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This talk will cover the following analyses:

e Study of B — J/¢DL”" decays in pp collisions at /s =13TeV ................ JHEP 08 (2022) 087
e Qverview of lifetime measurements performed by ATLAS
® Measurement of the /\g lifetime ... Phys. Rev. D 87 (2013) 032002
® Measurement of the CP-violating phase in Bs — J/¥¢ ... Eur. Phys. J. C 81 (2021) 342
® Measurement of the relative width difference of the B — B% system .................... JHEP 06 (2016) 081
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e The ground state Bf — J/+7" was measured at the LHC Run1 Phys. Rev. D 104 (2021) 012010
and the new excited state B;(2S) was observed Phys. Rev. Lett. 113 (2014) 212004

® However, previous studies of rare processes were limited by the low B; production cross-section

e QOperating LHC experiments at a centre-of-mass energy /s = 13 TeV opens new opportunities to
measure the properties of the B. meson precisely
® These statistics allow measurement of Bf — J/yD and B — J/yDi*

® |n this channel, B; decays can occur through a weak transition of either heavy quark (a,b) as well as
through a weak annihilation (c)
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e The Bf — J/ng*)Jr decays were studied at ATLAS using full Run 2 statistics corresponding to
139fb~" of integrated luminosity

e The Bf — J/¢D" decays are recosntructed in the following way:

J/v meson
® Reconstructed via its decay into a pair of oppositely charged muons

D& meson D;" meson

® Reconstructed via the D — ¢n* decay, with e Decays into a D meson and a soft photon or
the ¢ - K~ K" 7° which is not reconstructed in the analysis

® The invariant mass of the ¢ candidate, e The mass difference between D and D} is
m(K*K™), is required to be within a 7 MeV sufficient for the two decay signals to be
range around the world average resolved as two distinct structures in the

e Only three-track combinations successfully reconstructed mass of the J/ D system

fitted to a common vertex are accepted for
further analysis
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e Bf — J/¢D;" decay is a pseudoscalar meson into two vector states
(can be described in terms of three helicity amplitudes: A__, A, +
and Aoo)

® The extended unbinned maximum-likelihood fit to the two-dimensional
distribution of m(J/+D$) and | cos ¢’ (u™)| is performed
® The signal extraction is performed in two (non-overlapping) datasets: 500 6000 6200 5400 6800 0o

® Dataset 1: candidates in the events collected by the standard di-muon o
triggers or by three-muon triggers without requirements on the additional
ID tracks

* Dataset 2: candidates collected only by the dedicated BY — 't~ ¢
triggers and not by other ones used in the analysis

® Dataset 1 and Dataset 2 are fitted simultaneously

® The signal and background probability density functions (PDFs) for -
the fit are assumed to be uncorrelated for m(J/1Dd) and | cos &’ (u ™) 2

07 JI;L--'J.*-. ST

Pulls

T
ATLAS
(5=13Tev, 139 o™

Dataset 1

Entries / 0.04

Pulls
°

0 0102 03 04 05 06 07 08 09 1
[cos8(u")]

B-decays branching fractions, helicities & lifetimes in ATLAS, July 6, 2023


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-08/

GV
TV REw s B — J/uDL" (4/8)
JHEP 08 (2022) 087

e Bf — J/¢D;" decay can be described in terms of three

helicity amplitudes Parameter Value
e The m(J/4 DY) and | cos 0’ (u™)| spectra are the same for mp: [MeV] 6274.8 1.4
the A+ and A__ amplitudes (that is confirmed with the o+ [MeV] 115+15
MC simulation) so it can be parametrized by A+ and Ay DDt 1.76 £ 0.22
only Sfax 0.70 £ 0.10
® The fL4 corresponds to the A+ components fraction in NDSI . 193 + 20
the total yield Be—I Iy Ds
N - . NDS2 . 49+ 10
® The m(J/¥Dg) and | cos &' (11)| shapes of the two helicity BE~J [y D3
components of the Bf — J/+4D;™ signal are described NBP§1 - 338 + 32
using templates made from the MC simulated events with DET&z/w y
the adaptive kernel estimation technique NB;—J/wD; 24128
* Since the datasets are fitted simultaneously, two yields E?L%"',w? 424 + 46
NgchJ/wD: and Ngfiwo; are published
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e Bf — J/¢r" decay is used as a reference to measure the
branching fractions ratios:

_ B(BE = J/wDt)
Yt T TB(BE — J/rt)

RD(S*

and

B(Bf — J/¢Ds™)

B(BS — J/vDy)

® The yield is extracted with an extended unbinned
maximum-likelihood fit

e Partially reconstructed By decays (PRDs),Bf — J/¢ X, as
well as the peaking background from B — J/%K™ are
modelled by the MC simulation shapes

Fog+/or =

Entries / 20 MeV

Pulls
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Parameter Value

mpy [MeV]  6274.5+1.5
o [MeV] 47.5+2.5

Np: s jynt 8440330
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e Qverall efficiencies are important to measure relative production ratio

B — J/wDST (6/8)
JHEP 08 (2022) 087

® The total efficiency is a product of kinematic acceptance and reconstruction efficiency and they are

calculated for Dataset 1 and for the full dataset

® They are different for the A++ and Ay components hence the efficiency for this mode is given by

1

€Bf 5y /wDit =

fes /g uppnztany T (1

- fii)/eB;rH‘//wD;ﬂAoo

The total efficiencies for all decay modes are shown in the following table

D DS1&2
Mode RS [l RS2 (%)
Bf - JyD} 0.971+0.012 1.163 +0.013
Br - J/yD*, Ay  0.916+0.012 1.088 +0.012
Bf > J/yD:*, Ay.  0.868+0.010 1.049+0.011

Bf — Jlyn* 2.169 +£0.018

e The fraction of transverse polarization in the Bf — J/4D;" decay ', /T is also measured

pS1&2
Mg /T =1frg

“Bf —J/yD5*

€BY —+J/wDET Ay 1
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e The ratios of the branching fractions for Bf — J/1/JD§*)+ and Bf — J/y=* are found to be
RD;/ﬂ =2.764+0.33+0.29+0.16

Rps+ i =5.3340.61+£0.67£0.32,

where the third error corresponds to the uncertainty in the branching fraction of the
D& — ¢(KTK™)n" decay
e The ratio of the branching fractions for Bf — J/4D;™ and Bf — J/v Dy is found to be:

Rps+pr = 1.93 4 0.24 £0.09

e The fraction of transverse polarization in the Bf — J/+D;™ decay

i+ /I =0.70+0.104+0.04
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e All results are consistent with the earlier

Rptyn Rpsne Rp+/p+ /T Refe C
measurements by ATLAS' and LHCb? 031 ol 03103 -/
276+047 533£096 193£026  070£0.11 ATLAS Run 2
® Results compared with the theory predictions 2904062 - 2372057 0522020 LHCb Run |
3812 104x35 2.8%2 0.38+0.24 ATLAS Run 1
°* A QCD (PM) relativistic potential model agrees well 26 45 17 B QCD potential model
. 5.2 3.9 - QCD sum rules
AR ey I o e B AR AR R s R A e 1294026 509102 3.96£0.80  0.460.09 ccom
ATLAS 22 - - - BSW
ATLAS (Run 2) % % % 2.06 +0.86 - 301123 - LFQM
v b % 7 345704 - 2544097 048£0.04 pQCD
LHCb (Run 1) 2 % 7 72 3.7832 - - 0.410 RIQM
ATLAS (Run 1) - i A i 32570293 - - - ENCM
QCD PM - Zé Y . 1.67+0.36  3.49£052 2.09+0.52 - B* — DD /D*On*
7 . % o 292£042  646:060 221£035  048:005 B D" DV*/Dxt
CDSR| = % i 7 . o
Q // 7 % . - 7221 - 0.9420.18 BY - DD} /Dy x*
coou |- i s % - - - - 1.402£0.083  0.396 £0.023 B — JuKO*
BSW . ;/j 7 7 a - - 1425 £0.065  0.429 +0.007 BY = JjyK™0
LFOM ._._% 7 7 g - - - 04774 +0.0034 B = J/up
2 . o i
pQCD 2//;/?-—1 % /-l - ? ?
7 f; 7 .
RiQM % " ; % . T ATLAS Collaboration: Eur. Phys. J. C 76 (2016) 4
FNCM 2 ;2 7 . .
ﬁﬁmm“m S I T N A 2 LHCb Collaboration: Phys. Rev. D 87 (2013) 112012,
123 45 5 10 1 2 3 4 02040608 [Addendum: Phys. Rev. D 89 (2014) 019901]
Rpsyme Rossre Ror: iy
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]i]}[ NEW MEXICO. Overview of the lifetime measurements (1/4)
A? lifetime measurement: Phys. Rev. D 87 (2013) 032002

g 800?‘ ATLAS ‘ m, =5619.707 Mev
e The most direct measurement of the lifetime was performed ° ZZZ: i Su-tieaen
by ATLAS in the A baryon decay where the A) was 2 ook . i =2104557
X X _ _ kel E ata Ny = 5970+ 160
reconstructed in the decay chain A — J/4(u" 1™ )A°(pr ™) & aoof. e gy 1.00
. E Background |
® The analysis uses data from Run 1 800 + E
200 7T —
Parameter Value Par. Value 100;— ) . ’;
ma, 5619.7 = 0.7 MeV  x?/Nar 1.09 5200 E500 5600 5700 5800 5900
A, 1.449 + 0.036 ps Ngg 2184 + 57 My po (MeV)
foe 0.268 = 0.007 Noke 5970 + 160 Y e
S, 1.18 = 0.03 T 31.1+ 0.8 MeV e ATLAS G = 144950036 ps ]
S, 1.05 +0.02 o, 0.117 +0.003 ps S \s27TeV 5. -105%002
8 10°E L=491b" G, =0.117+0.003 ps
H 3 2Ny = 1.09 |
* The cross-check with BS — J/¢(ut " )K3(n 7 ™) (that - e ]
contribute to A decay contamination) was also made, the MRS T Shedmodel
result 7g, = 1.509 + 0012(stat.) + 0.018(syst.) ps was EolE ey T Backorond
measured and leads to the ratio: o fri : .
R = 7,/78, = 0.960 =+ 0.025(stat.) + 0.016(syst.) TR S |
T (ps)
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Measurement of the CP-violating phase in Bs — J/v¢- Eur. Phys. J. C 81 (2021) 342
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® The most recent analysis is focusing on a CP violation =
measurement in the Bs — J/v ("~ )¢(KTK™) channel =
® |t uses partial Run 2 data sample with 80.5fb~" of integrated U L
luminosit H
y i ﬂjmwwﬁmw.w

e The B? mixing also is described by Als = 't — ¥ where '} and
It are the decay widths of the different mass eigenstates, and
s = (I + rt)/2 their average.

e |t uses opposite side tagging to identify initial signal flavour from wb oo
the other B meson

- 5.2 525 5.3 535 54 545 55 555 5.6 565
o) [GeV]

ATLAS " ’ + Data
E 15 =13 TeV, 805 b — Total Fit

Entries /0.2 ps

® An unbinned maximum likelihood fit was performed to extract
parameters describing Bs — J/v¢ and S-wave: of
¢s, ATs, T's, |Ac(0)[2, |A(0)[?, |As(0)[?, 6,5 Land Js e

(data-fit/c

L "“"'“"I'I““""-'Jll'll‘"ll""l..

02 4 %

8§ 10 12 14
Proper Decay Time [ps]
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Measurement of the CP-violating phase in Bs — J/¢¢- Eur. Phys. J. C 81 (2021) 342

¢ In Run2 for the strong-phases ¢, and ¢, two well separated T
local maxima of the likelihood are found

e Their difference in likelihood values is minimal

HFLAV
DO 8 fbt [ ocomi |
68% CL contours

(Alog £ = 1.15)

Al[ps™

CMS 116.1 fb~1
® The current results were combined with those from the
previous analysis in Run1

e Consistent with SM prediction and other LHC experiments with
only small tensions

>

~
\DF 9.6 fb~
LHCb 4.9 fb=2 \

05 0.3 0.1 01 03
Solution (a) Solution (b) $<cIrad]
Parameter Value Statistical | Systematic Value Statistical | Systematic =~
uncertainty | uncertainty uncertainty | uncertainty §. 0.16
5 [rad] ~0.087 0.036 0.019 ~0.088 0.036 0.019 S o
AT [ps™] 00641 | 0.0043 0.0024 0.0640 | 0.0043 0.0024 o1
T, [ps] 0.6697 | 0.0014 0.0015 0.6698 | 0.0014 0.0015
|A1(0)]2 02221 | 00017 0.0022 02218 | 0.0017 0.0022 o1
|40 (0)[? 05149 | 0.0012 0.0031 0.5149 | 0.0012 0.0031 o
|As]? 0.0343 | 0.0031 0.0044 0.0348 | 0.0031 0.0044 0.06- : combined” )
5. [rad] 322 0.10 0.05 3.03 0.10 0.05 o] QEEEE IR T AS 997 b
&) [rad] 336 0.05 0.08 2.95 0.05 0.08 PO Rl —
5, — 6 [rad] | —0.24 0.05 0.04 —0.24 0.05 0.04 oo 0450 0660 0670 0480
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B° — B° width difference : JHEP 06 (2016) 081

e B° — B° width difference measurement was made using Run 1
data

e ATl is one of the parameters describing the time evolution of the
B® — B® system
® |tis measured through production asymmetry in the B° — J/4Ks

and B® — J/¢K*° decays in dependence on the proper decay
time Lgmm after correction for detector effects

I
5 6

Lgrop [mm]
® Alg/lg = (—0.141.1(stat.) + 0.9(syst)) x 102 agrees well with

the SM prediction and is consistent with other measurements
B-decays branching fractions, helicities & lifetimes in ATLAS, July 6, 2023
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e ATLAS has an extensive research program focusing on various aspects of the heavy flavour decays

® ATLAS has conducted a precise measurement of CP-violation and lifetime parameters as well as the
study of rare decays such as B — J/¢D)F

® |t provides valuable results for the theory predictions and also helps to validate various models

Clermont Ferrand
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