


Introduction

Two ways to search for New Physics.

9 W, Z
0
-———
q W, Z
BY = putp~
VBF
® More sensitive to specific models ® Sensitive to anything that is not
SM.
® BUMP! = easier to interpret as ® Rare decays = more sensitive to
NP NP
® |ess prone to systematic effects ¢ Use of ratios = can cancel
systematics.
® Limited by LHC collision energy ® Less limited by LHC collision
energy.
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Outline

® Measurement of B(¢ — putu~)/B(¢p — eTe™).

[LHCb-PAPER-2023-038]

® Search of B, — 7"t~ and measurement of
B(B:. — ¢(28)7t)/B(Bc — J/vrT).
[LHCb-PAPER-2023-037]
® Search for Bg — /LJF/L*’)/. [LHCb-PAPER-2023-045] in preparation
® Amplitude analysis /\?7 — pK 7. [LHCb-PAPER-2023-036] in preparation
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https://cds.cern.ch/record/2888210
https://cds.cern.ch/record/2884481

Measurement of B(¢ — putpu™)/B(¢ — ete™)

Decay allows us to understand efficiencies at low g% = m?(¥, £).
Data: 5.4fb~1from 2016, 2017 and 2018.

) _ 3

oy S

Bty = T 9Ti) / B(B* = K*J/v(utp))

WeBDE, — mrelete)) | B(BY = KFJ/u(eTer))

Where 3, /. is a phase space factor.
® Low g?: Tracks with pr > 300MeV/c and p > 2000MeV /c.
® Triggered by: Signal e, u, ™ or object not associated to candidate.

® Electron bremsstrahlung recovery: Find photons by extrapolating electron

track.
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® Kinematical constraints: Unlike R or Ry , m({,£) is constrained also in
signal channel = better resolution.

[80-€202-43dVd-9DH]

4/18 Angel F. Campoverde


https://cds.cern.ch/record/2888210
https://doi.org/10.1103/PhysRevLett.131.051803
https://doi.org/10.1103/PhysRevD.108.032002

Measurement of B(¢ — putu~)/B(¢ —

D} — 7T ¢(— ete™) backgrounds:
Misidentified:

ete)

e Dt KT 7~ _zt: Removed by vetoing mass around D*.
—e —re

e Dt — 7t 7~ _xt: Reduced with PID requirements, dominant
—et " e
Combinatorial: Warped by constraint on m(et, e™) to be around m(®)
16 210°
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Validation of combinatorial and mis-ID backgrounds.

BT — KT J/vy(— £¢) backgrounds:

® Partially reconstructed: B+ — K+7=:0J/i(— ete™

® Misidentified: BT — 7w J/(— £€), small
® Combinatorial: Modelled with exponential.
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Measurement of B(¢ — putpu™)/B(¢ — ete™)

Signal

Candidates / (4.6 MeV/c?)

Normalization

Candidates / (4 MeV/c?)
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https://cds.cern.ch/record/2888210

Measurement of B(¢ — putpu™)/B(¢ — ete™)

Main systematics:
® g2 resolution: Normalization mode corrections do not port well to low 2.
® Event multiplicity: Only partial cancellation with normalization mode.
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[80-€202-43dVd-9DH]

Consistent between channels . .
Driven by systematics

RY = 1.026 + 0.020 (stat) % 0.056 (syst),

o (stat) Sy — 1022 4 0.012 (stat) & 0.048 (syst).
RS, = 1017 %0013 (stat) 4 0.051 (syst).
6% = <2%

B(¢ — ptp™) = (3.045 £ 0.049 (stat) + 0.148 (syst)) x 107%,
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https://cds.cern.ch/record/2888210

Rty y270 and Ryasy /g

First search of non-resonant B} — 7" u™ ™, can be used to

search for Bf — B("s())w+.

e Data: 9fb~1, full LHCb dataset.
® Strategy:

® Use Bf — n"J/vy(— pTp~) as normalization and control channel to

measure:

B(BS — ¢(25)7™)

Rw(25)/J/¢ = B(B? — J?/)7r+)
for measurement of Ry 2s)/./y-

B — J/ymt
Im(u*, 1™) = myy| < 50 MeV

BF — ¢(2S)nt
[m(ut, ™) — my(2s)| < 50 MeV

® Trigger on muons.

w

Eyn /e,m%
b N oW B

Rt yapw = B(BE = Jyrt)
® Analysis done in bins of g% and constraining m(u™t, 4™ ) to charmonium mass

B(Bf — ptu—=nT)

[L£0-€202-43dVd-9DH1]
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https://cds.cern.ch/record/2884481

Rty y270 and Ryasy /g

Unconstrained:

Non-resonant

Constrained

dates per 10 MeV

Cand

Candidates per 10 MeV
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Fits for

Mass scales and resolutions:

® Rare mode:
® Resonant modes:

v T 3
2 wofLHCOA ™ ] /1) 3
] 9 b 1
= 500 F E
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S 400 E
a - Combinatorial ]
§ 300 F |
2 200F E
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5 100 F E
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Different MVA cuts
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Constrained to value from B — J/ynrt fits.
Floating but shared among components.

[L£0-€202-43dVd-9DH1]
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https://cds.cern.ch/record/2884481

Rty y270 and Ryasy /g

No signal observed in non-resonant mode = Set upper limits.

No theory predictions available
T i T QS%ICL ] c\‘]'_‘ F T T T T ]
i - 0% CL L
LH,C b i -==+ Observed_] % —_—
1 E [} 1074:_I LHCb —
: 3 o™ |3 I
H — F 95% CL| 1 (@)
H IS — ou% 1 o
= 1 []
=
T 10-51 il R
35 10 T E| >
1 &S Y
1., [ ] m
x10 1 1 1 1 )
-2 0 2 4 0.0 50 100 150 20.0 25.0 30.0 35.0 1
Measured R+ 1 /pmt ¢ [GeVz] B
N
@
o
. . BB — ntutu @®
First upper limit (B, ) <21x107* =~
B(Bf — Jppmt)

B(B! — ¢(25)7")
B(Bf — Jjmt)

= 0.254 & 0.018 (stat) = 0.003 (syst) & 0.005 (BF)

Most precise to date
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https://cds.cern.ch/record/2884481

Search for the BY — ut = decay

® Presence of photon lifts chiral suppression and sets its BR at
the same order of magnitude as BY — ptpu~ .

e Upper limit of B(B? — putu=v) < 21072 set ® 95% CL by
PhysRevD.105.012010

!
o) ® 015 »)
+ _
b g BY b 7+
_ s Iz
s v -
s
(") (")
Og 10 © Os 10 @
ut 7 wh
b —<—|< BO >‘< v
B? M_ ¢ _
8§ ——I A ~nnnnn Y ‘ 1%

Sensitive to more operators than B — "~

uonesedaid ur [G¥0-£202-43dVd-9DH]
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https://link.aps.org/doi/10.1103/PhysRevD.105.012010

Search for the BY — ut = decay

Measurement carried out in 4 bins in g and studying low-g? bin

with ¢ veto. I [l

Control channel
Bs = ¢(— KTK™ )y
Large statistics

o020y Veto cc
Jy
v(25)
Normalization channel u

Bs — J/¥(— pp)n #(1680)

dB(B—utu7y)/dg? [a.u.]

n—=>yy 3 3
Well known BR r\/ \_/

o

()

o Coo FSR

Trigger on: 0 ; 1I0 1I5 2I0 2I5 30
Muons and photon 7 [GeV¥er]

¢ bin I II III

7 [GeV/ct ] [4m?2,2.80] [2.89,8.20] [15.37,m%,]

m(ptp~) [GeV/c? | (2my,,1.70]  [1.70,2.88]  [3.92,mpo]

100 x BB — ptp=) [8]  82+15 2544034 91411

Fraction of BY — ptu—vy 87% 2.7% 9.8%

uonesedaid ur [G¥0-£202-43dVd-9DH]
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Search for

Candidates / (10 MeV/c2)

Normalization: Used to extract B(B? — utpu~7)

Bnorm
Nnorm

the BY

T
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54"

¥
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Bl Jyn
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Combinatorial
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O BT | i R
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Normalization

B(B] = p*p ) =

Control: Used to calibrate efficiencies.

frorm =

6Acceptance
norm

Acceptance

S1Z.

Preselection

€norm

ePreselection

PID
EUOI‘II]

PID
Csig

ETrigger
norm
Trigger
sig
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Search for the BY — ut = decay

No excess = set upper limits

T
H 3w .
2 2 J0F w0286V -
g & o o Preliminary
§ § 120 Preliminary
s 2w ¥ i i T e 6B
3 2wk T LHCb T e b )
] L > SM (Single pole)
3 £S5 SM (Multpars)
o E vy dion Gos)
7
B g Y ESNES waer v
3 = = - S p@s) | E9sM (aco  Haen
mruy) Mevie) =
5
g T T : X
= > - s
i 2 ]075-:“2‘7E[b“‘]7ﬂ&v/rzl‘\f. 3 % M T
g g »fp Preliminary |
8 E|
g K +
] 2 sp + + 3 /
8 § I
10
sE Jr +14 E: 0 B 10 15 20 25 30
. [ IO A ¢ 1GeVet]

So00 5500 S0
i) MeVIE)

B(BY = ptuy)r <3.6(4.2) x 1078 Dominated by statistical uncertainty
B(BY— ut ) < 6.5 (7.7) x 1078,
B(Bg% Wy m < 3.4(4.2) x 1078,

B(BY = 1 117 )1, with 6 veto < 2.9 (3.4) x 1075,

BB = 1Y) comp. < 2.5 (2.8) x 1075,
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Amplitude analysis of the A — pK~~ decay

® Data: 9fb~!, entire LHCb dataset.
® Theory predictions only available for decays through A(1520)
® Complementary analysis to /\?7 — pK~J/1 that can access pK~ masses up to

2.5GeV.
U700 - imi < imi
;' t Preliminary _ Full Model > Preliminary _ Full Model
= 600 - — Ay = pKy = 4000 |- — A) = pK
m oKy | 2 A pK-y
o Combinatorial 8 Combinatorial
o 6855+93 Sl 455584247
Za0f E
£ LHCb Run 1 (367) | Z 9009 LHCb Run 2 (6 b))
S S
200
1000
100
0 0=t v v L
5400 5600 5800 G000 6200 6400 500 5600 5800 6000 6200 G400
m(pK~7) [MeV/c?) m(pK=) [MeV/c?)

Selection = mass fit = background subtraction = Amplitude analysis

Backgrounds:
® Combinatorial: Reduced with MVA using kinematic quantities and isolation
® Mis-ID: Found to be negligible.
® Partially reconstructed: Modelled.

uonesedaid ur [9£0-€20z-43dVd-9DH]
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Amplitude analysis of the A — pK~~ decay

Photon resolution worsens Dalitz plane resolution = Apply mass constraint on /\?’ fit
to get mAg(p'y) and mAg(pK)
Preliminary Prel|m|nary

Weighted candidates / (0.0075 GeV*/c®)

LHCD Run 1 (3 b1)
L N f

3 | 5 G ‘ 3 | 5
mi(pK") [GeV?/c'] mi(pK-) [GeV?/c!]

Model of amplitude taken from JHEP06(2020)116
NLL = —log(£) =— Y _ log(f (D)) w, — » _ log(f2 (D)) w,
Run 1 Run 2

Parameter of Interest: Couplings between /\?7 and daughter A resonances.
® ws: sPlot weights used to background subtract.
® D: 2 coordinates in Dalitz plane.

uonesedaid ur [9£0-€20z-43dVd-9DH]
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https://doi.org/10.1007/JHEP06(2020)116

Amplitude analysis of the A — pK~~ decay

20
LHCb 9 th~!
"
' I I l Preliminary

=
Bl external syst. unc. (/A parameters)
—5 t= Il internal syst. unc. I

result with statistical uncertainty

(Interference) Fit Fraction [7)]

total systematic uncertainty

Systematics:
¢ Leading: Lineshapes of A resonances (external)
® Subleading: Amplitude model, acceptance, sample size, mass
fits, etc (internal)

uonesedaid ul [9£0-£202-43dVd-9DH]
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Summary 7

Rare B meson decays offer an alternative way to search for
new physics.
The first two analyses shown have provided:

® A measurement of jor’s) and the most precise measurement of

B(¢p — ptp™).
® The most precise measurement of Ry 2s)/,/y and the first
upper limit for the non-resonant mode B} — ntutu~.
The other two have confirmed and strengthened upper bounds
on B(B? — utu~v) and explored decays of A, not well
known.

LHCb will start collecting data again this year with its
software only trigger.

Many results will be updated and we expect tighter
constrains, specially for the statistically limited measurements.




Backup



Measurement of B(¢ — putpu™)/B(¢ — ete™)

Both signal and normalization mode use maximum likelihood fits
with constraints on the dilepton mass

Channel |$(1020) [MeV/c?]|J/v [MeV/c?]

Electrons

Muons

870-1110 2450-3600
990-1050 2946-3176

Table: Mass cuts for ¢ and J/4.

Decay mode Yield
Decay mode — mg(n"¢T07) myp (K00 Dt —»atg(—eter) 7460 £ 140
MeV/c? MeV/c? Dt = wto(—= ptp~ 43512+ 220
[MeV/e?] [MeV/c?] Wy
+ + +o—
etem ¢ [1810,2040] > 5580 g-; D mré(=eten) 16740+ 210
e ¢ [1840,2000] > 5480 S ate(—= pte) 87022 + 300

Bt = KT Jj(— ete) 638600+ 900
Bt = KTJf(— ptp~) 2187000 + 1500

Figure: Mass ranges for mass sidebands and fit yields



Measurement of B(¢ — putpu™)/B(¢ — ete™)

Data driven corrections are applied to simulation before extracting efficiencies.
® Quark kinematics
® Particle identification
® Trigger efficiencies
® Tracking efficiency
® 42 resolution.
Total efficiency is obtained by:
® Adding between trigger categories.
® Performing luminosity weighted average between run periods.

Total yield is sum of yields from each run period fit. They are then put together in:

N(d,S)(ﬂ.Jrgb(% ,u*,u*)) E(d’s)(ﬂ'+¢5(% 6+67))
NW@s) (rrep(— ete)) elds)(rrp(— .UJ+M))/TJ/¢

(ds) _
Ry~ =

Can also be written as:

B(D{y = nto(un™)) [B(BT = K+J/¢(utp”))

B(D{y = mt¢(ete™)) / BB = K*J/y(eeT))

(s) _
Rqﬁﬂ— - /6/t/8




Measurement of B(¢ — putpu™)/B(¢ — ete™)

To correct mismodelling due to g2 differences, smearing factors are
measured in Bt — KTJ/iy(— eTe™) in data.

Signal MC is smeared and shape is used to fit m(e, e) in signal

events:
x10*

o~ 600 ~ 12
g O
2 sk -+ Data LHCb54fb"! Z L -+ Data +  LHCbS4fb!
< 0F —Tol fit 2 T —Toultic
= E D' mo(e'e) o | — Di— mg(e’e)
< 40C WD) v < 03C mp)- rrr
> F Combinatorial > L Combinatorial
8 300 8 o6
£ 300 2 o6l
= E ] L
E 200F T o4k
£ 200 g 04
@) r @] C

100 - 02

900 950 1000 1050 1100 900 950 1000 1050 1 10
m(eter) [MeV/c?] m(eter) [MeV/c?]

Fit quality validates smearing



»—ete)
is measured in function of

Measurement of B(¢ — ptpu™)

No significant trend is seen when R

/B

different variables.

d(s)

S13f B
~ LHCb 5.4 fb~! LHCDb 5.4 fb~!
12F 9 1
L1f E L1f ++ " 1
3
wE JTL * { E WE=—t——4 E
09F -+ E 09F 1
osf + D osf + DI
<4 Dt ,+, D+
07k 1 07f 1
000 505 o0 o 020 ; 0
() [rad] lu‘g,[m\\ p,((‘ p/ /1 (MeV/c)]
Zef T T T T T T é'él.-i-' T T T ]
[ LHCb 5.4 fh~! x LHCb 5.4 fb~!
12F ] 12F 1
L1f { 1 LIE 1
—§_ :;:
1of S + E 10F $ k!
! =¥ )¢ B ¢
09F B 09f | 1
0sF + D! | 0sf + DI
4 D 4 D*
0T E o7k ]
T T R T T R T R =) ry o0 03 10
min(n(¢*),n(€")) cos B



Measurement of B(¢ — putpu™)/B(¢ — ete™)

Source Ri, (%] Ry (%
Resolution on ¢2 4.0 3.9
Event multiplicity 2.7 2.7
Simulation reweighting 1.5 1.2
Combinatorial background shape parametrisation 1.5 1.0
PID 0.8 0.8
Finite size of control samples 0.8 0.6
Trigger 0.3 0.3
Tracking 0.1 0.1
Background from doubly misidentified electrons 1.1 0.1

Total 5.5 5.1




Rty w7170 and Rys)/ /0

Component Yield

Component atutp~ WP 9(29)nt WP

B — Jppmt 3508 + 82 6887 +93 Bf = ¢(28)nt  256+18
B} — JpK+ —81+58 90 43 Bf = ¢(29)K+ 13+10
Br — Jhppt 41+11 56 4 22 B — (28)p™ 445

(a) J/4 yields

Simulation corrected for:
® Particle identification

® Track reconstruction
efficiency.

® Trigger efficiency.
® B lifetime, kinematics.

® Track multiplicity.

(b) ¥(25) yields

¢* interval Nt pt - Neomb

0.1<¢®< 1.1GeV? 0+2 25718

1.1< 2 < 8.0GeV? 173 39047

11.0< ¢ <125Gev?  —18%7, 30113

15.0< ¢ <35.0GeV? 05 232417
All -2t 31ty

(a) Rare mode yields



R7r+,u+lu—/J/w and RQ/)(ZS)/J/’I,@)

Mass scales are shared between

Candidates per 10 MeV

Candidates per 10 MeV

25

20

5L

F LHCb
Fom!
0.1< g2

e Data

— Total fit

< 1.1GeV? e Bi— T
----- Combinatorial

PPN RS R S

E11<g<125GeV?

6200 6400 0
m(zt ) [MeV]
T T T
F LHCb e Data
Eo9fb! — Total fit
““““““ Bi— mhutu

FEEEE NN FEY RN R P

L
6200

6400
m(r i) [MeV]

Candidates per 10 MeV

Candidates per 10 MeV

25

E LHCb « Dua
20 F 9! — Total fit 3
F L1<g?<8GeV? B mhup ]
sE e Combinatorial
10 — 3
IR TLAST RN ST
6200 6400 600
m(z* ) [MeV]
25 — . :
E LHCb e Data
20 F 9fb! — Total fit 3
F15<q2<35GeV? o Bio w1
15F <+ Combinatorial
0E H * E
s % %M H} *1 i IH'H' . HHH 14
TR S R

6200

6400 6600
m(zur ) [MeV]



R7T+,ll+,lt_/J/”Ls/) and Rq/)(ZS)/J/’l;‘"}
Backgrounds:

® Partially reco: Bf — pptp=, BI — J/ypT and Bf — (25)p™ with
p — w70 Included only for resonant fits .

® Single Mis-ID: Decays with Kaons reconstructed as pions in final state are
Cabibbo suppresed and further suppressed by particle ID requirements .

® Double Mis-ID: E.g. Bf — n"n~ 7" or Bf — c¢(— u:ﬁ+,u*)7riu+ are
suppressed by particle ID .

Selection uses BDT
® Signal: Simulated Bf — 7t putu=, BX = ntJ/y(— ptu™),
Bf - 7tB*(— ptp~) and Bf — 7t BO(— ptp~)

® Background: Data sidebands in m(7m+u ™), excluding charmonium from
m(ptp™) distribution.

MVA optimization FOM is different for each measurement
R7T+,U.A;L7/J/w:> E/(5/2 T v NB)
® Ry@sy/sw = Ns/v/Ns+ Ng



Search for the BY — ut = decay

Photons:
® pr > 1000 MeV
® MVA based photon identification.

® For pt > 2000 MeV MVA to separate them from merged
photons in 70 — vy

Muons:

® pr > 250 MeV

® Good quality and particle identification requirements
Bs

® pr > 500 MeV

® Good vertex quality



Search for the BY — ut = decay

Differences with respect to B? — u*pu~ — PhysRevD.105.012010

B — utuy BY — utu~
® This reconstructs the ® Reconstructs only the
photon. muons
* Mesures BY — pt i~ as ® Measures BY — utpu=~ as
signal part of the partially
® Thanks to the photon can reconstructed background

explore also lower regions e Can only have access to

2
ingq high g° regions > 4.9GeV?

Both have set upper limits.


https://link.aps.org/doi/10.1103/PhysRevD.105.012010

Search for the BY — ut = decay

LHCb54 b
m(u) € [2m,, 1.70 GeVic?]
3 Observed
— Expected
+lo
20

reliminary

0.06 0.08 0.
B(B— puy)

LHCb 5.4 fb!
) € [3.92 GeV/c®, my)
- Observed

— Expected
tlo
20

04 ninary

006008 0.1
B(B— p'iy)

B(BY =yt Y)bin1
B(B! =t Y)bin
B(B2 = it 17 Y)bin 11
B(BY = 1" 7Y )bin 1 veto

LHCb5.4 b
m(u) € (170, 2.88] GeV/c?
—4 Observed
— Expected

) € [2m,, 170 GeV/e?], g veto |
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Amplitude analysis of the A — pK~~ decay

Preselection:
° /\g: Good vertex quality, momentum pointing to PV
® p,K™: IP > 0.1mm, pr > 1GeV, p > 5GeV.
o v: Er > 3GeV
MVA:
® Uses kinematic variables and isolation

e Background: Upper sideband in data
m(pK~) > m(A2) + 300MeV
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Amplitude analysis of the A — pK~~ decay

Mis-1D backgrounds:
* BY — ¢(— KK)y: Veto m(p_,k, K) mass around my.
® BY — KK~, By — Km: Less than 0.5%.
* A — pKn, N) — pKnO: Less than 1-2%, limited by staying
below 2.5GeVin m(p, K).
° Eg — pK~: Negligible
Mis-ID and Combinatorial:

e D% KK and D° — K7 combined with random ~: Veto
distorts signal acceptance = included in fit.

Partially reconstructed:
* A — pK*~(— K~70)y Included in fit.



Amplitude analysis of the A — pK~~ decay

Maximum likelihood fit uses:

® Reduced model: Well-established resonances and interferences.
® Non resonant: Seen to improve fit quality

Projections of 2D fit on my,(pK ™)
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Amplitude analysis of the A — pK~~ decay

Mass fits:
e Combinatorial: Exponential
e Signal: Double sided Crystall Ball, tails from simulation

e Partially reconstructed: From Kernel density estimation on
simulated AY — pK*~(— K~ m0)n.



Amplitude analysis of the A — pK~~ decay

Resonance ‘ JP T my Ty Amyg ATy Oy 01y | L L
A(1405) o= 1405 50.5 +1.3 +2 1.3 210 s
A(1520) 3/~ 1519 16 1518 — 1520 15 - 17 1 112 0,1,2
A(1600) | Y2t 1600 200 1570 — 1630 150 — 250 | 30 50 | 1
A(1670) | V2= 1674 30 1670 - 1678 25— 35| 4 510 s
A(1690) | 32— 1690 70 1685 - 1695 50— 70| 5 1012 0,1,2
A(1800) | 2= 1800 200 1750 — 1850 150 — 250 | 50 50| 0
A(1810) | /2 1790 110 | 1740 1840 50 170 |50 60 |1 0,
A(1820) 5t 1820 80 18151825 70— 90| 5 1013 1,23
A(1830) 527 1825 90 1820 - 1830 60 — 120 | 5 3012 1,2,3
A(1890) 3/ 1890 120 1870 — 1910 80 — 160 | 20 4011 0,1,2
A(2100) | 7/2- 2100 200 2090 — 2110 100 — 250 | 10 100 |4 2,34
A(2110) | 52t 2090 250 2050 — 2130 200 — 300 | 40 5013 1,2,3
A(2350) | 927 2350 150 2340 — 2370 100 — 250 | 20 100 |5 3,4,5




Amplitude analysis of the A — pK~~ decay

Amplitude fit contains many parameters = unstable.
¢ Local minima:
® Fit ten times with different starting points.
® Pick fit with lowest NLL.
® Parameter variations: Couplings vary between minima, but
same values for

® Fit fractions
® |nterference amplitudes

= treat couplings as nuisance parameters and fit fractions and
interference amplitudes as parameters of interest.



Amplitude analysis of the A — pK~~ decay

Resonances used in reduced model

Resonance ‘ JEP T my Ty ‘ Amyg ATl Omg Oy | 1 L
A(1405) | Y2~ 1405 50.5 +1.3 +2 13 2|0 0
A(1520) 327 1519 16 1518 — 1520 15— 17 1 112 0,1,2
A(1600) 12 1600 200 1570 — 1630 150 — 250 | 30 50 | 1 0,1
A(1670) Y= 1674 30 1670 — 1678 25— 35| 4 510 0,1
A(1690) | %2~ 1600 70 | 16851695 50 70| 5 102 0,1,2
A(1800) 2~ 1800 200 1750 — 1850 150 — 250 | 50 5010 0,1
A(1810) | Y2* 1790 110 | 1740 - 1840 50 170 |50 601 0,1
A(1820) |52t 1820 80 | 18151825 70 90| 5 103 1,2, 3
A(1830) |52 1825 90 | 1820 1830 60 120| 5 302 1,2 3
A(1890) 3o 1890 120 1870 — 1910 80 — 160 | 20 401 0,1,2
A(2100) | 72~ 2100 200 | 2090 2110 100250 | 10 100 |4 2, 3,4
A(2110) | %2F 2000 250 | 2050 2130 200 300 |40 50 |3 1,23
A(2350) 92T 2350 150 2340 — 2370 100 — 250 | 20 100 |5 3,4,5




Amplitude analysis of the A — pK~~ decay

Reduced model (only resonances)
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Amplitude analysis of the A — pK~~ decay

Reduced model plus non-resonant components
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Amplitude analysis of the A — pK~~ decay

Reduced model (resonances and interferences) fit plus
non-resonant (constant) components

g o0k LHCb Run1 (3 + g 1500 [ LHCh Run 2 (6 ! i tﬁwh
é i:*:+ :*:i % 1250 | n
= a0t i‘l’ e "t *t*
E 00 *1: :*::H: Z =l tt* ' **i
= +
E 00 T+ :*::t:
g +
;c 100 - .
= =+
0

m |;()1:;) [(Gv\“/‘("’]

interf. (1/2)* = A(1520)  — A(1810) A(2110)
interf. (1/2) A(1600)  — A(1820)  — A(2350)
W interl. (3/2)” — A(1670) — A(1830) — NR((3/2)7)
interf. (5/2)* = A(1690)  — A(1890) = Model
A(1405) A(1800) A(2100) <+ Data



Amplitude analysis of the A — pK~~ decay

Reduced model (resonances and interferences) fit plus
non-resonant (constant) components
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Amplitude analysis of the A — pK~~ decay

Systematics on fit fractions.
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