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Sl b, in the standard model A

Wolfenstein parameterization of _ I, I/
the CKM matrix (A=V,., A, p, 1) —> _x=arg(Vy)-n=47

B=-arg(Vy)

Thus x in the B, system
corresponds to B in the B,
system  (therefore 1y is
also referred to as B, )

B,-system well measured, but

B.-system (AM,, AT, %, |p/ql) not fully explored
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% ¢s in the standard model B

B° —B° Mixing : Standard model box diagrams (AF=2 transitions)
q

q

9 W~ b 9 wct b

BE[ . cC, Ly Al C, t EL’[ al'ld Bq V‘J %I EL]
— VW < p—
b W q b uct g

By Mixing phase = ¢7': 2arg [V;th] —> gy =20
¢s — _2;(

If only SM box diagrams

If NP contributions j _ +SMbox NP d %+ — 2
in B, mixing ¢s _ ¢s + ¢s an ¢s X
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% Measuring ¢, at LHCb B
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Thus : measure the B, mixing phase ¢, and see if it agrees with SM
expectation from the box diagrams (check if ¢, <> -2y = -21°ny = -0.04)

The following B.-decays have been used to determine the LHCb
sensitivity to ¢, :

B.oJy(pup)o(KHK) CP-odd and CP-even eigenstates
B.—n.(h-h*h"h*)$(K*K") CP-even eigenstate

B.—oJhw(up*) niyy) CP-even eigenstate

B.—>Jhy(upt) n(ntnaO(yy)) CP-even eigenstate

B.—~Jy (wu)n’(m*ntn (vy)) CP-even eigenstate

B.—D, (K*Kn) D, (K*K"rt*) CP-even eigenstate

B.—»D, (KK n)r* AM, determination, Control Channel




%% Tree and Penguin Diagrams .(Pﬂ.
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wké D b — VV"% C Iy
S & ¢ Jvme
—ob Vo c B, <
Bs § § DS § S ¢n
¢ ]/ The b — TCS transitions
V, o ¢Vl are dominated by g single
b S weak phase 1V, V
=0 u,c,t * !
B, ths - "
S S
A(b — ccs) = VVi(Ar + Po) + VsV Pu + VisVi Py
A(b — &cs) VesVip (A1 + B = Py) + Vi Vi, (P — P

ViV = VeV, W u;\ ~ AN (1 — A2)2) ™~

~ AN (p + in)
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% CP asymmetry .ﬂﬂ-_

I'Bs(t) — f] —T'[Bs(t) — f]

Acp(t) = =—=— : :
[[Bs(t) — f]+ T'[Bs(t) — f]
B, Af
* CP eigenstates with eigenvalues: n; = +1 F\
+ GF : interference in mixing and decay (no direct /GP/) /P f=1
- b — TcS is dominated by a single weak phase
B, Ef

N ¢ sin ¢q sin(AMq t)
cosh(AT'qt/2) — 15 cos ¢q sinh(AT'y t/2)

Amm -ind {'f-:l' _

The time dependent CP asymmetry allows us to measure ¢..
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% Angular analysis (CP-odd/CP-even separation) .(Ifl!

Complication for: By — J/¢(— ¢707) ¢(— KTK™)

> } r Ry = ALOF
2 f—o,,L [ As(0)]2

¢ ' R;=0— CP even

R;=0.5 - maximum dilution

SN (but still some sensitivity o ¢,
/ x since odd and even contributions
' have different 0., distribution)

Measurements ->R;= 0.2

AP o (4o(0)P + 140 2 (1 -+ cos®@) + 4, ()P 2 6in)

d cosl#
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The LHCb experiment '
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LHCb
Single arm spectrometer with:

- good vertexing/tracking for
reconstruction of the primary
and B-decay vertex.

particle identification

]
\/

LHCb under construction. It's real!
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% The LHCb MC simulation .(lﬂ.L

FEDERALE DE LAUSANNE

The results in the next slides have been obtained with the latest (DC04) LHCb

Monte Carlo simulation.

e
= L
= 2
- i S
. e ]
= = .
I S

- Very detailed and realistic detector and material description
Full pattern recognition, trigger simulation (also HLT), and offline event selection .

* Realistic detector inefficiencies, noise hits, and effects of events from the previous
bunch crossings
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%% Results on the event selections

Yield [ B/S [<8.> | Gpass | Weng | Eeag

(10%/2 fb't) ) | Mevicd) | (@) | (@)

B> Iy (1) d(KK) 131 |012| 36 | 14 | 33 | 57
B.—n (hh*hh")p(KK") 3 06 | 30 | 12 | 31 | 66
B.—Jy(uu*) n(yy) 8.5 2.0 37 34 35 63
B.—>Jhy(upt) n(mntmml(yy)) 3.0 30 | 34 20 30 62
B.—Jy (wp*) n’(m*nn (vy)) 2.2 20 | 32 19 31 64
B.—D (K'K'w) D,(K*K-1") 4.0 03 | 56 6 34 | 57
B.—>D, (K*K'm)* 120 | 04 | 40 | 14 | 31 | 63

The sensitivity to ¢, :

B.—~J/yn®), B.—n.¢ : Low yield, high background, but CP-even.
B.—»D.D, :Low yield, worse proper time resolution, but CP-even (FSI?)

B.—»J/w¢ :Largeyield, but mixture of CP-odd and CP-even eigenstates.

| ({l
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Results on

the event selections
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Efgﬁﬁ Toy MC: modeling the events

I
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The Sensitivity is determined by making use of a fast parameterized MC. As
input the results from the full LHCb MC are used.

The CP parameters are extracted by performing a likelihood fit to the mass
and proper time distributions (and to the transversity angle for B.—~>J/vyo).

control channel is thus included.

The likelihood for the signal b= CcS transitions is simultaneously optimized
with the control sample (B,—~D.n). The tagging performance is assumed to be
the same for the control and signal sample. The statistical uncertainty of

AM, =17.5ps™ %

mg, = 5369.6 MeV /c?; Perform ~200 toy experiments, where
each experiment represents ~one LHCb
year of data taking (2fb! at 2x1032cm2s1).
o &, = —0.04 rad; The RMS of the ¢, distribution is given as
the sensitivity.

AT /Ts = 0.15;

o 7, =1/Ty =145ps; \

Standard model values
are used as input

e R =0.2,forBs — |/ o
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(

Events /

)
Modeling the mass and 6;, distributions '
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Projection of the likelihood on mass
distribution for B,—~J/y¢.

The mass peak is modeled by an
exponential (background) and a
Gaussian (signal).
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Transversity angle: coso

Projection of the likelihood on the
transversity angle distribution for
B.—»>J/yé.

Blue=total, red dotted = CP-even,
red dashed =CP-odd,
black=background (is assumed to be
independent on 6.
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%% Modeling the tagged proper time distributions '

; true ; true
true & i —Istfrue Al té _ LA ol Al's ti
Ry (™, qitWiag. @) o< € {cc:sh > — 15 cos ¢ sinh 5
o, is 5 x SM value +n¢q; D sin ¢ sin (ﬁ_-'lf& tfjm”) >

 Sensitivity to ¢, depends on D
(tagging dilution factor) = 1-2w,,,

But = also sensitivity if we have
untagged events (w;,;=0.5, D=0)
trough cos(¢,) term

Rates with resolution and acceptance

Proper time [ ps ] Include:
* Red solid line : tagged as initiallyB; * Trigger and Selection bias on 1
* Blue dashed : tagged as initiallygo » Proper time resolution
S

(Wrong tag fraction is included)
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%% Modeling the tagged proper time distributions '

B.—n. (Standard
model parameters)

T T

[ o 4-'-'-_-']"""1:"']"—::""

aIIII|IIII|IIII|IIII|IIII|IIII|III

5 6
Proper time [ ps ]

B.—»J/yn (Standard

model parameters)

i ~r- 1-_-‘F‘_|—_rl=m-—-m—wm

=

5 6
Proper time [ ps ]

FEDERALE DE LAUSANNE

Projection of the likelihood on the
proper time distribution

Blue solid : Total
Red dotted : Signal
Black dashed : Background

B,—n.0 : better proper time resolution =
wiggles in the signal are visible

B.—~J/yn : higher background = flattens
the wiggles

Likelihood for the proper time distribution
includes:

- acceptance function (full MC)
» per-event-error for the proper time (full MC)

* tagging performance

- exponential background function

A
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% Results on the sensitivity to ¢ .(lfl!

The LHCb sensitivity for ¢, with 2 fb-!

Channels o@)rad]  weign(</, _jz[%]
B, — Dy (K"K 7 )Ds (K"K 7*) 0.133 2.6
B, —J /LP(,LI+,LI_)T7(7Z'+7Z'_7Z'O(}/}/)) 0.142 2.8
B —J /‘P(,Lf,u_)n(yy/) 0.109 3.9
B, = 7. (h"h*h"h*)d(K*K") 0.108 3.9
Combined sensitivity for pure CP eigenstates 0.059 13.2
B, —> J/W(u' 1 )D(KK") 0.023 86.8
Combined sensitivity for all CP eigenstates 0.021 100.00
An additional study (Sergio Jimenez Otero), but AI',/T’, = 0.10, Am,=20ps-!
B.~>J/yn'(m'mm (v7)) | c(¢s)= 0.20 rad

Total LHCb sensitivity with 10 fb1: 0.01 rad =0.6 degrees (but statistical

uncer'Tam'ry only)
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% The sensitivity for ¢;, AM;, AT /T, Ry, Wy with 2fb-! .(lﬂ!
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Parameter Sensitivity Channel
os [ rad | 0.021 /o, neo, 1/vn(yy), I/vn(rmx), DsDs
AT, /T 0.0092 1/4 &
AM, [ps—'] 0.007 Ds 7 (alone)]
Wtag 0.0036 D.  (alone) I
Ry 0.00040 | J/w e \

Only Control sample used, no signal.

e mp, = H369.6 MEV/CE;
o AM;=175ps

o ¢, = —0.04 rad;

«— Input to the likelihood fit

o 7,=1/T's = 1.45ps;

o Rp =02, forBs — J/v o
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)
ﬁ% Results on the sensitivity to ¢, Lyl

o(¢s) [ rad |
The effect of an improved Scan B, — [/t & B. — 1. ¢
or degraded proper time
resolution (Z ) Nominal 0.023 0.108
2.
:D S, + 10 % 0.025 0.108
And the effect of a larger C ’
B/S ¥ —10% 0.023 0.103
B/S x 2 0.025 0.118
= 02r
s 0-183— a(ds) Vs g with 2 fo™'
%" 0.1ef_ -rmemes B— Jly
0.14] —— B>
Dependence of the ¢, -
sensitivity on ¢, e
0.1
(It has been checked that |::> 0.08
the sensitivity does not 0061 SM
depend on the sign of ¢,) 004
Y G
$o 08 o7 08 os o4 o3 0z a0 o
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a(¢s) [rad ]

o(¢s) [rad ]

)
Results on the sensitivity to ¢, '
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Dependence of the ¢, sensitivity
on AI' /T .

The world average is 0.14+0.06.

= not very sensitive to AI'[/T..

0.2
0.18] - o(ds) Vs ATL/T, with 2 fb'
0.16[ momeme= B Jy b
0.14; - Bs— neh
012
0.1 T :>
0.08
0.06] - nominal
0.04 /
0.02)— Brmrmm Oomeee e o
0: e b o e b e b e b
0 0.05 0.1 0.15 0.2 0.25 0.3
ATJIT,
0.08-
0.07 o(ds) vs Ry with 2 fb!
0.06— wememee B iy d
0.05[
E .0
0.04
0.03 :
= P
0.02 . ‘}""@\
0.01 nominal
0: | | P R |
0.1 0.2 0.3 0.4 0.5

Dependence of the ¢, sensitivity on
the CP-odd fraction (R+) .

The world average is 0.167+0.041.

= very sensitive to R, but we still
have a reasonable sensitivity if
maximum dilution (i.e. Rt=0.5)
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% Possible improvements for the sensitivity at LHCb B

* Include the J/y—e*e events : ~20% increase of event yields
» Full angular analysis for B.—~J/yd
* Perform a combined fit with all signal channels

- Study the systematic uncertainty (extract proper time
resolution from data)

- Optimize the use of the control sample (B,—~D.r) for the
determination of the tagging performance of the signal samples
(B.~>J/yd, B.~>n b, B.~>I/yn"), B.»D.D,) (define sub-samples
with the similar tagging performance)
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ﬁ?ﬁ% Conclusions Ll
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The value of ¢, is unknown!

* The LHCb sensitivity for ¢ is 0.02 rad for 2 fb-!
- Small dependence of the sensitivity on AI'./T’ and ¢ .

- After a few years of data LHCb will be able to measure also
a SM ..

* Already with a small data sample (~0.2 fb-!) we will have
interesting results on ¢,. We aim for a ¢, result in 2008!
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% Backup slides A

R (Bs(t) — f)
R (EE[H - f:]

(1 —wag) T (B(t) = f) +wpag - T (‘-
Wag - r [E:[H - f]' (1 _wtat'; - (_

Al t L ATt
— 1jf €COS @5 Sin 5

R[Bs(t) — f] = Ny |f1£f'}|[[]]|E e Lst { cosh

+11¢ D sin ¢y sin (AM; 1) } :

Al t ., Algt

— 1jf COS g sinh

R[B:(t) — f] = Ny |;¢1£f'-1’[[]]|E e~ st { cosh

—1j¢ D) sin @5 sin( AM, tj'} |

Monday, October 30, 2006 DPF / JPS 2006, Honolulu, Hawaii Peter Fauland .(Pﬂ. 23/22

ECOIE POLTECHNIOUE
FEDERALE D LALSANNE



	Slide Number 1
	s in the standard model
	s in the standard model
	Slide Number 4
	Tree and Penguin Diagrams
	CP asymmetry
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23

