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Measurement of the CP-violating phase ¢ in the BY — J/v¢ decay

@ Analysis using years 2015, 2016 and 2017 [EPJC 81 (2021) 342]
@ The HL-LHC prospects [ATLAS Note]

Theoretical description

@ In Standard Model the CP violation occurs due to interference between a direct decay and a decay with
B? - BY mixing. Described by the CKM matrix elements. ¢s ~ 2 arg[—(Vis Vi) /( Ves Vi)]-
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https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0
https://cds.cern.ch/record/2649881

@ In the presence of new physics phenomena, additional sources of CPV can arise

CPVin BY — J/¢(ptp)p(KTK™)

@ CPV is described by the parameters ¢s, s, 5 (s, ATs)
@ ¢ can be predicted in the SM with high precision (3%)
@ ¢s = —0.0369699%072 rad by [CKMFitter], ¢s = —0.03700 + 0.00104 rad according to [UTfit]
@ [s can be predicted as well (but with higher uncertainties):
@ s =0.637%1) [JHEP 01 (2023) 004]
@ [s/I4 (theoretical uncertainties cancel in ratio)
@ /Ty =1.003 £+ 0.006 [JHEP 01 (2023) 004]
@ ATLAS is working on a precise measurement of ThY
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.073007
https://arxiv.org/abs/hep-ph/0606167
https://link.springer.com/article/10.1007/JHEP01(2023)004
https://link.springer.com/article/10.1007/JHEP01(2023)004

Decay description - B — J/v¢

Accessible through a measurement of the time dependent angular distribution
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The unbinned maximum likelihood fit

@ Observables: B2 mass (m;), decay time (t) and the decay angles Q = (67, V7, ¢7)

@ Conditional obsevables: om,, o1, pri and B-tagging probability: P(B|Q)

@ Physics parameters:
@ CPV phase ¢, decay width and difference: I's, Al's
@ decay amplitudes and phases: |Ao(0)|?, |A;(0)[%, d), 6. and S-wave aplitude and phase: |As(0)|?, ds
@ difference in mass of both states Am; fixed to PDG, X fixed to 1 (no direct CPV assumption)

@ Likelihood has 4 components - signal, BS, A, and combinatorial background (see bckup)
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Data selection - BY — J/¢(utp™)p(KTK™))

2. step - ¢ reconstruction

1. step - J/4 reconstruction

@ u triggers (pr(n) > 4 GeV or 6 GeV) @ pr(K*) > 1GeV
o u* ™ refitted to a common vertex ( x2/ndof < 10) @ m(KK) € (1008.5, 1030.5) MeV
@ 3 pseudorapidity bins with different m(uu) window

3. step - BY — J/v(ut ) d(KTK™))

@ 4 tracks - ID momentum measurement only

@ B° candidates refitted from J/+ and ¢

m(J/v) fixed to the PDG value

m(B®) e (5150, 5650) MeV

x?/ndof(SV) < 3

o B candidate with the smallest x2/ndof is selected

@ In 2015-2017, 2 977 526 B candidates were collected.
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Flavour tagging
J/

Opposite-site tagging

@ Knowledge of Bs/B:s flavour at production significantly increases signal PDF

sensitivity to ¢s; propagated into the likelihood

@ Four taggers: Tight muon, electron, Low-pr muon, b-jet

@ Key variable: Qx - charge of pr-weighted tracks in a cone (AR) around the
opposite side primary object (u, e, b-jet), used to build per-candidates B tag
Z:Vt’a"ksp%q,»

probability: Qx =

N;
tracks k.
= Pri

Taggers performance

@ Calibration on self-tagged B* — J/¢K* (data)

@ ¢, - efficiency,
@ D, - effective dilution,
@ Ty - tagging power

Tag method ‘ e [%] ‘ Dy [%] ‘ Ty [%]
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-prmuon | 3.12+0.01 | 29.9+0.2 | 0.278 +0.006
Jet 12.04 £0.02 | 16.6 0.1 | 0.334 £ 0.006
Total 21.23+0.03 | 28.7+0.1 | 1.75 +0.01
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Mass and Proper decay time projections
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Parameter Value Statistical | Systematic
uncertainty | uncertainty Z ' ! ATLAS '
¢ [rad] -0.081 0.041 0.020 E 012F Gy, JIyK'K, 1161 o] Vs=7,8,and 13 TeV |
AT [ps_l] 0.0607 0.0047 0.0025 < 68% CL contours
Ty [ps™!] 0.6687 0.0015 0.0016
|A;(0)[2 02213 0.0019 0.0023 0.1+ g
|Ag(0)|? 0.5131 0.0013 0.0034 LHCb, J/wK'K", 4.9 fo"
|As(0)]? 0.0321 0.0033 0.0045 0.08- LHCb, all channels, 4.9 fb”"
6, — bs [rad] -0.25 0.05 0.04
Solution (a)
6, [rad] 3.12 0.11 0.05 0.06 ATLAS, J/yK'K", 99.7 b b
&) [rad] 3.35 0.05 0.08 ) ‘ )
Solution (b) -0.2 0 0.2 s [rad]
8, [rad] 291 0.11 0.05 @ ¢s in agreement with the SM value ’
&) [rad] 2.94 0.05 0.08 o ) o o
@ Statistical uncertainty is still dominating
Combined result with Run1 [EPJC 81 (2021) 342]: @ ATLAS is consistent with CMS and LHCb in ¢

¢s = —0.087 £+ 0.036 (stat.) +0.021 (syst.)
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https://cds.cern.ch/record/2649881

Expected performance of the new Inner Detector updates for HL-LHC
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Prospects for Bs —
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Results from ATLAS 2015-2017 combined with Run 1 were presented
@ Measurement is consistent with the SM prediction and LHCb and CMS measurements
@ ¢4THAS — _0.087 + 0.036 (stat.) £0.021 (syst.)
@ 5™ = —0.03696 135972 rad (CKMFitter), ¢S = —0.03700 + 0.00104 rad (UTfit)
Expected improvement of the lifetime measurement precision for HL-LHC was reported

Stay tuned for more results

@ High precision By lifetime measurement with BS — J/wK* (with ['s/T 4 ratio)
@ Measurement of the CP violation in Bs — J/t¢ with full Run 2 statistics (to add 60 b~ from 2018)
@ and more ...

A\
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Thank you for your attention! |
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The ATLAS detector

25m ﬁ

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters

Teroid magnets
IMuon chambersl Solenoid magnet || Transition radiction tracker

|Semiconducror hrcckerl
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Probability density function for BY — J/1¢
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Maximal Likelihood Fit: mass + lifetime + 3 angles + conditional observables

The unbinned maximum likelihood fit was performed for:
@ Observables: B2 mass (m;), decay time (1) and the decay angles Q = (67, V7, ¢7)
@ Conditional obsevables: om,, oy, pr; and B-tagging probability: P(B|Q)
@ Physics parameters:
@ CPV phase ¢s
@ Decay widths: Alg, I's
@ Decay amplitudes: |Aq(0)[?, |A(0)[2, &, 6.1
@ S-wave: |Ag(0)|?, 6
@ and Am; fixed to PDG, A=1 (no direct CPV)

Nevents
In £=">"{w-In(f - Fo(m;, ti, om, o1, i, P(B|Q), pr,)
i=1
—+ fs . fBg . ]:Bg(mi7 tj,Um,O'[,Qi, P(B|Q)7p1‘,)
+ fs . f/\b . ]:/\b(mh ti70m70'tzﬂl'> P(B|Q)7PTI)
+ (1 —fs- (1 + fBg + f/\b)) ']:bkg(mi: ti,om, o1, 8, P(B|Q),pr,))}
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