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CPV in B mixing and decay

: Vb ™ Viq B colour-suppressed
l - | 1 b—ccs tl’ee/m .
| U,C,t | ‘ ,
| ! b
0 + : : + 50 /\
KA T T,
: u, c,t : U >
g > . > . -— b q
th th>i< \ ’
_ q
By =pB°+qB A = -2
i e p AfCP
arg()‘fcp) # 0
Measurable phases Precise predictions
SM 2.26
23" = (47.487753)°
s = — 2Bs 26°M = (2.122 4+ 0.037)°

[CKMFitter]




CPV in B mixing and decay

q

: Vip* Viq ) colour-suppressed c
: — ! b—ccs tree
. U, Gt
| | b
: L s 5 | ’
Bq W : : W Bq B,
: u,c,t : U >
. > ' > ' -— q
th th*
-0 q ‘/ZlfCP
BIO{ L) = pB° +¢B Afop =
) pAfCP

arg()‘fCP) # 0

Measurable phases

26 + Agrer + AONP
= —2Bs + Aot + ApNP

+ smaller weak exchange (E) and
penguin annihilation (PA) diagrams

Precise predictions

ﬁSM

BSM

(47.4817756)°
(2.122 + 0.037)°
[CKMFitter]

J /P

Cabibbo-suppressed
penguin
Colom .\.lll‘_'.lt-t,, C
X« ll.lll'_'_t- /
b K q
w,c.t
By "
q q

[Fleischer, PRD 60 (1999) 073008]
[Ciuchini et al., PRL 95 (2005) 221804]
[Faller et al., PRD 79 (2009) 014005]
[Faller et al., PRD 79 (2009) 014030]
[Jung, PRD 86 (2012) 053008]

[Jung, Schacht, PRD 91 (2015) 034027]
[De Bruyn, Fleischer, JHEP 03 (2015) 145]
[Ligeti, Robinson, PRL I'|5 (2015) 251801]
[Frings et al., PRL 115 (2015) 061802]
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Measuring ¢,

Study time-dependent CP asymmetry

) _ St sin(Amgt) — Cf cos(Amyst)

cosh(25@hy 4 A?F(S) sinh(

INURY
o)

2

1 —|\f|° 23(\f)
_ 2 Sf — 9
1+ 1+ [Af]

Mixing parameters

Am = (myg — mp) Mixing frequency

=T +Ty)/2 Average width
Al' =1y — I'y Width difference

[PRL 115 (2015) 031601

B)— J/y(up)Ks LHCH

PE

S
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S
o

o O
S =N
1
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i /1
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Signal yield asymmetry

0.1

—0.2F

_032_ SJ/ng ~ sin 20

—0.4F¢ — L |
5 10 15

S~
pr—
i ®)
N
N—

Experimental requirements:
* Excellent decay-time resolution (~45 fs)
* Modelling decay-time efficiency (due to lifetime/IP cuts)
* Production + detection asymmetries (~1%)
» Tagging of meson flavour @ production



Flavour physics at the LHC

nPVs ~ 2 rmrg,né;ug’q 3 \;
nTracks ~ 200 /20 o
p1(B) ~ 5 GeV W
pT(child) ~ | GeV

Ows(7 TeV) = 72.0 £ 0.
Owb(13 TeV) = 1543 % |.

[PRL 118 (2017) 052002]

ol W
4+
N
w
=
o

b

Prompt LHCb
background

/ B decays with
& _ lifetime of ~1.5 ps

e 9 /
‘ .‘. -
N
N

[PRD 87 (2013) 112010] Decay time [ps]



l t o [Heinicke, CERN-THESIS-2016-152]
F ‘70 1.0 p— ' ' -- - -1.0
a. ur agglng ‘, Belle sin(2¢,) LHCb B' =D+ D -
-0.9
‘ ®
gg EIOH 0.8- BaBar B—ccK™
aon Signal Decay
SS Kaon NNet , ,
SS Proton °
SS Pion BDT 0.6, Al LHCb B?— Ja)é
BY >
Same Side >
— T T T T T T T T T T T e e e e —— e — e ———— - - 0.4- )
Opposite Side e K -
aon
. | LHCb B’—Jr K¢
| JE— , OS K. NNet
‘\E'/b _) C\‘\‘/ L

\b_) Xl_/ 0-2 ) .
ATLAS B"— Jhi
OS Vertex Ck;rge\“ 0S Muon
0S Charm OS Electron
) _| LHCb unofficial 1%

, o | 0.0 0.1 0.2 0.3 0.4 0.5
Use information in the event (e.g., charge of kaon associated with w

b-quark hadronisation) to tag flavour of B meson at production

0 -0.0

‘e : : Nta ed Nwron
Precision on Acp scales with tagging power €rag = g8 W= S

Ntagged =+ Nuntagged Nright =+ Nwrong

Calibrate tagging algorithm response using modes with known
+ — T 0 —>
flavour (e.g.’ B ]/BDK ’ BS Dgﬂ...) Ceff — etagDQ — 6‘cag§<(1 o Qw)2> Ostat (AC'P) X 1/\/€effN




Measuring @q

St sin(Amys)t)

Golden mode: B’ — [/1/Ks

With Run |, LHCb has a similar precision to Belle/BaBar

Sr=-smn20 = 0.691 =+ 0.017 [HrLAV]

sin 2°M = 0. 740710058 [CKMFitter]

Dominant systematics:

LHCDb background tagging asymmetry — expect to scale
with more data

Belle vertex reconstruction and time resolution

Al'g#= 0! SXAT 4Ty = (-2

SM Al J/l4=

T 10. ) x 10-3 [HrLav]
(_3 97 + 0. 90) x 10-3 [Artuso et al]

— 'y cos(Amyg)t)

AT (41 AT,

AT ()t

- cosh( )+ A sinh(

2 2

sm(ZB) =sin(2,) HELAY

BaBar - : , 0.69 +0.03 + 0.01
PRD 79 (2009) .072009 ; 5
BaBar y 5 - . 0.69+0.52+0.04 +0.07

PRD 80 ‘:é 05) 112001

BaBar JAy (hadronic) Kq 1,56 +0.42 £ 0.21

PRD 69 (2004) 052001 , , "
Belle ' : ; 0.67 +0.02 + 0.01
PRL 108 ( 2012) 171802 : :
ALEPH ! . , 084 %2 +0.16
PLB 492, 259 (2000) :

' " +1.80
OPAL , 3.20 00+ 0.50,
EPJ C5, 379 (1998)
CDF . 0.79 o
PRD 61, 072005 (2000)
LHCb ’ 0.73 +0.04 + 0.02
PRL 115 (20155 031601
Belle5S ‘ : 0.57 +0.58 + 0.06
PRL 108 2012) 171801 :
Average : 0.69 + 0.02
HFLA
-2 -1 0 1 2 3




Measurlng ¢d R ) _ St sin(Amgt) — Cy cos(Amyst)

cosh(m;(s)t) | A?F(S) sinh(m;(s)t)

Golden mode: 5’ — J/{Ks O v BL w@S)ru )k o~ ]
B~ Jfp(e”e ) K? B—> j/lp(ee)Ks |
With Run |, LHCb has a similar precision to Belle/BaBar 0.2 B'= Jjp(u™pm) Ky 20 N
m Combination
S; =sin28 = 0.691 + 0.017 [HrLav 0L FLHCD

sin 28°™ = 0.74079°952 [ckMFiceer] 0

-0.1

Electron and other [cC| modes provide additional -0.2

~15% on the overall precision = improved electro 05 Lomemegaksmicy B 7 PRESAFE)

reconstruction in LHCb upgrade-ll would help 0.5 0.6 0.7 0.8 0.9 1

LHCb @ 300/fb = o(S) ~ 0.003

8 JHEP 11 (2017) 170]




Measurmg qbs , o188y sin(Amyt) — Cy cos(Amyyt)

) - A?F(S) sinh(

INURY
2

AT\t
o)

cosh(

Golden mode: B’; — |/i)¢, but need angular
analysis to separate CP-odd/even components as

we have two vectors in final state and small KK -
S-wave

Bonus feature: measure ¢, AL, I's, Ams

New physics is not large — stat-limited so need
increased precision and to control size of
penguin contributions

Ay
Ay
A
J/v¢ + S-wave

9 CP| Iy = (—1)*| Jbd)s



Measuring ¢;
_BOS — J/i, but need angular 01

analysis to separate CP-odd/even components as

we have two vectors in final state and small KK -
S-wave

0.10

Bonus feature: measure ¢s, Als, I's, Amis 0.08

New physics is not large — stat-limited so need

o ¢ o . 0.06:
increased precision and to control size of -

HFLAV

DO 8 fb_l _Summer2017
©68% CL contours

(A log £ = 1.15)
CMS 19.7 fb!

LHCb 3 fb!

penguin contributions 0.4
As
Ag
Al
A ; . [HFLAV]
Bt o e bs = —21 & 31 mrad
. ATy = 0.090 £ 0.005 ps™*
mix Eg
[CKMFitter]
oM = —37.610-L mrad
10 CP|Jdle = (—1)|Id)e

00 02 04
¢ [rad]
LHCDb:
®* J/VP o [PRL114, 041801 (2015)]
® J/VWKTK ™ [arXivi1704.08217 (2017)]
® J/Pp7mttm— [Phys. Lett. B736, (2014) 186]
® (28)¢ [Phys. Lett. B762 (2016) 253-262]
®* D;F Dz [PRL113, 211801 (2014)]

®* J/YP [Phys. Lett. B 757 (2016) 97]

ATLAS:
® J/W¢ [JHEP 08 (2016) 147]
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Previous studies focussed on low-mass region where
»(1020) dominates over a small KK S-wave

Use time-dependent amplitude analysis to increase
sensitivity to ¢s using high m(KK) region
T [Stone, Zhang, PLB 719 (2013) 383]

Use full spectrum to

Increase precision

[JHEP 08 (2017) 037]

(1020)
f,'(1525)

©(1680)

lllIlllIlIlllllIlllIlll

||||||||||||1

~ 2000 - - - I
7 1800 F
> 1600 F
U -
= 1400
— 1.2002
= 1000 E
L S
800
600
400
200
0
Parameter Value
| [ ps_1 ] 0.650 £ 0.006 4 0.004
Al [ ps_1 ] 0.066 = 0.018 == 0.010
¢s | mrad | 119 + 107 4+ 34
Al 0.994 4+ 0.018 4= 0.006

~2x larger uncertainty
than the BY; — [/i)¢ analysis

Systematics from
resonance line-shapes



¢sultimate precision

. - . 2 0.05 e I
Scaling of current precision using current detector 2 I o, sensitivity N
and expected running conditions N’ l B, — J/pg .

=~ 0.04 e B8 — JAYKK (high mass) __
< . - B, — Jhpan -
BOs — J/iKK and B% — /it will remain the 5 I —— B; — y(28)KK -
. 7 i B, — DD, -
dominant modes <003 BY all cos _
® A Z
Currently stat dominated, but must be able to - -
control systematics (efficiencies and resolutions) 0.02 —
Hadronic trigger improvements in upgrade will 001K _
help Bs — D;Ds and if we can use timing to :SM -
improve photon reconstruction in LHCb upgrade-l| B S [resssrernns i ———— PRSP eeaneent
then B — J/i)n becomes interesting (no angular 0 100 200 300
analysis needed for both channels) L [fb!]

[PRL 113 (2014) 211801] [PLB 762C (2016) 484]

| 2




Penguin pollution roadmap: ¢q @)

BEWARE OF THE

. PENGUINS
J /1 /CO J /) [De Bruyn, Fleischer, JHEP 03 (2015) 145]
— A2 o
Colour singlt A B kY = (1= ) A [1+ e
b /' s(d)
1 U, ¢t 1 A Bg > J/z,bKO = - M [1 — ae?e”
Kg B?s) O 14 OKg ( S) LS [ '\] .
- . suppression NO PeENSUIN « _go
d(s) d(s) in the overall rate SUPPression

U-spin or SU(3) flavour symmetry (+ dynamically assumptions) to

constrain size of penguin with b—ccd or compute them with OPE, L 10 _ - LHChH 15
: , 3L s
B’ — J/YKs and B? — J/iKs are U-spin partners — control penguins E 10°E ; B0 =
in @4, but limited precision with Run | data > 10k b > ]S
= \ 3

Improved Ks reconstruction in LHCb upgrade will help L% APEET S o WA h

10 E R

Param Fitted value : ' :

AAT 0.4970-7T 4+ 0.06 1; A
Bha = 2B + Aparer + ApN? Cgir —0.28 £ 0.41 £ 0.08 " 5200 5300 5200 5500
13 Smix  —0.08 £ 0.40 % 0.08 M0 (MeV/c?)




Penguin pollution roadmap: ¢4

10 De Bruyn, Fleischer, JHEP 03 (2015) 145
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— AL (Bq — J/yn)
nllX(B % J/wﬂ. )
(

— Adlr (B:i: — J/wﬂ.:t)
e AG(Bi — J/UK")
pl

H(B(uya) = J)b(x/K)) |

mm AL (BT — J/YK™)
—— H(B(sq — J/YKY)

210

Small penguin shift but

experimental precision is o(@g) ~
|.6° so must continue to improve

(@)

BEWARE OF THE

PENGUINS

Limited precision from Bs — J/1/Ks limited but can

place constraints on penguin size from direct/mixing
CP asymmetries (Acp) and ratios of BRs (H) of

B — J/{X decays, e.g.,

Mostly KTT detector
+ asymmetry

Acp(BT — Jap K1) = (0.09 £ 0.27 £ 0.07) x 10~
AP (BT = Jipr™) = (1.91 +0.89 £+ 0.16) x 102
[LHCb PRD 95 (2017) 052005] [LHCb JHEP 03 (2017) 036]

E + PA amplitudes must be neglected in B0 — J/i7t0

as they have no counterpart in B — [/i)Ks.These
effects are should be tiny and can be probed through

BO) — J/im0 and B0 — J/ip0 in the future

S(J/Ym0) o = 0.027 (stat) + 0.027 (syst)
A(J/YmO) o = 0.035 (stat) + 0.017 (syst)

[Belle-ll projections @ 50 ab-! from A. Gaz, P. Urquijo, L Li Gioi]




Penguin pollution roadmap: ¢s

Relax assumption that A/ = 1 (g/p)(As/Af) is same for all
(J/YK*K-)s polarisations = measure Af = | Af| exp(—igfs), but
this shows no sigh of polarisation dependence

[PRL |14 (2015) 041801]

SU@B ) s B — J/YK* and B — J/iyp0 are b — ccd transitions
(related by s-d spectator exchange). BV — [/i)p0 contains E + PA

diagrams that are not present in B0 — [/ K*

Measure penguin phase shift for each polarisation state,

e, L,1,S)

AGYS? = 0.000"
Ag?"? = 0.001F
A¢Y? = 0.003*

0.009
0.011

0.010
0.014

0.010
0.014

(stat)

+0.004
—0.009

(stat) -

( tat) -

(syst) rad

-(0.008 (syst) rad
-(0.008 (syst) rad

|5

[JHEP 11 (2015) 082]

Small penguin shift (~0.06°)
to be compared with
current experimental

precision is o(¢,) ~ 0.03 rad

_[HEP 11 (2015) 082]
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BEWARE OF THE
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[JHEP 03 (2018) 140]

77 from loop-dominated Bs? decays  wecovumsa

Measure CPV phase from mixing + decay in B — (K*7t = )(K~1t*) [ s |SM < 0.02 rad
Bartsch et al., arXiv:0810.0249]

and BV — gbgb — (K+K_ )(K+K_ ) Compare to BYs — ]/QDQD Beneke et al., NPB 774 (2007) 64]

‘Cheng et al., PRD 80 (2009) | 14026]
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¢s94 from B0 — (K+mt— (K- T1*)

|7

[JHEP 03 (2018) 140]

Flavour-tagged (€w.s~5%), decay-time dependent amplitude analysis of the 4-body final state (6D to analyse)

Rich structure of interfering scalar/vector/tensor K7t resonances in By — (K*7t = )(K~7t*), including

Ko'(1430)0, K'(892)0, K>"(1430)0

Excellent hadron-PID for bkg suppression

— 7T — T
1200 | B B! - (K'n (K™ 7t
LHCb B’ - (Kt )(K 7t
[ B’ > (K'm)(K K
B - (K'n) ()
B! > (K'm)(K K"
B A @)K )

Ru n I B Partially reconstructed
400 o Combinatorial
N S8 6000 Total Model
200 —4— Data
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¢s94 from B0 — (K+mt— (K- T1*)
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— Total PDF —
i SS _
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Sz :
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[JHEP 03 (2018) 140]

Parameter Value
$9 [rad] | —0.10 £0.13 £0.14
| 1.035 4 0.034 4 0.089
ector/ Vector
‘)I Y 0.297 £ 0.029 £ 0.042
5‘6 [rad] 2.40 £0.11 4+0.33
V' [rad] 2.62 +0.26 +0.64
Scalar /Vector (SV and VS)
oY 0.329 £+ 0.015 4+ 0.071
Vs 0.133 + 0.013 4+ 0.065
6%V [rad] | —1.31 £0.10 £0.35
§V® [rad] 1.86 4+0.11 4 0.41
Scalar/Scalar (SS)

o0 0.225 £ 0.010 £ 0.069
§°° [rad] 1.07 +£0.10 £0.40
Scalar/Tensor (ST and TS)

for 0.014 4 0.006 4 0.031

s 0.025 + 0.007 4 0.033
61 [rad] —23 +£04 +1.7
61 [rad] | —0.10 £0.26 4 0.82

Systematic uncertainty dominated by modelling the angular efficiency from simulation

First CPV
results

Small
longitudinal
VYV fraction

+ other results for fractions/phases
of other Q2B amplitudes



¢s5 from B? — pp — (KK~ YK+K~)
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-0.012 (stat) £ 0.004 (syst)
-0.012 (stat) +0.004 (syst)

[LHCb-CONF-2018-001]

2011-2016 dataset

4E- ,.
g _ 8 A VR W
_ B
2 1078 LHCDb Prelimi
S - reliminary
§ 10 :_ Nsig 8000
= /N
§ 10 ;; d ‘F" +s
'_8 i R e - :.: /// ~~~
F§ 1 é__:___:_.: — — T
- 0 — HnK
b Ny opK Y
10'2_ ||||||||\
5200 5300 5400 5500 5600
M(K*KK*K) [MeV/c?]

SS
Ps

A

—0.07+0.13+0.03 rad
=+ 1.02+0.05+0.03

Dominant uncertainty from knowledge mass shape and
angular/time efficiency from simulation/control samples



b—cud(s) and b—ucd(s)

Tagged, decay time dependent Bs)? — D(s)*h* are sensitive to v £ 2s)

without penguin pollution. Taking (s) from b—ccs transitions we can
measure V. r(Dm) ~ 0.02, r(DsK) ~ 0.4

Data-driven time efficiency, tageing and resolution calibration. Yields
increase by ~4 after Run 2 (hadronic trigger eff and Owp 8 = |3 TeV)

Ultimate precision:

20

B0 — D+ Sy (%) Sy B
Belle [11] 68429412 314£30+12 3
Babar [10] —2.3+t 4.8 + 1.4 4.3 T 4.8 +1.4 §
This ana,lysis 5.8 2.0x1.1 3.8 £2.0££0.7 g

@300/fb expect o(y)~1° = use vy as input and measure [

Need improved Ams), currently statistics limrted — require better
understanding of LHCb length/momentum scales (~0.03%), more
simulation (LHCb k-factor correction), vertex resolution (Belle-Il) and fit

biases (LHCb+Belle-I)

Q1200 """"_'+'_'D't"" 15
~ ala T
= 1000 LHCb Total fit A -
= | A Signal B} — DIk~ | %
S 800 B> DIFK™ S
= Bl B, —> Dy (7'.p) | &
— 600r Bl B, - D'(K* ") S
% 400 A4-DIp |
ﬂ_,é A — .AC (K.+,7[+)

o 200 I Combinatorial -

2 N(B® = Ds¥K#) ~ 6k

@, .

201 1 oty d
bt A RIS
5300 5400 5500 5600 5700 5800

m(D~K*) [MeV/c?]

~ M0 —
0 45k ﬂ T
% 40E- LHCb o
> ﬁ —4+— Data >
o 35 T o
< - —— Total i
S 30 A T B’D'K* 5
Q o N B’ =Dt =
= 25 _
- - a B’—D"p* s
§= 20 R I Combinatorial 3
S 150 B’—D 't

10F

i3 N(B® — D=Tt) ~ 480k

00 5200 5300 5400 5500 5600 5700 5800 5900 6000
D't mass [MeV/c?]
Joint analysis for y? [Fleischer, NPB 659 (2003) 321]
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HFLAV

68% CL contours

(Alog £ =1.15)

Most precise, statistically dominated, measurements of (45 from b—ccs
transitions — look forward to Run-2 updates (and LHCb-upgrade)

B — J/WKK, B® — J/iprm, ... CMS 19.7 fb~!

and B — J/iKs+ higher [cc] modes
Roadmap to control penguin contributions defined (U-spin, SU(3)y

LHCb measuring ¢s using penguin-dominated modes — promising precision
0.06

Ere
¢ [rad]

B — ¢¢p and Bs® — (Kmt )(Kmt)

Future:

- need improved measurements of B-mixing parameters/lifetimes

? pengum -free b—clid transitions (e.g., Bs" — DOKS BO — DOrt*1r~) will become mterestlng
- - .’* - S ~ Qm’ P" )ﬂ.‘“ﬁ :5\\,“9'[ :
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-~ f/\ﬁ‘ ..‘ p ﬁ I [AIso see tél](S from Kerl Matt, Tom and Marina in this session]
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¢(1020) is mixture of SU(3)r octet and singlet — how to g
handle this in SU(3) analysis of B0 — [/ ? Marcins i )
Option: use b—ccd modes such as BV — ]/gbK* and BV — ]/gba) é;?
What about B.’ — J/ipw with predicted BR ~ 6x106 2 = will ~~ 20
require good mass resolution, which is ~3x worse than B0 — |/ 0
YT [Gronau, Rosner, PLB 672 (2009) 349]

5

With 300/fb, we could look at w — uy, giving better resolution

and low background
BB’ = Jpw) = (2.41 -

Penguin pollution roadmap: ¢

N
S
L

o
-
I T 1

(@)

BEWARE OF THE

- 0.52 (stat) Ty 52 (syst) =

, ] | PENGUINS
[ B Jfjw LHCh 4 5
W — T T 110 _e
(0 0)
- 1 9
~ 100 events/tb in Run | - =
1 &
| 1w
3
vl " -

— | ! ‘ ’_‘_‘ —

Om 'T 23 I\/Ie\/I —

N 5.2 54 5.5 5.6

53
m (J /LP (L)) GeV/c?

- 0.30 (BBO%J/pr)) X 10_5

Search for B? — [/, with predicted BR ~2x107, which proceeds only via E + PA diagrams, which can

tell us about comparisons between B¥ — J/i)¢p and B? — J/i/K*

B(B" — Jhpp) <1.9x 1071

22 [LHCb, PRD 88 (2013) 072005]



Pengiun-free modes

Time evolution of e.g.,, BO—Dh0 decays governec

by p with

no penguin contribution — provides SM re

23

‘erence



¢a from b—cud transitions

[Belle+BaBar, PRL 115 (2015) 121604]
[Bellet+BaBar arXiv:1804.06152]

Dominant systematic from vertex reconstruction, peaking backgrounds (and D — Ksmtt Dalitz model)
[Bondar et al., PLB 624 (2005) I]

BO—D®h0 s difficult at LHCb due to v's in h? decay so target for [PRD 92 (2015) 032002]
upgrade-l, -ll is time-dependent Dalitz analysis of B0 — DOrt+1t— and S E' T~ LHCbI E 10°
B9 — DOK*K-, which measures cos2f3 and sin23 when D — CP (% 101 ~
eigenstate [Latham, Gershon, JPG 36 (2009) 025006] O g B - DO —s K+77 — :

Y W e &= 10

| oY == .
Ultimate precision @ 50 (300) fb-!: = ol g -
o(sin2B) ~ 0.018 (0.007) and o(cos2p) ~ 0.030 (0.017). Need to i= . E
model TtTt S-Wave [LHCb upgrade-ll physics document, in prep] : i E 1
Model-independent D — Ksmimt can give o(B) < 1° 2B S T i

s W = g L R R S Y~ |

15 . 20 2
24 m2(D 1) [GeV/c*]

[Bondar et al., JHEP 03 (2018) 195]




¢s from b—cud transitions

B — DYKs: no possibility of penguin pollution (r ~ 0.02), but
typically requires knowledge of y, so expect some biases.
Theo retica”y Cleaner by X I (IFIeischer, NPB 659 (2003) 321] [Fleischer, PLB 562 (2003) 234]

B(BY — D'K")
B(B(s) - D*()k())

Future:

- (0.5 (stat)

- 0.3(syst) = 0.3(frag)

[.0(stat)

- 0.3(syst) £+ 0.2(frag)

- improved Ks reconstruction

- inclusion of more D decay modes, including multibody D

I O.6(n0rm):

I O.4(n0rm):
fs/fd and BR(BO = DOKS)

decays, either model dependent or independent.

25

[LHCb, PRL |16 (20I6) 161802]

x 10~
x 10~

| | | | | | | | | | |

e BO N DOKO -

—(S)

B> D'D’pK, -
[ 1B’-> D’D VK, -
- B!— D (D nO)KO

[ ]B"-> DD’ nO)KO -
B B> DK™ __
1B’ DK™ _
Bl Combin. DKY) -

B KK -

Events / (9 MeV/c?)

S 5.2 _5.4 5.6 5.8
m(D°KQ) (GeV/c?)

3.0/fb

~500 Bs — DOKS
~250 Bs = DO*KS DV — Kt



b—cud(s) and b—ucd(s)

B0 — Ds)*h* are sensitive to v + 255 without penguin pollution.Taking
Ps) from b—cCs transitions we can measure y. #(D7t) ~ 0.02, r(DsK) ~ 0.4

Data-driven decay time efficiency, tagging and resolution calibration.
Yields increase by factor ~4 after Run 2 (hadronic trigger efficiency

and Op, 8 — |3 TeV)

30 - Demre Sy (%) Sp 3
Belle [11] 68429412 314£30+12 3
Babar [10] —23x48=x14 43x48=x14 =3
This ana,lysis 5.8 2.0x1.1 3.8 £2.0££0.7 g

Ultimate precision:

26

@300/fb expect o(y) ~0.4° = use vy as input and measure [

Need improved Ams), currently statistics limited — require better

understanding of LHCb length/momentum scales (~0.03%), more

simulation (LHCDb k-factor correction), vertex resolution (Belle-l) and fit
biases (LHCb+Belle-Il)

Q1200 """"_'+'_'D't"" 15
< ata =
= 1000 LHCb Total fit A -
= | A Signal B —» DK~ | %
S 800 B> DIFK™ S
= Bl B - Dy (m.p") | &
— 600 Bl B, - D'(K* ") S
% 400 Ay D7 =
8 - Ab — Ac (K+97[+) B

:-3 200 I Combinatorial -

2 N(B® = Ds¥K#) ~ 6k

@) .

201 1 oty d
b 1T} R L RS SR
5300 5400 5500 5600 5700 5800

m(D~K*) [MeV/c?]

~ O —
0 45k ” T
% 40E- LHCb vl
> - H —+— Data >
o 35k T o
< - —— Total i
5 30p A B°—D'K* 5
g 50 ff ek 5
. v - o
4= 20 = o Combinatorial 3
S 150 B’—D 't

10F

i3 N(B® — D=Tt) ~ 480k

i

00 5206 5366 5400 5500 5600 5700 5800 5900 6000

D't mass [MeV/c?]

Joint analysis for y? [Fleischer, NPB 659 (2003) 321]



¢a from b—ccd transitions

+ -
D'D S, vs C., ¥

[PRL 117 (2016) 261801] Cep

ay — Total i N\

8 350 F LHCD Tl 1 .l 7 _
g 300 (a) ..... BO N D+ D~

i 250 Nsi g~ | .6k --- B g — D T D~ 0.2 \ -
= 200 -.- Comb. bke. | |
SN o O . +

? ;50 BS _> ‘DS .D ]
=100

3 1

<

o

-

Ay

@,

SO B _ - ‘ =Y ]
5200 5300 5400 5500 ; 4

mp+ p- ( MeV/c?) 0.4 Belle outside of physical /77777

region — large penguin??

r 0.2 0.4 0.6 08 1

Contours give -2A(In L) = Ax® = 1, corresponding to 39.3% CL for 2 dof

40 evidence for CPV in B0 — D+D -

Use ¢ from b—cCs as input to compute the penguin phase shift

27

phase shift due
to penguin

A¢p = —0.16 757 rad

consistent with no
penguin pollution

[Belle, PRD 86 (2012) 071103]
[Fleischer, EPJC 51 (2007) 849]
[Jung, Schacht, PRD 91 (2015) 034027]
[Bel et al., JHEP 07 (2015) 108]




Production asymmetries
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A, (B’
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[PLB 774 (2017) 139-158]

Source Ap(B™) | Ap(B”) | Ap(B)) | Ap(A})
Signal mass shape 0.0016 0.0005 0.0036 0.0024
Decay-time bias 0.0000 0.0000 0.0008 0.0004
Amg , Amg 0.0000 0.0001 0.0014 0.0007
Decay-time resolution 0.0000 0.0000 0.0026 0.0014
Final-state radiation 0.0000 0.0001 0.0000 0.0001
Decay-time reconstruction efficiency 0.0000 0.0001 0.0000 0.0001
Combinatorial background mass shape 0.0003 0.0000 0.0004 0.0003
Partially reconstructed background mass shape | 0.0000 0.0000 0.0029 0.0015
Al 0.0000 0.0000 0.0000 0.0000
Ap(K™) 0.0018 0.0000 0.0000 0.0013
\q/p|Bo, |q/p|Bo 0.0000 0.0009 0.0021 0.0013
Uncertainties from fragmentation fractions 0.0000 0.0000 0.0000 0.0058
Difference between w,; or w?"‘ta 0.0003 0.0003 0.0003 0.0003
Neglecting term with Ap(Z;) in Eq. 3 0.0000 0.0000 0.0000 | 0.0071
Validity of N, = N3 in each bin 0.0000 0.0000 0.0000 0.0032
Acp(BY — JWp K™T) 0.0028 0.0000 0.0000 0.0028
Ap(K?) 0.0001 0.0000 0.0000 0.0002
Total systematic uncertainty 0.0037 0.0011 0.0059 0.0108

Ap(B®) imrrev = 0.0044 + 0.0088 (stat) + 0.0011 (syst)

Ap(B?) ssestv = —0.0140 £ 0.0055 (stat) & 0.0010 (syst)

Ap(BY) jsertev = —0.0065 £ 0.0288 (stat) & 0.0059 (syst)

Ap(B)) s—stev =  0.0198 £0.0190 (stat) & 0.0059 (syst)




ALg= 0 ?

Measurements of 5¢= sin2f assume Al 4= 0

Igo,;—Iposy  Spsin(Amt) — Cpcos(Amt)

ACP (t) p—

P§0—>f +1'po_s¢ N COSh(AP t/2) + AAr Sinh(AF t/2)

Measure Al ; by comparing decay time distributions

of BO — J/WK* + BO — J/{Ks

[Gershon, |PG 38 (2011) 015007]

Al 4+ 0 could explain the DO dimuon asymmetry

29

Acp = CqA%, + C A%

[Borissov, Hoeneisen PRD 87 (2013) 074020] [DO, PRD 89 (2014) 012002]

. 0.6
O ~ ¢ Data -
C 0.55F v — Fit =
- \s=8 e I +1o band
0.5:— det=203fb'1 +26 band—
0.45F- =
0.4F 7
0.35F + I
0.3 =
— AI‘ ~
0 25:_ —d — (—O]. + 1.1+ 09) X 10_2 =
Ot atLas La .
T | I T I I ]
T T S S S S

B
I—prop [mm]

sXAlglla=(—2 T 10. ) x 10-3 [Hrav]
SM Ard/rd — (_3.97 1 0.90) x 10-3 [Artuso et al]

[also LHCb with only 201 | data, JHEP 04 (2014) | 4]



Polarisation-dependent ¢ i

jl PENGUINS
. . o . ||
Penguin pollution and/or CP violation could be different for J/1é + S-wave
. . 0
each polarisation state, f€ (0, L, I, S) B
[Bhattacharya et al., JMP A28 (2013) 1350063] ¢mixL
[Liu et al., PRD 89 (2014) 094010 —0
[Fleischer; ... B,
Relax assumption that Af=1¢(g/p)(As/Af) is same for all e
S : P(J = (=1)"|J
(J/YK*K-)r polarisations = measure Af = | Af| exp(—igf) CP| Ifbd)e (=1)"| ) e
No sigh of polarisation dependence — penguins Parameter Value
are Sma" /\O| 1.012 £ 0.058 = 0.013
)\”//\O| 1.02 +£0.12 4 0.05
. L. . /\'L/)\O| 0.97 £0.16 £0.01
Ultimate precision: Need to monitor stat + syst AS /0] 086 +0.12 +0.04
correlations between these parameters and others d>% rad| —0.045 £ 0.053 4 0.007
O -
( S 7 f ) i ]/ED 5 q5;L — (/5(9) rad] —0.014 4+ 0.035 4 0.006
alternative parameterisation [van Leerdam, CERN-THESIS-2016] ¢§ — ¢)2 [rad] 0.015 4 0.061 = 0.021
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Bs* — J/i¢ systematic uncertainties

[PRL |14,041801 (2015)]

Source I's Al'g 1A |? | Ag|? q) ) bs Al Amg
[ps™']  [ps™!] rad]  [rad]  [rad] [ps™1]
Total stat. uncertainty 0.0027  0.0091 0.0049  0.0034 fggg fg-{ﬁ 0.049 0.019 Tp022
- 0.004
TS (s 0.0001 -
0.0001 0.0004 00002 002  0.02 0.001
0.0005 = - - - ~ - = —
Angular resolution bias - - 0.0006 0.0001 T90%  0.01 - - -
Ang. efficiency (reweighting) | 0.0001 - 0.0011  0.0020  0.01 ~ | 0.001 0.005 | 0.002
Ang. efficiency (stat.) 0.0001  0.0002 0.0011 0.0004 0.02  0.01 | 0.004 0.002 | 0.001
Decay-time resolution - - - - - 0.01 — 0.002  0.00I  0.005
Trigger efficiency (stat.) - . - -~ -~ -
Track reconstruction (simul.) 0.0006 T05 0.002 0.001 0.001  0.006
Track reconstruction (stat.) . - - — — - 0.001
ength and momentum scales  0.0002 - - - - - - — 0.005
S-P coupling factors — — — — 0.01 0.01 — 0.001 0.002
Fit bias - - 0.0005 - - 0.01 - 0.001 -
Quadratic sum of syst. 0.0015 0.0032 0.0036 0.0067 *00s  0.06 0.006 0.007 0.011

Next BYs — J/i¢ update will fix mass factorisation (new model). Backgrounds should scale
Angular efficiencies will continue to dominate = large MC and data control channels (e.g, B0 — J/{K*)

31

Lifetime efficiency — next slide



Systematic uncertainties: lifetimes

Major systematic will continue to be understanding - __[JHEP 08 (2017) 037
decay time efficiency = need large MC samples and 5 LE 5
£ F  LHCb 1

data control channels ? 6— B0 — J/WK+K- |
5 L4E :

Need improved measurement of B?, B+ = 3 + ;
o o ° ° = T-

lifetimes, which requires excellent control of 0.8 F + 4
absolute efficiency (LHCb) and vertex resolution 0.6 + —
Belle-II 0.4 E

( ) 0.2 =
7(B%) = |.518 £ 0.004 ps [HFLAV] OO- 5 1'0 -

7(B+) = 1.638 £ 0.004 ps Decay time [ps]

Absolute lifetime predictions suffer from uncertainties ~ mp?; lifetime ratios under better control
[Lenz, arXiv:1405.3601]

T(B;s)/t(B%) = 1.00050 + 0.00108 — 0.02250  [Jubb et al,arXiv:1603.07770]

7(Bs)/t(B°) = 0990 + 0.004 [HFLAV]
Next LHCb B.’ — J/i)¢ update will

32 measure oI,/ I'; )~ 0.005



MNP,S . SM,SAS

Impact on new physics "= M
As = |Agleis
ASM =1

33

| I | I | ' | B | | B I LI B B )
'

excluded area has CL > 0.68  excluded area has CL > 0.68

|

AT, &7 &7 (K'K) & 1,(Jyt )

SM point

CKM
- fitter
Summerid

2 NP in B, mixing - w/o ASL

1 1 I I I I | I I I |

‘ 'NP in B, mixing - w/o A
' SL

11 l L1 1 I | I 1 1 1

-2 -1 0 1 2 3 -2 -1 0 1 2

Re Aq Re A

w

Even given the constraints that show consistency with the SM, NP still allowed at the 10% level



P ® Qb ® E < < v
enguin contributions et

B4 :

S
Penguin contribution could lead to non-zero CPV in decay y > K

for b—ccs transitions. Currently Cr values in BY;) decays are

consistent with zero at few % E G “l
BﬂLE < Pl ) K

Most precise constraint from Acp(B+ — J/1)K*) but possible

suppression from small strong phase difference = more
information required

Acp(BT — Jhp K') = (0.09 4+ 0.27 £ 0.07) x 10~2
AP (BY = Jhpnt) = (1.91 £ 0.89 £ 0.16) x 102

Dominant syst from KTT detector asymmetry determination

Same argument for b—ccd transitions

(B*— J/ym+, B~ — D DO)

AY(B~— D D)

AP (B~ — D~ DY)
34

s )

t.c,u \\T/ \
. A N C

color singlet ~-__¢ T/
c

exchange

[LHCb PRD 95 (2017) 052005]
[LHCb JHEP 03 (2017) 036]

(—0.4
(2.3

0.5 + 0.5)%
2.7+ 0.4)%

[LHCb arXiv:1803.10990]




B? — J/tn® and DD

. eff, _ . eff —
Ty 0 Sep V5 Co % sin(2B") = sin(205") vs Cep=-Acp M

Cep=-A
CP CP
Cep ‘ | | | | !
| T T T T T - ,
! .. BaRar
0.4 . Bell |
: =% Average
0.2 r N

| L 1 1 1 |

j I 1 I 1 |
-0 0.2 0.4 0.6 0.8 1
-0 0.2 0.4 0.6 0.8 1 Sin(2Beﬂ) _ Sin(2¢?ﬂ
SCP Contours give -2A(In L) = Ax® = 1, corresponding to 39.3% CL for 2 dof

Contours give -2A(In L) = Ay =1, corresponding to 39.3% CL for 2 dof
[Belle-Il projections @ 50 ab-! from A. Gaz, P. Urquijo, L Li Gioi]

o(S) =0.027 (stat) £ 0.027 (syst)
35 O(A) = 0.035 (stat) £ 0.017 (syst) [Belle, PRD 86 (2012) 071103]



Penguin pollution roadmap: ¢s

[Bel et al., JHEP 07 (2015) 108]
1.0

— A&(B, = D; D)
A (B, — D;Dy)

0.9

Similar story for @s from Bs — D;D; decays

0.8

X ONN X X X
OO

AN AVAVAVAVAYAYA S

0.7

Use direct/mixing CP asymmetries and ratios of BRs
of B — D*D- decays to constrain size of penguins

N

0.6F

S 0.5F

0.4}

H observable is not theoretically clean due to
possible sizeable E+PA contributions

0.31

a=0.35011
0.2} 0 = (216°2)°
¢q = (60753)°
0.1Hz== 39% C.L.
—1 68 % C.L.
(c-2 90 % C.L.
000720 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
0 |deg]

penguin shift may be larger here...

Enhanced E + PA topologies, indications for significant penguin contributions — ultimately control
penguins for ¢, in Bs = DsDs decays

36 Future:Bs0 — Ds*Ds* and B0 = D*D*, need TD angular analysis [Fleischer, PRD 55 (1997) 259]



B.0 effective lifetimes

1.8

1/T su[ps]

Effective lifetimes of CP-even/odd final states constrain I g an .

give information on (s (ignores sub-leading penguins...)

AT, \27 , 2 _ ol |
TeffF —1+A S [2_(Af S) ]y8+... yS— ZFS 16:
[Fleischer, Knegjens, EPJC (2011) 1789]
1.5:
Tagged B'— /i@ will always dominate the precision for
mixing and lifetime quantities, but useful to measure 7. as
cross-check L0
> 300
= 250
Run 2 and beyond: time-dependent flavour-tagged analyses « = 200

become possible for some channels (e.g., with 300/fb, we could 3 10|

have 4% x 300k = ~12k tagged B — J/Un, n — yy candldates)a 100
g 50

0
37

Contours of A(log £) = 0.5

| B? s D.s' DH’ e ] / U7] | Summer 2017 |

\ By — J/yrm, J/ fo

w/%y
oL

llllllllllllllllllll

13 w
: LLHCDb _
: 2012 -
- 3.0 fb-! [ & E
E ~ 48 MeV =
: ‘ _
E *
5200 5400 5600

T (Jpn) =1.479 + 0.034 (stat) + 0.011 (syst) ps M7y 1) [MeV/e 2]

[+8% (9107) D79/ 91d]



LHCb run1 and 2

Integrated Recorded Luminosity (1/fb)

38

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2017

y

..........................................................................................................................................................................................
...........................................................................................................................................................................................

-----
...........................................................................................................................................................................................

e 2017 (6.5 TeV): 0.30 /fb |
o 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb
o 2012(4.0TeV):2.08/fb |
- s 2011 (3.5 TeV): 1.11 /fb
- , , , 2010 (3.5 TeV): 0.04 /fb
[ i i i i i i
2010 2011 2012 2013 2014 2015 2016 2017

Year

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ > >

LO Hardware Trigger : 1 MHz

readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
h* H/pp

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

.

Full offline-like event selection, mixture
of inclusive and exclusive triggers

~> <> L}

12.5 kHz Rate to storage




N tagged N wrong

Flavour tagging " Nonggoa + Vo N + Norom

etag2)2 — 6tag<(1 — Qw)2> Ostat (ACP) X 1/\/€effN

1.0- , ' : 1.0
Upgrade challenge: increase in track multiplicity and Belle sin(2¢,) LHC@% -
pile-up (~6 for upgrade-l and ~55 for upgrade-|l) that have o e
negative effect on w and e(tag) 0.8 (1 r—— _ 0.8
FT performance directly linked to the ability to associate PV A 07
< track.To improve/maintain tagging performance need: 0.6- §’ LHCb B, J/¢ 0.6
o . s 0.5 3
Hardware: timing information (upgrade-ll workshops) { “
0.4- N’ 0.4
. : ®
Software: deep neural netyvorks to learn correlations LHCD B JiiK? o
between all tracks and the signal B meson e
0.2- ® -0.2
Should be able to regain Run-2 performance in Run-3 by ATLAS BY— Jhbo
retuning algorithms and use of deep learning inclusive tagger 0.1
j LHCb unofficial ST
0.0- 0.0

0.0 0.1 0.2 0.3 0.4 0.5

39 “

[Heinicke, CERN-THESIS-2016-152]
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“In view of this situation it is safe to say that SU(3)r-based estimates
of the penguin pollution in B — J/i)¢ rest on shaky ground”

[Nierste CKM2016 arXiv:1704.04529]



¢s94 from B0 — (K+mt— (K- T1*)

-
S

[E—

——

acceptance / { acceptance )
S o o O
(\) ~ @)\ o0 (-

—————————
[LHCb simulation

RN TR R

L ek

O-\.*:.

[S—
[E— [S—
’

IM,,| [Arbitrary units]
© o o o o
b O 4 o0 O

—
™~

LHCb

S
o

| 1 N ! ] N
800 1000

41

1 ] !
1200

1400 1600
m(K ) [MeV/c?]

[JHEP 03 (2018) 140]

Parameter

Value

Parameter

Value

Common parameters

Vector/Tensor (VT and TV)

$2 [rad]
Al

—0.10 £0.13 4£0.14
1.035 = 0.034 == 0.089

Vector/Vector (VV)

A 0.067 + 0.004 + 0.024

vV 0.208 + 0.032 + 0.046

Jj}”‘” 0.297 4 0.029 + 0.042
5&” [rad] 2.40 +£0.11 £0.33
6V [rad] 262 +0.26 +0.64

Scalar/Vector (SV and VS)

oY 0.329 + 0.015 + 0.071

fvs 0.133 4+ 0.013 & 0.065
6%V [rad] | —1.31 £0.10 4+0.35
§V5 [rad] 1.86 £0.11 40.41

Scalar/Scalar (SS)

fSS
e rad]

0.225 £ 0.010 £ 0.069
1.07 £0.10 £0.40

Scalar/Tensor (ST and TS)

for 0.014 + 0.006 &= 0.031
frs 0.025 + 0.007 & 0.033
ra — 4. . .
55T [rad 23 +04 +1.7
61 [rad] | —0.10 £0.26 +0.82

o 0.160 + 0.016 + 0.049
it 0.911 4 0.020 £ 0.165
i 0.012 + 0.008 + 0.053
Y 0.036 4 0.014 =+ 0.048
iy 0.62 +0.16 +0.25
fii" 0.24 +0.10 +0.14
6g 1 [rad] | —2.06 £0.19 £1.17
61 [rad] | —=1.8 £04 £1.0
55@ rad] | =32 +£0.3 +1.2
6LV [rad 1.91 £0.30 £ 0.80
6V [rad 1.09 £0.19 +0.55
61V [rad] 0.2 +£04 =+1.1
Tensor /Tensor (TT)
i 0.011 £ 0.003 £ 0.007
. 0.25 4+0.14 +0.18
flilT 0.17 +0.11 +0.14
T 0.30 +0.18 +0.21
X 0.015 + 0.033 % 0.107
6¢ [rad] 1.3 +£05 =+1.8
oi " [rad 3.00 +0.29 +0.57
611 [rad 26 +04 =£1.5
§TT [rad] | 2.3 +£08 +1.7
011 [rad 0.7 +£06 +1.3
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44 from B0 — (K+t—- (K- 11+)

Table 4: Summary of the systematic uncertainties on the two CP parameters, the CP-averaged fractions and the strong phase differences (in
radians) for each of the components listed in Table E

42

Paramet er (pgﬁ rad] |\l A f|“"’ Voo l‘l VioogYV sV pvs SV gVS ]SS 4SS
Kﬂ S-Wave and higher Yield and shape of mass model 0.012  0.001 | 0.001 0.004 0.004 0.011 0.020 | 0.002 0.003 0.023 0.023 | 0.004 0.012
Signal weights of mass model 0.012  0.007 | 0.002 0.006 0.005 0.024 0.112 | 0.004 0.005 0.049 0.022 | 0.005 0.047
K* resonances Decay-time-dependent fit procedure 0.006  0.002 | 0.001 0.006 0.002 0.007 0.017 | 0.003 0.002 0.007 0.027 | 0.001 0.009
Decay-time-dependent fit parameterisation 0.049  0.013 | 0.021 0.025 0.026 0.187 0.202 | 0.042 0.029 0.159 0.234 | 0.064 0.227
Acceptance weights (simulated sample size) 0.106  0.078 | 0.004 0.031 0.029 0.236 0.564 | 0.037 0.039 0.250 0.290 | 0.015 0.256
Other acceptance and resolution effects 0.063  0.008 | 0.005 0.018 0.005 0.136 0.149 | 0.006 0.004 0.167 0.124 | 0.017 0.194
Production asymmetry 0.002  0.002 | 0.000 0.000 0.000 0.001 0.017 | 0.002 0.002 0.002 0.008 | 0.000 0.002
Total 0.141  0.089 | 0.024 0.046 0.042 0.333 0.641 | 0.071 0.065 0.346 0.405 | 0.069 0.399
Parameter S N S C R N A S ¢ IIVT N A lrIN 0g " ()l‘l7 ort & Oﬁ‘ 01"
Yield and shape of mass model 0.002 0.004 0.111 0.023 | 0.001 0.003 0.001 0.001 0.043 0.025 0.023 0.055 0.110 0.053 0.018 0.065
Signal weights of mass model 0.004 0.006 0.151 0.105 | 0.002 0.003 0.001 0.001 0.043 0.029 0.025 0.131 0.126 0.080 0.073 0.150
Decay-time-dependent fit procedure 0.001 0.002 0.248 0.017 | 0.002 0.004 0.002 0.002 0.008 0.005 0.012 0.069 0.025 0.062 0.017 0.030
Decay-time-dependent fit parameterisation | 0.006 0.017 0.736 0.247 | 0.011 0.053 0.019 0.008 0.080 0.048 0.286 0.308 0.260 0.260 0.228 0.405
Acceptance weights (simulated sample size) | 0.014 0.015 1.463 0.719 | 0.026 0.145 0.054 0.027 0.199 0.102 1.117 1.080 0.888 0.712 0.417 0.947
Other acceptance and resolution effects 0.002 0.003 0.184 0.226 | 0.015 0.024 0.004 0.005 0.045 0.017 0.163 0.168 0.191 0.229 0.246 0.171
Production asymmetry 0.001 0.001 0.037 0.026 | 0.001 0.003 0.001 0.002 0.012 0.006 0.015 0.030 0.018 0.003 0.007 0.041
Total 0.031 0.033 1.688 0.817 | 0.049 0.165 0.063 0.048 0.252 0.143 1.171 1.159 0.970 0.802 0.546 1.076
Parameter frr gt f“7;T ff;r fl]".;T 6T (511|r]T OIIT (517I;T ()IZ
Yield and shape of mass model 0.000 0.045 0.019 0.037 0.002 0.038 0.027 0.009 0.079 0.114
Signal weights of mass model 0.000 0.066 0.025 0.024 0.002 0.147 0.046 0.112 0.123 0.215
Decay-time-dependent fit procedure 0.001 0.022 0.022 0.014 0.004 0.127 0.036 0.068 0.058 0.040
Decay-time-dependent fit parameterisation | 0.005 0.051 0.071 0.113 0.038 1.213 0.199 0.685 0.820 0.476
Acceptance weights (simulated sample size) | 0.003 0.135 0.110 0.127 0.077 1.328 0.454 1.348 1443 1.161
Other acceptance and resolution effects 0.002 0.031 0.028 0.056 0.024 0.226 0.275 0.156 0.343 0.301
Production asymmetry 0.000 0.002 0.001 0.008 0.003 0.005 0.002 0.062 0.015 0.043
Total 0.007 0.176 0.142 0.205 0.107 1.825 0.573 1.546 1.706 1.330
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2011-2016 dataset

Parameter Result I AR s A | | o
SSS e | L L 0 S
p>* (rad ) —0.07+0.13 ) 1.00 | 0.14 | 0.13 | -0.03  0.02 | 0.01
A 1.02 + 0.05 A |? 1.00 | 0.01 | -0.45 0.00 | -0.03
A 2 0 287 + 0.008 0| 1.00 | 0.00 -0.26 | -0.15

L‘Q Ao|? 1.00  -0.01 | 0.01
Ap] 0.382 + 0.008 A 1.00 | -0.05
0, ( rad ) 2.81 = 0.21 Ps 1.00
5” ( rad ) 2.52 1 0.05 5 2

?‘841-8;— LHCDb Preliminary
Parameter | Mass model AA TA TR Fit bias Total 9?. o
Ao 2 0.0035  0.0098 0.0008 0.0001 0.0018 | 0.0106 of
A, |2 0.0021  0.0046 0.0007 0.0002 0.0012 | 0.0052 f B
5 (rad) 0.0128  0.0653 0.0049 0.0031 0.0179 | 0.0692 of
5, (rad) 0.0640  0.0100 0.0085 0.0064 0.0701 | 0.0960 0_6: |
655 (rad) | 0.0119  0.0072 0.0077 0.0035 0.0126 | 0.0206 By Efficiency from
A 0.0063  0.0217 0.0023 0.0053 0.0097 | 0.0253 o B — D.mt control
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Triple product asymmetries from Bs? — ¢p¢p
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sin & = (ﬁvl X ﬁVg) 'pVN

sin 29 = Q(ﬁvl ' TALVQ)(TAL\/l X ﬁVQ) ' ﬁVl

U = sindcosd

V = Sin(:

D)
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y _I'(U >0) -T'(U < 0)
" T I(U>0)+T(U < 0)
AV:F(V>O)—F(V<O)

'V >0)+I'(V <0




