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The Bs — J/1¢ decay

Bs — J/vé — ' KTK™
fully reconstructed decay
two muons used for triggering

Parameters

extractable without tagging: =
|A0|7 |A|||7 ‘AJ_|751752

AT /T ~ 10 — 20% (theory)
@CKM = 2)\27/ ~ —0.04
with tagging: Am

AT /T(CDF) = (6525 + 1)%, AT/[(DO) = (25+14)%
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Trigger selection 1

Level 1: hardware trigger
@ di-muon trigger: p, (n) > 3GeV
@ opposite charge of the 2 muons required
= 900Hz output rate (total L1 output rate: 100kHz)

High Level Trigger 1
J /1 search (1st part)

@ primary vertex reconstruction with pixel detector (use the 3
most probable vertices)

@ partial track reconstruction of L1 muons
@ cuts on transverse momentum of muons
@ [M(up) — M(J/y)| < 150MeV
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J/v search (2nd part)
@ vertex fit for track pairs: x? < 20
@ (decay length) /o (gecay length) > 3
@ cos(p, decay length) > 0.9

arbitrary units
=
o

-
T

= 15Hz output rate
80% from b decays
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Trigger selection 3

High Level Trigger 3 Bs mass at trigger level with
¢ and B, search combinatorial background

@ transverse momentum cuts %‘;

@ [M(KK) — M(¢)| < 20MeV Saso0f

%SOOOf

@ (M(uuKK) — M(Bs)| < 200MeV st

@ vertex reconstruction with similar 2000

cuts 1500;

= 0.1Hz output rate

51 52 53 54 55 56

total HLT output rate: 150Hz Gevie?

o = 65MeV
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The angular analysis

Offline selection and reconstuction

muon reconstruction

Summary

@ full reconstruction using
tracker and muon chambers

@ transverse momentum cuts

track reconstruction

@ combinatorial track finder
@ transverse momentum cuts

Trigger

Selection and reconstrucion

Kinematic fit

@ vertex constaint

@ J/y mass constraint
@ P(x?) >1-1073(7 dof)
@ cos(p, decay length) > 0.98

@ mass cut on ¢

[ Bs = J/9d | b— Jjgindl. | By — J/oK™ |

o - Br (nb) 0.074 32 0.366

€ (%) 147 0.113 0.202

Events per 10 fb! 109°000 36’200 7’400
L. Wilke Bs angular analysis




Mass of B? candidate

Proper time residuals (2D)

5 MeV/

events/(1

X2/ ndf 402/23

Constant 5280+ 25.9

Mean  -3.303e-05 + 9.274e-06

Sigma  0.002343 + 0.000009

i L L S S

L Ly il
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w

ol
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N

I
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9 (cmlc)

T
0.
free ¢

transverse decay length: 77 um
poper decay time: 23 um/c

O’(mBs) = 14MeV
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The likelihood function

Bs — J/vo¢ — pum KTK~

decay can be described by the following
differential decay rate:

d*r(Bs(t)) N .
— f(O.a.t) = N t)- g
d cos fded cos ydt S ZO (,1)-g7(8)

i=1

@ observables O; only depend on lifetime and parameters
like I', AT, Am(in case of tagging), not on angles

@ MINUIT fit of full differential decay rate (3 angles + lifetime):
P = €(t)-€(©)-f(©,a,t) + f(background)
@ error on proper decay length free parameter
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@ angular efficiency
@ (0)-1(9)
@ MC events




@ expand efficiency the following way (from BaBar):

LAM
with Vi au(©)

«®) = > Tipu Viam(®) M < LR

\Ver- YLM(Q, 90) . YRM('%Da O)
functions

@ scalar — vector decay can be described in terms of these
@ the coefficients can be determined easily:

€ —
= Tipy =

/ «(©) - Viau(©)de

1 Nobs

Q

1
> Y
Ngen i1 f(@i) LA

(©)

[m] AFr <
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Efficiency of proper time

proper time efficiency
turn-on with plateau, then deficit

@ proper decay length cut

@ due to cut on tracking region
= implicit cut on proper decay
time

try to calibrate with By — J /9 K*0

v

e(t){ ( ( +tanh<’ f°>> fort <ty

at? + bt + c) ( +tanh<[ IO)) fort >t
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Background

B = J/yp KO — ptp~Kto
@ missidentified = as K

@ similar angular distribution as
signal but distorted by
misidentification of the =

@ proper time distribution can be
modelled by exponential decay

b— J/¢ X, prompt J/y
@ flat distribution in
angles
@ fast and slow
exponential in proper
time

| [ Bs — J/vé | b— Jjpindl. | By — JJoK* |

o - Br (nb) 0.074 3.2 0.366
€ (%) 14.7 0.113 0.202
Events per 10 fb—! 109’000 36'200 7400
Events processed 507888 154000 486000
Corresp. Lumi. 6.8fb ! 48 pb~! 1.3fb~!
Events selected 74662 175 981
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0.8 06 0402 0 02 04 0608
cos

% 1 08 -06-04-02 0 02 04 06 08

P = E(t) . 6(@) . f(ea a, t) : (1 - bd _ bC) . GS(m; ms, US)
+by - 13(©) - €(t) - Ga(m; Mg, 0q) - e~/

b e(t)- (7'/ et/ 4 L —t/Tc/) - L(m)

too low bg statistics — only added to signal, not in fit
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Parameter | Inputvalue | Result | Stat. error | Sys.error | Total error | Rel. error

[A0(0)[2 0.57 0.5823 0.0061 0.0152 0.0163 2.8%
A (0)2 0.217 0.2130 0.0077 0.0063 0.0099 4.6%
|AL (0)2 0.213 0.2047 0.0065 0.0099 0.0118 5.8%
r 0.712ps~! | 0.7060ps~' | 0.0080ps~! | 0.0227ps—! | 0.0240ps~' | 3.4%
Al 0.142ps—!' | 0.1437ps—!' | 0.0255ps—! | 0.0113ps~!' | 0.0279ps~! 19%
AT/T 0.2 0.2036 0.0374 0.0173 0.0412 20%
g L B R T ‘E
1 < 300 B
o for 10 fb~"(1year of LHC): S E
statistical error on A'/": 0.011 g ]
syst. error starts to dominate @ ]
@ stat. error on Al'/I" and ¢k stays 100 ]
approx. const. for different values 50 ]
(from toy-MC) 0 0 0.05 0‘.1 015 0.2 0:2
proper time [cm]
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Systematics and detector effects

Systematic uncertainties on Al'/T
@ proper time efficiency uncertainty: 0.0140
@ influence of background distribution: 0.0059
@ S/B ratio: 0.0055
@ resolution: 0.0045
@ alignment: 0.0014
@ angular efficiency uncertainty: 0.0010

= total systematic uncertainty: 0.0173
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Summary

Conclusion

@ Angular analysis for B; — J/1¢ tested and performed
on 1.3 fb

@ This would already give better measurement than the
currently available:

e accuracy on Al'/I': 0.04
e expected statistical error on 10 fb~': 0.01

® ¢cxy measurable for large non SM values

e Flavour tagging to distiguish Bs and Bs in order to

measure Amg
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Backup trigger and DAQ

@ Two level trigger architecture:
e Level 1 trigger based on muon & calorimeters (40MHz—
100kHz)
e High Level trigger (HLT) using simmilar reconstruction
algorithms as offline (kHz— 150Hz)

@ Triggers for B physics:
e Level 1: single-muon or dimuon trigger:
@ single-muon: pr > 14GeV
@ dimuon: pr > 3GeV
e HLT:

@ inclusive b,c trigger through b-tagging: ~ 5Hz

@ exclusive B decays - under study: consider partial
reconstruction of decay products in the tracker in Region of
Interest around the muons
special interest in the initial low-luminosity period
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aximum Likellnoo

> g =

jevents

jevents

> (+InN—In[g(®)-¢(t)] —Inf)

#events- NN —const. — " Inf
N

@ constants do not matter if finding a maximum

jevents

i=1

6
/ «(8)-c(t)- 1(8,0,1) S 0 (a, 1) g (€)dedt
6

i=1

> | [dnoa et [ (e)g(@)ce
canbe@ternyTEW@dva@e = 9ac
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Results of a single generation and likelihood fit on 100°000
events produced with the toy Monte Carlo

Parameter | Input value Result Stat.error | Rel.error
|Ag(0)[? 0.57 0.5711 0.0023 0.4%
|A(0)[2 0.217 0.2141 0.0036 1.7%
|AL(0)[2 0.213 0.2148 0.0030 1.4%

r 0.712ps~! | 0.7132ps~" | 0.0032ps~! 0.5%
AT 0.142ps~! | 0.1338 ps~! | 0.0100ps~! | 7.4%
AT/T 0.2 0.188 0.015 8.0%
01 T 2.93 0.61
o 0 -0.09 0.63
bs -0.04 -0.042 0.072
o(T) 0.1ps™! 0.1006ps~" | 0.0039ps~! 3.9%
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Backup validation of the errors returned by the fit

o
05 0.55 0.6 0.65 0.7 0.75 0.8 0.005 0.01 0.015 0.02
2/ ndf

o -
. L

. L
L . L

N L
N L
01 0.15 02 0.25 0.3 0.1 0.02 0.03 0.04 0.05
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Backup: Systematic errors

Source |Ao|? A2 AL 2 Mps~'] | Ar/T
Bckg. distrib. 0.0034 0.0011 0.0045 0.0043 | 0.0059
S/B ratio 0.0037 0.0001 0.0024 0.0025 | 0.0055
Resolution - - - 0.00060 | 0.0045
Ang. distortion | 0.0143 0.0061 0.0082 | 0.00083 | 0.0010
cr distortion 0.0016 | 0.00073 | 0.0023 0.0221 | 0.0146
Alignment 0.00012 | 0.00042 | 0.00055 | 0.00040 | 0.0014
Total 0.0152 0.0063 0.0099 0.0227 | 0.0173

L. Wilke
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