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A bit of history ...




LHCb Physics. CP Violation

Standard Model is the best model to describe the interactions of
fundamental particles. But has still some weak spots (mass hierarchy,
neutrino masses are zero, gravity not included, higgs, ...).

CP Violation are mechanisms that break the symmetry between the
behavior of matter and anti-matter

In particular, cosmological observations show an indirect excess of CP
violation wrt the SM. CP Violation related effects can be very
interesting for the discovery of new physics.

LHCb has been specially designed to study flavour physics (CP violation)
and rare decays in the B mesons sector (charm too!).



CP

« CP transformation combines charge conjugation (Q -->
-Q) with parity (x, y, z --> -x, -y, -z). What is exactly CP
Violation? First a bit of history...

« C, P are conserved in strong and EM interactions but they are

completly broken by the weak interaction. (P violation firstly
observed by Wu in radiative decays)

d

Look at the pion decay: 7t — ptu, -

Pion has spin O; u v, both have spin 1/2 u Vy

Spin of decay products must be oppositely aligned
Helicity of the muon is the same as that of neutrino
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In 1956, C.S Wu observed that the right handed neutrino does not exist.
C, P are broken but CP seems to be preserved in weak interaction.



CP Violation

Discovered in 1964 by James Cronin and Val Fitch in the neutral K-meson
system.

U(t) = a(t) |[K°) + b(t) ‘ﬁ) _ ( a(t) ) K® are mass eigenstates, but the

p b(t) weak eigenstates have a defined
ia_q; — H mass and lifetime
; |K°) + |F>
K1) = 7
yrdl
: Ko)— [Ko)
[ K2) =
Mg + R(A) \ﬁ
fre =28 Only the CP even state can decay into 2
pions
IK,> (CP=+1) > qux (CP = -1 * -1 = +1)
;ih_;;gi ;II:I;:EE: odd state will decay into 3 pions

|K,> (CP=-1) > nim 7t (CP = -1*-1*_] = 1)



CP Violation

EX =HMmen t: K decay early (inco TrT) Pure Ky beam after a while!
Initial KO ——
Build a K, beam and look it —

for 2 pion decay. —
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of a K, = TTTT1T decay their combined momentum
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CP Violation

Decay of K, into 2 pions

Deacy of K, mto 2 pions (0.2% violate CP)
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The weak and mass
eigenstates of quarks
are not the same.
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They are related by
the V_  matrix.
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CKM Matrix
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The CKM matrix can be described by four real parameters;
three rotation angles and a complex phase.

. N . —id
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with s;; = sin 0y, ¢i; = cos by
so with four parameters 65, 093, 15,0

The unitarity of the CKM matrix implies various relations among its
elements. Each of these relations requires the sum of three complex
guantities to vanish and so they can be geometrically represented in a
complex plane as triangles
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Unitarity triangles
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B mesons system

 The eigenstates of the total hamiltonian, with definite
mass and lifetime, are mixtures of the flavour eigenstates.

|BL) = p|BY) + q|BY). |By) = p|B") — q|BY)

 The evolution of the B meson is given by

BY(t)) = e ™t el cos(Amgt /2)| B (1)) + i(q/p)sin(Amgt/2)|BO (1))}

BO(t)) = e"™e 2 {cos(Amqat /2)| B°(t)) + i(p/q)sin(Amat /2)|B°(t)) }
Amg = 0.507 = 0.005 ps~!

. M, describes B < B ;)
-___-_-—____-_____‘“——-r

/’,' Miz \ via virtual states //”' M12 ‘\ﬁ:‘” =17.77+0.10 £ 0.07 ps
B
\ =4 > T2 _’:_/j' — T}, describes B° - B® ____> -?irm /

— e

via real states, eg TTITT

CP Violation was observed in neutral B decays in 2001 by Babar and 13
DallAa



Types of CP Violation

« Direct CP Violation (in decay). When the decay
amplitudes of particles and antiparticles are different.

B -TB—f) _1-[A7/4;
TTIB SN ATB ) 1+ [Ar/A

 Indirect CP Violation (mixing). It manifest itself in the
neutral meson mixing. If the B meson evolution is described by:

B(t)) = g+(1)|B) + EH—(THB)

B(t)) = g+ (t)| B) + g.q_(mm

CP violation occur when: la/pl # 1 = Prob(B” — B) # Prob(B” — B")

L(|BY(t)) — ITvX) —T(|B(t)) — I"7X)

A= T = FoX) + TUB) = F7X)
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Types of CP Violation

- CP Violation Ffrom Interference (decay and

mixing).

B° Bo

Q+(f} l,ﬁl_,r g—(t:l wl_lf

B Jep BY P 7
q & CcP
—g—(t) A g-(1)
_T(B(t) = for) =T(BY1) = for) _ o on oo N
Ater ") = T30 = fop) FTOBO0) = fop)  Jer Sn(Ama) = Crop cos(Amat)

g 2Im(Afop) 1— | Njepl? q Ay
Sp. = cp md ~ Cy., = cpl A= 127
fer 1+ |)‘fLﬂ.P|2 o fer 1 |”\fC'F|2 ! p ‘;lf
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The LHCb experiment

It is designed to study CP violation and rare decays in the B meson
sector in pp-collision at the LHC machine with a center of mass energy
up to 14 TeV and a bunch crossing frequency of 40 Mhz.

It is a single arm spectrometer in the forward direction, it focuses on
the high rapidity region on the majority of the bb pairs are produced.
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10™ 107 10
Luminosity [cm~2 s—1]

The LHCb operates at a lower luminosity than the LHC design. The
beams are defocused to deliver a luminosity of 2x10**cm™s™”, reducing
the number of pp-interactions. .



The LHCb experiment
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High trigger efficiency (LO hardware, HLT software)
Excellent tracking (vertexing) system

Time, IP resolution, Mass resolution
Excellent particle Identification (PID)
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Event reconstruction

Tracking system combines the hits in the VELO, the tracking
stations and taking into account the deviation due to the
magnetic field it estimates the particle trajectory.

PID system uses the RICH detectors, the calorimeter and the
muon detector to associate to each proto-particle a likelihhod
for each long-lived mass hypotheses.

Particle decays chains are reconstructed with “DaVinci”. These
particles can be used to create other particles, with associated
properties that can be calculated from kinematics. Particles can
be filtered by requiring particle properties to lie in certain
regions.

A distributed computing system, called GRID, can be used for
physics analysis.
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Flavour Tagging

Flavour Tagging is the procedure to determine the flavour of the
reconstructed B meson at production time.

Tagging is mandatory for B oscillations and for most of the CP
violation measurements.

B meson are produced as bb pairs. One meson is completly
reconstructed (signal B) and the other (opposite B) is used to tag
the initial flavour of the signal B

Different tagging algorithms, with varying accuracy, are used. They
are usually classified as

« Oppsoite side, when look at the flavour of the opposite b quark
(leptons, kaons, vertex charge)

« Same side, determine directly the flavour of the signal B
exploiting the correlation in the decay chain

21



Flavour Tagging at LHCb

/ / . N el
\ Q } / Jy

. .::'--\_-- T K+
Same side L TT——————
“.._primary vertex : N
proton > signal B < proton
ite si , "~.._ vertex charge tagger
Opposite side opposite B .. from inclusive vertexing
N opposite kaon
) tagger (K-)
lepton taggers
(e, p) from b quark
N, +N
“ N
+N, +N.
Taggers w
0s: , , kaons, vertex charge
S$S: kaons (B,) or pions (B, ) N
W
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Events / ( 0.055 ps )

Tagging and dilution

* The tagging algorithm may fail in identifying the flavour
so that the observed asymmetry is diluted. (+
acceptance and time resolution effects)

Time resolution

Events / ( 0.055 ps )

Events / ( 0.055 ps )
E 5B & E B

4
Proper time (ps)

* The statistical uncertainty on the measured asymmetry
is directly related to the effective tagging efficiency

€ = € (1 2m)°
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B-factories vs LHCb

B-factories vs. b-factory \

e'e” — Y (4S) — BB

pp—bbX (Vs = 14 TeV, At,_.=25 ns)

PEPII, KEKB LHC (LHCb-ATLAS/CMS)
Production G, 1 nb ~500 pb @
Typical bb rate 10 Hz 100-1000 kHz
h i — th inel U (} /0
bb purity 14 Trigger is a major 1ssue ! ®
Pileup 0 0.5-5
i BB (50%) B (40%), B? (40%), B, (10%)
b-hadron types BB (50%) B. (< 0.1%). b-baryons (10%) @
b-hadron boost Small Large (decay vertexes well separated)
Production vertex | Not reconstructed Reconstructed (many tracks)
Neutral B mixing Coherent B"BY pair Incoherent BY and B, mixing
mixing (extra flavour-tagging di lution) @

Event structure

BB pair alone

Many particles not associated
with the two b hadrons
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Opposite side taggers

Tagging objects fromb - lorb - ¢ - schain, and vertex charge.

e Oy 8 Muon
Tagaing B(D) : i Electron
. o Kaon
ut, et Vertex Charge

\.’

Only a preselected tagging candidates are used (to discard particles
from the primary vertex..)

The charge of the lepton (Kaon or vertex) determine the quark content
In case Bopp is a neutral meson an intrisic dilution will occur.

B Opposite side meson composition (%)

Bi 39.1 = 0.7 BT 30.1 +0.7
BE 058 £ 0.5 B 012 + 0.06
Barions 12.1 + 0.6
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Opposite side taggers

« Kinematic and geometrical properties show a
dependence in purity of right vs wrong tagged
events. Find the optimal cut which maximize
the performances.
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Vertex charge tagger

It is based in the inclusive reconstruction of a secondary vertex
corresponding to the opposite B hadron decay. The process
goes as follow:

A 2-track seed is build to form the secondary vertex (SV) from all
possible tagging candidates. A likelihood is used to select the best
seed.

After some geometric and kinematic cuts, more tracks are added to
the seed.

The weighted charge of the reconstructed SV is computed to obtain a
tagging decision.

> j.‘}%l(-é)Q.i
Yig g}%l (7)

t?t!t:r —

Different set of cuts are applied to the reconstructed SV to improve
the effective tagging efficiency.
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Same side taggers

« Same side taggers exploits the correlation in the charge of the meson
produced in the fragmentation chain of the B signal.

Hadron from fragmentation (K= x2)
or B** decay (x*)

#_.é Signal B

« Pions can be originated when an extra d quark is available, but also from
excited states of the B°.

. Incase of B_mesons, an extra s quark is available to form a charged kaon in
about 50% of the cases

28



Tag decision and mistag probability

* For OS taggers, the charge of the tagger identify the flavour of
the Bopp, while for SS taggers it is related with the flavour of
the Bsig.

* For each tagger, a probability of the tag decision to be correct
is estimated evt-per-evt by means of a NN

pi=1—w;

- NN is trained on MC evts to identify the correct flavour
of the signal B meson.

- To correct for differences between data and MC, this
probability must be calibrated on data.

29



Mistag probability

 The dependence of the wrong tag fraction w on the NN output
can be parametrized by a polynomial.

 This will correct for differences between the true w and the
estimated by the NN called n

@ 1800 8 =
. right tag § 000 right tag
i W a00 -
1400 — —wrong tag 1600 E— —wrong tag
1200 — 1a00 -
1000 — 1200 —
800 f_ 1000 ;—
E B0
B0 — =
E 600 —
400 :— & :_
200 — a0 E—
o T B R B S S N NS S ST e ¥ SVU S E. v e T oo o o e by
0.1 0.2 0.3 0.4 T i GE:] 0.a 0.1 o2 03 04 05 06
netyiy T
*= 7 ndf 4194/ 28 2635723
o7 a 0.989 = 0.024 - -0.021 £ 0.014
3 E \ b -1.00 + 0.04 = 1.07 = 0.04
w — 1] —
Z o6 = E
& = \ o =
E osE - E -
E T E
= +M B
naf ,W\ I
n.z 1‘_:‘ ~ 2=
01 \ 1E
1 z 0.3 3 3 BT IR ¥- A ¥- R Y Yo 0.1 0. 0. 7] 05 056 0.7
ety M
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Optimization and calibration

o FT algorithms were initially developed on MC, however,
differences between data and MC could make the tagging
performances not optimal.

« The optimization process is applied on LHCb data with the aim
of find the set of cuts which maximize the performances

« The calibration aims to obtain a reliable mistag estimation
which can be used in the CP fits later on.

« Control channels are decays to flavour-specific final state.
B - D utv,, BT — J/YK" B = J/YK* B - D n™"

« This process was performed with:
36 pb’, 337 pb'and 1 fb”
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Optimization on B*

« Look at the reconstructed decay products to guess the true
Flavour of the signal B.

« The tagging parameters can be obtained counting the right

and wrong tagged events.

« All events with t > 0.3ps” and a mass window around the B
meson of 25MeV are used as signal justified by the low B/S

—— r | T T T T
N 1400 3
-5,_,‘-‘- - LHCb
L 1200 \Js = 7 TeV Data _
E L
N —
 1000F 3
T...“ 800 _
: -
g 600
Ll B
400 -
2001 —
5200 5250 5300 5350

Jhy K invariant mass (MeV/c?)

To avoid over-tuning the sample is split
randomly in 2.

Due to the lack of statistics with 36pb™,
the B® - D* v, was used for the first

optimization of the OS and SS p.
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Optimization on B° channel

* In @ BO channel the tagging efficiency and w can be
obtained through a fit to the flavour oscillation of the
B meson as a function of the decay time.

B h-*unmi:-: (f} _ h-*mi:-:(t) 4 e 1_ Qw 1 A r
A(U o J,-W.,_,-’unmi:{ (f} + h-’mi:{(t) > ( ) ( )Cﬁb( e )

Bkg sources can be disentagled from signal by using evt within a tight
mass window around the D* - D?, the D* and D® mass as well as using evt
with large proper time (t>0.3)

1~ E 1 —----------€-- SRR SRR U U F
L E i i
I ;* i i .
s 05l + -
1 1 1 1 1 1 1 |. 1 -1 1 1 1 I I---I---I---i---l---I---I--- llllll 1 -I--- - I~ --I-- E --I-- -I- --E ---I
o 2 [ 8 i} o 2 [ [: 1 il i ; I 5-,[ g; ]ﬂ
me/ps time/p e/ ps
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Calibration

 For a reliable tagging information, the
estimated mistag is calibrated.

- The measured mistag fraction w is compared with the
estimated mistag n.

w(n)=po+pi-(n—<n>)

- P,and p, are free parameters an <n> is the mean mistag
probability.

- The linearity assumption is motivated by the fact that the
calibration should be a minor correction to account for
differences between data/MC because n is already
precalibrated on MC.

34



Calibration

o After the calibration the values p, p, are
compatible with <n>and 1.

1 fb~! of BT — J/¢ K™ signal events

Taggers Po p1 <n> Taggers Po P1 <Me >
7 0.309+£0.004 | 1.20£0.06 | 0.304 i 0.2944+0.006 | 1.0444+0.08 | 0.315
e 0.306+0.006 | 0.974+0.09 | 0.346 o 0.30940.009 | 0.99840.15 | 0.307
K 0.393£0.002 | 0.706+£0.04 | 0.354 K 0.39440.004 | 0.99840.10 | 0.395
Quvix | 0.4044£0.002 | 0.84£0.03 | 0.362 Qvix | 0.403£0.004 | 0.9924+0.09 | 0.398
g 0.8 R R N S SRR RRREE
- / 0.9) E . .
0.5F . 0.5 31 The calibration parameters
045_ 1 0.7 3 were corsschecked on
F 0.6F 3 other calibration control
0.3f /ﬁ’ 1 o5t 1[ I 3 channels
- 0.4F I =
0.2 . c T 3
: LHCb 03¢ E
0.1 \s=7TeV Data _ DEE_ LHCb E
E 0.1 vs=7TeV Data 3
u'/IIIII I,3.5....|....|....|....|....|....E
0 01 02 03 04 05 06 0 01 02 03 04 05 086
"l L=

1 fb~! of B¥ — J/¢ K signal events




Combination of FT algorithms

« Combine the taggers to give a single tag
decision

* For each tagger, a decision and w are given

 The final probability evt probability will be a
combination of the taggers wrong tag fraction

- P =(1-w) w,... PB)=PY/(P"+P)
- Pl=w (1-w).. PB)=1-P(B)

* Other alternative were forseen (PID sorting and
NN based combination)
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Calibration of the OS combination

* Due to correlations between the OS taggers the
combined w is slightly underestimated

MC
%2/ ndf 41.52/33 tagger | o o K Qv
. po 0.03831+ 0.008627 [' 18% 03% 2.6% 6 3: ;«
28 . 3 pi 0.9855 + 0.02428 / 0 -,',ﬂ; IIE*; 3'3 ¢;
£ wtrue vs estimated w y S
0.8 K 4 % 18.3%
0.7E- Quix 59 %
ﬂﬁ— Data
o5 tagger | o e K Qu
“-45H 1L 19% 034% 29% 5.1 %
0.3 e 78% 1.6% 22%
0.2 K 2% 13%
0.1 T~ Quix 54 %
0500501 015 02 025 03 035 04 045 05

1'p{:s

e Acalibrationis needed w(®) =po+p1-n—<n>)



OS combination

» Calibration plots after calibration for signal and

b kg |  OS combination calibration | | OS combination calibration |
0.6L s ¢
5 0-9F LHCb
05— LHCb F
E \$ =7 TeV Data D'BE_ \s =7 TeV Data
0.4 0.7;—
0.6F J{
0.3 05F T+ JHHFJHFJF JF
; it | HH f
0.21- 0.3F
ol 0.2
. / 0.1F
0 L 11 I 11 1 1 I L 11 1 I 111 1 | 1 111 | 11 1 D E 1 11 1 | 1 1 1 1 | | T I 11 1 1 | 111 1 | 11 1

1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
n n

* Fit values of the mistcag calibration paraﬁweters
can be exported to other channels

channel Po P <1 > | p(Po;P1)
BT — J/¢vK™T | 0.392 £0.002 | 1.035 £0.021 0.391 0.12
BY — J/yK* | 0.400£0.004 | 1.013 +0.053 0.390 0.06

BY &5 D—x* 0.398 = 0.003 | 1.010 = 0.039 0.393

BY » Ktn— 0.355 =0.014 0.99 = 0.16 0.353 0.14




OS combined decision

* Different ways

performance

- Average

to compute

S0.07F
[49]

0.06

0.05F

the

tagging

LHCb
\/s = 7 TeV Data

—s— 0OS combination

C Wy tagger

(all events with the same weight)

- In (5) categories
(distinguish between “bad”/"good” evt)

0.04F [ e tagger
- [ K tagger

- Q,, tagger

0.03F

0.02F

- EVt by th 0.015
% 02 03 04 05 05
e
Channel f}emgﬂ (%) ‘;”ﬁl”bme (o) ::{g—p (%)
Bt = J/yK* 1.69 £ 0.1 2071011 2.10 £ 0.08
BY 5 J/yK* 124 1 020 1.57 £0.22 2.09 +£0.00
B > D* pty, | 1.58+0.06 2.05 £ 0.06 2.53 4-1:10
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Systematics
Dependence of the OS tagging on evt properties

. N
- Flavour of the signal B
- Tag decision > No significant differences were seen
- Magnet polairty | 5 uE | .
- Ptofthesignal B W, e
;gu;_ 7 ¥ 3 RN R ¥ _':h gg':: I:':“Fm
E :ii_ —a— measured mistag
g -I'DE— —=— average,
39;:é—i—i="—ﬂ : 2
3:_ ¥ 1 5 S T S IS F N S | S

25

pT [GeVic] 1

- NPV, loss of tagging power with increasing number of

Interactions
40



Systematics

* Analysis is performed evt-p-evt, where a
calibrated evt-p-evt mistag is used

- W systematics are evaluated in different conditions
* Magnet polairty, signal flavour, tag decision, nPV, different fit

model,..
e NPV: Zzsoof ~ no BT T T T T
A LS I
-:h_'..;lzucmE -] 0_4;_ +#£F$ B
51500k E o3 | + 3
oo 1o | ﬁﬁ# e
5002 _é 0_12_ T ~nPV-2 _;
Uo: Y o ez o4 os
. n,
Systematic effect dpo op1
Fit model assumptions P(n) | < £0.001 | £0.012
B-flavour +0.005 —
Control channel dependence | +0.0075 —
Total +0.009 | £0.012
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35 pb-

First tagging performances and flavour
oscillations measured at LHCb.

Bt = J/yK* ctag(%) | w (%) | crag(l = 2w)2 (%)
OS average (7. <0.44) 15.4+0.4 | 33.3£1.2 1.71+0.29
OS combine (7, <0.44) 15.4+0.3 | 32.2+1.2 1.97+0.31
OS + SSm average (1, <0.44) | 22.7+£0.4 | 35.5+1.2 1.92+0.30
OS + SSm combine (7, <0.44) | 23.0£0.5 | 33.9+1.2 2.38+0.33
0 *— 4 0 *
B — D" uty, BY — J/YK
[ Flavour Oscillation signal region |
g Of LHCDh z F
§ 42_ “8=T7TeV gosp
P S e,
E 0-2p :»EM: +
S WD B T ’
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. ps)
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First physics analyses
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B° - B oscillations

e B! - D(K'TTTT) TT

signal decay

—
L]

=
= 1400 LHCb )
2 s =7 TeV, 36 pb

signal.

Ty — 1 r r T 1 e data
—— D = bkg. o E
o git:;g - 2501 LHCh —— fitted sum.
— g. e C vs=7TeV, 36 pb"
B> D K bkg. ~ 200f PP — fitted signal.
gﬁmh' bkg. ",q:: E —— fitted background
3 = 150F
{1 #*
3 100f
. 50

5500 0 2 4 6

8
B? mass [MeV/c?] t [ps]
OS SS+0S
o €7y =34x09% € = 4.3+ 1.0%
eff eff
g I/ 7 7 T T T
« 0gf [ OST:SST | LHCb E
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Events / ( 2.5 MeV/c?)

Sin2B3in B° - J/Y K°

I'(BY = J/yYK,) —T(B" = J/yK.)
I(BY — J/vK,) +T(B° = J/UK,)

® Ajjpi. = = S0 sin(Amgt)—C'j o cos(Amgt).

* Assuming direct CP violation is negligible (C=0)
* Only ~280 signal tagged events were selected
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B° - B°_oscillations

 The fast oscillation is a prerequisite for many
physics analysis (B J/@ @)

Bef LHCDb

Loool(a . L150b  dat
gz ) _2?‘3 3 ©) b Am, = 17.77 £ 0.10(stat) = 0.07(syst) ps !

. S i |
2% Misignal |- ~10 =;s:|;agr't1i:I
21 Wpartial| g mis-id = T
D Mcomb g M comb q:E i
5 : : LHCb

Q ¢

* B -

5000 5500 5000 5500 -
D.x* mass [ MeV/c2] D.* mass [ MeV/c? ] DI—\f\

+ data ) + data R

—fit —fit |

%‘ %20

Em Hsignal 315 Wl signal

E W partial E W partial

a mis-id 210 mis-id

.-, Mcomb y Bcomb I | I T R B
2 25 1 10 0.1 0.2 0.3

S S t modulo 2z / Am. [ ps]
w s 5

i 5500 5200 5400 5600
D.t* mass [ MeV/c? ] D "' n* mass [MeV/c?]

Amg = 17.63 £ 0.11(stat) £ 0.02(syst )ps .
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@ intheB° - J/Yo

e B meson decays to a final state accessible to both B and B.

* Interference between the amplitude for the direct decay
and the amplitude for decay after oscillation

BY - utp  KTK~

JW( —+ data __

/ ,{\ — signal

._

=

=

=
|

. LHCb

----background |

Events/ 2 MeV

— sum

/

300 f

U'—?'TM/.”'..LT 4

3300 5330 54Uﬂ
my [MeV]

= —0.001 == 0.101 = 0.027

s

Combined result with B®. - J/y f,(980)
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Conclusions

« Flavour tagging is a fundamental ingredient for B physics
measurements in LHCb

« LHCb is already tagging the flavour of the reconstructed B

Channel Etag| 0] w [%] €tagD? [%]
B —w J/oK~ | 273201 | 3610308 | 210008 £0.24
B s J/yK* 206.7+02 | 3I60E£03£08 | 2.00+0.00+0.24

BY - D*ptp, | 305601 | 35.6£03£08 | 2563 +£0.10£0.27
BY — J/va 240405 | 361 +£03+£08 | 1.91+0.08+0.22

Tagger & Channel €tag| %] w [%] | €D (%]
SSK BY - Do+ 16.3 £ 04 353+21 1.44+04
SSt BY — J/YK* 176012 [ 39705 | 0.75 £ 0.08
SSt B —+ D¢t 2408+0.12 | 3921204 | 1.12 £ 0.08

e First physics results already published (some with the best
precision ever)

« ToDo: differences between data/MC (mult, PID,..), different
performances for different channels (pT, TIS/TOS,...), upgrade
(multiple PV,..)

« More data and flavour tagging improvements (inclusion of SSK)
will lead to measurements with unprecedented precision, and
hopefully evidencies for new physics.

STAY TUNED



Thanks!






CP Violation

Discovered in 1964 by James Cronin and Val Fitch in the neutral K-meson
system.

U(t) = a(t) | K°) + bit) ‘ﬁ> = ( a(t) ) K® are mass eigenstates, but the
P ﬂ weak eigenstates have a defined
— VU = HU mass and lifetime

ot

A0
Now consider the effect of CP symmetry:

_|_

K° B —
CPC o . 4 S KoK

— T 1T

i ( Mx—iTx A
A My — il
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CP Violation

|K°) + |F>
\/5
|KO) — |ﬁ>

K1) =

[K2) = 7

Experiment:

Build a K, beam and look
for 2 pion decay.

Exploit the faster K.
decay

Ki decay early (into TTTT)

Initial KO ——
and K
beam

Pure Kz beam after a while!

Only the CP even state can decay into 2
pions

|K,= (CP=+1) 2 mtx (CP =-1 * -1 = +1)
The CP odd state will decay into 3 pions
instead

|K,> (CP=-1) = aim 7 (CP = -1*-1*_] =_1)

Decay of K; into 3 pions

WATER
CERENKOV
COUNTER
REGION OF
OBSERVED DECAYS SCINTILLATOR
PLAN VIEW ' MAGNET 5 -~
| £t ! e, =
; i
Incoming A,
K, beam . EE?_;ELE&IEE& SPARK CHAMBER
.................”‘?...4-...............----... ''''' -
’ .-_";//; x o - f ........
' K . ,,.:.-; :?}:v /kt;" . -
% L -\."'-F..r-""_:-- = L
-.._,_\_\_‘.I:'.I, ﬁl =/ )
MAGNET ! ‘f}‘/ b
ST N TQe— /
HELIUM BAG— J
INTERNAL SCINTILLATOR
TARGE 4

WATER
If you detect two out of the three pions “Ginres

of a K, & TITITT decay their combined momentum
will generally not point along the beam line



Use of unitarity constrains

The 9 unitarity conditions of the 3x3 generations CKM matrix:

Vadl* + |Vaa* + [Via]* = 1
Vas|* + [Ves|* + [Vis|* = 1
Vis|? + [Vas|® + Vi |* = 1

The 6 complex “Unitarity Triangles” involve different physics processes

.l'r:': .l'r .l'r* .l'r .l'r* .l'r —_—
Eug-[(l-ll'i —l_-ll-"cg-[(f.d —l_-[(tg-ll-'(tli - D

Vi Vua +V pf;l ed T h,blfci =0

twh

Iudl ‘|‘T’u31 - —l_IubI(Cb B

Vud Vus Vb
Vea Ves Ve
Via Vis Vi

‘sd’ triangle: K°

O() +0(\) +0(¥) =0 ‘ bd’ triangle: BY
O(X) +0(X) +0(\*) =0 P>
1 =1}

\ ‘bs” triangle: B,

relative size of CP-violating effects
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The LHC

 The CERN acceleration complex

CMS
- =
LHC .
[ 2008 (27 k) | .
ALICE LHCbH
1140 TT41
=T -
. 1976 [7 km)] TIE y neutrings
' B ATLAS

BOOSTER
ISOLDE
e East Area
: |
CTF3
-

2005 [78 m)
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Tagging @ B-factory

¢t
PEP-2(SLAC) :
E-=9GV E. =31GeV KT
V5 = 10.58 GeV — :
{B7)rus) = 0.56 B o B-Flavor Tagging
tag

T(4S

Exclusive
B Meson_
Reconstruction

Vertexing &
Time Difference
Determination
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Tag decision and mistag probability

* For OS taggers, the charge of the tagger identify the flavour of
the Bopp, while for SS taggers it is related with the flavour of
the Bsig.

 The tag decision is defined as d=-1 for signal B hadrons
containing a b quark and d=+1 for signal B hadrons
containing a bbar quark.

e For each tagger, a probability of the tag decision to be correct
is estimated evt-per-evt as a function of several kinematic and
geometrical properties of the tagger and the event itself.

* This is done by means of a NN trained on MC evt to identify
the correct flavour of the signal B meson. To correct for
differences between data and MC, this probability must be
calibrated on data. When more data will be available, the
training will be directly performed on data.

pi=1—w;
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Other Opposite side taggers

 |deasforb — ¢ - ltagger. Assuming for the same tagging efficiency a

reduction of 10%-15% wrong tagged events could be achieved
increasing the tagging performances around 20%.

b 5
\ C
W- o=
E+
2 Y
v,

 Opposite DO tagger. Look for vertex which can be associated to the DO
meson decay. All possible combinations of one kaon and one pion of
opposite charge are studied. Some extra cuts can be added to increase
the tagging power. A effective efficiency between 0.1% and 0.3% can
be achieved with and without mass cuts. Due to high correlations with
the Vertex charge and OS K taggers it was finally not used
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Optimization cuts

tagger min pr min p min [P/orp | max track v~ /ndf Particle Identification min I Ppy /forpp, min |Adg| extra Probmin
[GeV /e] | [GeV /] Cuts cuts (1—w)
Cuts optimized on 2010 data - Moriond 2011
T 1.1 - - 2.2 ALLy 7 =2 3 bmrad NSH CloneDistance -
B 1 - 2 5 ALLg_ =4 3 30mrad VeloChMax <1.6 -
Efp=>086
05 K 0.8 4 4 2.7 ALLjg_- =5 [ bmrad [IP] < 1.5mm
ALLyg _ —ALLp_ 5 > —4 NSH
05 K(*) 0.8 5.875 4.05 2.125 ALLg =65 4.72 5mrad [{P| < 1.25mm 0.51
ALLp o —ALLp_ 5 > —3.5 NSH
Cuts optimized on summer 2011 data - LP 2011
T 1.2 - - 3.2 ALLy 7 > 25 3 Smrad NSH CloneDistance -
B 1 - 2 5 ALLg_ =4 3 30mrad VeloChMax <1.6 -
E/p=>08
05 K 0.8 5.875 4.05 2.125 ALLp 7 = 6.5 4.72 Smrad [IP| < 1.25mm 0.51
ALLg 5 —ALLy_x > —3.5 NSH
Cuts optimized on 2011 data - Moriond 2012
T 1.2 - - 3.2 ALLy 5 > 2.5 3 bmrad NSH CloneDistance -
B 1 - 1 3.85 ALLg_ =4 5 bmrad VeloChMax <1.6 -
E/p = 0.75
05 K 0.7 ) 4.3 2.15 ALLp 7 = 0.75 7.5 bmrad [{P| < 1.45mm 0.54
ALLg _x —ALLp_5 > —3 NSH
OS Vch | Seed Prob | Power K | min abs(Vch) | min Xipp | min X1 P’ /oip | min Eip’ | min ET,J DOCAY | min 277’ m" | Probmin
[GeV /e [GeV /e [ [GeV/c?] (1—w)
Cuts optimized on 2010 data - Moriond 2011
| 0.4 | 0.4 0.17 | - | - - | - - | 0.53
Cuts optimized on summer 2011 data - LP 2011
| 04 | 04 0.275 | 15 | 10 10| 0.5 0.5 | 0.54
Cuts optimized on 2011 data - Moriond 2012
[ 042 | 055 0.2 [ 155 | 10 5] 05 06 | 054
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Optimization cuts

SS7 | min pr min p max [P/ojp max track 7(2..."']‘?{#. Particle Identification | An, A¢ and AR AG Probin
[GeV /c] | [GeV/e] | max IP(mm) Cuts (1—w)
Cuts optimized on 2010 data - Moriond 2011
0.75 5 3.5 5 ALLp_ . <3 - AQ < 1.5GeV /¢ 0.53
ALL, - < 10 -
Cuts optimized on summer 2011 data - LP 2011
0.75 5 3.5 5 ALLg 5 <3 - AQ < 1.5CGeV Jc* 0.54
ALL, - <10 -
Cuts opmm]zcd on 2011 data - Moriond 2012
0.6 4 9 5 _"'xLLﬁ ~L 3 0.5< An < 035 | AQ < 1.2GeV /= 0.56
AR| < 0.75

SSK selection cuts
(prompt D data)

ALLg_. > 4.5
ALLkg_, > -85
pr > 0.75 GeV/c
p > 5.25 GeV/c
track \°
IPI;"{TIP < 4.125
An < 0.525
Ad < 0.7
d() < 1.4625 GeV

SSA selection cuts

(BY — D7 rtdata)

2/d.o.f < 3.75

.ﬁJ_r,-L*.t{_;.r > 3.5
ALLg_p > -8.5
pr > 0.85 GeV/c
p > 5.25 GeV/c
track
IP/op < 4.125

An < 0.6

Ao < 0.825

d() < 1.85 GeV

2/d.o.f < 3.75
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Calibration Fit

e |In case of B

| H tag signal region |

il

€tag (1 —w(n))P(n) if r=1, right tag,
PE(r n) = ¢ €tag W(N)P(n) if r=-1, wrong tag,

| 1 — €4qg if r=0, untag.

[ W tag signal region | [ OS5 kaon tagger calibration |

O
¥

LHCb

w8 =T TeV Data

03 04

] 0.7
z LHCb FLHCb
Ei.m A& =7 TeV Data 0.6%% =T TeV Data
" f
0.5 T
& 60/ F A
50 D.4f
40 0.3f
30 i i
0.2
20 [
1 0

PEPEPEPE IPUPTE IS PO IRPRFIP AP P BT PR
UI.I 01 02 03 04 05 06 OT

03 04

LHCb
s =T TeV Data

n n
| Wrong tag: Im-mBl= 40 MeV | [ OS5 kaon tagger calibration |
E“ LHCb "l LHCb
322 %5 = 7 TeV Data u s = 7 TeV Data
P 1.2F
18 u
515 1:—

0.ef

NEN
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PID based combination

%45{:00%— m = 50%
 Form possible combinations % aoo00f-
according to particle identification >t
(Mu, e, k, vtx, SS), and the sum of ... ®=41.5%
the individual taggers decision. soonof- \
o, “ 0 =31.8%
EGDDE— ////;
L R o e e
« Sort all possible combinations, o999 |2l
according to the estimated omega “es- = | N | w | & | 4]
in a control channel, and bin the W Pl
events in categories : _—
b2 T

10 15 20 25 30 35 40
PID category 62



Systematics

 Dependences on tagging performances must
be considered when using the average or the

sum of categories.

* Only systematics in w calibration for evt-p-evt
analsyes

po = 0.392 £ 0.002(stat) £ 0.009(syst) | |5, — 0,350 + 0.015(stat) + 0.005(syst)
p1 = 1.035 £ 0.021(stat) £+ 0.012(syst) p1 = 0.51 + 0.16(stat) + 0.02(syst)
<n.>=0391  p(po,p1) =0.12 < 1 >=0.324
OS syst SSK syst

SS I (being studied)



Only OS

0.4

o ‘ E
0.1f - E
o -0.2 —
0.2 =
c 0.3 :— —:
.0.3 3 04f LHCb 3
o C | l E| 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 E
D"‘D g 10 4 [T T T | T T 1T T T [ T T T [ T T T
B decay time (ps) 2l : -
s 8 ¢ - af ]
HW ¥ i =] L1 TR L1 TR
iE | = ? 1 ' I 10

Mixing asymmetry
=]
)

337 pb!

Channel Etag| V0] w [%] etagD* [%)]
Bt - J/¢Kt | 213+0.1 | 361+03+08 | 210+0.08 +£0.24
BY - J/yK* | 26.7+£0.2 | 360+0.3+0.8 | 2.09+0.09+0.24

BY — D* pty, | 30.5+£0.1 | 35.6+03+08 | 2.53+0.10+£0.27
BY = J/v¢ 24905 | 3610308 | 1.91 £0.08 +£0.22

0 * —
B — D ;ﬁuu

B’ — J/YK*

E| =)

T T T T ‘E’ u_4;_
LHCb £ osf
Vs =7 TeV Data =

m 0.2

(] —

E 0aB

e =

/] =

L
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3

B [
B decay time (ps)
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Mixing asymmetry

1 Fb

Tagger & Channel | €104[%] w [%] | €tagD? [%]
SSK BY — Dt 16.3+04 | 35.3+2.1 1.4+0.4
SSw BY — J K+ 7.6+0.12 | 39.7+£05 | 0.75 £ 0.08
SSxt BY = Dt 24084012 1 39.2+04 | 1.12£0.08

tagging performances measured with SS taggers

0 * —
B — D /L+I/M

LHCh

Je=TTaV Dmu‘

4 6 8 10

kb moow ke

BY - D xt

[

A

Asymmeltry in varXi
[}
r

LHCb preliminary

fs:7TeV L:1fb!

B"— D n* (OST combined)

é

Pull
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