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= The CKM angle y measurement

Constraints on the CKM angle y from

B* — Dh* decays
[LHCb-PAPER-2021-036, submitted to JHEP]

Measurement of the CKM angle y and Amg

with BY » DFh*n® ot decays [Her 03(2021) 137]

Measurement of the CKM angle y with
B* > D|KT ntntrT|ht decays
[LHCb-PAPER-2022-017]

The LHCb combination [JHEP 12(2021) 141]

= CPV in the beauty sector

Observation of the suppressed AY — DpK ™

decay and measurement of its CP asymmetry
[JHEP12(2021)141, submitted to PRD]
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[ntroduction to the CKM angle y TS
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The angle y is one of the angles of the CKM unitarity triangle:
= [tis a Charge-Parity Violation (CPV) parameter.

It can be measured from tree-level processes only and it is a standard candle measurement in the SM.

= Very small theoretical uncertainties associated with tree-level measurements: 6y /y = 0(1077). [refl
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https://arxiv.org/abs/1308.5663

[ntroduction to the CKM angle y RS

[CKM group]
VuadVip\ Loop (indirect) measurements
The angle y:y = arg| ———=%] 1is one of the angles e

Ved Vep y %_ : ' ! A'mdAmd&th S'K éﬂgg _?

of the CKM unitarity triangle: - S I

= [t is studied in the heavy flavour physics experiments like e — r —

LHCb, Belle, BABAR. .. £ E

E v B .

= LHCb indirect measurement: -omow Eme s ===
y = 65.4738°t 68.3% C. L. Tree (direct) measurements

UHEP12(2021)141] WEE L .

= Global indirect constraints: :

o o4 % ’E //// 7% —i

y =65.8+2.2° y = 65tg:3° T E T . E

[UT collaboration] [CKM group] o2 —;
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[ntroduction to the CKM angle y

Measurement of the CKM angle is possible in Method X [Flp
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The (former) LHCDb spectrometer TS

[JINST 3 SO8005]

MUON SYSTEM

TRACKING SYSTEM

LHCb detector designed for decays

of hadrons with a b or ¢ quarks:

Covering the pseudorapidity range (2<n<5).
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Analysis of B - Dht (D - hth'T0)

= Direct CP measurement using three-body D°
decay and quasi-GLW(ADS) method
= Full Run 1 + 2 sample (2011-2018)

» h' either kaon or pion

=  Simultanious analysis of 8 final states

Mode
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(=7 Tl pr
[Ki'?T:Fﬂ'O]D’ﬂ'
7= KF 70 prt
[KEKFa0 , K*
[rEr Tl p K
[KiTF:FTFO]DKi
[ j:K:FT['O] K:I:
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CES

[LHCb-PAPER-2021-036]
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https://arxiv.org/pdf/2112.10617.pdf

Analysis of Bt - Dh* (D - hTh'*1t?) s

[LHCb-PAPER-2021-036]
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https://arxiv.org/pdf/2112.10617.pdf

CEES

Analysis of B - D hTntm™

[JHEP 03 (2021) 137]

Masurement of the angle y in B —» Dy h*ntrn~

Full Run 1 + 2 sample (2011-2018)

A time-dependent amplitude analysis: the time-dependent amplitude fit using signal PDF through full-
spectrum decay rate (A%(x), A°(x)).

A model-independent analysis: phase-space integrated decay rate, measurement of the CP coefficients:
Cr, A", A7, Sp, S

Simultanious measurement of Amg and y
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https://link.springer.com/article/10.1007/JHEP03(2021)137

Analysis of B) - Dy htmtm™

Contributions from b — cand b — u decay amplitudes
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[JHEP 03 (2021) 137]

Incoherent contributions from
Kv intermediate-state components.
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https://link.springer.com/article/10.1007/JHEP03(2021)137

Analysis of B) - Dy htmtm™ THES

Results

= Amg = (17.757 + 0.007(stat) + 0.008(syst))ps~?
the most precise measurement of Am!

= ¥y = (44 £+ 12)° - time-independent amplitude analysis

=y = (44129)° - model-independent fit to the phase-

space integrated decay-time spectrum
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1-CL

[JHEP 03 (2021) 137]
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https://link.springer.com/article/10.1007/JHEP03(2021)137

Analysis of B¥ - D|KtrtrErt|ht

[LHCb-PAPER-2022-017]
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https://arxiv.org/pdf/1909.10196.pdf

LHCb combination to the CKM angle y

New LHCb combination (late 2021)

» [ncluding several new and updated results

= For the first time, including results from the

beauty and charm sectors (simultaneous

determination of y and charm mixing
parameters: x, y)
Grate improvement on the precision of the

charm mixing parameters

06.06.2022 W. Krupa

CEES

[JHEP12(2021)141]

B decay D decay Ref. Dataset. Status since
Ref. [17]

B* — Dh* D—hth™ [20] Run 1&2 Updated
B* — Dh* D—hta—nta™  [21) Run 1 As before
B* — Dh* D—hth 7" [22] Run 1 As before
B* — Dh* D — Kihth~ [19] Run 142 Updated
B* — Dh* D — KiK*xF (23] Run 1&2 Updated
B* — D*h* D — hth™ [20] Run 142 Updated
B* — DK** D — hth™ [24] Run 1&2(*)  As before
B* - DK** D — hta—nta™  [24) Run 1&2(*)  As before
B* — Dhratr D — hth~ [25] Run 1 As before
B — DK"Y D—hth™ [26] Run 1&2(*) Updated
B — DK"Y D—hta—ata™  [26] Run 1&2(*) New

BY - DK"Y D — Kintn~ [27] Run 1 As hefore
BY — DFa* Dt - K-=tat |28 Run 1 As before
B" » DYK#* D} - hth =t [29] Run 1 As before
BY - DFK*nta~ Df - hth nt [30] Run 142 New

D decay Observable(s) Ref. Dataset Status since

Ref. [17]

DY = hth~ AAcp [31-33] Run 1&2 New

DY — hth~ Yep [34] Run 1 New

DY — hth- AY [35-38] Run 1&2 New

D" — K*n~ (Single Tag) R, ( ’1)2 = [39] Run 1 New

D" — K7~ (Double Tag) R*, ( ’i) = [40] Run 1&2(*) New

D" — Ix*rTr'*—r (2% + );’1 [41] Run 1 New

D" — Kintn z, [42] Run 1 New

D" = Kix U T zep, Yyop, Ax, Ay [43] Run 1 New

D" — Kinta~ TP, Yop, Az, Ay [44] Run 2 New
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

LHCb combination to the CKM angle y TS

[JHEP12(2021)141]

Beauty sector 17 | F O DL

lr) + LHCb |

= The CKM angle y il ]

Y = 65.4738° qt 68.3% C. L. E

¥ = 65.4723°at 95.5% C. L. [ !

XN BN E

= Most precise by single experiment! i .

: 0.2 -

= Around 20 tension between charged and : )

N N i NN . = i
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Y [°]
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

LHCb combmatlon to the CKM angle y

CEES

[JHEP12(2021)141]
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= 0.8 - _ ]
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04 .
02k _ »= The charm mixing parameters*:
:_ ................ NF.’. Mixing ]
0 [ 105 Current World Average ] X = (0400+8 8%% Yy = (0630t8 8%(3)
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[ 1 T | AT TR I B | Lo
02 0 02 04 06 08 o I approximately 2 times more precise than the
v %] world average!
= 10Ftuce . ]
© : {2%71 Current World Average ] ¢ = (—24 + 1.2)0 CI/p = 0.997 + 0.016
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= (m1 my)/T y = (I} —I3)/2T
L P OO G L ] B N
0.1 005 0 005 0.
la/p| — 1
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https://link.springer.com/content/pdf/10.1007/JHEP12(2021)141.pdf

Analysis of A) —» DpK~(D —» K*r™)

[JHEP12(2021)141]
Favoured (D » K~ nt) Supressed (D —» K*n™)
= First observation of A,— DpK~(D - K*n™) e —
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https://arxiv.org/abs/2109.02621

Analysis of A}, - DpK~(D - K + +)

[JHEP12(2021)141]

[ TR

= Too small signal yield to constrain angle y : g
: : ; T
= (Good prospect for measurement with a bigger ; ] 2
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https://arxiv.org/abs/2109.02621

Conclusions

[CERN-LHCC-2018-027]

LHCb
World Average

= Many new and updated results on the CPV in the
beauty and charm sector!
= Excellent prospects for Run 3 and 4 with the bigger

data set. 23 50 300

Integrated Luminosity [fb™]
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https://arxiv.org/abs/1808.08865

Thank you for attention!



B — DK decays

(Y

Several methods of measurements of the angle y: GLW, ADS, Dalitz plots and time-dependent.

[ GILW } [PL B253 1991 483 |

[ ADS J[PRL78 1997 3257]

_ I'(B°->DpK*®)-TI'(B°->Dcpk*?) a [(B° > Dg+ -K*®) —T(B° - Dp-_+K*) A

CP ™ T(BO-»DpK*0)+T(B°>D pK*?) ““ 7 r(B° -» DY, __K*0) +T(B® -» DO__,K*0)
" ZKIT'gK*O sin(c?gK*O) sin(y) Rep A = 2krB k™" sin(8K” +6f™) sin(y) OCJRCP

= CP = _ DK*0y 2., . Km\2 DK*0_K*0 DK*0 | oKm y
k//’ CP 1+7"§i27”3 cos(8g) COS()/) / K (rg " ) +(p ) “+2krg” T cos(SB +8p )cos()/) /
KK /mm ( BPGGS7Z } [PRD 68 054018] [Time-DependentJ
\ / dI'(x,t) \
N7 = hy|F; + (x3 + y2)F_; + 2\/FiF_ | e Tstdtd g,
(x4C; + Y45S;i) o (|A]‘i(x)|2 + r2|A}‘(x)|2) cosh (AFst>
x4 = 15C05(8p £ ¥) ‘e

K Y+ = 1gsin(g + ) / K — 2Re(A]Cc(x)*rzA}‘(x)ei‘s_if(”_zﬁs)) sinh (TS> + .. /
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https://arxiv.org/pdf/hep-ph/9612433.pdf
https://arxiv.org/abs/hep-ph/0303187
https://www.sciencedirect.com/science/article/abs/pii/037026939191756L

Analysis of B - D hTntm™ THES

[JHEP 03 (2021) 137]

Measurement of the angle y in B - Dy htn ™ decay:

(FullRun1&2:9 fb~! data sample)

A time-dependent amplitude analysis: A model-independent analysis:
the time-dependent amplitude fit using signal (phase-space integrated decay rate)
PDF through full-spectrum decay rate. Measurement of the CP coefficients:
(fIBY) = A°(x) (f|BY) = re'® A% (x) Cr, AR, A, Sp, S
( N
_2resin( — £ (v — 269)))
A*(x) = Z atdi @) ([ areen Cy e L1+r2 )
i e~ Tstdtdg, A
ATt ’ 2 2.
o< (|Ac(x)|2 + r2|A“(x)|2) cosh( > ) + qf (|AS ()| 72| A% (x)|") cos(Amyt)
AC(x) :zaiCAi (x) i f 2 o f f
i — 2Re(AS(x)"r A}L(x)ei5—if(y_235)) sinh ( 25 ) —qulm(Ajcr(x)*r A}‘(x)eia_if(y_zﬂS)) lSin(Amst)

Y

Vi

D
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https://link.springer.com/article/10.1007/JHEP03(2021)137

