)
0 1 |-J2s cKscs¢ —%(1 - |A|?)sin(8, 0-6,) -|Al cos(8, - 6, ) sin(¢,) —%(1 + II\IZ)sin(zS0 -6,) -|A| cos(8, - 6,) cos(¢,)
s's st %(1 1A |A] cos(¢,) 10-1AP3 -[AT sin(g,)
S TSKSCC 1(1 - 1A1?) cos(8, s-6) [Al'sin(6s - 6, ) sin(é,) %(1 + |/\|2)cos(5s—6”) [A]'sin(65 - 6,) cos(¢;)
S 1 fs 51‘15¢ —-(1 + |72 )sin(65-6,) -|Al'sin(6g - 6 ) cos(¢,) —%(1 - |/\|2)sin(65—6L) -|Al'sin(8, - 6¢)sin(¢,)
S 0 \/%c 51 %(1 - A2 )cos(6 - 6,) [A] sin(6g - 6,) sin(,) %(1 + |]\|2)cos(§S -6,) [A'sin(6g - 6,) cos(¢,)
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¢, in B - Jlp(p*p)p(K'K") decays



¢, in B — Jlp(p*p)p(K'K") decays

e ATLAS measurement of ¢ in B - Jly¢ at
13 TeV with 80.5fb™" of data collected AT LAS
between 2015 and 2017. EXPERIMENT
e CMS measurement of ¢ in B - Jly¢ at m\s\
13 TeV with 96.4fb™" of data collected in N >
2017 and 2018. o \\
‘\\‘\\\\ \\ \\

e LHCb measurement of ¢, in Bg - J/py KK at

13 TeV with 1.9fb™" of data collected in 2015
and 2016.

FPCP 2022 CPViin the BY system 8/32


https://arxiv.org/abs/2001.07115
https://arxiv.org/abs/2007.02434
https://arxiv.org/abs/1906.08356

Datasets and selection

ATLAS

e Mixture of triggers based
on Jly — pp with muon p;
thresholds.

e No lifetime or impact
parameter cut applied at
HLT level.

e Vertex fit performed with
Jlw mass constraint.

CMS
e Trigger on
Jly — p*p +p (for tagging)
e No displacement cut at
HLT level.

e Vertex fit performed with
Jlw mass constraint.

Variable Cut
p() > 4(/6) Gev
p-(K*) >1 GeV

x2/ndof(all) <3
t [-2, 14] ps

Variable Cut
p.(u*) > 3.5 GeV
p(K*) > 1.2 GeV

t [0.23, 16.17] ps

FPCP 2022

CPV in the 52 system

e Two triggers based on
Jly - pp.

e BDT-based selection.

e N, is subtracted injecting
negative-weighted A, MC
events.

e B — JlyKm is neglected
(assigned syst.)

e Vertex fit performed with
Jlw mass constraint.

Variable Cut
p, (i) > 0.5 GeV
p;(K*) > 0.5 GeV

x? /ndof(all) <3
t [0.3, 15] ps
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Decay-time resolution

The value and uncertainty of the decay-time resolution strongly affects the relative precision on ¢ .

Per-candidate decay-time

ATLAS

e Per-candidate uncertainty

on proper decay time is

modelled with a gaussian

resolution model.
® Oy ~ 69 fs.

0.24
ATLAS .
0225 (513 Tev, 80.5 1" 7?2‘(; Fit
N ---Signal

- Background

Entries / 0.003 ps
o
o
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CMS

e Data driven, with scaling
factor to correct for

decay-lenght uncertainty.

e Scaling factor from MC.

CMS 96.4 fb" (13 TeV)
E F T T T Bl
32500 { Data ]
0 C — Fit ]
2 2000F --- Signal 3
@ L --- Comb. bkg
= L —-Peaking bkg ]
qC, 1500 !
b4 [
L L ]
10001 -
500F -
= 5 A
R e aaat

0.001
o(ct) (cm)

CPV in the 32 system

0.002 0.003 0.004 0.005

Events/ ( 0.01625 ps)

uncertainty is calibrated
on a Jfy -prompt sample.

Seminumerical estimation
of the dilution.

Ogff = 45.54 +0.05fs.

5

8 5

g

L LHCb

T
} Data
— Total fit
- Resolution
-~ Wrong PV
- Long lived
- Long lived

:

tlps]
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Decay-time acceptance

Cuts and trigger efficiencies affect the decay-time distribution and they are corrected differently
between the experiments.

ATLAS cus TR

e Proper decay time e Per year. e Per year and trigger
dependence corrected cfhr=0 category.
reweighting to e Computed as t”‘—;&(t), 0

CToen®0lC e Use BY — J/wK*, corrected
t- where §(ct) = ct,, - Ct i
1. Po (1 -p, (E,f( Ps ) N 1)) ic the lifeti Ol ticiC with MC ratio, as control
w ; is the lifetime resolution. channel to get efficiency
e Modeled as shape

e Inefficiency taken from MC e(ct) = e tCheby(ct, 4). 8 8 eﬁ%
comparisons of proper e Procedure is validated €data = €data * i
decay t|me diStribution measuring T in e|ght . EMC.
obtained before and after subsamplesuof B* — JlyK". e Procedure is validated
applying the trigger ¢ measuring T, and T, /T,,.

selection.

FPCP 2022 CPV in the 32 system 11 /32



Decay-time acceptance

0
S
data

L LHCb

=
S
PRI R

Scaled ¢
(=Y
o

0.8

C ] 0.6
G M | " " M | M | " " M |

10 10
t [ps] t [ps]

Biased (2016) LHCb trigger category time Unbiased (2016) LHCb trigger category time
acceptance with a drop at low decay times acceptance is much flatter.
because of the impact parameter cut.
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Flavor tagging

Tagging is crucial to measure ¢, . The experiments use different taggers.

ATLAS

e Uses OS tagging
e Profits from b - b-pair

correlation to infer initial

signal flavor.
e 4 tagging methods:

tight muons

electrons

low-p; muons

jet, in b-tagged jet when
there are no leptons

e Calibrated in B}, — JiwK*
e Tagging power is ~ 1.75%

FPCP 2022

CMs

e OS tagging using muon
charge (trigger level
selected).

e Optimized for BY - Jjy¢
and linearly calibrated on
B! - JlyK* .

e Per-event mistag
probability evaluated with
DNN.

e Tagging power is ~ 10%.

CPV in the 32 system

e OS (calibrated on
B; — JlwK*)and SS
(calibrated on BY — D_m)
tagging algorithms.

e True mistag is
linearly-calibrated:
W =py+pyN.

e Tagging power is ~ 4.73%
tagging power.

13 /32



Flavor tagging
PV

SS pion
SS proton
SS kaon (for B?)

m

same side

opposite side

s /r‘ 0S kaon
b—c —
b— X1~ \>‘ 0S muon

0S electron

0S vertex charge
0S Charm

FPCP 2022 PV in the BY system
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Angular acceptance

ATLAS

e Calculated from a binned
fit to MC simulated data

ratio.

e Event by event efficiency
depending on the 3 angles

CMS

e Obtained from MCin 70
bins per year.

e Parametrized with

Legendre polynomials and
Spherical Harmonics up to

e Per year and trigger.

o [terative correcting and
weighting MC to match RD.

e Itis applied in the integral
of the full pdf as

and the p;. order 6. normalization weights.
w 1.2 T T T w 1.2 T T T w 1.2 T T T
3 LHCb simulation 3 LHCb simulation £ LHCb simulation
N N N
? 1.1 2 I E 1. E
S S S
P p p

it IM rerprootesosototatspcrtngs
0 -1 43' 5 6 0'5 0'—1 %)' 5 6 0'5 0 —'2 6 2
' " cosd,, ' cosf @, [rad]
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S+P-wave interference

e Sand P wave amplitudes are fitted.

e The interference is taken into account with a factor C,
multiplying the amplitudes:

H
Mgk

C. e s = Jkye M) * S(mige)” Iy
SP -

H H
Mgk Mkk
fka |p(mKK)|2 deK fm,L<K |S(mKK)|2 deK

e ATLAS and CMS have just one coefficient.
e LHCb splits the m,, range in six bins, thus having six
coefficients.
¢ Can see the phase movement around the ¢(1020) pole.
¢ Resolve the twofold ambiguity in the decay rate:

(6,6,,85) > (2m- 6,6, +2(m~5,),65+2(T-5))

(Kt [Eg®

FPCP 2022 PV in the BY system

&~ 9000F T T T =
T 9000F ] ]
> 8000F [ +F | \ E
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© [+ | E|
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¢ 50 [l | E
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§ 40 Pl | E
30 Lol | 3
B R E
) 20 Sl E
= 1000F SN E
N T 0 B I Ml e
1000 1020 1040
m(K*K") [MeV/c?]
= 38
g‘ L ATLAS —-2AIn(L) = 2.30
= r - -1 -- -2AIn(L) = 6.18
< 36f Vs=13TeV, 80.5 b oA o 1188
[ Solution (a) -
3.4
32 i
3} : :
F " " Solution (b)
2.8
1 Il Il 1 1
26 2.8 3 3.2 3.4 3.6
3 [rad]
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Results: ATLAS

2015+2016+2017

¢
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r

5

Am,
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https://arxiv.org/abs/2001.07115

Results: CMS

2017+201

s
AT,

s =0.6531 £ 0.0042 + 0.0026 ps”

-0.011 + 0.050 + 0.010 rad
0.114 +0.014 + 0.007 ps™’

Am, =17.51+0.10 £ 0.03 ps™'
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https://arxiv.org/abs/2007.02434

Results: LHCb

2.'_\ S 4000, LHCb
e 4 g B0 Y
AN
2015+2016 g o oo
¢5 =-0.083+0.041 + 0.006 rad 1o 5 10 .\15 —1—" E o 05 1
Decay time [ps] cos by
AT, = 0.077 + 0.008 + 0.003 ps™' 50— : : g =0 e
= E LHCb 4 S E LHCb 3
M, -T, = -0.0041 £.0024 £ 0.0015 ps”' B %ﬁ/"’"’“’*\
Amy =17.703 £ 0.059 + 0.018 ps”' %jx;/ RN NG b i
5 1000E - 4
g ot 1
T
= -2 0 2
@, [rad]
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https://arxiv.org/abs/1906.08356

Current status

CKMfitter
SM pred. *

FPCP 2022

0

CMS 116.1 fb~*

Combined”
*I; errors scaled by 2.5

.0816 £ 0.0048 0.6562 +0.0021

0.088 + 0.020 0.6587 £ 0.0024

CPV in the Bg system

Alg[ps~]

t:

LHCb combines other decay modes into this single
measurement.

+ v

Theory predicts ﬁ =1.0006 £ 0.0025. g is computed

using the current WA T4 = 1.519 £ 0.004

[_roszoe ]
68% CL contours
(Alog £ = 1.15)

CMS 116.1 fb~t
CDF 9.6 fb~?

LHCb 4.9 fb~?

03
¢s[rad]
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https://cds.cern.ch/record/2668482/files/ATLAS-CONF-2019-009.pdf
http://cds.cern.ch/record/2722794/files/BPH-20-001-arXiv.pdf
https://arxiv.org/abs/1906.08356
https://arxiv.org/pdf/1511.09466.pdf
http://ckmfitter.in2p3.fr
https://arxiv.org/pdf/1511.09466.pdf

¢, inBY > Jly(e*e )Pp(K'K™) decays



Introduction

e First time-dependent angular analysis with Ol o
. 2 200 g 00

dielectron final state. i § w
e Run1 data (3fb'@7/8 TeV). 3w i
e Follows similar strategy as B — J/y(u*p")$. | e R R A
e Experimentally harder: resolution, R 2 e CEI MV

reconstruction, bremsstrahlung... RN

—+— Data
Total fit

e Has ~ 12% stats of the dimuon channel.

(112 MeV/c?)

————————— Bl— J/ y(ee)p
———- Combinatorial
Bl— y(28)¢

rrrrrrr B> 7 (1P)p

e BDT-based selection supresses
combinatorial background.

e NN rejects K* that could be identified as p, m(jfﬁ‘,’K.Kfj“l";,lwf;""
thus suppressing the A, — JiwpK™.

Candidat

FPCP 2022 CPVin the 32 system 21/32


https://arxiv.org/abs/2105.14738

Strategy

> AA, f,l00 [(1 + QOSDINOSI(1 + gOSD[ S DhEALe] (1 + gO5DINOS(1 *qSSD[nSSDhEPV[t]} lt] ® Glt, oft]]
u,v=S,0,|,L

p.d.f.=

[ups dt > AA, {(1 + OSD[NOS(1 + gSDISSPhes[e] + (1 + ¢OSD[ROS(1 + qSSD[”SSDhEg’m] el e Gl ol w,,,
0.3ps u,v=S5,0,Il,L

FPCP 2022 CPV in the 32 system 22 /32



Strategy

S AA, fl0 [(1 + QOD[OSI(1 + D[ S DhETE] + (1 + gO5DI°%(1 +qSSD[n551)h§."v[rl} €lt] o Glt,oft]]
pd.f.= ”'ff:’s'"'* > =
f > AA, ((1 +q%°DINN)(1 + g**DIN**Dhuy[t] + (1 + ¢°°D[n°°1)(1 +q55D[nssl)huf’v[t]] €[t] ® GIt, olt]] w,,
0.

3PS uv=s0,lL
Flavor tagging

Need to know initial B? flavor.
Experimentally limited by the
mistag probability. SS and 0S
taggers with tagging power
5.07 £+ 0.16%.

FPCP 2022 CPV in the 32 system 2232



Strategy

S AA, £, [(1 + QOSDINOSI(1 + gOSD[ S DhEALe] (1 + gO5DINOS(1 *qSSD[nSﬁ)hf."v[r]} elt] ® Glt, olt]

u,v=S,0,]l,L
pd.f.= S E
fm: " AR [(1 + QD[S + qSSD[nSS])hs,gv[t] +(1+q°5D[N%S)(1 + qSSD[nSS])hgf’v[t]) elt] e Gt oft]] w,,
0.3ps u,v=S,0,ll,L |

Angular acceptance

MC iteratively corrected and
reweighted to data to get a set of
angular integral normalization
weights.

FPCP 2022 CPV in the Bg system 2232



Strategy

S AA, £, [(1 + QOSDINOSI(1 + gOSD[ S DhEALe] (1 + gO5DINOS(1 *qSSD[nSﬁ)hf."v[r]} elt] ® Glt, olt]
u,v=S,0,|,L

p.d.f.=

=

[Ta 3 ag, ((1+qOSD[n°5])(1 ¢ g DI DR IE] + (1 +q°SDln°SD<1*qss"[”ss])”g'uvm) el @ el Al vy
0.3ps u,v=S5,0,|l,L

Analysis performed in a single
m(KK) € [990,1050] MeV/c bin.

FPCP 2022 CPV in the Bg system 2232



Strategy

Time-efficiency is modeled with

splines fitted on 32, control
channel and corrected with 82/
MC ratio

S AA, £, [(1+q°$D[n°$])(1 ¢ QOSDINOSPhesLe] + (1 +q°50[n°51><1+qSSD[nS$1)h5.°v[r1} €[] & Gt ot]

_uv=so,ll,L
pd . ol — B0 B
L7 at 5 A, 0o a® oo - o phibie (1 @010 0l et o Gltotl] w,
0.3ps u,v=S,0,ll,L |
FPCP 2022
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Strategy

BY oscillates fast, T ~ 350 fs. Need
excellent time resolution,
modeled with 2 gaussians.

Opff = 45.6 £0.5fs

S AA, £, [(1 + QOSDINOSI(1 + gOSD[ S DhEALe] (1 + gO5DINOS(1 +qSSD[n55])h§.°v[t]} e
u,v=S,0,|,L

p.d.f.=

s > AA, {(hqoso[nosph+quD[nSS])h5%[t]+(1+q°5D[n°SD(1*qSSD[”SS])hE'DV[t]] de
0.3ps u,v=S5,0,Il,L

FPCP 2022 PV in the BY system
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Strategy

Time-dependent angular analysis
to disentangle CP-odd and
CP-even addmixture of
amplitudes in the final state

> AA, 0 [(1 +q%D[n%)(1 + qosD[rIOS])higv[t] +(1+9% D)1 *qSSD[nssl)th]v[t]} £[t] @ G[t, oft]]

uv=s,0,1l,L

p.d.f.=

I a S oA, ((1+qOSD[rJOS])(1 « SIS + (1 +qOSD[n°SD(1+qSSD["SSDhEPV“]) el e Gl ol w,,,
0.3ps u,v=S5,0,|l,L

FPCP 2022 CPV in the Bg system 2232



Strategy

CP disentanglement Decay-time efficiency

Time-dependent angular analysis BY oscillates fast, T ~ 350 fs. Need Time-efficiency is modeled with
to disentangle CP-odd and excellent time resolution, splines fitted on BY control

CP-even addmixture of modeled with 2 gaussians. channel and corrected with 52/
amplitudes in the final state Oppp =45.6£05fs MC ratio ‘

AA, f,,10] [(1 +q%D[N°1(1 +qOSD[nOS])h5,gv[t]+<1 +q%D[n%)(1 +qSSD[nSS])h§?v[t]} €[t] @ G[t, oft]]
u,v=S,0,|,L

p.d.f.= 14ps : E
f R ((1 + qOSDINOST)(1 + gSSDINSSHhest] + (1 + oS D[nOST)(1 +q559[”55])”“59”[”] e Ol ol s
0.3ps u,v=S,0,ll,L |

Flavor tagging Angular acceptance
Mass dependence Need to know initial B? flavor. MC iteratively corrected and

Analysis performed in a single Experimentally limited by the reweighted to data to get a set of
m(KK) € [990, 1050] MeV/c bin. mistag probability. SS and 0S angular integral normalization
taggers with tagging power weights.

5.07 £0.16%.
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Results

e Result is consistent with the SM predictions. First measurement of CP-violating phase in
. . BY = Jiw(e*e)p:
e Statistically limited. s

¢, =0.00+0.28 £ 0.05rad

AT, =0.115 £ 0.045+0.011 ps™'
I, =0.608+0.018+0.011ps™

3

S

Candidates / (0.274 ps)

10
Decay time [ps]

- T T T
21000 LHCb 4

N
2

ol by 3 Fow e Biggest systematic sources come from mass
R g™ factorization, mass model and decay time
'g 600 : 600 .
S ook g resolution.
=]
3

g

e Compatible with zero direct CPV.
e Compatible with no CPV in mixing.
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Prospects

e ATLAS to analyse remaining Run 2 data from 2018, ~ 59 fb’.

e CMS to add triggers and taggers to their full Run 2 dataset.

e LHCb to analyse remaining Run 2 data from 2017 and 2018, ~ 4fb™".
. Bg - J/WK*K™ should get to o(¢,) = 22 mrad from Run 1 + Run 2 alone.

300 fb™
250 fb™!
200 fb™ # ,&_

150 b # oy
100 fb™ B
50 fb™
o0 fb”’

201 2012 2013 201 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

With 300fb~" LHCb measurements of ¢, will be statistically dominated.
® 0., (¢,) =4 mrad with Bg - J/WK*K™ (= 3 mrad all modes combined).
e Improvements in trigger for BY — D:D_ and adding other modes, i.e: BY — J/y(e*e )K*K™
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CP violation in the
0

B, system

Marcos Romero Lamas

on behalf of the ATLAS, CMS and LHCb
collaborations

The Galician Institute of the High Energy Physics (IGFAE)
Santiago de Compostela

FPCP 2022
Oxford, Mississippi (USA), May 24th

Time dependent analyses continue to be an
important tool to study CP violation and test the
Standard Model.

LHC experiments opened the door to the
systematic study of the BY system.

Belle Il will join the effort soon.

Precision on ¢, is rapidly improving thanks to
the many new measurements of Bg decays.

+ please take a look at

by D. Manuzzi


https://relativity.phy.olemiss.edu/indico/event/196/session/7/contribution/60

¢, in BY - Jlw(u*p )p(K'K") tables: ATLAS

FPCP 2022

Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢ [rad] —-0.081 0.041 0.022
AT [ps~] 0.0607 0.0047 0.0043
| | 0.6687 0.0015 0.0022
|A”(O)|2 0.2213 0.0019 0.0023
|Ag(0)[? 0.5131 0.0013 0.0038
|As(0)[% 0.0321 0.0033 0.0046
6, — 65 [rad] | —0.25 0.05 0.04
Solution (a)
6, [rad] 3.12 0.11 0.06
) [rad] 3.35 0.05 0.09
Solution (b)
6, [rad] 291 0.11 0.06
) [rad] 2.94 0.05 0.09

CPVin the 32 system
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¢, in BY - Jlw(u*p )p(K'K") tables: ATLAS

FPCP 2022

s AT Ty [A1QF 1A@F 1As@F 6. 5 6.-0s
[1073 rad] [102ps!] [102ps™!] [1073] [1073]  [1073] [1073rad] [10~3rad] [1073 rad]

Tagging 19 0.4 0.3 0.2 0.2 1.1 17 19 2.3
ID alignment 0.8 0.2 0.5 <0.1 <0.1 <0.1 11 72 <0.1
Acceptance 0.5 0.3 <0.1 1.0 0.9 29 37 64 8.6
Time efficiency 0.2 0.2 0.5 <0.1 <0.1 0.1 3.0 5.7 0.5
Best candidate selection 0.4 1.6 1.3 0.1 1.0 0.5 2.3 7.0 74
Background angles model:

Choice of fit function 2.5 <0.1 0.3 1.1 <0.1 0.6 12 0.9 1.1

Choice of pr bins 1.3 0.5 <0.1 0.4 0.5 12 1.5 72 1.0

Choice of mass window 9.3 33 02 0.4 0.8 0.9 17 8.6 6.0

Choice of sidebands intervals 0.4 0.1 0.1 0.3 0.3 13 4.4 7.4 2.3
Dedicated backgrounds:

Bg 2.6 1.1 <0.1 0.2 3.1 15 10 23 2.1

Ap 1.6 03 0.2 0.5 12 1.8 14 30 0.8
Alternate Amg 1.0 <0.1 <0.1 <0.1 <0.1 <0.1 15 4.0 <0.1
Fit model:

Time res. sig frac 1.4 1.1 0.5 0.5 0.6 0.8 12 30 0.4

Time res. pr bins 0.7 0.5 0.8 0.1 0.1 0.1 22 14 0.7

S-wave phase 0.3 <0.1 <0.1 <0.1 <0.1 0.2 8.0 15 37

Fit bias 5.7 1.3 1.2 1.3 0.4 1.1 33 19 0.3
Total 22 4.3 2.2 2.3 3.8 4.6 55 88 39
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¢, in BY - Jlp(u*p )$(K'K") tables: CMS

Parameter Fit value Stat. uncer. Syst. uncer.
¢, [mrad] -11 +50 +10
AT, [ps™] 0114 +£0.014 +0.007
Amg[fips™'] 1751 0290 +0.03
|A] 0972 £0.026 +0.008
T, [ps~1] 0.6531 +£0.0042 +0.0026
|Ag|? 0.5350 +0.0047 +0.0049
|A, ? 0.2337 +£0.0063 +0.0045
| Ag|? 002 000 +0.016
d) [rad] 3.18 +0.12 +0.03
J, [rad] 2.77 +0.16 +0.05

bs, [rad] 021 oo +0.048
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¢, in BY - Jlp(u*p )$(K'K") tables: CMS

bs Al—‘s Ams |)“ 1—‘s ‘AU‘Z |AL ‘2 |AS|2 ‘SH [ ‘SSL
[mrad] [ps™!] [Aps] [ps1] [rad] [rad] [rad]
Statistical uncertainty 50 0.014 0.10 0.026 0.0042 0.0047 0.0063 0.0077 0.12 0.16 0.083
Model bias 7.9 0.0019 — 0.0035 0.0005 0.0002 0.0012 0.001 0.020 0.016 0.006
Model assumptions — — — 0.0046 0.0003 — 0.0013 0.001 0.017 0.019 0.011
Angular efficiency 3.8 0.0006 0.007 0.0057 0.0002 0.0008 0.0010 0.002 0.006 0.015 0.015

Proper decay length efficiency 0.3 0.0062 0.001  0.0002 0.0022 0.0014 0.0023 0.001 0.001 0.002 0.002
Proper decay length resolution 35 0.0009 0.021  0.0015 0.0006 0.0007 0.0009 0.007 0.006 0.025 0.022

Data/simulation difference 0.6 00008 0004 0.0003 0.0003 0.0044 0.0029 0.007 0.007 0.007 0.028
Flavor tagging 05 <107* 0.006 00002 <10~* 0.0003 <10~* <10=® 0.001 0.007 0.001
Sig./bkg. wey difference 3.0 — — — 00005 —  0.0008 — — — 0.006
Peaking background 03 00008 0011 <10~* 0.002 0.0005 0.0002 0.003 0.005 0.007 0011
S-P wave interference — 0.0010  0.019 — 00005 00005 — 0013 — 0019 0019
P(0,;) uncertainty <10-! 0.0019 0.028 0.0004 0.0008 0.0006 0.008 0.001 0.001 0.002 0.005
Total systematic uncertainty 100  0.0070 0.032 0.0083 0.0026 0.0049 0.0045 0.016 0.028 0.045 0.048

FPCP 2022 CPV in the BY system 28 /32



¢, in BY - Jlw(u*p )$(K'K") tables: LHCb

¢s = —0.083 & 0.041 & 0.006 rad
|A| = 1.012 £ 0.016 + 0.006
I, — 'y = —0.0041 £ 0.0024 + 0.0015ps~*
AT, = 0.077 £ 0.008 £ 0.003 ps~*
Am, = 17.703 + 0.059 & 0.018 ps~*
|AL|? = 0.2456 £ 0.0040 % 0.0019
| Ao|? = 0.5186 + 0.0029 + 0.0023
8, — 8y =2.64+0.13+0.10rad
8 — 6o = 3.06 T .07 & 0.04 rad.
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¢, in B? - Jly(p*p )P(K*K) tables: LHCb

FPCP 2022

Source b Al I,—Ty AL,  Am, |AP A 6.-0 o) — do
[rad] [ps] [ps™] [ps7] [rad]  [rad]
Mass: width parametrisation - - - 0.0002 0.001 0.0004 0.0006 - 0.003
Mass: decay-time & angles dependence 0.004 0.0037 0.0007 0.0022 0.016 0.0005 0.0002 0.05 0.009
Multiple candidates 0.0011 0.0011 0.0003 0.0001 0.001 0.0001 0.0001 0.01 0.002
Fit bias 0.0010 - - 0.0003 0.001 0.0006 0.0001  0.02 0.033
Csp factors 0.0010 0.0010 - 0.0001  0.002 0.0001 - 0.01 0.005
Time resolution: model applicability - - - - 0.001 - - - 0.001
Time resolution: ¢ bias 0.0032 0.0010 0.0002 0.0003 0.005 - - 0.08 0.001
Time resolution: wrong PV - - - - 0.001 - - - 0.001
Angular efficiency: simulated sample size  0.0011 0.0018 - - 0.001  0.0004 0.0003 - 0.004
Angular efficiency: weighting 0.0022 0.0043 0.0001 0.0002 0.001 0.0011 0.0020 0.01 0.008
Angular efficiency: clone candidates 0.0005 0.0014 0.0002 0.0001 - 0.0001 0.0002 - 0.002
Angular efficiency: ¢ & o, dependence 0.0012 0.0007 0.0002 0.0010 0.003 0.0012 0.0008 0.03 0.006
Decay-time efficiency: statistical - - 0.0012  0.0008 - 0.0003 0.0002 - -
Decay-time efficiency: kinematic weighting - - 0.0002 - - - - - -
Decay-time efficiency: PDF weighting - - 0.0001  0.0001 - - - - -
Decay-time efficiency: ATy = 0 simulation - - 0.0003  0.0005 - 0.0002 0.0001 - -
Length scale - - - - 0.004 - - - -
Quadratic sum of syst. 0.0061 0.0064 0.0015 0.0026 0.018 0.0019 0.0023 0.10 0.036
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¢, in BY - Jlw(e*e”)p(K'K") tables

Parameter

Fit result and uncertainty

T [ps_l ]
AT, [ps7!]
|AL?

| 4o/?

0y [rad]

6, [rad]

¢ [rad]

i

Fy

s [rad]

0.608 £ 0.018 £ 0.012
0.115 + 0.045 £ 0.011
0.234 + 0.034 + 0.008
0.530 + 0.029 + 0.013
3111358 +0.06
2.41+343 +£0.10

0.00 + 0.28 + 0.07
0.877F 5112 & 0.031
0.0621 0057 +0.022
0.01192> +0.04

FPCP 2022
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¢, in BY - Jlw(e*e”)p(K'K") tables

FPCP 2022

Source 1. AT, A? A2 ) 0L by [Al Fy ds

[ps™'] [ps7] [rad] [rad] [rad] [rad]
Stat. uncertainty  0.018 0.045 0.034 0.029 *3%8 +043 (og FOl2 40042 +025
Mass factorisation 0.003  0.003 0.005 0.007 0.01 0.03 0.02 0011 0.017 0.01
Mass model 0.011 0.005 0.004 0.005 0.02 0.4 005 0.011 0.007 0.04
Ang. acceptance - — 0.002 0.001 — 002 001 0005 0003 0.02
Time resolution ~ 0.002 0.008 0.004 0.002 0.06 0.02 0.03 0.003 0.002 0.01
Time acceptance 0.003 0.003 0.001 0.001 - — - 0.001 - -
MC (time acc.) 0.001 0.001 0.001 — - — - - - -
MC (ang. acc.) - — 0.001 0.001 001 001 002 0017 0003 —
A9 background 0.001 0.001 0.001 0.001 001 — 001 0.005 0.01 -
Ang. resolution — 0.002 0.002 0.003 — 0.01 — — 0.005 -
B background 0.003 - - - - - - - - -
Fit bias - - - 0009 - - - 0020 - -
Syst. uncertainty ~ 0.012 0.011 0.008 0.013 0.07 0.15 0.07 0.031 0.022 0.05
Total uncertainty  0.022 0.046 0.035 0.032 0.10 *9%4 029 +0U7 +0047  +0.26

—0.45

—0.121

—0.056

CPVin the 32 system

32/32



	Introduction
	Kobayasi-Maskawa mechanism
	CP violation
	Measuring phis
	Phenomenology

	 phis in Bs2Jpsi(mumu)Phi decays
	Introduction
	Datasets and selection
	Decay-time resolution
	Decay-time acceptance
	Flavor tagging
	Angular acceptance
	S+P-wave interference
	Results
	Current status

	 phis in Bs2Jpsi(ee)Phi decays 
	Introduction
	Strategy
	Results

	Prospects
	Appendix
	Backup
	 phis in Bs2Jpsi(mumu)Phi decays tables
	 phis in Bs2Jpsi(ee)Phi decays tables



