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ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE O — O
B;-B?Y System

—

The B%-BY system will serve to test the Standard Model (SM) description of CP violation,
based on the CKM picture

[ The Vagy matrix contains 4 independent weak phases 304 = 3, ~(d) = ~, g6d) =/
and (%) = g, =y

[J These phases are in what we are interested in a CP-violating experiment
[0 The squashed (bs) triangle is relevant for the BY system
VaVas + Vi Ves + VigVis = 0, B = arg (=Va Vi / Vi Vi)

where Vi Vi, controls B2-B? oscillations

_ a,c,t B B w+ -
b T T S b —_— - 35
: ' 0_1R0 miv;
W B -B mixing w0t vt
! : AB = 2 transition
S L . b § —>1 - L}
u,c,t W=

[0 The BY-B? weak mixing phase ¢ is expected to be small in the SM

b, = 2arg [V Viy] & =207 = —2x ~ O(—0.04)

where A\ = sin(fc) and 1 are Wolfenstein's parameters

Neuchatel, March 3rd, 2004
Swiss Physical Society Meeting

Luis Fernandez
LPHE - EPF Lausanne

Sensitivities to the Bg—Bg Mixing Parameters using b — &c35 Quark Transitions at
LHCb (2)



(A sk

ECOLE POLYTECHNIQUE 2~

FEDERALE DE LAUSANNE b N Ecg Quark Transitions

—

0 BY decays into CP self-conjugate final states caused by b — ¢c5 quark-level transitions
O B{ — J/¢¢: admixture of CP eigenstates (/46 = +1,—1,+1)

0 BY — n.¢, BY — J/zpn(/): pure CP-even eigenstates

S /
" ¢,
. VCS
Decays dominated by only one CKM phase gzo . /<s
arg [V; Ves] = —¢p (penguin diagrams suppressed) . 7 c
z _ J/Y,n.
Vc*b ¢
EO
~ . =0 . .
s s Due to the mixing, the flavor states BY-BY can either remain
/ unchanged and decay to f, or oscillate into each other, ...
5O $D

[0 “Mixing-induced” CP violation arises from a phase mismatch (¢ ) between the weak
mixing phase ¢s = 2arg [V;%V},] and the tree phase ¢p = arg [V, V]
dcrkM = Os — 20p =~ ¢ps £ 0,7
b t I S s /
o I I — o Vc*s
B s
B w W s wh. <E
' b -~ /¥, ne
Vcb c

V

0 ¢s ~ —2x < strange counterpart of sin (23;) measurement for B (¢4 ~ 203,)
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ECOLE POLYTECHNIQUE

st CP Asymmetry and Tagging

[l The study of CP violation implies the measurement of the time-dependent decay
asymmetry A% (1) between the B? and the B?

R(BYt) — f) ~ R(BYt) — f)
R(BY(®) — f)+ R (B2() — 1)

with t the proper time, R the observed decay rates and f = f

[ When a signal B is observed, we need to know the initial flavor of the reconstructed
mesons = flavor tagging

Aobs ( ) =

s [~ tagger
BY signal _
. . . . . = w— - 14
eopposite-side tagging: identify the b-hadron b< ) p
containing the other b gluon A
—0 +
— Bd —
d d

e same-side tagging: use the companion of the b quark in the signal B

]

The tagging procedure does not always give an answer: tagging efficiency €444

]

Even if there is a tag, our identification could be incorrect: wrong tag w
= The tagging will dilute the theoretical asymmetry AU (¢) with a factor D

AZ5(6) = D Al (b

(1 — 2w) for a perfect resolution and no background

which reduces to D =
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Physics Motivations of b — ¢cs Transitions

FEDERALE DE LAUSANNE

—

[ The mixing-induced CP asymmetry for a given CP eigenstate (with eigenvalue 7¢)
directly measures ¢ (tree phase ¢p ~ 0)

—ny sin (¢s) sin (AM,t)

th
t =
Acp () cosh (BL=L) — )/ cos (¢,) sinh (AL:E)

where AMy; = My — Mi, and AT's = I't, — 'y are the mass and decay width differences of the
physical (mass) eigenstates ‘BL/H> =p ‘BS> +q ‘B_2>

[J Physics Motivations : measure the mixing parameters

- extract AM, ~ O(20)ps~! and A, /T, ~ O(10%), with I’y = (I'y +I'1,)/2 the
average decay width (7po = 1/T's = 1.46 ps)

- probe the BS—B_!‘SJ weak mixing phase ¢, expected to be small in the SM ~ O(—0.04)

= BY system represents a prime candidate for the discovery of New Physics

SUSY contributions (mainly induced by gluino exchange) =
to the B%-B9 transitions could drastically change the SM '
predictions (hep-ph/0311361): B, X

sin(¢s) ~ O(—1), AMs = (10 — 10*) ps~*
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ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE SenSitiVity StUdieS

[0 The sensitivities of LHCb to the CP BY observables are assessed by the use of fast toy
Monte Carlo (MC) experiments using

0 B — J/U(utu")p(K+HK™)
0 BY — n.(2m2K,4m)p(KTK™)
0 BY — J/O(uu”)n(yy)

[ The parameterizations used are obtained from the study of fully simulated and
reconstructed MC events (see talk of Benjamin Carron)

[J the computed per-event lifetime error o, is used in the fast simulation such that an
experimental uncertainty is assigned to each generated event

[J The tagging efficiency .44 and the mistag probability w are taken from the full MC

O For BY — J/4¢, the so-called transversity angle 6, is introduced to take into account
the angular distribution of the two vectors in the final state

[1 Physics parameters: extracted using an “unbinned extended maximum” likelihood fit to
the proper time and mass distributions (and to cos(6y,.) for J/1¢)

[0 The fit is simultaneously maximized with the control sample BY — D 7" which allows
the determination of AM,, w and AT,
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ECOLE POLYTECHNIQUE

ot [ lealihood (1)

—

Nobs
= I [Fom)R S (bl 0f) + (1 = £ (mi) R ()]

i€BY—f

0 Sig and bkg probabilities (f%9, f°%9) of an event are based on its reconstructed mass
[0 gaussian shape for the signal
[0 exponential shape for the background

%:zzg_ BY — n.¢ mass distribution
éssoé_ (with L fit projection superimposed)
§300§—
S250F- Annual yield = 3k
®00F. B/S =0.8
150 - Mass resolution ogo = 13MeV /c?
1°°%+ True BY mass = 5369.6MeV /c?
50 Bkg porg = —0.6MeV /c?
) = B R R R |

5.25 53 5.35 5.4 5.45 5.5 )
B2 ~ n. @mass spectrum [GeV/c
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ECOLE POLYTECHNIQUE

WY | jkelihood (2)

—

Nobs
L= H [fSig(mi)RSig(t;{eca Ui) + (1 — fSig(m’i))Rbkg(tiec)}

t€eBY—f

[0 R*5%9: observed signal decay rate

Rt 011G) = Althrue) [(1= 0)T B (lhyer @) + T (e )|

®R€S(tiec - tiruw 810_1%,.7 M10§>
I': analytical decay rates
a = (AM;, AT, ...): physics parameters

[]
[]
0 Res: Gaussian resolution scaled with o}
O A: flat acceptance

0 RY%9: background decay rate, exponential shape
0 For BY — D7, Tyrg = Tpo /2

[0 For BY — J/v¢, the signal likelihood is given by the sum of the CP-even and CP-odd
components, including the corresponding 6;, contribution
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ECOLE POLYTECHNIQUE

e BY — n.¢ Proper Time — Full Monte Carlo Simulation

— b

(A sk

2 ¢ & |
8 %F 2 60
@ 80i 0=(33.2+1.7) fs X2Indf=21.3/12 o T 0=1.05+0.05 x2Indf=12.7/15
L (21171 s L 1=0.100+0.054
5 70 i 501~
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:\ 1 ‘ |3 | I N | ‘ I I | =l | ‘l_h\ O: | | ‘ | ‘ | | | ‘ | | | ‘ | ) | |
200 -100 0 100 200 4 - 0 5 4
Trec ~ Tyc [fS] Pull: (Trec - Tyo)/Or

BY proper time 7 resolution: Pull: ~ 1
o~ 33 fs . , o, computed per-event error on T
T = MpBo PRO - L/ ‘pBg‘ using the tracks covariance matrices
L = g — ¥p decay length
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EEEEEEEEEEEEEEEEE

EEEEEEEEEEEEEEEEE Physics Model: BY — n.¢, B — J/vn

O f =nc¢, J/1vn CP-even eigenstates: (CP)|f) =ny|f), ny = +1

[ Observed transition rates of initially pure B% and BO states (perfect resolution, no bkg)

e—FSt

R(BXt)— f) = |Az(0)] 5 X

[cosh (AFJ) — 1y cos(¢ps) sinh (AI;J) +D 1y sin(¢s) sin (AMSt)]

2
—Tst

R(BI®O — 1) = |4,0)2

[cosh <A1;St) — 1y cos(¢s) sinh (Agst) —D 1y sin(¢s) sin (AMSt)]

€

X

0 Ay(0) =A(B? — f): instantaneous decay amplitude

0 D = (1—2w): dilution factor

[1 We get the corresponding analytical transition rates I' by setting w = 0 (i.e. no wrong
tag) in the observed decay rates R
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s BY — n.¢, BY — J/vym Decay Rates

S

Decay rates for BY — n.¢ and BY — J/vm in case of a perfect resolution
O Blue: initial pure B? , Red: initial pure B®
0 AM; =20ps™ ', Al's/T's = 0.1, sin(¢s) = —0.1 (nominal sin(¢s) = —0.04)

[EnY

No wrong tag w

o
o

Rates, no wrong tag
o
(o]

o
~

C:'III|III|III|III|

— perfect tagging

o
[N

o

t [ps}4
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o
e

o
o

With wrong tagw = 0.3

o
~

oIII|III|III|III|II

Rates, with wrong tag

— wiggles are flattened

©
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

BY —

n.¢, BY — J/¢m: Asymmetry

— b

[ Solid green: Acp with no mistag w=0
[1 Dotted black: envelope due to non-zero AT,
0 AM, =20ps~ !, AT'/Ty = 0.1, sin(¢)

Asymmetry Acp(t) for B? — n.¢ and BY — J/4m in case of a perfect resolution

—0.04 (nominal parameters)

a — IIII|I|IIIIIIIIIIIIIIIII
6 : IIIII|IIIIIIIlIIIIIIIIlIIIIIIIIlIIIIIIIlIlIIIIIIIIlII|IIIIIIIIIIIIIII|||||||
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“ 002F+ rw #Y R o= owd Do ow® My s Qb ora o pf et oe: oo Ry owt o PD oz o la orw Yoz - o
< . ;__-_ -7 g0 §pg d°*- o= 51 P I | l. - =T =7 Bg g1t : - It i .|.____ g8 gu -
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[]

— oscillation amplitude given by A,,;.

Dashed blue: Acp with w =0 and AI'y =0
Ny Sin(¢8)
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ECOLE POLYTECHNIQUE

w2 Physics Model: BY — J/vy¢

—

O In BY — J/1¢, the final state f is an admixture of CP eigenstates
O f=0,]|]: CP-even configuration, ny = +1 , f = 1: CP-odd configuration, n; = —1

[1 Linear polarization amplitudes corresponding to the different configurations are
introduced (hep-ph/9804293, hep-ph/0012219): Af(t), forf=0,]|,L

O The fraction of CP-odd decays is defined as Ry = |41 (0)]* / D im0||.L |A(0)]? ~ 0(0.2)
[ Each of the ]Af(t)|2 corresponds to an ordinary decay rate of a pure CP eigenstate for a
b — ccs transition (for a given 7, eigenvalue)
[0 The one-angle 0, distribution enables us to disentangle the different CP eigenstates
dl’(t)
d(cos(0y))

3 3
x [\Ao(t)\2 + \A”(t)|2] S (1 cosBy) + [AL (O] ] sin® 6,

The transversity angle 6. corresponds to the
angle between the positive lepton from the J/W¥
and the ¢ decay plane, in the J/W rest frame
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ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE PhySI'CS MOde/: Bg N DS_7T+

—

[0 The decay B? — D, 7™ is flavor specific in which a single tree diagram contributes

0 BY decays instantaneously as f = Dy 7w and B? instantaneously as DI 7~
0 No expected CP violation in B — Dy nt

[1 Analytical decay rates with a possible mistag probability w

2 G_Fst [ AFSt |

Ry(t) = Rpo_s() = [|As(0)] 5 cosh 5 + (1 — 2w) cos (AM;t)

_ s e Tst [ ATt ]

Ry(t) = Rgo_,(t) = [Af(0)] 5 cosh 5 — (1 — 2w) cos (AM;t)
obs

O Observed flavor asymmetry A$%

A®*(t) = D- AP (@)

with the theoretical flavor asymmetry A’}h

Ef(t) — Rs(t) __ cos (AM;,t)
Ry(t) + Re(t)  cosh (S5+)

A7 (1) =

where the dilution factor D reduces to D = (1 — 2w) in case of a perfect resolution

0 BY — D; 7" allows the extraction of the parameters AM,, AT’y and w
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ECOLE POLYTECHNIQUE

FEDERALE DE LAUSANNE Bg % DQS_ 7"-_'_ Decay Ra tes

—

(A sk

BY — D;n" decay rates I'(t) in case of a perfect resolution
[1 Rates — Blue: initial pure B_g, Red: initial pure BS, Dashed green: no tag (w = 0.5)
0 AM; =20ps™ ', Al's/T's = 0.1 (nominal parameters)
g
5
=
2
§ No wrong tag w =0
g 14—
2 12 With wrong tagw = 0.3
z 1
5 o8 — w # 0: raise of BY
g o06fF and B! starting points
€ o4
o.zi— — attenuation of the
o555~  oscillations
t[ps]
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AM, = 20ps—!
AT, /T, = 0.1
1/T's = 1.46ps

sin(¢,) = —0.04

OO OO0 d™

FEDERALE DE LAUSANNE Toy Mon te Car/o Setup

it

Ry = 0.2, for BY — J /¢
w and &4, taken from the full MC, e.g. w = 30% and £;,, = 55% for BY — n.¢

[1 For every signal channel, events are generated with the following physics parameters

[ The sig/bkg probabilities were obtained using parameterizations from the full MC

Decay channel N, | B/S | Window [MeV/c?] | ogo [MeV/c?]
B = Ui )oKk K ) [100Kk] 03 50 15
B0 = .02k, an)o(KTK )| 3k | 08 I 13
BY — J/U (™ )n(yy) 7k 1.6 +90 33
B =D 80k | 05 50 13

Neuchatel, March 3rd, 2004
Swiss Physical Society Meeting

B/S: 90% CL upper limit on the background level from inclusive bb events (dominant source)

[1 For each signal channel, 1000 toy experiments each corresponding to one year of data
taking at LHCb are generated
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Expected Sensitivities & Conclusions

[1 Expected statistical precisions for one year of LHCb data taking (preliminary)

Sensitivity o(AM,) [ps~t | o(AT/Ty) | o(ss) [rad]
BY — J/U(utp )p(KHK™) 0.024 0.018 0.064
BY — n,(2m2K, 4n)p(KTK ) 0.017 0.031 0.153
BY — J/U(ut ™ )n(yy) 0.023 0.024 0.154
Combined ¢, sensitivity: BY — n.¢, BY — J/yn 0.109
Combined ¢ sensitivity: B — n.p, BO — J/ym, BY — J/1h¢ 0.055

[0 The following b — ¢c5 decays to pure CP eigenstates are currently under study at LHCb
to increase the sensitivity to ¢

0 BY — J/¥(utp~ )n(rta— )

0 B! — J/W(ut )y (xtrn(7))

0 B! — J/W(ut )y (xhry)

[1 Statistical sensitivity to ¢, after five years of LHCb data taking
— 0(¢s) ~ 0.025, with ¢s ~ O(—0.04) in the SM

O if ¢s (and/or AMj) large compared to the SM expectation — New Physics (SUSY, ...)

Neuchatel, March 3rd, 2004
Swiss Physical Society Meeting

Luis Fernandez
LPHE - EPF Lausanne

Sensitivities to the Bg—Bg Mixing Parameters using b — &c35 Quark Transitions at
LHCb (17)



