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Indirect searches for New Physics with rare B decays

e The Standard Model (SM) of particle physics correctly describes a wide range of phenomena involving elementary particles. ..

e ... but well-established experimental facts (e.g. dark matter and dark energy, matter-antimatter asymmetry, ...) motivate the search for a more
comprehensive theory

e Precision measurements can probe New Physics (NP) at much higher scales than direct searches

e Rare B meson decays offer a rich phenomenology for indirect searches

e b — s[7[™ transitions are Flavor Changing Neutral Currents (FCNC) decays: branching ratios of @(10_9 — 1079

e Sensitive to the presence of new virtual particles entering the quantum loops
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Effective theories for b — s17]~ decays Rev.Mod Phys. 63 (1290) [2>-1124]

e Rare B decays described 1n a model-independent way with effective hamiltonian:

e FCNC processes (high energy contributions) treated as point-like and encoded in Wilson coefficients C. (1)

e Long-distance physics (low energy contributions) described by effective operators O, (1)

GF
e 1 =my ~ 4GeV i1s the energy scale of the process ngf t=— Z VibV;ﬁ C;(4) O; (D)
V2 4
e Dominant SM contributions: o
b~ / 74 S
2
O; = o2 my, (50" bk, (electromagnetic operator) ,
e’ _
g = e (5.7,01) Z (Iy#l) (semi-leptonic vector operator) b W p
l
e _
O = @(EL;/MbL) Z (Iy*y°I) (semi-leptonic axial vector operator) ¢ ¢

[

e NP can modify the values of Wilson coefficients or add new ones

e A coherent set of “anomalies” in measurements involving b — 5[]~ processes (e.g. [JHEP 06 (2014) 133], [PRL 125 (2020) 011802], [JHEP 08 (2017) 055])

e Exciting times! More data needed 1n order to understand the nature of flavor anomalies
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https://arxiv.org/abs/hep-ph/9512380
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://link.springer.com/article/10.1007/JHEP08(2017)055

Outline

e In today’s talk recent developments in rare B decays at LHCb:

1) Measurement of Ry

2) Measurement of the rare Bg) — utu~ decay properties

New! 3) Branching ratio measurement of the rare Bf — ¢ u u~ decay and first observation of the rare BS — ' (1525)u™u~

New! 4) Angular analysis of Bf — QU U

5) Angular analysis of BT — K tutu~

6) Angular analysis of BY — K Ye*e™ at very low g*
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https://arxiv.org/abs/hep-ph/9512380

Measurement of RK - Strategy [LHCb-PAPER-2021-004]

2 + + o4 - e Measured in g% € [1.1, 6.0] GeV* with full LHCb dataset (9 fb-1)
J6.OG€V dBBT™ - K u"pu )d 0 q
R — 1.1 GeV? dq? 9 e SM predicts R%M ~ 1
K= 6.0 GeV?2 d%(B"‘ —> K+€+€_) . 41 4 4 . JHEP 12 (2007) 040]
Il | GoV2 e dg? o Corrections: O(m,/q™) ~ 107" + radiative effects O(1%) Eur.Phys.J. C76 (2016) 8. 440]
ECAL
g° = dilepton system invariant mass Magnet
e Main challenge 1s to get differences between muon and electron detection under control: N -
. . . . Upst _-~~ Downst
* Bremsstrahlung photon in the calorimeter emitted before the magnet are “added back” l:: r:f:m - /p OV::;ZI;“'“
e Three trigger categories considered: e* from signal B, K* from signal B, rest of the event " | ~J
Eg
* Rx measured as double ratio using the B* — J/y K™ normalization mode: Gl
H
o L BB oKyt BB Ily(o ete)KY) | NASESE N et
K %(B"' — J/W( N ﬂ+ﬂ_)K+) %(B"' — K+€+€_) Nzoli;m gll/’ta?/‘f ggyée Zgg}_n

e Identical selection for rare and normalization mode
e Yields extracted from unbinned extended ML fit to the invariant mass

e Selection efficiencies corrected for systematic effects
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https://arxiv.org/abs/hep-ph/9512380
https://arxiv.org/abs/2103.11769
https://s3.cern.ch/inspire-prod-files-4/482c86099bc107242c1f49c2cbef9214
https://link.springer.com/article/10.1140/epjc/s10052-016-4274-7

Measurement of Ry - Selection and background rejection [LHCb-PAPER-2021-004]

e Candidates are required to come from displaced and well reconstructed vertices

e Doubly mis-identified decays rejected with particle-identification (PID), ¢.g. Bt - K™z n™
e Other mis-1dentified and partially reconstructed decays vetoed:
e Cascade backgrounds B — H.( — K™~ 0, X) " v, Y reduced by imposing m(K*17) > myy

e DY mass vetoed applying the pion mass hypothesis on electrons

= 107 . . = 5
S LHCb simulation S005F i LHCb
B B*— K'eter 5 SimUIation
5 1072 - . 5004 5
7 B"—= D (—=K'e Vv,)e v, N
:8 + EaY + — ;-8 — N
= BT — DO(—>K e Ve) Jl’[_> e e O 03 C
2107 B*—D(—=K'x )e v, 2
= S0.02F
S 10—4 : 8
2 HLL{ Z oo
1073 : A T RS T 0.00 -
1000 2000 3000 4000 5000 1700 1800 1900 2000
m(K*e™) [MeV/c?] m(K” e, ) [MeV/c?]

e Boosted Decision Tree (BDT) used to suppress most combinatorial background
e Main background left after selection:
e Muon mode: combinatorial background + mis-identified B* — J/yw z™" in normalization mode

e Electron mode: combinatorial background + partially reconstructed BOH) o Ktz=De¢te=and BOY) - J/ w(— ete) Kt z(=0)
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https://arxiv.org/abs/hep-ph/9512380
https://arxiv.org/abs/2103.11769

Measurement of RK - Cross-checks [LHCb-PAPER-2021-004]

BB — Kly(— ptp)  Newm el
Vi, = '
Jhy %(B"" N K+J/W( N €+€_)) gnorm norm

Ty ete” —~ 11

!

e Stringent cross-check on the single ratio "Iy I LHCb
~ 1051

E— -
e Measurements show B(J/w — utu~) =~ B(J/y — e"e™) with sub-percent precision [PDG] - F l
e It does not benefit from the double ratio cancellation of systematic uncertainties in the efficiencies [ | 41+ "
e Result: ry, = 0.981 £ 0.020 (uncertainty includes statistical and systematic contributions) 0.95F
o Differential r;,, as a function of kinematic variables (e.g. pr(B™)) consistent with unity 0 9: A T T S

0 5000 10000 15000

p (B") [MeV/c

R BB > KTy2S)(— p'pu7) BB - K'Jly(— e'er))
w(2s) ~ BB+ - Kty(2S)( — ete)) 95’(B+ — KtJ/wy( - utu-))

o Additional double-ratio cross-check on R ,,¢), with g* away from J/w pole

e Result: R, =0.997 £ 0.011 (uncertainty includes statistical and systematic contributions)

e Cross-checks show that control of the efficiencies is at O(1%)
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https://arxiv.org/abs/hep-ph/9512380
https://arxiv.org/abs/2103.11769
https://pdg.lbl.gov/2020/listings/rpp2020-list-J-psi-1S.pdf

Measurement of RK - Results [LHCb-PAPER-2021-004]

e Rare modes BT — K*["[™ fitted simultaneously in 3 (trigger) X 2 (data-taking runs) categories

e Ry extracted as parameter of the simultaneous fit, normalization yields incorporated as gaussian constraints

o)
-
-

o — o 240
R, 600 LHCb L 5920 LHCb
> - —4— Data9 fb™ > 500 B —4— Data9 fb™!
O 500 ] L :
2 : —— Total fit 2 180 —— Total fit
a0 f 4 B K S ANy i — B K eer
~ - Combinatorial ~ 140 B B — J/y(ete ) KT
)] ~
8 300F o 120 B Part. Reco.
.—S - _cg; 100 : Combinatorial
g 200 = 80
8 N = 60

100 - O 40

& x5 : 20 R 26 el 38
O et 1, et O i R EEET T L T Attt B i s e
520 5300 5400 5500 5600 5500 6000
m(K*utu~) [MeV/c?] m(K ete~) [MeV/c?]
14
e Final result (first uncertainty 1s statistical, second 1s systematic): 2 LHCb
- -1
: 10 9 1b

+0.042 +0.013

R(1.1 < g% < 6.0 GeV?) = 0.846

Profileof —In(L/L_. )

~0.039-0.012 | 3
- 6F
e Uncertainty statistically dominated, main systematic uncertainty (O(1%)) from fit model of e
rare electron mode 21
e 3.1 0 deviation with respect to the SM: evidence for LFU violation in B* — K*I"[™ decays 07 " 0s 0.9 1 1.1
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https://arxiv.org/abs/hep-ph/9512380
https://arxiv.org/abs/2103.11769

Measurement of the rare Bg) — 1 u~ decay properties - Introduction
o Bg ) decays to two muons are FCNC and helicity suppressed

< <

b W ut e Very clean SM prediction based on C,, and single hadronic constant
0 — — -9
A & BBy = prpu )y = (3.66 £0.14) X 10 [JHEP 10 (2019) 232]
) BB = ptu g, = (1.03£0.05) x 1071
S W~ H
> >

g [ 1+2e 50 v 437
TBO—ptp= = o In the SM, only the heavy mass ecigenstate contributes to effective lifetime: &f i]\fl =+ 1
S I - Y S2 i 1+ AT Vs | ¢
AT, P I/f i £+ - e NP can modity & \r even 1f branching fractions are not modified
yS B 2F zQYAFS = +y +,,—
) RI/-lI H + Rﬁ JZ

o O(10719 in the SM

[JHEP 11 (2017) 184]

e Today: results with full LHCb dataset
e Bonus: Search for BS — utu"y (ISR)
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https://link.springer.com/article/10.1007/JHEP10(2019)232
https://link.springer.com/article/10.1007/JHEP11(2017)184

Measurement of the rare Bg) — 11" u~ decay properties - Strategy

e Two normalization channels used: B - K™z~ and Bt — J/y( - utu") K™

[LHCb-PAPER-2021-007] (in preparation)

e Strong PID cut on muons, backgrounds left: combinatorial, partially reconstructed semileptonic, doubly mis-identified Bg) — hth~

e Simultaneous invariant mass fit over 5 (bins of BDT) X 2 (data-taking runs) categories, first BDT bin rejected since background dominated

@102 B I 1 ] I _ E : I I I I I I I I I I I I I I I I :
~ - o = D) B . . 7
> E LHCb B—h"h ] 2 10 g Preliminary =
o _ 9 fb! o _ i = =
= | BDT 405 R . IS F ) -
E 10 B \\' ! B %K_M'I'VM - ;EJ 1 E_ S =\ & S o o _?
N~ E".._ \"s, S Ay=pu _VM E Cés E E
; - """‘,;--J-;»-’:I\ ................... B 7% . — 10—1 __ —
8 — '; " L T T - 2 E E
:_Cés 1 — "“": ‘,," B *J/I/JWVH = _ o _
—g =L L Combinatorial = 1()_2 =" =
S BT o - = LHCb : =
- e s . Preliminary - L[ 6! — -
107! R ""‘, ........ = 10 = —e— Combinatorial +
= L S S = - —e— Weighted B — u*u~ MC
B | }‘. T‘”"\ | ’.fb ~ 10—4 1 | 1 1 | 1 1 | I I I | I I I
5000 5500 6000 0 0.2 04 0.6 0.8 1

m,.,- [MeV/c?] BDT

e Mis-identified and partially reconstructed background yields estimated with simulation and fixed in mass fit

e Combinatorial background floating component

Rare decays at LHCDb

Jacopo Cerasoli



Measurement of the rare Bg) — [ u~ decay properties - Branching ratio  [HCH-PAPER-2021-007] (i preparation

B - — * —— o - | - - ' | m
~® Mass fit results (first uncertainty statistical, second systematic): § X0 - LHCb Preliminary —e— pai -
| — . . — . : ‘ L e O fb! Total ]
. %’(Bf - utu) = (3.09f8.jgf8.1?) x 107 (10.8 6) in agreement with SM | E N ADT 08 e -

o1 1 . ‘ i [ BO% i i

e B - uu~ compatible with background at 1.7 ¢ 5 30 o Bg%ZS , -

e BY — utu~y compatible with background at 1.5 ¢ P o b N | T f;:hZ:V -

- — — § i N 6 B" )%Jro(f)u u i

3 B + N ] <yt - Combinatorial i

S T _

S 1Ok :

e Limits set with CLs method:
e BB = ptu) <2.6x1071° (95 % CL)

o BB = u ), >a06ev <2.0x107 (95 %CL

S —————— e — I _ = =

e Uncertainty statistically dominated

e Main systematic uncertainties: for Bf — utu~ fragmentation fraction ratio (~ 3%), for B — uu~ exclusive background mass model (~ 4%)
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Measurement of the rare Bg) — §Tu~ decay properties - Effective lifetime iuco-paper-2021-007] (i preparation

e For effective lifetime measurement, tighter mass window chosen: no mis-identified or partially reconstructed background

e Looser PID requirement needed

e Mass fit performed on two BDT bins to extract sWeights [Nucl.Instrum.Meth. A555: 356-369. 2005]

T 3T e s o O N S
< > 51%1;;]13 Preliminary ® : §t§1 S 25E 51;15}) Preliminary ¢ TstZI :
L —-Bge YU U [ —-Bge U -
E 25l 035<BDT <055 o> lH E 20 : 0.55<BDT =100 -2~ KK :
~ 2087 ~ b E
< }gl \ = 10§ E
§ I ..... \ - ' a 3 Al § 5 . _E
,.g 5 \ .;‘ ‘_g ----- \_. .
;8 O . L S . : | . : : : : : ] ,.5 0 : |

= 5400 5600 5800 6000 = 5400 5600 5800 6000
O M., [MeV/c?] O M., [MeV/c?]

LHCb Preliminary =

e Final fit on background-subtracted decay time distribution & 10 S LHCb Preliminary 1 & 10 1
_ -~ = : 9 fb- ] = 4. 9fb E
o~ ——— >~ 3K 0.35 <BDT < 0.55 15 8 0.55=BDT = 1.00 :
v — L - 1 2 -
| Tgomyeu- = 2:07£0.29 £ 0.03 ps Jf - 5 O
R 5 4 SR
e First uncertainty statistical, second systematic S 2 Bt S 2k
(- SEEEEE S - OF ]
e Result compatible with &/, =+ 1atl.506 0o 5 10 15 o 5 10 15

Decay time [ps] Decay time [ps]
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https://www.sciencedirect.com/science/article/abs/pii/S0168900205018024?via=ihub

Branching ratio measurement of the rare BSO — ¢puTu~ decay - Strategy New! [LHCb-PAPER-2021-014]

e Reconstructed through the decay ¢ —» KTK~

e SM predictionin 1.1 < g* < 6.0 GeV?:
Eur.Phys.J. C75 (2015) 382] [JHEP 08 (2016) 098]

® (537 e 066) X 10_8 G€V_2 from nght Cone Sum Rules + Lattice QCD arXiv:1810.08132] [PoS LATTICE2014 (2015) 372]

° (4.77 ~+ 1.01) X 1()—8 GeV—2 from Light Cone Sum Rules Phys.Rev.Lett. 112 (2014) 212003 ]

o Differential branching fraction determined in bins of ¢? relative to the BSO — J/w ( = utu~) ¢ normalization mode

dBB) = putu™) BB = Jlyd) - BUly - p*u™) N, ¢

rare norm

2 2 A2
dq q max qmin N norm gmre

| 1 1 T
[JHEP 09 (2015) 179] LHCb

SM pred.

¢ Previously measured by LHCb using Run 1 data (3 tb-1) * Data

e 3 ¢ deviation with respect to the SM in 1.0 < g* < 6.0 GeV?
e Today: update with full LHCDb dataset

!

SO = N W s U O 9 XX O

dB(B’—¢uu)/dg? [10°GeV>2c4]

| |
Q)
o
<
(\®)
~—
S
n

q2
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https://arxiv.org/abs/2105.14007
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.212003
https://link.springer.com/article/10.1140/epjc/s10052-015-3602-7
https://pos.sissa.it/214/372
https://arxiv.org/abs/1810.08132
https://link.springer.com/article/10.1007/JHEP09(2015)179

Branching ratio measurement of the rare BSO — puTu~ decay - Selection New! [LHCb-PAPER-2021-014]

e Candidates selected from displaced and well reconstructed vertices

o |m(K*K™)—my| < 12MeV

e For rare mode, vetoes on g values corresponding to J/w, w(2S), ¢
e Background from mis-identified particles rejected with PID requirements

e Combinatorial background reduced with a BDT

run B T - ~ 1 | — |  r
o 18 s el < 10 L 0F , LHCb -
> 16 R AT LV = > 5 /\ 9fb™" -
R 4k ot & 400 —
O 14K R I I >. i -
. 128 L FEL L S - .
> 0] Sl _ 300 - —— data —
B .- _'- ___ 102 ; : _— tOtal :
8| Tw i - QO - t BY — + - i
1 WA TS £ 2001 | — By = outum -
6 A g i / [ e combinatorial :
N e L = 100 \ -
N: oL S\ ;
O = - i - - B '-. - '.'_- =1 . . 9fb 1 O -~ T . "-lu .. i N A e I Ll 5 sk

5200 5400 60 5800 5300 5400 5500 5600 5700

m(K"K u*u) [MeV/c?] m(K"K u*tu) [MeV/c?]
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https://arxiv.org/abs/2105.14007

Branching ratio measurement of the rare BS — ¢ uT "~ decay - Results New! [LHCb-PAPER-2021-014]

x 1078
e Simultaneous fit over data-taking periods 2011-2012, 2015-2016, 2017-2018 f: 14&— LHCH | F EEEE 2;5:11
e Results shown in bins of ¢ (details in the backup) =~ 12 ' SM (LCSR+Lattice)
@, 1 SM (LCSR)
2 2. Nl
e 3.60 deviation from 2 8 :{‘ E
- S fro Iy pes) :
e 1.8 0 deviation from 5 6 — 5 B SRR
S 4k N —
1 e e b3
O u 2 -_ | + _-
) - N
L. N N | N N 1 N | N N N N | N N P
% OO 5 10 15

g* [GeV?/c!]
e Total branching ratio determined by summing up the contributions of the g bins and correcting for the vetoed regions:
BB = pu*u”)
- BB = Iy )

= (8.00+0.21+0.16 £ 0.03) x 1074

o Uncertainties are statistical, systematic, from the extrapolation to the full g region and on %’(Bf — JIy @)
e Dominating systematic uncertainties across the bins: %(BS — Jly @) (O(11 — 37%)), model used to generate MC signal (O(4 — 10%)):

e Assessed by varying Al and the form factors used in the generation of the events
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https://arxiv.org/abs/2105.14007

First observation of the rare BY — £,'(1525) utu™ New! [LHCb-PAPER-2021-014]

. : 2 - 2
Combined g~ region [0.1,0.98] U [1.1,8.0] U [11.0, 12.5] GeV BB — iy ) i B — KK N
o |m(KTK™)—myg | <225MeV BB — Jlpd)y TR g KK N

E

norm rare

e 2D fit to BY and f,’ masses to separate signal and non-resonant contributions

N\ vt P v vt N\ =L L e e L

2P —+- data LHCb U OF |m(K*K utus) - my | < 50Mev  LHCD

= 180 ] — total 9fb! S 80E “‘ 9fb!

O D) -

< 160 ' — BY — £(1525)utu S T0E

S e S A N combinatorial \n 602— )

— 120 —— other B’ — K*K~u*u- — E +

> 100 0 L ~ -

5 —-A, = pK utu 5 40 ,

= 0 L/ 0 s C + 4 -

S ek \ | B = Kmutw - 30 T B :

= U E Ttteen ) oy E E

T 4F FeeA LIS - 2 20 :—++ T /N T 'H‘ .......

S Y S LR v gt S E i S NG

O 20F 1 T ) O 0= = e N

= ‘u ‘ .':."*-.- it = — e — 'ﬁ e il S vt Mt S Bl s e el R W I T

075300 5400 5500 5600 5700 300 1400 1500 1600 1700

m(K*K u*u) [MeV/c?] m(K*K™) [MeV/c?]

BB, = fo'1 1)
- BB — Iy )
BB - ' utu™) = (1.57 £0.19 £ 0.06 = 0.06 £ 0.08) x 10~

- UL +1.1 —7 +0.69 —7
— (155 % 0.19 £ 0.06 = 0.06) x 10~* . Agreement with SM predictions: (1.87 ;-) X 1077, (2.317 72)) X 1077,

(2.13 +£0.43) x 107’

[arXiv:2009.06213] [Phys.Rev. D83 (2011) 034034] [Eur.Phys.J. C81 (2021) 30]

o Uncertainties are statistical, systematic, from the extrapolation to the full g region and on 95’(BS0 — J/yoh)

e Observed with a statistical significance of 9 ¢

 Dominating systematic uncertainties: B(BY — J/y¢) (0(7%)), uncertainty on B(¢p — KTK)/B(f,' - KTK™) (0(4%))
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https://arxiv.org/abs/2009.06213
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.034034
https://link.springer.com/article/10.1140/epjc/s10052-020-08792-0
https://arxiv.org/abs/2105.14007

Angular ClnClIYSiS OF B;) —> ¢//t +IM B New! [LHCb-PAPER-2021-022]
(in preparation)
e Update of Run 1 analysis with 8.4 tb-1

e 4D fit to BS invariant mass and three helicity angles to determine 4 CP averages and 4 CP asymmetries in bins of g*:

e Fit performed simultaneously over 3 data-taking periods (2011-2012, 2016, 2017-2018)

e Event selection 1dentical to BSO — ¢u "~ branching ratio measurement

e Non-resonant contribution (F,) at 1 — 2 %, ignored in fit and taken into account in systematic uncertainty
e Overall agreement with SM expectations in the results, mild tensions in F; (more in backup)

e Fit to CP averages varying Re(Cy): shift of —1.3, 1.9 o deviation with respect to the SM

e Uncertainty statistically dominated, systematic uncertainties vary for angular observables and across g bins

— lgm———Tr 7 7 <Cox 1 =1 - T - O ] 18 — s e
~ 09F LHCb —4— LHCD 8.4fb™" 08F LHCDb 4 LHCb 8 4fb™ = )\ Preliminary S o
0.8 —+ LHCb 3fb™ 06F Preliminary -+ LHCb 3fb™" E
0.7 iﬂ# B sM (LCSR+Lattice) 04 R
0.6 ‘ﬁ— 02F —— =
) — C | 1 -
0.5 I 0 gﬁ——ﬂ-—-la}— —— —s;ls A
0.4 t -02F ] | =
032 0 Iy TwEs) | “04E ¢ Iy p(2S) E ;
02— | ~0.6F = O — A ——
0.1F | Preliminary _08F = - s
0 E 1 L L L | L L | i | A L . n | 1 1 1 _1 - 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 ] 1 1 1 j B _'___'_%' _____________________
0 5 10 15 0 5 10 15 ' ! | 0 i 2
27 4
q? [GeV?/c"] ¢ [GeVZ/c*
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https://iopscience.iop.org/article/10.1088/1126-6708/2008/07/106

. e _
Angular analysis of BT = K +Iu+lu - Strategy [Phys Rev.Lett. 126, 161802 (2021)]

e Full set of angular observables measured in intervals of g for the first time using full LHCb dataset

o Decay reconstructed through K+ — K gﬂ'-l_

e K g decays 1nside (long tracks) or outside (downstream tracks) the vertex detector

e Analysis performed 1n 2 (data-taking runs) X 2 (long + downstream tracks) categories

e Background from mis-identified and partially reconstructed decays vetoed, €.g.:

e BV - Kg;ﬁ,u_ + 77 from the rest of the event

e BY = Jlw( — utu™) K+ with exchanged pions and muons

e Combinatorial background reduced with a BDT 200 F LHCL
Ng 9fb~
>
e 2D fitto BT and K™ invariant mass to constrain non-resonant B* — KJztutu~ =
00
e 4D fit to B invariant mass and three helicity angles to determine 8 angular observables 100 -
¥
e Two angular bases: =
e
-
o Fr, App, 53457389 3 +
5/=3,6,9 5i=4578 0
e F;, Pr_j,3= , P ysce = 5200 5400 5600 5800 6000
(1 —Fp) \/FL(l — F}) m(K{mtutp™) [MeV/¢?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802

: % _
Angular analysis of Bt - K +/’t+/’t - Results [Phys.Rev.Lett. 126, 161802 (2021)]

e Local deviations from SM predictions observed in P, and Ps" (more results in backup)

: 5 : LHCh :
I —_ 1| —+ Data 9fb™" .
[ —I- i _/=_|_H SM from DHMV i
0.5 | | 3 - 0.5 T SM from ASZB
l G ] l T ]
I = == W T L
05 LHCh - 05l | | Vt I
- —4— Data 9fb ! . ! Z 3 B
1 F SM from DHMV - 4 3 + ]
SM from ASZB i :
] T T R B T T a—
q* [GeV?/ct] q* [GeV?/c?]
20T :
: LHCb 9 fb~* | flavio v2.0.0
o Fit to angular observables varying Re(Cy) 2ok T B R
e ¢ in intervals up to 6.0 GeV? + [15.0, 19.0] GeV? to avoid charmonium resonances Qo s
20 a
e Shift of —1.9: 3.1 ¢ deviation with respect to the SM = |
10
. _y . . . L. . . 10|
e Uncertainty statistically dominated. Main systematic uncertainties from limited size of MC, :
signal fit model and acceptance parameterization S
L N N
AR@(Cg)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802

Angular analysis of BY — K V¢te™ at very low q - Strategy [JHEP 12 (2020) 081]

e Angular analysis in g* € [0.0008, 0 . 2570] GeV?, sensitive to right-handed currents in b — sy (C;)
e Update of Run 1 analysis with full LHCb dataset

e Non-resonant Kz contribution neglected at g> ~ 0

e Two trigger categories: e* from signal B or rest of the event

e Simultaneous fit to BY invariant mass and three helicity angles over 2 (trigger) X 2 (data-taking runs) categories

tan y = |Ap/A; | ratio of right- and left-handed photon amplitude

[ — > i ' L L
AP =sin(2y) cos(@; — ¢p) | 2 - LHCb . B'—K ete- -
T |~ 0 in the SM = 100 ; -

Im : : (3]; [} Data : E SL/C 7

A7" = sin(2y) sin(¢, — bp) | ~  80f — Model | i " :

— ————— e s N - ' : B—K “mete” ~

Q - : -

§ 60 i B B =K n(erey)

é N Wl 5k ey

e Background from mis-identified and partially reconstructed decays vetoed & 40 - : B'—K"y -
e Combinatorial background reduced with a BDT 20 —:

O ! 1 e
4500 5000 5500 6000
m(K m-ete”) [MeV]
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https://link.springer.com/content/pdf/10.1007/JHEP12(2020)081.pdf

[JHEP 12 (2020) 081 ]

Angular analysis of B - KV *te™ at very low g? - Results

e Results compatible with SM (first uncertainty 1s statistical, second 1s systematic): e Strong constraint on C,':

Y—.‘ - ' ' ' I ' ' ' ' ' I ' ' ' T (0%0) —- ' I | - 1.0
- __ — - '_ —
2 50E LHCb | 1 S 505 LHCb : : Constraints at 20
= 4 & wf = —— B(B - X.7)
s - 1 = - ‘]’ ‘]’ ' BY — K97
S 4 2 05 43 T 0.5 - ST
@) S B T 3 | 0
‘]’ E 205 """""""" % S —— BY — K*Vete~
AN 2 = 1 7 s\ | Global
e — SR
-1 -0.5 0 0.5 1 \é/
cost coso, —_—

£ sofLmch R 05 -
S + ' = +0.044 + 0.026 £ 0.014 -
n 40 _
) - -
= N ] Re __ )
S ok Jr + Jr I ARe = _ 0.06 + 0.08 = 0.02 _ : R
S C 1 4 =1 | ... I_:_ —1.0 —r r r 1 1 T 1 ; —r Tt T T r T T
S 20:_+1 o S A 2 'r?t'?:,.ﬁ-w;]-_— ------ T AP = 1 0.11+0.10+0.02 ~1.0 0.5 0.0 0.5 1.0

tof : Alm = 4 0.02 +0.10 = 0.01

e Uncertainty 1s statistically dominated

e Main systematic uncertainties from limited size of MC and data used to evaluate angular shapes and acceptance

Rare decays at LHCDb

Jacopo Cerasoli


https://link.springer.com/content/pdf/10.1007/JHEP12(2020)081.pdf

Conclusions

e A coherent set of anomalies arises in measurements of rare b — s /7]~ processes
e Several new results 1n rare B decays using the full LHCb dataset:

e Measurement of Ry shows 3.1 6 deviation with respect to the SM

o Entering the precision regime 1in the measurement of properties of Bg) — utu~ decays

e Local deviations from the SM predictions 1in the measurement of Bf — ¢uu~ branching fraction and

Bt — K tuTu~ angular observables

e Overall agreement with the SM 1n the angular analysis of BS — puTu”

e Strong constraints on right-handed currents in b — sy processes

e More measurements to come!

Rare decays at LHCb Jacopo Cerasoli
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The LHCb detector [Int.J Mod Phys. A 30, 1530022 (2015)] [JINST 3 (2008) S08005]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

BS — ¢y~ branching ratio measurement - Detailed results

q° interval dB(B?— ¢utp)/B(B— Jhpe)de?

dB(B; — ¢u'p~)/dg”

[ GeV?/cd] [107° GeV2c] (1078 GeV 2]
0.1-0.98 7.61 £0.52 £0.12 7.74 £0.53 £0.12 4+ 0.37
1.1-2.5 3.09 £ 0.29 + 0.07 3.1540.29 +0.07 £ 0.15
2.5-4.0 2.30 £ 0.25 £ 0.05 2.34 4+ 0.26 +0.05 £ 0.11
4.0-6.0 3.05 +0.24 £+ 0.06 3.114+0.24 +0.06 + 0.15
6.0-8.0 3.10 +0.23 £ 0.06 3.15+0.24 £ 0.06 + 0.15
11.0-12.5 4.69 4 0.30 & 0.07 4.78 +0.30 = 0.08 £ 0.23
15.0-17.0 5.15 4+ 0.28 + 0.10 5.25+0.29 +0.10 + 0.25
17.0-19.0 4.124+0.29 +0.12 4.1940.2940.12 4+ 0.20
1.1-6.0 2.83 +0.15 £ 0.05 2.88 +0.15 £ 0.05 £ 0.14
15.0-19.0 4.5540.20 +0.11 4.63 +0.20 £ 0.11 £ 0.22
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https://arxiv.org/abs/2105.14007

Bf — ¢ uu~ branching ratio measurement - Systematic uncertainties

Source Osyst. (AB(BY — dutp™)/dg?)  ogyst. (B(BY— foptu™))

(1078 GeV—>¢] [1077]
Physics model 0.04-0.10 0.02
Limited simulation sample 0.02-0.07 0.01
Residual background 0.01-0.04 0.01
Fit bias 0.00-0.03 < 0.01
Signal fit model 0.00-0.01 0.03
Simulation corrections 0.00-0.03 0.01
Residual mismodelling 0.00-0.02 < 0.01
B(Jhp— putu™) 0.01-0.04 0.01
Bl¢— KTK™)/B(fy— KTK™) — 0.04
(Quadratic sum 0.05-0.12 0.06

Normalization B(B?— J/¢) 0.11-0.37

0.07
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Angular analysis of BY — K Tutu~ - More results (1/2)
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Angular analysis of BT - K +/’t+//t - More results (2/2) [Phys Rev.Lett. 126, 161802 (2021)]
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