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Outline

LHCb

e | HCb detector and performance

¢s analysis
o ¢s measurement from BY — J /1 o decays
e Phase ambiguity

e ¢s measurement from BY — J/1) 7w decays

e BY — J/1/)7*0 (estimate penguin contributions to B — J/¢ ¢ )

Other analyses

S

51 Measurement

® a

e BY — ¢ (triple-product asymmetries)
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The LHCb detector

LHCb is one of the 4 large LHC experiments at CERN
Single arm forward spectrometer: 2 <7 <5

Dedicated to heavy flavour physics
e Dimensions: 20m x 10m x 10m

Muon chambers
Trigger + u ID

RICH system
p. K x ID

VELO
Precise vertexing

Interaction point

Dipole magnet
4Tm

Tracking stations
momentum

HCAL, ECAL and Presh /SPD
Trigger + y/e energy and ID

Daan van Eijk CP violating phases in neutral meson oscillations



LHCb performance

Integrated luminosity
o 2010: ~37pb~!
2011: ~1fb1!
2012: ~0.77fb~!, expect about 2.2fb~! at the end of the 2012 run

LHCDb Integrated Luminosity at 3.5 TeV in 2011 LHCDb Integrated Luminosity at 4 TeV in 2012
a1 =
g [+ osenatam iz s « Delivered Lumi: 816.84 /95
g 16 | * Recorded Lumi 1.1067 o % E o Recorded Lumi: 768.95 /pb
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Search for New Physics at LHCb

e Indirect search for New Physics (NP) via precision measurements in
loop-mediated processes
e Rare decays — see talk by D. Hutchcroft, Thursday, 10:00
e CP violation — topic of this talk

Penguin diagrams

.,

Box diagrams

o B0 = J/y e B~ pop
° Bg—>J/¢7T7T ® Bg%J/?ﬁ?*o
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Search for New Physics at LHCb

e Indirect search for New Physics (NP) via precision measurements in
loop-mediated processes
e Rare decays — see talk by D. Hutchcroft, Thursday, 10:00
e CP violation — topic of this talk

Box diagrams Penguin diagrams

o B0 = J/o ° Bl = 9y
o B Jjpmm o BY 5 J/yK"™
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CP violating phase ¢s in BY — J/1¢ ¢

e The final state J/v ¢ is accessible to both B? and BY: Interference
between decays with and without mixing

o Interference measured through weak phase ¢

® s = Py — 20ces

Decay phase

Mixing ph
ixing pS:;e , ° Qbf% = arg( Veb V:s) ~0
o ¢p) =arg (Vi Vii)* = —28 + small penguin contribution

‘/H) f B}

(arXiv: 1102.4274)

e Standard Model (SM) prediction is small: $2" = —2 3, ~ —0.04 J
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CP violating phase ¢s in BY — J/1¢ ¢

e The final state J/v ¢ is accessible to both BY and BY: Interference
between decays with and without mixing

o Interference measured through weak phase ¢

® ¢ = dp — 2¢Pccs

Decay phase

o oM = arg(VpVE) ~ 0

+ small penguin contribution

Mixing phase
L ¢ﬁ/lM = arg(thVt:)z =20 J

Y

e Standard Model (SM) prediction is small: $2" = —2 3, ~ —0.04

(arXiv: 1102.4274)

e NP models: ¢, — ¢V + ApNP
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How to measure ¢s7

CP asymmetry

o If the final state is a CP eigenstate with eigenvalue 7, the CP
asymmetry is defined as

(B2 — f)—T(BY — f)

- ~ nfSi sin(Amgt
rB - f)+r(B -7 in s sin(Amst)

ACP =

e Am; is the BY — BY mixing frequency

Requirements to measure Acp

e Need to tag initial flavour of B meson (B? or BY)
e In the case of BY — J/v ¢ decays: Admixture of CP even and CP
odd states — Need to disentangle

o Detector effects dilute the CP asymmetry:

e Decay-time resolution (o)

e Mistag probability (w)

Acp ~ (1 —2w) exp(—0.5Am202) 1¢ sin ¢ sin(Amst)

e Strength of LHCb: good decay-time resolution and tagging power

[DEELRVEL N =] CP violating phases in neutral meson oscillations



Angular analysis
Spin states
e BV is spin 0, decays to J/¢ (spin 1) and ¢ (spin 1)
e BY — J/1 pis admixture of CP even and odd states
* CPlJ/¢ ) = (=1)"1J/v )
e | =0 and L =2 states are CP even, L =1 is CP odd

Transversity basis
Three transversity amplitudes and associated phases
e CP even: A and A, CP odd: Ay

o Use transversity angular distributions (v, 8, ¢) to statistically
disentangle CP even and CP odd components

[DEELRVEL N =] CP violating phases in neutral meson oscillations



BY — J/1 ¢ analysis

Selection > T T T 1
) ) §2500:— —+ data % Lheo Preliminary |
e Dataset with 1.0fb~! of integrated N | | s componem ]
5 a " 2000 bkg. component 3
luminosity I —
[ [ ]
e Cut-based selection: 21200 15000 E
B? — J/4 ¢ candidates 10000 3
e Decay time cut t > 0.3 ps removes s00- E
most of the combinatorial background,
losing little sensitivity to ¢s a0 s3%0 5400 5450
v B mass [MeV]

Parameters and observables
e Observables: (decay time ¢, invariant mass mpgo, decay angles
cosh, cos b, ¢, tag decision g, event-by-event mistag probability w)
e Simultaneous fit to all observables

o Physics parameters: (average decay time [, decay time difference
AT, ¢s, transversity amplitudes and corresponding phases)

4

LHCb-CONF-2012-002
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BY — J /4 ¢ angular analysis

S
H S 1600 LH(}bI Prelimi ' '
e Determine angular 2 1a00ft reliminary
—}— data a p
acceptance from MC «ig. component §roo- :
o C P Od d S—Wa ve b | cp-even sig. component W1o00F 4
. . — — cp-odd sig. component 800F |
amplitude included, s-wave component sonk ]
parameterized by —— bkg. component aook E
. complete pdf 1
fraction fs and phase 2005 E
1) < N
S J -1 05 [) 0.5
cos y
E T T T ] e} F T T T
©1400 LHCb Preliminary - ©1400 LHCb Preliminary -
£1200F N 12000 + E
[ + S [ -+ §
2 21000 i
£ E n ]
F £ 800 g ; B
3 R -
E 6001 e 3
- 40- - E

200F

LT

2
o [rad]
LHCb-CONF-2012-002
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Tagging

same side
kaon tagger
Jy

' @

Same side /
" primary vertex L

proton P signal B proton

o vertex-charge tagger
Opposite side opposite B e ver

.. from inclusive vertexing

opposite kaon
tagger (K-)

lepton taggers
(e, ) from b-quark

e Sensitivity to ¢s comes from information on the flavour of the
produced B? meson

e Flavour indicated by tag decision g = 41, with per-event mistag
probability w;

o Effective tagging power Q = €4agD? = €4ag(1 — 2w)?

e Only Opposite Side (OS) tagger is used, Q = (2.29 +0.27)% )

arXiv: 1202.4979
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Decay-time resolution

e Determined from prompt J/v candidates that decay at t ~ 0
o Effective decay-time resolution for B — J/1 ¢ : oeg. = 45 fs
o Effective decay-time resolution for BY — J/¢mm: oeg. = 40fs

o F
S0t g 10* E
=3 E . 0 3
S [ LHCbPreliminary B? — J/ Y S ]
B10°E \s=7TeV S .3 ]
£ S0 E
> b 2 E
W2 - T 3
E 2 1
E 2 -
ok w 10’ 3
1 ]
F 10
107
15 1

LHCb-CONF-2012-002

arXiv: 1204.5675
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Preliminary results for BY — J/1 ¢ analysis

Heh
VRO

3

Events /0.2 ps
3

—t— data

10

T T
LHCb Preliminary

sig. component

— — cp-odd sig. compor

—— bkg. component

—— complete pdf

------ cp-even sig. component

nent

——— s-wave component

AT (psT)

¢ Standard Model
— 68%CL
7T 95% CL

DO 8fb’
CDF  10fb7
LHCb 03 fb!
LHCb  1fb"
unpublished

o/vb (rad)

Daan van Eijk

[ Parameter | Value | Stat. [ Syst |
T [ps 1 | 0.6580 | 0.0054 | 0.0066
|40 (0)] 0523 | 0.007 | 0.024
[AL(0)? 0.246 0.010 0.013
fs 0.022 0.012 0.007
5 [2.81,3.47] 0.13
51 2.90 0.36 0.07
ds 2.90 0.36 0.08

First observation of non-zero Als at > 50

J

Dominating systematics

o Neglecting (possible) CP

violation in mixing and CP

violation in decay

e Angular acceptance

e Decay-time acceptance

LHCb-CONF-2012-002
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Resolving the ambiguity

e The fitted solution is ambiguous:
e (¢s,Als,0),01,05) = (7 — ¢s, —Als, =0, ™ — 61, —0s) J

e As KK invariant mass passes
through the ¢(1020)
resonance:
I e S-wave amplitude
constant: ds expected to
increase slowly

}

T e~ AL>0 .
£ e P-wave amplitude
- . .
&0 - AC<0 Breit-Wigner: §, expected
0 to ri ickl
—— o rise quickly
1 »—f—<

e Physical solution: falling
! I I ! I I | trend of 65J_ = 55 — 5J_ as a
990 1000 1010mKK1(:n22v) 1030 1040 1050 function Of KK invariant
mass: Al >0 (470

significance)

N
RN RN RN AR AR AR R

arXiv: 1202.4717
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BY — J/vy 7t 7~ analysis
e b — CCs transition, sensitive to ¢s

e Smaller BR than B2 — J/v ¢
e Final state J/d) atn is > 97.7% CP odd at 95% C.L. (arXiv: 1204.5643)

e No angular analysis needed

2000 > sob ] ' '
E : 3k LHCb E
o 1600F o TF E
P : < oo E
S 1200 F T 500F -
[ E 3
o f 2 400F- 3
800 a0k i l E
400 200E- 3
E 100F- E
A ok il 1Ty e ]

5400 5500 500 1000 1500 2000

m(Jyxtn) (MeV) m(m'r) (MeV)

e I and Al constrained from BY — J/1) ¢ analysis
e Ams constrained from LHCb measurement (rxiv: 1112.4311)

_ +0.173+0.004
* ¢s = —0.019743172 0003

arXiv: 1204.5675
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¢s combinations

LHCb simultaneous fit of BY — J/4 w and BY — J/v nt 7= (preliminary)
¢s = —0.002 + 0.083 (stat.) + 0.027 (syst.)

LHCbCONF2012002J

Global ¢ combination (HFAG)

Ps = —0.044t%"%%g, Als =0.105 4+ 0.015 pS_1 arXiv: 1207,1158J

SM prediction:
arXiv: 1102.4274

ATLAS results (ICHEP 2012)

o ¢, = 0.22 + 0.41 (stat.) = 0.10 (syst.)
e Al = 0.053 £ 0.021 (stat.) & 0.008 (syst.) ps !
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Penguin contributions: BY — J/4 K" analysis

e Analysis of this channel can help to control penguin contributions to
¢s (Phys. Rev. D, vol 79, 014005, Jan 2009)

o First step: branching ratio measurement

e Branching ratio is related to B(BY — J/1 K*9) assuming that the
light quark (s, d) is a spectator quark of the b-decay

Events / (6 MeV/c?)

[ 4 Il H
5200 5400 5600
Mhy, K, 7) (MeV/c?)

e LHCb result: 370 pbfl, 114 signal events
o B(B® — J/YK'™) = (442724 (stat.) + 0.80 (syst.)) x 10~°

LHCb-PAPER-2012-014
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Implications for New Physics

LA LA LA L
xcluded area has CL > 0,68 H

E AT, &S q _ SM,q
b o My =My A
[ _ it
. & o Ay =|Agle'?, qg=d,s
o 0
E e Discrepancy with DO Agr,
; measurement
-1
' e Need independent (LHCb)
2 measurement )
2 -1 o 1 2 3
Re Ag

arXiv: 1203.0238v2

Daan van Eijk CP violating phases in neutral meson oscillations



CP violation in mixing: a3 measurement (preliminary)
BY mixing:

Observable:

s _ T(B3(t) = ) —T(BXt) » f) AT

f s
4G = & o tan dpr
r(Bo(t) — f)+r(B(t) —f) Ams

e SM prediction: a5 = (1.9 £ 0.3) x 107> (arXiv: 1205.1444)

e Use as final state DF X u¥ (17), Df — o7t

LHCb

LHCb
E Preliminary

“F Preliminary

F (@ F (b

Candidatess / 3 MeV/

107

1800 1850 1900 1950 2000 1800 1850 1900

1950 2000
mK'K ") (MeV) mK'K7) (MeV)

LHCb-CONF-2012-022
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CP violation in mixing: a3 measurement (prellmlnary)

Ameas =

I[D;pt] —T[DFu] _ag n { 3 51} JiZye Tt cos(AM, t)e(t)dt
D[D7pt) +T[Dfp"] 2 [ e Tet cosh Slsle(t)dt
e Time-integrated measurement:

o Effect of small production asymmetry eliminated due to large Am;s
o Detection asymmetries estimated from calibration samples

o Residual detector asymmetries averaged out using magnet-up and
magnet-down data (roughly equal-sized datasets)

a5 = (—0.24 £ 0.54 +0.33)% o
-z DO dimuon)
S 10 T T T T 9.0 fb™!
= © LHCb
g sk Preliminary
P
of 4t 4 -
L 4— -0.02
Sk b
ol . . . -0.04
20 40 60 80 100
Muon Momentum (GeV)

LHCb-CONF-2012-022
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BY — ¢ ¢ analysis

e Pure b — sSs penguin transition

e SM prediction: weak phase ¢, =0

e LHCb: so far only untagged analysis, no sensitivity to ¢. yet
e Roughly 800 events observed with 1.0 fb~?

120 LHCb ]
100

80

Candidates / 5 MeV/c?

6(

40

L L L L

20

vl b ben b by

5100 5200 5300 5400 5500 5600
Mk (MeV/c?)

arXiv: 1204.2813
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BY — ¢ ¢ analysis: triple-product asymmetries

e Triple products
U =sin(29)/2 and
V = +£sin(®)

e Products of three momentum
vectors — CP-odd quantities

e Triple-product asymmetries
Ay and Ay consistent with
CP conservation

350 ‘ ‘ ; < 350 ‘
< 3000 LHCb < 300, LHCb -
2 E @
2250, t ; 250 4 +—
g 2005 ?;“ 200F E
SRS , S1s0- 3
1005 — 100F . 3
50¢ 50F
o= 0
04 02 0 02 04 -1 0.5 0 0.5 N

Daan van Eijk

arXiv: 1204.2813
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Summary

o Excellent performance of LHC and LHCb in 2010, 2011 and 2012

e World’s best measurement of ¢ (both in B — J/1 ¢ decays and in
B — J/¢p 7t w7 decays): in agreement with SM prediction

e First observation of non-zero Al's (> 50)

e Ambiguity in the sign of Als is resolved: Al > 0

e Measurement of B(B? — J/wk*o) performed

o World's best measurement of aZ: in agreement with SM prediction

o Triple-product asymmetries in BY — ¢ ¢ decays show no indications of
CP violation

® More data available and being analyzed (already 0.77 fb~! collected in
2012, expect about 2.2fb~! at the end of the run)
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Backup
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¢s in the Standard Model

Ar(t) = Af(01[g+(t) + Arg-(t)] (1)
Ay = Zf\j;j: = Nujy A ()
% ~ —e oM (3)

RO g, 00 @

N oM Rideen — g—its (5)

¢s = om— 2¢c(fs)
= arg[(VesVi2)*] — 2arg (Ve V)
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BY — J /4 o time-dependent functions

2 —t/r ar ar
AL = |agl%e [cosh [ —t ] — cos s sinh [ — ¢t | + sin ¢ sin(Amt)]
2 2
Al Al
A = 2=t/ [cosh <—r) — cos ¢ sinh (—r) + sin ¢ sin(Amt)]
2 2
2 —t/r ar ar
A3 = lay |%e [cosh [ —t | + cos ¢s sinh | —t | — sin ¢ sin(Amt)]
2 2
_ —t/T . oo ([T )
Ay = |3HH3L‘E [—cos(6, — SH)sln ¢ssinh | —t | — cos(6 ] — 6”)cos¢5 sin(Amt)
2

+sin(6; — 6 I ) cos(Amt)]

—t/T ar } Aar } }
As = lagllayle cos(3)| = So)leosh ( -t ) = cos @ sinh  —t ) + sin & sin(md)]
{3/ q q ar q
As = lagllay le (= cos(5.1. = 8o sin s sinh ( -t | — cos(5.1 — 80) cos 65 sin(Amt)
+sin(8 | — 8g) cos(Amt)]
Ar Ar
A7 = Jagl2e™t/ T [cosh (f:> + cos s sinh <f:) — sin ¢s sin(Amt]
2 2
—t/T ) ) ar ) )
Ay = lasllayle (= sin(3)) = 85)sin @ sinh () — sin(3) — 55) cos @ sin(ame)

+cos(5” — 8g) cos(Amt)]
Y. ar ar
Ag = laglla] |e sin(8 | — &g)[cosh [ —t | + cos ¢ssinh | —t | — sin ¢ sin(Amt)]
2 2

—t/7T ) ) Ar ) )
A0 = lasllag|e [—sin(8g — &g)sin ¢ssinh [ —t | — sin(5g — §g) cos ¢ps sin(Amt)
2

+cos(8g — 8g) cos(Amt)]
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cosh (%z) a7 cos(Amt) | sinh (%t) a7 sin(Am)
2.—t/7
a e
| Ag(t)[? ' °1|+ch 1 c -D -s
. ‘aH ‘ZE—t/T
1A @)1 TrarC 1 c -D —s
2,—t/T
a e
A (1)]2 ‘ J'1|+ch 1 c +D +S
?R(aH a))e t/T
S(Af(DAL®) T 0 0 s -D
%(aH a)e /T
TrarC c 1 0 0
R(a¥a, )e /T
3 Efen e "
S(AG (DA (1) 1+J;”_C 0 0 s -D
S(agay e t/T
rerC c 1 0 0
. ER(a(’]kaH )e /T
R(AF (DA (9) TharC 1 c -D -s
SRl ye—t/
TharC 0 0 0 0
2 la ‘Zeft/ﬂ'
[Ag(t)] A%JquC 1 c D s
R(ata )e /T
G 7
S(AL()A (1) 1+Lch 0 0 0 0
S(a*al)eft/T
—%MTC ) 1 c D s
R(atag)e /7T
2AEGRUE 7
R(AE(1)Ag(1)) 1+0ch c 1 0 0
(A% —t/T
S(acag)e B
—%wc 0 0 s D
. %R(agaH )e*f/T
R(AL(DA) (1) —Trerc c 1 0 0
S‘(agau)e_t/r
—Tec— 0 0 s -D

Daan van Eijk
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BY — J/1 ¢ angular functions

amplitudes Angular function
|ag|? 2cos? 9 (1 — sin® f cos? @)
ENl& sin® ¢ (1 — sin® fsin” ¢)
lay |2 sin 4 sin” 0
S(ay L) —sin® ¢ sin 20 sin ¢
R(ao a)) 1V/2 sin 2¢ sin® O'sin 2¢
S(agal) 12 sin2¢sin 26 cos ¢
las(t)]? %(l—sin20cos2¢)
R(a%(t)ay(t)) 1V6sin 1 sin® Osin 2¢
S(ag(t)ar(t)) 1V/6sin ¢ sin 26 cos ¢
R(as(t)ao(t)) % 3cos (1 — sin® § cos? )
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Asymmetry

A = (B — f) — (B — f) Nf sin ¢ sin Amt
@ = (B — f)+ (B — f) " cosh % + 7§ cos ¢ sinh %
e
r ) = AP+ AP —— -
Bf(t) = JAFIT (@ + [Af]7) p
ATt ATt
cosh — — Dg sinh — + C¢ cos Amt — Sg¢ sin Amt. 7
f f f
2 2
_ o, lal? et
fe 70 = I —’ @+ 3%
ATt — ATt — —
(cosh — — D? sinh — — C? cos Amt + 57 sin Amt) (8)
2 2
2 —re
2 |P 2, €
R L I P
ATt ATt
cosh — — sinh — — cos Amt + sin Amt 9
h Dy sinh Cf cos Amt + Sp sin A
2 2
_ et
57 = 1AFIT A+ 1217
ATt _ Art —
(cosh — — D5 sinh —— + C+ cos Amt — S+ sin Amt) (10)
A F 7 7 7
where
_ 2Re[)f] 1= _ 2Im[Xf]
Py A Y U T PV
_ _ (11)
2Re[X7] 1- 3712 < 2Im[3g]
FEEDAZ 0 T WA T R
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Selection details

| Decay mode Cut parameter | Stripping 17 Final selection
all tracks XZaa/nDoF [ <5 <4
clone distance | — > 5000
Jhp — e ALLpm | >0 >0
min(pr(p®), pr(p™)) | - > 0.5GeV/e
X2/nDoF (JA)) | < 16 <16
M(ptp~) — M(JR)| | < 80 MeV/e? € [3030, 3150] MeV/c?
¢o— KTK~ ALLK7 | > =2 >0
pr (K) | > 500MeV/c > 500 MeV/e
pr (¢) | > 1GeV/e > 1GeV/e
M() | € [980, 1050] MeV/c? | € [1007.46, 1031.46] MeV/c?
X2x/nDoF(¢) | < 16 <16
BY— Jjbo M(BY) | € [5200, 5550] MeV/c? | € [5200, 5550] MeV/c?
X2/nDoF(BY) | < 10 <10
XDTF(B+P\ )/HDOF(BS) <5
Xip(BY) <25
X1Pnext (BY) > 50
t(x) | > 0.2ps > 0.3ps

Table 3: Selection criteria for B — J/ib¢ candidates in Stripping17 and final selection.
(*) the cut on decay time performed in the stripping is on the “OfflineVertexFitter” decay
time, while the one performed offline is on the DecayTreeFitter decay time. See the text
for more details.

Daan van Eijk CP violating phases in neutral meson oscillations



Decay-time acceptance

Nsig
__ “unbiased&&biased
- sig
unbiased
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Decay-

time resolution

Dilution D = exp (—Amzaf/2) effective power P = D?
(t— d)2>
R(t,o - GV I 12
! Z el e (2

If the resolution model is the sum of j Gaussians, the effective power
becomes P = [} f; exp(—AmZa? /2)].

When using a per-event decay-time error o ., the average power of
the model is (P) = >__P./N, where P, is the per-event power.
Convert this three Gaussian model back to single Gaussian with
same effective power:

d = 0 and scale factor S,, = 1.45 £ 0.06
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Tagging

(Acp) 1 (A ) 11 1 1
o = —0 served) X —— = =
CcP Deff observed Deff \/ETN \/ETDEZH‘N /7QN

D=3 0=~ Y (1-2wP=(1-2we)?  (14)

(13)

e Calibrate mistag probability using self-tagging decay B* — J/¢ K™

e w;=po+pi(n—<n>)
e Float pg and p; within their errors in fits

0.6
05
oaf
oaf
02l

0.1
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Systematics

Source T, AT A% A2 Fs 3 oL 0s b
ps™Y | [ps7Y [rad] | [rad] | [rad] | [rad]
Description of background 0.0010 | 0.004 - 0.002 | 0.005 | 0.04 | 0.04 | 0.06 | 0.011
Angular acceptances 0.0018 | 0.002 | 0.012 | 0.024 | 0.005 | 0.12 | 0.06 | 0.05 | 0.012
t acceptance model 0.0062 | 0.002 | 0.001 | 0.001 - - - - -
z and momentum scale 0.0009 - - - - - - - -
Production asymmetry (+ 10%) | 0.0002 | 0.002 - - - - - - 0.008
CPV mixing & decay (£ 5%) 0.0003 | 0.002 - - - - - - 0.020
Fit bias - 0.001 | 0.003 - 0.001 | 0.02 | 0.02 | 0.01 | 0.005
Quadratic sum 0.0066 | 0.006 | 0.013 | 0.024 | 0.007 | 0.13 | 0.07 | 0.08 | 0.027
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Penguins

A(b = Tc3) = VeVi(Te+ Po)+ VusViPy + Vi Vi Py
= Vo Vi(Te+ Pe — Pt) + Vi Vi (Py — Pt)

The second term in Eq. 15 is doubly Cabibbo-suppressed with respect to the first term

(| Vus V| ~ A* versus |Ves V3| ~ )\2). The first term, proportional to VsV, includes both tree
and penguin contributions, but these penguin contributions have the same phase as the tree
contribution and thus do not change the value of ¢s.

A(b — Ted) = VgV, (Te + Pe — Pe) + Vg V.o (Py — Pr)

In this case, however, the second term, VgV, (P, — P¢),
is not Cabibbo suppressed with respect to the first term,
since both |V,g V.| and |V.y V)| are of order A®. This
means that the relative size of the first term with respect
to the second term, % can be determined by
analyzing B® — J/'gbK*O decays.

spectator spectator
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BY — J/y K analysis

e Branching ratio is related to B(BJ — J/1 K*°) assuming that the
light quark (s, d) is a spectator quark of the b-decay

2
BB}%U&W%N“@|xB@?ﬁﬂwW%ZWBiwamﬁ

|VC5|2
e Angular analysis:
fi = ‘AO|2 — 0.50312:975 (g 1 0.021 (svs
LS AT A AL 20%ciors (stat) & 0.021 (syst)
fi |AH |2 =0 187+0.099 .
I = 018775 ggo (stat.) £ 0.022 (syst.)

T AR H AR FIALR
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BY — ¢ ¢ analysis
o Triple-product asymmetries:

Ay = —0.055+0.036 (stat.) & 0.018 (syst.)
Ay = 0.010 £ 0.036 (stat.) & 0.018 (syst.)

NN
* Ay = N, TN_

e Ny(N_) is the number of events with U > 0(U < 0)

M —M_
* Ay = M, +M_

e M (M_) is the number of events with V > 0(V < 0)

o U =sin(29)/2, V = £sin(®P), with ® the angle between the KK
decay planes

o Positive sign in V' if the T even quantity cosf; cosfy > 0
e 0; angle of K™ with B decay axis

Daan van Eijk CP violating phases in neutral meson oscillations



LHCb trigger

e Trigger important:
e oy is less than 1 % of total inelastic cross section
o BR of interesting B decays < 107>

e b-hadrons long-lived:

o Separate primary and secondary vertices
e b-hadrons have large mass:

e Decay products with high pr

e LO: Search for high pr 1, e,y and hadron candidates
e HLT: Software trigger

e HLT1: LO confirmation

e HLT2: Global event reconstruction

e Inclusive and exclusive selections

Daan van Eijk CP violating phases in neutral meson oscillations



Trigger scheme

40 MHz l ) ‘

=

3
e
-
.

i Impact Parameter
UTT a9m
T Lifetime cuts

30 kHz  Global reconstruction

Inclusive selections
u, uttrack, pu

High-Level Trigger

Exclusive selections
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lllustration of time-dependent CP violation

W _TBoH-T(B=f) _|AB = NP - |AB - f)?
FPErBSH)+T(B—=f) |AB = )P+ |AB = )]
MN(B—f)x MNB — f)
et |cos A7 4 e /Pweak sin At ’ e Mt |cos At 4 tidweni gin AML 2

AT =0
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Visualization of time-dependent CP asymmetry

Im Im
Lor Lo
05+ 05
Re Ri [—
B _> f Lo 0.5 0.5 L0 Lo 0.5 0.5 Lo B f'
-05F -05
Lo Lo
CP asymmetry
2.0

Asymmetry  © T R Y Decay
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CP violation in mixing: a3 measurement
B? mixing

Hamiltonian:
9 <BB> _ </V711 — 5Ty My — £r12) <B§>
dt Bg ME — érfz Moy — érzg Bg
Eigenstates:

M, My + Ams= My — M,
FL,FH a AFS:FLfFH

Observable:

R r(Bo(t) — f) — [(BY(t) — f) AT,
B B o )T B > ) Am o (19)

o SM prediction: a5, = (1.9 £0.3) x 107> (arXiv: 1205.1444)

Daan van Eijk
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ch
@_‘] KEY ELEMENTS OF Q
THE ANALYSIS

Q B, production asymmetry does not affect the
measuremen%(fast oscillations suppress this effect by
0.2% of the ~1% initial asymmetry)

R. Aaij et al
U Prompt D, have negligible asymmetry (~0.3%) and | pLB 713
represent a small fraction of the signal (2012) 186

U Backgrounds are small and have negligible asymmetries

0 We have MAGNET UP and MAGNET DOWN data samples
of almost equal size, which allow to average out residual
charge asymmetries in detection efficiency.

Note: Small means ~ 1%

July 7, 2012
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e

Cl;) ANALYSIS METHOD

PHILOSOPHY: DATA DRIVEN ANALYSIS, ALL
CORRECTIONS ARE DERIVED FROM DATA, WITH
TWO INDEPENDENT METHODS, WHENEVER
POSSIBLE.

e

Q Determination of the signal yields D u*,D” — ¢n* with 2011
full data set: 447 pb-! collected with magnet polarity UP and
595 pb-1 collected with magnet polarity DOWN

O ¢ — K'K~ mass cut provides almost equal kaon momentum
spectra.

uuuuuuuu

U Detailed analysis of background sources, mostly data based
on data.

U Efficiency ratio derived from calibration samples, can be
expressed as

€(Ds-lu‘+) = eid{_#-'.) X €Trigger(-Ds-,U+) .

July 7, 2012
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