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Overview

 Introduction

e Recent results from LHCb

— Measurements of time-dependent and time-
integrated CP asymmetries in B?S) — h*h™ decays

* LHCb-PAPER-2018-006 (in preparation)

— First observation of the decay B — »p
* Phys. Rev. Lett. 119 (2017) 232001

* Concluding remarks
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CKM mechanism and CP violation

* CKM mechanism agrees [l
well with experiment 10}
* Butstill plenty of room |
for new physics ‘
I= 0.0

* Vital to measure CP i
violating observables in  .os!
as many different decay : :
processes as possible U m AN,

ICHEP 16 ‘ (exel. atCL> 0.95) -
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* Look for disagreements "% 05 00 o5 10 15 20
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CKM mechanism and CP violation

Allowed new physics contributions in B® mixing
p-valu% 0

e CKM mechanism agrees

well with experiment 3 :
. a . 0.8
* Butstill plenty of room 2 1 Bos
for new physics " 1 §°°
. o) B 0.5
e Vital to measure CP 1 8.,
violating observables in 1 Pos
as many different decay il W
processes as possible o O e Lo

hd

* Look for disagreements = |New Physics / SM]
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Manifestations of CPV

e CPVin decay |/Tf/Af| *1 e CPVin mixing |q/p| #1

— The ratio of the amplitudes for
the decay of b and b hadrons to
CP-conjugate final states is not of

— Expected to be small for the B
meson system

unit magnitude — Will not discuss this further
— Only form of CPV possible for BT today (although LHCb has made
mesons and b-baryons important measurements in last

couple of years)

[Phys. Rev. Lett. 114 (2015) 041601]

’ Mlxmg-mduced CPV arg(/lf) T arg(/lf) >0 [Phys. Rev. Lett. 117 (2016) 061803]

— The ratio of the amplitudes for
decays with and without mixing

u,c,t
is not real b S s d(s)
— Investigated for both B? and BY
decays %%
— Requires time-dependent J(g) _
analyses (more on this later) < = b
u,c,t
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b__4 . — d,s
: u,c,t :
Q Wii iwi +
| |
: U, c,t :
d,S > L - L - b
I/cd Vc*b Vts Vt*b
g, gy
thth ° 8 VCSVcb

* Neutral B mesons exhibit mixing through box diagram

* Decays to CP eigenstates allow to probe the mixing phase through
the interference between decays with and without mixing

* Make comparison of direct and indirect determinations, as well as
direct determinations in different decays, to probe possible new
physics contributions
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Time-dependent asymmetries

The time-dependent CP asymmetry is given by:

[[Bs(t) - f] - T|BI(®) - f] _@cos(Amd,S t%g%in(mnd,s t)

M[BEs(t) = f1+T[BI(0) > ] cosh(2es £) +{A2"3* sinh(2z: ¢)

Acp(t) =

1- |4’
Cr = 2

14|

A
) =1
p Af
07/05/2018

2 2

ZIm/lf AAFd,s _ 2Relf
! 1+ [2]°

1+

Sf

2 2 2
[Cel™ + [s¢ [ + |47 =1

. j—; is the ratio of decay amplitudes

. %is related to the neutral B mixing
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Time dependent analysis

Primary pp Decay of
Collision vertex b hadron
Decay of

————— b hadron

Decay time O(10712)s

* Vertex measurements by LHCb VELO allow decay times of
particles to be precisely determined

* Need also to tag the flavour of the signal at production

e Putting these two pieces of information together, can
measure decay rates as a function of the decay time

* Hence allows mixing-induced CPV to be probed
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Time dependent analysis

Primary pp Decay of
Collision vertex b hadron
~ Decay of
=" b hadron
>

Decay time O(10712)s

LHCb
BY— Jh) K?

e Need also to account for effects of:

— Decay time acceptance (due to
trigger and selection requirements)

— Experimental resolution on the
measurement of the decay time F
| [JHEP 11 (2017) 170

— Rate of mis-tagging the flavour N |
5 10 15

Decay time [ps]

—
s}
o
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|
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Candidates / (0.15 ps)
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% Data Sample

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. 2018 (6.5 TeV): 0.15 /b . , .
E o wvesasmenimmeonn |
° 2016 (6.5 TeV): 1.67 /fb ' ' '

2015 (6.5 TeV): 0.33 /fb

6 — e 2012(4.0 TeV): 2.08 /fb
— °  2011(35TeV): 1.11/fb
5 I 2010 (3.5 TeV): 0.04 /fb

Integrated Recorded Luminosity (1/fb)

2010 2011 2012 |2013 2014 2015 2016 2017 2018
Year

2011 + 2012 data set (3 fb™1) used in analyses discussed today
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Measurements of CP asymmetries in
B{;) —» h*h'~ decays

LHCb-PAPER-2018-006

in preparation
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Previous
experimental status

* Measurements of C,; and S,
in good agreement between
B-factories and LHCb

* (kg and Sigx are measured
only by LHCb

— No measurement yet of A%

* Acpvaluesin B - Kt modes
in good agreement between
experiments — LHCb already
leading the precision

CP EPS 2015
Cecp PRELIMINARY
T T T T T
0 oo BaBar
7 Belle
LHCD

Average |

PRD 87 (2013) 052009

PRD 88 (2013) 092003 4

JHEP 10 (2013) 183 |

EPJC 77 (2017) 895

L | |

-0.8

-0.6 -0.4 -0.2

Contours give -2A(In L) = Ax” = 1, corresponding to 39.3% CL for 2 dof SCP
Experiment Ag}og Agfog
BaBar —0.107 £ 0.016 T 5509 —
Belle —0.069 + 0.014 4 0.007 —
CDF —0.083 £0.0134+0.004  0.22 £ 0.07 £ 0.02
LHCb —0.080 + 0.007 4+ 0.003  0.27 +0.04 + 0.01
HFLAV Avg. —0.082 + 0.006 0.26 +0.04

PRD 87 (2013) 052009 PRD 87 (2013) 031103

PRL 113 (2014) 242001

PRL 110 (2013) 221601 EPJC 77 (2017) 895
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| LHCb-PAPER-2018-006
Event selection ~%kB°-n'n"

signal decays

L L Lo F LHCb

e Particle identification 22500 Preliminary

. . r B'srtn-

— Separate the various final states ', 20001 E -

- i Bl>ntn-

— Reduce amount of cross contamination from g% e
other B = h*h™ modes to ~10% of the signal § 1000 B0y e

500 \ Comb. bke.
* A multivariate Boosted Decision Tree classifier is 057 52 54 56 .
. . m,... [GeV/c?]

used to remove combinatorial background

. . . . ~ 0 + -

— Use kinematical and topological variables 37k Bs = K™K

. .. . : signal decays
— Signal training sample from simulation ~ ¢ 8 LHbe

— Background training sample from data sidebands > 3000/ h Preliminary

E i |:|32—>K+K'

2 2000 | S

k| C Aj—pK-,

'-é - B" 5K K-
(‘-'3 1000; l3—BOdy bkg.

B Comb. bkg.

5 52 54 5.6 5.8
my .. [GeV/c?]
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| LHCb-PAPER-2018-006
Experimental decay rates

£ .6, 8) = K {[(1-€CAp) g (€) + (1 + Apf0uig ), )] L (8, 6) +

[(1 - AP) Qsig (€a ) (1 + AP) sig (57 )] I (t, 5t)} )
t = decay time

= i o AT AF
& = B flavour Lt o) = I 7t) @lnh ( 2 )] } ®

n = predicted mistag probability ' 2 Eacg (L)
d; = decay time error I_(t,6) = s (Amt') L Sy si (Amt’)]} ®
R (t—1t'|d;) - : saﬁlg
* CPviolation coefficients * Crucial experimental ingredients
determined from unbinned — Determination of any production
maximum likelihood fits asymmetry
— Fit variables: Detection asymmetries also important for
B-candidate invariant mass flavour-specific modes
Decay time and associated per-event error — Determination of the flavour of signal
Per-event mistag probability B at production (flavour tagging)

— Simultaneous fittor™n~, KK~ and
K*™n~ spectra

— Determination of the decay time
resolution and acceptance
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| LHCb-PAPER-2018-006
Production asymmetry

f (t: €: 7, 5t) — K_l {[(1 sig (‘57 ) (1 + AP) sig (67 )] I+ (ta (St) +
[(1 o AP) Qsig (Ea ) (1 + AP) sig (67 )] I_ (ta 6t)} )
I (t,6) = {e_n' [cosh (%t’) + A" sinh (%t')] } ®
R(t—t6:) - g () - €acc (t)

I_(t8) = {e—“’ [C; cos (Amt') — S sin (Amt’)]}@
R(t—t16) - g (8:) - €ace (t) .

* Ap: production asymmetry S50t ety
— determined from time- = 00, e
dependent asymmetries of g 0 lZ}jﬁ .
B > K*n~and B » K™ nt I e
decays: 20000 / \ Comb. bke,
AP (BO) — (0-19 + 060)% TR 13.8
Ap(B) =24+ 2.1)% o et

~94k B® > K*m~ and ~7k B - K~ n*

07/05/2018 CP violation in (Q)2B charmless B decays signal decays 15



| LHCb-PAPER-2018-006

Flavour tagging

* Analysis uses both Opposite Side (OS) S Kaon .
PV SS Kaon NNet o
and Same Side (SS) taggers: 7 ssproton

SS Pion BDT
. . . u
— information is used on a J///B/,,/——y
b

per-event basis: Same Side

w =po+p1(n—1) " QL
. . ) cs 0S K. NNet
e (Calibration 08 o —"
bh—= X1~

— Use time-dependent asymmetry of taggers 05 Vertax Chargs 0S Muon
control modes in data for calibration o8 Charm
— B° - K"~ shown for OS taggers o 0:5
--l“-‘--b E
---‘--lllll---l‘--“ g 0.4; LHCb
fg i LHChH g 0.3; Preliminary
% 8000? Preliminary %‘ 02 E
= L DB°—>K+n- < - -
Z 6000+ B 0.1F
: : lBS—)K+TC> O:
Q -
ks C B)>K 'K, -
'—é B’>ntn- _0-1:
S l3—B0dy bkg. ) f
Comb. bkg. —03F
5 52 54 5..6...5.:8......l..ll.. _0.4?
my._ [GeVic?] QLT 1 PR SRS T S |

07/05/2018 CP violation in (Q)2B charmless B decays 2 4 6 8 10 12 16
Decay time [ps]



| LHCb-PAPER-2018-006

Decay time resolution

*  Decay time resolution introduces a dilution of oscillation amplitudes D = exp(—% Am? O'tz)

Dilution from o, is negligible for B® due to small Amg

*  Resolution determined on per-event basis: decay time error §; computed in reconstruction

*  Calibration of this quantity is performed on data, measuring simultaneously the time-dependent

asymmetries of B > D™t and BY —» Dy nt decays

-
=
£
7
<
LHCb Preliminary
qo = (46.1 + 4.1)fs
g1 = 0.81 + 0.38

07/05/2018

o © o <
—_ NN W A

LHCb

- Preliminary

8

10 12

Decay time [ps]
CP violation in (Q)2B charmless B decays

o = qo + q1(6t — 30fs)

0.4r

- LHCb
0'3? Preliminary
20 B - Dym*

“F~(1-20)xD

:\\\\\\\\\\\\\\I\\
0 0.1 0.2 0.3

(t-t,)mod(2m/Am,) [ps]
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Decay time acceptance

f (ta ga n, 6t)

=K {[(1 — Ap) Qg (§,m) +

[(1 - AP) Qsig (5: )

— &acc(t) is the decay time
acceptance

— Introduced by selection
requirements

— Parameterised using
empirical function:

Eqce(t)  |dg — erf(d t%2)|(1 — d3t)

— Parameters determined from
BY - K+~ data and
corrected for other final
states based on simulation

07/05/2018

L. (¢, 6,)

I_(t, &)

(1 + AP) sig (67 )] I+ (t: 5t) +
(1 + AP) sig (5) )] I (ta 513)} y

= {e_l“t’ [cosh (%t + AJ‘%F sinh (%t’)] } ®

R(t—116:) - g (6)
— {e_”' [C cos (Amin (Amt')]} ®
R(t—t18) - 9(6)

p—
—_ DN

o O O O

Efficiency (arbitrary scale)

0
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Candidates / ( 5 MeV/c?)

Candidates / ( 50 fs )

| LHCb-PAPER-2018-006

Result of the simultaneous fit

K*K spectrum

- LHCb 5 500/ _ LHCb Preliminary 8 2500; LHCb Preliminary
L Prelimina 2 - |:|B°—>K K- P u
3000 Ty S - UBs o - []B-kk
i DB?—)K ‘K- E 400 } .BO—>K - t\: 2000 '
i , £ C o AlopkK, g - lB°—>K -
2000 Wk = 300 gBKK = 1500 1 APk
: Ak E - [l3-Body bkg. 2 S kK
- B >K*K- O 200 Comb. bke. © 1000 I 3-Body bie
1000 l3-B0dy bkg. r | E W Comb. bk
B r o omb. bkg.
i Comb. bkg. 100 r >00 C
0 , 0:\\\ | il NI NI 0‘:
5 52 54 56 58 0 01 02 03 04 05 0 01 02 03 04 05
<k 1GeV/e?] Nos Nysk
_ Fixed parameters
1200 |4 LHCb. & i LHCb Parameter Value
Preliminary | 5 | Preliminary Amy 0.5065 & 0.0019 ps T
0Ky (Jekex = 600 sk r, 0.6579 + 0.0017 ps—
z - . .
800 Boox= | 5 | | NS ATy 0
= 4000 — - -
600 Ay-pK o AP Amy 17.757 £ 0.021 ps~!
B*>K K- - B*>K 'K~ 1
400 l3—Body bk i B 5oy e I 0.6654 + 0.0022 ps_1
i AT 0.083 £ 0.007 ps
Comb. bkg.
200 Comb. bkg. - Om‘ g p(Ts, AT,) —0.292
L = , 0 () L1 ) le-olo-ol
07 4 6 8 10 12 0 002 004 006 008 0.1 World Averages from

S, [ps]

CP violation in (Q)2B charmless B decays

Decay time [ps]

Heavy Flavour Averaging Group
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| LHCb-PAPER-2018-006
Result of the simultaneous fit

> 0.5¢ > 0.5¢
2 04-LHCb 2 04- LHCb
£ 0.3F Preliminary £ 0.3F Preliminary
2 02- Z 02F
0 0.1- 0.1¢
s 7t~ 0F O\g+/:’>
B T Tt —0.1} 0.1 Tt
-02F -02F
—-0.3F OS tagger -0.3F SS tagger
—0.4F -04F
_ PRI I H TV EAVER R BRI BRI _ S I R NAVERERTIN BRI BRI
05 2 4 6 8§ 10 12 05 2 4 6 8§ 10 12
Decay time [ps] Decay time [ps]
> 0.15¢ > 0.15¢
g | LHCb 2 [ LHCb
£ Y1 prelimina £ 01 prelimina
7 : Y 7 i Y
< ’ < 0.05F

B

e

!
=

+
g

OS tagger : SS tagger
0.1 g8 -0.1F g8
_0'150‘ - ‘0.1‘ - ‘0.2‘ - ‘0.3‘ | _0'150‘ - ‘0.1‘ - ‘0.2‘ - ‘0.3‘ |
(t-t,)mod(2r/Amy) [ps] (t-t,))mod(2r/Amy) [ps]
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| LHCb-PAPER-2018-006

CPV results

LHCb Preliminary

Crine = —0.34 +£0.06 +0.01,
Spine = —0.63 £0.05 +0.01,
Crix- = 020 £0.06 +0.02,
Sk+x- = 0.18 £0.06 =+ 0.02,
ARb - = =079 £0.07 +0.10,

AB) = —0.084 +0.004 £ 0.003,

A% = 0.21340.015 £ 0.007,

* Significant improvement (~2X better precision) wrt previous results
* Most precise measurements from a single experiment
*  First determination of A%%
 Significance for (Cp+x-, SK+K—,A2EK_) to differ from (0,0, —1) is
determined to be 40
— Strongest evidence of time-dependent CPV in B system to date
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Comparison with other experiments

Courtesy of the Heavy Flavour Averaging Group

+ -
- Tt 7T Sep VS Cip M
CP

PRELIMINARY
T T T T T
0 | BaBar |-
"] Belle |
[l LHCb :
ool & Averag(éa |
0.4 F .
| | | | i |
-0.8 -0.6 -04 -0.2 0

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

+ -

PRELIMINARY
BaBar . , -0.25:+0.08 + 0.02
PRD 87 (2013) 052009 . a '
Belle g * . -0.33+0.06=0.03
PRD 88 (2013) 092003 '
LHCb , x -0.34 + 0.06 = 0.01
LHCb-PAPER-2018-006
Average * :0.32 £ 0.04
HFLAV correlated average
-0.5 -0.4 -0.3 -0.2 -0.1
+ -
W S
PRELIMINARY
BaBar A ! -0.68 = 0.10 = 0.03
PRD 87 (2013) 052009 | | '
Belle . * |, -0.64+0.08 +0.03
PRD 88 (2013) 092003 '
LHCb -0.63 = 0.05 + 0.01
LHCb-PAPER-2018-006 | 3 B
Average * -0.63 + 0.04
HFLAV correlated averagée
-0.8 -0.7 -0.6 -0.5 -0.4
22
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First observation of B = pp

07/05/2018

Phys. Rev. Lett. 119 (2017) 232001

CP violation in (Q)2B charmless B decays
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Search for BY = pp

* Decay not seen at B factories, first evidence came from LHCb
analysis of 2011 data [JHEP 10 (2013) 005]

 Central value determined there (~ 10~%) was much smaller
than most theoretical calculations at the time

e More recent theoretical work has been able to accommodate

the small BF of this mode, see e.g. [Phys. Rev. D 91 (2015) 077501,
Phys. Rev. D 91 (2015) 036003]

* Important to improve knowledge of such rare hadronic decays
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[\ o

Candidates / (19 MeV/c?)

SE
N e Data
0 :— ----- B’ = PP
. B = pp
S .

p—
)

) &)}
TTTTT

Phys. Rev. Lett. 119 (2017) 232001

First observation of BY = pp

®

©]

=

o

o

~

a2 ]
ol by s by s by aa by

4
Né

-2AInL

+

PURRIE TR S N T [ .

Fas sl

5400 155 O(; J
m(pp) [MeV/c?]

*.
DTS

5100 5300
e Significance of B® - pp

determined to be 5.3¢ including
effect of systematic uncertainties

e Constitutes first observation of
the decay!

07/05/2018

CP violation in (Q)2B charmless B decays

Clear B? signal peak, with yield
of 39 + 8

No significant signal from
corresponding B decay: 2 + 4

F 1 l l
— E LHCb
NN
E N\
SN
C AN
— : N
C : N
C. SN
- : S
= i 1 \.\s-_. J____.——.’./
0 20 40 60
B’ — pp signal yield
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Phys. Rev. Lett. 119 (2017) 232001

Branching fraction of B® — pp

© ' ]

% LHCb « Data ]

* Branching fractions = e
. . — - B! 5 K T
determined relative to ~ ————es
— 3 8—)113*7'[_ ]

B° - K*n~ decay 5 F . ANy NG
S - A) - pK™ 3

— Very clean sample of ~89k g e Partreco. ]
. . O Comb. bkg. -
signal candidates 25\ -

m(K*t") [MeV/c?]
e Rarest hadronic B decay ever observed!

B(B® - pp) = (1.25 + 0.27 + 0.18)x10~8

B(Bd - pp) < 1.5x1078 at 90% CL
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Concluding remarks

Highly sophisticated analyses of CP violation in charmless B decays

— See also analyses of BY — ¢¢ and BY — K*°K*" presented by G. Cowan
Most precise measurements of CP violation parameters in the decays:

— B > ntm™

— B> K*m~

— By > K™ rnt

— B > KtK™
Recently, several first observations of baryonic decays of B mesons have
been made, including:

— The rarest hadronic B meson decay yet observed: B — pp

Updates to include full Run 1 + Run 2 samples will further improve the
precision — expect ~3X Run 1 integrated luminosity

Looking further forward, the LHCb upgrade(s) will provide unprecedented
samples of these decays

Excellent prospects for making precision tests of the Standard Model
explanation of CP violation
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Backup Slides
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The%detector

LH/o(ppeH X)@7TeV=(72.0+03+6.8 )ub
LHCb o(pp - H, X) @ 13 TeV =(154.3+1.5+ 14 \3

. [Phys. Rev. Lett. 118 (2017) 052002] \
6, [rad] ™2 . 0 .

LHCb MC
Vs=7TeV

0, [rad] ecar HCAL

M5
SPD/PS o

-----

Interaction Approximate
. acceptance:
Point 2<n<5

>
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Time-dependent decay rates

* For an initially pure flavour eigenstate, time evolution proceeds according to:

dF[BO,(t)%f] B 2 _ 2 . 2 _ 12
dsdt o e Tt [(|Af| + | 4| )cosh(Arzd' t) + (|Af| — | Af| )cos(Amd,S t)

+2Re (% Aj*chf) sinh(Agd'S t) — 2Im (% A;Z/Tf) sin(Amg g t)]

dF[EO,(t)—)f] B 2 _ 2 . 2 _ 12
oo et (4] + 4 |") cosh(¥Tes 1) = (|4 |” — 4 |") cos(amas ©)

+2Re (% Aj*chf) sinh(Agd'S t) + 2Im (% A;Z/Tf) sin(Amg g t)]

 The time-dependent CP asymmetry is therefore:

[[B3s(®) - f] —T|BIs(®) - f] @os(Amds t)@m(Amds t)

Aqp(t) =
“ F[Bd,s(t) fl+ F[Bd ;) = f] cosh(AFdS t) +smh(AFd5 t)
2
1 — |,1f| 2ImAg
Cr=—"0| |7~ 2 = Co° + |8:|° + 487" = 1
epl| el [ am] e
f = pAf . E|s related to the neutral B mixing
A?Fd’s = ZLAJQZ . i—f is the ratio of decay amplitudes
1+ |2 d

07/05/2018 CP violation in (Q)2B charmless B decays
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Previous experimental status

Experiment (@ St P(Crtrn—y Sptn—)
IR 1 BaBar —0.25+£0.08£0.02 —0.68+0.10+0.03 —0.06
PRD 88 (2013) 092003 | Belle —0.33 £0.06 £ 0.03 —0.64 £0.08 £0.03 —0.10
[T ———— LHCb —0.38+£0.154+£0.02 —0.71+£0.13 = 0.02 0.38
HFLAV Avg. —0.31 £ 0.05 —0.66 = 0.06 0.00
EPJC 77 (2017) 895 Clret jo— Sre+ - p(CKJrK_’SKJrK_)
rep10(2013)183 | LHCb 0.14 £0.11 £0.03 0.30 £0.12 £ 0.04 0.02

PRD 87 (2013) 052009

PRD 87 (2013) 031103

PRL 113 (2014) 242001

PRL 110 (2013) 221601

07/05/2018

EPJC 77 (2017) 895

Experiment Ag; Ag};
BaBar —0.107 £0.016 * 5008 —

Belle —0.069 + 0.014 4 0.007 —

CDF —0.083 +0.013 +0.004  0.22 £ 0.07 & 0.02
LHCD —0.080 + 0.007 4+ 0.003  0.27 & 0.04 4 0.01
HFLAV Aveg. —0.082 + 0.006 0.26 + 0.04

CP violation in (Q)2B charmless B decays
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Previous experimental status

* Measurements of C; " Sepvs Cpp

Cecp PRELIMINARY
and S, in good 0 [ A==
| Belle |
agreement between B- _ LHCb

Average |

factories and LHCb

* Cyxr and Sk are
measured only by LHCb
(using 1 fb! @ 7 TeV)

— No measurement yet of j

AT 08 06 -ol.4 -ol.2 0
AK K

Contours give -2A(In L) = Ax” = 1, corresponding to 33.3% CL for 2 dof

SCP
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Experimental decay rates
— flavour specific decays

frs (t, Or, b, €. 77) =Krs (1 — ?/ (1 —vAp) X

{[ 1.051g (€,7) 1+Ar.§,n ] (t, 6,)+

(1= Ap) Quig (€7 — (14 Ap) Qi (€ 1) H- (1, 60}

H,(t,6,) = |e %" cosh (Ards )] & s1g (0¢) (Esig (1),

H_(t, &) = _e_r‘tst cos (Amg ' ] R R (t —1t'|0¢) gsig (0¢) €sig (t)

1 = B flavour (determined by final state)

t = decay time

¢ = B flavour tag

n = predicted mistag probability

§; = decay time error
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* Recent LHCb paper uses methodology from [JHEP 10 (2012) 029]

«  Combine information from B® - n*n~, B - K*K~, Bt - n*n° and B® - n°r° decays

* Use flavour symmetries (isospin and U-spin) to constrain uncertainties from hadronic

parameters (strong phases, etc.)

* Very little effect of U-spin breaking on extraction of —2(, but further improvements in
extraction of y using this method are potentially limited by understanding of U-spin breaking

* New strategies are being developed to reduce the dependence on U-spin symmetry
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Statistical correlations

Crtne Spin- Crix- Sgex- AL . AB) Agfi
(@— 1.000 0.448 —0.006 —0.009 0.000 —0.009 0.003
St 0.448 1.000 —0.040 —0.006 0.000 0.008 0.000
Cr+r- | —0.006 —0.040 1.000 —0.014 0.025 0.006 0.001
Sk+r- | —0.009 —0.006 —0.014 1.000 0.028 —0.003 0.000
AﬁEK_ 0.000 0.000 0.025 0.028 1.000 0.001 0.000
A1 20009 0.008  0.006 —0.003  0.001  1.000  0.043
Ag}% 0.003 0.000 0.001 0.000 0.000 0.043 1.000
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Systematic uncertainties

Source of uncertainty Crin-  Sptn- Cgsg- Sk+k- A%E P Ag; Ag%
Time-dependent efficiency | 0.0011 0.0004 0.0020 0.0017  0.0778 0.0004 0.0002
Time-resolution calibration | 0.0014 0.0013 0.0108 0.0119  0.0051 0.0001 0.0001
Time-resolution model 0.0001 0.0005 0.0002 0.0002 0.0003 negligible negligible
Input parameters 0.0025 0.0024 0.0092 0.0107  0.0480 negligible  0.0001
OS-tagging calibration 0.0018 0.0021 0.0018 0.0019 0.0001 negligible negligible
SSK-tagging calibration n/a n/a  0.0061 0.0086 0.0004 n/a n/a
SSc-tagging calibration 0.0015 0.0017  n/a n/a n/a  negligible negligible
Cross-feed time model 0.0075 0.0059 0.0022 0.0024  0.0003 0.0001 0.0001
Three-body bkg. 0.0070 0.0056 0.0044  0.0043  0.0304 0.0008 0.0043
Comb.-bkg. time model 0.0016 0.0016 0.0004 0.0002  0.0019 0.0001 0.0005
Signal mass model (reso.) | 0.0027 0.0025 0.0015 0.0015 0.0023  0.0001 0.0041
Signal mass model (tails) 0.0007 0.0008 0.0013 0.0013  0.0016 negligible  0.0003
Comb.-bkg. mass model 0.0001 0.0003 0.0002 0.0002 0.0016 negligible  0.0001
PID asymmetry n/a n/a n/a n/a n/a 0.0025 0.0025
Detection asymmetry n/a n/a n/a n/a n/a 0.0014 0.0014
Total 0.0115 0.0095 0.0165 0.0191  0.0966 0.0030 0.0066
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Kaon/pion separation

 Most particle identification information comes from the Ring
Imaging Cherenkov detectors.

e Different radiators provide separation over a wide momentum
range.

cosf = —
pn
a 1-4- Ll l Ll LS Ll l Ll Ll Ll I Ll Ll Ll l Ll
c - O O ALL(K-7)>0
o 12F LHCb
© F  {s=7TeV Data e ®m ALLK-7)>5
= !
1]

Cherenkov Angle (rads)

k! P
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Trigger categories

M2-M5 Trigger On Signal

* Particle from the signal
decay fires a trigger line.

e Triggered by HCAL

deposits.
VELO
Trigger Independent of Signal
S * Particle from the rest of
P the event fires a trigger

line.
* Triggered mostly by HCAL
deposits or muons.

O Trigger Efficiencies:

O ~30% efficient for multi-
body hadronic

U ~90% efficient for di-muons
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Table 16: Statistical sensitivities of the LHCb upgrade to key observables. For each observable the current sensitivity is compared to
that which will be achieved by LHCb before the upgrade, and that which will be achieved with 50fb—! by the upgraded experiment.
Systematic uncertainties are expected to be non-negligible for the most precisely measured quantities. Note that the current

sensitivities do not include new results presented at ICHEP 2012 or CKM2012.

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb~')  uncertainty
BY mixing 28, (BY = Ji @) 0.10 [138§] 0.025 0.008 ~ 0.003
28, (B — Ji fo(980)) 0.17 [214] 0.045 0.014 ~ 0.01
a3 6.4 x 1073 [43] 06 x10* 02x10* 0.03x10?
Gluonic 2B (BY — ¢9) - 0.17 0.03 0.02
penguins 23:%(BY — K*0K*?) - 0.13 0.02 < 0.02
28°F (B - ¢K?) 0.17 [43] 0.30 0.05 0.02
Right-handed 28 (B? — ¢) - 0.09 0.02 < 0.01
currents 8(B? — ¢7) /780 - 5% 1% 0.2%
Electroweak S3(B” — K®¥u*p~;1 < ¢° < 6GeV7/cY) 0.08 [67) 0.025 0.008 0.02
penguins so App(B® — K*%u*p™) 25% (67 6% 2% 7%
A(Kptp—;1 < ¢® < 6GeV¥cH) 0.25 [76] 0.08 0.025 ~ 0.02
B(Bt - wtutp~)/B(BY — Ktptp~) 25 % [85] 8% 25% ~ 10%
Higgs B(BY? — ptpu) 1.5 x 107 [13] 05x107% 015x10~% 03 x10~7
penguins B(B° - ptp~)/B(B? - ptu) - ~ 100 % ~ 35% ~ 5%
Unitarity v (B = DWK®)) ~ 10-12° [244,258] 4° 0.9° negligible
triangle v (B? = D.K) - 11° 2.0° negligible
angles B (B = Jh K?) 0.8° [43 0.6° 0.2° negligible
Charm Ar 2.3 x 1073 [43] 0.40 x 10—* 0.07 x 103 -
CP violation AAcp 2.1 x 1072 [18] 0.65 x 10 0.12x 1073 -
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