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CP violation in B decays

Measurement of the CP violating phase ¢ in the B? — J/¢(1020) -
utu"K*K~ channel

 Results from pp collisions at /s = 13 TeV (£ = 96.4fb~1) and combination with
8 TeV result at CMS:

 Results from pp collisions at /s = 13 TeV (£ = 80.5fb~1) and combination with
8 TeV result at ATLAS:

Physics of B mesons

« CMS: Relative cross sections of the B.(25)* and B}(25)* states with respect
to the B | ]
« CMS: Observation of the B meson in PbPb and pp collisions at /s = 5.02 TeV

[ ]

. ATLAS: Measurement of the relative BY/B* production cross More
sections at \/s = 8 TeV | ] detaijs in
« ATLAS: Study of the B} — J/y D} and Bf — ]/ D" decays
in pp collisions at /s = 13 TeV | ]


https://indico.lip.pt/event/592/contributions/3122/
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.physletb.2021.136188&v=2da8896c
https://doi.org/10.1140/epjc/s10052-021-09011-0
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.102.092007&v=7fd9477f
https://cds.cern.ch/record/2767048
https://doi.org/10.1103/PhysRevD.104.012010
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/

CP violation in B? decays

CP violating phase ¢ arises from the interference between direct decays to
a CP final state and decays through mixing to the same final state (BY — B9)

] ] Bg ¢decay
SM prediction:
b = ~26; = —2arg (—1512) = ~36.96737 mrad B [ )/ 6(1020)
csVeb
New physics: 50 — Pdecay
new particles contributing to the B — B? mixing can °
change the value of ¢, up to -10% | ] CIJS = f,bmix = 2¢decay

B? - J/$(1020) - utu~K+*K~ is a good channel to measure ¢ phase:
* No direct CPV * Only one CPV phase - Easy to reconstruct with high S/B ratio

State-of-the-art: Agreement with SM, but exp. sensitivity ~ 25x theory
13 TeV results: LHCDb [ ]
» Previous result at 8 TeV by CMS | ] and ATLAS [ ]

CMS /s = 13 TeV (L = 96.4fb~1): ATLAS /s = 13 TeV (L = 80.5fb7 1)
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https://arxiv.org/pdf/1906.08356.pdf
https://doi.org/10.1016/j.physletb.2016.03.046
https://link.springer.com/article/10.1007/JHEP08(2016)147
https://link.springer.com/article/10.1007/JHEP04(2010)031
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BY - J/Y$(1020) - utu~K*K~: angular analysis

Final states are mixtures of CP eigenstates > require a time-dependent
angular analysis to disentangle the CP-odd and CP-even components.

Analysis strategy: 0}
T
An unbinned maximume-likelihood fit is performed on the , Wy
combined data samples extracting parameters of J Wx
. . R BN\ X K
interest: J/ﬁs TR
1)

« CPV phase ¢,

« Amg(Al;) absolute mass (decay width) difference
between the BY and B mass eigenstates, I, = fi+lH

« The size of the CP-state amplitudes at t = 0: |Ag(0)|2 |A;(0)|?
with |Ao(0)[# + |A(0)2 + |AL(0)]% = 1 ATLAS

* The strong phases 6§, 6, 6s,= ds- 6,

[AL(0)I%,1As(0)I?
CMS

The likelihood function depends on:

- Base observable: ct (B proper decay time), m, angular var. (Y7, 07, ¢r),
« Per-candidate quantities: resolutions, flavor tagging probability and method

PANIC2021 - CP violation and HV results from ATLAS and CMS - F. Simone



B) - J/W¢$(1020) » utu~K+*K~: event selection

CMS Experiment at the LHC, CERN
- Data recorded: 2018-Jun-11 17:23:0

Trigger strategy:
ATLAS: /| /Y - u"u~ candidate
CMS: ] /Y + additional muon used to tag the B¢ flavour

« allows for improved tagging efficiency at the cost of
reduced number of signal events

Offline selections:
CMS and ATLAS analyses have

. . . . -1

similar kinematic cuts L
%35005— ; Data _E = 45;— Vs =13 TeV, 805" L'[?gt!; Fit E
« J/y reconstructed from p*u-, = 30000 —Fi 4 g “F eigons
) r =--- Signa 1 = = xBg—> JyK® 3
good common vertex. N 25005 .- Gomb. bkg 18 % =10 A UK

. §2] F —-=Peaking bkg ]

* ¢ formed from pairs of OS tracks  §2000- .

with invariant mass compatible + 1500 e
with ¢(1020) meson mass (kaon jlocor- e - ' :
mass assumed for both tracks) EE E I A,
« B, from combination of ] /1 and ¢ — ———— § &, :
: _ _ 5 B e i B8 8 0 rope-—lls o
$(1020) candidates with refitted & O “Wemaedt T SR S 0T J L

5.25 5.3 5.35 5.4 5.45 -4

2” + 2tracks common vertex MUY KK ) (GeV) 52 525 5.3 535 54 545 55 .:sn.g?wqgf%e%ss



BY - J/Y$(1020) » utu~K*K~: flavour tagging

Identify the flavour of BY from B?: Opposite Side Tagging (OST)
tag the flavour of the opposite side b (in bb event) based on charge information

CMS: ATLAS:
Exploits the semileptonic b - u + X, Different OST methods used:
the u charge is the tagging variable « Semileptonic
I/ * b — [transitions: clean tagging

@

« b — ¢ — [and neutral B-meson
oscillations: dilute the tagging
results

» Jet-Charge
» Info from tracks in b-tagged jets

DNN trained on MC B - ] /y¢:

* to define tag muons

» to evaluate per-event
mistag probability

) c::llbrated '+" data using Bust « Calibration using B* - J/yK* self-
B* - J/YK* self-tagging tagging decays
decays
g _
Tag method €x (%) Dy (%) Ty (%)
Tight muon 4.50 4+ 0.01 43.84+0.2 0.862 + 0.009
Electron 1.57 4+ 0.01 41.84+0.2 0.274 4+ 0.004
Data sample Erag (%) Wrag (%) Prag (%) Low- pt muon 3.12+0.01 29.9+0.2 0.278 + 0.006
2017 45.7+0.1 27.1£0.1 9.6+0.1 Jet 12.04 £ 0.02 16.6 + 0.1 0.334 + 0.006
cac i o it Total 21.23 +0.03 28.7 +0.1 1.75+0.01
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Bd - J/wp(1020) - utu KTK~: fit

Unbinned maximum-likelihood fit:

 Performed including the information on the B? inv. mass*, the three decay
angles, the flavour tag decision, the mistag fraction, the proper decay length
ct(B?) and its uncertainty.

« Likelihood function: components describing the sig. and bkg contributions
(combinatorial and peaking bkg, dominated by B° — J /YK (892)°— utu K*n")

CMS 96.4 fo' (13 TeV) 1 10°
T —— E °
: T . g £ T T ; g [ ATLAS‘ T T ,g, 1007“\1 T T e 7
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* [in ATLAS analysis] B inv. mass uncertainty also used
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BY - J/wp(1020) » utu~KtK~: results

CMS:
Parameter Fit value Stat. uncer. Syst. uncer.
¢s [mrad] ) +50 +10
AT [ps™] 0114 +0.014 +0.007
Mus[hps®] WEL S +0.03
Al 0972  +0.026 +0.008
Is [ps™'] 0.6531 =4 0.0042 +0.0024
| Ao? 0.5350 +0.0047  £0.0048
|A||? 0.2337 +0.0063 +0.0044
| As|? g2 Tio- +0.016
8 [rad] 318  +0.12 +0.03
6, [rad] 2.77  £0.16 +0.04
b, [rad] m221 = +0.048

Fit bias

ATLAS:
Parameter Value Statistical | Systematic
uncertainty | uncertainty
¢ [rad] —0.081 0.041 0.022
AT [ps™!] 0.0607 0.0047 0.0043
Iy [ps™'] 0.6687 0.0015 0.0022
|A||(0)|2 0.2213 0.0019 0.0023
|A0(0)|? 0.5131 0.0013 0.0038
|As(0)]? 0.0321 0.0033 0.0046
0, —0s [rad] | —0.25 0.05 0.04
Solution (a)
0, [rad] 3.12 0.11 0.06
0y [rad] 3.35 0.05 0.09
Solution (b)
0. [rad] 2.91 0.11 0.06
0y [rad] 2.94 0.05 0.09

Systematic uncertainties
Extensive studies by both experiments, here the most relevant sources

CMS:
Flavour tagging

Background angles model
Best candidate selection

Angular acceptance method

ATLAS:

Model bias

Angular efficiency

Proper decay length resolution:
Sig./bkg. wiyg difference
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Physics of Bl mesons: motivations

The pseudoscalar B} (B;) meson:

ground state of the bc (b¢) system

lightest particle containing two heavy quarks of different flavors

unique laboratory to study heavy-quark dynamics

much less explored compared to quarkonia due to the small production rate
testing ground for effective models inspired by QCD

Excited B/ states:

decay to the ground state via the cascade emission of photons or pion pairs
contribute significantly to heavy meson spectroscopy
provide a rich source of information on the nonperturbative QCD

v' CMS: Relative cross sections of the B.(25)* and B} (2S)* states with respect
to the B} | ]

v' CMS: Observation of the B} meson in PbPb and pp collisions at 1/s = 5.02
TeV | ]

v' ATLAS: Measurement of the relative BY/B* production cross sections
at/s = 8TeV | ]

v' ATLAS: Study of the Bf — J/¥ D and B — J/i D;* decays in pp collisions
at+/s =13 TeV | ]


https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.102.092007&v=7fd9477f
https://cds.cern.ch/record/2767048
https://doi.org/10.1103/PhysRevD.104.012010
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/

Cross section of the B.(25)" and B (25)™* states at CMS

Observation of the B.(25)* and B (2S)* states: [_

« B;(25)* > Bi*n*n~ followed by B;* — cof. L7 = Firn
BcViost» SO observed decay is: 15 sy s
B;(28)* -» Bfnt*w~ + missing energy %405—

« Same final state as B.(25)" - Bfn ™ :\;305_

s

« Results recently published by CMS ”>”°§_

« ATLAS observation at 8 TeV | °F {

] S A R R L A

M(B; n*7") — M(B]) + mg. (GeV)

Measurement of the relative cross sections:

« After B.(2S)* and B}(2S)* observations: further teoretical studies for understanding their
properties [ 11 ]
» To test theoretical calculations:
o relative production ratios of the two observed states
o relative production ratio with respect to the base state

Results from pp collisions at /s = 13 TeV (£,0,5_15 = 143fb~1) at CMS in the
phase space p;(B}) > 15GeV and |n| < 2.4 | ]
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https://doi.org/10.1103/PhysRevD.99.054025
https://arxiv.org/abs/1904.06732
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.102.092007&v=7fd9477f
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Events / 10 MeV

Cross section of the B.(2S)" and B} (2S)™" states at CMS
Reconstruction strategy

Reconstruction of B} candidates from uum final state:

* 2 OS muons with inv. mass within [2.9; 3.3] GeV and common
displaced vertex

« B} candidate p;(B}) > 15GeV and |n| < 2.4

B.(25)* and B} (2S)* states:

« combine 2 OS tracks with the B} candidate requiring common vertex

* B!m*m™ invariant mass within [6.2; 6.335] GeV P I P
« If more than one candidate - highest py 28) = B m
+ . . . . 2000:_ f':sMSlb" i Ei?l:esult
B[ signal yields from uum invariant mass spectrum: - =t
H . H > L Bl - Jiy "+ X
» signal: double gaussian with common mean %‘5"";‘
* background: sum of 3 contributions B 1000
* Uncorrelated J /3 + track combination (first order polynomial) g N‘\X
 Partially reconstructed B} - J/yrntX (ARGUS function) 5001~ —_—
* B} - J/YK* contribution (shape from simulation and normalized to SN TS T
B} - J/yn* signal yield, scaled by ratio of B.R. and reco efficiencies) 60 61 6)\24 - 23; (GeV‘;A 6.5
E cms ¢ Data
wf LIOE, iy - : .
e B.(25)" and B;(2S)* signal yields from Bfn*n:

D
(=)
TTTT

« signal: two independent gaussians

* background: sum of 2 contributions
» Continuum background (Chebyshev polynomial)
B} - J/YK* contribution (shape from simulation)

6.7 6.8 6.9 7.0 71 T R AR RRRREREEEREB©—wREEEEBBEEBPEEEBE—. e —

B.(25)*

N W
o o
TTT[TTTT 7Tt

=y
o
T

o
[T



Cross section of the B.(2S)™ and B} (2S)* states at CMS: results

Determination of the cross section ratios . ue
+ _ o(Be(25)7) bty N(B(25)) e(BY) * .
RT = (B5) B(B.(2S)" - B n ) = N(BY)  e(B.(25))
wr _ O(BI2S)) pooavt et oy _ N(BZ(25)")  e(BY) r
R*™ = (B5) ————=B(B:(2S)" =+ B;"n"n") = NBI)  eBr(25)) Bc/, o
R* /R = o(Bz(25)") B(B:(25)" = Bet ™) _ N(B(25)") e(B.(25)") .
 0(Be(25)") B(Bc(2S)" —» Bfmtm)  N(B.(2S)") e(Bz(25)") 3 0By, SBETT P
« The decay B;™ —» BFy has not been measured yet N .
because the photon is too soft to be detected R™ =(3.47 £ 0.63 (stat) & 0.33 (syst)) %,
(branching fraction assumed to be 100%) R*" = (4.69 + 0.71 (stat) £ 0.56 (syst)) %,
* Yield rat|o§ corre.c’_ted l?y thelcorrespondlng R**/R* =135+ 0.32 (stat) & 0.09 (syst).
recontruction efficiencies ratios
Dependence on the B} kinematics: Dipion invariant mass from
10CMS 143 fb™ (13 TeV) 10EMS 143 fb™' (13 TeV) BE-*) (ZS)+ - BE.*)+7T+TL-_ decays
i +R" - +R cMS 143 1b" (13 TeV)
e +R* i «R S | B9 data
g gl | 3 [E gé;:;fd:‘a
“ 1 “ R
Z_j:% T Z_IPEF T% ;| B, (2S)" phase sp
S | T T EO2r Thaig
o 1 e AT I
L ——— e 5
20 30 20 50 0 00 05 10 s 20 200 B0 600"

p,(B) (GeV) 1y1B) an M(z*z") (MeV)



CMS: First observation of the Bf meson in PbPb collisions

Dissociation: binding energy between i Recombination (uncorrelated)
that of / /4 and Y(15)
Recombination of b with uncorrelated ¢ Regeneration

B
B Dissociation [ (correlated)
quark? Small ,,; > enhancement at
pr < mg_could be dramatic ! c T b
Partonic energy loss: Mass and color- é\\ /j"
charge dependence? B e I
B. = bridge between cc and bb and Energy 'OSS\ W e
between open charm and open beauty Hard Processes

The B} was first observed in pp collisions in the B} — J/y£*v, channel

, then at the LHC by , and

[NEW] First observation of the B} meson in heavy ions collisions
[ ]

« /s =5.02 TeV, integrated luminosity of 302 pb-* (pp coll.) and 1.61 nb-1 (PbPb)
* partially reconstructed B — (J/3 —» p*u~)u* v, decay channel

« results in two pr(uup), y(upp) bins:
« 6 < pi'" < 11GeVand 1.3 < |yr| < 2.3

« 11 < pt™ < 35GeV and |y < 2.3

FANIUZUZT - UF violalon ana v results mmoim ATLAS ana Livio - 1. olmone
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CMS: First observation of the Bf meson in PbPb collisions
Selection p

« Dimuon trigger /_{_.v Py

« 3 u from displaced vertex, OS(up) to reconstruct J /i - L SV "

. PV BC a C'—.f.ﬁg‘ﬁ /,{
m(upp) corrected by pr(v,) \ gk

Sources of background: LA n

1. Fake J/y: estimated from data in yu mass sidebands. -~

2. Jly from B decays + muon (misid. hadron) from same vtx: estimated via simulation

3. True J/y + random muon: estimated from data by rotating J/ candidates before
associating them with the third muon candidates.

BDT training: kinematic variables, signal MC vs 3 background categories - signal
and background template fits

PbPb (1.61 b, 5.02 TeV) PbPb (1.61 nb”, 5.02 TeV) PbPb (1.61 nb™, 5.02 TeV)

= 400, CMS —e— Data S 0 cus ——Data S 35 cms —— Data
8 Preliminary low BDT | = Signal 8 Preliminary medium BDT | = Signal [0} Preliminary high BDT | = Signal
o —— Rotated Jly + X | o —— Rotated Jly + X | 10 30 —— Rotated J/y + X
€350 B s Jiy X 2 40 B - Jiy X s B - Jiy X
= —— Fake Jly + X = — Fake J/y + X = — Fake J/y + X
£ 300 & 2 & £ 25 s
c Wrong-sign c Wrong-sign c Wrong-sign
= > =
8 8 30 8
© 250; oo = 0.242 e f s = 0387 g = 0371

200 Foackgroung = 0-942 Foackgrouns = 0-052 Foackgrouna = 0-006

S/\8+B=0.7 20 S/\S+B=4.0 S/\S+B=6.1
150 purity = 0.016 [ purity = 0.316 purity = 0.787
. , o 50 o
i 10
50~
= = e = e = b —
2 2
a_g—_‘_-_— _‘_ P _‘ —_— g_ g ———— L — ‘
35 4 4.5 5 55 6 6.5 7 L 75 35 4 45 5 55 6 6.5 7 7.5 6.5 7 7:5
m'*™ [GeV] m"** [GeV] m"* [GeV]

Figure 2: Template fit of the trimuon mass distributions in the three BDT bins, for the PbPb
data sample integrated over the two studied kinematic regions. The lower panels show the
pull between data and the fitted distributions.



CMS: First observation of the Bf meson in PbPb collisions

Yields correction and uncertainties:
« Signal yield corrected for acceptance and efficiencies (reco., trigger, selection)
« Single-p id and trigger eff. from tag-and-probe
« Main sources of uncertainties: statistical, background (shapes and normalizations),
choice of the fit method, muon efficiency, B kinematics (acceptance and
efficiency), contamination from other B} decays, and overall normalization.

PbPb (1.61 nb™) + pp (302 pb'), 5.02 TeV

> B N
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B} meson pyu-differential pp-equivalent
cross sections in pp and PbPb collisions



Relative BY /B* production cross sections at ATLAS (1)

B! is the only known weakly decaying particle made of two heavy quarks

 test of the QCD prediction;
« important input for heavy quark production models;

Complements CMS | ]and LHCb [
measurements
P
Nore
details in ATLAS: Data from pp collisions

at \/§ =8Tell (L2012 = 203fb_1)

Measure the ratio:
_ 0B *BB = ]/Prt) *BU/Y —» p' )
a(B*)*B(B* = J/WK*)*B( /¢ - ut p)

« Common systematic uncertainties mostly cancel

» Fiducial region of the measurement:
 pr(B) > 13GeV, |y(B)| < 2.3
« two binsin pt (13 < pr(B) < 22 GeV and pr > 22 GeV)
» two bins in rapidity (|]y| < 0.75and 0.75 < |y| < 2.3)

PANIC2021 - CP violation and HV results from ATLAS and CMS - F. Simone
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Relative B /B* production cross sections at ATLAS (2)

_ o(BX)*B(Bf » J/Yyat)«B(J /Y > u* u’) :EOOE;;AT,_AS T e-sTev. 2030 ]
a(B*)*B(B™ = J/WK*)*B( /¢ - u* u7) 2ot
— + +0.06 + At 0 00451 | =
(0.34 + 0.04(stat.)Zg5 52 (syst.) £ 0.01(lifetime))% %0052 . -
* Lower than the for more forward and e 03 7
lower-pr fiducial volume: Zoas - :
. (0.683 + 0.018 + 0.009)% %02 <oa ;
. 0<pT(B)<20 GeV, 2<y(B)<4.5 5 CpbBI<23

« Fairly consistent with the in a similar - WxpBiaRet  miB)E2GH
fiducial volume: = %% |
. (0.48 + 0.05(stat) + 0.03(syst.) + 0.05(lifetime))% goes i
* pr(B)>15GeV, |y(B)| < 1.6 Lot

% 0.4 iv\ \s\\\\\\\\\\\\\\\\\\\;\\\ \\\§
B} production decreases faster with py than that for B™ 0

. T .0 (.3 BRI
No evident rapidity dependence §o.255 E
m E
Analysis bin o(BE)/o(B*) x B(BE = J/yr)/B(BT — J/pKE) | & 027 +Data E

80151 p (B) > 13 GeV .
pT(B) = dd GeV’ |y(B)| <23 0.34 + O‘O4stat fggg syst == O‘Ollifetime)% 2 : pT( )> ]

13 < pp(B) < 22 GeV, |y(B)| < 2.3 0.44 £ 0.0700 T3 oot £ 0.00pgepimme) % BN =075 075 =Bl =28

(
(
pr(B) > 22 GeV, |y(B)| < 2.3 (0.24 % 0.04500: 7003 syst & 0.01jigegimme) %

pr(B) > 13 GeV, |y(B)| < 0.75 (0.38 £ 006440t ~0:04 syst = 0-01jisetime) %
pr(B) > 13 GeV, 0.75 < |y(B)| < 2.3 (0.29 % 0.0560; 10:07 syst £ 0.01jetime) %
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.132001
http://link.springer.com/10.1007/JHEP01(2015)063

ATLAS: Study of the B/ —>]/1/) D( ) decays (1)
Decays B — J/y D§ ) can occur /

through b decay with ¢ as spectator,

\B+*

or through annihilation diagram O Q
Test for various predictions:
etc
Observed by LHCD | ] and ATLAS | ]

New: analysis aimed at more precise measurement of B} — J /i DS(*)Jr
branching fraction and polarization with full Run-2 data | ]

: m
Strategy: de Ore

« Decays of interest: ajls j,
* B = J/b(u) DS (= ¢(KTK™)m™)
* B - ]/Y(up) Di* (= DS y/n°)
« Same reconstructed final state, soft neutral particle escapes detection
« fiducial region: pr(B) > 15 GeV, |n(Bf )| < 2.0
« B} - J/ym™ as reference channel for BR measurement


https://doi.org/10.1103/PhysRevD.90.114030
https://doi.org/10.1103/PhysRevD.61.034012
https://arxiv.org/abs/hep-ph/0211021
https://indico.lip.pt/event/592/contributions/3122/
https://inspirehep.net/record/1228506
https://inspirehep.net/record/1385102
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-046/

ATLAS: Study of the B — J/y D( ) decays (2)

Signal channels

&= J/W(uw) DY (= $(KTK™)m™)
= J/PY(up) Dt (= DY y/m°)

Measured quantities:

R( Dg*)+/1t+) ratios of B.R. signal channels wrt

ref. channel B — J/ym*

R( D;*/ D) ratios of B.R. between the two

signal channels

r.r./r transverse polarisation fractions for

the BY

— ]/ D channel

Two different datasets:

collected by 2-mu and 3-mu triggers

exclusive contribution of dedicated B2 — pug
trigger: enhanced sensitivity to R( D;*/ D)

and I.I. /T

Entries / 20 MeV

Pulls

Entries / 20 MeV

Pulls

Entries / 20 MeV

Pulls
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[ — Total fit
2000 £ By -
e o BemdipK®
oYL Y b e Bi—Jpp" ;
1500 r B3 — - Combinatorial background 7]
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r 2
500~ é
F ¥ / ///l”
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F—e— Data ATLAS Preliminal ry
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Dataset 1

Entries / 0.04

180 T 7
E ATLAS Preliminary]
Vs=13 TeV, 139 fb
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ATLAS: Study of the B - J/y DS(*)Jr decays (3)

" ATLAS Prelinjinary AR L
ATLAS (Run 2) e e o e
LHCb (Run 1) --p—. +-.—. .—.—-:.
ATLAS (Run 1) : ; : ;
Rps o+ = 2.76 4 0.33(stat.) £ 0.29(syst.) % 0.16(br.f.) aols B : :
rRcoM| = : - : » :
RD:+/7T+ = 5.33 + 0.61(stat.) + 0.67(syst.) =+ 0.32(br.f.) cggx - _.,_ —_—
% — LFQM -—-—-i- § -fl—-—- .
Rpx+ p+ = 1.93 & 0.24(stat.) £ 0.10(syst.) Lrow . : » =
_ RIQM y y : ]
++/I = 0.70 £ 0.10(stat.) & 0.04(syst.) W N .
1 2 3 4 5 5 10 1 2 3 4 020406 08
RD;/," RD:‘/::‘ RD;‘/D; r,/r
Rot /n+ Rost /it Roz+ /¢ ryy/r Ref.
2.76 + 0.47 5.33 £ 0.96 1.93 +0.26 0.70 £ 0.11 ATLAS Run 2
Results are consistent with previous 290+ 0.62 : 237£057  0.52:+0.20 LHCb Run 1
. 3.8+1.2 10.4 £ 3.5 2.8_0'_9 0.38 = 0.24 ATLAS Run 1
measurements by LHCb and ATLAS, with — — = pv—
. ’ . - potential model
H . : . .9 - QCD sum rul
improved precision. 20 27 29 - “Réam
1.29 4+ 0.26 5.09 £+ 1.02 3.96 £+ 0.80 0.46 £+ 0.09 ccQMm
2.2 - - - BSW
2.06 + 0.86 - 3.01 +1.23 - LFQM
3.45104% - 25470 0.48+£0.04 pQCD
- - - 0.410 RIQM
3.257 + 0.293 = = = FNCM
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Conclusions:

CP violation in B? decays:
« The CPV phase ¢, and the decay with difference AI, measured using the B? —
J/Y$(1020) » u*u~K*K~ channel
« Results obtained by ATLAS and CMS (/s = 13 TeV), combined with /s = 8 TeV
« Consistent with the SM prediction

Physics of B} mesons
CMS:
« Relative production ratios of the B.(25)" and B;(2S5)* states and relative
production ratio w.r.t. the base state measured using Run-Il pp collisions
* No significant dependences on the B kinematics
 First observation of the B} meson in heavy ion collisions
ATLAS:
 Measurement of the relative BX/B* production cross sections at /s = 8 TeV/
« Study of the Bf — J/y D and Bf — J/y D;* decays in pp coll. at /s = 13 TeV
* Results consistent with other experiments
* Improved precision using Run 2 data
Important information to improve theoretical understanding of the bc heavy
quarkonium states and their production
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Bd - J/Y$(1020) » utu " K*K~: Run 1

® The CP-violation measurement in the B — J/1¢ channel was previously performed at the LHC in
Run1 and at the Tevatron CDF and D( experiments.

® The results were consistent with the SM prediction within measured uncertainties.
e Although large new physics enhancements of the mixing amplitude have been excluded by the
precise measurement of the oscillation frequency, there is still room for improvements and discoveries
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https://hflav-eos.web.cern.ch/hflav-eos/osc/summer_2017/

Bd - J/Y$(1020) » utu K+K~: state-of-the-art

Individual 68% confidence-level contours of ATLAS, CMS, CDF, DO and LHCb, their combined
contour (black solid line and shaded area), and the Standard Model prediction
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| —~
N v HFLAV | HFLAV
& DO 8 fb~* 3 0.161 DO 8 fb_l
L 0.13 68% CL contours ':'n
= (Alog £ = 1.15) < 0.14
CMS 116.1 fb?
CMS 116.1 fb~1 0.12|

0.11

0.101
CDF 9.6 fb~! (
0.081

LHCb 4.9 fb~1!

LHCb 4.9 fb~!

0061 Combined” .
0.07 *T's errors scaled by 2.5 ATLAS 99.7 fb~
- 0.04 1 AT errors scaled by 1.77
ATLAS 99.7 fb~! CDF 9.6 fb~1!
0.05+ - . : . 0.02 - . !
0.5 -0.3 0.1 0.1 0.3 0.640 0.650 0.670 0.680
¢<[rad] Fslps™*]

HFLAV Collaboration

PANIC2021 - CP violation and HV results from ATLAS and CMS - F. Simone


https://hflav-eos.web.cern.ch/hflav-eos/osc/summer_2017/
https://hflav-eos.web.cern.ch/hflav-eos/osc/PDG_2021/

BY - J/Y$(1020) » utu~K*tK~: angular analysis

Final states are mixtures of CP eigenstates = require a time-dependent
angular analysis to disentangle the CP-odd and CP-even components.

A

Angular variables: 0,

« Yr: helicity angle of K™ in the ¢ rest frame w.r.t. the Wy
negative J /Y meson flight direction TN Pr Kmx

« Or: polar angle of u* in the J/y rest frame B o d’\'i.{

* (@7 azimuthal angle of u* in the J/y rest frame IS . K

Decay rate model:
a*r(Bs) 10
——= = f(0,ct,a) x );=, 0;(ct,a) g;(0)

ded(ct)
e 0; time-dependent functions (ct = proper decay time of the Bg candidate)
e g; angular functions e «a set of physics parameters*

*  Amg(AT) absolute mass (decay width) difference between the B and BE mass eigenstates
* 2= 1(q/p)(As/Af) where Ar (A) is the decay amplitude of B¢ (B?) to the final state f and the p
and q relate the mass and flavour eigenstates (Bs"* = p|B;) ¥ |Bs)q

Accurate flavour tagging

« Needed to infer the initial flavour of the B meson
* The most sensitive terms to ¢, in the decay rate depend on this information



BY - J/Y¢(1020) » utu~K*TK~: fit and results

Systematic uncertainties

ATLAS:

CMS:

Flavour tagging: calibration, MC
difference and dependencies on the
pile-up distribution

Fit bias: fit stability is validated by the
pseudoexperiments with default fit
results

Background angles model: varying
the bin boundaries, invariant mass
window and sideband definition

Best candidate selection: statistically
equivalent sample is created where all
candidates in the event are retained
Angular acceptance method: different
acceptance functions are calculated
using different numbers of pT bins as
well as different widths and central
values of the bins

Model bias: pseudo experiments, each
statistically equivalent to the data
samples, from the fitted model in data
Angular efficiency: systematic
uncertainty related to the limited MC
event count used to estimate the
angular efficiency function is evaluated
by regenerating the efficiency
histograms

Proper decay length resolution:
varying the correction factor k by 10%,
as estimated from a data-to-simulation
comparison

Sig./bkg. w difference: differences in
the mistag probabilities between signal
and background studied on the
sideband and signal range
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