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O QUE DIRIA KELVIN AGORA?

“Twentieth first-Century Clouds over the
electroweak theory”

“A beleza e a clareza da teoria electrofraca estd

obscurecida por algumas nuvens”

As nuvens do Pedro:

- Matéria escura e energia escura

- Porque existe mais matéria que anti-matéria no Universo?

- Porqué 3 familiase;

- Problema da Hierarquia;

- Porque é que as massas das particulas elementares séo o que sdo;
- Porque é que os neutrinos s&do muito mais leves do que os leptdes

carregados e os quarks;
- Serd que as 3 (ou 4) forcas se unificam a alguma escala?;
- Serd que as particulas elementares sdo mesmo elementares?;

Filipe Joaquim Infroduc@o a Fsica de Particulas (4/4) CERN, 30/8 - 04/09 2015
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Gedankenexperiment
Equacao de Dirac (1928)

Erwin Schrodinger e

Werner Heisenberg: Iifl:lstt.e{l(;: 4
Mecanica Quantica. elatividade
e em metros 3;!’ E‘FI
=V
Iy *EVENLO

OI
10,000 OOD
100 000
imo}

100000000 ED e
Equacao de Dirac para um
eletron relativistico




Positron ou anti-eletron

1932 - Descoberta do positron ou anti-eletron,
mesma massa do elétron, mas com carga positiva.

ANNIHILATION
—_—

ae'h'“"‘---... 5;**‘“‘% /'\/-\'f)T
e W TNy

.,-o-'-""'_ﬂe"'

1955 - Descoberta do anti-proton, mesma massa
do proton, mas com carga negativa.



Anti-Materia

Para cada particula de materia temos
outra de anti-matéria

h N N\
gNulcl?
= up charm tep
| EIRF:
(@) B cown stra§ bottom =
g ‘ _-\}El \J“l VT Leptons
.Q &- Neutring N u- Nautring 8 ©— Neutring
%. e l ‘Ll\l T ultgun ul%run neutring
— gleciron muan fau o @ R
I 11 1II @ e .

The Generations of Matter




Anti-Materia

Para cada particula de materia temos
outra de anti-matéria

Leptons Quarks

The Generations of Matler

Antihydrogen

Atomo de

anti-hidrogenio ALZHA




As Forcas da Natureza

Gravitacional

Existem quatro forcas
fundamentais na
Natureza

Fraca Eletromagnética

n-=pe T,

Forte



Acao de forcas a distancia

@ Q-

r

Lei de Coulomb:

9.9,
r

F.=F =k

Atracao e repulsao
entre dois imas

Como se transmite a forca?



Como se transmitem as forcas?




Como se transmitem as forcas?




Como se transmitem as forcas?

¢
-



Como se transmitem as forcas?

As forca se transmitem através da troca de
particulas.
Que particulas?



Como se transmitem as forcas?

Eletromagnetica

Foton v:

Atua em todas as particula que
possuam carga elétrica.

Responsavel pelo atrito,
0 magnetismo, a coesao

das moléculas e etc.

Q Q
Y
Q Q
. o
pt* \H: -p+

e e”
Forga residual E-M em acao: Os
atomos sdo eletricamente neutros, mas
os elétrons de um sao atraidos
pelos protons do outro, e vice -
versal



Como se transmitem as forcas?

Forte
Eletromagnética repulsiva
; < —>

Nucleo: + +
Protons e L] < U d)
Neéutrons T > <=

Residual forte atrativa

t
Forca forte, tem —_—

s q g t
carga de cor e é > Q0000 <
transmitida pelo i '

Vg q
Gluon g

Outra interacao basicas da natureza

Atua em todas as particula que possuam carga de cor, ou seja os quarks.



Como se transmitem as forcas?

Fraca
Trés familias de Quarks Desintegracao Reduzidos a

trés familias de Leptons

no inicio do universo de cada

N N\ History of the Universe
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I"Harrr l
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Como se transmitem as forcas!!
Fraca

n—=pe" T,

Fam,

Interage com os quarks e leptons.
Responsavel pela desintegracao dos quarks e leptons pesados.
Nao forma estado ligado.
A mais surpreendente das quatro forgas da Natureza.

W*, We Z°

Outra interacao wr
basicas da natureza )




Como se transmitem as forcas?
Gravitacional

A mais universal, a mais antiga.
Mas é a menos conhecida das quatro forcas da Natureza!

Ondas gravitacionais!



Massa dos
Quarks e Leptons

Charge Flrat Second Third
generation genaration ganeration

» *
Eaciron o nadtring
neksring

LY
Bedron
11




Particulas e suas
Interacoes fundamentais.

Interacoes
combinadas




Dinamica Materia Anti-Materia

q t
g . q W,z g
v fum— H° WW, ZZ fusion : Ho
t
. q ‘ _ -

t
t
Ve jJ.+
] T W,Z
s : q ‘ &
ttfusion : " >\V/V‘Zm< v
t
]
i} = HO
t 4 W, Z bremsstrahlung
e’ 5
1)
+ + +

antiproton

(-]
|
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Inicio do Universo:
criacao e destruicao

Fall
ol

n

O

e
=1 =l

pajassod

-
2%

Particle Data Group, LBNL, © 2000.  Supported by DOE and NSF




Bosons e Fermions!

Existem dois tipos de particulas:
as transmissoras de forca,
conhecidas como

bosons

e as receptoras, conhecidas como

fermions
(A familia dos elétrons (leptons) e a familia dos

quarks ).

o tempo o

Primeira das @ g

interacoes basicas da Q'
natureza o .



Dinamica Materia Anti-Materia

PAIE PRODUCTION

Criacao
Particula Antiparticula

Aniquilacao
Particula Antiparticula

W

Aniquilacao e Criacao
Particula Anti-Particula.

Qualquer processo de Anninitation
producao, por qualquer .\ r\/\f\
interacao: sempre cria o W e /u

mesmo numero de particulas e p;;:L;/ AV g
antiparticulas. et A \.F.::'-';.E




Baryogenesis

Same amount of matter
anti-mater in the beging of Universe

X
2

20 8
5 -

LU 3juep a|qissed

3!

. %Ja
1E
RV

4]
. Honeipe, BAEMD.ILL J|wso?

® 52 pO

e

ey W, Z bosons AN phoion

":I quark 3 dailis * ELar

£ glon 2B 1@ @ baryon

£ alectrsan @ss ion - By,

Mhrwen T o blach
M neworina aroir ¢ 5
o - hale

Parpicle Data Group, LBMNL, (D) 2000,  Supporced by DHOE and M5SF




Expansao e resfriamento

W

.... %W Leva a uma
Uma infinidade de 0000 QUAVA Ve ¥ar infinidade de

pares particula ®Pee W Fétons com mesma
anti-particula eeoe * 7 AVIBANTSA NS energia pairando
W pelo Universo
O AVAVAS W
AVAVA: SAVAVA"




Current universe




Current universe




Radiacao de fundo

2.7248 a 2.7252 K° Menos de 0.01% de variacao

- L‘ ‘.,.

2 -J.E-.--:‘l'..ll"F =~ =
.-ﬁ;-




Onde esta a Anti-Materia?

* Baloes com detectores de anti-particulas.
* Radio telescopios, satélites com deteccao de raios gamma e raios X.

T -_-."'}31; " : :-J:‘ . -.‘
=i, " preae

i —

*Nenhuma evidéncia de anti-matéria em ~ 1 Bilhao de anos luz






Condicoes de Sakharov

Para a producao da assimetria entre a matéria e a
anti-matéria, observada no universo atual, sao

necessarias duas condicoes:

+ O numero barionico ser violado.
* Violacao de C e de CP

Estas duas condicoes seriam possiveis, segundo

Sakharov, somente em um sistema fora do equilibrio

termodinadmico, ou seja no Universo em forte expansao.



Violacao do numero
Barionico

Processos onde: o numero de quarks, menos o numero

de anti-quarks, é diferente entre o estado inicial e final.

L%

Q<




Negative experimental results:
Particle Data Group

FPartial mean lifd Antilepton 4+ mesons

p DECAY MODES (1039 vears) T3 > 82
= 147

Antllepton + meson f - 52

N — et

- 168 (n), 1600 (p) > 133

N— purm
N_:“ .r-f".ll
P — E‘ J'
p— pt
n— vy
N — E+p
N — put
N — vp
p— etw
p— pt
n— W
N— et K
-
p— e Kj
N— utK
+ g0
P — H Kg
p— ptKY
N— vK
n— IAH%

p — et K*(892)°

N — v K*(892)

= 100 [nj. ~ 473 (p)
= 112 (n), > 25 (p)

=> 313
> 126
= 158

- 217 (n), = 75 (p)
> 228 (n), > 110 (p)
> 19 (n), > 162 (p)

= 107

= 117

= 108

= 17 (n)
= 120
=5h1

= 26 (n)
= 150

= 83

= 86 (n)
=hl

= g4

= T8 (n)

= 101
- 74
~ 18

Lepton 4+ meson
= 65
= 49
= 62
= 32
= 57

Lepton + mesons
= 30
= 29
= 17
= 34
=~ 75
> 245

Antllepton + photon(s)
= 670
> 478
> 28
= 100
> 219

There is no baryon number violation at low temperature.



Condicoes de Sakharov

Para a producao da assimetria entre a matéria e a
anti-matéria, observada no universo atual, sao

necessarias duas condicoes:

+ O numero barionico ser violado.
* Violacao de C e de CP

Estas duas condicoes seriam possiveis, segundo

Sakharov, somente em um sistema fora do equilibrio

termodinadmico, ou seja no Universo em forte expansao.



CP Symmetry

I'm a positron!
aind | Fuve g e istachs

Spm=Lp Spm=Down
Electron Positron

Landau: CP symmetry must be the responsible by the
transformation matter anti-matter.



il

Violacao de CP

Desintegracao do proton seria menor que a do antiproton

o | 2

=

Isto daria conta do fato de que a soma das cargas elétrica do Universo é zero



yﬁ asymmetry observation:
32 years!

~~

CP Violation :
CP= U
CP=+
Decay time of 0.9 » 10-% second : s e
: 1/500 @ &) ﬁ
Y - : ;
K CP=-1 === *@
lu”!%v-ﬂr James Cronin “al Fitch
g .
Decay time of 0.5 % 107 second EQJ

Distance or Time of Flight

1/500 over Klong going to two pions, violating 96



Teorema de CPT

Se aplica a qualquer teoria invariante de Lorentz, onde os
observaveis sao representados por operadores hermitianos.

Violacao de CP — Irreversibilidade.

temp temp

Sl

Transformacao em tempo deve ser descrita por

uma transformacao unitaria e complexa e'lEt - T = e'Et‘




Kobavashi-Maskawa Nobel de 2008

A N N\

@ ‘ U I ¢ Matriz de Cabibbo de mistura 2X2: nao
§ . dl S permite violacao de CP, falta o termo complexo.
L strarge
cl 5 )
2 ~ 3 familias de quarks Vua Yus Vbl v
Matriz de mistura 2X2 > 3X3,
: Vﬂd 1I“"Irt:s 1I“"Irt:t:: -
permite um termo complexo que V. V.V
poderia explicar a violacdo de CP td Tts  Ttb ]

Kobayashi e Maskawa "’i U\I C\l T
propuseram dois novos j“ﬁ:ﬁ . e
quarkso b e t SN @ IS Lb




C abbiboK oba yashiM askawa
Ma tﬁx [ q

A N N t —L
ulclt

: High
Mch —_—
l' . e probability
W= | Middle
probability
: Low
probability

Cabibbo Kobayashi-Maskawa:
4 parameters, 3 angles and one phase.




Quarks e Leptons

Tres familias de Quarks e
tres familias de Leptons.
Todas ja produzidas e observadas em
aceleradores.

N N\ History of the Universe

ulcl
L
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Leptons Quarks

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF




Quark b: maior fonte de violacao de CP

Decaimentos de particulas
envolvendo o quark b,
S‘ _\L _ apresentam forte componente

u C l t de violacdo de CP
. top




b quark is the biggest source of CP

violation in the CKM matrix.
I. Bigi e A. Sanda
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Belle and BaBar

-

OFLLE

Collaborations

BABAR

" md & Hetrorm A1 Blyis emerrmd

KEK Japao

Z =
e :F ; ?Elic’le.lm'_l‘l-

657 millions of B's mesons

Collahoration Home Page

PEP II- Stanford-EUA

PEP-11
Rings ™

Positrons -
J..f

Low Energy Ring

BABAR Detector

e -
" Electrons

High Energy Ring

383 millions of B's mesons



Detector LHCD

_Muon system
V;

i
/ Elsctromagnstic calorimetar

Trackling ayatam

\\
& b
T\ Ry Ma M5
SPD/PS M3
RICH2 2 gl




Directly P violation for : LA 0{7
B> K'm e B’ » K'mr

LHCb: Phys. Rev. Lett. 110, 221601 (2013)

Directly CP violation:

simple counting of events between charge conjugates final states.

LHCb }
(a)

4000

3000F
3 BJ-KK
. .___. B—3-body
o 2000p ©._._"} comb. bkg
% 2
2 1000
o IOTT. ool B b
S Freer o N Frewoome) AN
=
(7]
a2 =
1] o
= 300F ()
=] o
c -
3] -
[&] -
200F
gt

100F Y,

o N3 fe e
5 51 52 53 54 55 56 5.7
K*t~ invariant mass [GeWc:2] K n*invariant mass [GeV/02]

|<K*mw | T|B°>|*- |<Kn*| T|B°>|?

0

ACp(B0 -K'm) = —
|<K*m | T | B°>|* + |<Ku*| T | B>|?

Acp(B°— K+n~) = —0.080 + 0.007 (stat) + 0.003 (syst), N

Acp(BY— K~ n") = 0.27 + 0.04 (stat) + 0.01 (syst).



Violation.

Anti-particles decays rate bigger than particle.

* Maximum CP asymmetry in the standard model

Jarlskog determinant :

det[S, S,] = 2iJVv(S, )v(S,) =2iJ(mi—mg)(mi—me)(mg—my)(mg—mg)(mg —m)(mg — m3)

J is an invariant whose magnitude is proportional to the area of any of unitary
triangles produced by CKM matrix J=sin(8_) sin(8 ) sin(6_,) sin(SCp) =10

12

The maximum CP violation from standard model CP is given by:
det[S Sd]/T12
“sphaleron”. phase weak transition temperature estimative change from 1 to 100GeV
det[S S 1/T% = 107 to10™

N(barions)/N(fotons) = 10 " observed in the Universe.

* Need a comprehension of the range and dynamics of this
asymmetry.



Observacao de Violacao da Simetria de
CP

* Violacao de CP nos decaimentos dos mésons K's e B's, podem ser
explicados pelo Modelo Padrao

* Entretanto ela nao explica toda a violacao de CP necessaria para
entender a assimetria matéria anti-mateéria do Universo

f\TB — f\rﬁ

Universe: = l[]_f;’]«, l[ﬁl_“:'
iNIB + i?\'rﬁ
: Ng — N5y o
Standard Model: — ~ 10
i%IB -+ Pﬂ'?ﬁ

* Novas fontes de violacao de CP sao necessarias



Necessaria uma nova fonte importante

de violacao de CP

— — e

Las Meninas de Velasquez a Picasso



New sources of CP violation ?

d] | b] analysis

New matrix
Cabibbo-Kobayashi-

Maskawa
Vud Vus Vub Vud4
yaxa _ Voo Ves Voo Vg, Cabibbo Kobayashi-Maskawa:
CKM Vie n Vie Ve Vi, 4 parameters, 3 angles and one phase.
Vid Vus Vupb Vi, 9 parameters, 6 angles and 3phases.







Teorema de CPT

Se aplica a qualquer teoria invariante de Lorentz, onde os
observaveis sao representados por operadores hermitianos.

Violacao de CP — Irreversibilidade.

temp temp

Sl

Transformacao em tempo deve ser descrita por

uma transformacao unitaria e complexa e'lEt - T = e'Et‘




Particle and anti-particle
oscillation

B‘S ~ > “;

CP violation: Neutral particle and anti-particle decaying into a same
final state: (P.ex. mtm~, J/V or KTK ")

Master Equation:

<o | T(t) | P%> = e “M2i8m) [ T( P°— ) cos Amt + g/p T( P°= ) sin Amt]

<ot | T(t) | P> = e (72m) [ T( P’ ) cos Amt + p/q T( P°= a)sin Amt]

AP=1

/\ IF q/p # p/q = CP violation. B
\ / Am mass difference between B° and B°



[0/ violation dynamic to
B’ 2 B?oscilation

JIV

L(BO(t) » J/wKs) —T(B°(1) > J/yKs) _ sen(2)sen(Amt)
I'(BO(t) — J/wKs) + T (BO(t) — J/ wKs)

I (B (t)-]/¥ K)) is the probability to B° decay in the J/W K final state at the time t.

sin2 = 0.68+ 0.025 *+ 0.020




Directly QP violation:

Single final state like B’ —> K* m - decay,
with different rate to particle and anti-particle.

Phases ¢ change signal with charge conjugate operation: weak phase.

Phases 6. no change signal with charge conjugate operation: strong phase.

(fIT)i) = Ajeilhi+o) 4 g eildatea)
(fIT]E) = Ajetdr1=9140) 4 fpeilda=day

AT - |(FITR)|* = —4A, Az sin (8, — &) sin (6; — 62)

57
Directly CP violation: two amplitudes with different strong and weak phase.



Directly P violation for : LA 0{7
B> K'm e B’ » K'mr

LHCb: Phys. Rev. Lett. 110, 221601 (2013)

Directly CP violation:

simple counting of events between charge conjugates final states.

LHCb }
(a)

4000

3000

)
%]
(=]
[=]
=]

2

..—.—.. Comb. bkg

-
o
=]
=]

aof () - (d)

Candidates / ( 10 MeV/c

200F -

100F Y,

o N3 fe e
5 51 52 53 54 55 56 5.7
K*t~ invariant mass [GeWc:2] K n*invariant mass [GeV/02]

|<K*mw | T|B°>|*- |<Kn*| T|B°>|?

0

A (B —K'm) = -
P |<K*m | T| B°>|? + |[<Kn*| T | B’>|?

58






Observacao de particulas




Metas do aparato LHC

+ Energia no centro de massa 13000GeV
(6500 GeV contra 6500 GeV)

* 40 milhoes de colisoes por segundo/detector

* Um ordem maior em energia e duas em quantidade de
colisoes que o Tevatron do Fermilab

* Criacdo de cerca de 100 particulas por colisdo




O o
) How can we observe particle with
little lifetime?

» Colision

Energy given in the
accelerator n —> Mass




Particle observation.

High energy particle collision.

d

- {mu-lmmnl ﬂq




Desintegracao-criacao e

hadronizacao
* Dezenas de possiveis *Dezenas de
desintegracoes-criacoes hadronizacoes
® -

et I(b . s
’
V
1 @ H neutrino
s

:
"o
S mmn
Vrd g
el n Q Jet 2 (b)

* Centenas de possibilidades de observacao.




Directly observation

» Charged particles with lifetime

1071%:
» proton, electron, muon,

less than

meson 11 e meson K

» Neutral particles:
foton, neutron and K°

Cémara de  Calofimetro  Calotimetro  Cémara de
Arraztn  Eltromagnético Hadrdnico Muionz

fotons

et

Camada Maiz Interna..,

} LCamada Mais Externa




Detector LHCD

_Muon system
V;

i
/ Elsctromagnstic calorimetar

Trackling ayatam

\\
& b
T\ Ry Ma M5
SPD/PS M3
RICH2 2 gl




Conservacao da energia

* Desintegracao do boson ARG "

+ +

Nz /S
SN
* O quadrimomento do 7" & igual a soma dos

quadrimomentos do I " maisa do [I -

o 35
c

G I DELPHI
30F

2 * Natureza das particulas
: * Energia total de cada I

15

* Analise estatistica

101

5

ol P RN BN R
88 89 90 91

1 1 Il 1 Il 1 |1 |
92 93 1254 95
Energy, GeV




G .
78 Mass equation

* Gauge boson desintegration VA — HJ_I_IJ_

Quadri -momentum M 2 = (P )2 (P P 4L P ") < =1

conservation

M2 = (P% +Pr)=m2 +m? +2E,.E, +2P, .P,;

=m2 +m2_ +2/|P 2+ m? . ||P,-2+m2_ + 2P, P,

2012 Z-> pp mass peak

EATLJ‘S Preliminary 1
[ —4— Dala 2012 {ys = 8 TeV) Jldt=511b
[ 1Z-pm

X107

~2MZ2 pp |

Mass
resolution
~ 2 GeV




Events observation

* Nature of the particles
* Tri-momentum of the charges particles
* Neutral particle energy

_ - e T — \\\
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LHC Computer Grid

wWLCG

Worldwide LHC Computing Grid

o2 Biz0112:00:00
-

deogle’

I Altitude do ponto de visao 14409,53 km 0




Onde processar e guardar
essa informacao?

+ 200 Mil computadores * 20 milhoes de CD's




Directly P violation for : LA 0{7
B> K'm e B’ » K'mr

LHCb: Phys. Rev. Lett. 110, 221601 (2013)

Directly CP violation:

simple counting of events between charge conjugates final states.

LHCb }
(a)

4000
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K*t~ invariant mass [GeWc:2] K n*invariant mass [GeV/02]

|<K*mw | T|B°>|*- |<Kn*| T|B°>|?

0

A (B —K'm) = -
P |<K*m | T| B°>|? + |[<Kn*| T | B’>|?
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B ek lS 908 Gados:

Decaimento.em trés corpos.




LHCD
\ | )

Participacao Brasileira

CBPF IF-UFRJ PUC-RIo

@)

* Professores/pesquisadores 1

* Tecnodlogos e tecnologistas
+ Alunos de doutoramento

+ Aluno de mestrado

+* Pos — doutores

A NP

+ Total 37






Invariant mass

B> KK’ K"
momentum M ‘2= (P” )2 = (P’ + P’ +pP° )2
conservation - - K+ K- K+
~ 3000 ;P Perr—m™—m—m—mr——r—r—rrr—""—"r717"7
C LHCh = model i
- o B = KKK ]
2SDD: Pl‘ﬂ]iII]iI‘l&Iy combinatorial .
B—KKx' ]
-=B=KKn -

B - D'KnK

1000 F

500F

Candidates / ( 10.0 MeV/c?
o
=

L 1 [ 1 1

S0 e
My [MeV/c?
B* Mass =5278MeV

=




Dalitz Plot-

y = fL ( L _|_p1u)2
(pl _I_pp)z
2: (py + p;)z
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Flat phase space where it is write the dynamics.
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Charmless three body B charge

decays

* Study the B decays and their intermediary states:

K#(890) &

p{770) k

£ (980) x*

K(1430)7'

£(1270) «*

?

= m*i @ “Cartoon” DP
+ | B
B S
. |E
<k
|V
n |E
D ,

*B*>p*nmtmo-
*B* >p*K K"
*+B*>K*K*K"
*B*—>p* p p
*B*—>K*p p

Superimposed resonant contributions

Interference between intermediary states
with different weak phases imply in
CP violation.




Phases in amplitude analysis

Signature of the phase difference
between two interfering resonances

|IM[? = [agtz—|? + |@gt+z0]” + 2|Crtr— rtnol

Figure 1: |@ytn—| = 1, [@atqo] = O Figure 2: |@u+q-| = 1, |@gtq0| > 0

Figure 3: * Figure 4: *
|@xtn-| = |@rtao]| = 1, AD = 0° |@xtn-| = |@rtas| = 1, AD = 90°
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Search for sources of GP in B*— hhh:

Weak phase change signal for charge conjugated

decays,

then interference patner are different for each Dalitz

plane.

B* =B — QP
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Final results
with LHCb 2011 +2012 data
hep/ex-1408.5373, Phys.Rev. D90 (2014) no.11, 112004
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LHCD colaboration at LHC

Ten times more B's than Belle and Babar already produced,
in one year data taking.

800 collaborators, more than 50 institutions, total cost 100M CHEF.
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Total charge asymmetry for
B - K* K"K
hep/ex-1408.5373, Phys.Rev. D90 (2014) no.11, 112004

N(B) + N(B*)= 109.240 = 556
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Total charge asymmetry:

ACP = N(B) - N(B*) = -3.6 = 0.4(sta) £ 0.4(sys)%
N(B) + N(B")
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Plus an error of 0.7% from the control channel B - J/¥W K




Total charge asymmetry for
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Total charge asymmetry:

ACP = N(B) - N(B*) = -3.6 = 0.4(sta) £ 0.4(sys)%
N(B) + N(B")

Plus an error of 0.7% from the control channel B - J/¥W K
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B* - B Dalitz differences

M’ .. Vs M? . phase space distribution
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B* - B" Dalitz differences
M? Vs M? phase space distribution

K+ K
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K+K-
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Total charge asymmetry for

B¥—-> K*II IT"
hep/ex-1408.5373, Phys.Rev. D90 (2014) no.11, 112004

N(B) + N(B*)= 181074 * 556
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Total charge asymmetry:

ACP = N(B) - N(B*) = 2.5 =*0.4(sta) = 0.4(sys)%
N(B) + N(B") 88

Plus an error of 0.7% from the control channel B - J/¥ K
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Plus an error of 0.7% from the control channel B - J/¥ K
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Final results
with LHCb 2011 +2012 data
hep/ex-1408.5373
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Total charge asymmetry for
B - K* K o”
hep/ex-1408.5373, Phys.Rev. D90 (2014) no.11, 112004
N(B) + N(B*)= 6161 =172
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B~ m*K'K Dalitz plot LHCD
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Total charge asymmet

B> oo o
hep/ex-1408.5373, Phys.Rev. D90 (2014) no.11, 112004
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B*-> m*m” m Dalitz plot

2011 +2012 data
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Final state interaction
nm - K K
2011 +2012 data

hep/ex-1408.5373Phys.Rev. D90 (2014) no.11, 112004
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Remarks of the experimental results. LAC 12

+ Global @P observed in all 4 channels
* positive @P in B*»K* n*'m and BT » o'o'm
+negative in B*-» n* K"K and B* 2 K* K"K

+ 2P not uniform in the Dalitz plot: similar large GP in the low K*K
and o' o invariant mass regions, re-enforcing the idea of the
presence of the re-scattering n* o - K"K .
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