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High precision SM test

CP violating phase B
o Weak phase difference between the B? — B9 mixing amplitude and the b — ccs decay
amplitude
e Very sensitive to the New Physics

BY _PJ/L 1 < -
0 o n
j Bd"s W Bd’so
i +NP? iy
M BO —¢p=0 d,s u,c,t b

@ Can be related to the CKM matrix: ¢s = =205, 8s = arg( @i)

cb

@ Theoretical prediction assuming no NP contribution:

0 = —0.0363 551
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High precision SM test

BY — J/i(utp~) + ¢(K+TK™) physics parameters:

o [ = %(FSL—i— r?) Al = Fé — rf
o Not sensitive to New Physics, however measurement is interesting to test a theory
o I'L, T are decay widths of the different mass eigenstates
o |Aol% A% |ALI 6y, 01, 60 =0
o CP odd (]|, 0) and even (L) amplitudes and strong phases
° |As|?, ds
o S-wave contribution, BY — J/t%K*TK™ and BY — J/vf,
e can significantly bias measurement of ¢g

o Differential decay rate with combination of time-dependent and angular terms

d*r io: k(o K
—==> O0Y(t)g“(01,¢T1,9T)
e ~ 2
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High precision SM test
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ATLAS Detector

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Toroid magnets

‘Muon chambers Solenoid magnet | Transition radiation fracker
$Semiconductor fracker

@ Inner Detector: PIX, SCT and TRT, pp > 0.4 GeV, |n| < 2.5
e In Run2: IBL
e Runl resolution in b-hadron proper decay time was ~100 fs (30% improvement with IBL)

@ Muon Spectrometer: triggering (|n| < 2.4), precision tracking (|n| < 2.7)
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Data Analysis

Data:

e Using 80.5 fb~! of pp 2015-17 data, 13 TeV
@ Statistically combined with Runl ATLAS results:
o 4.9 fb~1 (7 TeV, pp 2011)
o 143 fb~! (8 TeV, pp 2012) - statistically combined with 7 TeV
o Collected by trigger based on identification of J/1 with pp(u) threshold (mainly 4 and 6
GeV)
o Including MC samples for BY — J/1¢ and dedicated backgrounds BS — J/i¥K*,
BY — K*m and Ap — J/1ppK
@ No lifetime cut - signal-background separation done by the fit
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Data Analysis

Data:

e Using 80.5 fb~! of pp 2015-17 data, 13 TeV
@ Statistically combined with Runl ATLAS results:
o 4.9 fb~1 (7 TeV, pp 2011)
o 143 fb~! (8 TeV, pp 2012) - statistically combined with 7 TeV

o Collected by trigger based on identification of J/1 with pp(u) threshold (mainly 4 and 6
GeV)

o Including MC samples for BY — J/1¢ and dedicated backgrounds BS — J/i¥K*,
BY — K*m and Ap — J/1ppK
@ No lifetime cut - signal-background separation done by the fit
Final state
@ Admixture of CP-odd (L = 1) and CP-even (L = 0, 2) states distinguishable through
time-dependent angular analysis
Initial state
o Flavour tagging
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Flavour Tagging Overview

¢

S/

e Punzi terms (conditional probability):

Fs(mi, ti,or, Q| P(B|Q) |, p;) =
Ps(m;) - Ps(Q, ti,| P(B|Q) |, ot;) - Ps(a;)

-P.( P(BIQ) ) - A, pr,) - Pu(pr)-
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Flavour Tagging Overview

¢

S/

@ Opposite side tagging
o Use b — b pair correlation to infer initial signal flavour from
the other B meson
o Provide the probability of signal candidate to be B? or E(S)

e Punzi terms (conditional probability):

Fs(mi, ti,or, Q| P(B|Q) |, p;) =
Ps(m;) - Ps(Q, ti,| P(B|Q) |, ot;) - Ps(a;)

-P.( P(BIQ) ) - A, pr,) - Pu(pr)-
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Flavour Tagging Overview

e Opposite side tagging (Tight muons, Electrons, Low-pr muons and Jets),
o Events tagged by the method with the highest statistical power

B candidate

has

jet tag Untagged

P=05

electron tag

Tight muon tag Electron tag Low-pT muon tag n
probability probability probability Eetiaglcbabiity

@ Muon and Electron Tagging

e b — [ transitions are clean tagging method

e b — ¢ — I and neutral B-meson oscillations dilute the tagging
o Jet-Charge

e information from tracks in b-tagged Jet, when no lepton is found

e Calibration using B* — J/yK*
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B* Calibration Channel

@ Opposite side lepton or jet, with tracks in cone AR < 0.5
Z{Vtracks
_ i

0 q'(ph)"

Ntracks( i
ZI rac 5(p’lr)h;
e Events separated - discrete contribution (cone charge +1 or -1)

and continuous contribution

—  P(Q|BY) Qe<—-1;1>

Tag method | Efficiency [%] | Effective Dilution [%] | Tagging Power [%]
Tight muon 4.50 £ 0.01 438 +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 +0.01 204 +0.1 0.231 = 0.005
Total 14.74 + 0.02 33.4+0.1 1.65 +0.01

e = Niagged D=1 pluwons TP = eD?
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Using Tag Information in B? Fit

PEIQ,)
o
©

T T
ATLAS Preliminary
s=13 TeV, 80.5fb™"
¢ Tight muons
B'J/yK"
B /YK

T T

ATLAS Preliminary

(s=13 TeV, 80.5fb
# Tight muons

B'JiyK"

B —JiyK

@ The probability to tag a BY meson as containing a b-quark:

P(QBT)

P(BIQ) =

(QIB*)+ P(Q|B7)

o By using calibration curves: we get the B tag probability
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B? Decay Rate Fit Model

Unbinned maximum likelihood fit performed:
@ Determine 9 physics variables to describe Bs — J/1¢ and S-wave:

Arsa (bs’ r57 |A0(0)|27 |AH(0)|25 |AS(0)|27 5”7 6L7 65
N

In £=Y "{wIn(f - Fo(mi, ti, 01,2, P(B|Q))+
i=1
+ £ - fgo - Fpo(mi, ti, 04, Qi)+
+ (1= £ (14 fg0)) - Fona(mi, ti, )}
Signal PDF:
Fs(mi, ti,on, Qi, P(B|Q), pr;) =Ps(m;i) - Ps(Qi, ti, P(B|Q), ov;)
Ps(o+) - Ps(P(B|Q)) - A(S2i, pr;) - Ps(pr;)-

o Differential decay rate with combination of time—dependent and angular terms
d4

PS(QI'atH (B|Q) Ut, dtdQ

Zok k(evaTa¢T)
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B? Decay Rate Fit Model

@ Signal PDF consists of:
e Mass PDF: gaussian with per-candidate error and scale factor
o Time-angular PDF convolved with time resolution function G(t, o(t;))
o Angular acceptance (from MC, in bins of pr)
o Punzi terms: empirical distributions of o, oy, pr, and P(B|Q)
o Background PDF:
o Mass PDF: exponential + const.
e Time PDF: delta-function 4 3 exponentials convolved with time resolution function

G(t,o(t;))
o Angular PDF: Legendre polynomial functions
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ATLAS 2015-2017 Results

e Fit projection to all data passing selection: 3 210 429 B? candidates ( 477240 + 760
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2017 Results

Parameter Value Statistical | Systematic Parameter Value Statistical | Systematic
uncertainty | uncertainty uncertainty | uncertainty
oulrad] | -0.068 | 0.038 0018 #ilrad] [ -0.076 | 0034 0019 . .
ALGps?] | 0067 | 0005 | 0002 ALps ') | 0068 | 0004 | 0003 @ The combination makes use of a Best
Lips™] | 0.669 | 0.001 0.001 Lips~'] | 0669 | 0001 0.001
4 OF | 0219 | 0002 0.002 1430l 0220 | 0.002 0.002 i i i ( )
MO | o215 ) 002 | o002 ok o | oo | oo Linear Unbiased Estimate (BLUE
|As(0) 0.046 0.003 0.004 |As[? 0.043 0.004 0.004
5y lrad] | 2946 | 0.101 0.097 Oylrad] | 3075 | 009 0091
oy lrad] | 3267 | 0082 0201 oy lrad] | 3295 | 0.079 0202
6. -6 [rad] | -0220 | 0.037 0010 6, — 65 [rad] | —0.216 | 0.037 0010
2015-2017 results combined with Runl HFLAV Combination
-0.021 + 0.031 (stat.)
@ ' ‘ ‘ ' ATLAS RUN1 M H
£ 0.14F  ATLAS Preliminary - 7and 8 TeV, 19.2 b’ 7 -0.090 + 0.078 (stat) +0.041 (syst)
5 (s=7,8and13TeV  ---13TeV,805 b’ ATLAS RUN2 * . —
68% CL contours — Combined 19.2 + 80.5 b -0.066 + 0.038 (stat,) +0.018 (syst)
0.121- — SM prediction ] ATLAS RUN1+2 * H——-H
-0.076 + 0.034 (stat.) *0.019 (syst)
LHCb RUN1 I . i
04 ] -0.083 + 0.041 (stat.) +0.006 (syst)
LHCb RUN2 ** —_
-0.058 + 0.049 (stat.) +0.006 (syst)
LHCb RUN1+2 —
0.08- ]
-0.080 + 0.032 (stat.)
. . .
0.06k h -0.15 -01 -0.05, 0
. *2015-2017 @ (B,) [rads]
L L I | I * BLUE Combination st s

-0.4 -0.2 0 0.2 ***+2015-2016

0.4
9, [rad]
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Comparison of Results
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HFLAV

68% CL contours
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Analysis of the 20154+-2016+2017 ATLAS data performed
Results combined with Runl results

Very impressive and competitive results

Compatible with LHCb and CMS and the SM prediction
Complete Run2 analysis ongoing (60 fb~! more data)
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Using Tag Information in B? Fit - Discrete Part

@ Fractions of events ;1 and f_; with charges +1 and -1, respectively, are determined
separately for signal and background

@ Remaining fraction of events, 1 — f;1 — f_1, constitute the continuous part

Tag method Signal Background
Sr1 [%] Jo1 [%] Sr1 [Fe] f1 [%]
Tight muon 6.9 =03 7.5 £03 47 +0.1 49 =0.1

Electron 20 =+1 19 =+1 16.8 +0.2 17.3 +0.2
Low-prmuon | 109 +£0.5 11.7 +0.5 7.0 £0.1 7.6 +0.1
Jet 451+0.15 458+0.16 | 3.76+0.03 3.86+0.03

Lukas Novotny (FNSPE CTU) PIC 2019 18. 09. 2019 19 /16



Fraction of Tagged Events

Tag method | Signal efficiency [%] | Background efﬁcienC}; [%]

Tight muon 4.00 = 0.06 3.16 £0.01
Electron 1.87 £ 0.04 1.48 £0.01
Low-pr muon 2.91 +0.05 2.64 +£0.01
Jet 144 +0.1 11.96 +0.02
Untagged 76.7 +0.3 80.77 + 0.05
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Correlation Table

Al I [A; (O] | [Ag(O)]* | [As(0)]” el 0. 6, —0g
by —0.111 | 0.038 0.000 -0.008 | -0.015 0.019 | —-0.001 | -0.011
Al 1 —0.563 0.092 0.097 0.042 0.036 0.011 0.009
I 1 —0.139 | -0.040 0.103 | -0.105 | —0.041 0.016
14, (0)2 1 ~0.349 | —0216 | 0571 | 0223 | —0.035
|40(0)2 1 0299 | -0.129 | —0.056 | 0.051
|A5(0)]2 1 | -0408 | —0.175 | 0.164
o 1 0.392 | -0.041
a1 1 0.052
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Systematic Table

@5 AT Ts 14,07 A0 [AsO)F 81 8 8. - s
[rad] [ps~'] [ps~'] [rad] [rad] [rad]
Tagging 1.7x1072 04x1073 0.3 x1073 0.2x107 02x1073 23x107% 1.9x1072 22x1072 2.2x1073
Acceptance 0.7x1073  <107* <10™* 0.8 x1073 0.7x1073 24x1073 33 x1072 1.4x1072 2.6x1073
1D alignment 0.7x1073 0.1 x1073 0.5%x1073 <107 <1074 <107 1.0x1072 72x1073 <1074
S-wave phase 02x1073  <10*  <10* 03x107%  <10* 03x107 1.1x1072 2.1x1072 8.3 x107
Background angles model:
Choice of fit function 1.8 x1073 08 x1073  <10™* 1.4 x107> 0.7 x1073 02x1073 85x102 1.9x10"! 1.8x1073
Choice of pr bins 13x107 05x107% <107 0.4 x107 0.5x1073 1.2x107 1.5x107 7.2x1073 1.0x1073
Choice of mass interval 0.4 X107 0.1 x10™> 0.1 x107 0.3 x107> 03 x10™> 1.3x107 4.4 x107 7.4x107 2.3 x107
Dedicated backgrounds:
BY 23x1073 L1x107 <107 02x107 3.1x107 14x107 1.0x1072 231072 2.1x1073
Ap 1L.6x1073 04 %1073 02x1073 0.5x1073 1.2x107> 1.8x1073 1.4x1072 29x1072 0.8 x1073
Fit model:
Time res. sig frac 1L4x1072 1.1x107% <107 0.5x107 0.6x103 0.6x107> 1.2x1072 3.0x1072 0.4 x1073
Time res. pr bins 3.3x1073 14x1073 0.1x1072 <10* <10 05x107 62x107 52x107 1.1x1073
Total 1.8x1072 02 x1072 0.1x1072 0.2x102 0.4 x1072 04 x1072 9.7 x1072 2.0x10"" 0.1 x10~!
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