[/
L

5 CLAPP

T

Measurement of the mixing-induced
CP-violating observables
In B, = ¢y

Yingrui Hou
LAPP

GDR-InF Annual Workshop 2022




Why B, — ¢y?

u.c,t

» y: Left-handed + rignnanses b W i
- Enhancement? ¢ = @ R 91‘11%#'\}

v’ Effect on mixing-induced

CP asymmetries 4G ‘
y Tpga =" TF Vi Vii(C1rO7p+ C7.071)
v'Sensitive to the NP 2
Al'.t Al t _
I'(t)* « e Tst[cosh <TS> — A% sinh (TS> + C cos(Amt) F S sin(Amt)]
| Constraints at 1o Mixing-induced Acp:
55X 274%[% (ALAL + ARAD)]
o TN b S = P _
NI - [AL17 + 1A, + [Agl? + [AgP
= k\%} --------- Global no A — Ay
= | \\\ --------- Global .
o] ‘\% * In the SM, with LO:
] \ .
050 4 . ﬂ.aVio So7 = _Z_SSin((ps - ¢s) =0
050 ~0.25 0.00 0.25 0.50 my,

Re(C:"") PRD105(2022)L051104
2022/11/02 2



Experiment status

* Tagged and untagged time-dependent result with
LHCb Runl data. [PRL 118, 021801 (2017), PRL 123, 081802 (2019)]

e A% = —0.6691)35 (stat.) £ 0.170(syst.) + 0.096(ext.)

« § =0.427 + 0.304(stat.) + 0.111(syst.) + 0.008(ext.)
 C =0.106 + 0.289(stat.) + 0.109(syst.) + 0.013(ext.)

!

* Expected improvements
 Larger data sample Runl + Run2 (~5 times to Run1)
 Higher efficiency in event selections (cut-based — BDT)
 Better flavour tagging performance (new tagging tech)
» Better control in systematics.
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Formalism and Analysis strategy

* The decay time PDF:
F(t qlw,0:) =Tt qlw)®Ry.(t, t'|0;)

> TI(tqlw) = e~ Tst’ lcosh (AFTst) — A% sinh (AFTst) + q(1 — 2w)C cos(Am,t’) — q(1 —
2w)S sin(AmSt')]

> Racc(t; tllat) = Eacc(t)R(t; tllo-t)
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Formalism and Analysis strategy

* The decay time PDF:
F(t qlw,0:) =Tt qlw)®Ry.(t, t'|0;)

> T(t', qlw) = e Tst’ lcosh (AFTst) — A% sinh (AFTst) + q(1 — 2w)C cos(Am,t’) — q(1 —

2w)S sin(AmSt')]

» Racc(t,t'|0r) = €qcc(OR(E, t|oy)
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Flavour Tagging (FT):
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Event selection and Mass Fit

» Selections
e Cuts: Tracks y? > 55, pr(B) > 3 GeV/c, AM(¢) < 15 Mev/c?

4 )
»Improvement in selection (BDT)
»>Input samples: RSB-data(BKG), Signal MC(Signal)
>Features used: pT, x%, 1, Op;ra, Min(Ax2,,) )
g 16T — 7008 0
E r E’Preselection LHCb UﬂOffICIal "/\&-: E LHCb _+_Data
E 1.4:_ \w Cut-based selection % 600 - — Model =
5, 1'2} % BDT selection Run1 BS_) by E 5005— """ Slgl’lal =
% i 8 4005_ Peaking E
4 b > - Combinatorial 3
e 2 300F =
- = C 3
061 :‘% 200; 5110i90 _;
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~13% increase in signal PRL 123, 081802 (2019)
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Time acceptance

P Tlme acceptance model ) _ B, — ¢y acceptance (simulation, 9M)
_ [a(t—ty)]™ é ok LHCb unofficial
* €acc (t) = e at 1+[a(t—0t0)]n, > t() g;ozzi_ LHCb-A+NA-;20+14+-102 + Hﬁ ’
* a, n: Low decay times I
» a: High decay times. Y
* to: Efficiency 0 time point 0.005f
* Simultaneous fit (Sig+Con MC) LT e propertimet (ps)
 a,n: Fixed as same value for both

channels

* ty, a. a global offset between MC and
data is allowed, same for both channel

é )
Update for new stripping version:
» Simultaneous fit on signal data + control data + signal MC + control MC.
»> Acceptance ratio between signal and control channel is fixed.

. J
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Time resolution

 Double-Gaussian Model

Decay time uncertainty
from kinematic fit

~—_/
R(At, f, U, S, Szla-t) = fGl(At, U, Slﬂt) + (1 — f)Gz(At, U, SzO-t)

» Data-MC consistency check
* Using prompt ¢y data and MC sample

=S 0.18 I . ; —
< 016k LHCb unofficial
0.1aF-LHCb-ANA-2018-024

- Signal MC

- - Prompt data
0.12F
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0.08F
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0.5
trec'ttrue (ps)

e

For better controlling systematics [LHcb-
TALK-2022-041, CERN-OPEN-99-030]

» Model resolution = Model dilution
_152 Am?2 . -
» D=¢e 2P = Effective single
Gaussian resolution
» Numerically: D = %Zcos(Amt)
» Calibrated o; with g, in decay time
uncertainty bins.

~

[ R(t")® sin(Amt') = sin(A mt) j+oodt'R(t’) cos(Amt") = D sin(Amt) ]
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Flavour Tagging (FT)

* Tagging at LHCb
* OS tagger + SS tagger

Tagging algorithm performance from
B} — D;Kaw and Bf,) — ww(KK) Run 2 data
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FT Calibration

Calibration strategy

@ OS tagger: OSCharm, OSElectronlLatest, OSKaonLatest, OSVtxCh,
OSMuonLatest; SS tagger: SSKaonLatest

e Control sample: OS: B — J/¢K™; SS: Bs — D 7w"[Runl and Run2
MC & Data]

Calibration procedure

Calibrate taggers Combine the i?gi;g:t énz\tgs' Calibrate combined
independently taggers B PT) tc’) si_gnai tagger

Calibration model

° w(n) = p0+ pl(n — (n),
w(n) is the true mistag rate, 7 is the mistag rate predicted by tagging

algorithm, pO and pl are the calibration parameters.

@ Unbinned method:
PDF(aln) = (1 — a)w(n) + a[l — w(n)], a = 0, 1(wrong, right tagged)
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FT Calibration

* Tagging performance of Runl data
e SS Eeff = 2.26% Runl K*y data

¢ OS Eef.'f :. 284% _—::;: I +_|_ //
* Combination €, = 4.88%
s LHCb unofficial, |
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° eeff of Run2 is
expected to be better
* Optimized FT Alg
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~20% eq¢rincrease between J/Pd Runl and 201516 analysis

[EPJC 79 (2019) 706] [PRL 114 (2015) 041801]
2022/11/02 1



Inclusive Flavour Tagging (IFT)

 Combine info of all non-signal tracks into the tag
decision

* Tagging efficiency ~100%
* Support one single framework rather than 8 separate

taggers
1.0 , | | : - :
LHCb simulation e IFT is now ready for test

e
)

| preliminary | and check on Run2 data.

* Expected to increase B
Eeff by ~8%.

o
o
.

» Decrease the o by ~4%

True positive rate
o
=

=
8]
<
.

— RNN

w 0S+SS

0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate pos.sissa.it/321/230/pdf
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Expected Constraint on C7’°

0.3

LH Cb u nofflClal —— Belle and BABAR measurements
—— LHCb Bs — ¢y 9 fb~1

0.2 —— LHCb Preliminary B® — K*ee 9 fb—1
Global

0.1 1

—0.1

m(CH)

—0.2 1

flavio 233

_0-3 1 I I I I
-03 —0.2 -0.1 0.0 0.1 0.2 0.3

Re(C7)

»Constraint on C7’ with expected Runl + Run2 B; — ¢y precision.
» Improvement in selections and tagging power are included.
»Assuming the systematics are at same level as Runl analysis.
»Assuming the mean value of S and A2 are same as SM predictions.
»Good constraint on C7', competitive with B® - K*ee.
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Summary and outlook

(« As one of the sensitive antennae to the NP, B, = ¢y is )
expected to provide better constraints on theory.

 The mixing-induced CPV observables A2 ¢, S are
expected to have significant improved precision
 Whole Runl and Run2 data
* Optimized selections, time description, FT performance
L Analysis note is under preparation[stay tuned..] )
(« Other possibilities with b — sy

 CPV when having more resonances, inclusive B, = hhy
(need amplitude?angular parameters)

 Virtual y process, like B, — ¢ee (angular observables +
time-dependent CP observables)[arXiv:2210.11995]

* Promising Run3

 High luminosity, software/detector upgrade (better
9 performance...) )
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