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The LHCb Experiment
Strange Hadrons at LHCb

Recent Results

* Amplitude analysis of D'—K*K-mr*mr- decays (JHEP 02 (2019) 126)
o Studies of the resonance structure in D0—K*mm*m* decays (Eur. Phys. J. C78 (2018) 443)
 Study of charmonium decays to KsK1r in the B—(K%K1r)K channels (Phys. Rev. D 108, 032010 (2023))
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https://link.springer.com/article/10.1007/JHEP02(2019)126
https://doi.org/10.1140/epjc/s10052-018-5758-4
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032010
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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
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LHCb Upgrade

* New Vertex Locator
New Tracking Stations

New RICH Electronics
Fully Software Trigger

Integrated Recorded Luminosity (1/fb)

The LHCb Experiment
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https://arxiv.org/abs/2305.10515

Strange Hadrons at LHCb
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Hadrons of Any Kind

* Mesons, Baryons, Tetraquarks, Pentaquarks - -
* Excellent PID performance 0s) - o Ji
* Flexibility of the Trigger system [64 new hadrons at LACb! )

-
7.0 - o /6900
6152 01(6340) -
6.5 1 (6227 Niolasy W 6220 SRR =,(6095)°
- o % =,(6095)
6.0 - A,(5920)° =,(5955)" _ B,(5970)* o " g M=, (6087)°
' W, (5912)° = (5935 @ B(5840)"° L,(6097)"  A,(6070F B.(6114)°
= 5.(6097) B, (6063)°
~ 9.5 1
= _
2 501 ® bg
R L X(4700) X(4685)
= 45 e cclqq) PY(4450)* ® x(a500) Py (4457) @ x(4630) P (4338)°
n 4.5 7 56 = X(4274) Fy 4440y . ' v
© e o Py(4380) ¢ lp y(4312)" .;:’.:ﬁggg;* - T2,,(4000)°
= 404 @ cccc o  3842) P . 0"
o g 2 T.(3875) X(3960)
3.5 A GaG . 0.(3327)°
® 999 a0 o (28501 (303000 R 0.(3185)°
0 - D,(3000)° » A(2860) 1 0.(3066)° = T,:0(2900)°
0{ w e s % ® " aE s OFE0 e
cqq D,(2740)° D. (2760) c )
2.5 1 _ D,(2580)° . : ®p.. 2(2590)°
m <cqqq
2-0 1 1 1 1 1 1 1 1 1 1 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
patrick koppenburg@cern.ch 2023-08-16 Date of arXiv submission
< DEGLI STUDI
= -
INFN % -
Y, z
Istituto Nazionale di Fisica Nucleare Z ;
rHCh. = S
' ’ n n | n ._J O
THCD Strange Hadrons at LHCDb Maurizio Martinelli - Strange hadrons spectroscopy at LHCb | 19.03.2024 [N B A



https://www.nikhef.nl/~pkoppenb/particles.html
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Amplitude Analyses

* Direct production of light hadrons obviously happens but the multiplicity of
tracks is so large that they are covered by large background

* Rather study resonances in heavy flavored particle decays (D, B, baryons)

* Allowed by clean signals and good understanding of detector efficiency
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https://doi.org/10.1103/PhysRevLett.127.111801

Recent Results
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Amplitude Analysis of 4-Body Charm Decays

* 4-Body Charm decays have a rich resonant structure, especially at low masses
(<1.7GeV/c?)

* Good knowledge of the resonant substructure of the decay is important for
other studies (i.e. CP Violation)

* With pseudoscalars only, 3D phase space
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B-tagged Decays

* D° mesons reconstructed from B—D**y’X with D**—Dmr*, or B—D°uX
Trigger selection on p to improve efficiency determination
Requirements on decay chain improve signal purity

Efficiency

* Determined from simulation reconstructed as data

* [ncluded in the fit by performing all the normalisation integrals over the
simulated data - integration sample

* Normalisation integrals independent from integration sample, but their
uncertainty is — use approximation of model to generate the integration sample
- Importance sampling
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Isobar Model

e Cascade decays
D° > X P,
LY P,
>P,P,

e Quasi two-body decays
D° - XY
> Py P,
P, P,

 Amplitudes are product of dynamical functions for each isobar and a spin factor
Dynamical functions: Breit-Wigner; K-matrix
STR@NG Spin factor from Covariant tensors

\/%B L(q 90)
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EUR. PHYS. J. C78 (2018) 443

RS and WS samples

* Right-Sign: Cabibbo favoured D°— K'mr*mrm*
(Ns=891k, P=99.6% in 2011/12)

* Wrong-Sign: Doubly Cabibbo suppressed D°— K*mr1r*m
(Ns=3k, P=82.4% in 2011/12)

e Contamination of RS in WS (Mistag)
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Strange Spectroscopy in DO decays
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K*(892)7 27.08 +£0.64 +£2.82  0.388 +0.007 +0.033 —172.6+1.1+6.0

(K—a+]"=" - 2290 +0.72+1.89  0.554 4+ 0.010 + 0.037 53.24+1.1+1.9 0.8

[K*(892)°7~]""" 34740174031  0.769+0.021 £0.048 —19.3+1.6+6.7

w(782) [rtn~ ] K~  1.65+0.11+0.16  0.146 = 0.005 & 0.009 0.04+2.1+5.7 0.0

K(1460)- 0.4

* The presence of this resonance is further justified by the Argand diagram 0.2

-

m = 1.11£ei/?/A

from the Model Independent Partial Wave Analysis 0
K (1460)~ mg = 1482.40 £ 3.58 4+ 15.22 MeV/c? ; Ty = 335.60 + 6.20 + 8.65 MeV/c? m — 1.64 GeV/02
Partial Fractions [%] g arg(g)[°] -0.2 e -
K*(892)07~ 51.39 +1.00 + 1.71 0 0.5 1
STR@NG mta )" K~ 31234083+ 1.78 Re (A)
frK 1.819 4 0.059 + 0.189  —80.8 + 2.2 + 6.6

B 0.813 =0.032 £ 0.136 1129 == 2.6 = 9.5

INFN Bo 0.315 £ 0.010 £ 0.022 46.7 £ 1.9 = 3.0
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Fit Results D°— K'mrm*m
* 3-Body resonance parameters fixed to RS fit

* Largest fraction from K11t (colour-favoured W emission)

Fit Fraction [%)] 9| arg(g)[°]

(K*(892)°p(770)°] =0 9.62 +1.58 +£1.03 0.205 4+ 0.019 4 0.010 —85+4.7+44
(K*(892)°p(770)0] “~ 8.424 0.83+0.57 0.390 +0.029 + 0.006  —91.4 +4.7+4.1
(K*(892)0p(770)0]“ 10.19 + 1.03 £ 0.79
p(1450)°K*(892)°] “~° 8.16+1.24+1.69 0.541 +0.042 4+ 0.055 —21.8+6.5+5.5
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(K+7= "= [atr—]"° 20.90 + 1.30 & 1.50

as /s 0.686 + 0.043 £ 0.022 —149.4+4.3+2.9

B 0.438 +0.044 + 0.030 —132.4 + 6.5 + 3.0

Frr 0.050 4 0.006 + 0.005 748+ 7.545.3
Sum of Fit Fractions 101.99 + 2.90 + 2.85
x2/v 350/239 = 1.463
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Run1 Sample (2011/12)

* Cabibbo suppressed D°— K*K'mr*m (Ns=160k, P=82.8%)
* Mass fit used to extract fraction of signal decays and background in ¥2¢ region
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Amplitu(lo |ck| arg(cy) [rad] Fit fraction [%)]
— [6(1020)(p — w)°] o 1 (fixed) 0 (fixed) 93.82 4 (.38 4 0.50

DU — K1(1400)" K~ 0.614 £0.011 £0.031 1.05£0.02+0.05 19.08 £ 0.60 £ 1.46

DY (K- 7t oK+ 7 oo 0.2824£0.004£0.008 —0.60+0.02+0.10  18.46+0.35+0.94

DY — K, (1270)" K~

DY — [K*
(1680)[K 7] -0
DY — [K*

D — K*

(892)° K*(892)°] L=

(892)° K*(892)°] 1.,

D° - K,(1270)" K+
D' = [KTK ™ |p—o[n™ 7 | L=0
D" — K;(1400)" K™

DO = [K*(
DO - [K*(
D” — K*

(1680)° K*(892)°] .o
(1680)" K*(892)"] -1
1680 0[1\+T’ ]L 0

— [o( 1()2() )(p — w)?] =2

D“ — [K*

D' — ¢(1020)[x*
DY — [K*(

(892)° K*(892)"] -2
77__]1;0
1680)" K*(892)"] 1.=1

D" — [(1020)p(1450)"] =1
D" — ay(980)° f2(1270)°

(
(
DY — (11(
D() — (1.1(

(

1260)* 7
1260) =7+

D" — [6(1020)(p — w)*] =1

DY — [K*(

1660)“1T 892)“] =2

DU — [l\+]\ ]L =0 /) )U
DY — [(1020) £2(1270)°] 1.

D° - [K*

(892)Y K35(1430)°) 1,4

0.452+0.011+0.017
0.259 +0.004 £ 0.018
2.359 +0.036 £ 0.624
0.249 £+ 0.005 £ 0.017
0.220 £ 0.006 = 0.011
0.120 £ 0.003 £ 0.018
0.236 £ 0.008 = 0.018
0.823 £+ 0.023 +0.218
1.009 4+ 0.022 4+ 0.276
1.37940.029 £ 0.373
1.311 +£0.031 = 0.018
0.652 4+ 0.018 +0.043
0.049 = 0.001 £ 0.004
0.747 £ 0.021 £ 0.203
0.762 +0.035 £ 0.068
1.524 4+ 0.058 == 0.189
0.189 4+ 0.011 £+ 0.042
0.188 4+0.014 £+ 0.031
0.160 £ 0.011 £ 0.005
1.218 +0.089 = 0.354
0.19540.015 4+ 0.035
1.388 +0.095 £ 0.257
1.530 4 0.086 = 0.131

2.02+£0.03+0.05

—0.27+0.02£0.03

0.44 +0.024+0.03
1.224+0.02+£0.03
2.09+0.03+0.07

—2.49+0.03+0.16

0.04 +0.04 +=0.09
2.9940.03+=0.05

—2.76 +£0.024+0.03

1.06 =0.02 £0.03
0.544+0.02 +=0.02
2.85+0.03+0.04

—1.71+0.04 £0.37

0.14 +0.03 +=0.04
1.17+0.04 =0.04
0.214+0.04+0.19

—2.84 +0.07+0.38

0.184+0.06 £0.43
0.284+0.07+0.03

—2.441+0.08 =£0.15

2.95+0.084+0.29
1.71+£0.06 £0.37
2.01+0.07%+=0.09

18.054+0.52+£0.98
9.18+0.21 £0.28
6.61 =0.154+0.37
4.90+0.16 +:0.18
4.29+0.18+:0.41
3.144+0.17+0.72
2.824+0.194+0.39
2.754+0.154+0.19
2.70£0.114+0.09
2.414+0.09+0.27
2.294+0.084+0.08
1.85+0.09 +£0.10
1.494+0.09 £0.33
1.48+=0.08 £0.10
0.98 +0.09 +=0.05
0.70 £ 0.05 £ 0.08
0.46 £+ 0.05 +=0.22
0.454+0.06 £0.16
0.43 +0.054+0.03
0.33 £ 0.05 £ 0.06
0.274+0.04 +=0.05
0.18+£0.02 +=0.07
0.184+0.02 +=0.02

Sum of fit fractions

2 /ndf

129.324+1.09 £2.38

9242/8121 = 1.14
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Amplitu(lo |ck| arg(cy) [rad] Fit fraction [%)]
— [6(1020)(p — w)°] =0 1 (fixed) 0 (fixed) 23.82 4 0.38 4+ 0.50
D“ — K,(1400)* K~ 0.614 4+ 0.011 +0.031 1.05+0.02+0.05  19.08 +0.60 4 1.46
D’ = [K 7t )p—o[K 77 |p—0  0.28240.00440.008 —0.60+0.02+0.10  18.46+0.3540.94
D — Ky (1270)T K~ 0.4524+0.011+0.017  2.024+0.03+0.05  18.05+0.52+0.98
DY — [K*(892)°K*(892)°] .o  0.25940.004+0.018 —0.27+0.02+0.03  9.18+0.21 +0.28
D" — K*(1680)°[K 7] -0 2.359 +0.036 £ 0.624 0.44 +0.02£0.03 6.61 +£0.15+0.37
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(892)° K*(892)°] 1.,
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DO = [K*(
DO - [K*(
D” — K*

(1680)° K*(892)°] .o
(1680)" K*(892)"] -1
1680 0[1\+T’ ]L 0

— [o( 1()2() )(p — w)?] =2

D“ — [K*

D' — ¢(1020)[x*
DY — [K*(

(892)° K*(892)"] -2
77__]1;0
1680)" K*(892)"] 1.=1

D" — [(1020)p(1450)"] =1
D" — ay(980)° f2(1270)°

(
(
DY — (11(
D() — (1.1(

(

1260)* 7
1260) =7+

D" — [6(1020)(p — w)*] =1

DY — [K*(

1660)“1T 892)“] =2

DU — [l\+]\ ]L =0 /) )U
DY — [(1020) £2(1270)°] 1.

D° - [K*

(892)Y K35(1430)°) 1,4

0.249 £+ 0.005 £ 0.017
0.220 £ 0.006 = 0.011
0.120 £ 0.003 £ 0.018
0.236 £ 0.008 = 0.018
0.823 £+ 0.023 +0.218
1.009 4+ 0.022 4+ 0.276
1.37940.029 £ 0.373
1.311 +£0.031 = 0.018
0.652 4+ 0.018 +0.043
0.049 = 0.001 £ 0.004
0.747 £ 0.021 £ 0.203
0.762 +0.035 £ 0.068
1.524 4+ 0.058 == 0.189
0.189 4+ 0.011 £+ 0.042
0.188 4+0.014 £+ 0.031
0.160 £ 0.011 £ 0.005
1.218 +0.089 = 0.354
0.19540.015 4+ 0.035
1.388 +0.095 £ 0.257
1.530 4 0.086 = 0.131

1.224+0.02+£0.03
2.09+0.03+0.07

—2.49+0.03+0.16

0.04 +0.04 +=0.09
2.9940.03+=0.05

—2.76 +£0.024+0.03
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0.544+0.02 +=0.02
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—1.71+0.04 £0.37
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—2.84 +0.07+0.38
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0.284+0.07+0.03

—2.441+0.08 =£0.15

2.95+0.084+0.29
1.71+£0.06 £0.37
2.01+0.07%+=0.09

4.90+0.16 +:0.18
4.29+0.18+:0.41
3.144+0.17+0.72
2.824+0.194+0.39
2.754+0.154+0.19
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2.414+0.09+0.27
2.294+0.084+0.08
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0.70 £ 0.05 £ 0.08
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0.454+0.06 £0.16
0.43 +0.054+0.03
0.33 £ 0.05 £ 0.06
0.274+0.04 +=0.05
0.18+£0.02 +=0.07
0.184+0.02 +=0.02

Sum of fit fractions

2 /ndf
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Amplitu(lo |ck| arg(cy) [rad] Fit fraction [%)]
— [6(1020)(p — w)°] =0 1 (fixed) 0 (fixed) 23.82 4 0.38 4+ 0.50
D“ — K,(1400)* K~ 0.614 4+ 0.011 +0.031 1.05+0.02+0.05  19.08 +0.60 4 1.46
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K1(1270)* and K1(1400)

* |tis interesting to notice that in this analysis the contributions of K*mr and
(p-w)K are more balanced wrt to D°— K

* |[nterference is also much lower in this analysis
* No evidence of K(1460) is found

: . aro(c) [rac Mt fract 0 - -
Amplitude ek | arg(cy) [rad] Fit fraction [%] D°—s KTt
a1(1260)™ = [¢(1020)7™ | =0 1 (fixed) 0 (fixed) 100
K1(1270)  mg = 1289.81 £ 0.56 & 1.66 MeV/c?; Iy = 116.11 & 1.65 + 2.96 MeV/c?
Partial Fractions [%)] 9| arg(g)|[°]

K,(1270)" — [K* (892 ™ =0 0.584 % 0.016 = 0.040 0.63 £0.03 £0.05 51.22 4+ 1.06 £ 3.21 92770)(;5(_ 96.30 £1.64 £ 6.61

- =0\ + ' - S o ) e p(1450)" K~ 49.09 =158 +11.54 2.016 = 0.026 = 0.211 —119.5+0.9+2.3
K l“')i“)* ~ -(/f+ “j I‘ ]i 0 1 (h‘\,( d) ( 0 (fixed) | 105? + 1.99 =+ 155 K*(892)07~ 2708 +0.64+2.82  0.388+0.007+0.033 —172.6+ 1.1+ 6.0
K 1(12(()) - :]\ [ ][J:()’/T ' 0.612+0.027 4+ 0.094 —1.94 4+0.04 4+ 0.08 6.27 +0.48 +£1.66 [I(—WJr]L:O T 292 90 + 0.72 + 1.89 0.554 + 0.010 + 0.037 53.2+1.1+1.9
1\'1(1270)* — .1\’*(892)07"*]1‘:2 0.859 4 0.044 4+ 0.060 —2.53+0.04+0.05 2.03+0.17+0.20 [R*(ggg)oﬂ—]l“:2 3.47+0.17 +0.31 0.769 + 0.021 + 0.048 ~-193+1.6+6.7
K,(1270)" = [p(1450)° K| —¢ 0.482+0.068 +£0.187 —2.37+0.10+0.45 1.504+0.47 +1.04 w(782) [xTa~| K~ 1.656+£0.11+£0.16  0.146 £ 0.005 + 0.009 9.0 £2.1£5.7

Sum of fit fractions 110.60 4+ 2.20+5.76

STRQNG K,(1400)" — [K*(892)" 7] -0 1 (fixed) 0 (fixed) 100
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Charmonium Decays

* Multibody B decays offer a large spectrum of resonant states, but their
Dalitz plots are typically more populated at the borders

* A circumscription of the phase space is possible by studying
charmonium resonances, which are abundantly produced in the
process B*—(cC)K*

* Charmonium in turn decays to light hadrons (1,K) and provides a
favourable ground for studying strange mesons resonances

* These studies are also conducted by other experiments
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Lots of Physics

* Branching fractions of B*—(cC)K* decays (not covered in this talk)
* Amplitude analysis of charmonium resonances

Sample

* Full LHCb dataset (2011-2018): 9/fb
* KS candidates reconstructed when decaying inside (LL) and outside (DD) the VELO

o)
S
S
O

4000 (d)

[\
S
-
S
[a—
N
S
-

3000

1500 4000

1000
2000

Candidates/(3.5 MeV)
Candidates/(3.5 MeV)
Candidates/(3.5 MeV)
Candidates/(3.5 MeV)

1000

2000
- 200 1000

500|

: : 0 1 1 1 1 1 1
5200 5300 5400 5200 5300 5400 5200 5300 5400 5200 5300 5400

STR Q N G m(K9 K" K*r*) [MeV] m(K K K*7m*) [MeV] m(Ko  K*K*n) [MeV] m(K K K*77) [MeV]
Ns=21k Ns=53k Ns=18k Ns=40k
P=80.0% P=69.5% P=82.3% P=79.9%  Eprcustun
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Charmonium with Good Purity

23000 + =S
¢ | 23000/ | B
= LHCb ,I (a) > LHCb , (b)
St 0 fp ! B B sidebands — 0 fh ! , mm B sidebands
$2000 I 3 b
§ Y l ,_Cé’ 2000 | l Yo
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S ; Nc(2S) S | Nc(2S)
O DO o l O Pty l
1000 ) 1000 A Y
f1(1285) L | f1(1285) ' X a
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Selection of Charmonium Resonances

nC XC1 nc(z S)
2 | Z LHCb f (@ I z LHCb 4 .
S LHCb f = 300 a > 300 - B B sidebands
E’ ?500 9 fb ++ ++ —Bsi(c?e)bands < 9 fb ﬁ ﬁﬂ B B sidebands 2 9™ ﬁ m 1,(25) regions
| ﬂ_,m) n. regions 9 2, regions QO
< Z 1000 a s 200 SR T 200 g
X E ;o = bk = by
S, Ly U R ++++*+++++++ T AR ++++*+++++++ i
% 500 | 100fhtag, et R 100fhitag, et RTATIGAH
+ " w o
0 Mmemiu 5 % 34 35 36 37 38 34 35 36 37 38
m(K’K"*) [GeV] m(K K77) [GeV] m(KK~7*) [GeV]
I «\ | § '
= 21500 LHCb b (b) S 400 LHCED + Hﬂ b)
i NS 9 fb~ ! + mmm B sidebands L’\} 9 fb H + + . B 51deb.ands
T 2 + 7, regions 8 4 4 + Py FEEIOTS o
g S 300 + 4 K
X 51000 = = | AT b g(©
I . S P Vel c¥
X 9 K S bl MY \at9°
4
e T o LA e o ot T v 0
NEN 0 ===57% 3 30 34 35 36 3(;7+ 3.8 DEGLI STUDI
Istituto Nazionale di Fisica Nucleare m(K(S)K+7z-_) [GeV] m(KSK n._) [GeV]
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2D Dalitz

* Approximately 19k signal candidates per channel

* m?(K%) vs. m3(Km)

o Efficiency parametrised as function of m2(K%r) and cosor

* Two analyses: Quasi Model Independent and Isobar to gain insights of the

Kt S-wave
QMI: amplitude and phase of S-wave fitted at equally spaced intervals of 50 MeV
1 - Krn 0 . k% 0 0
_ Kr 1p; K" 1p; Kr _ K& Kr _ K'r

V2

Isobar: Fit data with superposition of known and poorly known resonances

STR@NG

<t DEGLI STUDI

=
9
a4
—
2
7
-
b

== ONVTIN Id

Strange Spectroscopy in B decays Maurizio Martinelli - Strange hadrons spectroscopy at LHCb | 19.03.2024 25 ICOCC


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032010

Qua3| Mmlel Indenendent I(n s-wave Flt
T

STR@NG

ﬁ e t
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Final state Fraction (%]  Phase [rad]

BT — K(S)K+K_7r+
(K)sK 120.6 + 2.4 + 5.4 0.
ao(1450) 24404408  248+0.07+0.09
K3(1430) K 16.6+08+09  4.31+0.03+0.11
as(1320)7 0.7£0.24£0.5 4.18 = 0.10 = 0.27
ap(980)m 11.3+0.6 0.9 —2.93+0.03+0.03
ao(1700)7 1.5+£0.2+£0.2 2.00 £0.08 £ 0.14
K3(1980)K 284+03+1.0 —0.08+0.07+0.14
as(1750)7 0.24+0.1+0.1 —3.5640.20+0.24
Sum 156.1 £2.7£114

x?/ndf = 1706/(1597 — 17) = 1.08

BT - KKTKtn~

(Km)sK 106.0 £ 2.8 £ 8.5 0.
ao(1450) 7 0.8+0.3+04 1.64 +0.14 + 0.47
K3(1430)K 17.84+09+1.0 4.32 +£0.03+0.13
as(1320)7 0.7+ 0.24+0.5 4.22 +0.11 +0.93
ao(980)7 9.7+0.6+0.3 —3.02+0.04+0.05
ao(1700)7 0.8+0.24+0.2 2.10 £0.11 +0.24
K3 (1980)K 6.3+ 0.6+1.9 0.13 £0.05 4+ 0.08
as(1750) 7 0.2+024+03 —-3.87+0.224+0.16
Sum 143.7+2.9 + 8.8
x?/ndf = 1686/(1589 — 17) = 1.07

B — K(S)KKﬂ'
(Km)sK 1144+ 1.8 +4.6 0.
ao(1450)7 1.4+024+04 2.31 £0.06 £ 0.09
K3(1430)K 17.14+0.6 £0.7 4.32 +£0.02 & 0.08
as(1320)7 0.7+0.14+04 4.20 £ 0.08 + 0.26
ao(980)7 10.54+04+04 —2.974+0.02+0.03
ao(1700)7 1.0+ 0.1 +0.1 2.04 +£0.06 +0.12
K3 (1980)K 3.5+0.3+0.9 0.06 £ 0.04 &+ 0.07
as(1750) 7 0.2+0.14+0.1 -3.69+0.15+0.16
Sum 148.8 +£2.0 4.8

Strange Spectroscopy in B decays

Candidates/(20 MeV) Candidates/(20 MeV)

Candidates/(20 MeV)

400

200

400

200

300

200

100}

B+ — KOSK+ K-+

LHCb
9fb

(a)
—— Total
I B sidebands

W nsidebands

1 1.5 2 2.5
m(K"7*) [GeV]

1 1.5 2 2.5
m(KOn' ) [GeV]

1 1.5 2 2.5
m(KgK- ) [GeV]

Candidates/(20 MeV) Candidates/(20 MeV)

Candidates/(20 MeV)

PHYS. REV. D108 032010 (2023)

400

200

600

400

200

300

200

100} 4

B*— Ko K*K*m-

LHCb (a)
9fb! '

—— Total

1 1.5 2 2.5
m(K*7) [GeV]

LHCb * (b)

1 1.5 2 2.5
m(K07r ) [GeV]

1 1.5 2 2.5
m(K‘S’K+) [GeV]
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lluasl Mmlel Imlene
T

> S 3T i
$ ' Lhos H 3 T ® i iﬂa’ 1
2 o, * 2 2.5 g 9 fb i% =
< t o ”’ = 2| fll ' T |
I ;f Vb Q £ R wwﬁm !
0.5 % i } 2 15 * %MJ 0.
T : Sl
i P T
l W (a) 0.5 Ty ¢ K%K:K’;fr* N
5 KKK
0 1 15 > 5 1 15 > 2.5 —0.5 0 0.5
m(K 1) [GeV] m(K ) [GeV] Re(A)
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% g ; (b) LHCb
K(2600) 1 = Tl "
* Alarge S-wave amplitude is required for the model to fit . 1’ W
Low mass k/K*y(700) , |
* Tested, non-significant improvement to the fit L s 2 s U s 2 s

m(Kr) [GeV] m(Kr) [GeV]

Comparison with QMI

Poorly known resonances

é (¢) — T:)tal

e K*(1980) consistent with zero LHC

e K*(1430), K*o(1950), ao(1700) : \ o kasony (4
)

Resonance  Mass | MeV | ['| MeV | A(2log L) Significance
K;(1430) 1493+ 4+ 7 215+ 7+ 4 . .
K;(1950) 1980+ 14+ 19 229+ 26 + 16 316 17.80
STRQNG ao(1700) 1736 =10+ 12 134+ 17 =61 161 12.70
k(2600) 2662 4+ 59 £ 201 480 =4 47 + 72 1338 36.60 1 S

DEGLI STUDI
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Isobar Mouel kit

Final state Fraction [%] Phase [rad] Amp|ItUdeS Interference
BT - KSKTK nt N | > T K (1430)/a,(980)
K (1430)K 35.1 + 1.3 + 2.9 0. > W LHCb > ®) o eOmeen
S ota 9 fb S -+ K,(1430)/k(2600)
a0(980)7r 5.6 0.8+ 1.6 —-3.39 +0.084+0.13 g; a00l- --- K:;(l430) %'/ 400 II | = ay(1320)/K(2600)
K3 (1430)K 154+1.0+1.1  3.53+0.03+0.10 S K,(1430) g g dioees)
a2(1320)7 1.14+02+0.3 —2.904+0.1140.26 2 += K(1950) = { *’ “*'i ""n
K (1950) K 39+04+03 —0.46 £0.06 £ 0.63 3 T KeO 5 200 bt Ty
ao(1700) 1.74+03+04  1.00+0.08+0.17 200 - me
ao(1450) 7 34+05+08 —4.78+008+0.17 | g o4 A W7 T e
az(1750)7 0.3+0.1+0.1  24340.17+0.17 b A O A RaRi RS e s zeze 2 L LTI T T
1(2600)K 63.9+34+81 —0.42+0.05+0.14 Tt i PRk N
1 1.5 2 2.5 1 1.5 2 2.5
Sum 130.5 +£4.0 £ 8.9 m(K 7*) [GeV] m(K 7*) [GeV]
x?/ndf = 1798/(1589 — 19) = 1.15
B" - KSKTK'n~ = ~ |
K (1430)K 32.0 £ 1.2+ 2.8 0. = S (d) |
ao(980) 49+06+1.0 —3.37+0.08+0.11 S S 400 i
K3 (1430)K 138+ 1.0+12  3.56+0.03+0.11 g 40 g i
a2(1320)m 124+02+03 —2.82+0.11+0.24 3 h= P b
K (1950) K 34+04+03 —0.4240.06 + 0.64 5 Z 200 My e 'u,,,,mm
ao(1700)7 0.7+02+02  1.18+0.1140.28 200 s U ",
ao(1450)7 2.0+ 04+0.7 —4.86=+0.10+0.22 i R S .
az(1750)7 03+0.1+01  224+0.18+0.17 L i NP PPy o
k(2600)K 59.8 +£34+7.3 —0.32+0.05+ 0.12 0 wriiel Crvevweemie, JISON ] L T
Sum 118.1 2.7 £ 8.0 l > m%K(g)f[*) [GeV] l - m%Kgn'*) [G%e]
x?/ndf = 1738/(1584 — 21) = 1.11 ‘ ‘
B - K¢KKr = =
K (1430)K 33.4+ 0.9+ 2.0 0. S 300 N | @ = ® | ||I'|”
a0 (980) 7 51405408 —3.38+0.06+ 0.08 3 Pl Tl | 8 ,|""'|| i
K3 (1430) K 14.6+0.7+08  3.54+0.02+0.07 3 o] I Mt I W L™, Iy
a2(1320)7 11401402 —2.89+0.08+0.18 g 200 Caaso |3 oo et il
) K (1950)K 3.7+03+02 —0.44+0.04+0.45 = = b (
STRNG a(1700) 7 11402402  1.05=+0.06=+0.15 % ol R I N T O
: 20 ao(1450) 26+03+05 —4.8240.06=%0.13 N T T e
- az (1750 03+014+01  233+0.12+0.11 R
x(2600) K 61.8+24+54 —0.37+0.034+0.09 0 . T DEGLI STUDI
INFN Sum 123.7 £ 2.7+ 4.7 : 1> 2 P ! > 2 P

m(K°K") [GeV] m(K°K") [GeV]
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Much Lower Data

* Approximately 2800 decays in B*—K°:;K*K-1r*
* Using the same model of nc (Isobar only)
* Very large interference

Candidates/(32 MeV)

m(K 7*) [GeV]

Strange Spectroscopy in B decays
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)
O

Candidates/(32 MeV)
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Final state Fraction [%] Phase [rad]

K (1430)K 25.5 £ 3.3 +4.1 0.

K3 (1430)K 24.5+3.3+4.4 3.10 £0.11 £+ 0.08
K5‘(1950)K 3.7+£1.3+1.1 —0.82+0.17+0.24
ao(1700) " 7 1.74+1.1+0.5 1.22 4+ 0.32 £ 0.90
ao(1450) 7+ 7.8 +£1.9+1.0 1.86 +0.14 £+ 0.56
az(1750) " 7" 494+1.4+1.1 —1.754+0.15+0.39
~(2600)K 124.24+9.0+7.7 —0.914+0.10 +0.08
Sum 192.3 +10.9 4 10.0

x?/ndf =578/(591-13)=1.00

80

[

(b)
— Total
== 3 sidebands

=== 1] (25) sidebands 60

40

Candidates/(32 MeV)

20

2 )3 1 2
m(K7*) [GeV]
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777 777777 /7777 /77777 A
/;; 80 i l ITotall | _j /-E: 20 (C)
I - T Backgrond LHCb
High Background 2 o N B s
 Dalitz plot not feasible in this case g0 z
: . o S 40f s
e Simplified approgch.. fit only the m(Km) = i E
and m(K°m) distributions 20f
o Efficiency corrected \:
) I1 ] ] ] ) 1I5 )
m(K m+) [GeV]
Decay mode Fraction Branching fraction (x1073) % % 80 d)
B(xe1 — K*(892)°K%)  0.09940.012+0.004 1.04+0.13+£0.04+0.09 = S’I){Cb >
B(xe1 — K3(1430)°K%  0.1114+0.015+0.005  1.17+0.16 +0.05 £ 0.10 S 0 fh ! g
B(xa — K*(892)*K~) 0.112+£0.016 £0.013  1.18+0.17+0.14+0.10 3 Z
B(xe — K3(1430)FK~) 0.143£0.0184+0.006 1.61+0.19+019+014 5 S
‘_ _________________ & I\ +
L R il
STR@NG 1 —
m(K 7*) [GeV]
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Strange Hadrons Spectroscopy at LHCb

* A byproduct of amplitude analyses of B and D decays
(Relatively) Large yields with high purity
* Many interesting results can be extracted
K*0(1950) established
New parametrisation of the Kmm S-wave including K*o(1430), K*o(1950), and k(2600)
* KK and K S-waves can be studied

STR@NG
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Tested With PseudoExperiments

* Size of Integration Sample (Resampling)
e Background description in WS fit

* Flavour Misidentification

e Detection Asymmetry

e Alternative Models

Tested With Alternative Fits

e Background Description
e Selection Efficiency
 Resonance Shapes

Tested With Multiple Fits of Resampled Data

STR@NG * Background Description
== * Uncertainties of the Fixed Parameters
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Tested With PseudoExperiments

e Fit Bias

e Background description
* Flavour Misidentification
e Detection Asymmetry

e Alternative Models

Tested With Alternative Fits

e Background Description
e Selection Efficiency
 Resonance Shapes

Tested With Multiple Fits of Resampled Data

STR@NG * Background Description
== * Uncertainties of the Fixed Parameters
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Sources of Uncertainties Amplitudes Phases
O EffiCiency Correction Final state Eff Trig  Pur r Back | Tot Eff Trig  Pur r Back | Tot

0 0 (K7)sK 3.27 0.89 1.03 4.01 048 | 5.37 | - _ _ _ _ _
e(m(KSK), COS@];) — €1(m(KSK))€2(COSQﬂ) ao(1450)r | 0.65 0.29 0.24 016 0.06 | 0.77 | 0.04 0.07 0.03 0.00 0.03 | 0.09

: : K3(1430)K | 0.02 0.17 0.04 0.86 0.48 | 1.00 | 0.08 0.06 0.03 0.05 0.01 | 0.11

®
T”gger Selection az(1320)7 | 0.38 0.10 0.34 0.04 0.08 | 0.53 | 0.21 0.08 0.14 0.05 0.01 | 0.27
TOS vs. No-TOS ao(980)7 0.70 0.05 047 0.2 0.34 | 092 | 0.01 0.02 0.02 0.00 0.02 | 0.04
, : : ao(1700)x | 0.12  0.05 0.05 0.08 0.01 | 0.16 [ 0.10 0.08 0.02 0.00 0.00 | 0.14
* Uncertainty on Slgnal Purity K35(1980)K | 0.04 0.08 0.19 0.96 0.16 | 1.00 | 0.10 0.06 0.04 0.08 0.01 | 0.14

az(1750)m 0.05 0.01 0.05 003 0.03 | 0.09 | 0.04 0.14 0.05 0.11 0.06 | 0.20

+5% change in BDT selection
* Radius of the Blatt-Weisskopf factor (1.5/GeV)

Final state Eff Trig Pur r Back | Tot Eff  Trig Pur r Back | Tot

Varied in (0-5 - 2.5)/G€V range (Km)sK 6.06 294 280 439 0.20 | 852 | - - - - - -
° Background Model ao(1450)r | 0.30 0.12 024 0.14 0.06 | 043 | 0.31 0.35 0.08 0.01 0.01 | 0.47
o K3(1430)K | 0.32 0.08 0.30 088 0.54 | 1.13 | 0.09 0.07 0.04 0.06 0.01 | 0.13
Random variations of background model a2(1320)7 | 0.32 0.09 0.30 0.08 0.11 | 047 | 0.27 0.13 0.19 0.05 0.86 | 0.93

ao(980) 0.01 0.17 0.02 022 0.26 | 0.46 | 0.02 0.02 0.03 0.02 0.02 | 0.06
ao(1700)7 0.12 0.00 0.08 0.08 0.01 | 0.17 | 0.18 0.15 0.03 0.00 0.01 | 0.24

Negllglble K;(IQSO)K 0.46 0.11 0.43 1.77 0.22 1.89 | 0.04 0.01 0.06 0.05 0.01 0.08
(L2(175O)7r 0.21 0.10 0.13 0.02 0.03 0.27 | 0.09 0.02 0.06 0.11 0.19 0.25
STR&NG o Fit Bias

B . sidebands

INFN

Istituto Nazionale di Fisica Nucleare

rHCh.
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Sources of Uncertainties

o Efficiency Correction
Use 2D-binned map
* Trigger Selection

Amplitudes Phases
TOS VS_ NO-TOS_ . Final state Pur  Par r Back Eff | Tot | Pur Par r Back Eff | Tot
* Uncertainty on Slgnal Purity Ki(1430)K | 1.92 125 0.17 091 326 | 4.1 | - i i i i i
0 ' ' K35 (1430)K 247 043 124 086 3.30 | 44 | 0.06 0.02 0.04 0.02 0.01 [ 0.08
15 /0 Change n BDT SeleCthn K (1950)K 0.60 0.22 037 018 0.74 | 1.1 | 0.03 0.09 0.08 0.21 0.01 | 0.24

* Radius of the Blatt-Weisskopf factor (1.5/GeV)  a(1700)"#* | 032 0.05 029 013 002 | 045|018 005 011 087 0.12 | 0.90
ao(1450) "7 | 0.94 0.04 019 032 0.19 | 1.03 | 0.10 0.04 0.09 0.53 0.09 | 0.56

Varied in (O.5+2.5)/GGV range a2(1750)" 7" | 0.53 0.15 042 011 0.79 | 1.05 | 0.03 0.04 0.08 0.38 0.03 | 0.39
 Background Model £(2600) K 4.33 3.28 4.97 001 240 | 7.74 | 0.04 0.05 0.04 0.02 0.01 | 0.08

Random variations of background model

Negligible

STR@NG * Fit Bias
W4 e« Sidebands

DEGLI STUDI

* & *
Istituto Nazionale di Fisica Nucleare

rHCh.
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Sources of Uncertainties

* Decay Modes
Difference between separate results

* Uncertainty on Signal Purity
+5% change in BDT selection

* Radius of the Blatt-Weisskopf factor (1.5/GeV)
Varied in (0.5 + 2.5)/GeV range

STR@NG

DEGLI STUDI
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Amlllltlllle nnalv
777

Software: AmpGen

e C++and ROOT based with multithreading (OpenMP)
* |sobar model
- coherent sum of amplitudes
- polarised sum of amplitudes for particles carrying spin
- Incoherent sum of amplitudes for background description
e Spin Formalism
Covariant Tensors (Rarita-Schwinger)
Canonical helicity formalism
* Quasiparticles
Fictional decaying particles to describe for example S-wave with K-matrix

STR@NG

<t DEGLI STUDI
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https://github.com/GooFit/AmpGen
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3-Body Running Width
* The width of 2-body resonances is typically given by

2L
Logmy [ q
['(s) = — | Bi(q.90)°
QO\/E QO

* In 3-body resonances one must account for the dynamics of the intermediate decay
process

* We decided to express it in terms of the spin-averaged matrix element of the decay
integrated over the phase space of the three-particle final state

1
F(S) X — ] J' debc '%R—mbc ,F(mg) — FO
3-Body Amplitude
STRQNG VEF(@)

Flg)=e1"
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