MEASUREMENTS OF ¢s AT LHCB
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Reminder of CP violation and B mixing

How we have measured
o BY = I
° B? — ht
° Bg
° B?

Future
e RO
° Bg

Controlling “penguin pollution’
- see following talk
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CP VIOLATION IN b — c¢s DECAYS + MIXING
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m CP violation in interference between mixing and bs oM —2arg (_%) = =2,
A L ts
decay: ¢s = —arg(\y) = —arg (%7?) #0 ¢s X' —0.0376 % 0.0008 rad [CKMFitter]

(T) Assuming we ignore sub-leading penguin contributions



$s FROM BY — Jhp ¢

w W s ptpT, ¢ KTK™

m Time-dependent tagged analyses (o ~ 45 fs, eD? ~ 4%). .
- - = 1z
m BY — Jib¢is P — VV decay so use angular information / . = - EN >
to disentangle CP-odd and CP-even components. V - - . [
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m Measure ¢, Ams,I's, AT's, [Af]. .. K+ A
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¢S FROM B? = J/w ¢ [PRL 114 (2015) 041801]

w W s ptpT, ¢ KTK™

m Time-dependent tagged analyses (o ~ 45 fs, eD? ~ 4%). .
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¢S FROM B? = J/w ¢ [PRL 114 (2015) 041801]
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m Consistent with SM. No sign of |Af| # 1
m Most precise measurement of lifetime parameters
m Dominant systematics from decay-time efficiency, angular efficiency and background subtraction



POLARISATION-DEPENDENT ¢ 7 [PRL 114 (2015) 041501

m Penguin pollution and/or CP violation could be different for each polarisation state, ¢ € (0, L, ||, S)
[Bhattacharya et al., IJMP A28 (2013) 1350063] [Faller et al., PRD 79 (2009) 014005]

m Relax assumption that \¢ = igﬁ is same for all (J/p KT K™); polarisation states.
iy A,

m Measure \' = |)\i|e’i‘l52

A Parameter Fitted value

Ay X 1.012 £ 0.058 + 0.013

Al IM/XO| 1.02 +£0.12 4+0.05

4 1/66 4 Sovave AL/ 0.97 +£0.16 +0.01

BO IAS /X9 0.86 4+0.12 +0.04
' ¢ [rad] —0.045 + 0.053 4 0.007
(bmixL_o I'— 9 rad]  —0.018 & 0.043 + 0.009
B, ¢t — ¢ [rad]  —0.014 + 0.035 = 0.006

¢S —¢0 [rad]  0.015 + 0.061 & 0.021

m Everything compatible with no polarisation dependence.
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RESONANT STRUCTURE OF BY — Jipntr™ PRD 59
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[PLB 736 (2014) 186

____________________________________________]
T 0.070 £ 0.068 £ 0.008 rad

[A77| 0.89 & 0.05 = 0.01

#SM = —0.0376 & 0.0008 rad

m Main systematic from knowledge of
7+t 7~ resonance model.

m Consistent result when measuring ¢s
using only decay time.

Assuming CPV in decay is same in both
channels and hadronic effects can be ne-
glected 9/19

¢s  —0.010 £ 0.039 rad
[A| 0.957 £0.017



¢s FROM B

[PLB 762 (2016

g

—
LHCb

& 1000~ B
> r ]
= soof j
o r ]
9 r ]
N 600 B
3 F BY = ¢(25)¢ b
g 400} N ~ 4700 {
5 r ]
& 2001 —
o r ]
0 5350 5400

L [ps]
AT [psfl}
¢s [rad]

[Al

MWEIK*K") [MeV/c?]

0.668 £ 0.011 % 0.006
0.041
0.06615-54) £ 0.007

0.2370-29 +0.02

+0.069
104575059 +0.007

Candidates/ (0.274 ps)

Candidates/ (0.1)

F T E| ~ 300
LtHeo 3 3 250k
3 ] g
E E S 150f
; R
L 100F
l? i\\ 3 O £
E R INN
o ‘ ~ T
10 L 10
t{ps]
: . . .
TS REY B b
2 | < L
200 + t + E 200F
£ B ] (=} £
10 _~7 ~~_ 4 =W
£ CP-even ~J 7
100F-- CP-odd LHCb'_ 4 L 1 E
e ] E g
ot e o L ] g of h ; ;
~1 -05 0 05 1 5 5 5
cosB, ¢ [rad]

m Replace Jy — 9(2S) (factor ~ 20 reduction in yield).

m Use B — 9(258)K* to determine decay-time efficiency.

m Resolution from sample of prompt J/p K+ K~ events (~ 45 fs).
» Flavour-tagging e(1 — 2w)? = (3.88 £ 0.18)%. 10/19



$s — ATy GLOBAL COMBINATION

=i
014 D@ 8 fb HFAG
SM _ -1
— o012 68% CL contours AITY = 0.088 £ 0.020ps
‘U) (A log L£=1.15) AT's = 0.085 £ 0.006 Ps_l assumes no NP in Bg mixing
2, 1
—— 0.10} | CDF 9.6 fb ¢s = —0.030 £ 0.033 rad [Artuso et al. arXiv:1511.09466]
“
—~
< 0.08 m Still room for NP at ~ 20% [see Zoltan’s talk].
m As precision improves, need to control penguin
0.06 ATLAS 19.2 1" pollution (see next talk).
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ICHEP 2016 ¢Sccs [rad]
Mode $%¥[rad] ATg[ps™ ! ] Ref. Exp
BY = Jqp o [—0.60, +0.12], 68%CL  +0.068 =+ 0.026 =+ 0.009 PRL 109 (2012) 171802  CDF (9.6fb 1)
BY — Jlpd —0.55 =+ 0.37 +0.163 + 0.065 PRD 85 (2012) 032006 DO (8.0fb~ 1)
B, — JYo —0.090 + 0.078 £ 0.041 +0.085 +0.011 =+ 0.007 JHEP 1608 (2016) 147 ATLAS (19.2fb_1)
= Jpe —0.075 £ 0.097 £ 0.031  +0.095 =+ 0.013 = 0.007 PLB 757 (2016) 97 CMS (19.7fb 1)
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CP VIOLATION IN CHARMLESS BY DECAYS (PRD 90 (2014) 052011]
&

s BY — ¢¢: b — s penguin decays sensitive to NP in the loops. S
2 7 09 b 2 8 penguin decay . S sSsISM < 0,02 rad
m ¢ — KK: 5 different polarisation amplitudes = angular analysis.
. . [Bartsch et al. arXiv:0810.0249]
m Decay time resolution: ~ 43 fs.
m Tagging power: (1 — 2w)? = 3.04 4 0.24%

m Angular efficiency from MC.

[Beneke et al. NPB 774 (2007) 64-101]

[Cheng et al. PRD 80 (2009) 114026]
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[See dedicated talk from J. Garcia Pardinas on Bg — (Ktx7) (K~ =)



Future potential for measuring ¢j



— ¢ntn~ AND BY — ¢ K"K~ (HIGH MASS)

[arXiv:1610.05187]

P T 3 [PRD 87 (2013) 072004]
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m In Run-1, observed B? — ¢rtn— (Nsignal ~ 700). m(K'K ) (GeV)
= Gluonic penguin dominated decay, can measure m Significant contribution from above the
¢5°° with tagged, time-dependent measurement. $(1020) region

m Need more data from Run-2. m Need similar analysis to B — JapnT 7~ [PLB 736

) (2014) 186].
B(BY — ¢£5(980)) = (1.12 4+ 0.1675-5% +0.11) x 10~°

B(BY - ép) = (274 0.7+ 0.2409) x 10-7 m Expect update with full Run-1 sample.
s = (2. . . .



OBSERVATION OF BY — ’7](¢ [LHCB-PAPER-2016
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OBSERVATION OF B() _> ] C LHCB-PAP 2016-056, PRELIMINA
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BY? — Jhpn(— v7) EFFECTIVE LIFETIME [PLB 762 (2016) 454-192)

m CP-even eigenstate — no angular analysis necessary to

G 5005 4

measure ¢s. % E LHCb 1

m First step: measure I'y, from decay time distribution. S 400 BY — J/n =
m Mass resolution ~ 48 MeV/c? — overlapping B® — J/in 3300; N ~ 3000 E
component. B F ]

B 2008 3
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LIFETIME GLOBAL COMBINATION

Contours of A(logL) = 0.5

— 0.257 il . — 0.6648 +0.0020 ps—* | AT = 0.085 + 0.006 ps~*
)
El- AFEM = 0.088 4+ 0.020 pS71 assumes no NP in Bg mixing
w 0.20}
L4 [Artuso et al. arXiv:1511.09466]
0.15 m CP-even + CP-odd: BY — Jiho
m CP-even: BY — DDy, BO — Jjyn (L)
0.10 m CP-odd: BY — Jjp £o(980), B — Jipntn~ (T'y)
m Flavour-specific:

BY — Dynt,BY —» D7 i1y, BY — Dy Dt
0.05
m Absolute lifetime predictions suffer from

uncertainties o< mg [Lenz arXiv:1405.3601]

0'0(())762 066 0 ‘70 074 m Lifetime ratios under better control [Jubb et al,

1 arXiv:1603.07770]
ICHEP 2016 Fs [ps' ]
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SUMMARY

m LHCb has made leading measurements of ¢ and lifetimes in the B system using Run-1 data.

m Now exploring other modes beyond the “golden” B? — J/ip ¢.

m Precision expected to reach ~ 0.01rad at end of Run-3 (LHCb upgrade era) [see talk from V. Chobanova].

m Next steps: essential to control contribution from “penguin pollution” [see talk from S. Akar].
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004 F e :
0.02F .
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[See previous talks for information about ATLAS/CMS results]
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TYPICAL ANALYSIS INGREDIENTS

Ve . ) M
F?n';‘:’: Particle ID Calorimetry)| d:tZZtion
I’ A —; = T a. | o Tagged mixed
o(IP) ~ 20pm ; - o Tagged unmixed
Sp/p =0.4-0.6% e
oo < 400 — Fit mixed
‘% | 4 MER aq Fit unmixed
=] H
g |
8 2001 ;
TRACKER [ T X N 0 ‘ .
bl m T 1 0 1 2 3 4
s Magnet J decay time [ps]
Decay time resolution (~ 45 fs) : Ams = 17.768 4 0.023 % 0.006 ps—
Tagging the B meson flavour (eD? ~ 4%) = oscillation period of 350 fs
.
Angular efficiencies (for P — V'V decays) P(tlot) oc [Feirt 2 [cosh(AT't'/2) + Dcos(Amt’)]] ®
/
Control backgrounds using B sidebands G(t —t'|ot)



Use prescaled sample of prompt-JipK+ K~

resolution model.

events to determine

Candidates / (0.071 ps)

Double-Gaussian, with width scaled by per-event error.

Simulation: (osignal)

A (ogPrOmPpty ~ 45 ps

If (o) ~ 45fs = D ~ 0.73; If (o) ~ 90fs = D ~ 0.28

Use BY — JWp KT K~
with no lifetime cut to
understand trigger efficiency.

events

Acceptance

08f
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04F

02f

DECAY TIME RESOLUTION AND EFFICIENCY

[PRL 114 (2015) 041801]

Decay time [ps]
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1 1 O 1 1

1

10
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1

10
Decay time [ps]
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FOR NEW PHYSICS? [STRAUB, 2016 LHCB IMPLICATIONS WORKSHOP]

0.20 : . v T T T T T T
—  AM, (10) ool ‘-\\ \ — AM. (1a) |
5 —  Sye (lo) \ \ Sy (10)
0.15 - \ Sue (o) |] \ \
\ —  global Vo [ — elobal
\ |
0.10 [ \‘ \‘ | \ \
\ \ 0.05 | \ ]
~ \ | ~ .
== 005 b \ | 1 2= | 1
& \l | R A NN —
S = < 5 -/
i =—===— D ISR
] f — - 1 & 1 |
2 005 | | 1 = ‘ |
= | | = | [
/ * 5 [
/ —0.05 | 4
/ [ | |
—0.10 |- / / | / |
,/ / / |
/ / / |
—0.15 b / / i / ,‘f
/ / —0.10 / / i
/£ / /o
—0.20 - L L L . L o | |
—0.3 —0.2 ~0.1 0.0 0.1 —0.20 ~0.15 —0.10 —0.05 0.00
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| Stlll room fOI‘ NP COIltributiOHS at the 20% level [see Zoltan’s talk yesterday].
m More data required!



