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Physics Motivation

CP Violation before LHC

@ New Physics is expected to play a role
at LHC, but difficult to be characterized

@ SM: CP violation is described by a
complex phase in the unitarity CKM
matrix. Unitary Triangles
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Physics Motivation

CP Violation before LHC

@ New Physics is expected to play a role
at LHC, but difficult to be characterized

@ SM: CP violation is described by a P=p -2 | [F=na-41)
complex phase in the unitarity CKM =
matrix. Unitary Triangles
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Physics Motivation

CP Violation before LHC

@ New Physics is expected to play a role
at LHC, but difficult to be characterized

@ SM: CP violation is described by a =pa -2 | [A=na-xn)
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Physics Motivation

CP Violation before LHC

@ New Physics is expected to play a role " j \ p
at LHC, but difficult to be characterized ot 2 S
@ SM: CP violation is described by a IS
complex phase in the unitarity CKM ﬁ )
matrix. Unitary Triangles ‘
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Physics Motivation

CP Violation at LHC

@ Standard Model can not explain the
baryon asymmetry of the Universe =-

CP violation is a probe to new Physics.

@ LHCb is a precision experiment
designed to study the b sector:
CP violation and rare decays
Elie Aslanides’ talk

Lope@

7 UFR]

LHCD



Physics Motivation

CP Violation at LHC

I Vgl + VeaVes + Vialio =0

@ Standard Model can not explain the
baryon asymmetry of the Universe =-
CP violation is a probe to new Physics.

@ LHCb is a precision experiment
designed to study the b sector:
CP violation and rare decays
Elie Aslanides’ talk

@ LHCb precision = 2 Unitary Triangles

Im Vb + Vighs + Vg Vua =0
i
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Physics Motivation

CP Violation at LHC

I Vgl + VeaVes + Vialio =0

@ Standard Model can not explain the
baryon asymmetry of the Universe =-
CP violation is a probe to new Physics.

@ LHCb is a precision experiment
designed to study the b sector:
CP violation and rare decays
Elie Aslanides’ talk
@ LHCb precision = 2 Unitary Triangles

@ LHCb will over constrain the Triangles

Im Vb + Vighs + Vg Vua =0
i
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LHCDb Physics Program

Ams, ¢sand Alg: Bs — Dgr, J/W®, J/Wn and n:$

a: Bg— w0 nt

B: Bqg — J/WKs and Bs — ®Kg (penguin)
~
@ CPagyn(t): Bs — DFKT , K* K~ and By — nt 7~
e Decay Rates: B} —D(K~n* ; Kf7—; KT K7)K*0
0 _DO(K—7+ ; Kt~ Kt K™)K*O
o Dalitz analysis: B~'g —D(Ksm~ 7 KK~ K)K =0
Rare Decays
e Penguins: Radiative: By — (K*, w)y, Bs — ®7;
Electroweak By — K*u~pu™;

Gluonic: Bs — ©¢ and By — ¢®Kg
e Box diagram: B —ut

Bs, b-baryon Physics, ¢ Physics ... [
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LHCb Physics Program (in 15 minutes!)

Ams, ¢s : Bs — Dgrr, J/W®, J/Wn and n:$

a: Bg— w0 nt

ﬁ: Bd — J/\UKS
o

o
e Decay Rates: B} —D(K~n* ; Kf7—; KT K7)K*0

Rare Decay

e Penguins:
Electroweak By — K*p~put;
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Flavour Tagging

MC Simulation: 40M bb and 70M minimun bias events

How to know the b-flavor at t=07?

@ detecting the flavor of the other B
- opposite side: e, i, K, Beharge

@ using K= for Bs or 7+ for Bs -
same side: 7/K

Lope@
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Flavour Tagging

MC Simulation: 40M bb and 70M minimun bias events

How to know the b-flavor at t=07?

@ detecting the flavor of the other B AR

Bcharga -
. . [t -
- opposite side: e, u, K, Beharge ’Zé,&
A charm e

@ using K= for Bs or 7+ for Bs - B,
same side: 7/K /

@ Tagging power characterized by
(1 — 2w)?, where ¢ is the
efficiency and w the mistag

By Bs

e(1 —2w)? | 4%-5% | 6%-9%

same side
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Bs Mixing

Bs Oscillation Frequency: Amg

2 300—

Needed for Bs time dependent CP S
asymmetries "

One year of data taking

chnm

Am, =25 ps4
100}~

0 1 2 3 4 5

®11ps]
@ 2 fb~1 (one year of data taking) 8007 m—errrem
@ can observe > 5¢ oscillation signal if |+ oy = OTEbS
Ams < 68 pst
@ proper time resolution ~ 35 fs 400
2001

1 h o
-%OO -200 -100 O 100 200 300

LC] peld b ®

/ UFR]



Bs Mixing

Bs Oscillation Frequency: Amg

2 300— One year of data taking

Needed for Bs time dependent CP .
asymmetries "

chnm

Am_ =25 ps4
100}~

0 1 2 3 4 5

®lps]
@ 2 fb~1 (one year of data taking) 8007 m———
@ can observe > 5¢ oscillation signal if |+ oy = OTEHS
Ams < 68 pst
@ proper time resolution ~ 35 fs 400-
LHCb: if Amg= 20 pSfl = 200
O'LHCb(AmS): 0.01 pS_l

1 h o
-gOO -200 -100 O 100 200 300
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Bs Mixing

Bs Mixing Phase &g

@ CP asymmetry from interference: Bs — J/W® and

Bs — Bs — J/W®. New Physics?
@ B counter part of the golden mode By — J/V Kgs ()

b S b W 3 s
¢ teu) Wolteus o U -
b H 1 I b
— N e g —
R
W' H, LI_iCb
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Bs Mixing

Bs Mixing Phase &g

@ CP asymmetry from interference: Bs — J/W® and
Bs — Bs — J/Vo,

@ B counter part of the golden mode By — J/V Kgs ()

@ Final state is a mixture of CP-even and odd contributions
— angular analysis of decay products required

@ Also from pure CP eigenstates: J/Wn(yy, 7T~ 70), ned =
no need of angular analysis, but lower statistics

@ Standard Model: &5 = —2x =-0.036 + 0.003 (CKM fitter)

by
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CKM Angles

afromB g — 7%t

@ Selection based in a
multivariable analysis T

@ Dalitz plot analysis - Quinn
Snyder method

@ 14 kevents/year with
B/S=0.8

@ 1ll-parameter likelihood
fits in time-dependent
Dalitz space

o) e




CKM Angles

afromB g — 7%t

@ Selection based in a
multivariable analysis T

@ Dalitz plot analysis - Quinn i
Snyder method

@ 14 kevents/year with

B/S=0.8 agit = (102 + 9)°

@ 11-parameter likelihc Toy MC - 2 fb~1
fits in time-depender o(a) = 10°
Dalitz space
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CKM Angles

G fromB 4 — J/V Kg

sin 203
O Well measured by Belle and Babar = r
in agreement with fitted value os-
O (sin 20)5t = 0.738 + 0.023 £
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CKM Angles

G fromB 4 — J/V Kg

To be measured as a proof of principle

0 Well measured by Belle and Babar sin 203

O (sin 23)meas= 0.687 + 0.032
in agreement with fitted value
O (sin 28)5t = 0.738 + 0.023

0 2fb~t LHCDb
@ control channel: By — J/W K* o2
@ 216 kevents

@ o(sin 25) = 0.022

v

To be compared with values obtained from b — s penguin
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CKM Angles

~ from B 4 — D° K*? - Gronau-London-Wyler Method

6 self tagging decays @ 6 measurements: A

A1 = ABqg — D [Kta ] K Ktr]) = A ® As7 As— CPV
A = A(Bg — DO [K~ 7] K¥[Kt7~]) = Axe® | @ ra-known

Az = A(Bg — DcplKK,77] K¥[K*T77)) @ J strong phase
A4 = A(Bq — DcplKK, 7] K'[K=71])

A counting experiment: no tagging or proper time needed

Lop%g A=A, A



CKM Angles

~ from B 4 — D° K*? - Gronau-London-Wyler Method

6 self tagging decays @ 6 measurements: A
@ Az # A4 — CPV

As = A(Bg — D° [KT7] KX [K*n—]) = A,
A = A(Bg — DO [K~ 7] K¥[Kt7~]) = Axe® | @ ra-known

Az = A(Bg — DcplKK,77] K¥[K*T77)) @ J strong phase
A4 = A(By — DcelKK, 7] K [K=7+]) @ 8 ambiguities!

Insensitive to new Physics

‘ contours for gamma = 65 delta= 0in 1 year ‘

g
o
g
b

yuteT = (71 £ 16)°
Ulyear(V) = 8°
USyear!'Y) = 4°

tape 3/’ i (C rHCD
\aced e AL THCR]
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Rare Decay

Rare Decay: B g — K*%u it

Forward-backward asymmetry Agg(s) in the ppu rest-frame is a
sensitive probe to New Physics

@ Suppressed decay. BRgy ~ 10~° . //x—\ oo s
@ 2fb~! — 4.4 kevents with B/S < 2.6
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Rare Decay

Rare Decay: B g — K*%u it

Forward-backward asymmetry Agg(s) in the pu rest-frame is a
sensitive probe to New Physics

0.4c i
w0.3- Expt20

@ Suppressed decay. BRgy ~ 107° f’,‘j}H+ i

@ 2 b1 — 4.4 kevents with B/S < 2.6 o: +++ J[

@ 10 fb~L: pye + ¥
zero of Agg located to 4 0.53 GeV? s SOOI I 1ﬁ:8 ]

s(GeVA2)
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Physics Motivation

CKM Angles

Conclusions

LHCb performance with 2fb 1 (1 year)

Channel Yield | Bpp/S Precision
Bs — DsK 54k | <1 o(v) = 14°
By — 7 26k | <0.6 Fleicher o(y) ~ 6°
By — KK 37k 0.3
v By — DO(K*Tm—) K* 0.5k | <03
By — D° (K~ 7t) K* 24k | <2 GLW+D o(v) ~ 8°
Bg — Bcp (KK,77) K* 0.6k < 0.3
B~ — DO(Kt7w—) K~ 60k | 0.5 ADS a(vy) ~ 5°
B~ — D’ (K- nt) K™ 2k | 05
a By — montw— 14k 0.8 Snyder Quinn o(a) ~ 10°
B By — J/WKs 216k | 0.8 o(sin28) ~ 0.022
Bs — J/IV® 125k 0.3
os Bs — J/Vn 12k 2.3 o(¢s) = 2°
Bs — ncd 3k | 0.7
Ams Bs — Dsm 80k | 0.8 Amsup to 68 ps— 1
By — K*pu 4.4k | <26 Zero at + 0.53 GeV?
rare decays | Bs — up 17 | <5.7 New Physics search
By — K*y 35k | <0.7 o(AdL) ~ 0.01
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Conclusions

Conclusions

@ By, By, Bs and B systems studied at
an unprecedented level of accuracy

@ B — B; oscillations measured

@ CP angles determined via channels
with different sensitivity to NP

@ Many measurements of rare decays
and CP asymmetries performed

@ b-baryon, c Physics ...
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Conclusions

Conclusions

1
@ By, By, Bs and B systems studied at IR ARY,

an unprecedented level of accuracy @ Ams < 68 ps~t

@ B — B oscillations measured (50)

@ CP angles determined via channels ® o(Ams) ~ 0.02ps™*
with different sensitivity to NP @ o(¢ps) ~ 2°

@ Many measurements of rare decays @ o(w) ~ 10°
and CP asymmetries performed @ o(3) ~ 0.9°

@ b-baryon, ¢ Physics ... @ o(7) ~ 5°
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Conclusions

Conclusions

LHCDb offers an excellent opportunity to spot New Physics
signals beyond Standard Model and will be ready in 2007

—1
@ By, By, Bs and B systems studied at IR SR AR,

an unprecedented level of accuracy @ Ams < 68 ps—t

@ B — B oscillations measured (50)

@ CP angles determined via channels ® o(Ams) ~ 0.02ps™*
with different sensitivity to NP @ o(¢ps) ~ 2°

@ Many measurements of rare decays @ o(o) ~ 10°
and CP asymmetries performed @ o(3) ~ 0.9°

@ b-baryon, ¢ Physics ... @ o(y) ~ 5°
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