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Mixing induced CP violation
in B, decays
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f‘. Large CPV is expected B B
f

in interference / \ \

B £

between B? decays B’
with or w/o mixing. \—/ \/A

Measurements of CP phase provide constraints to SM
parameters and probe for BSM physics
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B> J/y K

Dominated by tree b->c ¢ s transition

in SM S = sin(2f)

C(B(1) = J/wKY)

—T(B(t) - J/wKy)

Candidates / (1 MeV /c?)

A(t) —

= Ssin(Amt)— C cos(Amt)

[(B(1) — 1/yKY) + T(B(1) > 1/yKY)

PRELIMINARY

sin(2f) = sm(2¢l) e

BaBar ;
PRD 79 (2009) 1072009

BaBar ¥,
PRD 80 %osﬁ 112001

BaBar JAp (hadronlc)
PRD 69 (2004) 052001

Belle ;
PRL 108 (2012) 171802

ALEPH :
PLB 492, 259 (2000)

OPAL :

EPJ C5, 379 (1998)
CDF :

PRD 61, 072005 (2000)

LHCb
PRL 115 (2015) 031601

Belle5S :
PRL 108 (2012) 171801
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Signal yield asymmetry

LHCb with RUN I data (3 fb?)
41 560 + 270 candidates

0.73 = 0.04

0.57 = 0.58

0.69

0.41

0.79 *gan
+0.02
+0.06

+0.02

§ =0.731 £ 0.035(stat) + 0.020(syst),
C = —0.038 £ 0.032(stat) + 0.005(syst)
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PRL 115 (2015) 031601

B> J/y K prospects

g 3 . ZOIE:(GETeV)' 1.67 ffb 20121_.
T b |« mmaowvonm /
% F 2011 (3.5 TeV): 1.11 /b -
2fb (2015+2016) at 13 TeV already on tape [ e j:/ém
- more than double data yield b Y4
/7
Vb
. BT < SR N = L
Origin systematics os oo " " . * ™ Mot of year
Background tagging asymmetry 0.0179 (2.5%) 0.0015 ( 4.5%)
Tagging calibration 0.0062 (0.9%) 0.0024 ( 7.2%)
AT 0.0047  (0.6%) — -
Fraction of wrong PV component 0.0021  (0.3%) 0.0011 ( 3.3%) Small SYStemath
z-scale 0.0012 (0.2%) 0.0023 ( 7.0%) i 1 1
- B Cos (o ~ uncertainties, .\A’lll :
Upper decay time acceptance — 0.0012 ( 3.6%) decrease Wlth lncreaSIHg
Correlation between mass and decay time — —
Decay time resolution calibration — — data Samples.
Decay time resolution offset — — 7
Low decay time acceptance — — Currently dominated by
Production asymmetry — — back roun d ta in
Sum 0.020 (2.7%) 0.005 (15.2%) g gg g
asymmetry.

Higher tagging power available from new algorithms

Control of penguing contributions from measurementts in other
channels : 4.4
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Under approximated SU(3) symmetry
allow to control size of penguin
amplitudes in B’ J/y K

LHCb with 3 fb!
908 + 36 signal candidates

B(B?— JpKQ)/B(B® — Jhy K?)

0.0431 + 0.0017 (stat) = 0.0012 (syst) = 0.0025 ( fs/ fa)

Tagged time-dependent analysis
Cyi. = —0.28 + 0.41 (stat) = 0.08 (syst)
Smix = —0.08 £ 0.40 (stat) & 0.08 (syst)

Precision not yet sufficient to derive
constraints on Ad,4

Good prospects for RUN II
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Flavour tagging at LHCb

Determines B signal flavour at production, using informatior
from the rest of the event
Sensitivity o2t ~1/ Ve(1-2w)>*N ¢ tagging efficiency

o wrong tag rate

Many algorithms combined

Recently added/retuned OS charm, SS pion, SS proton
taggers

. SS pion
SS proton
Same Side

Opposite Side y B — @) os eor

b—ec

b— XTI~ \. 0S muon

0S electron

0S vertex charge
0S Charm




Same Side B flavour tagging

Exploit correlation of signal B flavour with charge of pions
(protons) from the hadronization process

BY Tt BY p or decays of excited
b d du bd duu States,eg. B**+>B0 rtt

———
—— Total
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Tagging algorithms tuned and 6 - Bakgomd ]

14 —

° C 12 é
calibrated on data using 2 B0 Dorpt

flavour specific B’ decay modes

Candidates / ( 0.003 GeV/c?)

61090 OIQL:ATY.I®

95 T 53 5.4 55
m(D 7+) [GeV/c?]
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—e— sig, training
g —e— bkg, training ]
== sig, test

Select pions (protons) from primary Foosf = =
vertex and train a BDT to separate '
right tag/wrong tag candidates

1
SSn
CCB DT

Convert the BDT output into a mistag probability associated

to that particle with a time-dependent analysis of flavour '
oscillations |

Nunmix (t) % Nmix (t)
Nunmix (t) + Nmix (t)

A(t) = = (12w) cos(Am t)

.‘lLH'Cb' (')<;7<6.25' o

14
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- 'LH'Cbl 045 < nl< 0s0

N
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Mixing asymmetry
Mixing asymmetry
.O
[\

|
<
)

arXiv:1610.06019

- R e g
o, 2 '- ? ,L' "‘_ﬁ“ 2 it m -
(8 ¢ = - o



R R T = - o " ) \".5-'."-‘."-». s T A A S oy T
Mlstag calibration checked on control samples

* Assume linear relation between true and predicted
mistag

e
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¥

arbitrary units
o

Mistag
probability

61090 01QL:ATY 1P

P E—

0.4 0.5
7,’SSn: nSSn

SS pion tagger gives +60% in tagging power wrt SS algorithm
used for RUNI B> ]/yKg analysis.

SS proton provides an additional +25%

Final performance depends on the kinematic properties of
the selected B’decays.
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;' 4\ B’ DD~

Measure sin(2f) from dominant, tree
level, b>c ¢ d transition

Sensitivity to higher order contributions
provide constraints to possible
additional CP phases.

Time-dependent decay rate

dr(t, d)
dt

S/V1—C? = —sin(¢g + Ao).

d==+1

ox e /T (1 — d S'sin (Amt) + d C cos (Amt)) e L

production

SM, at tree level:
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B’ DD~ previous results

DD S cp VS CCP 1FAC BaBar PRD 79 (2009) 032002
| | !PRELIMINARY N(BB) — 467 M
BaBar S=-0.63+0.36 +0.05

Average C=-0.07 = 0.23 = 0.03

Belle PRD 85(2012) 091106

N(BB) = 772M
S=-1.06*921_,,, +0.08
C=-043+0.16 £0.05

Not yet a constraint to
i i additional SM phases.

-1t2 1 -08 -06 -04 -02 O

Contours give -2A(In L) = AXZ =1, corresponding to 60.7% CL for 2 dof




2 (K'K*n") (Kt ), (Kntn')(KK™x)

 Two BDTs used to suppress combinatorial background.

* Requirements on decay time significance of each D to
suppress contamination of B>D Knrw and B>D KKxn
decays

350 F LHCDb — Total
--- B~ DD~
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B’-> D_*D"as control channel

Mistag probability calibrated on B> D D~ decays.
Similar selection as signal, to minimize kinematic differences

16 736 + 134 signal candidates (

Decay-time fit to B? flavour oscillations to calibrate all taggers §

B° = DE(K*K—a")D~ (K n")

_ LHCb — Total _ LHCh
: --- BY— DfD~ ]
- Bg—> D; Dt A

St ]
a --= Comb. bkg. 3 OS tagger only

07990 OIQL:ATY.I®

Raw mixing asymmetry

Candidates / (2.8 MeV/c?)

5400 5500
m s p-(MeV/c?)
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B> D*D~ decay-time fit

10% E

dr(t,d) _ _y

& (1 — d S'sin (Amt) + d C cos (Amt))

A
W

Convoluted with a decay-time
resolution derived from
simulation (~50 ps) and time _ « JM‘
acceptance with free parameters R

Candidates / (0.1 ps)

LHCb
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£(12w)*>=8.1 0.6 %
£=87.6+08% w=34.8:0.6% |

High tagging power due to
improved algorithms and
high p; of selected B’
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0.17
S =—-0.54 +0.16 (stat) £ 0.05 (syst) Exclude CP symmetry

= 0.26 7015 (stat) & 0.02 (syst) conservation by 40

Stat. correlation coeff. p = 0.48, larger than at B factories.

Main systematic from residual 2% B> D* K*K-m
background (assumed with maximal CP violation, opposite
to signal).

This result constrains the phase shift due to higher-order
SM corrections to

A¢p = —0.16 799 rad
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HFAG SU(3) symmetry relates Ad, to A,
ICHEP 2016

— " B%> D*D controls size of penguin

BaBar 3 5 o ‘

Belle contributions to B’ D_*D,

LHCb
Avel‘gage 1 Bel et al. arXiv:1505.01361,

Jung and Schacht arXiv:1410.8396
Gronau et al. arXiv:0805.4601

- see S. Akar’s talk

AEE (B, — Dy DY)
A% (B, — D7 DY)
¢a(Bg — J/PKQ)

A (B, — Dy DY)
A3E (B, — D7 DY)

1 1 1 1 i

-1.2 - -08 -06 -04 -0.2 0 0.2
Sce 4

Penguin:

(a,0)

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

LHCb result compatible with  U-spin
BaBar one. S

Ha,0)

B T aaL] L £t eSS P
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Comparison with Belle
hampered by non-Gaussian
uncertainties
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Phys. Lett. B742 (2015) 38
B> At

Penguin contributions are predicted to be enhanced in "
B J/y vt wrt to B J/pK

(b) >

& ¢ t,c,u ¢

b %E} ‘MP C} J/U‘)
]_3_0 {— W (_1}7(' ]_30 {b g}n_

‘ Nd} I gg}w

Six resonances considered in the B°=> J/n*n™ final state as
in a previous amplitude analysis

)

1400 ——T———F T T T

. —— N
> E E 2 LHCb * Data ]
2 700 LHCb 1 Suwf — =
" 6000 ERETY: ; -~ Background .
Z 3 g - t — - p(770) =
250 ERND B3 ' -l 1 Largest rate(~66%)
' 4000 1 E F i T o ] 0 0 ‘
- 0 r — .
-é 3000F 3 - i —— #(1700) 1 for B> ] / 'lpp (770)
2000 % E a B .
1000 F S hemrmgranoagngsacsd
0:."""":"1":-”;.. R SRR I .
5300 5400 5500 . 4 _ 174
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Time-dependent measurement, in each resonant final state

» Assume equal CP parameters for the three transversity states
of B> J/yp’(770) and a common CP parameter for all other
resonances

eff i 3 al, = 112l
287 (°) acp(x1077) CP 1+ Ail

p 41.7 £9.672% P —32+28"5
other — p 3.6+3.6703 other —1+25%7,

Phys. Lett. B742 (2015) 38
Difference wrt to B’ J/yKg

A2y = 2p11V0 — 2198 = (L09£0728)

Approximated SU(3) symmetry relates penguin contribution in
B> J/1yp" and B2 J/wé decays. Can limit the size of penguin
contributions in B2 J/y¢ to

Sp = (0.05x£0.56)°




Conclusion

Several mixing-induced CPV measurements in B’
decays at LHCb with RUN I data

Charmonium:

B J/y K, B’ J/v -, BO> J/¢y Ktn™
Open charm:

B> D+*D~, B2 D*n™ (see A. Birnkraut’s talk)

Exciting prospects with new RUN II data and
improved analysis techniques.

Higher trigger efficiency for hadronic modes will also
come with LHCb Upgrade

19
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Table 8
Comparison of Sy and Cy between different measurements.

Experiment f \Yi Cr
(=)

LHCb B — j/yp° ~0.6679 15003 —0.063 +0.056001°

(—
Belle [33] B — J/yn® —0.65+0.21+0.05 —0.08+0.16+0.05

(=)
BaBar [34] B?— J/yn® ~1.234+0214+004 —0.204+0.1940.03

Phys. Lett. B742 (2015) 38




