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CPV and Rare B Decays at ATLAS

B physics in ATLAS
" ATLAS Preliminary
" Data 2018 lowm ¢ Jy B T(nS)
L ys =13 TeV 11.GeV. p_(u) > 6 GeV _

o ATLAS has collected 25 fb* of data
In Run 1, and 139 fb? in Run 2
o Has access to B, B, B, /\,, etc. )
> Focus mostly on final states with muons 105
» Typical trigger: di-muons i
with pr thresholds at 4, 6 and 11 GeV 10

= 58.45 b
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3,
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T T

10 12
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~ Rare and semi-rare decays: state of the art at ATLAS
» B to K*up angular analysis in Run 1 [JHEP 10 (2018) 047]
5 B to pp in 2015-2016 Run 2 [JHEP 04 (2019) 098]
® LHC combination B, to pp for Summer 2020, partial Run 2
[ATLAS-CONF-2020-049]

o CP Violation in B, system: most recent result at ATLAS

» CP violating phase @in B’ — J/y¢ angular analysis
in 2015-2017 Run 2 [Eur. Phys. J. C 81 (2021) 342]
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CPV and Rare B Decays at ATLAS

CP violation in the SM and NP:
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® B, systems are giving us a rather Y am,
. . m
precise picture osf- / :
o However there is some space for NP
» Could appear as new contributions in AF=2  *°E /
loop processes 0_4__% ‘
NP . SM . SM :
Aq: 1+A_gMe2|(¢q—¢q) AgMezlq)q 0.2-—
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Angular analysis on B = K*uu

Runl result:
JHEP 10 (2018) 047, arXiv:1805.04000
HL-LHC prospects:
ATL-PHYS-PUB-2019-003




CPV and Rare B Decays at ATLAS

U ATLAS gets deviations of :
about 2.50 (2.70) from DHMV a2

K*un angular analysis

» Data collected in 2012 at 8 TeV with 20.3 fb* Run 1 data
_ fold the angular distribution via trigonometric relations
to reduce the number of free parameters
U Results are compatible with theoretical calculations & fits
U P(PY) parameters have reduced dependence on hadronic form factors.

JHEP 10 (2018) 047, arXiv:1805.04000
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q* [GeV?] P, P’

[0.04,2.0] [ 031+040+020 0.67+0.26£0.16
[2.0,4.0] | -0.76 £0.31 £0.21 -0.33+0.31£0.13 ¢
[4.0,6.0] | 0.64+0.33+0.18 0.26+0.35+0.18

[0.04,4.0] [ -030+0.24+0.17 0.32+£0.21£0.11 0.5
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[0.04,6.0] | 0.05+020+0.14  0.27+£0.19 £0.06
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OPE and LHCb data fit: CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.

QCD factorisation: DMVH:

Decotes-Genon et al.; JHEP 12 (2014) 125.

JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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CPV and Rare B Decays at ATLAS

Projections for K*uu angular analysis at HL-LHC

_ Extrapolation from signal/background yields in Run 1 and toy-MC simulations
_ Accounting for improved performance of the ATLAS Upgraded tracking system
_ Three trigger scenarios: high-yield, intermediate and low-statistics for signal.
_ The precision on, for example, the P'5 parameter expected to improve

by factors of ~9%, ~8x, ~5x (for the three trigger scenarios) relative to Run 1

—Lr) B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 |
O 2|~ ATLAS Preliminary _1 ATLAS JHEP 10 (2018) 047
L Vs =14 TeV, 3000 fb . ]
[~ Projections from Run 1 data CFFMPSV fit ]
1.5 B—Kuu theory DHMV —
LHC phase 7 [GeV] | o oy Op  Op Oy O - theory JC .
Run | [0.0420] | 0.11 031 045 031 021 051 [ [ ATLAS HL nious _
[2.0,40] | 0.12 061 037 034 034 057 r ATLAS HL p10u6 (stat. only) 7
[4.0,60] | 0.18 050 038 039 030 043 .
HL-LHC p6u6 [0.04,2.0] | 0.010 0.027 0.037 0.037 0.019 0.046 0.5 o
[2.0,4.0] | 0.008 0.093 0.040 0.038 0.040 0.070 [~ ' v ]
[4.0,6.0] | 0.016 0.083 0.032 0.047 0.033 0.041 - P 5 .
HL-LHC 110pu6  [0.04,2.0] | 0.011 0037 0.046 0.040 0.023 0.055 O —
[2.0,4.0] | 0.011 0.103 0.047 0.042 0.044 0.075 [~ ]
[4.0,6.0] | 0.018 0.100 0.040 0.053 0.038 0.052 - .
HL-LHC p10pl0  [0.04,2.0] [ 0.018 0.065 0.076 0039 0.041 0093 —(0 5 —
[2.0,4.0] | 0.017 0.15 0.074 0068 0.059 0.100 [~ ]
[4.0,6.0] | 0.026 0.17 0.074 0.082 0.063 0.090 - .
—1= —
[ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ]
0 2 4 6 8 10
2
o [GeV]

ATL-PHYS-PUB-2019-003
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rare B decays B) —» n'w

Runl result:
EPJ C76 (2016) 513, arXiv:1604.04263
Run?2 result on 2015-2016 data:
JHEP 04 (2019) 098, arXiv:1812.03017
L HC combination:
ATLAS-CONF-2020-049
HL-LHC prospects:
ATL-PHYS-PUB-2018-005




CPV and Rare B Decays at ATLAS
@ JHEP 04 (2019) 098, arXiv:1812.03017

ATLAS rare B decays B) —» n'w

Run: 302137
Event: 1093131714
2016-06-16 01:48:30 CEST

ATLAS

EXPERIMENT




CPV and Rare B Decays at ATLAS

Motivations

2 Flavour Changing Neutral Currents (FCNC), CKM and helicity suppressed.

2 SM prediction with small theoretical uncertainties of order 6-8%

o Perfect for indirect new physics searches: virtual new particles in the loop
2 both enhancement and suppression effects are possible

ATLAS analysis on 2015-2016 Run 2 data

® 36.2 fb* dataset of 2015-2016 data taking: JHEP 04 (2019) 008
® effectively 26.3 fbt for B - pp ArXiv-1812 03017

® Trigger: higher thresholds [4-6 GeV] than in Run 1,
® L,, > 0 request at trigger level

v [ Naw | Jeaswrc+ | J £ -
B(BY,) —putp™) = S“jfu)_ xNi//‘i; X ff:(s) x [B(BT — J/$K+) x B(J/¢p — ptp~)]

3 T T T ;
g 90000E- ATLAS e 20152016 data

E Ys=13TeV, 15.1 fb"

—— Total fit result
----- B'— J/y K

— Partially recon-
structed decays
===== Non-resonant bkg.

Normalisation B yield extraction ™

® unbinned maximum likelihood fit of

o——
_—
T —

the Invariant mass Mk — Mpyk 10000E — — e
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Pull

4_ sl
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CPV and Rare B Decays at ATLAS

Backgrounds and control samples e R
® combinatorial background: s from other b quarks & g5 srwe :
® BDT classifier with 15 variables 2 otz _
® partially reconstructed B decays: a3 ]
® Same Vertex (SV): B - pypX decays 0.061 -
® Same Side (SS): b - cpyv - s(d)ypvv 28‘2‘: 7N\ :
® B, decays: like B; —» Jhp pv NN N\
. . -1 -08 -06 04 02 0 02 04 06
® semileptonic B and Bs decays: y and charged hadron BDT output
® peaking background from hadronic B decays: .
¢ B decays to two hadrons h (K/x): B%s) — hh’ 2 % = 13 Tov, 263 " E
- - - g 0.6? + Blinded region j;:tiBK;hhf
Tight muon-ID against hadron misiD S st rEEeaeE oE
. - L 045 e
® negligible misidentification of protons (< 0.01%) o e
® misidentification is 0.08% (0.10%) for K (11). " .
peaking-background events: 2.7+1.3 3062000 5200 5400560 5300
Mass of two misidentified muons [MeV]
Efficiency ratio g,,./€,/x Source Contribution (%)
. Statistical 0.8
® from MC and systematic from BDT Input Variables 3.2
data_MC diSCI’epanCieS Kaon Tracking Efficiency 1.5
. . . M tri d structi 1.0
® For B%: 2.7% correction for lifetime Kinematic Reweighting (DDW) 03
difference of the B°s mass eigenstates _Pile-up Reweighting 0.6
Marcella Bona (@MUL) 10




CPV and Rare B Decays at ATLAS

® yields unconstrained:

® Ns =80 %22 and Ng =-12 + 20

® expected from the SM:
® Ns=91 +and Ng =10

Neyman Contours for Run 2:

Signal yield extraction

® unbinned maximum likelihood fit to the
dimuon mass simultaneously in 4 BDT bins

® 18% signal efficiency each bin
® signals, B to hh: 3 double Gaussians
® continuum: first order polynomial

® partially reconstructed B: exponential
® semi-leptonic: exponential

Run 2 results and combinations

1.2
1
0.8

B(B® - u* u)[10°

0.6

0.4F

BBl ) =Bl (30 0
B(B° > putu) <43 x 107 @ 95% CL

0.2

-0.2

Events / 40 MeV
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12}
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=i BS—>u*u‘+B°—>u*u'*;
" .";._‘,l.';___T_:' L \I 3 %
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8
6F
4
j:
0

T T T | T T T T T T I T 5 T |  § T T | T T
ATLAS
Vs=13TeV, 26.3 fb
0.4163 < BDT <=1

® 2015-2016 data
— Total fit o
= = Continuum background —:
=+===' b — p* u" X background J

----------- Peaking background

Dimuon invariant mass [MeV]

with Run 1

L A TLAS Run 1 data -
; — 2015-2016 data -
- Run 1 +2015-2016 data .
:_ .................. Likelihood contours for _:
S .. -2 Aln(L) =2.3,6.2,11.8 ]
O AR S (R ;\'I - ]
= s T o
0 6 7

Run 1 + Run 2 (2015+2016):
Compatible with SM at 2.40

B(BY - ptp) = (2.8793) x 107
BB S U 21 <10
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CPV and Rare B Decays at ATLAS

LHC combination from Summer 2020
® Combination from binned two-dimensional profile likelihoods
® Independent systematics, except for ratio of fragmentation fractions fy/fs,
® f,/fs profiled separately and its uncertainty included in one likelihood.
g ATLAS: CMS, LHCh - Summer 2020 _
Latest LHCb result not included % ,s£2.10 from SM ol o E
B(BY — ptu™) = (2.691337) x 107° i 04f €
BB = ptu™) < 19%x107"at 95% CL| T %
% 0.2f =
0.1f 3
) 0: g A\ N i) e et d]
ProspeCt on B(s) q M+u qt ATLAS : B(BS%/N/I) (10—9)5
- HL-LHC - 3 trlgger ScenarIOS: og 0'6; ;I4T|LAISISir;uI;lticl)nKPrelelir;inlaryll L ]
with thresholds (p**,, p**): T O%F Mmoo smisies
U Conservative: (10 GeV, 10 GeV) » x15Run1l = *°F i mo
U Intermediate: (6 GeV, 10 GeV) - x60Runl @ *% B
~ High-yield: (6 GeV, 6 GeV) - x75 Run 1 o g2f :
B(BY — ptu”) B(B® — ptp”) YE E
stat [10719]  stat + syst [1071°]  stat [1071°]  stat + syst [10719] 0;— =
Run 2 7.0 3.3 1.42 1.43 _0_1; =
HL-LHC: Conservative 3.2 5.5 0.53 0.54 SR "2 EE— :'3 EE— ‘Lr EE— é EE— é —
HL-LHC: Intermediate 1.9 4.7 0.30 0.31 B( B wt ) [1 O_g]
HL-LHC: High-yield 1.8 4.6 0.27 0.28 2
ATL-PHYS-PUB-2018-005
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CP violation parameters from
time-dependent angular analysis
on B, = J/y¢

Runl result:
JHEP 08 (2016) 147, arXiv:1601.03297
Run2 result with 2015-2017 data:
Eur. Phys. J. C 81 (2021) 342, arXiv:2001.07115
HL-LHC prospects: e
ATL-PHYS-PUB-2018-041




CPV and Rare B Decays at ATLAS

Time-dependent angular analysis of B, = J/y¢

® Parameters of the B, system:
o Decay width difference Al =T — ' =0.087 £ 0.021 ps™* (SM) [arXiv:1102.4274]
o CPV phase @; - weak phase between mixing and b — ccs decay
5 @, = —2Bs = 0.0370 + 0.0010 (SM) [Utfit18] with Bs = arg[~(VisVi*)/ (VesVer*)]
> Golden mode: penguin diagrams contribute either with the
same weak phase (A?) or they are CKM suppressed (A?%)

® Pseudoscalar to vector—vector decay
— mixed CP-odd and CP-even (L =0, 1 or 2).
> Also K*K™ pairs in S-wave — CP-odd.

® Angular analysis: differential decay rate depends
on amplitudes Ay, A, AL, As (and interferences)
and angles 0, Y, o@-.

ATLAS Run-2 result

0 80.5 fbt of 13 TeV data (Run 2, 2015-2017)

o J/P trigger with muon p; of 4 or 6 GeV

o Measurement of the proper decay time t = L,, mg/ p+°
o Flavour tagging to identify the flavour of the b quark

Marcella Bona (@MUL) 14



CPV and Rare B Decays at ATLAS

ATLAS B, = J/y¢ analysis: flavour tagging
® Flavour tagging to identify the flavour of the b quark: SN ks ()
» opposite-side tagging (OST) using pr-weighted 0, = = i
. ZN tracks(p .)K
charge of tracks in cone around i Ti
muons / electrons / b jets S
% 350§%£ﬁgs+ev, 8051 _Ett —
> Calibrated on self-tagged B* — J/YK” events £ 71
§ a0t e SN
» Tag probabilities included in the B fit £
> Dilution D(Q,) and tagging power T, defined as: 5= X |
0"» S
Z)(Qx) — 2P(B|Qx) i 1 5 5.1 5.2 5.3 5.4m(J/w5ki) [Ge\?].e
Ty = Zi €Exi '(2P(B|Qxi)_ 1)2
& Eamas | 1.9
23_ ~E V{s=13TeV, 80.5 fo’ Tight muons %
08 ¢ Dai ik = Tag method €x [Yo] Dy [%] T [%]
0.7 EAAB —J/yK* 014 3
06 ESB UK 012 Tight muon 4.50+0.01 | 43.8+£0.2 | 0.862 +0.009
o | Electron 1.57£0.01 | 41.8 £0.2 | 0.274 £ 0.004
03 Low-prmuon | 3.12+0.01 | 29.9+0.2 | 0.278 +0.006
P Jet 12.04 +0.02 | 16.6 0.1 | 0.334 +0.006
gs Total 2123+0.03 | 28701 | 1.75 +0.01
-1 -0.5 0
Marcella Bona (QMUL) 15




CPV and Rare B Decays at ATLAS

ATLAS B; = J/y¢ analysis: ML fit

3 T T
_.1‘ 0 T [ ATLAS

® Unbinned maximume-likelihood fit & . 4%, wee 222, 4 o7 TR
. . = =t - - Signal =
> B properties: mass mg, g o B
s sk

proper decay time t, H TR were
proper decay time error o, : -
tagging probability P(B|Q,)
> Transversity angles:
Q6+, Wr, ¢r)
> Physical parameters:
Ars’ Ps; rs’ IAO(O)IZ’ IA||(O)|2’ ‘2 53 555 53 535 54 545 55 555 5% 565
O, 0.1, |As(0)]> and O

(data-fit)/o

Proper decay timer v

ok Aras o . Data ¢ peebeeeeen L
_ S TE N g B
) Systematlcs: E 10° __ E?;:%rto‘jj/nwd S 08060402 0 02 04 06 Oc'gs(eT;
o Lifetime model: varying p+ e T S sy
bins and signal fraction 10 T

o Backgrounds: B4/ N\, [ angular ™
models varied / p; bins varied i
o Tagging: variation of the

parameterisation / recalibration :
from MC samples / pile-up effects %=+ s s 0 2 u

Proper Decay Time [ps]

(data-fit)/c
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CPV and Rare B Decays at ATLAS

ATLAS B, = J/y¢ analysis: Run-2 results
ATLAS Run-2 result on 80.5 fb* of 2015-2017 data
1\ -
Run 2 only (80.5 tb™): Run 1 (19.2 fb") & Run 2 (80,5 fb")
Parameter Value Statistical | Systematic E ATL A S L Run1 2 and 8 TeV 19, 2 ol -
uncertainty | uncertainty E 0.12- {s=7,8, 13 TeV 13 TeV, 80.5 b -
¢ [rad] —0.081 0.041 0.022 < | 68% CL contours —— Combined 19.2 + 80.5 fb’!
AT [ps™'] | 0.0607 | 0.0047 0.0043 L e —— SMprediction _
T [ps'] 0.6687 0.0015 0.0022 0.1F g
A (0) 0.2213 0.0019 0.0023 I ]
|Ag(0) 0.5131 0.0013 0.0038 -
[As(0)[? 0.0321 0.0033 0.0046 0.08F .
— 65 [rad] | —0.25 0.05 0.04 [
Solution (a) =
&, [rad] 3.12 0.11 0.06 0.06 .
& [rad] 3.35 0.05 0.09 T
Solution (b) -0.2 0 0.2 .
5. [rad] 2,91 0.11 0.06 I S 9, lrad]
Slrad] | 294 | 005 0.09 T el B-WTeveosw! 2nU:- o
[ Soltion (@) = . .elesmiiint e
3.4_— """"""""""" ’
Two solutions in §;- 3, plane, TEE R ::
negligible impact on other parameters 5= .-~~~
- e O " Solution (b)
2.8F SR TN s e ok
56 28 3 33 34 38
SJ_[rad]
Marcella Bona (QMUL) 17




CPV and Rare B Decays at ATLAS

ATLAS Run 1 & Run 2 combined
(19.2 fb'l + 80.5 fb?1)

Solution (a)
Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢, [rad] —0.087 0.036 0.021
Al [ps™'] 0.0657 0.0043 0.0037
I [ps™!] 0.6703 0.0014 0.0018
1A (0) 2 0.2220 0.0017 0.0021
| Ao(0)]? 0.5152 0.0012 0.0034
|Ag|? 0.0343 0.0031 0.0045
6, [rad] 3.22 0.10 0.05
0 [rad] 3.36 0.05 0.09
0, — O0g [rad] -0.24 0.05 0.04

AT [ps]

0.1

0.08

0.06

ATLAS B; = J/y¢ analysis: Runl+2 combination

| CMS, J/yK'K,116.1 b

- LHCb, J/wK*'K", 4.9 fb”

Comparison with CMS & LHCD:

' T ' : ' | : ' ' |
ATLAS

Vs=7,8,and 13 TeV |

68% CL contours

LHCb, all channels, 4.9 fo™'

ATLAS, J/yK*K~, 99.7 fb o

D 0 0.0
¢, [rad]

¢s =-0.087 £ 0.036 (stat) + 0.021 (syst) rad
Al = 0.0657 = 0.0043 (stat) £ 0.0037 (syst) ps

® (), result consistent with results from CMS, LHCb and SM
® Competitive single measurement of Al'g, [ and helicity parameters
® Still to add 60 fb* of 2018 data

Marcella Bona (@MUL)
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CPV and Rare B Decays at ATLAS

B, = J/y¢ results: HFLAV average

HFLAV average for PDG21: Because of tensions, errors on I,
bs = -0.050 + 0.019 rad and Al's scaled by 2.5 and 1.77
Iﬂ DO 8 fo~! ket '3 0.16/
:"’ 68% CL contours :"’
S (Alog £ = 1.15) < 0.144 3
CMS 116.1 fb~?!
CMS 116.1 fb! O5d2H Theory
-y 0.10/ 4
T 0.08 1.
Vi 2o \\\Ichb 4.9 fol Mo .
\ \\ *T's errors scaled by 2.5 ,;ATLAS 99.7 fb~!
0.041 AT errors scaled by 1.77 J
CDF 9.6 fb~ ! P
= e 0%%6a0 0.650 0.660 0.670 0.680
Mslps™*1

p<[rad]

ATLAS B; = J/y¢ results: HI-LHC projections
o Updated tracking (ITk): proper decay time " ;..

resolution improved by 21% w.rt. Run2 =
o Three trigger scenarios for thresholds

» Improvements w.r.t. Run 1: . comned 1
. ATLAS HL Higttio .
U ¢ stat: better by ~9x to 20x ATCASE @

Mol

Y uncertainty on ¢, at least as the theory error ' ‘.
o Al stat: better by ~4x to 10x ATLAS 19.2 70!

DO 8 fb~!
68% CL contours

(A log £ =1.15)

CMS 19.7 fb™!

0.0 0.2 0.4

ATL-PHYS-PUB-2018-041 $5 ]
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Summary and Conclusions

o Results on FCNC b to s transitions:
» B to K*pp angular analysis and B, to pp

- Recent results on CP Violation in B, system:
» CP violating phase in B’ — J/Q@ angular analysis @

&

Yoy
v

> ATLAS is competitive in B physics QI!T“&NST
o Thanks to accumulated statistical samples
o Thanks to some detector performance (tracking)
o Perfect example the angular analysis of the golden
mode B, - Jo
>Working on the updates of all the above
to full Run-2 statistics




CPV and Rare B Decays at ATLAS

back-up slides
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CPV and Rare B Decays at ATLAS

Time-dependent angular analysis of B, = J/y¢

® Systematics:
> Lifetime model: varying p: bins and signal fraction
» Backgrounds: By / N\, [ angular models varied / p; bins varied
» Tagging: variation of the parameterisation / recalibration from MC
samples / pile-up effects

s ATy Ty AOF A0 |As(0)? 61 9 6. —0s
[107 rad] [1072 ps™'] [1072ps™'1 [1073] [1073] [1073] [103rad] [1073rad] [107 rad]

|_Tagging 19 | 04 03 0.2 0.2 1.1 17 19 2.3
ID alignment 0.8 0.2 0.5 < 0.1 < 0.1 < 0.1 11 7.2 < 0.1
Acceptance 0.5 0.3 < 0.1 1.0 0.9 2.9 37 64 8.6
Time efficiency 0.2 0.2 0.5 < 0.1 <0.1 0.1 3.0 5.7 0.5

Best candidate selection 04 L6 | 1.3 0.1 1.0 0.5 2.3 7.0 7.4
Background angles model:

Choice of fit function 2.5 <0.1 0.3 1.1 < 0.1 0.6 12 0.9 1.1

Choice of pt bins 1.3 0.5 < 0.1 04 0.5 1.2 1.5 7.2 1.0

| Choice of mass window 9.3 33| 0.2 04 0.8 0.9 17 8.6 6.0

Choice of sidebands intervals 04 0.1 0.1 0.3 0.3 1.3 44 7.4 2.3
Dedicated backgrounds:

BY 2.6 1.1 <0.1 0.2 3.1 L5 10 23 2.1

Ap 1.6 0.3 0.2 0.5 1.2 1.8 14 30 0.8
Alternate Amg 1.0 < 0.1 < 0.1 < 0.1 <0.1 < 0.1 15 4.0 < 0.1
Fit model:

Time res. sig frac 1.4 1.1 0.5 0.5 0.6 0.8 12 30 0.4

Time res. pr bins 0.7 0.5 0.8 0.1 0.1 0.1 2.2 14 0.7

S -wave phase 0.3 < 0.1 <0.1 < 0.1 <0.1 0.2 8.0 15 37

[____Fitbias 57 1.3 | 1.2 1.3 0.4 1.1 3.3 19 0.3
Total 22 43 22 2.3 3.8 4.6 55 88 39
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CPV and Rare B Decays at ATLAS

Time-dependent angular analysis of B, = J/y¢

By

I . [

— ﬂ.iﬁ.‘] t k] e b I'

—— ; 8% (Or, vr, é1) ,K-’J":

‘ k ‘O(k)(t) ‘g(k)(QT,l,[/T,(PT) ‘ I

1 %le(O)|2 [(1 + cos @) Tty (1 — cos¢y) e T 42Tt sin(Am,t) sin q,’as] 2cos? (1 — sin® Oy cos? ¢r)
2 | a0 [(1 +cosdy) e 4 (1= cosdy) e + 2e7T sin(Am,1) sin %] sin? (1 — sin® @7 sin? ¢r)

3 | AL [(1 — COS ) e 4 (1 4 cos ¢.) e T F 26T sin(Am, ) sin ¢S] sin® yr sin® O

4 | 3140(0)|IA(0)| cos 5 % sin 27 sin? O sin 2¢;
[(1 + cos ¢) ey (1 —cos¢y) eTHT 4 20T sin(Am;t) sin gbs]
5 | 1A ONAL O™ = e T cos(s, — 5)) sin g, _ sin2 Yy sin 267 sin ¢r
+e s (sin(d, — 9))) cos(Amygt) — cos(d — d)) cos @, sin(Amt))]
6 | 1Ao(ONALOIL(e™" — e cos 5, sin ¢ L= sin 2y sin 267 cos ¢y

+e1s/(sin §, cos(Amgt) — cos 5, cos ¢ sin(Amyt))]

7 %lAS O [(1 —cos ¢) ey (1 + cos ¢y) e T 3 2e T sin(Am,t) sin ¢S] % (1 — sin? Oy cos? ¢)T)

8 | alAs(O)IA O™ — e T8y sin(s) — 65) sin 6, L V6sinyr sin® 07 sin 2¢7
+e T (cos(d) — Js) cos(Amyt) — sin(d)| — Js) cos ¢y sin(Am,1))]
9 | 1elAs(0)lIAL(0) sin(S, — Js) 2 V6sinyr sin 207 cos ¢r

[(1 _cosds) e U+ (1 + cos dg) e F 27T sin(Am,7) sin ¢S]

10 | elAo(O)l|As (O)[(e™ 1" — &%) sin s sin ¢, £ V3cosyr (1 - sin® b7 cos” ¢r)

+e 1 51(cos 05 cos(Amyt) + sin §s cos ¢ sin(Amit))]
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(<) TD angular analysis of B, = J/yé

arkas 00 -0 e R TR g

EXPERIMENT (@ | ATLAS + Data il
= ol fs=8Tev, 14310 — Total Fit o
i - ---Signal .

0

= I — B> JyK?
3 sl A,— Iy pK
"E -
Ll

ATLAS Run-1 result:
® 14.3 fb' of ATLAS data from 2012 at 8 TeV
® Results:

¢s = -0.090 + 0.078 (stat) + 0.041 (syst) rad

Al = 0.085 + 0.011 (stat) £ 0.007 (syst) ps”
[JHEP 08 (2016) 147] 2

515 5.2 5.25 5.3 5.35 5.4 5.45 5.5 5.55 5.6 5.65
m(J/y KK) [GeV]

(data-fit)/c

C:JI\)_I;O_xI\)CD
JLL s LLLLTLLLLTLL) ALY B R | i B | ] PR T

i o TATLAS | - soL(s-7Tew]
* Agrees with SM & 02l ann e
2 Consistent with other experiments S feoBTeV 48T o seGL (1s-aTew’
: : . : el bt ey
> Consistent with previous analysis, : o 4
using 2011 data at 7 TeV 0.1 .
[Phys. Rev. D 90, 052007 (2014)] ..\ g
> A Best Linear Unbiased Estimate : e S g
(BLUE) combination used to combine 05 """""""" ;
7 and 8 TeV measurements 0,05 ]
¢_[rad]
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ATLAS combined Run-1 result:

‘l—'— | T | T T T
% 0.18-ATLAS
/ -1
e - \s=7TeV,4.91
[ 0.16\s=8TeV, 143 fb"
< - AI'g constrained to > 0
0.14F
0.12
0.1~
0.08-
0.06
0.04F

| T T T | T T
— 68%C.L.

------------ 95% C.L.
m  Standard Model
C.L. are statistical only

I||II|IlIIIIIlIIIlIIIIIIIlIIIlI

=
3 2l
a T

/_\I‘s[ps‘l]

0.14

0.12

0.10

0.08

0.06

Time-dependent angular analysis of B, = J/y¢

HFLAV

68% CL contours

(Alog £ =1.15)

DO 8 fb!

CMS 19.7 fb!

C?ﬁd CDF 9.6 fb !
i LHCb 3 fb!
ATLAS 19.2 fb!
0.4 i 0.0 0.2 0.4
¢S [rad]

[Eur. Phys. J. C77 (2017) 895]
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Motivations and predictions S

U Decays of B° and B into two leptons have to proceed N

through Flavour Changing Neutral Currents (FCNC)

- forbidden at tree level in the SM B@® o @B

2 In addition, they are CKM and helicity suppressed.
o Within the SM, they can be calculated with small N A

theoretical uncertainties of order 6-8% Ol st 0 ]
meson Lepton type
t}.rpe e 1 T BObeth et al.,

B° (248 £0.21)10 ©° (1.06 £0.09)10 © (2.22£0.19)10°  "X11° (2104)

B? (8.54 +0.55)10"'* (3.65 £0.23)10° (7.73 £ 0.49)107 fincludes NLO EM
and NNLO QCD
) Perfect ground for indirect new physics searches: corrections]
2 virtual new particles can contribute to the loop
2 both enhancement and suppression effects are possible

- ~0
b W% N - _
m==- | b JWH |
+ T . Z%H%h".
t,c,u I |V ,
s(d) . I- s(d) ¢ 'W‘, 70 I+
w57’
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ATLAS analysis on 2015-2016 Run 2 data

JHEP 04 (2019) 098, arXiv:1812.03017
® 36.2/fb dataset of 2015-2016 data taking:
» effectively 26.3/fb forB - pp
® 15.1/fb forB - J/y® and B - J/YK
® Trigger: higher thresholds [4-6 GeV] than in Runl,
® Lxy > 0 request at trigger level

N 5
B BO — o — d(s) _J/'l’K-I_ Ju

x|[B(BT = J/YKT) x B(J/¢ = ptu™)]

> correction for the different hadronisation probabilities for B%s and B° vs B*

» include the B* and J/y branching fractions

® correction for the efficiencies of the two channels

® normalisation yield and efficiency
ratio define the factor:

& 5
Dhnorm = NJ/gbK““( — )

8J/wK+
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T gl = [t g [ e
ATLAS Simulation
Vs=13TeV, 26.3 fb™ oo wux

- B, decays

|:| Semi-leptonic decays
Bl

- RN

Background contributions

In order of relative magnitude:
® combinatorial background:
® two real muons from different b quarks

® partially reconstructed B decays:
* two real muons
® Same Vertex (SV): B -~ mmX decays 48005000 5200 5400 5600 5800
® Same S|de (SS) Dimuon invariant mass [MeV]

Events / 40 MeV

10

semileptonic decay cascades $ . ATASSmugton 3
(b S cmn - s(d)mmnn) g 0.75_\/5=13Tev,26.3fb'1 L
® BC decays: I|ke BC — J/y mn g 0-6;— '+ Blinded region 1 ____ po ek < —;
* all these accumulate at low values ~ * °5¢ B
of the dimuon invariant mass il L L
0.3F [P TR e
® semileptonic B and Bs decays: 02F ; =
* one real muon and a charged hadron. o Ay _ E
® peaking background from charmless %800 000 5200 5400 5600 5800
had I’OﬂiC B(S) decayS: Mass of two misidentified muons [MeV]

* B decays into two hadrons h (kaons and pions): B%s) — hh’

* smaller component, but overlays with the signal in dimuon
Invariant mass
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Tight muon-ID against hadron misidentification

® mis-identification reduced by 0.392 using
standard ‘tight’ ATLAS selections

® studied on simulated samples

® validated on control regions

® negligible misidentification of protons (< 0.01%)
» misidentification is 0.08%(0.10%) for K(p).

peaking-background events: 2.7£1.3

10 e e T
7B = B> uMC ATLAS

105 ContinuumbkgMC Vs =13 TeV, 26.3 fb™'

e data mass sidebands

Events / 0.05

BDT against combinatorial bkg

> MVA classifier to discriminate from signal o o2c———rrrrrrrrreroros
> trained and tested on mass sidebands < o18 TUE SRR, ATEASSImuRton
v divided in 3 subsets I E

» 3 independent BDTs T e e

» compatible performance S off Yy 4

» 15 variables related to properties of B £ o008 E
candidates, muons from the B decay, “ o :
other tracks from the same collision 0.02F- c
and to pile-up vertices. Ty g

BDT output
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Normalisation B yield extraction

T
e 2015-2016 data

ATLAS

® unbinned maximum likelihood fit of € soooo:- A : oo 3
. . 0 800003— s=13TeV, 15.1 fb —— Total fit result —f
the invariant mass Myyx — Mmmk 2 A
® cross-checked with raw relative yield ~ geoo [ ] - o esonan .
of J/lyp over J/yK ratio 40000F- =
= + 0 30000 =
ik = (3.71 £ 0.09)% e ‘ E
- 10000 - =
+ i b saauae - . - P ....-t.";.. _

s H M & 9 . : . . : : .
Z)norm T NJ/!,&K+ ( ) £ ok } } $
2L S s b +++++ t

5000 5100 5200 5300 5400 5500 5600

Efficiency ratio g,,/e)/« e
® efficiency ratio from MC = 0,045 FFT T e
) ps: - — By — p'u MC w/o BDT reweighting 3
® systematic from data-MC = 0.04F .B} - iy MC with BDT reweighting :
d iSCI‘epanCieS g 0.035 ATLAS Simulation
: p o 003 =
® For B%: 2.7% correction for lifetime e E
difference of the B°%s mass eigenstates % .= =
L F 7
Source Contribution (%) 0.015 ;_ _;
Statistical 0.8 0.01 =
BDT Input Variables 3.2 0.005 N
Kaon Tracking Efficiency 1.5 05|....|....E|....|..E.|....|.§...|....[....|. o
Muon trigger and reconstruction 1.0 0.15 0.2 0.25 0.3 0.35 04 045 0. %g‘f’r gf ut

Kinematic Reweighting (DDW) 0.8 P
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400

e Bt BTty

> 700: [P B g e e S e
= r ATLAS o 2015-2016 data ]
Q 600 ys- 13 TeV, 26.3 b Total it =
; F 0.1439 < BDT <= 0.2455  — - Continuum background ]
g o R e R e b—puX background_:
Lﬁ """""" Peaking background _:

B t

300

200 ]

100F-, =
O:I ............. AR R e
4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

Events / 40 MeV

140

Signal yield extraction

® signal yields extracted with a unbinned
maximum likelihood fit to the dimuon mass
® fit performed simultaneously in four BDT bins
® 18% signal efficiency

ATLAS

[ R e e [ R e ) [ B i e F [ T

® 2015-2016 data

120 Vs = 13 TeV, 26.3 b Total ft =
100:_ 0.2455 < BDT <= 0.3312 —— = Continuum background _:
) \ DIt g gty e TR 0 TR 7 b — u* p X background ]

80 ;_ '''''''' Poeaking backgrcound =
& e Bs > p W +B —>utu 7
60, =
40F a
20 e
fliiEcHin et e e Sl (AT T I E T Cr 2 4:

Q1800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

® signals, B to hh: 3 double Gaussians
® continuum: first order polynomial

® partially reconstructed B: exponential
® semi-leptonic: exponential
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Events / 40 MeV Events / 40 MeV

Events / 40 MeV

C L A
- * BiowwMC ATLAS Simulation 1
20 —— Double Gaussian fit Vs=13TeV, 26.31b" —
B . B> ptu MC ]
L Double Gaussian fit o ]
10 |
51 5
0 lalasan—astert=it, S g st e e ]
4800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
70— L L
r ATLAS e 2015-2016 data

50

4003

60 y5- 13 TeV, 26.3 fb
E 0.3312 < BDT <= 0.4163

Total fit
= = Continuum background

b — u* p X background

Peaking background
s Bt + B sty

or| I|IIII|III!|I\\||IIII|IIII|IIII'

30"
20
108
= — PR NLNOSTE
0800 5000 5200 5400 56005800
Dimuon invariant mass [MeV]
R i e
ATLAS & 2015-2016 data

g =

Vs=13TeV, 26.3 fb’
0.4163 < BDT <=1

1

Total fit
= = Continuum background

b — p* p X background

Peaking background
s i+ B oty

N

'IIH_I?TfﬁrllllllII‘IIIlIIIlII\lIII|

o Ll
5000 5200

P ] s g ) ey
5400 5600 5800
Dimuon invariant mass [MeV]

o 1 &




Events / 40 MeV

Signal yield extraction

700 ———

- ATLAS
E Vs=13TeV, 26.3 b

© 0.1439 < BDT <= 0.2455

600

500

400

300

200

100

0

4800

® yields unconstrained:
® Ns=80+22and Ng=-12 =20
® expected from the SM:
® Ns =91 +and Ng =10

{0 5 95 ;I O e [
AARSOARANRRRRN RAY

[ 7 LSS, s /S P ) o Ex L N i [

® 2015-2016 data
Total fit

= = Continuum background

b — p* u X background

Events / 40 MeV

Peaking background
e Bt BTty

lllllllllllllllllllllll'

.......

TR AN (PRS0 o) DTSl Ceose LN (o O
5400 5600 5800
Dimuon invariant mass [MeV]

i
5000 5200

140

ST S T SR SRR S /= s e e
ATLAS

® 2015-2016 data

120 Vs = 13 TeV, 26.3 b Total ft E
100:_ 0.2455 < BDT <= 0.3312 —— = Continuum background _:
) \ DIt g gty e TR 0 TR 7 b — u* p X background ]

80 ;_ """"""" Poeaking backgroound =
:‘- i Bs - putuw +B Sptp 7
60, =
40— o
20 v
fliiEcHin et e e Sl (AT T I E T Cr 2 4:

Q1800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

® consistent with Standard Model predictions

® |likelihood maximum:

B(BY — p*p) = (3.21

B(B® — pp) = (-1

+0.90+0.48 9
—0.83—0.31) x 10

33387) <107
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Events / 40 MeV Events / 40 MeV

Events / 40 MeV

C L A
- * BiowwMC ATLAS Simulation 1
20 —— Double Gaussian fit Vs=13TeV, 26.31b" —
B » B® > ptp MC ]
[ —— Double Gaussian fit e ]
10 |
51~ =
lals o i b SCEa | e
91800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
VA0 o o e o LS (S RS
r ATLAS e 2015-2016 data ]
60 y5- 13 TeV, 26.3 fb Total ft =
50 t 0.3312 < BDT <= 0.4163 — - Continuum background _:
------ b — u* p X background
40 21 G| S it i i e = = et e LT Poeaking backgroound _f
B e Bs - p p +B Hu*u':
30F 5
20 -
10 -
e > + $ } | 4 43
L ) b &
91800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
e s T
e 0 ATLAS e 2015-2016 data

Vs =13 TeV, 26.3 fb™
0.4163 < BDT <=1

o Ll
5000 5200

Total fit
= = Continuum background

b — p* p X background

Peaking background
s i+ B oty

\

SRR [ B
5800

'IIHW'III'III‘IIIlIIIlII\lIII|

Lidihaicn
5600

5400

Dimuon invariant mass [MeV]
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CPV and Rare B Decays at ATLAS

Combination of Run 1 and Run 2 results

Neyman Contours yield for Run 2:
BB — Ja uni— (32105 (e tIDCI0 = (8 05 a0z

BB — utu) <43 x 10719 @ 95% CL

o'lj_| _l T T T T | T T T T I T T T T I T T T T 1 o'l)_' B T I T T I T LI | LI T T | T LI T | LI T H
o 1.2 ATLAS — o 1.2F A -
ot R - — R un 1 data =
= - Vs=13TeV, 15.1-26.3 fb” 1 = - ATLAS ]
'3_ 1= Contours for — '1 1= — 2015-2016 data —
5 - 2 Aln(L) =2.3,6.2,11.8 - + - Run 1 + 2015-2016 data .

0.8 i - oC E
T oy PR pr L — stat only - T rC PR Likelihood contours for .

o - e ""‘:f;',\..\ — stat + syst 4 o = e, s - = ]
0. 06 o 1 T 06 P ... 2 AIn(L) =2.3,6.2,11.8 3
- iy v e 2 - [Co 3

pal i e 1 os -
-E i - 0.2 -

02 B -':\"\ “““ M \\\\ S ‘\". 7 i
O _| L1 |“ l“:}‘ L1 [T R 1 Ix‘l‘:l“‘l\ 1 “l\'l‘ |"\| SN N T | 1] O 3 : :

C _':‘\’\ \‘\“““ . \“\\\‘ \ \ E \,’ . :

_0 2 = | |"‘\'7~ L ?:.X c Ly ‘\ L |“.| ‘l\ T R \l"\|_|' _02 1 2 I > N ‘\I\_—
0 1 2 3 4 5 6 7 0 ) 6 7

0 . -9 0 . -9

B(Bs — ut u)[1077] B(Bs = ut w)[10°7]

Run 1 + Run 2 (2015+2016) combination:
Compatible with SM at 2.40 BB® - ) = (2.8f8j§) % 10-2

BB > utu) <21 x 10710
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Angular analysis on B = K*uu JHEP 10 (2018) 047, arXiv:1805.0400(

_ FCNC b to s transition with a BR ~ 1.1 10
2 Angular distribution of the 4 particles in the final state sensitive to
new physics for the interference of NP and SM diagrams

ORET

_ Decay described by three angles (q,, g, f) and the di-muon mass
squared g> - angular distribution in bins of g as function of q,, g« and f.

4
dl"/ldq2 dcos sfdiosrexdesdqz - o [3(1 TS0+ Fi cos’ O + 2 sin 0 cos 20
—Fp cos? Ok cos 20, + S3 sin” Ok sin® 6z cos 2¢ + Sy sin 20 sin 26, cos ¢
+S5 sin 20k sin B¢ cos ¢ + S sin® @k cos 6,
+57 sin 260k sin O sin ¢ + Sg sin 260 i sin 260, sin ¢

+So sin’ Ok sin® B¢ sin 2¢’>].

- The S parameters are translated into the P parameters via
2S5 Sj=4,57,8

P = P;_ =
1 1 - F; i=42.0.8 VF(1 - Fp)
with reduced dependence on the hadronic form factors.
Marcella Bona (@MUL)
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Angular analysis on B = K*uu

_ another way to look at FCNC: b — s transition witha BR ~ 1.1 10
- angular distribution of the 4 particles in the final state sensitive to
new physics for the interference of NP and SM diagrams
> allows measuring a large set of angular parameters
sensitive to Wilson coeﬁlc:lents GO, GO, GO, , CYy

\ \p\\ A

2 decay described by three angles (6,, 64, ¢) and the di-muon mass

squared g? — the angular distribution is analysed in finite bins
of g% as a function of 6,, 6, and ¢.

2 LHCb reports a 3.40 deviation from the SM.

JHEP 02 (2016) 104
arXiv:1512.04442
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Angular analysis on B = K*uu

- B° flavour eigenstate can be identified through the K —» K- m* decay

- angular distribution given by:

4
dr/ldq2 d cos Hfdjogﬂxdtﬁdq? - 3; = ;FL) sin? O + Fi o + - _ﬂ,FL it O G820
-Fr. cos? Ok cos20; + 53 sin’ Ok sin® B¢ cos 2¢ + S4 8in 20k sin 26¢ cos ¢
+S5 sin 20 sin B¢ cos ¢ + S sin’ O cos @,
+87 sin 20k sin By sin ¢ + Sg sin 260 ¢ sin 26, sin ¢

+8o sin® @ sin® @ sin 26 |.
2 the S parameters are translated into the P") parameters via
Pro= 12S;“ Piyses = RELIA
— L B VEL(1 - F)
2 the PY parameters are expected to have a reduced dependence
on the hadronic form factors.

- ATLAS and CMS need to fold the angular distribution
via trigonometric relations to reduce the number of free parameters
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Analysis strategy for B = K*uu

® Data collected in 2012 at 8 TeV with 20.3 fb' Run 1 data
® Measured in 6 (overlapping) bins of g2 in the range [0.04, 6] GeV?
® 4 sets of fits for three parameters (F, , S, and Sj with j=4,5,7,8)

® Selection of triggers with muon p+ thresholds starting at 4 GeV
® K* tagged by the kaon sign:
® dilution from mistag probability included in (1-2<w>):
® <w> ~ 10.9(1)% with small dependence on g2
® 787 events selected with g2 < 6 GeV?
® Extended unbinned maximum likelihood fits in each of the fit
variants in each g2 bin:
® two step fit procedure: first fit the invariant mass distribution
® then add to the fit the angular distributions
to extract the F, and S(P) parameters
® Signal shape studies from control samples K*J/ip and K*y(2S)
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Fit projections

2 fit m(K*uu), cosO, , cosOx and ¢ to isolate signal and extract
parameters of interest.

: : 30 : : :
s ATLAS (5 -8Tev,203 10" 3 ATLAS 5 - g'gfvé%ogfgg oen
0 } S5 fold, o? € [0.04, 2.0] GeV % | S5 fold, g° €[0.04, 2.0] Ge :g;tigrnlvlodel i ) Data ShOWﬂ fOr
e e e Background
"E | | (0]
L%J o ;'l?:tt:IFitModel Ii [0.04,2.0] GeV2
0 VvV e\  aeeas Signal
20 { """ o -~ projections
10F } * l _ i _ for the 85 fit.
-’I,.»I': -..I.I.'-‘.""""""""-: ----------- - T I l_
o L D TREA 0 . l : ! . | —-J AppI’OX 106-128
5200 5400 5600 0 1 2 3
d "
s *red signal events
o 30 I I I < ' T ' T ' T ' T
= \s= ,20.3 b p ATLAS Vs =8TeV, 20.3 b : -
= éSTlf.cl:I‘dS qese [g.gf,v zg?c?;’;'\o/? _* ot FitModel | < 30-S5fold, ¢ <[0.04, 2.0] GeV? LESE Fitbodel in 2 GeV? C]2 bin.
2 . Signal % """ ignal
S TN R R I e Background o R EE T R R S Background . .
g o T } ui } 2 Similar results
— } } H H | for the other g?
bins and other
fit variants.
03 05 0 05 1
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Angular analysis results

2 Results are compatible with theoretical calculations & fits:

2 1.8¢ T PIL L P PR e I S L IR S IR D o ; S N -
L o ATLAS | ls=8Tev,203f" 3% 2EATLAS Vs=8Tev,203f73 & 2FATLAS 5 -8TeV,20.3 fb1

: -$- Data 1_53— -¢- Data 1.5;— - Data 3

1.4 F CFFMPSYV fit o theory DHMV - theory DHMV 3

L theory DHMV 1= theory JC = theory JC =

1.2 theory JC 0.5E- 0.5 _;

o

IlllII|IIIl|IIII|IIIIIIIIIlIII!lIIIIlIlII

L E ok l OF
0 } 1 st ~0.5¢- E
oo ; 1 £ + S _{— E
0.4 + E _1;_ P1 s P'4 E
02:_ E —22— _23_ T | MR S | O S e | S R _E
e B A R Tl 5 g 10 0 2 4 6 8 10
q? [GeV?] 9 [GeV?] o [GeV?]
‘ o’ 2 ATLAS " Vs=8TeV,203 "
C v -$- Data 7
7 [GeV2] P, P P’ . P’ theory DMV
[0.04,2.0] | —0.05+0.30+0.08 031+040+020 0.67+026+0.16 = MEEED S
[2.0,4.0] | —=0.78 +0.51 +0.34 —0.76 +0.31+0.21 —0.33+0.31+0.13 . —_h -
[4.0,6.0] | 0.14+043+026 0.64+033+0.18 0.26+0.35+0.18 3 E
[0.04,40] | -022+026+0.16 -030+024+0.17 032+02[+0.11 - ]
[1.1,6.0] | —=0.17+0.31 £0.13  0.05+0.22+0.14  0.01 +0.21 +0.08 N3 E
[0.04,6.0] | —=0.15+0.23+0.10 0.05=020+0.14  0.27 =0.19 + 0.06 E L=
0 2 4 6 8 10
q? [GeV?]

OPE and LHCb data fit: CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
QCD factorisation: DMVH: Decotes-Genon et al.; JHEP 12 (2014) 125.

JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.
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Angular analysis results

from DHMV in P',(P's) in [4,6] GeV?

- ATLAS gets deviations of about 2.56 (2.70)

- 10 = co L
0. 2-ATLAS /s =8TeV, 20.3fb"'—
A - - -4 ATLAS CFFMPSV fit -
© 2-ATLAS | Vs =8TeV, 203" 1.5 - LHCDb theory DHMV
1.5E ~4- ATLAS = - —+ CMS theory JC .
3 T oms R - Belle 3
- theory DHMV 3 B -
i theory JC = |
- -# Y 3 0.5 P'5 3
- :E_' E - o ® ]
5t P,|1 —[—4 ;
o ‘] 1 05F ) |- =
0 B S g 0 - i :
?[Gev] -1 —
B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 ]

0 2 4 6 8 10
q? [GeV?]
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CFFMPSV: Ciuchini et al.; JHEP 06 (2016) 116.
DHMV: Decotes-Genon et al.; JHEP 12 (2014) 125.
JC: Jager-Camalich; Phys. Rev. D93 (2016) 014028.

_




CPV and Rare B Decays at ATLAS

£

ATLAS

EXPERIMENT

ATL-PHYS-PUB-2018-041

TD angular analysis of B, = J/y¢

Period L [b7'] Niig fig TagPower[%] o(7)[ps] &3 [rad] Sy [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)
52;? [rad]
extrapolated
HL-LHC 3000
Trigger n6116 9.72-10° 0.17 1.49 0.048 0.004 0.0011
Trigger 11106 5.93-10° 0.17 1.49 0.044 0.005 0.0014
Trigger 11010 1.75-10° 0.15 1.49 0.038 0.009 0.003

Marcella Bona (@MUL)
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