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Rare decays
 Indirect search of New Physics (NP)
- FCNC process forbidden at tree-level in SM (B~0(1077))
* b —sorb - d transitions
 sensitive to NP contribution
 described with effective field theory (EFT)

Measurements as function of g% = (m(ll))?, sensitive to different

operator contributions (Wilson coefficients C."”, Cg) and Cﬂ)))

BFs, angular observables, Ry (*)

see also Jacco De Vries’s
talk about B — u*u~

(*) X stands for K*, K*%, ¢, pK, and etc.
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https://indico.cern.ch/event/905399/contributions/4282400/attachments/2256259/3835180/jacco_LHCP-bsmumu_080621_v5.pdf

* Motivations

* Branching ratio
* BY - putu~ & B2 - fjutu~ [arxiv:2105.14007]
* Xy, = E7y [LHCb-PAPER-2021-017, in preparation]

« Angular analysis
e BY - K*0u*yu~ [HEP 10(2018) 047] [PLB 781 (2018) 517] [PRL 125 (2020) 011802]
Bt » K**u*u~ [JHEP 04 (2021) 124] [PRL 126 (2021) 161802]
e BY > ¢putu~ [LHCb-PAPER-2021-022, in preparation]

* Lepton flavor universality (LFU)
°* Ry [arXiv:2103.11769]

*  Summary
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https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1805.04000.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318303149?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007%2FJHEP04%282021%29124
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
http://arxiv.org/abs/2103.11769

» Decay rates are consistently low
» Consistent with SM though large
uncertainties

CMS measurements
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LHCb measurements with muon below SM at low g?

] 10
[JHEP 09 (2015) 179]

| M S e
o LHCb

S 8 0 +

E 7. Bs - ¢” U B sM pred.
°§3 6+ Run 1 = Data

T SE -

5 4;_/ \\\ + E
3 O3E —4— =
= 21\—{— K E
T = Sa__-" 3
¥ 'F E
- E PR R R R | N

% 0 5 15

¢ [GeV¥c4]

EN].CSR Lattice —e—Data
rl'\]_| L L DL L | I N | I :
> B* > Kty
L LHCb 4
£ -
< Runl ;
[ ;
= +t E
«l ]
S -
E i
PSR S R N T S SN T N R RN NN T N SN TR TR S S S

% 00 5 10 15 20

[JHEP 06 (2014) 133] ¢?

Rare decays of b2sd sector | LHCP 2021

[GeV?/c?4]

dB/dg2[10° X ¢*/GeV?]

_6
7 L —
Z LHCb
S 0 0,,+
a4 k
S o B> K u .
S
= Run 1 ]
o T - -~ ~ :
0.05[, N+ __
[\ —— ! i—Jf—j
B \\ // -
0- " 1 L .-I—-.— " L " 1 L " L " 1 L " 1 L
0 5 10 15

[JHEP 04 (2017) 142] 4*[GeV/c'

SR Lattice @ Data

5 B{J%Koﬂ*—ﬂi _:
LHCb

3 Runl 3
A
\Lf—'}— _,/ + E
N —— TS T T T

[JHEP 06 (2014) 133] ¢ [GeV?/c]

5


https://arxiv.org/pdf/1506.08777.pdf
https://link.springer.com/content/pdf/10.1007/JHEP04(2017)142.pdf
https://link.springer.com/content/pdf/10.1007/JHEP06(2014)133.pdf
https://arxiv.org/pdf/1308.3409.pdf
https://link.springer.com/content/pdf/10.1007/JHEP06(2014)133.pdf

q° [GeV?¥ 4]

« Updated with Run 1 + 2 dataset
* In the range of 1.1<g?<6.0 GeV? /c* B0
* 3.60 below SM prediction (LCSR+Lattice) pq; 115 2014) 212003] b \

(1.80 with LCSR alone)
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[arXiv:2105.14007]
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- Branching ratio integrated over g*
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https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1501.00367.pdf
https://arxiv.org/pdf/1310.3887.pdf

- First measurement of BY — £, (1525)utu~

 2-dimentional fit to separate S-wave and P-wave 10
contributions of £, (1525) (distinguish signal)
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 Observation with 9¢ significance

. .. . .. [EPJC 81 (2021) 2, 141]
- Branching Ratio in agreement with SM prediction [pro 103 2021) 095007]
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https://arxiv.org/abs/2009.06213
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-08792-0
https://arxiv.org/pdf/2105.14007.pdf

* b — sy transition, known as radiative decays

* 05 (07) represents the left (right) operator,
corresponding to emission of a left (right)-
handed photon

Il = & ~ 0(22)
* Only b; quark can couple with W~ boson,

therefore yr comes from chirality flips in SM
* provide access to photon polarization

- Normalization mode: &, — Z~] /i

B(Ey — E7J/¥) = C +0.45) =2 B(AY > A /) = (5.3 + 2.4) x 107*
A3
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NEy, |

: &r\\i’j/[LHCb—PAPER—2021—017, in preparation]
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https://arxiv.org/abs/2008.06624
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.054007

* Motivations

 Branching ratio
* BY - putu~ & B2 - fjutu~ [arxiv:2105.14007]
* Xy, = E7y [LHCb-PAPER-2021-017, in preparation]

* Angular analysis
e BY - K*0u*yu~ [HEP 10(2018) 047] [PLB 781 (2018) 517] [PRL 125 (2020) 011802]
Bt » K**u*u~ [JHEP 04 (2021) 124] [PRL 126 (2021) 161802]
e BY > ¢putu~ [LHCb-PAPER-2021-022, in preparation]

* Lepton flavor universality (LFU)
°* Ry [arXiv:2103.11769]

*  Summary
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https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1805.04000.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318303149?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007%2FJHEP04%282021%29124
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
http://arxiv.org/abs/2103.11769
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« CP-asymmetry observables: A;
» CP-averaged observables: F;, Arg, S3_9 ol
. - - _ - - (/) - cos 8y,
Optimized observablc?s reduce form-factor uncertainties P, UHEP 10(2018) 047]
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https://arxiv.org/pdf/1805.04000.pdf

possible
discrepancies
at low g?
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ATLAS measurements

with 2012 data
[JHEP 10(2018) 047]

CMS measurements

with 2012 data
[PLB 781 (2018) 517]

LHCb measurements
with Run 1 + 2016 data
[PRL 125 (2020) 011802]
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https://arxiv.org/pdf/1805.04000.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318303149?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802

[JHEP 04 (2021) 124]
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https://link.springer.com/article/10.1007%2FJHEP04%282021%29124
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802

e Runl+ 2data

« Angular decay rate
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* Motivations

 Branching ratio
* BY > ¢putu= &BY — fjutu [arxiv:2105.14007]
* Xy, = E7y [LHCb-PAPER-2021-017, in preparation]

* Angular analysis
e BY - K*0u*yu~ [HEP 10(2018) 047] [PLB 781 (2018) 517] [PRL 125 (2020) 011802]
Bt » K**u*u~ [JHEP 04 (2021) 124] [PRL 126 (2021) 161802]
e BY > ¢putu~ [LHCb-PAPER-2021-022, in preparation]

* Lepton flavor universality (LFU)
°* Ry [arXiv:2103.11769]

*  Summary
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https://arxiv.org/pdf/2105.14007.pdf
https://arxiv.org/pdf/1805.04000.pdf
https://www.sciencedirect.com/science/article/pii/S0370269318303149?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007%2FJHEP04%282021%29124
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
http://arxiv.org/abs/2103.11769

» Test of lepton flavor universality (LFU) Bt

qgnax dB(B+ - K+,Ll+[,l_) qu
p Umin dq? M1+ 0(19%) oM
K — 2 + +,ot+p— -+t L

fqmade(B - Ktete )dqz

2
Qmin qu x
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 Updated measurement using a full Run 1 + 2 dataset ] }
- following essentially identical procedure -

@ LHCb [PRI
0.5— LHCb Run 1 [f

* previous result in tension with SM prediction at S st b
level of 2.5¢ [PRL 122 (2019) 191801] | S

» Challenging due to bremsstrahlung radiation e
- significant portions of energy loss for electron .=~

- different trigger strategy for muon and electron

* recovery algorithm in calorimeter
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http://arxiv.org/abs/2103.11769
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801

Ry measurement @ LHCb [arXiv:2103.11769]
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* Measuring Ry with
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http://arxiv.org/abs/2103.11769

Ry measurement @ LHCb

_______________________________________________________________ N
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* Measuring R with
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_______________________________________________________________ N

Ry measurement @ LHCb

[arXiv:2103.11769]

* Measuring R with

NATET getem  wI/b(eten)  J/b(uti)

R. — rare “rare “‘control . _control

K Nete 8#*#‘ J/putu) 81/¢(€+e‘)
rare rare control control

* extracted as a parameter of a simultaneous fit of muon &
electron modes

 Supersede the previous LHCb analysis

P - - Eur. Phys. J. C76 (2016) 440,
+ Below SM prediction with a tension of 3.10 5 0t (3016 06|

JHEP 06 (2016) 092]
Ri(1.1 < ¢® <6.0GeV?/c*) = 0.846 F 032 +0-013

 Branching ratio for electron mode measured as well

dB(B*— Ktete™)
dg?

(11 < ¢* <6.0GeV?/c*) = (286115 £1.3) x 1077 ¢*/CeV?
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NP
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 Far away from SM after considering combinations
 Tension with interesting discrepancy for Cq far from 0
- Many model-independent fits seem to favor C&'F < 0
* NP: vector leptoquarks Z’ ?
B, = up lo ," '/ | \C‘bsuuiicbsmt
NS R:(&RK* 1o, 20 ',ﬂa\:'i’o flavio 1B | S (;Z-*l‘l‘ﬁ 10
1 s
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[arXiv:2103.13370]
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https://arxiv.org/pdf/2103.13370.pdf
https://arxiv.org/pdf/2104.08921.pdf

« Most of the results are well in agreement with the SM prediction

« Global fit to clean observables over larger significance deviation

« More data needed to confirm the trend, expect nice development in the future
* Run 3 to start next year with 5 times inst. lumi. at LHCb

« HL-LHC will increase current dataset by 100 times

 Interest on rare decays to discover hints of new physics will persist

Thank vou for your attention!
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LHCb luminosity prospects
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[Journal of Physics G: Nuclear and Particle Physics, Volume 46, Number 2 (2018)]
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Bremsstrahlung corrections
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