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The ATLAS (A Toroidal LHC ApparatuS) detector

ATLAS is a 45 by 50 metres in size

Muon Spectrometer:
(1) Monitored Drift Tube
(2) Thin Gap Chamber A
Magnet system: |
(3) End-Cap Toroid Magnet
(4) Barrel Toroid Magnet
Inner Detector:
(5) Transition Radiation Tracker

(u‘ ,) >6GeV —¥— Run-1, 8 TeV,{u) =20 -
’ —e— Run-2 IBL, 13 TeV,(u) = 22

—&— HL-LHC ITk Inclined duals, 14 TeV,(u) =200 —j
50x50 um? pixels, digital clustering for [Tk

(6) Semi-Conductor Tracker 0,08t v
(7) Pixel Detector
Calorimeters: 0.061 **oo 004

(8) Electromagnetic Calorimeter ++*---"--'-'.-++

(9) Hadronic Calorimeter 0.04
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~ ATLAS Preliminary
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At the start of run 2 (2015) an insertable B-layer was [ gmton and Pt o Fun 12t
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http://en.wikipedia.org/wiki/ATLAS_experiment#Muon_Spectrometer
http://en.wikipedia.org/wiki/ATLAS_experiment#Magnet_system
http://en.wikipedia.org/wiki/ATLAS_experiment#Inner_Detector
http://en.wikipedia.org/wiki/ATLAS_experiment#Calorimeters
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Data Collection

LHCb Integrated Recorded Luminosity in pp, 2010-2018
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B-physics and Light-States

* ATLAS B-physics and Light-States programme:

— Comprehensive measurements across a variety of
decay modes:

Precise property measurements including CPV (Bs->J/{ )
Cross-section measurements including Quarkonium

Rare decay processes; e.g FCNC B(S’d)%uu

Spectroscopy, exotic states (e.g pentaquarks)

Charged lepton flavour violation (t -> 3p)

* Typically rely on low-pT di-muon signatures.
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low-m ¢

Jiy B Y(nS)
. P ) > 11 GeV. p () > 6 GeV

. pln)= 6GeV.p in)=6GeV
. pyin)> BGeV.p (u)>4GeV
P> 4 GeV, piu)=4 GeV

Dimuon triggers: P> 11 GeV, polu,) = 6 GeV

6 8 10 12
m(u ) [GeV]




Lancaster EE3
University ©- 2

Introduction to the CP violation

e Charge Parity (CP) symmetries mean that particle interactions
should produce matter and antimatter in equal quantities |

e In 1967 Soviet Nuclear Physicist Andrei Sakharov proposed
CP violation:

e Since the observed universe seems devoid of stable
antimatter there must be baryon number violating
transitions in particle physics.

e CP has to be violated otherwise there would be equal
amounts of anti matter

e CP violations must occur during interactions and not in
thermal equilibrium
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3 Types of CP violation

P P

(a) Direct CP violation.

--u.h.l
]

P|P|< ,P,<f 2

(b) CP violation in mixing.

2

(e¢) CP wiolation in interference.
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Exclusive decay chain

 While @, can be accessed a number of ways the

easiest way at ATLAS is through the exclusive
decay B.— J/Y ¢ where

- J/LIJ % p.+ u_ selected nicely from the muon system

- (p > K+ K_ ATLAS has no particle ID so this is difficult to isolate

0
BJ..

p O p
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CP Violation in neutral B_system

Mixing of flavour eigenstates are governed by:

. e b t Ms /0N
d [ BYt) B{(t) K My Ml-;) i ( [y Ty )‘ BY(t) [ — 7\ (. u
i— | =0 =H| - = . ) - - —0 ' Be | W w | Bg |
-dt ( Bs(!) B*(t) | 11[[2 11'!“ . 2 . F‘;'J I[_] ’ Bﬁ(fj I'.\.\ SE ’.'I EU} II'\,_\E S;.
mass matrix decay matrix S s g
e The mass eigenstates N o
B') =p|B,) —q|B;) A e e e G
= |I E I’ ut IEU | B
BY) =p|BY) +q|B.) Nt il WU S W
\ ‘_’5/1—-—1’55\!\'\\?\“_:\!\:'—-— b ) /

* Amg=my,—m_=2|M|
*  @ssM=arg(-M,,/";,) =-0.04 - CP violating phase

« T isthe average lifetime of the two states (I',+I",,)/2

o A=l -Iy=2|l,| cos(2 pssM) — Can be considered the difference of the two lifetime
states
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Measuring a particle lifetime

Secondary
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Angular Systems for Bs=> J/{ ¢

e You can access the key physical variables for this decay using one

of 2 angular definitions
Helicity Basis Transversity Basis




What the signal looks like

Trans_Costheta

just PYTHIA

Nothing to approve
here - move along

Trans_Cospsi

1
-0.5 0 0.5

Hel_costheta1

just PYTHIA

Nothing to approve
here - move along

Trans_Phi

-0.5 0 0.5

Hel_costheta2

just PYTHIA

Nothing to approve
here - move along

Hel_Chi
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Nothing to approve .
here - move along [ Nothing to approve
here - move along

Just PYTHIA | just PYTHIA .| just PYTHIA

Nothing to approve
here - move along

TN T AT T Y N YT T NN T M N R B S S R
-0.5 1] 0.5 - -0.5 0 0.5

12

Provisional MC Generation — no cuts applied so no acceptance effects
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ATLAS Publications

o Time dependent untagged ¢, and Al from B.=>J/{ ¢ JHEP 1212 (2012) 072 -
02-AUG-12

o Time dependent flavour-tagged s and Al's from B.—>J/{g at 7 TeV Phys. Rev.
D. 90, 052007 (2014) 05-JUL-14

e Time dependent flavour-tagged ¢, and AT, from B.=>J/{@ in Run 1 JHEP 08
(2016) 147 13-JAN-16

e Measurement of the CP violation phase ¢, in B,~J/{ decays in ATLAS at 13
TeV 23 Mar 2019 (Conf-Note going to publication)

e Next paper will include all Run-2 data.
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Deciding cuts
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Deciding Cuts
ATLAS-CONF-2019-009

e This analysis follows are previous measurement using 19.2 fb-1 of Vs=7 TeV and
8 TeV (“run 1”)

 The new analysis uses datasets from 2015 to 2017 with Vs=13 TeV totalling
80.5 fb-1.

e Full decay reconstruction using inner detector and muon detectors, no K/pi
separation:

— J/Y selection — di-muon vertex X2/yo:<10, J/U invariant mass windows
width 0.27 ... 0.48 GeV (barrel - endcap)

- ¢ selection — p(Kt) > 1 GeV, Invariant mass window 22 MeV

— B candidates — 4-track vertex x2/,5:<3, (5.15 — 5.65) GeV, no proper decay
{c time cut.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-009/

Lancaster EE3
University ¢ *

Flavour Tagging
e The analysis gains precision with tagging
information. We use opposite-side tagging (OST).

e We use 4 tagging methods: “Tight” muons,
electrons, Low-p,; muons, Jet *

||||||||||||||||||||||||||||||

- ATLAS Preliminary ]
3501 {s=13 TeV, 80.5 b’ . ous E

300F

 Charge of p_-weighted tracks in a

cone around the opposite primary
object, used to build per-candidate

50F

B, tag probability. —

5 5.1 5.2 5.3 5.4 5.5 5.6

16 o Calibrated from B* - J/{ K*sample m“""K“_[GeW

250

Candidates / 5 MeV

200F
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Tagging: weighted sum of charge in a cone

P(BIQ,)

o

)

N tracks
[ qi -

(PT:’ )h

Z j\" tracks (pr ),\-

In events where multiple methods are available the

highest dilution is selected.

e s
0 gé ATLAS Preliminary E
“E Vs=13 TeV, 80.5fb" ]
0-8:_ ¢ Tight muons E
E BB JiyK ]
0.7F =Bk . E
0.6F- =
0.5F =
0.4f =
0.3F =
025 =

N S=—

s 05 0 0.5 1
-Q

P(BIQ,)

Tag method Efficiency [%] | Effective Dilution [%] | Tagging Power [ %]
Tight muon 4.50 +£0.01 43.8+£0.2 0.862 + 0.009
Electron 1.57 £ 0.01 41.8+0.2 0.274 + 0.004
’ Low-pt muon 3.12+0.01 29.9+0.2 0.278 + 0.006
Jet 5.54 +£0.01 20.4 +£ 0.1 0.231 = 0.005
Total 14.74 + 0.02 33.4+0.1 1.65 +0.01
1: LA R B T 30.2 o —~ 717 02 5
0.9F ATLAS Preliminary Toe 2 O ogb ATLAS Preliminary EI
E \/§=13 TeV, 80.5fb1 — % g E ﬁ=13 TeV, 805fb1 E +§
o A ST & 08 4 e Tote 2
0.7E Sk P2 0.7F E:)j%ﬁ o148
0'6;_ _;0'12 . 0.6 50.12 e
0.5;— _;01 o_sé é0.1
0.4 —o.08 0 45_ —:o 08
0.35; —o.06 E 1
0.2 Toos 0-35 —Eo.oe
0.1E ooz 0.25— —50.04
93 05 f 0.;;— = , _:2-02
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Symmetries:

Signal Likelihood

{¢s, AL, 6,,0)} = {m = ¢y, —Al'y,m— 6., 21 = g}
{0 Al A Birdgrf—terdFor="8-0,, —d5] (untagged fit only)

k| OB g™ Or, v, b7)
1 %IAO(O)I2 [(1 + cos ¢y) P (1 —cos ¢y) e TH £ 20Tt sin(Am,t) sin (j)s] 2cos? (1 — sin? 67 cos? ¢r)
2 | LR [(1 +cosd,)e U+ (1 = cos gy) e i £ 2e7T7 sin(Amt) sin ¢s] sin? yr(1 — sin® 67 sin’ é7)
3 | LA o) [(1 —cosdy) e 4 (1 + cos y) e i F 27T sin(Amt) sin ¢s] sin? g sin® Oy
4 | 1|A0(0)]|A)(0)| cos % sin 2y sin’ O sin 2¢7
[(1 + cos ;) Pt (1 —cos ¢y) e TH 4 27T sin(Am,t) sin ¢S]
5 | 1A OAL O (™ = e Ty cos(8, — 6)) sin s — sin? g sin 267 sin r
+e T (sin(§, — &))) cos(Amyt) — cos(§, — J))) cos ¢ sin(Amt))]
6 IAO(O)IIAJ_(O)|[%(e'F(LS)’ — e—rg’r) cos 0, sin ¢y % sin 2y sin 20t cos ¢1
+e T (sin §; cos(Amyt) — cos &, cos ¢, sin(Amt))]
7 %IAS 0)]? [(1 — cos @) e 4 (1 + cos ¢) e TH 7 27Tt sin(Amt) sin (pj] % (1 — sin? 67 cos? qﬁT)
8 | alAs(O)IAIO)I[L(e™ - eTH") sin(5) — 6s) sin &, L V6 siny sin® 0 sin 267
ie‘rx“(cos(dn — Js) cos(Am,t) — sin(d) — ds) cos ¢ sin(Amyt))]
9 | 1alAs(0)[IAL(0)|sin(S, — Ss) L V6 sin yr7 sin 207 cos ¢r
[(1 —cosdy) e T+ (1 +cosdy) e T F 27T sin(Am, ) sin ¢S]
10 | @lAo(O)lIAs )[4 H" = 1) sin 5 sin g V3 cosyr (1 - sin’ O cos” g7 )

ie‘FS’(cos Js cos(Amgt) + sin ds cos ¢, sin(Am;t))]
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Interfer
ence
terms

wave
terms

The solution with a negative
Al . is excluded using another

LHCb measurement which
determines the Al to be

positive




19

>20005‘“ LS A B DAL I I I I I

Mass spectrums: mwooi T
600 ij:4.9fb‘ ---S(l)g al
- B{—J/yK® Backg

Background description background

e To make a precision measurement it is necessary to
either exclude or accurately describe the background
e The different backgrounds present are:

e Direct pp = J/U background

e Misreconstructed complete decays such as B,~> J/pK*
and A,=>J/P A*(Kp)

e Miscellaneous combinatorics from bb—> J/X

Mass spectrum
excluding direct
background by

lifetime cut

iIncluding Dlrectmmoo?

Events /2.5 MeV

(fit-data)/c

1200F

B Is e
10007

@

o

(=)
T T

D
(=]
(=)

T T

400F

200k

1200f
1000F
800F

Lol b b b e 10 8

B, Mas: [GV]

2
1

0
-1

?15 52 525 53 535 54 545 55 555 56 565

B; Mass [GeV]
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Unbinned Maximum Likelihood Fit

N
=3 [w) (s, - 7 fmiti 00, 0 PBIQ). pr.)
=1 —|—f5 . fBU : FB (mi}tiaat-ﬁﬂi:P(BlQ)apTi)
+fs ) fAb ' -Fﬁ mi:tirat'?

+ (]_ — fs . (1 -+ fBD + fAb fbkg(miativgtm Qz*P(B|Q)*pTg))}

Ba—J/PK*(KN) and Av—J/WA*(Kp) decay
reflections, derived from MC, PDG and the LHCb Av—~J/AKp

Measured variables: measurement; fixed shape and relative contribution in the fit

Bs mass mi

Bs proper decay time ti
and its uncertainty et
3 angles Q(6._,y_,¢.) : : . :
B. momentum pr Wel_gr_lts accounting for proper decay .tlme 'trlgger.

B. tag probability ps efflclency (muons track doreconstruction efficiency bias);
tagging method M estimated from MC

Combinatorial background description, derived from data
sidebands; angular distribution described by spherical

20
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Background with Monte Carlo

B. Mass

%“ -
© s —— AllBackground —— By— J/y K"
8 E —pp—oJivX B, — J/y K+K-
S oL —— bb— Jiy X —— By— J/y K4z-
evE — By~ Jy 0
5 C

1025'——

10k

;

0 s e384 55 56

5.7
Mg, [GeV]
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Background representation in the fit

Time component of background:
- Prompt background: delta function at O, convoluted by Gauss per-
candidate resolution o,
- Two exponentials representing longer-lived backgrounds

- Small negative exponential component for events with poor vertex
resolution

e Background angular shapes

- Arise from detector and kinematic sculpting

— Described by empirical functions with parameters determined in the fit
e Background mass model — linear function
. ° 5 JIWWK*® and Ab - J/P A*(Kp) contamination treated separately

- fractions are determined from MC
- mass, angular shapes - from MC

22
— used in PDF but no free parameters of fit

B time

BTime
Entries 130615
Mean 0.4294
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Angular Background

e The angular component of the background is shaped by detector and
acceptance effects producing a non-trivial 3D shape that is also p; dependent

« The mass side bands are taken and a Legendre polynomial function is used to
fit the shape. The resulting parameters are fixed and used in the main fit.

 The dedicated backgrounds are simulated with monte carlo, their shaping
applied and also fit by spherical harmonics

Y"6r) = @+ D)/@aNI - m)!/(+m) P (cos br)
Pi(x) = ——(-1f

14 14 1 |akim \EY;”(BT)cos(mc;ST)Pk(ccs Yr) wherem > 0
Pobrur.dr) = ) > D | akim V2" (Or) sin(mér)P(cos )  where m <0
23 k=0 1=0 m==1"\ @, | \/EYI,G(HT)P;((CDS ) where m = 0
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Angular Background

v cos] 8] vk cos( v x projectan o e con| 8) e cas v y projecion § v cos] 8] vk oot v 2 projectan

om
A A
L=
ooz f-
an -
ams amsf-
-
amf-
LY ane LE
o L L L L I L L L L N L L L | | L L L L
T A U e

9 v cos] 8) vacas v 3y projecsan

oo
e e«
i iy L]

(abs(Bmass-5.367>0.11 && BpT=10 && BpT <15)

Data - Fit

e a5 367350.10 35 BpT-1D 48 BT <151
=

£y
B
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Kinematic Acceptance

e It is necessary to exclude (cut) low energy tracks to exclude large
guantities of background.

e« The muon trigger applies at least a 4GeV cut on the muons (triggers
vary according to the luminosity)

e Kaon cuts are applied after reconstruction to reduce the
background.

e This biases the angular distributions distorting the “true” distribution.

e This is attained by simulating a naive level of physics so the angular
distributions are flat, and then feeding these events through the

detector simulator and applying the standard cuts.
25
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What Acceptances look like (mu4mu4)
Helicity Transversity

Costhetal Costheta2 (phi)  Chi (mix)

(muon)

Costheta Cospsi (phi) Phi (mix)
(muon) _ .

e @ e e . e Py, e w e e e, S
%WJ wh it L e E wE :1' I
wE w wE e T )
wf wf wf -
o “ljust PYTHIA o4
wE - w .f Nothing to approve
" _Just PYTHIA E <E here - move along
«f Nothing to approve =E
N3 here - move along
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L= e ol e
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e Just PYTHIA e F here - move along b
o Nothing to approve 1 F 1€
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Systema

ncertainties

: Iv l‘.-.-
[10-3 rad | (1073 ps~'] [1073 s~

[A0)]* [Ap(0)]* [As(0)]
(10731 10731 (1073

N 3 6, —ds
[10-3 rad] [1073rad] [1072 rad]

B Tagging 0.4 0.3 0.2 0.2 .1 17 19 23
- Acceplance < 0.1 < 0.1 1.0 0.8 2.6 30 50 11
- ID alignment 0.2 0.5 <0.1 <0.1 <0.1 11 7.2 <0.1
- Best candidate selection 0.4 0.7 0.5 0.2 0.2 12 17 7.5
Background angles model:
Choice of fit function < 0.1 03 1.1 < 0.1 0.6 12 0.9 .
Choice of pr bins 0.5 <0.1 0.4 0.5 1.2 1.5 7.2 1.0
Choice of mass interval 0.1 0.1 0.3 0.3 1.3 4.4 7.4 23
Dedicated backgrounds:
- B“ 1.1 < 0.1 0.2 3.0 1.5 10 23 2.1
- A;, 0.3 0.2 0.5 1.2 1.8 14 30 0.8
- Fit model:
Time res. sig frac 1.1 0.5 0.5 0.6 0.8 12 30 04
Time res. pt bins 0.5 0.8 0.1 0.1 0.1 22 14 0.7
S-wave phase < 0.1 < 0.1 0.3 < 0.1 0.3 11 21 8.4
Fit bias 1.7 0.9 1.4 < 0.1 1.5 19 0.9 7.0
Total 25 1.6 23 35 4.5 50 79 18

Uncertainty in the calibration of the Bs-tag probability; MC statistical uncertainty included in fit stat. error

Alternative detector acceptance fit-functions and binning determined from MC

Radial expansion uncertainties determined from their effect on tracks doin the data

Background angles model (fixed in UML fit) extracted from data with varying sidebands size and binning
Uncertainties of relative fraction; fit-model and P-wave contribution
Uncertainties of relative fraction; fit-model and contributions from Ab-J/WA* decays

Toy-MC studies; pulls of the default fit model, default fit on toy-data generated with modified PDFs
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Result of the CPV Bs— J/

Y ¢ Study
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Parameter Value Statistical | Systematic % 014r ATLAS _7and8TeV, 192"
e et oo oo 2| uncertainty | uncertainty 5 Vs=7,8,13TeV ~-13TeV, 80.5 fb” .
0.12 68% CL contours — Combined 19.2 + 80.5fb™ -
1 ¢ [rad] —0.081 0.041 0.020 1 — SM prediction ]
LALsIps 1L 00607, | 000d6_ | 00025 ] o _
Ty [ps'] 0.6687 0.0015 0.0017 ' .
|A;(0)[? 0.2213 0.0020 0.0022 [ }
|Ao(0)]? 0.5131 0.0013 0.0034 0.081 ' ]
|As(0))? 0.0321 0.0034 0.0044 [
6. [rad] 3.12 0.11 0.05 0.061 ]
&) [rad] 3.35 0.05 0.06
8. — 65 [rad] | —0.25 0.05 0.01 o4 02 0 02 o lad
Al Iy | A0 | [A00) | [As(O)* | &) 01 6. —0s
Fit correlation matrix: by -0.080 | 0.016 -0.003 | -0.004 | -0.008 | 0.007 | 0.004 | —0.007
AT’ 1 —0.580 0.089 0.094 0.051 | 0.032 | 0.005 0.020
Iy 1 -0.127 | —0.043 0.083 | —0.089 | —0.024 0.016
|4,,(0)[? 1 -0.341 | —0.187 | 0.541 | 0.144 | -0.056
|Ap(0)]? 1 0.278 | —0.108 | —0.037 0.071
|As(0)[? 1 -0.378 | —0.126 0.245
79 S| 1 0.265 | —0.089
5. 1 —0.001




Combination with 7 TeV and 8 TeV results
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 We present a combined result (BLUE) of this
result W|th our prewous “run-1" result.

Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢ [rad] —0.087 0.037 0.019
Al [ps_'] 0.0640 0.0042 0.0024
Iy [ps_'] 0.6698 0.0014 0.0015
|A||(0)|2 0.2221 0.0018 0.0022
|Ao(0)? 0.5149 0.0012 0.0031
|As|? 0.0343 0.0032 0.0044
&, |rad] 3.21 0.10 0.05
o) [rad] 3.36 0.05 0.08
&, —Og |rad] -0.24 0.05 0.02
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AT [ps’]

0.1

0.08

0.06

ATLAS 99.7 fb™

ATLAS _
Vs=7,8,and 13 TeV
68% CL contours

B? - J/wK*K decay |

CMS 19.7 fo™

LHCb 4.9 fb™

|

0

02
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LHCb - 2019

e LHCb have recently released an updated result.

e LHCb has particle ID hardware allowing them to significantly reduce background, but
cannot record as much luminosity reducing statistics

e Resulting in a worse statlstlcal error but better systematic error.

.................

§i§333§: I R 7 @ =-0.083 £ 0.041 + 0.006 rad
£ 10000 |- —— Signal =
§ 8000; ---- Background é o >
g ooop Comb:;;;@ Al =0.077 £ 0.008 £ 0.003 ps-1
2 2000F E . 2015-2016
200 5300 5400 5500
m(]/l//K*K’) [MCV/CZ] -0.4 -0.2 -0.0 0.2 gjrad]

ATLAS 6 = —0.076 + 0.034 (stat) = 0.019 (syst.)rad

Al'y = 0.068 + 0.004 (stat.) + 0.003 (syst.) ps‘l
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CMS - 2015

e CMS have a measurement
from 2015 using run-1 data.

e« CMS has a similar strategy
to ATLAS but cut out the
direct pp background.

CMS

ATLAS

by
Al

o ‘ ]
-0.5-0.4 -03-02-01 0 0.1 02 03 0.4 05
¢, [rad]

-0.075 £ 0.097 (stat) + 0.031 (syst) rad

-0.076 + 0.034 (stat.) +
0.068 + 0.004 (stat.) +

Al'_=0.095 £ 0.013 (stat) + 0.007 (syst) ps*

0.019 (syst.)rad
0.003 (syst.)ps~!
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Detector Improvements ATLPHYS PUB.2016.041

e Inrun-2 IBL improves time

by 012 T T LILEL L DL L AL L B L LB L L LR L LI T TT
I ti . d .3.‘; i —v— Run-1, 8 TeV, ) = 20
resolution — improved @, S o TR s 14 o200 ]

50x50 pm? pixels, digital clustering for 1Tk

« We estimate ¢, for future analyses  °%-. - g
give various muon threshold OB L T .
scenarios. ooa- e Tteelillagg

= . L ATLAS Preliminary "o " .o ._:

0.02\— Vs =14 TeV, 3000 ft"

- Simulation and Projections from Run 1/2 data

- Bs— Jyo

_I 1 | 1111 | 1111 | 1111 I 1111 | 1111 I | | 1111 | 111 I—
20 30 40 50 60 70 80 90 100

p(B) [GeV]

AT [ps™!

=il

ATLAS 19.2 fb !
68% CL contours
(A log £ = 1.15)

0.06

0.1 !
¢ [rad]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-041/

Tagging Projections

83:“ [mrad]

The predicted 6;‘2‘ values are calculated relative to the value measured using 2012 data.
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a, [ps]

o = a2

VTP(12) - fig(12) - exp | — 2(02(12)Amy)?] - /Neig(12)

VTP fig - exp | = 3(oeAmy )] - Noig

L I L L — T T T
141 E
| ATLASPreliminary ]
L {s=14TeV, 3000 " =iim p10p10 ]
12— Simulation and Projections mimim 1 10U6 ]
from Run 1/2 data, B, — J/y¢ - ]
N — (16116 —
10_ i, . 1 = = = Tag Power value in Run1 |

Il., 1
B I.IH.”,.”'| ]
| ﬁ:u-u,-,“.' ]
8— 1 ll.lll.lll.lll.lll. ]
: : lll.lll.lll. ll.ll ;
— ! Bl
6L ' E
—.'.'""""-n. : -
_'\‘ '.'.'.'.""'Ill,.nm-n- ]
Imim 1 m 1 1
4 §-~—~J_ = = .I.'-‘-|-|.|II-I-I=
| 1 ——————————:
- 1

L 1 ]
21 ' E
— 1 i
— 1 ]
0_ T R T R R :I | T R T T ST

Tag Power [%)]

0.12 — — —
B NPRAEY:1-RY —*— Run-1, 8 TeV, (y} = 20 i
- —a— Run-Z IBL, 13 TeV, (p} =22
0.1 —— HL-LHC [Tk Inclined duals, 14 TeV/,{u) = 200 —]
+ 50x50 pm? pixels, digital clustering for [Tk B
008_’—""“"'? _—
0_06}‘.---oct.+ ]
N +*‘III-I-I-I...‘+
0.04f~ ]
j ATLAS Preliminary ]
0.02 f==14Tev, 3000 %" —
Simulstion and Projections fromn Run 172 data
[ B—diyg ]
a—— PR ST ST WA IS WU N S W' MR
0 20 40 60 80 100 120
n\.reﬂioes

Period Line [fb71] Nsig fig  Tag Power [%] o (7) [ps] 6‘5;_":“ [rad] 6;‘;".[_ [ps~']
measured measured
(extrapolated) (extrapolated)
2012 14.3 73693 0.20 1.49 0.091 0.082 0.013
2011 4.9 22690 0.17 1.45 0.100 0.25 (0.22) 0.021 (0.023)
5;;‘“ |rad]
extrapolated
HL-LHC 3000
Trigger w66 9.72-10° 0.17 1.49 0.048 0.004 0.0011
Trigger p10u6 5.93-10° 0.17 1.49 0.044 0.005 0.0014
Trigger p10p10 1.75-10%  0.15 1.49 0.038 0.009 0.003
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Summary

e ATLAS" measurement is compatible with the standard
model and other experiments.

o ATLAS remains competitive with other experiments

o, = —0.087 + 0037 (stat.) =+ 0.019 (syst.) rad
Al'y = 0.0640 =+ 0.0042 (stat.) = 0.0024 (syst.) ps~!
Iy = 0.6698 =+ 0.0014 (stat.) =+ 0.0015 (syst.) ps~'
|A ||(0)|2 = 0.2221 + 0.0018 (stat.) =+ 0.0022 (syst.)
|Ag(0)> = 05149 <+ 0.0012 (stat.) = 0.0031 (syst.)
|As(O)> = 0.0343 =+ 0.0032 (stat.) = 0.0044 (syst.)
o, = 3.21 + 0.10 (stat.) =+ 0.05 (syst.) rad
o = 3.36 + 0.05 (stat.) = 0.08 (syst.) rad
35 0, —0s = —0.24 + 0.05 (stat.) £+ 0.02 (syst.) rad
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Backup slides
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Lifetime confirmation

ATLAS Internal
Vs =13 TeV, 139 fb™

ATLAS 2015 I

World average value
1.6380 + 0.0040

1.6337 £ 0.0050 + 0.0200

ATLAS 2016
1.6382 + 0.0020 + 0.0200

ATLAS 2017
1.6364 + 0.0016 + 0.0200

ATLAS 2018
1.6350 + 0.0014 + 0.0200

1.63

I | 1
1.635

1 | I
1.64 N
B") [ps]
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Tau
wmght Slgnal Peaking background Combinatorial background

| I
n £ = Z{ -+_+ (1= £+ (14 Fgg + fn,)) - Fiog )}

@ Data are corrected by the decay time correction

@ Mass as well as lifetime use per-candidate width and scale factor, with flavour-dependent terms
weighted by tagging probability P(B|Q)

e Contributions from B — J/¥K*°, B — J /K= and A} — J/uKp due to wrong mass
assignment (KK)

e Efficiencies and acceptance from MC
e BR from PDG
e Fragmentation fractions from other measuremenis

@ Combinatorial background for angular distribution use Legendre polynomials from sidebands;
fixed in the main fit
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