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Introduction

B, W~ Wt B

5V t Vi b

Bs mixing is defined by three quantities

m Mixing frequency Am = My — M,
Am = (17.77 £ 0.12) ps~! (CDF, hep-ex/0609040)
m Decay width difference AT =T, — Ty
Alsy ~ 0.1 pS_1
m Mixing phase ¢s = ¢p2M + oM
M= 28, = —0.04
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http://arxiv.org/abs/hep-ex/0609040

Introduction

Current Experimental Status

0.6 COF Run ll Prel. 2.8 o'+ DO 281"

n 68% CL
Zoa oo CL
"
z 0.2 s
0.0 }
-0.2r ~ 20 to SM
-0.41
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http://www-cdf.fnal.gov/physics/new/bottom/090721.blessed-betas_combination2.8/D0Note5928_CDFNote9787.pdf

Determination of &«

('b\
»
=

m CPV in interference between decay and mixing and decay

m Time dependent CP-Asymmetry (for CP eigenstates):
_ T(Bs(t)—fcp)—T(Bs(t)—fcp)
ACP( ) - r(E’s(f)HfCP)Jrr(Bs(’f)ﬂfcp) B

m CP|f) = n¢|f)
m = J/¢Y¢ is no CP eigenstate

—ny¢ sin ¢ sin (Amt)
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Determination of &«

¥/ Angular Analysis of B; — J/¢¢

mJ/Y Iand ¢ are l/ecto[ mesons with relative 77 L Amplitude
angular momentum 1 0 Ao, A,

m e = CP(J/wg) = (—1) 11 AL

m Separate CP-odd and CP-even by angular ti 2 Ao, Ay
analysis

J/1 rest frame ¢ rest frame
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Determination of &« 7/21

Angular separation of CP-even and CP-odd component
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i Determination of ¢«
| 4 Decay time for CP-even and CP-odd component

| data
g2 E —}— signal
s f — fitted sig. pdf
> r
T A IR N cp-even sig. pdf
F — — cp-odd sig. pdf
r ~
~
10° E ~ FH\\
10 E
1 A;J\ |
-2 0 2 4 6 8 10

proper time t [ps]

m CP-even and CP-odd slightly separated: '} =T + %, ry=rI-— %
m Time dependent cuts = € (t) dangerous|

m Correlation between t and the angles cos @, ¢, cos vy
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i Determination of ¢«
| ; Tagging = B production flavour determination

r( B. (t)HfCP) —r((Bs(o)—~fcp)

Acp(t) =

= = —nfsin ¢s sin (Amt
r(Bs(f)*fcp)-Fr(Bs(t)—ch) ' ( )

Need to determine the Bs flavour at production: Flavour Tagging

|Opposite side Tagging (OST)) |Same side Tagging (SST)|
7 b
B« (bs) _ YB
£ / s’ ®
7T+ CE K+
K™ u
- Qﬁ
Opposite side ¢/K/Vtx charge Charge of K from fragmentation

m Tagging not perfect: mistag probability w, tagging efficiency €;.g
m [ (Bs — fep) = (1 — w)l (Bs — fep) 4wl (Bs — fep)

I'(Bs — fcp) = (1 — w)l‘(Bs — fcp) +wl (Bs — fcp)

= Acp (t) = —n¢ (1 — 2w) sin ¢s sin (Amt)]

» Knowledge of w required = [Tagging Calibration|
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; Determination of &« 10 / 21
[y

Opposite Side Tagger Calibration with BT — J/¢K™*

Opposite Side Tagger Calibration with Bt — J/9 K™

m Reconstruct B — J/yK*
No BT (ub) oscillation = Know flavour of the other B (Xb)

m Combined OST: ¢ = 45.6%, w = 36.5%

m Tagging power: € (1 — 2w)2 = ¢D?

1

B (Ostat. (¢s) W
m From Opposite Side Taggers only: ‘e (1- 2w)2 = 3.3%‘
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Determination of &«

Same Side Tagger Calibration with B — D 7"

n Mixing asymmetry Aniing(t) = ettty

£ -

<t Am=17.8ps!

S. Wandernoth

L L
0.5 1 15 2 25

3
tipsj

it
(a) perfect tagging (b) realistic tagging

m Ameasured _ (1 — 2w)Amising

mixing

m Good knowledge of decay time resolution needed (M. Schiller)

m Same Side Kaon Tagger € = 26.4%, w = 34.9%

Combination of Opposite and Same Side Taggers: ‘6(1 — 2w)2 = 6.2%‘

0222 C. Langenbruch (Pl Heidelberg), 12. November 2009 Measurement of ¢



Need to resolve the fast (~ 17.8 ps~!) Bs oscillation:
X —1nF sin ¢slsin Amt]

M (Bs([E)—fep )1 (Bs(E)—fep)

Acp(E) = (B (E)—fep ) +T(Bs(E)— fcp)
nr
L .. o
p <"Bsp

:*:

ER )

2 L. 2
o= () + (S2e,)
Ap 0
o < 1%

|o: dominated by vertex resolution]

Gaussian Convolution

:sin(Amt) = e sin (Amt) ‘

ﬁ,ﬁcl

1 1

05 0.5
0

-0.

13

-0.5

oscillation without resolution
o
oscillation with 40fs resolution

-1
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tlps]

0
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Determination of &«

ikl/ o; calibration

Take o; from Monte Carlo prediction

residuM { ee e Entries — 1365997
70000[— Mean 0.001494
£ RMS 0.03821
C H Underflow 2321
s0000)- Signal MC data onderto i
E X2/ ndf 1856 /95
50000; Prob )
£ PO 544447
C pl 0.7013 £ 0.0040
40000[— p2 0.001608 + 0.000030
C p3 0.02808 + 0.00008
30000} 0.05456 + 0.00021
20000
10000/~
Eop ~ 38f
% -0.15

Fit o; from data (add. parameter — Larger ogtat.)
Extract o; from data using prompt J/¢ (A. Weber)
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Determination of &«

3 k¥ Signal Selection

Goals for unified trigger and offline selection
m Maximize signal yield

m Minimize biases (Angular, Decay time acceptance)

Interaction = LO = HLT = Offline
40 MHz 1 MHz 2kHz

€tot = €rec * €sel * €L0 " EHLT = 1.96%
—~ o

0.045 0.62 0.94 0.75

Annual Yield S = ey - Line 2 05 - fa, - BR(Bs — J/v[up]o[KK]) = T17K
~— o~~~

2fb=!  500ub 0.11 2.7-10-5

Signal Yield | Bkg. from prompt J/v: B/S | Bkg. from bb: B/S
117k 1.6 05
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Determination of &«

# % Decay Time Acceptance

[ proper time acceptance ]
0.16

0.15—

0.14

0.13—

0.12—

0.11—

m |Acceptance practically flat]
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Determination of &« 16 / 21

Angular Acceptances due to Selection and Geometry

015 £
E e oasl = ==
r e — F - . .
[, [ L -

0.14 Eo v - e
§ 014

013~ ~ 6° F ~ 89
F 0 013f 0

.12 012

eI 011

0. A’ Il Il L Il Il L L L L 0. Ai\ L L Il L Il Il
i1 08 06 -04 02 0 02 04 06 08 1 3 2 El 0 T 2 5,

cos 6

cos ) acceptance

0.

m Effect mainly due to detector

01; I T geometry: 30 — 300 mrad
ok U 7% m Bias in |Ao|, |AL| if neglected
b m Control via B® — J/yK*0

| | | ! 1 1 ! !
-08 -06 -04 -02 0 02 04 06 08 1
cos Y
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Prospects @ LHCb 17 /21

Extraction of the Physics Parameters: Likelihood Fit

m Physics Parameter extraction using an Unbinned Maximum Likelihood Fit

all events

m Likelihood £ = H Pi (ti, cosb;, @i, cos i, mj, qi|Ps, - . .)

m The PDF P consist of signal S and background component B
Pi = figSi+ (1 - fig)Bi

m The signal component S:

1 (1 —2
S = MP&(t,-,cos@,-,go,-,cosz/;;|¢s,...)
1—qg;(1-2
erpgs(f;,C059i,<Pi7COS1/Ji|¢s7---)

m Minimize neg. log. Likelihood by varying ¢s and other parameters
all events

—lnL== > InP

i

= |Finds the parameter values for which the data is most likely|
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Prospects @ LHCb

Extraction of the Physics Parameters: Full PDF

[ ] f;(cos ©, ¢, cos V) |

6 1 i2c052 P (1 — sin? © cos? <p)
= Aj(t) - f; v
PBs ; i (£) - fi (cos©, ¢, cos W) 2 32 sin w(lfsm © sin? (,a)
6 3 29 sln '¢)S|n (€]
’PES — Zgi(t)‘ £ (cos ©, ¢, cos W) 4 — o sin? w5|n2®sm<p
=1 5 o fsm 21 sin? @ sin 2¢p
6 9 5|n 21) sin 20 cos ¢
327
) N ATt /ATt
|Ao(t)] = |A| e cosh - )~ cos ¢s sinh - = sin ¢s sin (Amt)
2 2 _r¢ Art ATt
‘A”(t)} = )AH ‘ e [cosh (T) — cos ¢s sinh (T) =+ sin ¢s sin Amt)]
, R Art Art
|AL ()] = |AL|"e cosh - + cos ¢ sinh - = sin ¢s sin (Amt)
ATt
S(AT\([')AJ_“)) _ ’AH‘\AJ_\eirI |:7cos (54 —5H sin ¢ sinh (T) j:sln 6J_ —5”)cos Amt)
F cos (6L - 6“) cos ¢s sin (Amr)] - n
Sign flip for B
%R(Ag(t)A“(t)) = |Ao] ‘AH‘efrtcosén [cosh (ﬁ> — cos ¢s sinh (ﬁ)
2 2
= sin ¢ sin (Amt)]
ATt
S(AS(DAL() = |AgllAL]e™ "™ [7 os & | sin ¢s sinh (T) %sin s, cos(Amt)

F cos § | cos ¢s sin (Amt)]
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Prospects @ LHCb

Extraction of the Physics Parameters: Full PDF

[ ] f;(cos ©, ¢, cos V) |

9 2cos2 P (1 — sin? © cos? <p)
2 sin? 1[; (1 — sin? @sin? (,a)
sln wsln (€]

6
P, = ZA,'(t)< f; (cos ©, ¢, cos W)

Pg — - £ (cos ©, ¢, cos W) sm wsm2®sm<p
° sin? QO sin 2¢
Simplified
, m Measure t,cos 6, p,cosi, mg,, q
[Ao(O)" = A

for all events
‘A”(t)}z - }A‘ m Extract I, Am, |A0‘2, |AJ_|2,5H,(SJ_

A (R = A using the Maximum Likelihood technique
S(Aﬁ(f)AL(t)) = }AH‘\AJ_‘E"—‘ [,Cos ((h_ 75“)sinwssinh (%) =+ sin (6L 75“)cos(Amt)

F cos (6L - 6“) cos ¢s sin (Amr)] - - -
At Sign flip for B

* —rt Art N
%R(Ao(t)AH(t)) = |Ao] ‘AH‘e cos ) [cosh (T) — cos ¢s sinh (?)
= sin ¢ sin (Amt)]

Alt
S(ATMAL(®) = |AllALle [7 cos 5 sin ¢ sinh (T) %sin s, cos(Amt)

F cos § | cos ¢s sin (Amt)]
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; Prospects @ LHCb
A
[/

LHCb Sensitivity for One Nominal Year (2fb~1)

Generate and fit 1000 data sets of toy MC corresponding to 2 fb~!

@value distribution

50; ®" — _0.0368 Mean: -0.0378:0.00104
L s = —VU.
L Width: 0.0328 +0.000734

40—

30~

20

10

ol

ﬁ,ﬁcl

-0.15 -0.1 -0.05 0 0.05
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@ Sensitivity = o (¢ distribution)

parameter | sensitivity (2fb~T) | unit

&s 0.033+ 0.001 rad

Al 0.009 + 0.000 ps~1t
|Ag|? 0.003 4 0.000
|AL 0.004 4 0.000

3 0.097 + 0.002 rad

51 0.118 4+ 0.003 rad

Is 0.003 + 0.000 ps~1t

Amg 0.048 +0.001 ps~!

Measurement of ¢




Prospects @ LHCb

For Low Statistics: Feldman-Cousins method

i Neignal = 2925 (50 pb~!
E..F 95% C.L. LHCb toy MC " s (50pb™)
Sos 90% C.L. m ¢ =—0.736

*%= 68% C.L. m Tagging:

01 ¥ oMv w=0.33, € = 56%

-0.1 t Resolution: o; = 40fs
-0.2

-0.3

-0.4

A. Bien, Heidelberg |= Promising for early data]

2.5 2 -1.5 -1 -0.5 ] 05

-05

w
o

8
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Conclusions

Summary and Conclusion

m Determination of ¢ is one of the key measurements at LHCb
m Precise determination of ¢s requires detailed knowledge of
m Tagging
m Resolutions
m Acceptances
m Background
m Sensitivity 2fb~!: o (¢s) = 0.03rad
m Already with 50 pb~! we are competitive with the current Tevatron

limit
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) Conclusions
i_l Control of the Angular Acceptances with B® — J /1)

m Angular distribution of B® — J/w[uu] K*°[K* =] well known

m Distortion study:

parameter | deviation [%]
i C. Linn |A? 6.74 +0.13
%% Nominal |AL? —13.29+0.13
% 1 L 0.05cosf parameter | deviation [%)]
0.055 A |2 —6.49 +£0.13
- 1-0.05cos0 A
a o8 AL? | 13.20+0.19

T
iy

Babar measurement

0.04f
.3 parameter | rel. prec. [%]
o5 °
I R T T e T |An|2 5.5
A, 4.8

m We will probably not see acceptance deviations < 5%
= |Sufficient for ¢s measurement]
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Conclusions

Vi Background from prompt J

Entries. 1338 Entries 958
%2/ ndf 69.95/54 ¥2 1 ndf 4495143
© — signal Prob 007106 @ Prob 0.3902
370 — bkg prompt Norm Gauss 3402439 2102 Mean Gaussian  0.006431+ 0.001449
s r Mean Gauss. 5369+ 2.1 E E Sigma first Gaussian  0.04326 + 0.00127
2 o Sigma Gauss tzan| g E Normalization 76341336
@ r Norm Exp uesrizz | = [
S 502 alfa 0.0008133+ 0.0001605
2 5ol L
a@ >k i o ~ 4013
40— 10 E
30 [
20 [
£ 1=
10 £
ok C " B0 A T W I S T
5000 5100 5200 5300 5400 5500 5600 5700 05 -04 -03 -02 -0.1 -0 01 02 03 04 05
wwK Kinvariant Mass (MeV/c?) Proper Time (ps)

m Combinatorics from PV (prompt J/v)
m Main background

m Easy to separate from signal in Likelihood fit: t ~ 0

m Can be used to estimate time resolution:
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Conclusions

bb Background

Enires Tt \ Long Lived background proper time
2t 88.98/5¢
) —— signal Prob oooiote |~ gy convolution with TWO gaussians|
31200 long-ived background T Norm Gauss 1iesszaa | | £ 5210+ 08ps
H Mean Gauss swson || oo F e oo
e I Sigma Gauss 15882025 = L”:: 035 a;‘O{.Su !
#1000~ Norm Exp 7497+ 42668 | | £ Gy=73210%s
H L alfa 0.0009349:+ 00001064 | | 60 E weight, = 0.58+ 0.1
a F B E Z/nDoF = 0.43
800 50
600~ . E
[ 30 F
400
b 20
200~ 10
F o
05000 5100 5200 5300 5400 5500 5600 5700 90. 1.5 2 25
wwK K Invariant Mass (MeV/c?) proper time (ps)

m Combinatorics from B-decays
m Significant livetime 7 ~ 0.18 ps (signal 7 ~ 1.5 ps)
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Conclusions

Angular Resolutions

res_theta_sig Tes_sig

- RMS 0.02363 - RMS 0.0209
Underflow 1.596e+04 120 Underflow 2.584e+04
X2 I ndf 1759/ 94 r X1t 2342794
Prob 0 100 [ Prob o
PO 2679+23 r 2641123
pl 0.2424 + 0.0023 pl 0.4328 £ 0.0023
p2 0.6506 + 0.0023 p2 0.642 + 0.002
p3 0.00526 + 0.00003 C p3 0.004903 + 0.000018
p4 0.01609 + 0.00008 60— P4 0.01394 + 0.00008
S 0.04302 + 0.00019 r 5 0.04641+ 0.00021

og ~ 0.02 o, ~ 0.
L L L L L L L L L L
-‘0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 0.1 -0.08 -0.06 -0.04 002 0 0.02 0.04 0.06 %DBO 0.1
FeS peLSg
m No effect seen for nominal
Underflow 1106
Overflow 1213 .
resolution
PO 2729+23
pL 0.437£0.014 . M M
B oo m For 30: Bias in |Ag|
p3 0.01144 + 0.00010
p4 0.01938 + 0.00023
| L

[ L L L L
b1 7608 0.06 0.04 0.02 0 0.02 0.04 0.06 008, 01

ree~Pine
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|l Conclusions
4 Check fitting procedure: Pull distributions

Repeatedly generate and fit toydata = |pull = # g
a.gtted

s

Fitting method works correctly if p ~ 0, o, ~ 1

@pull distribution AT ¢ pull distribution
60— 60—

b Mean: -0.029+0.033 n Mean: 0.0512+0.0324
50— Width: 1.04 +0.0233 50 | Width: 1.02 £0.0229
20 20~
306 30
20 201
10 na

Cod A I I B U | ol

=5 21 o 1 2 R

W, !
3 gondtea,
(dnl\edrwg )/0,

|= No bias, correct error estimation|
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_‘"1 ®s Sensitivity for 0.2 to 1fb~!

=t CDF+DO, 9fb™ EACH
Np14
[} [
; o (¢s) from
012
: Bs — J / Vo
01
008 [
006 [
004 [
002 F — Uncertainties on bb cross-section
[ and BRvis(BL - J/yg)
ol 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08

0.9 1
Integrated Luminosity (fb'l)
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Conclusions

Feldman-Cousins method: LHCb and CDF

el LHCD toy MC e Lezot
Foa 95% C.L. 2 b —esmoL
C £ 0.4
02f 90% C.L. = ook 4)
. 68% C.L. “t
r 0.0-
021~ -0.2F (7
04 -0.4F
0-4: A Bien, Heidelberg F New Physics
'0-5:_ _0'6'7..1“‘.1...1“
.1‘.5“‘.‘1““o‘.s““r‘;‘“‘o.‘s““%“%i‘i -1 0 B, (rad)
3200 signal events 3200 signal events
oy = 401s oy = 100fs
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