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Penguin:
¢ Small SM amplitude — excellent place to search for NP!
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LHCb results
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https://inspirehep.net/literature/1865990
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151801
https://inspirehep.net/literature/1908214
https://inspirehep.net/literature/1838196

Global fit

E.g. fit for CJ, assuming SM for other WCs: Is this all NP?
1.0F
- Could be due to long-distance
O3 [EPJC 83 (2023) 648] charm-loop:
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Can we measure the long-distance contribution?
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https://link.springer.com/article/10.1140/epjc/s10052-023-11824-0

BO N K*O'u+'u—

B — V0~ -3 decay angles (Q), g° = m2,, K> = m,

- Final state of K¥ 7~ pt ™
- P-wave K*® and S-wave K*#w~ must be accounted for
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https://inspirehep.net/literature/1784890

BO N K*O'u+'u—

B — V0~ -3 decay angles (Q), g° = m2,, K> = m,

- Final state of K¥ 7~ pt ™
- P-wave K™ and S-wave K*#~ must be accounted for
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https://inspirehep.net/literature/1784890

[ K*ou+u_

B — V0~ -3 decay angles (Q), g° = m2,, K> = m,

- Final state of K¥ 7~ pt ™

- P-wave K** and S-wave K* 7~ must be accounted for
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+( Jys sin® B + Jyo cos’ ) cos 26,

+J5 sin’ O sin” 6, cos 2¢ + J,, sin 26, sin 20, cos ¢
+® sin 260y sin 6, cos ¢ + Jgs sin’ O cos 6,
+J75in 20y sin B, sin ¢ + Jg sin 20, sin 20, sin ¢
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The observables, J; are constructed from g° dependent amplitudes. E.g:
Js ~ [R(AGAL*) — R(AGAT)]
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https://inspirehep.net/literature/1784890

Unbinned amplitudes

FFs FFs
L,R / / 2 2mbMB 2 Mg 2
AT =N, [(CQ +Co) T (Co Cwo)]]:A(q )+ [(C7 + C7)]:/\(q ) — 167 m. Hi(q )]
WCs q WCs b non—local

- Cq, €5, Cy, Cio are fit parameters. C;, C; fixed to SM.

- Local FFs F( )(q ) constrained to lattice + LCSR determinations
[JHEP 01 (2019) 150], [PoS (LATTICE2014) 372]

- Non-local function follows [JHEP 09 (2022) 133]

B 1 =2z, 1= 2Zy05) _1
Ha(2) = 7= 2y 7 Zys) HA( ): =¢, (z Z ax, W2

- Option to use theory predictions at g* < 0 [JHEP 02 (2021) 088]
- Experimental inputs for magnitudes and phases at resonances [PRD 90 (2014) 112009,
[PRD 76 (2007) 031102], [PRD 88 (2013) 074026], [PRD 88 (2016) 052002], [EP)C 72 (2012) 2118]
- Include k* dependence: AR — AR x f(K)
- f(K’) is a relativistic Breit-Wigner for P-wave, LASS for S-wave
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https://link.springer.com/article/10.1007/JHEP01(2019)150
https://pos.sissa.it/214/372
https://link.springer.com/article/10.1007/JHEP09(2022)133
https://link.springer.com/article/10.1007/JHEP02(2021)088
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.074026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.052002
https://link.springer.com/article/10.1140/epjc/s10052-012-2118-7

Fit for the non-local contributions in the data:

- 47fb~" of data: Run 1+ 2016
- Same data as published
binned angular analysis
[PRL 125 (2020) 011802]

- Unbinned fit in g for the
amplitude parameters: FFs,
WCs etc

- 6D fit: 3 decay angles, g%, k*
and m(Kmppu)

- BF relative to B” — )/ K
for absolute WC magnitude

- Two versions of the fit: with or
without g° < 0 non-local
predictions

[arXiv:2312.09102]

[arXiv:2312.09115]

- Model dependent analysis
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- Maximum sensitivity to non-local effects
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https://inspirehep.net/literature/1784890
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

Local FFs,

- Data slightly pulls down the ratios % and

F

el
Fo

- Apparent for fits without and with g° < 0 constraints
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GKvD’18 + LQCD
Fit result ¢> > 0 only
== Fit result ¢* < 0 constr.
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

Re(H,) / F1 [107]

Im(H,) / F1 [107]

Non-local FFs, H

- In general good agreement between fits without and with g> < 0 constraints

- Slight discrepancy in the imaginary parts

77 ¢ > 0only

[0 ¢ < 0 constr.

Re(H)) / 7 [107]

Im(H) / F; [107]
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Im(Ho) / Fo [107]

[arXiv:2312.0910

[arXiv:2312.0911
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

Wilson coefficients

[arXiv:2312.09102]

1D profiles:
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deviation from SM

g~ >0only g <0 constraint
Co 190 180
Cio 150 090
Co 090 050
Co 150 100

For all 4 WCs the best fit point is 1.3
(1.4) o from the SM without (with)
q2 < 0 constraint
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

[arXiv:2312.09102]

GRVDV [JHEP 09 (2022) 133]
] HEP 09 (2010) 089
DHMV HHEP 12 52014; 125%

- In general good agreement with binned results 71 q*> 0 only
- Minimal difference between fit with or without E q2 < 0 constr.
q° < 0 constraint -~ LHCb PRL 125
- Calculate effect of non-local contribution to (2020) 011802
observables,i.e.APgb*S“ A @""
- The shifts are small i rHcosT
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

[arXiv:2312.09102]

- In general good agreement with binned results
- Minimal difference between fit with or without
q°> < 0 constraint

- Calculate effect of non-local contribution to

observables, i.e. APL™5C

- The shifts are small

- Slight discrepancy in Pg (or S;)

- Driven by the imaginary part of the non-local
Hx(qz)

Sy ~ SAA]" — AgAJ’]
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https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

Conclusion

First unbinned amplitude analysis of B> — K*ut

- Complementary information to the previous binned analysis
- Determination from data of non-local contribution with and without theory constraint

- Even with freedom of non-local component the data prefers a shift in Cy from the SM

Much data in hand, more analysis possibilities to study B> — K*°u "

- Binned ‘model-independent’ analysis with full Run 1+2 data [JHEP 12 (2021) 085]

- Unbinned analysis - fit WCs with a model including resonances
[EPJC 80 (2020) 12,1095], [EPJC 78 (2018) 6,453]

- Ansatz analysis - fit the g*>-dependent amplitudes [JHEP 06 (2015) 084]
More data to be collected:

- 7fb~"in 2024 — double the data set!
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https://inspirehep.net/literature/1881647
https://inspirehep.net/literature/1775559
https://inspirehep.net/literature/1623024
https://link.springer.com/article/10.1007/JHEP06(2015)084
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Branching fraction

[arXiv:2312.09102]
[arXiv:2312.09115]

Angular analysis alone can only tell you the relative sizes of the amplitudes (WCs) — Fit

the BF to set the scale

- Note: BF is measured relative to B® — Jy KTz,
with 0.795 < my,. < 0.995GeV, not B — J/ip K*°
- B° = JK*® included significant S-wave and
Jpm™ exotic contributions
- Estimate fraction of B® — JiK™ 7™ in the
100 MeV window from Belle analysis
[PRD 90 (2014) 112009]

Frroomev(B® = JpKt ™) = 0.644 £ 0.010
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The systematic from fiio0mev(B® — 4K 7 can be reduced with new measurements


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://arxiv.org/abs/2312.09115
https://arxiv.org/abs/2312.09102

2D profiles

[arXiv:2312.09102]
[arXiv:2312.09115]
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