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Expansao e resfriamento
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Proporcao particula anti-particula

Matter-Antimatter Asymmetry




Onde esta a Anti-Materia?

Baloes com detectores de anti-particulas.

Radio telescopios, satélites com deteccao de raios gamma e raios X.

i —

AT pind .

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






Condicoes de Sakharov

Para a producao da assimetria entre a matéria e a
antimateria, observada no universo atual, sao
necessarias duas condicoes:

1- O numero barionico ser violado.
2- Violacao de C e de CP.

Estas duas condicoes seriam possiveis, segunda
Sakharov, somente em um sistema fora do equilibrio
termodinamico, ou seja no Universo em forte expansao.



1° condicao:
violacao do numero Barionico

Processos onde: o nimero de quarks, menos o numero
de anti-quarks, é diferente entre o estado inicial e final.

o

Q<
ool
L

4

g9

Dimensicn 6 proton decay mediated by the X boson (3,2)_s in SU(5) GUT.



Fartial mean lifd

(1030

years)

Antllepton + meson

- 158 (n), = 1600 (p)

it
p— e Kj
N— utK

p— ptK%
p— ptKY{

N— vK
n — IHK%

p — et K*(892)°
N — v K*(892)

> 100 (n), > 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

> 51

= 26 (n)

> 150

> 83

> 86 (n)

> 51

> 84

> 78 (n)

Antilepton 4+ mesons

- 82
= 147
> 52
= 133
> 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

Aparentemente somente em sistemas fora do equilibrio termodinamico.



2° condicao:
violacao de CP

Desintegracao do proton seria menor que a do antipréoton

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



Simetria de P

Simetria de reflexao:
Particulas aves pretas
Antiparticulas aves brancas

Simetria conservada nas interagoes eletromagnéticas e fortes
Violada nas interacoes fracas



Simetria de Conjugacao de Carga

Simetria de conjugacao de carga:
Particulas aves pretas
Antiparticulas aves brancas

Simetria conservada nas interagoes eletromagnéticas e fortes
Violacao as interacoes fracas na mesma proporcao de P, para a
conservacao de CP.
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Simetria de CP:
decaimento do méson - u*p
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Observacao de Violacao da Simetria de (7‘1{

CP Violation
e, {
CP=+ ‘vﬂ}
A CP=+
SR
Decay time of 0.9 » 10~ second
L 1.L 1/500 ; @
kK ) CP=- B <
iy | ~ @
El_e-:agnmqnmE < 107 secand | E_ 1

Distance or Time of Flight

1/500 dos Klong se desintegravam em 2 pions, violando ?ﬁ :



R

Simetria de

Simetria conservada nas interagoes eletromagnéticas e fortes
Violagcao em pequenas proporgoes nas interacoes fracas.



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

Dol

Transformacao em tempo deve ser descrita por

uma transformacao unitaria e complexa qut -»T- e'Et°

Violaca P implica na existénci m






Forca Fraca

Tres familias de Quarks

e Desintegracao Reduzidos a
A 7 s —— 4K
trés familias de unilae fél:&lila
Leptons

no inicio do universo
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The Generations of Matler
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Matrix de transicao
entre quarks

Grande
probabilidade




Matrix de transicao
entre quarks

> Grande
probabilidade
I Meédia
probabilidade
4 5 ]
1I""Iruci 1I""Irus .




Matrix de transicao
entre quarks

Grande
probabilidade

Meédia

: probabilidade

Pequena

. probabilidade

4 5 ]

1I""Iruci 1I""Irs 1I""Irut:: .

Ll

1I“"Irt:t:l 1I“"Fs 1I“"Irt:t:: “

C

th Vts th t

Matriz de
Cabibbo Kobayashi-Maskawa




Kobavashi-Maskawa Nobel de 2008

Matriz unitaria tem (N-1)(N-2)/2 fases.

\

Quarks

strarne

2 — 3 familias de quarks

Matriz de mistura 2X2 > 3X3,
permite um termo complexo que
poderia explicar a violacao de CP

Kobayashi e Maskawa propuseram dois
novos quarks o b e t aléem de abrir a

possibilidade de explicar a violacao de CP.

A

‘ Matriz de Cabibbo de mistura 2X2: nao permite
. ““” violacao de CP, falta o termo complexo.
L cawn

] 5 ko
1IIH"‘ruci 1It"‘Irus 1It"‘Irut:: .
1I""‘rt:t:i 1I""Irt:s 1I""Irt:t:: “

th Vts th t

\\

cha

down lstrare lbottam

Quarks
/ /4




Quark b: maior fonte de violacao de CP

I. Bigi e A. Sanda

Decaimentos de particulas
envolvendo o quark b,
apresentam forte
componente de violacao
de CP
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Colaboracoes
Belle e BaBar eomonons i

BABAR

KEK Japao

657 milhoes de Mesons B's
produzidos

PEP II- Stanford-EUA

PEP-I1I
Rings ™
Positrons E

Low Energy Ring

BABAR Detector

.-"’, -~
" *Electrons

High Energy Ring

383 milhoes de Mésons B's
produzidos



4

b quark is the biggest source of CP

/

violation in the CKM matrix.
I. Bigi e A. Sanda

NN
ulclt

charm

up
Example: Directly CP asymmetry

+B’>K'nm
ACP =-9.7+ 1.2 % (PDG 2012)




Violacdo da Simetria de (;‘,P'

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 mateéria anti-matéria do Universo

Ng — Ng
Ng + Ng

Universe: =107~ 107t

Ng — Ng
Ng + Ny

Standard Model: - ~10%




Necessaria uma nova fonte importante

de violacao de CP

Las Meninas de Velasquez a Picasso



Onde encontrar novas fontes de violacao de

CcP

Suspeito de sempre: interacoes fracas




Novas fontes de violacao de CP
no equilibrio termodinamico?

observed

A NARY this "
d]s ]b] 4 analysis
?

Nova matriz de
Cabibbo-Kobayashi-
Maskawa

Vud VUS Vub VUD’q

V4><4 Ve:d Vcs Vcb Vca& (N-l)(N-Z)/Z = 3 fases
CKkM — | Vig Vs Vi Vi
VU4 d VL-I'4 5 VU4 b VU4 d4






Como se descobre novas particulas?
Aceleradores.

Colisao entre particulas a altas energias




Como se descobre novas particulas?
Colisao e criacao

* Colisao

Energia —> Massa

Producdo de particulas;
Massivas e instaveis

Energia da colisao
>

Massa da nova particula




Como se descobre novas particulas?

Colisao entre particulas a altas energias

P - Energia da colisao
: >
g
q - Massa da nova particula

L2 |
- [&Iulnlmlﬂal F-'|1

Lﬁu‘omp.;:l
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Desintegracao-criacao e
hadronizacao

* Dezenas de possiveis desintegracoes criacoes

+ Dezenas de possiveis
hadronizacoes
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Massa Invariante

» Desintegracdo do béson de gauge 7V — M+M_

Conserva(;ao do M 2
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Observacao dos eventos

M? = (P%+ P/ )*=m’ +m? +2E,.E, +2P_.P,.

=m2, +m?_ +2/|P|2 4+ m2,.|P, |2+ m3_ +2P, P
I I p Z p [
¥ Determinacao da natureza das particulas

* Momento vetorial das particulas carregadas
* Energia das particulas neutras

¥ pig M2
4 M3
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Total weight 14000t C M S
ECAL 76K scintillating

Overall diameter 1 m
3 PbWQ, crystals

Overalllength 28.7m MUON ENDCAPS

HCAL Scintillator/brass 473 Cathode Strip Chambers (C5C)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

51 Strips ~16 m?
=137k ch

Steel + quartz
. LEit_:uers i~k ch

_

Pixel

Tracker Pixels & Tracker
» Pixels (100x150 um2)
ECAL ~1 m2 ~66M ch o
HCAL +Si Strips (80-180 um) .
~200 m2 ~8.6M ch =
Muons MUON BARREL Y

Solenoid coil 250 Drift Tubes (DT) and
| 480 Resistive Plate Chambers (RPC) 16



Taxa de colisoes 2011 e 2012.

CMS Total Integrated Luminosity, p-p
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5 decay modes exploited

* High mass: WW, ZZ

* Low mass: bb, tt, WW, ZZ, yy

* Low massregion is very rich but

also very challenging:

main decay modes (bb, tt) are hard
to identify in the huge background

(1%):‘ H=2yy

and

= Very good mass resolution
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Probabilidade de observacao do
Higgs
em funcao da massa

Dada uma
luminosidade ou
numero de colisoes:

CMS Total Integrated Luminosity, p-p
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 564224000
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Combination: ZZ + vy

Local significance of excess: 5.00

Expected for SM Higgs signal:4.70
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Combination: all the channels

Local significance of excess: 5.00
Expected for SM Higgs signal: 6.00
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J. Incandela for the CMS COLLABORATION

fuly #2012 The Stafus of the Higgs Search
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In summary

s TalI B EBEIEEIIal

We have observed a new
boson with a mass of

125.3 £ 0.6 GeV
at

4.9 o significance !



Argentina
Armenia
Australia
Austria
Azerbaijan
Belarus .
Brazil
Canada
Chile
China
Colombia
Czech Republic
Denmark
France

5.0 0 excess at m;~126.5
1M Y Y %

y These accomplishments are the results of more than 20 years of
talented work and extreme dedication by the ATLAS Collaboration,
with the continuous support of the Funding Agencies

T

Morocco ™~
Nethe rlarn:i;
Norway
Poland
Portugal
Romania
Russia
Serbia
Slovakia
Slovenia
South Africa
Spain
Sweden
Switzerland
Tai\!mﬁ

u‘."ﬁ-. e r Iwhuﬁu.-."l-: Dﬁ'-!i*’”‘: .?

More in general, they are the results of the ingenuity,
vision and painstaking work of our community
(uccelemfnr‘ msfrumantnﬂun computing, physics)

S v e

{j{ C \ ICHEP
F\“"L.- Melbourne
Lk

fkiuab@ramenu




Como se descobre novas particulas?

Colisao entre particulas a altas energias

|

L2 |
- [&Iulnlmlﬂal F-'|1

Energia da colisao
>
Massa da nova particula

Lﬁﬂ‘nmn.ﬂl
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Energia altas Vs alta estatistica

Producao em grandes quantidades de particulas
conhecidas e observar as suas desintegracoes no detalhe

Loops com particulas intermediarias de alta massa.

Maior massa da nova particula > Maior contribuicao

Oscilacao de particulas neutras Co.ntribuiga:ao Penguin em
desintegracao de particulas

W+

K(} h-f--’.l.t.l ..-d K{]
1
;

i
wo,  'wT
|

d ucti s




Como se descobrem novos fenomenos
envolvendo novas particulas: loops!

Charge Flrat Second Third
generation generation generatlon

-
Muzn neutring

Estudo com particulas

Estudo com particulas

estranhas, previram a estranhas, mostraram

existéncia dos quarks a existencia de
cbet violacao de CP no

modelo standard. -




Colaboracao LHCb no LHC

Muon system

_Elsctromagnstic calorimeter

LHC - B CERMN
_:._._iPomt 8 == ATLAS ALICE
iy 1 Point 1 = Point 2

Trach;ing aystam

Produzir de 10 a 100 vezes mais B's e D's, reconstruidos por ano, que o
Belle e BaBar produziram nos 10 anos de funcionamento.

800 colaboradores, mais de cinquenta instituicoes de pesquisa, custo de
construcao cerca de 100M de CHF.






Busca de violacao de CP em desintegracoes em

tres hadrons.
Projeto CBPF e IF/UFR]

I.B, R.E. Blanco, C. Gobel, R. Mendez-Galain, Phys.Rev.Lett.81:4067-4070,1998.
I.B, Gabriel Guerrer and Jussara Miranda, Phy.Rev D76: 073011 (2007)
I.B., I.1. Bigi, A. Gomes, G. Guerrer, J. Miranda and A.C. Dos Reis .Phys. Rev. D 80, 096006 (2009)
I.B., 1.I. Bigi, A. Gomes, ]J. Miranda, A.C. Dos Reis, J. Otalora and A. Veiga,Phys. Rev. D 86, 036005 (2012)

* Study the B decays: and intermediary states:

sB*—>mp*m o

+B*—>K*m o ,f,i’ifi?)“;f i B
sB*->m*K*K~ B (osx ||k
sB*>SK*K K- K(1430)7" E_ E}
B—n* pp o < Y

*+ B*—>K *

e

p



e |

Violacao de CP

Desintegracao do proton seria menor que a do antipréoton

oo | fa=

=




Total charge asymmetry for
B 5D K*K-K*
ICHEP2012

N(B) =14,498 = 156 N(B*)= 16,396 = 167
o 4000F "L 4000
; - LHCb N, = 14498 +- 157 evts ; E N, = 10396 ». 167 evis
() 3500 :_ . ‘ BE_ e - 1 350&? ::B: 5284.5i+- O.ZO:IIeV
=7 F [ = ohe B4 DMy
© 3000 62 = 13.30 +- 0.45 MeV 23000 = ’
m 2500 E— B - KKK signal m 2500 :— combi?alorial
_9 n combinatorial _9 — B K (Kn') KK
=200 B B Kl e + 2000F-
Ll C L -
w1500 w1500
o ~ o u
@ 10001  1000F-
.g e e
5001 E oot *
= u =] u '*‘%h‘_“\
= - e e i~
= O'I-...|/...|..\_.1|Lﬂ.“.:“f'='= Z -|....|/...|..\L.|..."'
5100 5200 5300 5400 , 5100 5200 5300 5400 )
Mk [MeV/c?] M« [MeVic?]

Total charge asymmetry:
ACP RAW = N(B) - N(B*) =-0.061 = 0.007
N(B) + N(B*) 68




Total charge asymmetry for
B" "> K"t 77

ICHEP2012

N(B) = 14,559 = 162 N(B")= 14,117 = 162
—_ = ~ 3500
Nu 3500 + N, = 14559 +- 162 evts Nu - Ng = 14117 +- 162 evts
"'>‘ - _ M, = 5283.80 +- 0.21 MeV s 3000 + M, = 5283.55 +- 0.22 MeV
o) - ol = 23.28 +- 0.48 MeV O - G}, = 22.53 +- 0.67 MeV
= 3000 = B 2= 15.20 +- 0.62 MeV 2500 " B 62 = 16.75 +- 0.79 MeV
s 2500 :— B ifmrsi.gnal 8 E LHCb B — K-mtsilgnal
< F LH ch o ot = 2000[ SLAN o B
‘g 2000 N B (%) K ﬂ i’ B (%) K
c B K* (K% rx c L B — K* (K% ax
@ 1500F @ 15001
L C C
1000 1000
0: T — |_,/. , %—&t.—_.; R 0: . SN J_,l—fl't.; L
5100 5200 5300 5400 5100 5200 5300 5400
M, [MeVic?] M. [MeV/c?]

Total charge asymmetry:
ACP RAW= N(B) - N(B*) = 0.015*0.008
N(B) + N(B*) 09




Decaimento do B em tres mesons

35,707+ 308 eventos de sinal B*—>K *m*m -
Dados de 2011

— E [ U I 3
“u8000 e
E?DDO ;_ NS = 25707 +- 308 evis _;
—— 1
=5000 £, e
4000 — e o
23000 :
g SH— :
(512000 - =
1000 & e
]; () Gssbessmsansitennnnnnbesiln | . it
5100 5200 5300 5400
b M, (MeV/c%)
3
= (P",) 2 = = (P*, +P", +P"3) 2
2 N\ 2
M:, = (p] + P}
2 2
M13 — (p
2 1/ 2 2 2 2 —
M3, = (py + p3 MB + m + m, +m3 S, + S, + S,



Dalitz Plot-

b
S12 = ﬂ — (p )2
B —&P S1 :J\ff = (p 1—|—p3)3
sa3 = My, = (ph + ph)?
5
1 >
dI'(s12, S23) = o o |"' dsi2ds23
s, 1 (2m)332 M3,

Espaco de fase onde escrevo a
dindmica dada pelo | M |°

S
12



Busca de violacao de CP em desintegracoes em
tres hadrons.

B" > K*m 1?

K+890) 7" || | O K*(890)t* 770)K 7, £ (980)K *
p770) k|| * | B S0 PLTONE 7 L95D
" S
£ (980) i+
n( s N Tc+ E{ BIT:};{*’—HJE-{]-;;FH ]'I[J'in'f].'
K(1430)7 % 0 v
£(1270)x* || © |E
D

? =

Soma coerente de amplitudes
Ressonanciasi PLeBEGRENTRAS RId8$6&1ias 102 s,

se desintegram por interacoes fortes.



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

Dol

Transformacao em tempo deve ser descrita por

uma transformacao unitaria e complexa qut -»T- e'Et°

Violaca P implica na existénci m



Heavy meson three body decays.
Amplitude analysis

* Isobaric Model amplitude two body plus one bachelor
- Mi= BWZ,X @lJ

s BW - Breit Wigner K’ K*
» © 7 - angular function B —
P (770)

_ i 6i P(770)
+M =>a. e M

1

+ 0_is the re-scattering phase

Work pretty well for
charm three body decays.

* Approximation 2 + 1 work at least in first order.



Working group Nabis

Different expertise — formation of working group Nabis

From Theory
l. Bigi, S. Gardner (USA)
C. Hanhart, Th. Mannel, U.-G. MeiBBner, W. Ochs, A. Sibirtsev (Germany)

J.A. Oller, J.R. Pelaez (Spain)
M.R. Pennington (UK)

From Experiment

|. Bediaga (Brazil)

A.E. Bondar (Russia)

A. Denig, W. Gradl, K. Peters, U. Wiedner (Germany)
T.J. Gershon (UK)

B.T. Meadows (USA)

G. Wilkinson (Switzerland) st BBy, 1666




Re-scaterring in three body heavy meson
decays.

P.C. Magalhaes, M.R. Robilotta, K.S.E.F. Guimaraes, T. Frederico, W. de Paula, I. B., A.C.dos Reis, ,
C.M. Maekawa, G.R.S. Zarnauskas, Phys.Rev.{ D84}:094001,2011.

® Weak vertex
b 3 simple topologies: ,-'T“+
+ ¥ T e J—|;+ e :I'Eﬂ
Jt wt - b A w W
A il R R
d e ik
e A 1T
@ ® ©

@ FSI: three-body rescattering model N _
b CHPT in SU3) sector. " "> building block

» 7 tinteraction can be neglected

S
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Violacao de CP no Dalitz plot:

Subtracao entre os planos dos decaimentos

B" "> K*m nntdo B—- K™

"""""""""""" TRIES-—__ 500000

3500 g .
F000 TR TR et T e : -. + + | +
..............................................
2000 —- ----------------------

500 ------------------------------------------
1 000 ...........................

500 B

0 _> B

o 23 -

U SR
AT IO, 22,5
1o 12,5 15 rr?z“

T

LENTRIEST

498367

B - K ' "1

1Q

Diferenca entre os dois planos = Violacao de CP




Search for sources of G in B*— hhh:
Mirandizing

For Bt = B = CP

Subtract B and B ~Dalitz surface and
write the significance of each bin:
W .’ i ;- it I u
| ,“| h| il q Ilt LT

P8 o) = (N'() =N (i) | e "l”fﬂl\l 1‘ |.| i illilm i

i
—1
-2
-3
4 o = o0 - : o
VIN'() + N(i) e A5 -
:u-q YB+ +B=]
i TR VA
107 | )
“imported” from astrophysical community:
Ti-pei Li and Yu-gian Ma, Astr,Jour.272(1983) ,317 by e ; _
[.B., L.I. Bigi, A. Gomes, G. Guerrer, T

-5% =4 =3 =2 =l 0 1
J. Miranda and A.C. Dos Reis " Ser
-Phys. Rev. D 80, 096006 (2009)

Pure statistical fluctuation:
centred Gaussian of unit width gg(0,1).

(Dipraane=> 80



Search for sources of GP in B*— hhh:
Mirandizing

Possibility of probing regions of the Dalitz plot looking at interference with 7P:

1- resonant intermediary asymmetries like: Acp (B* —> K*p?)

2- ¢3 in interferences between intermediary resonant states with CP 19
model independent method



LHCD
% )

Application of the method Ly
Mirandizing in date: D" > K* K w”

LHCb Collaboration, Phys.Rev.D84:112008,2011.
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Total charge asymmetry for

N(B) = 14,498 = 156

LI‘{CQ Ny = 14498 +- 157 evts

B"-> K*"K-K"

£-3
o
(=
o

. . eV
ag = 24,05 +- 0.37 MeV
6% = 13.30 +- 0.45 MeV

B — KKK signal
combinatorial
B K (K1) KK

B

3000

ber of Entries / 10 MpV/c?
P
8

N(B*)= 16,396 = 167

:

Ng = 16396 +- 167 evts
Mg = 5284.55 +- 0.20 MeV
of = 23.84 +- 0.35 MeV
ol = 13.77 +- 0.44 MeV

B — KKK signal
combinatorial
B o K (K% KK

t

IIIIII1I|IIII|IIII|IIII|IIII|IIIIIIIII

- E—500

u =3 3 '”‘:‘-lsﬁsu...u,\
B —__ﬁ"“*'-r-'-_-F'_i
L ] 1 1 1 1 |/| 1 1 ] ||\_4; |i_|__'-|r*:'-'_:‘=.= z 0 l 1 1 1 1 |/| 1 1 ] II\L 1 ] 1 1 1 ]
5100 5200 5300 5400 5100 5200 5300 5400

M, .« [MeV/c?]

M, [MeV/c?]

Total charge asymmetry:

ACP RAW = N(B) -

N(B*) =-0.0061 = 0.007

N(B) + N(B*) 81




Dalitz bins with the same number of
events

* Producing a Dalitz surface for the sum of B™ plus B ~ with equal number of
events per bin (+-1).

+ Algorithm divided recursively step-by-step into two with the same number of
events, alternating in x and y .

: RZp_Biat
L ' L | Entries 36563 a L e B
L Meanx 6.813 .j-l. Entries 23914
L Meanx G023
25 Meany  9.031 . 77
L, Meany  &.774
- RMSx  7.366 oot
B RMS 6.818 - FM5 x 1.016
- L > _ RMSy 7497
20 L - 1
T 12
- 1
15 k h
] 1§
_# 12
m o
10 k N i
i 1 o o | ™ o —
] M) 1w I
5 _] E:?Tm pall LI Eii " Fl =
4 & | fn ——{ T || e e 1M
- _ M T e el 1 [ W | [}
L ¥ 3 ; Ll e, e =1 g I:::i 100 22 ez fvm = I 15 IIH ] 1S
0*' B it S S R . I S
0 10 20 0 5 10 15 0 25 30

3l
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A_, Mirandizing

New quantitative model independent method.
I.B, L.I. Bigi, A. Gomes, ]J. Miranda, A.C. Dos Reis, J. Otalara and A. Veiga, Phys. Rev. DD 86, 036005 (2012)

* Since N*(i) + N (i) = N(i) = constant and the same for all bins, we can redefine:
SCP(i) = N'(i) -N (i) - ACP(i) = N'(i) -N (i)
V(N' (i) + N (i) N"(i) + N(i)

changing the width from 1 to 1/v N(i)

S ., Mirandizing —p» A_, Mirandizing

Cp =g — > o(0,1NNG)

Evarks ! (D02

EEE &

B

z @
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B* - B" Dalitz differences

LHCD
Low M” and High M” phase space distribution NG
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B* - B" Dalitz differences
M? ., Vs M?  phase space distribution

ICHEP2012
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CP asymmetry and CPT

Directly CP violation in a heavy meson decay:
Number of final state coming from a particle is different from anti-particle.

Basic question: Decay of particles produced with same amount: when
CP asymmetry is violated, that is N(M* - ) > N(M - f-), where the
surplus M" » f - events go?

CPT imposes that these M ~events go to another hadronic final state,
connected to f~ via S matrix. Bigi and Sanda or Marshak et al. Books.

Other than weak phases at quarks scale, directly CP violation needs the
existence of re-scattering amplitudes different from zero.

CPT = A|A]? > AJA]? XPK *n-n* — hadrons)



What we learned with the first

LHCD
preliminary results from LHCD data?

25— 25 — 1

R LHCb W.. » | LHCb B
S L | Preliminar - Preliminar
> 2 M < ary 18,; 2 20 § o ALy _
&) £ (0] z .
= : o2 = F
o 2 =
- + 1 - '_0.1
2 15F - Qo1 & 9 -
W E " 1| E
5 i 0 - —-0.1
- 2 0.2 5F- - =
5 -0.3 - “—
- - I— T
L -0.4 ol —_— -0.3
0' P T N PR TP SR
0 10 , 15 0 10 20 , 30
m2.. .. [GeV/ct] m2. [GeV</c!]

* Seems CP violation in B*—-K * 1 "1 * decay is positive and the B*—> K * K * K™~ negative.
+ The number of events involved in CP Violation is basic the same.

+ Both have CP Violation in similar low K *K~and n "1™ mass kinematic regions.

+ There is a non Dalitz symmetrical CP Violation distribution in both decays.

+ Are the sources of CP violation for these two channels, correlated by CPT constraint?
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Searches for new fermions and bosons

Petra Van Mulders

On behalf of the CM5 and ATLAS collaborations

Physics In Collision 2012 - September, 12 - 15

We are not there yet!

Only the latest-greatest results
presented, there is much more!

Searches are ongoing, we are
starting to exclude some models

random experimentalist
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We are not there yet!

Only the latest-greatest results
presented, there is much more!

Searches are ongoing, we are
starting to exclude some models

But we are not done yet,
theorists tend to reanimate
their favorite models...

random experimentalist

random theorist
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