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Outline ANCASTER /K\

® Introduction

® Bs— J/w ¢ overview of analyses from:
@ CDF PRLI09 171802 (2012)
e DO PRD 85,032006 (2012)

® CMS  CMS PAS BPH-11-006 (2012)
New @ ATLAS ATLAS-CONF-2013-039 (2013) Update of JHEP 12 (2012) 072

® See B. Hoeneisen’s presentation for recents results on
asymmetry measurements from DO
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® Mixing between the flavour states give rise to heavy and light Bw) = p|B°) —q|B")
mass eigenstates

® Mass difference now weII-measured;Ams — mf — msL ~ 2\Mf2\ , Amg = 17-77193_1
® Decay width difference (sign established to be Positive): AT, = FSL — I‘f , O(10%)
® CP violation in Bs = J/p ¢ occurs through “interference of mixing and decay”
(same final state) BY >J/¢ gb

® Experimentally clean decay channel 0
® The CP-violating phase angle ¢sin Bs = J/@ ¢ relates to the CKM matrix B

elements with @5 ~ —208; : &s ~ -0.04 in SM.
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® If New Physics, contributions most likely to appear through the phase ¢s,
hence any non-zero observation of this quantity should indicate NP.

o =M+ oY = opNT

® Measurements of the other observable quantities (e.g. Al') also test theoretical predictions.




Angular Analysis s /K\

® Bs— J/y ¢ - pseudo-scalar to vector-vector meson decay
® CP-even (L=0,2) and CP-odd (L=1) final states
® Distinguishable through time-dependent angular analysis

® Results presented here define the 3 angles between final state
particles in Transversity basis

® From the multi-dimensional fit to the data, the three amplitudes and

strong phases can, in principle, be extractgci.
. , + y
® Amplitudes: u J/ W rest frame d rest frame
Ap — longitudinal CP-even final state :\
A — transverse CP-even '
A| — transverse CP-odd K+
® Strong Phases: 0
9 X J/V BS P X
09 = 0 (l)
o = arglA)(0)Ag(0)] -
5. = arg[AL(0)A5(0)] xy-plane ‘\ K
(expect phases ~0 or n) _
0 is the angle between p(u+) and the x-y plane in the }/Llp meson rest frame FERMILAB-PUB-11-646-E

@ is the angle between the x-axis and p (u*), the projection of the p+

momentum in the x-y plane, in the J/1p meson rest frame

Y is the angle between p(K+) and —p(J/1p) in the ® meson rest frame




General Purpose Detectors e A\

® General Purpose Detectors (GPDs) at Tevatron and LHC:
® Tevatron - CDF and DO
® LHC - ATLAS and CMS

® Varied programmes of physics; from high-pr searches to precision
measurements in low-pr regime.

® Designed to provide ~4n Coverage;
® Fiducial volume at more central rapidities
® Enhancementin bb—J]/p to pp—J/w cross-section ratio.
® General requirements (with application to B-physics analyses).

® Silicon and pixel layers -
precision tracking and vertexing;

® Calorimetry systems — EM and Hadronic Jets;
® Muon system - trigger, event selection.

® Particle ID (CDF - time-of-flight detector) for Kaon/pion separation
® Background suppression, initial-state flavour-tagging
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Tevatron GPD Detectors LANCASTER j\

End-Plug Electromagnetic

; entral Muon Central Muon Upgrade (CMP)
Calorimeter

Chambers (CMU)

End-Wall Hadronic Calorimeter

Calorimeter

End-Plug Hadrenic
Calorimeter

Central Muon Extension

Cherenkov Luminosity
Counters )
{ 2.—-Proions
Tevatron ;
Barrel Muen -
Chambers Tracking
Central Outer Tracker (COT)
Sclenoid
Central Electromagnetic Interaction Region
Calorimeter Layer 00
Central Hadronic Silicon Vertex Detector
Calorimeter Intermediate Silicon Layers '
eParticle ID through time-of-flight detector *Coverage in muon system out to |N|<2
CDF DO
Axial Magnetic field | 4T | 9T
Track momentum resolution o/pt [GeV]" ~0.07% ~0.14%

Lifetime resolution ~90fs ~70fs




LHC GPD Detectors LANCASTER /\

A
T
k 4m
S T — TRACKER
: CRYSIALECAL 101 weight : 12500 1
: Overall diameter : 150 m
Overall length 215 m

Magnetic field : 4 Tesla

PRESHOWER

5m

SUPERCONDUCTING
MAGNET

Tile colorimeters

; LAr hadronic end-cap and
forward calorimeters
Pixel detector

' FORWARD
CALORIMETER

HCAL

LAr electromagnetic calorimeters MUON CHAMBERS
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
ATLAS CMS
Axial Magnetic field 2T 38T
Track momentum resolution 0/pt? [GeV]!!  ~0.05%pt + 0.015 ~0.015%pt + 0.005
Lifetime resolution ~100 fs ~70 fs




Total Integrated Luminosity (b ')

Data Taking AT A\

® Tevatron Run II proton-antiproton operations
at V'S = 1.96 TeV completed Tevatron Run li

L ~10 fb! for analysis. '

12000 00

® LHC running at 7 TeV in 2011 proton-proton,
8 TeV 2012, (13 TeV 2015)

® ATLAS and CMS collected
L~ 5fb?!2011 and ~20 fblin 2012.

.......

Weekly Integrated Luminosity (pb)
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® Data Taking efficiencies in excess of 90% | ” ‘“l ‘”
for all experiments. m..“'.“;',:.zmm,

CMS Integrated Luminosity, pp
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Techniques in Bs — J/V¢ ¢ Analysis /K\

@® General analysis strategy:
Collisions T rlgger Optlmlsatlon

FERMILAB'S ACCELERATOR CHAIN
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CDF: Event Selection

Analysis using full Run II Dataset at 1.96 TeV (9.6 fb!)

After basic event selection:

® Neural Network, trained on signal MC and
data sideband for background.

® Optimised on sensitivity to [s.

Observables from the data:
® m,t o(m), o(t)
® Three transversity angles

® Initial state tagging information

After selections ~ 11k Bs candidates.

Measured quantities: AL, 7, |AL|*, [Ao|*, 6.1

Tagged analysis - initial flavour of B meson estimated:

® Opposite-side tagging (u,e,jet-charge)

® Same-side tagging from
correlations of Kaon produced
in fragmentation (first 5.2 fb™1).

b

H0

S Bs
S

K
u/d
u/d

PRL 109, 171802 (2012)

*Trigger:
*low-pT di-muon triggers
©2.7 < m(pp) <4.0 GeV

°J/\p:
°pT(n) > 4 GeV
*|m(J/p) - mFPS(J/P)| < 50MeV
.(p:
*Oppositely-charged track pair
pT(K) > 0.4 GeV
pT(®p) > 1.0 GeV
*|m(ep) - MPPS(p)] < 9.5MeV

.Bs:
*upKK Vertex fit

*J/\p mass constraint
*pT(/WYKK) > 1.0 GeV
*5.1 < m(J/YKK) <5.6 GeV

*NN Variable importance:
*Kinematic information

*Muon and Hadron PID
*Vertex fit quality

LANCASTER
UNIVERSITY

A




CDF: Fit Model LANCASTER )\

B
¢ L X fsPs(m|0m)Ps(t? ﬁa €|Da Ut)Ps(Ut)Ps(D) 800—| | | | —-I—Data(Qjbe") '
+(1 = fo) Py (m) Py(t|oe) Po(p) Po(or) Py (D), L | — :

® Signal: 2e00- [ ¥ Background

o mass: Gaussian with per-candidate errors e

® proper time and angles for differential decay rates §400

) corrected for proper-time and angular efficiencies g
® Background: § 200

o mass: Linear i .

oL | ! ! ! |

O lifetime: Exponentials (+,-,- 53 555 5.4 545
® resolution: Double Gaussian (o~90 fs) J/y K'K Mass [GeV/c”]
o Different distributions for Ps(ot) and Pw(0ot).

Extracted distributions from sideband-subtracted data - signal —, and sidebands.

CDF Run 2 Preliminary, L = 5.2 fo"

) Same-side tagging calibrated using amplitude scan to Bs mixing frequency. § 20 —— Amplitude A
® Opposite-side tagging calibration from comparison of measured to %;x 150 Sensiily: 37.0 ps
predicted dilution in B — J/y K=, < 40

) Plots of fit projection to signal angular distributions in sideband-subtracted data.

CDF Run Il Preliminary L=9.6 fb

900 900 900
: F 0.0
800 800F 800F
8 700 g 700F + g 700F -0.5
5 600 S 600F -+- S 600F
© 500 S s00f + _+_ S s00f +'+' -+- -1.0
8 100 2 400 — Sideband subtracted data + 8 a00f- | | |
U) w : w : - 1 1 1 1 1 1 1 1 1 1 1 1
T 300 T 300F — Fit projection T 300F 1.5 10 20 30
) ) i ) ;
S > F > F ] . -
o 200 I o 200 Mixing Frequency in ps™
100 100 100
E F
0 o3 0.5 0 0.5 1 % 2 4 6
cosH d [rad]
25 2 sp < sp
3o 3o 3 O P —— P —
g S 3 E

- -5 E -5
%f 5-1 -08 -06 -04 -02 0 02 04 06 08 -1 -08 -06 -04 -02 0 02 04 06 08 1 0 1 2 3 4 5 6
A




CDF': Results LANCASTER

) Fixing Bsto SM prediction yields:

i
T 1.528 £+ 0.019 4 0.009 , 0.6/ ) "
s (xoom( ) | — 68% CL
AT’y 0.068 4+ 0.026( ) 4+ 0.009( ) T, 04l i
F (o)

]AO\Q 0.512 + 0.012( ) £ 0.018( ), - — 95 /) C L:
0.2 , a
Ayl*  0.229 £ 0.010 + 0.014 — L e |
Ay ] () C ) | ey :
o1  2.79+ 0.53( ) £+ 0.15( ). Z ok,  emmmT e .
) Correlation between Al's and 1s = 0.52. z ? 10- : CE
o Bs = [-0.06,0.30] @ 68% CL, treating Al' as nuisance parameter and Ar>0. -0.2 _ o
) No significant contribution from S-wave found in the signal sample. - ? a il
: . 0.4 & —
° Systematic uncertainties: - / \ / \ 3
) Al's — background decay-time, 0.6 —— N
® Ts - alignment of the silicon detector, ;'5 = '1 o '1(')' = '0'5' . 4 R '57

e Amplitudes — angular acceptance models. ' ' BS [rad] ' '

) Separate study in KK mass spectrum (invariant mass range from threshold, to m(KK) = 1.2 GeV)
) confirms small S-wave contribution in signal window (0.8+0.2)%,

) although suggests larger contribution of mis-identified Bo background (8.0+0.2)% assuming only
P-wave Bo decays.
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DO: Analysis s )K\

PRD 85, 032006 (2012)

® DO result from L=8.0 fb™! collected during 2002 and 2010

at 1.96 TeV. “Trigger:
P BDT Multivariate analysis *low-pT single and di-muon triggers
e Optimised on S/V(S+B), g *Oppositely-charged track pair
® complemented by ‘square-cuts’ analysis. *|m(¢p) - m"PE(¢p)| < 30 MeV
® 5,598 £ 113 Bs signal events pass selections. - *Bg
_ _ _ 06F DoRuni, B e supKK Vertex fit
® Opposite-side tagging (u,e,5V-q), os! L )/ mass constraint
; pT(Bs) > 1.0 GeV
04 /{ *5.17 < m(J/YKK) <5.57 GeV
T : : Q o3 S et *BDT Variable importance:
® 6D-Likelihood fit using: ool / ~H Dm0k em(KK)
m, t, o(t), transversity angles BT —+— Dat: Weghted ve *AR(K,By)
0.1 : i .'j'l'" _ leIrtut:::;:\aty ° .’
® Detector acceptance from MC - o .::%aBt;;";ther Cinermtice
® Parameterised with Legendre polynomials ** ** |;|'6 35l '-s' T e R e -
F | ignha ’ 3
® Background mass - 1st- and 2nd-order polynomials; g 3| [ Background =
3 exponentials for lifetime (-,+,+), and Legendre 2,50 -
and real harmonics expansion coefficients. § , - .
2 = E
f_.f 1.5 =
® Fraction of S-wave also considered in the fit. > :
= .
0.5 .
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Inclusi tput
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DO: Results

final confidence limits.

Markov-chain MC used to estimate

® Limitcos d+ <0
® Results:
7,=1.4447001 ps, AT =0.1797500 ps~1,
I = 0567036 |Ay|>=0.565*+0.017,
|A)[>=0.24970055, 8, =3.15%0.19,

cos(6; —8,)=—0.20"

® Strong correlation between 3+ and ds;

Fy=0.173 = 0.036.

AT, (ps™)

04 ¢

0.3
0.2
0.1

—0.1
—0.2
-0.3
—0.4

RN/ L

AM, =17.77 £ 0.12 ps™
SM p-value = 29.8%

—68% CL

——90% CL

—95% CL

P I P - | PR - |
-3 —2 —1 0 1 2 3

® Reasonable contribution from non-resonant KK is estimated.
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Projections to fit results shown for all data passing the BDT selections (S/V(S+B) ~ 12.9).
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CMS: Event Selection ANCASTES A\

CMS PAS BPH-11-006

® 2011 7 TeV analysis corresponding

to integrated luminosity of 5.0 £ 0.1 fb! Trigger:
_ _ pT(pp) > 6.9 GeV
® 19,000 Bs candidates after selections, Lyxy/OLxy > 3
in mass range [5.24-5.49] GeV and *2.8 < m(pp) <3.35 GeV
proper-decay length [0.02-0.3]cm *DCA(p) < 0.5 cm
/Y.
® Observables: j tPPT(M) > 4 GeV
® m,t, 3 transversity angles "ImQ/p) - mEQP)] < 150MeV
g O ly-charged track
) , , T : ] *Oppositely-charged track pair
® 5-d unbinned maximum likelihood fit extracts: o T(K) > 0.7 GeV
o AI', I, |AL\2, \AOF, O 142 =1—]AL]> = |47 *|m(¢p) - m*PS(¢p)| < 10MeV
'Bs:
_ _ _ o euuKK Vertex fit
® Assumption of no CP violation ¢s = 0 in fit. o}/\p mass constraint
: - R Vi 2 probability > 2%
® Untagged analysis - equal probability for B, or B, ,;{fﬁ}wﬁﬁé !Ey_és GeV

® S-wave contributions assumed negligible




CMS: - Fit Model /K\

B
® Fit to (reduced) mass distribution fixes narrow Gaussian model.
® 14,456 + 140 Signal Events g 20 OMS preliminar. o
2 2000 \s=7TeV ® Data
® Mass position: 5366.8 = 0.1 MeV S te00- el
E 1600 _ .ackground
® Plot shown in mass range [5.24, 5.48], & 100 i
proper decay time [0.02,0.3] cm 1200
1000 —
® Likelihood function: 800~
600—
L = Lsignal + Lbackground ’ 4oof—
Lsignal — (f(®/ t;(X) ® G(t/ K, U(t))]) ) M(m) ’ G(t)é’(@) ’ 200:—
Lbackground = b (®/ t m) , _ 0
® Signal modelled using: -
® mass: Two Gaussians 3 . . | .
5.25 5.3 5.35 5.4 5.45
® angular efficiencies from MC Proper-time efficiency from MC. @
. *Efficiency is the ratio of selected to
¢ BaCkg round: generated signal events in bins of proper-time
® mass: exponential *Requiring ct(Bs) >0.02cm allows for high and

stable efficiency
@ lifetime: two Gaussian and two exponentials  .angular Efficiency from MC

°Independent parameterisations using

® angles from sinusoidal for ¢r, and Legendre | cgendre polynomials,
polynomials for COS(eT) and COS(L|JT). Correlations sufficiently small to be

neglected.

{
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CMS: Fit Projections ANATTS )K\

® Fit to data sideband determines angular € *Data
h for back d d ot 3 10 —Signal
® Proper-time calibration scale factor TR S N - CP even
I I --CP odd
extracted from a 2-d CE TN —Fit
mass-lifetime fit to data without Lxy - T
significance requirement. I N
10— \§~ .
= Shown for “~. Tl
. . . . " ct € [0.02,0.3]1cm R
® Final fit performed in mass, lifetime and angular e [ S ] BEERS
space (full mass range 5.2 < m(J/wKK) <5.65 GeV). 3 i
® Projections of fit results shown for proper decay
length and transversity angles for each e 0 o5 oz 055 53
Component Of the ﬁt. B, proper decay length [cm]
CMS preliminary, 5 o \s=7TeV R CMS preliminary, 5 fb \s=7TeV 1400—CMS preliminary, 5 fb” \s=7TeV
%200 &
l%,HOOO

800~

600

“
v
N

400
,,,,,,,,,,,, 200
0:‘]~’I“I | 111 | | | | 111 | 111 | | | | 111 | 111 | | | | I,,;~/I” O_CI"‘I\‘I | 111 | | | | 111 | 111 | | | | 111 | 111 | 111 | 1 I’(I~ o_l | I I | | | I I | | | I I | | | I I | | | |
-1 -0.8-06 -04-02 0 02 04 06 08 1 -1 -0.8-06-04-02 0 02 04 06 08 1 -3 -2 -1 0 1 2 3
cos(y.) cos(6,) ¢_ [rad]
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CMS: Results LANCASTER j\

® From the fit:

AT = 0.048 4 0.024 (stat.) = 0.003 (syst.) ps~ !,
5. = 0.04580 & 0.00059 (stat.) 4= 0.00022 (syst.) cm,
|Ap|* = 0.528 +0.010 (stat.) £ 0.015 (syst.),
|A]* = 0.251£0.013 (stat.) £ 0.014 (syst.),
6 = 27940.14 (stat.) +0.19 (syst.) rad .

® Dominant sources of systematic uncertainties from angular and
temporal efficiency models.

. -

Uncertainty source ATs [ps™'] ctlem] [Aol* |A(]* ) [rad]
Signal PDF modeling
Signal mass model 0.00072  0.00012 0.0022 0.0006  0.039
Proper time resolution (lml) 0.00006 0.0007 0.0000  0.007
¢s approximation 0.00000  0.00001 0.0000 0.0000  0.002
S-wave assumption 0.00109  0.00001¢ 0.0130¢30.0066 > 0.056
Background PDF modeling
Background mass model 0.00019  0.00000 0.0000 0.0001  0.003
Background lifetime model 0.00040  0.00000 0.0001 0.0002  0.003
Peaking B® background 0.00025  0.00006 0.0002 0.0022  0.050

Background angular model 0.00003  0.0001¢_0.0064 % 0.161

Limited simulation statistics
Angular efficiency parameters 0.00019  0.00002 0.0057 0.0055  0.037
Temporal efficiency parameters ~ 0.00000  0.00005 0.0000 0.0000  0.000
Temporal efficiency parametrization 0.0005 0.0007  0.001
Angular efficiency parametrization 0.00063  0.00003 0.0021 0.007
Likelihood function bias 0.00000  0.00004 0.0004 0.0000 0.014
Total uncertainty 0.00341  0.00022 0.0146 0.0140 0.187

)8 . .
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® O nrr-»

%

2011 data sample using 4.9 fb! at 7 TeV

5 ATLAS: Event Selection /K\

ATLAS-CONF-2013-039

Preliminary update to previously published untagged analysis: JHEP 12 (2012) 072
® Same dataset - addition of initial state B-meson

flavour tagging

131k Bs candidates after selections;
® mass range [5.15,5.65] GeV.

Negligible effects from selection of correct
primary vertex due to pileup (<p> ~8).

No requirement is made on proper-time cut,
® full prompt contribution considered in fit

S-wave contributions to the fit are also
considered

.(p'

°Bs°

*Trigger:

*Single and di-muon trigger suite
*Requiring at least one muon,

pr(i) > 4 GeV

°J/\p:

pT(p) >4 GeV

°|n| dependent mass cuts
(retains 99.8% of signal)

oX2/ndf < 10

*Oppositely-charged track pair
pT(K) > 1.0 GeV
*|m(ep) - MPPS(p)| < | IMeV

eupKK Vertex fit

*J/\D mass constraint

*Vertex X%/ndf < 3

*5.15 < m(J/YKK) <5.65 GeV

’
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ATLAS: Flavour Tagging /K\

T
® If initial flavour of Bs meson is known, additional terms appear in the likelihood J/w
description of the time-dependent amplitudes: ¢

® |eading to increased sensitivity on @s.

® Opposite side tagging, use ) — § pair correlation to infer initial signal flavour from
the other B meson.

® Muon Tagging: BS
® b—p transitions are clean tagging method, but diluted from b—c—u decays.
® Jet-charge Tagging:

® Momentum-weighted track-charge.

® Calibration of tagging method - self-tagging BT J/szi

u,d,s
*Muon Tagging: ¢Jet charge Tagging:
*Additional Muon pT(p)>2.5 GeV, |n| <2.5 *In absence of muon use b-tagged jet
*Originating near the signal primary (Anti-Kt, 0.6 cone size)
interaction |Az| < 5mm *Use tracks from AR<I.0 around jet,
originating near signal primary interaction.
*Use muon and tracks within cone AR<0.5 *Construct jet-charge from momentum-
around muon to construct momentum- weighted charge of the selected tracks
weighted muon-cone charge racks i ¢
N tracks i i \K . _Zﬁvt kq '(pT)K IJ
_ Zi q - (pT> QJet o Ntracks(/ i \k
Ou = N tracks( i \k Li (pT)
Li (P7) o :
*K=I.I from optimisation to tagging
*K=I.l from optimisation to tagging performance
performance




ATLAS: Tagging Performance

— 11
. . Z|O B ' T ]
® Tagging performance estimated to be: 22025 ATLAS Preliminary b £
- Ldt=451b" §
® (1.45+0.05 (stat.))% from B+ — J/y K= 0.2f .
: *B" -
Tagger Efficiency [%)] | Dilution [%] | Tagging Power [%] 0'15:_ B
Segment Tagged muon | 1.08 £0.02 36.7+0.7 0.15+£0.02 0 1:_ _:
Combined muon 3.37+£0.04 | 50.6+0.5 0.86+0.04 + s L
Jet charge 27.7+£0.1 12.68+0.06 0.45£0.03 n - -+ §
Total 32.1+0.1 | 21.3+0.08 1.45+0.05 005 o - g =¢F+++ +7
: B S o :$'—_$: _¢_—¢—_¢__¢_-¢- ]
. . . . . A NS AT A SN AR . A S RS S o N
® In likelihood fit to Bs data, the per-candidate probablllty-1 05 0 05 1
'Qu

and probability distributions (Punzi terms) are considered.

® Punzi terms are parameterised from fit to sideband-subtracted (signal),

and sideband (background) Bs data

® P=0.5in absence of tagging information.
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ATLAS: Fit Model ANATTES /\\

® Signal modelled using:

® Observables:

e m(J/yKK), t, o(m),o(t)

_ ® proper time and angles for differential
® Three transversity angles decay rates convoluted with Gaussian
and per-event resolution

mass: Gaussians (per-event resolution)

® Tagging probability
® angular efficiency

® 25 free parameters (Am fixed in the fit)
® Background:

® mass: linear

N
in 2 = ¥ (5 In(s BN £ oo RS

i=1

® Gaussian plus three exponentials
(+I+I-)

+(1 = fo+ (1 + f0)) P (mi, 11, 2))}

® angles from sinusoidal for ¢T, and
Legendre polynomials for
cos(671) and cos(wr).




ATLAS: Fit Projections iy \

I
® 22,670 £ 150 signal Bs events from fit.
® Fit projections to all data passing selections. —— Data
— Total Fit
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ATLAS: Results ANATTS A\

T
® O within with Standard Model predictions. Parameter | Value | Statistical | Systematic
® Consistent with previous Untagged analysis. uncertainty | uncertainty

_ _ _ _ ds(rad) | 0.12 0.25 0.11

® S-wave amplitude is compatible with O. AT, (ps~ ") | 0.053 0.021 0.009
® ) and 0 -0s are given as 68% CL. Ly(ps™) | 0.677 0.007 0.003
A (0)]> | 0.220 0.008 0.009

® Tagged analysis provides sufficient sensitivity for [Ap(0)[> | 0.529 | 0.006 0.011
5. to be determined from the fit (previously constrained).l4s|* | 0.024 |  0.014 0.028

0| 3.89 0.46 0.13

® Dominant systematics from Tagging, 4 [3.04-3.23] 0.09
and Background modelling (estimated from 0, — Os [3.02-3.25] 0.04

pseudo-experiment studies)
cf. Untagged result:

® Systematic uncertainty from tagging dominated by ®,=0.21 +0.41 (stat.) = 0.10 (syst.) rad
statistical precision in calibration channel.

Systematics
s AT [ A (0)F  |40(0)]*  |As(0)[* ) 9| 6, — 0

(rad)  (ps™H  (psh) (rad)  (rad)  (rad)
ID alignment <1072 <1073 <1073 <1073 <1073 - <1072 <1072 -
Trigger efficiency | <1072 <1072 0002 <1073 <1073 <1073 <1072 <1072 <1072
BY contribution 003 0001 <1073 <107  0.005  0.001 002 <1072 <1072
Tagging d 010 > 0001 <1073 <1073 <1073 0.002 005 <1072 <1072
Models:
default fit <1072 0.002 <1073  0.003 0.002 0.006 0.07 0.01 0.01
signal mass <1072 0.001 <1073 <1073 0.001 <1073 0.03 0.04 0.01
background mass | <1072  0.001  0.001 <1073 <1073 0.002 0.06 0.02 0.02
resolution 002 <1073  0.001 0.001 <1073 0.002 0.04 0.02 0.01
background time 0.01 0.001 <1073 0.001 <1073 0.002 0.01 0.02 0.02
background angles 0.02 0.008 0.002 0.008 0.009 0.027 0.06 0.07 0.03
Total 0.11 0.009  0.003  0.009 0.011 0.028 0.13 0.09 0.04
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Results — Comparisons ANCASTER A\

0.25 0.021 0.009
-0.60 - 0.12 0.068 0.026 0.009
— 0.048 0.024 0.003
-0.56 +0.36 / -0.32 0.179 +0.060 / -0.059

3.89 0.46 0.13 0.007 0.003
2.79 0.53 0.15 0.654 0.008 0.004
— 0.653 0.008 0.003

cos(d--ds) = -0.2 +0.26 1-0.27 0.693 +0.016 / -0.020

0.529 0.006 0.011 0.220 0.008 0.009
0.512 0.012 0.018 0.229 0.010 0.018
0.528 0.010 0.015 0.221 <0.016 <0.021
0.565 +0.017 0.249 +0.021 /-0.020
LHCb-PAPER-2013-002
B} — J/¢ ‘
bs = 0.07 £ 0.09 (stat) & 0.01 (syst) rad, |AJ_|; 0.249 £ 0.009 £ 0.006
_ } O Ao 0.521 + 0.006 = 0.010
I's = (FL—i—FH)/Q = 0.663 = 0.005 (stat) + 0.006 (Syst) ps 1, 5” [rad] 330 _1_8%? 1 0.08
Al'uc =T, —-T'y = 0.100 &+ 0.016 (Stat) + 0.003 (SySt) ps -, o, [rad] 3.07+0.22+0.07
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Bs — J/vy ¢: Combination

Most recent combination from HFAG on Arl's vs the CP-violating phase

LHCb 1.0fb~ + CDF 9.6fb '+ DO 8fb~ + ATLAS 49fb"

‘_‘|_| 0.25 __I. 1 1 1 1 I ,I 1 1 1 |‘~I\\I | I | I 1 1 1 1 I | I | 1 1 I 1 1 | I | _I:
| - ;Do m -
8. - ' N Fall 2012 | -
— O 20 [ : \‘ —

o B .' ' 68% CL contours 7

- - : (Alog £ =1.15)

<] 0.15[- - LHCb —
0.10 - vl ,TiComblned —

- \CDF ."sM . o -

005 - NN " ATLAS; -

o | L . | | | | |

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Tagged ATLAS analysis not included
LHCb-Paper-2013-002 latest result not included




Bs — J/v¢ ¢: Combination tﬁNﬁA&ﬂ%ﬁ/\\

® Most recent combination from HFAG on Al's vs the CP-violating phase
® Updated with latest ATLAS result superimposed.

2013
LHCb 1.0fb™ + CDF 9.6fb"'+ D@ 8fb™ + ATLAS 4.9fb™
‘_‘l_| 0.25 :' 1 ) | 1 | l ,l,'l | 1) r\l‘\ 1 L] 1 ) I | ] 1 | l 1) | ] | I | ] | || *:
e i g DO g
Q-1 - [ 3 -
e 0.20 T ' \ —
i E : 68% CL contours
o B : (Alog £ = 1.15) 1
<] 0.15f . LHCb p
0.10 - o ""”ic;ombined B
=S N a
s CDF 9
0.05 : 3 E 3%0’3 :
il 2 5 5 5 [ oo T S T L
1

il dasesn s s g s 1l s s v sl Grees 18 5 63
D -1.0 -0.5 0.0 0.5 1.0 1.5
Tagged ATLAS using statistical errors ¢gcs [rad
LHCb-Paper-2013-002 latest result not included

® Tagging improves ATLAS s precision by ~40%
® Alscentral value and uncertainty unchanged



Conclusions ANCASTES A\

® Results presented from ATLAS, CDF, CMS, DO in Bs = J/g ¢
® In general, good agreement between experiments.

® DO and CDF provided many pioneering and tantalising measurements
on Bs system.

® Current results tending to SM predictions of CP-violating phase in
Bs — J/y o.
® Analyses with final datasets published or nearing completion.

@ Statistically limited in most measured quantities.

® Future results to come from ATLAS and CMS analyses using 2012 data
samples, in same and complementary channels:

® Additional dedicated B-physics triggered samples stored
unprocessed at time of data-taking.

® With shutdown of LHC releasing CPU needs,
these additional data now being reconstructed and analyses
are underway.

® Expected LHC data-taking resuming in 2015 at ~13 TeV collisions:
@ Stay tuned for future results from the LHC B-physics programmes.
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Pileup at LHC

® Average number of collisons per bunch crossing:
® ~9in 2011
® ~21in 2012

CMS Average Pileup, pp, 2012, /s = 8 TeV

— 180 T rrrrrrITrropr T A
< - ATLAS Online Luminosity ] 60 oo
ﬁ. 1605_ @ Vs=8TeV,[Ldt=208fb", <u>=20.7_5 g 50 !
E 140—_ / \s = 7T€V,J].dt=5.2 fb_1, <u>= 9.1 ] g. P
E 100 = z
— N ] (7))
B 80— — _g
3 60 — 3
(] C . -
O 40— 3 3
20 — S
- N @
oL - I~
0 5 10 15 20 25 30 35 40 45
% % o\‘o \‘6 10 16 30 36 5‘0

Mean Number of Interactions per Crossing

® While effect of pileup minimal in current analyses,
® Run II running conditions will be additional challenge.

Mean number of interactions per crossing
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Trigger Selection

+ Data selection begins with
optimised suite of di-muon or
single-muon triggers:

® ATLAS and DO:

® collect from suite of low-pr
single and di-muon triggers:

® CDF:

® low-pr di-muon trigger with
2.7 <m(pty) < 4.0 GeV

® CMS:

® Optimised trigger selection of
non-prompt J/p candidates:
2.8 < m(J/yp) <3.35 GeV or
2.9 <m@J/yp) <3.3.

® L./owy > 3 transverse
decay-length significance cut
to reduce prompt background
contributions.

—
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Resolving the sign ambiguity A\

® Decay rate amplitudes are invariant under certain
transformations,

{¢s, Al's,0.1,0),0s} = {m — ¢s, —Al's,m — 1, =), —ds}

® Untagged analysis also allows:
{¢87 AFS? 5J_7 5”755} — {_¢87 AFS) m — 5J_7 _5”7 _55}

® Led to a four-fold ambiguity on earlier measurements

. . . . hep-ex:1112.3183
® From Tagging, and sign determination of AI's >0 Lucs rAPER-2011-021

® Single set of solutions remain




The ATLAS Detector A\

201 | Data
. . . . . B et LDiE e
Data selection begins with optimised 2 gL, ™ | ATLAS Preliminary 1
suite of single and di-muon triggers: s E B 7 ot iy -
» 10°: g Y -
+  3-level system: 40 MHz to O(200) Hz $ 10 s E s
u:_l A EF_mstmub_Upsimumy Y(3S)

+ Muon ID from Muon Spectrometer

+ Inner Detector provides precision
momentum and lifetime measurements

2

anh
o
[
N~ ALl

eInner Detector
*|n|<2.5,
*Solenoid B=2T
Si Pixels,
*Si strips,
*Transition Radiation Tracker (TRT)
*0/pt ~ 3.4x10-4 pt + 0.015 for (|n|< I6.25r2

*Used for Tracking and%

eMuon Spectrometer
*[n|<2.7

*Toroid B-Field, average ~0.5T
*Muon Momentum resolution

0-/P< IO% up to ~ I Tev End-cap semiconductor fracker




ATLAS: Results ANATTES )K\

® Tagging improves s precision by ~40%
® Alscentral value and uncertainty unchanged

Statistical uncertainties only
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ATLAS - Angles
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Atlas Correlations and Likelihood scans
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Figure 7: 1D likelihood scans for ¢ (left) and AI's (right)
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ATLAS - per-candidate resolutions

® Per-candic
® Signal and

usage in likelihood fitting.
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= n . Q
: 8000:_ -8- Data E §
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ate mass- and lifetime-uncertainty distributions.
Background shapes individually modeled for correct
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CMS Experiment at LHC, CERN B > (I) candidate eve

Data recorded: Sun Jul 4 01:33:41 2010 EDT S
Run'Event: 139364 [ 20750462
Lumi sechon: 20

Trajectories before vertex
fit
with p; > 0.3 GeV/c in the
vicinity of the PV



ATLAS - Systematics

Systematic Uncertainties

s AT’ [ A (0)]F  |A0(0)]F |As(0)]F &, 0,
(rad) (ps™") (ps ) (rad) (rad)

ID alignment <1072 <10? <10} <10 <107 - <1072 <1072 -

rigoer efficienc <1072 <103  0.002 <103 <10 <10} <10? <102 <102

contribution 003 0001 <10 <10  0.005 0.001 002 <102 <1072

agoing 0.10 | 0.001 <10% <107 <1077 0.002 005 <102 <10

Odels:
default fit <102 0002 <103  0.003 0.002 0.006 0.07 0.01 0.01
signal mass <1072 0001 <10  <107%  0.001 <1073 0.03 0.04 0.01
background mass | <102  0.001  0.001 <103 <103 0.002 0.06 0.02 0.02
resolution 002 <103 0001  0.001 <103  0.002 0.04 0.02 0.01
background time 001 0001 <10% 0001 <10  0.002 0.01 0.02 0.02
background angles | 0.02  [0.008] [0.002] [0.008] [0.009] [0.027] 0.06 0.03

0.009

Total 0.11 0.003 0.009 0.011 0.028 0.13 0.09 0.04

Uncertainties of fit model Effect of residual
derived in pseudo-experiment misalignment
studies studied in signal MC

Uncertainty in trigger
selection efficiency

Uncertainty in the calibration Uncertainty in the relative
of the tag probability fraction of B, background

C. Heller, Beauty 2013, 12.04.2013
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