Analysis of local and non-local amplitudes

in the B — K*O,uﬂu_ decay
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B" - K*z~u*u~ has a clean signal

Efficient hadron and muon particle
1dentification

Precise tracking STLLLE mmyy - |

Largest collection of bb-pairs in the world

Int. J. Mod. Phys. A 30 (2015) 1530022
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http://dx.doi.org/10.1142/S0217751X15300227

Raredecays SR
B’ - K- K ' )utu~

Rare decays provide a great environment to search for New Physics

Not allowed at tree level Suppressed 1n the SM
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Precision measurements allow for indirect searches

D . +
for NP contributions of competitive order H
ineg. b — s 0
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The phase space 1s fully descrlbed by 0,, O, qb My, and g° = m(u*pu~)*

Angula,r observables

= Z J. (qz)f (cos 8,,cos O, @) gl(mKﬂ)

Angular distributions

dU'(B® — K%u*u™]

dq2dQdm?,
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B® = K= K*n )t

The phase space 1s fully descrlbed by Hbﬂ, O, qb My, and g° = m(u*pu~)*

Angula,r observables ———————— Decay amphtudes

= Z J. (qz)f (cos 6’,;, coS O, ¢) gl(mKﬂ)

Angular distributions

dI'[B” — K %utu~ ]

dq2dQdm?,
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Previous measurements of B

Long standing tensions with the Standard Model
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All observables translated into
effective couplings (WC)
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Bs — ¢oup Fit

B — KUl Fit

B — K*0l Fit

——= Rpw & Qs Fit

——— b — sup Fit

— Global Fit
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Not including CMS Run 2 result
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1140/epjc/s10052-023-11824-0
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/

Interpretation
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Non-local contributions from the c¢ resonances impact the rare mode regions

JIy
SM QCD eftects l w(2S)
. |
’ A ]
c C r § |
b < s !
P =mere)
NP or underestimated SM QCD? Amplitude analy51s.to separate local
and non-local contributions
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Model-independence Model-dependence

Uses polynomial expansion to model
Measures observables in bins of g? non-local contributions and
extracts Wilson coefficients directly
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/

Analysis strategy

Instead of the b1nned approach (snmlar to Run 1+2016 measurement PRD. 109 (2024) 052009 )

1.00 A SM from ASZB
@ LHCb Run 1 4+ 2016 EPJC 83, 648 (2023)
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Model- dependence I I e e e
(No loss of information within bins)

First analysis of B — K Yu*u~ using full Run 1 + Run 2 data:

Parameterise the full g spectrum of the decay in terms of 3
Wilson coefficients, Form Factors, and non-local contributions :
~
) O‘ R B _, ) ,
P =mee)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
https://link.springer.com/article/10.1140/epjc/s10052-023-11824-0

Analysis strategy
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Contributions to the differential decay rate:

M gd)=CF + ygg><qg) + YY) + Y9 + YgD)

Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470

Analysis strategy

G @=Cf + YQ@) + Y@ + YD) + YD)

1-particle contributions
p(770),  w(732),

$(1020), Jlv,
w(2S8),  w(3770),

w(4040), w(4160) Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470

Analysis strategy

CIHP=cr + YD + YPHD + YPAGD) + YD

{, C7 Z:/I iw*
K*O K*O
B BP
1% o M'\__JM p~

T pt

1-particle contributions 2-particle contributions

p(770),  (782), DD,

$(1020), 1y b*b,

w(2S),  w(3T70), i

w(4040), w(4160) Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470

Analysis strategy

2P /l(q 2) + Y.q 2)

K*O K*O
BO BO BO .
V b M’ M =
T pt
>X<O _
1-particle contributions 2-particle contributions _; If) . T
p(770), a)(782)’ DE, contripution
e
$(1020), J/y, =] Sensitive to C
w(2S),  w(3770),
w(4040), w(4160) Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470

Analysis strategy

| Cgeff,/l( q2) = Cgt 4 Yg(a))( qg) 4 Yg;,/l( q2) 4 2P /1( q2) 4 Yﬁ( q2)

: A iw”
|=C;+C%
K*Y K0 K*0
0 0 —
Determined B° - o Ly - Y o
theoretically Vv Al a . H
: 2
at negative ¢ ot M+ o
: o : o BY = K0 +-—
Constant term  1-particle contributions 2-particle contributions
0 29 — contribution
Negligible impact ~ P(7/70),  @(782), D E’_
from light quarks — ¢(1020), J/y, g*gik Sensitive to Cg
Asatrian, Greub, Virto V/(ZS ) ’ W(377O)’
[JHEP 04 (2020) 012] 1/1(4040), W(4160) Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470
https://link.springer.com/article/10.1007/JHEP04(2020)012

Analysis strategy

Contributions to the differential decay rate:

| Cgeff,/l( q2) = Cgt 4 Yg(a))( qg) 4 Yg;,/l( q2) 4 2P /1( q2) 4 Yﬁ( q2)

A iw”
=G+ %
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0 0 ——=
’ "3’ Determined B° - B { )y o B o
c theoretically Vv Al a . H
: 2
i at negative ¢ u i+ urk
. . . . . . . B — K*O + _
C, vertex correction  Constant term  1-particle contributions 2-particle contributions
770 789 DD contribution
Polarisation dependent Neglig.ible impact (770, @(782), Iy I’j
shift to (5 from light quarks  ¢(1020),  J/y, D* 5; Sensitive to Cy
Asatrian, Greub, Virto V/(ZS ) ’ l//(B 770)9
[JHEP 04 (2020) 012] 1/1(4040), W(4160) Cornella et al. [EPJC 80 (2020) 12, 1095]
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https://arxiv.org/abs/2001.04470
https://link.springer.com/article/10.1007/JHEP04(2020)012
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Ditferential

Combmatorlal backeround
decay rate Acceptance S

Signal fractions Resolutlon

im(ﬂ f;g((1‘7‘2;@(Q 7)) x €@, 2)) @R’(Z)) +(1 - Slg)@bkg(gz )

Simulation 150 parameters determined in fit
* Acceptance | / / v
P 7 R(Cy), £(Cyp), K(Cy), K(Clp), R(Cy)

e Resolution
 Background model

Data > > Mag. & phase of 1P contributions
|

& Real & Imag. of DD per helicity

Theory  snirrpoo 1332000 2 AG; per helicity
e Local B - K™Y form factors
(Gaussian constrained)

i) Yiersitat ICHEP 2024 Martin Andersson 9

2> Form Factors



https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html
https://link.springer.com/article/10.1007/JHEP09(2022)133
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https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html

Results - Non-local contributions R
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Clear impact from non-local contributions on WCs (per helicity)
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https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
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Tension 1n observables persist
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https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html

Results - Wilson co

Cy 3.56+0.28+
C,o —402+0.18+0.16
C, 028+0.41+0.12
' —0.09+0.21 £ 0.06
C:  (-1.0+£2.6+1.0)x 10°

——

- First direct measurement of C§ |

|
L

Global significance of 1.5¢

Largest local deviation is in Cg at 2.10

Systematic uncertainty
dominated by &B(B" — J/wK™")
Phys. Rev. D 90 (2014). 112009
(U] ) Somversiat ICHEP 2024
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Non-local contributions are larger than
what has been assumed so far

Value of C, still shifted down from CgM
More data needed
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https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
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C: (-1.0£2.6+1.0)x 107

From measurement of Cg, assuming value of C7,

Converted to 907 limit on Best 90% limit from direct measurements
BB - KtT17)~[0.8-2.5] x 1077 BB > KOrtr) ~ 3.1 x 1073
Using Flavio Belle, Phys. Rev. D108 (2023) L011102
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https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2024-011.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://inspirehep.net/literature/1699203

Summary

® Rare decays 1s a promising area to search for New Physics

® ~4o tension in global fits to b — s£7¢~

* Binned (model independent) measurements of angular observables in B — K %yt~ are

deviating from the SM - most clearly visible in P by CMS and LHCb

® Non-local contributions are larger than what has been assumed so far

o Value of ( still shifted down from C9SM - more data needed

o First direct determination of C9T

® Competitive sensitivity to BB —» K Vr*7r7) with direct measurements!
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