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Rare decays — test-ground for unknown

A

* Flavor-changing neutral current processes

q - q'yand g - q'£*£~ are forbidden at the : t
tree-level in the SM:

e proceed at the loop level =suppressed in the SM w
* can be sensitive to virtual BSM particles in the loop
* benefit from precise SM predictions
* Decays forbidden in the SM or beyond s ‘t
experimental reach g — q' 1€’ b ————

* observation will be a clear sign of BSM

= Rare decays allow for model-independent
BSM searches



Candidates per 10 MeV/c*

An exploration: BY — ¢uu from unseen to rare
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Measurements of ...
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https://inspirehep.net/literature/784226
https://inspirehep.net/literature/883346
https://inspirehep.net/literature/1865990
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https://inspirehep.net/literature/1865990
https://inspirehep.net/literature/1380188
https://inspirehep.net/literature/1232507

A new chapter: BY — £, (1525)uu
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https://inspirehep.net/literature/1865990

The LHCb detector
| ) Particle identification (PID) .

/"’97% (u,e) ID rate @ 1-3% m misID;

¥

P
~ dedicated separation of hadrons m/K/p
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https://inspirehep.net/literature/796248

Candidates / (0.06 MeV/c?)

EPJ Tech. Instrum. 6 (2019) 1, 1

Rare decays: background control is crucial

* Large calibration samples are collected with dedicated triggers and used for:
* calibration of PID algorithms to correct MC simulation for data/MC differences
* measurements of misidentification rates for data-driven estimates of peaking backgrounds
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https://inspirehep.net/literature/1658455
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Performance of
charged hadrons identification

* Very good discrimination power over wide kinematic ranges for hadrons

kaons
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https://inspirehep.net/literature/1841673
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Neutral calibration samples

* multivariate classifiers combine variables describing energy deposits in the

calorimeter subdetectors

 discriminate photons from hadrons, electrons and high-energy neutral pions
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https://inspirehep.net/literature/1841673

Performance of photon identification

* Three different neural networks trained with simulation to separate photon signatures from other

species:

* yvs. hadron: IsNotH
* yvs.e‘e: IsNotE
* yvs. % IsPhoton

e Signal: reconstructed photon candidates matching the generated photons (B° — K*%y)

e Background:
* electrons: reconstructed photons matching generated electrons (B® — K*%e*e™)

* non-electromagnetic: reconstructed photons not matching to photon or electrons
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https://inspirehep.net/literature/1813379

The list of new results presented today:

* Amplitude analysis of the radiative
B - KK~y decay
* LHCb-PAPER-2024-002 in preparation
* shown for the first time

* Search for the lepton-flavor
violating decay B? — oputc™
* LHCb-PAPER-2024-006 in preparation
* shown for the first time

e Search for the rare
AL - putu” decay
* LHCb-PAPER-2024-005 in preparation
* shown for the first time

e Study of the rare decay
J/W = p i ptum
* LHCb-CONF-2024-001
* new
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https://cds.cern.ch/record/2894330

Amplitude analysis of the °
radiative BY - K*K ™y decay

LHCb-PAPER-2024-002 in preparation



Exploring radiative BY decays
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Phys.Rev.Lett. 123 (2019) 081802

* B - ¢y is one of the few decays
giving access to photon polarization
measurement

* both tagged and untagged analyses
performed by LHCb:

e ~1.5 — 20 compatibility with the SM

e what about other contributions to
BSO —» KYK~y?
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https://inspirehep.net/literature/1735188

B) » K*K~y selection and fit

* Overcoming challenges:

resolution dominated by ECAL: a(m, )=85 MeV
photon trigger: p-(y) > 3 GeV
dedicated y/m® separation criteria in photon ID
kaon ID to suppress pé>K and m*¢>K* misID
anti-charm veto to reject k*h® from D decays:

* m(K*y(<> %) > 2 GeV
multivariate selection to suppress combinatorial bkg

* Mass fit strategy includes:

signal
and
combinatorial bkg

* no peaking bkgs (Khy, Khm®): embedded into signal

and accounted for in the amplitude analysis:
« BO->(Km)y: (4.5 £ 1.1)% and A,~>(pK)y: (6.1 £ 1.1)%

Candidates / ( 50 MeV/c?)

Candidates / ( 50 MeV/c?)
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Extracted signal events

N - T T T T | T T T I ]

< LHCD (9 fb™") preliminary .

% 10* r  — Selected K"Ky candidates =

E sWeighted B’—K*K y DOS>K*K =

= 10° | DO>K-mr* —

210g v 5
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[E ]
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i i
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* statistical background
subtraction is used to
extract signal

 amplitude analysis is
performed in the
following KK mass ranges:

* [2m, 2400 MeV], Run 2
* [2m, 1950 MeV], Run 1
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B) - K*K~y: decay dynamics

Symmetric decay:

preliminary

symmetric 021

* undetermined azimuthal angle O

integrated out as well as time- —0.2¢

dependencies 04}

* decay dynamics completely described 0.6
with my, and helicity angle 0,: -0.8 «o NSO
(S, +.—Sg—y)M \ m(K-10) < 2 GeV

KTy y/""*KK -1

* cOSOkk = 1000 1500 2000

4Mp qRr4B; My MeV/c?)

(definitions in the extra slides)
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Amplitude model: (m,,0) PDF

* Global PDF: P (myy, Okx) = NPs + Xpig NoigPoig
. Slgnal PDF: signal peaking backgrounds

* fast B, oscillations = decay rate asymmetry is negligible and no
expected CP asymmetry

* interferences between odd- and even-spin components in the
average cancel out

* isobar model in the folded helicity semiplane (myy, | cos G«|)
summing incoherently odd- and even-spin components:
© P(mgg, Okk) = e(mgg, [cosOgkl) -
J3(mgg) ZP=+,— | ZRP Crp 'CARP(mKKI |cosOkk|) |2
* Ag(mgg, [cosOgg|) = BWgr(mgg) - d{ﬁ (Okk)

* Mgy resolutions included in the relativistic BW using analytical convolution
[L.Math.Anal.Appl. 463 (2018) 2, 1040]

— B 5 Dyt — BY— BY? - D;n" — Untagged

Nature Phys. 18 (2022) 1,1 P
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https://inspirehep.net/literature/1726869
https://inspirehep.net/literature/1857623

Acceptance: €(m,,0,,) 2D function

* Parameterised 2D acceptance based on Bernstein polynomials

e Anti-charm veto =mass-dependent helicity range

 Fiducial selection to avoid modelling resolution at the threshold (1% of events)
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Peaking backgrounds model

* Consider only the dominant peaking backgrounds:
* B9 (Km—=>K)y misID and A,=>(Kp—=>K)y misID

* extract from control samples in data with m=>K or p—>K substitution

* PID reweighting performed using measured misID rates in control samples

 BDT acceptance reweighting based on MC simulation
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Unsubtracted background: DY(K*K~)m

* DI(K*K~) mostly populates the

. . . VN | 1 1 1 1 I 1 1 1 1 I ]
combinatorial and partlalcljy . % B LHCb (9 fb) preliminary ]
reconstructed background regions > _ |

: .. . . o 10* Br — Selected K*K y candidates N =
* small contamination in the signal regionat <= H . , _ DO K*K 3
the per mille level <+ il [ sWeighted B{—=K*K'y .
* my, PDF is extracted from mass sidebands— = [/ I
no angular dependency, flat helicity 3 100 E . =
contribution is used § P =
= / 7 % .
0 0o : 107 A —
* DY(Km)mYis included into Kty . E
background 7 E% ]
0 Wl
 other possible (KK% contamination 1000 1500 2000

from charmless B decays is expected to My (MeVlc?)
be small and is treated in systematic
uncertainties

20



Main model results

* Well-established dikaon states lead to large AInL gain (>12.5, corresponding to
50 significance) and with | cg| isobar significance larger than 3o

* Nonresonant (NR): P-wave uniformly distributed in mass with constant phase

e Several distinct tensor candidates around 2 GeV give similar significance

State  JFC Lr (MeV/c?) Ty (MeV) Br+x- %) || |cr| (x10) (X|2CR ) | AlnL
$(1020) 1-— || 1019.461+0.016 | 4.249+0.013 | 49.2+0.5 10 (fix) - ,
$(1680) 1~ 1689 +12 *) 211 +24 ) seen 2.40+0.15  (266) | +304

37~ 1854 £ 7 0.61+0.16

¢3(1850) (14)

(KK)yg 177 - 0.79+0.26  (10) | +17




Likelihood minima pattern
,é 10E N B L L B i A Ié 50
= 9 \ % prelimi ~ A 3 £
4 8;— preliminary N B;) E _ < 40

7B\ * =

6F 5 30

SE 2+t system 3

4E = 20

3E E

2F e 5 10

055 FE 45 E 0
| € 1525 %10

- preliminary - A, -
. - B, ja
- 1 system | ]
: .
:_ . ,’:’ _:
= L} ; 4
- . .
[ T AR B
2 3 5 6
| Car60 | %10

» several quasi-degenerate solutions within ALL < 3 due to weakly constrained interference pattern:
* the odd and the eve-spins form two incoherent subsystems

« 2* system (4-fold ambiguity): dominant £, (1525) surrounded by two small components interfering

positively or negatively

* 1 system (2-fold ambiguity): separated ¢(1020) and ¢(1680) interfering with NR component

covering full phase space

* the preferred solution corresponds to the smallest fit-fractions along with positive interference

for all components
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Best fit projections
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* N(BY) = (44.4+0.5)x103, out of which about 2% have m,, above 1.8 GeV
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Summary

* considering possible contributions from {f, (1525), f>,(1270), f,(2010)}, the
overall tensor fit-fraction is

Fipy = 16.810.5(stat) = 0.7 (syst)%

e the decay BY — f,(1525)y is observed for the first time (B(B? - ¢y) = 3.4x1075):

B(B) — f37)
B(B? — ¢)

= 0.19470503 (stat)to-05s (syst) + 0.005 (BR)

 weak constraints on other isobars are also obtained

« mass and width for the £, (1525) are measured in good agreement with the
current world average and with the previous LHCb measurement
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Search for the lepton-flavor
violating decay BY — ¢pu*tt

LHCb-PAPER-2024-006 in preparation




Motivation

e persisting anomalies in R(D) and R(D*) and recent enhanced evidence for
B* — K*vV motivate BSM models leading to lepton-flavor-violating signatures
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https://inspirehep.net/literature/2725943
https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html

Candidates / (0.05 GeV/c?)

Third lepton generation is tricky

Phys.Rev.Lett. 123 (2019) 211801 * Get penalized for visible T decay modes with
o | LHCb - multiple tracks in the final state
3 BDT bin4 7 JHEP 06 (2020) 129
80 ] (p :' L L L ':
- % 35F —Data LHCb 3
60 - 1 © Wb —Fit BDT bin 4 3 JHEP 06 (2023) 143
ok 1 < E [ BY signal . & RETC T LT
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* For comparison, B(BY - K*%ute™) < 5.7x107° @ 90% CL .


https://inspirehep.net/literature/1735300
https://inspirehep.net/literature/1784811
https://inspirehep.net/literature/2154229

Analysis strategy

B is produced at low rate, but low background
use T — 37 (including © - 37”) channel

reconstruct BY mass using kinematic fit with
vertex and mass constraints

peaking misID background B - D¢mt is
estimated and included in the fit

other backgrounds described in the fit with a
smooth function

normalization channel

* B > ($(28) - J/ynTnT)¢

 difference in one particle: muon vs. pion

Arbitrary units

[N
N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIH

o o

Signal extraction:
fit to a BY candidate mass

LHCb simulation —— 371
preliminary =377
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Backgrounds handling

* combinatorial background is suppressed with a BDT

trained on wrong-sign data sample as bkg proxy

 partially reconstructed background is suppressed
with a BDT trained on low-mass sideband

* mislD background is estimated with

control samples in data selecting B — D¢mr™ with
D° > K*n~,D” > K*nn~,Di > KK n~
then extrapolate to signal region with T — y misID
probabilities measured in data, O(103)

and ratios of D - -~ X cocktail to exclusive
modes from MC simulation, informed by BES Il results

Charm meson Control yield Expected misid.

D~ 309 £ 31 0.11£0.01
D° 343 £ 27 0.07+£0.01
D7 632+ 39 0.45+0.03

S

Candidates / (100 MeV)

_
N

IIIIIIIIIIIIIIIIIIIIIIIIIIII

[a—y
()

S N A O

9 fb'! 37 signal

preliminary

—~Data
--- Smooth bkg. B D¢z bkg.
3na? signal

— Fit
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Final fit

* signal shapes are taken from
MC S|mulat|on an.d are
Gaussian-constrained

* misID background shape is
Gaussian-constrained too

* remaining background is
modelled with free to vary:

e exponential
* linear

* linear x exponential

* signal is required to be non-
negative

Candidates / (100 MeV)

Candidates / (100 MeV)

I —Data — Fit E
pE hep - Smoothbkg. Mg bkg. ]
- 9 fb! 3msignal [ ]3aa’ signal 3
10 .. E
o preliminar exponential
°F 3
4F E
i E
of . NN Tt
5000 5500 6000
myg, [MeV]
14F - —Data  —Fit E
12 & LHCb Smooth bkg. [l D¢x* bkg. 3
- 9 fb! 3msignal [ ]37a” signal ]
10F _
8
6F
4
2F
0— |
5000 5500 6000

Candidates / (100 MeV)

Candidates / (100 MeV)

14 F
12k
10

S N A o
TT TTTTTT T TTT]TT

—+—Data — Fit —

I Y +
LHCb SmoF)th bkg. Bl Dox l?kg. =
9 fb! 3msignal [ ]3xa’ signal 3
preliminar linear A

l '__: B _';, N DN -.- ----- _ - = I =
5000 5500 6000

m. [MeV]
' ~Data  —Fit

14 F
12F
10 F

S N L AN oo
TT TTT]TTT [ TTT[TT




Results of the first search for this channel

* the overall best fit uses the linear background model

» extracted BF is 4.1x10° with a local significance below 1.50

Q

S

T

3 —= - Exponential ‘{_:

- LHCb  — Linear <
9fb!  -+- Quadratic ’
- preliminary -+ Lin. x exp.

l\‘
||||||

B(gu*t)x10°

1g T —T—
09§ LHCb 9 fb’!
08 § == QObserved

: == 90% CL limit
0.7 § ==== Expected median
0.6 ey 210
05 DExp.:Zo
04F g

: reliminar
03E > ; y
02
INESREREREERERL. e

0 I L § J " ssane

B(BY— ¢ut77) < 1.0 x 107° at 90% CL,
B(BY— ¢put77) < 1.1 x 107° at 95% CL.
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Search for the rare
AF - putu~ decay

LHCb-PAPER-2024-005 in preparation

Y

| A |




Motivation: GIM-suppressed charm penguins

SM B(A¢ — pu*p7):
e ~1078: short distance ¢ » uf* ¢~

e ~107°: long-distance enhancement

(resonant)

-
V/Z ’J+

C > u

WW
d > d
u > u
Goals:

Experimental status
e BaBar: <4.5x10~ @ 90% CL

* LHCb Run 1: < 7.7x10°® @ 90% CL

* search for rare decay AY - putu~ in dimuon mass regions where resonant

contribution is minimal

* branching fraction measurement in dimuon mass regions, dominated by n,w,p  *



Signhal regions

* BDT trained against combinatorial background, using Region Range [MeV/c? ]
* topological and kinematic variables and low-m region 211.32 < m,+,— < 507.86
 vertex and isolation variables in addition high-m region 1059.46 < m,+,- < 1348.13
* backgrounds: 7 region 507.86 < my+,~ < 587.86
e combinatorial, described with exponential w region 742.65 < my+y- < 822.65
« At - prtm~, where pions misIDed as muons, described p Tegion D87.86 < my+,- < 742.66
with shape from simulation or 822.66 < m,+,- < 965.20

* final selection is optimized in 3D in (BDT response, ¢ region 97946 < my+,- < 1059.46
proton ID and muon ID) by minimising UL on Normalisation to ¢ region
expected BF

500

400

300

200

100

(=]

500 1000 1500

Generated PHSP distribution Mass u* 4



Fit results for the rare mode

combined signal region

* yield of misID background yield

~ 40 T T
Region Af— putu~ Ar— prtn~ Combinatorial —Significance ”§ 35 LHCh Zewn
yield yield yield 2 30 breliminary éimﬂgg;ﬁ;l 3
stgnal 18.4 +9.7 2.7+7.0 681.2 +27.9 2.00 " B E
low-m  1.4%5.0 44438  240.7+16.5 0.30 o ]l ]l ]l it
high-m  20.7 +8.4 3.8+38  431.9+22.1 2.80 S CH 1[ J[ 3
9 : -
. o) ST E—— RE SR U R
* In each region ther(? are 4 200 B o) M o
parameters in the fit: low-m Ign-m
* signal yield v osE | rpes | eom 3 0% aF eom 7 LHey 4
1 1 H % 16 540! . T\(;tif;u*ﬂ’ IOW-qZ_E % S j\?uiﬁ/;ww high-¢° 5417 :
e combinatorial background yield ~ preliminary -~ & = 3 3 20 o a—prr
. . ﬁ 12 === Combinatorial —E ﬁ E === Combinatorial
* combinatorial background slope S 'T 3 2 s
g0 1 £ p
= q4 = C
g g
o) o)

6
(constrained from fit to data) : \l 5 %
S . . : T" 24 T el . ) RS W L A . ) 1 A
0 L 2200 ] 2300 2400 0 2200 2300 2400
m(p wu”) [MeV/c?] m(p wu) [MeV/c?]
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Fit results for the resonant modes

Region Af— putp~ Af— prtn~ Combinatorial Significance
yield yield yield
i 11.5+£4.8 22+1.6 83.5+9.8 3.00
p 43.2 +9.7 20.4+6.3 381.8 & 21.6 5.60
w 80.9 +10.2 4.8+2.1 101.04+£11.2 > To
) 423.0 £ 21.5 3.8+24 173.2 £ 14.5 > To

 the most abundant

AL -» podp (> utu™) channelis

used for normalisation

previously unobserved
AL - pp decay mode

 strong indication of a signal in

Candidates / ( 5.6 MeV/c?)

Candidates / ( 5.6 MeV/c?)
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Summary

* Rare mode, extrapolating to full mass region from low- and high masses:
* signal region (extrapolated): B(Af — pu™p™) < 7.3 (8.2) x107® at 90% (95%) CL.
* low-mass: B(AT— putu™) <65 (7.8) x 107 at 90% (95%) CL
* high-mass: B(AFY — putp™) < 11.8 (13.1) x 1078 at 90% (95%) CL
* Resonant mode mass regions (assuming no interference):

B(AT — pw) = (9.82 +1.23 (stat.) £0.72 (syst.) £ 2.79 (ext.)) x 107*
B(AF — pp) = (1.52 4 0.34 (stat.) £ 0.14 (syst.) +0.24 (ext.)) x 1073
B(AT — pn) = (1.67 £ 0.69 (stat.) £0.23 (syst.) +0.34 (ext.)) x 1072

w

R TS R TR

m(utu~) [MeV/c?]
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Study of the rare decay
J/Y - pumpt e

LHCb-CONF-2024-001



https://cds.cern.ch/record/2894330

B to 4 leptons?

very rare process: penguin or box diagrams + initial
(ISR)/final-state radiation (FSR)

sensitive to the decays via intermediate narrow resonances
predicted SM BFs (phys.Atom.Nucl. 81 (2018) 3, 347)

* 0(109) for B,
* O(10%) for BY

best limits come from LHCb:

« < 8.6x1071° for B,
e <1.8x1019 for BO

Candidates / (50 MeV/c?)

O = D W B~ U DN

: I I I ° IDatla .
 LHCy Do :
C — =B’ wturutus ]
- s MU U .
£ 0.60 <BDT < 1.00 ...... Combinatorial e
5000 5500 6000

m(utuutu) [MeV/c?]

M
0%
o W
S’d —’—i’\f\f\‘/d\//\/\/\.+ M—
u,c,ty AVp

JHEP 03 (2022) 109



https://inspirehep.net/literature/1680744
https://inspirehep.net/literature/1973021

Observable 4-lepton decay: J /Y — 4u

* FSR of a virtual photon from the lepton

_ M
* ISR suppressed by C-parity: ‘ ut
* |/ — yy forbidden
2l i -
* no significant contributions from C N
intermediate vector resonances: LO QED prediction: H
* J/W = VV — 4u violates C parity B(J /Y - 4u) = (9.74 + 0.05)x10~7

* a clean FSR process with future applications
and sensitivity to possible BSM scenarios
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Phys.Rev.D 109 (2024) 052006

Existing measurements

BES Il experiment CMS experiment

1000 F CMS 33.6 fb" (13 TeV)
cé I (a) AISO 7 T T T T T T T — T T ]
5 | I ] *e E g e Datla | | ]
CHE =100 — —
= | E’ 8 1 O— — Fit result ﬁ .
3500 g 50 - . — Jly signal 1
%/ 3 0, ~ ..% 8_— — Background s
2 4 ; Jres—— Ln > |
R _ S 2 X 2 L - 11 6+3.8

{03 3.06 308 31 312314316 0 1 2 3 4 5 6 7 8 — 6r ~“-3.1 —

M (GeVie?) R,y (em) o - signal events 4
o

_200F g -
0 = 80 N - ]
2 /Y- 2eluo | E 8 N ar ]
21501 < 60 > - -
S o = > - 1
2100f g 401 @ 2 t B
5 | Z 200 — | | | :
§ 50‘ 2'--:. bk - e R, 0— L D l‘_L‘ T 7 Y ]
= g): /. = gwwéﬁ%mw 2.6 2.8 3 3.2 3.4

04306308 3.1 312314316 0 1 2 3 4 5 6 7 8

M™% (GeV/c?) R, (cm) My [GEV]

« BJ/yY - 4e) = (5.48 + 0.31 + 0.45)x107°
« BJ/Y - 2e2u) = (3.53+0.22 +0.13)x107>
« B/ — 4u) < 1.6x107° @ 90% CL B( /Y - 4u) = (10.1733 +£ 0.4)x1077 &


https://inspirehep.net/literature/1978821
https://inspirehep.net/literature/2769595

Analysis strategy

* measure B(J /Y — 4u) relative to normalisation channel J /Y — 2u

* use J/Y from two origins:

Prompt Secondary

'3 p
* high production rate * |lower production rate
* high background rates * lower background rates

* requires tight selection e profit from B decay triggers
42



Results

[ Rpr = (1.89 £0.17 £0.09) x 1073 ]

By - p uptp™) =
(11.3+1.0+05+0.1) x 10~/

* most precise measurement to date

* consistent with the SM prediction at
the level of 1.40

* J/Y — 4u observed in both samples with large significance (>>50)

Prompt
T1aof T b ]
% B —— Total fit model 1
S 120 :_LHCb preliminary — JIy—utuutus —:
e} C - Background
S/l 00F 541
£ 80f
:-9 -
2 60
8 + :
© 40 .
X +
o 166 £ 27
O I \ L | ] L 1 ]
2300 3000 3200 3400

m(utu-ptpo) [MeVic?]

Secondary
~200 ———— o
& - Data
% 180 — —— Total fit model —:
E 160F LHCb preliminary — Iy -t
:2 140 [ 5.4 fp! Background _f
~120F :
2100f
ho) N
S 80F + + H
<
S 6ol T 1y oy
40F i E
20 286 + 30 s
- . . 7 ] 1 1
2%00 3000 3200 3400

m(utu-utu”) [MeV/c?]
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Kinematic distributions

Secondary
- T T T T E 3 3 T L S E .
£ 020 4w 7 2%F - ow : * size of the sample allows
£ oagpJomma 4 Eomf [omms 2 to study kinematic
= 0.16 :—L__;Phase—space model ! 3 8 0.16 ' ! Phase-space model — . . .
S 01k 1 Souf E distributions
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A TIIE I 5% 1 D e S LR L E with the LO QED model
1000 1500 2000 2500 3000 1000 2000 3000
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0.1 FEERE BT 3 0.06 EH = differs
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Existing J /Y — 4u measurements summary

I 1 || 1 | I I 1 1 1 || I
|LO QED

BESIII (4.5x10° ¢ (2S)—J/y w*x ") |
-

CMS (33.6 b~ pp—J/y)

LHCb (54 fb™! pp—Jiy)
preliminary

I
I
!
I
I Dedicated LHCb public page
|
|
I
|

1 1 1 1 1 1 1 1 I 1 1 1 1 I 1
0 0.5 1 1.5

BU/ly—p*uutu”), 107
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https://lhcb-outreach.web.cern.ch/2024/04/02/lhcb-observes-the-rare-decay-j-%cf%88%e2%86%92%ce%bc%ce%bc-%ce%bc%ce%bc/
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Outlook

LHCb DETECTOR LS2 UPGRADES

VELO: NEW SILICON PIXEL RICH1 RICH2 Upgrade I Upgrade II

LHCb Upgrade

DETECTOR New optics of RICHV1 mirrors, with New multi-anode photomuttipliers
;/Z:Ve;I:;:%%a;ci,;é\l/s{e_g)czslrset:l%‘;a larger curvature radius. ;a;;lgr):?: ér:gm/t:rl%;;:gts;detectors R u n 1 Ru n 2 Ru n 3 Ru n 4 R u n 5 R u n 6
as close as 5.1 mm to the proton
beams. — 1 6
(7)) - N ™ T © 0 0 0 ne 350 =
¥ 14 o o 0 o 0, 'a
E -l -l .| -l - 300 =
) Rl
o 12 ; >
« actual - / 250 ‘¢
o sm 7,)
.10 — — eXxpected e -/ 8
= =11 m11m 1 expected with improved LHC optics at Run 5 -6 !/ 200 =
® 8 . =
O j/ 150
£ 6 F =
O
2 4 100 5
X . S
© o o o o g 50
o s o
o g — | —
[ I R e — — — — — —. il BRI B B 0
2010 2015 2020 2025 2030 2035 2040
TRA(?KER: NeYV U.T TRACKER:. SQI-FI FRONT-END ELECTRONICS Year
it bt - oo o bt 7t workshop on LHCb Upgrade |l

have been modified.

* Unique LHCb coverage and capabilities leads to precision studies not available elsewhere

* Developments with the upgraded detector will allow to significantly expand the rare programme!
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https://indico.cern.ch/event/1377881/timetable/?view=standard
https://home.cern/press/2022/LHCb-upgrades-LS2

Extra slides



B) - KK~ y: helicity angle

(Sg+y,—SK~y)MKK

4MB,qRABg

* CO0SOpr = , Where

2
" Sij = My

* gp - kaon momentum in the dikaon restframe
* (g, - dikaon momentum in the Bg restframe

symmetric
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Amplitude model: (m,,0) PDF

* Global PDF: P (mgg, Oxkk) = NsPs + Ypig NokgPorg
signal peaking backgrounds
* Signal PDF:

* P(mgg, Oxx) = (Mg, |cosOkk|) - T3(Mkk) YXp=s,— | Zrp Crp * Arp (Mik, [0SOk |) |2
o e(mgg, |cosOkk|) - 2D acceptance
* J3(mgg) —the three-body phase space Jacobian
* Cg, - complex coefficients

o Ag(my, [cosOxk|) = BWr(my) - diE (8xk) - amplitudes

. d{’g (Bxx) - Wigner d-functions, representing the matrix elements of the operator rotating
the angular momentum basis from the B decay axis to the dikaon decay axis

* Mgy resolutions included in the relativistic BW using analytical convolution
[J.Math.Anal.Appl. 463 (2018) 2, 1040]
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https://inspirehep.net/literature/1726869

Amplitude fit: minimization procedure

sWeighted unbinned extended log-likelihood fit —1InL,(p) = sz InP(3;; D)

Fit parameters p = B
:: 5 lineshape parameters pand I for ¢ig0 and f, (1525 + d1020 radius
1 4 yields Ng signal and Ngo , N,, , Npo backgrounds

fit-fractions:

N isobars and (N-1) phases cge!®r, relative to c;p,0=1 and 8;9y0=8;525=0

Other lineshape parameters are fixed to world-average values.
Meson radius free to vary for ¢,n,

fixed to 3.0 ¢/ GeV for heavy resonances.
Mass resolutions fixed to MC simulation values

—2
f0+1 2.4GeVc |AR(mKK, |COS€KK|)|2d¢3

2myk

1 (2.4GeVc—2 : ,
f0+ 2mx o > }ZRP Cr, * Ar, (Mikx, |COS‘9KK|)| dos

Jr = |CR|2
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B) —» K*K~y: systematic uncertainties

’ Mk~ fit ] Acceptance ‘ Amp. fit ‘ Isobar model ” Total ‘

$(1020) | Fr (%) o (*5:2) 33 (o3 (19
e (KeV/c?) ) *2 ) (*%4) 6
Tr (kev/c?) %) (7 *52) ! (*303)
To (GeV/c)™Y) ooz oo (Fo.0s +0.09 +0.12
£2(1270) | Fr %) 099 (.07 (03 (*503 (03
Fu/Fy (%) o5 0% o3 (*o1 (o2
On (deg.) 38 (*69) 39 (Hi1 BT
£3(1525) | Fu %) (33 (*03) 03) o (*03
Fu/Fp (%) (53 (*5:3) 53 (53 (*od
Hr (MeV/e?) o £0.2 (53 7 (19
Ty (MeV/e?) o ) By 0 (*33)
$(1680) | Fr (%) 3 0.2 0.3 +0.5 +0.7
Fu/Fo (%) 06 (*5:3) o3 £0.7 (11
O (des.) (31 ¥ (37 (%83 (625
$3(1850) | Fr (%) 007 +0.03 (004 (515 o1
Fa/Fs ) oo (o0 | (ooe (*014 (*03
dr (deg) it ) Y (*163) BRTR
£2(2010) | Fr (%) 001 1007 (007 (*0:10 o
Fr/Fp (%) o0t 0% (X036 (*o14 (*63
8 (deg) T (*33) (7 (1 (*3%6)
(KK)xn | Fr (%) o0 0% (03 (*3:08 (*03
Fr/Fy (%) ot (X091 (037 (*013 (*03
dn (deg) i (*33) ) 33 (*54

Mass fit and sWeights extraction:

 vary signal and bkg models
* extract sWeights in separate my, bins

2D acceptance:

e vary acceptance model
e vary with MC simulation stat. unc.
* simulation weighting

Amplitude fit:

e PDF definitions: allow for BY asymmetry

* vary binning scheme for peaking bkgs,
* test neglected bkgs
Isobar model:

* use alternative resonant structure
 vary fixed mass & width, meson radius
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B) - qb,uiTJ_r: systematic uncertainties

Source dasy X 107°  Jagr0 X 107°
1 (2S)¢ branching fraction 1.18 0.26
Other branching fractions 0.18 0.05
Normalization yield 0.40 0.09
Size of simulated samples 0.47 0.15
T decay model 0.61 0.13
Signal decay model 0.90 0.18
Other efficiency uncertainties 0.68 0.16

Total 1.9 0.4




AT — pu™u: systematic uncertainties

Uncertainty source n % p %] w[%]
Normalisation channel 5.60 5.60 5.60
Efficiency ratio (stat.) 1291  5.33 4.58
Efficiency ratio (syst.) 1.65 1.65 1.65
Shape of signal 0.60 1.66 1.16
Shape of AT — prtn~ 0.39 5.27 1.23
Shape of combinatorial 0.08 0.03 0.01
Ar — prTn~ decay model  0.08 0.08 0.08
Fit bias 0.33 0.12 0.07

Total 14.02 9.40 .30




J/Y - ,Lt+,u_,u+,u_: systematic uncertainties

Source Secondary Prompt Correlated?
Size of simulated samples 0.6 0.8 no
Treatment of simulation 1.1 0.8 yes
Fraction of secondary J/i) component 0.3 0.2 no
Kinematic calibration 0.5 0.2 no
Hardware trigger calibration 0.3 0.4 yes
Software trigger calibration 1.0 0.4 no
Tracking calibration 2.3 1.8 yes
Muon ID calibration 3.1 5.8 yes
Mass modelling 0.6 0.7 no
Multiple candidate selection 0.6 0.8 no
Total uncorrelated 1.5 1.5 -
Total correlated 4.1 6.2 —
Total systematic uncertainty 4.4 6.3 -
Statistical uncertainty 10.5 16.2 no
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