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CP violation in B VI

Decays of B’ (B%) to J/u h'h-
CP violation in interference between direct decay and decay after mixing
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CP violation in B’ THCL

* Sensitive probe of New Physics in B mixing
* Precise test of Standard Model through the measurement of g¢s
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CP violation in B°.

*

Sensitive probe of New Physics in B’s mixing
Precise test of Standard Model through the measurement of ¢

*
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Measurement of CPV at LHCb
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Measurement of CPV at LHCb
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Measurement of CPV at LHCb

Angular analysis is required to disentangle CP-even and
CP-odd final state admixture
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Measurement of CPV at LHCb

Angular analysis is required to disentangle CP-even and
CP-odd final state admixture

d‘T
dtdO

~ Zﬁ(g)g(t, Q) (1 —2w) h(t|BY) ® G(t|o,)
k

(W - mistag probability of flavour tagging
E - efficiency as a function of decay time and angles
@ - decay time resolution
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Measurement of CPV at LHCb

Angular analysis is required to disentangle CP-even and
CP-odd final state admixture
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dtdO
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(W - mistag probability of flavour tagging
E - efficiency as a function of decay time and angles
@ - decay time resolution
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Analyses strategy THCL

B’s—J/W KK

[LHCB-PAPER-2019-013]
in preparation

B°.—=J/Y i
arXiv:1903.05530

Using 2015 (0.3 fb1) and 2016 (1.6 fb-7) data
measure ¢s, |Al and

X
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Using 2015 (0.3 fb1) and 2016 (1.6 fb-7) data

measure ¢s, |Al and
Alsandls - Ige . [y - g

to test the Heavy Quark Expansion since the final state is almost
prediction of I/ 'ge = 1.0006 £ 0.0025 entirely CP-odd

Simultaneous fit to the decay time and three
helicity angles

X
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Analyses strategy THCL

B’s—J/W KK

[LHCB-PAPER-2019-013]
in preparation

B's—~J/p '
arXiv:1903.05530

Using 2015 (0.3 fb1) and 2016 (1.6 fb-7) data
measure ¢s, |Al and

Al and T - o . [h-Tgo
to test the Heavy Quark Expansion | since the final state is almost
prediction of I/ 'ge = 1.0006 £ 0.0025 entirely CP-odd
See VS talk by Simultaneous fit to the decay time and three
J.Zonneveld helicity angles

in 6 M(K'K") bins
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Analyses strategy THCL
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Measurement of ¢ THCL

Selection Decay time
\ | \\resolution
TD fit for
qu |}\| Al rS/H - [go
Flavour Selection
tagging/ efficiency (QQ) |
Decay time
efficiency

\_
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Measurement of ¢ THCL

Selection
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Selection and mass fit THCL

B —J/p KK
[LHCB-PAPER-2019-013]

B —J/Y '
arXiv:1903.05530

Boosted decision tree is trained to select signal candidates

%
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Selection and mass fit THCL

B —J/p KK
[LHCB-PAPER-2019-013]

B —J/Y '
arXiv:1903.05530

Boosted decision tree is trained to select signal candidates

Injected negative weighted MC to subtract
Ny = J/Y p K background

Signal width is a function of per-candidate
mass error to account for correlation with
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Selection and mass fit THCL

B —J/p KK
[LHCB-PAPER-2019-013]

B —J/Y '
arXiv:1903.05530

Boosted decision tree is trained to select signal candidates

Injected negative weighted MC to subtract

Ao = J/U p K background Use the wrong sign (WS) combination

(m*n*) to determine the shape of the
combinatorial background

Signal width is a function of per-candidate
mass error to account for correlation with
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Measurement of ¢ THCL

Decay time
resolution

pZ
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Decay time resolution THCL

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Per-candidate decay time error is calibrated using prompt J/Y sample

—g2Am?2
6.rr =/ (—2/AmH)InD,D = Y3, feotAm3/2

8, [ps] ¢ ps]

|

|

|

oy . ' A .y ! '
= LHCb Preliminary § 2 0oL LHCb Preliminary 3 Data ] |
5 01 - o U E — Total fit = |
o I i = R — Resolution 1 !
i — 10°F S Resolution 2 — :

i Z S S SIS Resolution 3 73 !

- f 12 N Wrong PV :

, D 10*E .- Long lived 1 3 :

005 | In each bin of & el . Long lived 2 '

i - _ . |
perform fit for Oef 10° L & |

= |

O I T [

LeeeemTTT e NS T T T T el |

L - 102 : S U I

0 0.05 0.1 0.15 0 0.5 :

|

|

|

Ooff=455fs Ooff= 415 fs

Niklhef Katya Govorkova Moriond EW 2019 21 March 2019 12


https://arxiv.org/abs/1903.05530

Measurement of ¢ THCL

Selection
efficiency (QQ)
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Selection efficiency as a function of angles “'m{3

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Kinematic selection and detector acceptance are
causing non uniform efficiency as function of decay angles

%
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Selection efficiency as a function of angles “'m{3

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Kinematic selection and detector acceptance are
causing non uniform efficiency as function of decay angles

expected without acceptance effect
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Selection efficiency as a function of angles

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Kinematic selection and detector acceptance are
causing non uniform efficiency as function of decay angles
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Measurement of ¢ THCL

Decay time
efficiency

\_
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Decay time efficiency

Nik|hef

B —J/p KK
[LHCB-PAPER-2019-013]
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B°.—=J/Y i
arXiv:1903.05530

Use B"=J/P K*(892)
Fit simultaneously B’ data,
simulation and B’ simulation
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Measurement of ¢ THCL

Flavour
tagging
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Flavour tagging THCL

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Two tagging algorithms are used: opposite side and same side
For each algorithm true mistag probability is calibrated assuming
linear dependency with estimated one

w = po + p1(n — (M)

Tagging power is given as tagging efficiency times dilution squared

Sngz ,where D = (1 — 2w)

Runl = 3.73 %
D? =473 = 0.34 %

Runl = 3.89 %
D?=5.06 £ 0.38%

€rag €rag

%

Niklhef Katya Govorkova Moriond EW 2019 21 March 2019 18


https://arxiv.org/abs/1903.05530

Measurement of ¢ THCL

TD fit for
Qbs |}\| AI_s rs/H_ I_BO
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Fit projections for B°.—=J/b K'K
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CP asymmetry in B°.—=J/b K'K

B () |
Acp(t) = Ta0 (0 + Ty r ~ sin(¢,) sin(Am,t)
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Fit projections for B’ —=J/¥ '
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Results n'{c\'a

B —J/p KK
[LHCB-PAPER-2019-013]

B°.—=J/Y i
arXiv:1903.05530

Most precise measurement
Of ¢s Ars rs - rBO

¢s = —0.080 + 0.041 + 0.006 [rad]
I\l =1.006 + 0.016 £ 0.006
[<- Mge= —0.0041+ 0.0024 + 0.0015 [ps-1]
Al,=0.0772 + 0.0077 + 0.0026 [ps™']

| s = —0.057 = 0.060 + 0.011 [rad]
: I\l =1.01+0.08 + 0.03

Mv-Tgo= —0.050 £ 0.004 + 0.004 [ps-T]

%
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Combination of LHCD results THCL

[B”s = (2S) ¢ ]

+
[B% — Ds Ds ]
+
[B°s =»J/b K*'K™ High mass Run 1]
+ +
[B%s = J/w KK~ Run 1] [B%s =»J/L '~ Run 1]
+ +
B°, = J/w KK BS. =)/ '
[LHCB-PAPER-2019-013] arXiv:1303.05530

¢s = —0.040 = 0.025 [rad]

Al =0.991 % 0.010
All,=0.0813 £ 0.0048 [ps]
[s- Mge= —0.0024 £ 0.0018 [ps-1]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801
https://www.sciencedirect.com/science/article/pii/S0370269314004845?via=ihub
https://arxiv.org/abs/1903.05530
https://www.sciencedirect.com/science/article/pii/S0370269316305226?via=ihub
http://inspirehep.net/record/1317237
https://link.springer.com/article/10.1007/JHEP08(2017)037

Conclusions n"xq’s

B’s—J/w KK B’s—~>J/w
[LHCB-PAPER-2019-013] arXiv:1903.05530

¢s = —0.040 + 0.025 [rad]
Al = 0.991 £ 0.010
Al.= 0.0813 = 0.0048 [ps]
[~ Mge= —0.0024 £ 0.0018 [ps-1]

OF 0.1o away from SM E,; 0.14 D0 8 fo-!
consistent with Standard Model 3 - G(SAWTOZL;TT;;
¢s 1.60 away from O CMS 19.7 fb-!
consistent with no CPV in interference 010
between direct decay and after mixing o
IA| consistent with 1 LHCb 3 fb~!
consistent with no direct CPV 0.06 ATLAS 19.2 fb !
[/[8o consistent with HQE prediction R LA
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Conclusions n"xq’s

B’s—J/w KK B’s—~>J/w
[LHCB-PAPER-2019-013] arXiv:1903.05530

¢s = —0.040 + 0.025 [rad]
Al = 0.991 £ 0.010
Al.= 0.0813 = 0.0048 [ps]
[~ Mge= —0.0024 £ 0.0018 [ps-1]

¢s 0.10 away from SM T%o.w DO 8 fb~
consistent with Standard Model 3 - ‘ii‘y‘.’o?ii”if’i‘_é?

¢s 1.60 away from O CMS 19.7 fb™!
consistent with no CPV in interference 010
between direct decay and after mixing o8

|IA| consistent with 1 LHCb 4.9 b~

consistent with no direct CPV 0.06 ATLAS 19.2 fb™

[/ge consistent with HQE prediction - 04 02 00 02 '(p%ég[;ad]
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Fit result B’ ~J/p KK

Parameter Value

&, [rad | —0.080 & 0.041 = 0.006

A 1.006 % 0.016 = 0.006
I'n—1',; [pS_1 ] —0.0041 £ 0.0024 £+ 0.0015
Al [pS_1 ] 0.0772 £ 0.0077 £ 0.0026
Am, [pS_1 ] 17.705 & 0.059 £ 0.018
AP 0.2457 £ 0.0040 & 0.0019
A2 0.5186 = 0.0029 = 0.0024
0, — 0p 2.64 +0.13 £+ 0.10

5| — & 3.061700°3 + 0.037
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Systematics for B°.—J/p KK

Source |Aol>  |AL]®? és[rad] |A| 6L —do[rad] ) —dp[rad] Ts—Tq[ps™'] AL [ps™'] Amg [ps™]
Mass width parametrisation 0.0006 0.0005 - - 0.05 0.009 - 0.0002 0.001
Mass factorisation 0.0002 0.0004  0.004  0.0037 0.01 0.004 0.0007 0.0022 0.016
Multiple candidates 0.0006 0.0001 0.0011 0.0011 0.01 0.002 0.0003 0.0001 0.001
Fit bias 0.0001 0.0006  0.001 - 0.02 0.033 - 0.0003 0.001
Csp factors - 0.0001  0.001  0.0010 0.01 0.005 - 0.0001 0.002
Quadratic OS tagging - - - - - - - - -
Time res.: statistical - - - - - - - - -
Time res.: prompt - - - - - 0.001 - - 0.001
Time res.: mean offset - - 0.0032  0.0010 0.08 0.001 0.0002 0.0003 0.005
Time res.: Wrong PV - - - - - 0.001 - - 0.001
Ang. acc.: statistical 0.0003 0.0004 0.0011 0.0018 - 0.004 - - 0.001
Ang. acc.: correction 0.0020 0.0011 0.0022 0.0043 0.01 0.008 0.0001 0.0002 0.001
Ang. acc.: low-quality tracks  0.0002 0.0001 0.0005 0.0014 - 0.002 0.0002 0.0001 -
Ang. acc.: t & o, dependence  0.0008 0.0012 0.0012  0.0007 0.03 0.006 0.0002 0.0010 0.003
Dec.-time eff.: statistical 0.0002 0.0003 - - - - 0.0012 0.0008 -
Dec.-time eff.: AT'y = 0 sim. 0.0001 0.0002 - - - - 0.0003 0.0005 -
Dec.-time eff.: knot pos. - - - - - - - - -
Dec.-time eff.: p.d.f. weighting - - - - - - 0.0001 0.0001 -
Dec.-time eff.: kin. weighting - - - - - - 0.0002 - -
Length scale - - - - - - - - 0.004
Quadratic sum of syst. 0.0024 0.0019 0.0061 0.0064 0.10 0.037 0.0015 0.0026 0.018
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Fit result B’ —=J/W m'm”

Table 5: Fit results of the resonant structure for both Solutions I and II. These results do not
supersede those in Ref. [21] for the resonant fractions.

Component Fit fractions (%) Transversity fractions (%)

0 [ 1
Solution I
£0(980) 60.09 + 1.48 100 _ _
£o(1500) 8.88 + 0.87 100 _ _
£o(1790) 1.72 + 0.29 100 _ _
£2(1270) 3.24 + 0.48 13+3 37+9 50410
f1(1525) 1.23 4+ 0.86 40+13 31+14 29+25
NR 2.64 +0.73 100 _ _
Solution II
f0(980) 93.05 + 1.12 100 _ _
£o(1500) 6.47 + 0.41 100 _ _
fo(1710) 0.74 4+ 0.11 100 _ _
£2(1270) 3.22 4+ 0.44 17+4 30+8 53+10
f1(1525) 1.44 + 0.36 35+8 31+12 34417
NR 8.13 £+ 0.79 100 _ _
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Systematics for B’ —=J/y m'm-

Source 'y — I'po || bs
[fs7']  [x107%] [mrad]

t acceptance 2.0 0.0 0.3
TRO 0.2 0.5 0.0
Efficiency (my, ) 0.2 0.1 0.0
t resolution width 0.0 4.3 4.0
t resolution mean 0.3 1.2 0.3
Background 3.0 2.7 0.6
Flavour tagging 0.0 2.2 2.3
Amg 0.3 4.6 2.5
I' 0.3 0.4 0.4
Bf 0.5 - -

Resonance parameters 0.6 1.9 0.8
Resonance modelling 0.5 28.9 9.0
Production asymmetry 0.3 0.6 3.4
Total 3.8 29.9 11.0
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Decay time acceptance rﬁq’a

| | | : N(t)
Decay time acceptance is approximately: sBS t) o
data( ) e—th ® G(t, Ut)

Given a parameterisation of [garound 0 N(#
the used value 4o = 1/1.520ps-1 e1e (t;g) o ()
| datal?s 4 X ST @ G, )
N N(t) « Tt
e Tt @ G(t, o)

__ B} 0 ST 4t
= Eqmall, Ig) x 7",

Al =T, —T'yand I'; = Pg +ol'y: TI'y = Fg +ol'y + AFZ

0 s
paf(t) & el (1,19) x e x |~ ATHTHT @ G(t, )]
~ el ) x 4 Mt [~ BT @ Gi(t, 0,)

= (6, T) % |7 AT @ G(t,03) |
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Details on the B’s—~J/y K'K~ mass model M

Signal model: Double-sided Crystal Ball function (CB2) with per-event mass error
used as conditional observable
Quadratic dependence on the per-event mass error: o = 510; + 5,612 (51~0.8; s,~0.05)
- Tails of the CB2 are fixed from the fit to MC
- Fit in 6 m(K'K") bins [990, 1008, 1016, 1020, 1024, 1032, 1050] MeV/ 2

Background: Exponential for the combinatorial and gaussian for
the B’ —J/y K'K™ contribution

Why? To take into account this correlation. Mass resolution
comes from the angles between muons, therefore per-candidate
mass error and cos(0,) are highly correlated

<~ b 71 <~ 400 ——mmmm— 9 8000 . r 1
®) » - &) [ . B
SN . Runl [ > - Run1 | : E Run 1
2 - 1 2 3000F - 6000}
= i lcos(0,)[<0.25 = - lcos(6,)[>0.7 | N 0.25<|cos(6,,)<0.7
To) = -1 — = -
S =R 1k :
\\/ - ] : 2000 [— — 4000 — ]
§ 2000 | = § . ] : :
S o0f 3 < 1000f — 2000 — -
© E 1 B - . - i
3 i = i B .
O — o | 0 L g —
© © 10 . . 3 10 3
0 E -_—. ‘Th._._-_-_-_f 0 E_d-—k-—-—-—‘—_--—-———-—_;_——-—--q_-—_l;
-10 ] 3 —10E .
5300 5350 5400 5300 5350 5400 5300 5350 A0 .
m(/y K'K) [MeV/c’] m(J/y K'K) [MeV/c?] m(J/y K’K') [MeV/c’]
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Flavour tagging THCL

Opposite side tagging
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Flavour tagging THCL

Same side tagging
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Flavour tagging calibration

Two tagging algorithms are used: opposite side and same side
For each algorithm true mistag probability is calibrated assuming
linear dependency with estimated one

w = po + p1(n — (M)

OS tagger calibrated using B+—J/y K+ decays SSK tagger calibrated using B’s— D~ i+ decays

2 05 I | , 06— L L B B B S B S R
S ¢ LHCb Preliminary <l - LHCD Preliminary N
- —F— data points 0.5 —3— data points :
0.4 —  —— calibration curve -~  —— calibration curve ]
- [In, distribution 04F [In_distribution : .
03F : | E
¥ 0.3 =
» [ - 1
02 i i 0.2 ;\_‘J—L =
ot E 0.1F =
O ] | : O - L PR SRR TR SR N TN SR SR T S T T 1 -
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
1’]os T]ss
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PDF for data fit THCL

10
(t Q|qOS SSK,,’?OS nSSK,O.t) ZAL[ZZP (t Q|qOS SSK,,’?OS nSSK,O.t)

1=1 k=1
1

=3 2 Mus @)=

{E? P ( OS)) (1 . 2wSSK (,r’SSK)) qOSqSSth (t|B£)

(- zwos (7°%)) (1 — 255K (555K)) gOS¢5K p, (£|BY)]
® G (tlov)}, (37)

(o]

()]
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PDF for data fit

S Ni, ay b Ch d,
Aot Aof? L1+ o) ol cos(do) L1~ o) Aol sin(¢o)
3sk(L—c3st) | |4y 3 (14 1% —[A) [ cos(¢y)) 3 (1= %) A [ sin(ey))
35 (L —s3sf) | |ALP 3L+ [AL|cos(dL) s(1=1AL?) —|AL[sin(¢L)
%{Sln(él—6||)—‘ALA||| %|t|)\_]_|Sin(5_1_—(5||—(b_L) %{31n(5L—6H)+|)\L)\”| —%\‘|)\_]_|COS((5_L—5”—(Z§_L)
$%-8784C AL A | | | -
Sln((SL—(SH —¢L+¢||)“ +|)\|||sm(5||—6L—¢||) Sln((S_L—(SH —¢_L+¢||) +|/\|||COS(5|| —(5_1_—¢||)
%{008(50 —0)1) + [ Ao —%{|)\O|cos(50 —0)| — ¢o) %{cos(&) —0)1) = [XoA| —%{|/\O|sin(5o — 0| — ¢0)
\/iSKCKSlClCd, |A0A||| . -
COS((SO—(SH —Q50+(25||)“ +|/\|||COS((5|| —(50—q5||) COS((S()—(SH —¢0+¢||) +|)\|||sm((5|| —(50—(25”)
—%{sin(éo—éL) — |)‘0)\_L| %[|/\0|sin((50—(h —(25()) —%\‘Sill(do—(sl)+|/\0/\l| —%\‘|)\0|COS((50—(5_1_ —(250)
—\/ichKslclsd, |ApA, |
sin(dg — 61 — ¢o + ¢¢)} +|AL]sin(dL — do — ¢¢)} sin(dg — 61 — ¢o + <f)¢)} +[A 1| cos(dL — do — ¢¢)}
s AP L1+ sP?) As] cos(s) L1 - AsP?) pslsin(s)
5 {COS((SS —0)) — [AsA] 5 {|A5| cos(ds — 9 — ¢s) 5 {008(55 —0)) + [ AsA] 5 {l)\s| sin(ds — 9 — ¢s)
%sxslclcd, |AsAj| . .
COS((Ss—(SH —Qbs-f-(b”)“ —’)\|||COS((5|| —(55 —(b”) cos(55—5|| _¢S+¢||) —|)\|||sm((5|| —(SS—qf)”)
—%{sin(és—él)—l—Ms)\J —%b)\s\sin(&s—&l—qﬁs) —%{sin(&s—él)—Ms)\ﬂ —%{—|A5|COS(55—5L—¢S)
—%SK.S[ClSd, |AsAL| . .
sin(6s — 61— ds+00)| | ~Wlsins —ds—60)| | s —o0—ds+60)|  +HALleostoL — 35— o)
%{cos(és — o) — |[AsAo] % {|)\S| cos(ds — dg — ¢Ps) % {cos(és — o) + [ As o] % {|)\S| sin(dg — dp — ¢s)
2 st | As Ao |
cos(dg — dg — s + q‘)o)} —|Xo|cos(dg — ds — q&o)} cos(dg — 0g — s + (po)} —|Ao| sin(dg — ds — ¢o)
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Decay time efficiency B’ —=J/¥ KK
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Comparison of ¢ sensitivity from different decay modes

o — 1000
g o) :
= 0.157 . LHCb = :
s 0.1 k=l ' LHCD .
® I — __ X
% 0.05- : Z 1()0; : .
. 8 < Lo
. mb 10 1 o BY—y((29)9¢ o X
1 x BY— D;Df y
+ BY— J/YKTK™ high mass ®
X B, — J/’l,b¢ X 1 v BY— J/lunn
. B — ¢ | x  B)—=J/vé
o | e BYallces
v Bs —» K TrT KTt 1 === ¢s central value [CKMFitter Summer 2016]
- . - 0.1 — '
0 23 300 D 23 300
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