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Introduction
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Objectives

Properties of the Lambda A:

m Invariant mass
m Lifetime

m Transverse polarization

Citation: 5. Navas e al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024) and 2025 update

A BARYONS
(5= -1, 1=0)

A° = uds

[1] 10P) = 03%)

<Ifass m = 1115.683 + 0,006 Mg
A= (01:11)x105 (5=16)
(S=15)

Magnetic moment p = —0.613 + 0.004 yp
Electric dipole moment d < 1.5 x 107!® ecm, CL = 95%

P
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The LHCb Experiment

The CERN accelerator complex
Complexe des accélérateurs du CERN
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Tracking System

Track types used

Upstream track " Long track .
, — Reconstructs position

-
~  Long track

Treack |4~ and momentum with the
-

"-'!Tj . Downstream track 1t best resolution.
VELOV[:;:U lrack—_—-~‘~-~"‘\\
N m Downstream track
1 — Lower resolution, but
TIT2 T3 characteristic of the long
lifetime of A.

= Only Long track and Downstream track of the daughter
particles from A decay are used.
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Particle Identification (PID) System

Phenomena:

m Cherenkov radiation

L HOAL
ECAL Ms
SPDPS M M

RICH2 g M2

m Particle shower

innermost layer ——» outermost layer
tracking electromagnetichadronic  muen
system _calorimeter_calorimeter _system

photons
.

electrans
—_—

muons

protons
Kaons
pions.
=

LHCb PID detector:
m 2 RICH detectors
m Calorimeters (ECAL & HCAL)

m 5 Muon stations

neutrons
Kp
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Dataset and Analysis Pipeline

pp collisions at /s = 7 TeV, integrated luminosity £ = 1.042 fb~*.
m Real data

m MC simulation, comprising two levels: gen (before acceptance) and reco
(after acceptance).

[ pp data + MC (gen, reco) ]

Classification into 3 track
types (LL, DL, DD)

Selection of A —
pm ™ candidates,

optimizing S/+/S + B

| !

Mass Lifetime Transverse polarization
CrystalBall + Bernstein e~ /70 ® G, er linear, £(cos 6™)
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Selection Criteria and Event Yields

Selection criteria Event yields
Category Variable Threshold Track After Retained
Mass [M(pm) — Mppg| < 30MeV g LL 207,368 2.57%
¢ DL 333,656 13.03%
zownpv(A) [—égg?/éig]omm U DD 320765  13.03%
FDownpy < mm s 17 o,
Geometry cos(DIRA) < 0.99996 Total 861,789 6.59%
n(p, ) [2:4.9] LL 454,436 11.31%
5 g oL 1,597,035 1.62%
Xirack /ndof <3 4 DD 2,125,596 1.56%
Track & IP FisherlP >1 Total 4,177,067 1.75%
v(Fisher XIZP) > 2
] ] pr(N) [150; 8000] MeV Total candidates before selection:
Kinematics 2 (n) [0;0.05] 1.3 x 107 (MC reco)
AP [20; 125] Mev and 2.4 x 10® (real data).
Arm.—Pod. PT J
laap| > 0.5
PIDp(p) >0
PID PIDK(p) > —10
ProbNNp(p) > 0.1
ProbNNghost(p) < 0.8

— The criteria remove most of the background, retaining prompt A

events.
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Invariant Mass of A

The invariant mass of A is reconstructed from the energy-momentum of
the two daughter particles p and 7~ (using E? = p? + m?):

Invariant mass

M =/ (Ep + Ex-)? = (B + Pr-)?

m The M, distribution is fitted to separate signal from background =
peak mass mp and resolution o.

m Fit function:

m Signal: Double-sided Crystal Ball - a Gaussian core combined
with two power-law tails, describing detector resolution and
energy loss

m Background: first-order Bernstein polynomial
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Lifetime of A

Decay time in the laboratory frame t = L/|v]|

Proper lifetime (rest frame of A)

t . L My
v lpal’

Fitting the above distribution with an exponential function
N(7) = Ng e~7/™ gives the lifetime 7y to be determined.
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Result:

Realistic Lifetime Fit Function

Accounting for detector resolution

Single track type: Combined tracks (LL, DL, DD):
Nreco(T) = No [e_TLO & G(Nres, Ures)i| Nraellco(T) =N [eiflo ® G1]

+(No— M) [ % @ G
Gi, Gy: Gaussian resolution functions for LL and DL/DD tracks.

Reconstruction efficiency correction

Using MC simulation to obtain the unbiased distribution from the

detector: M) — Nreco (7) o NMS (truth)
rea! er T NME(truth)
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Transverse Polarization of A

Based on parity violation in the weak decay A — pm~: polarization is

revealed through the angular distribution of the decay proton.
Normal vector of the production plane:

Al _ Pbeam X PA
[Pbeam X PA| .

0*: angle between the proton
momentum (in the A rest frame) and

o/

y.

Decay asymmetry parameter:

ap = 0.749£0.008, «f = —0.75840.005.

Theoretical angular distribution

dN N .
W—E(I‘FQAPCOSQ)
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Transverse Polarization Fit Function

The normalized cos #* distribution is fitted with a linear function
including efficiency:

Fit function

N(cos0*) = G (14 Gycos0*) e(cos 6), G=anP,

Reconstruction efficiency

oy _ Nidco(cos6*)
g(cos0*) = M (cos 07)

gen

m Fitted in bins of xg and pr = transverse polarization P, = G /a,.
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Results: Invariant

A°invariant mass

Mass of A/A

A°invariant mass

A”invariant mass

Results
©00

e s e
i o s fF oo i o o =
3 o My = 1115877 £0.001 Mevic? Té?"“,l . 2 m=1115867 +0.002 Mevic? Téﬁ’;‘ff.‘\“ " I wE me=1115874 0011 Mevic? Té@?}‘w" .
%m, 0=1192 +0.001 MeVic? e % ol 0=8.560 *0.001 MeVic? o %ﬂ,, 0=8537 +0.009 MeV/c? e
H - @ e O o
iy oy T ey T it 3 i T T T THo s T i i T T
M(pr) (Mevic’) M(pr) (MeVic’) M(pri) (Mevic)
Track M (MeV/c?) o (MeV/c?)
m All track types peak near 1115.87
PDG  1115.683 4 0.006 MeV/c?, about 0.19 MeV/c?
LL 1115.877 £0.001  1.192 & 0.001 (~ 0.017%) above the PDG value =
A DL 1115.867 £ 0.002 8.560 £ 0.001 H H
mati ncertainty.
DD 1115.874 + 0.011 8.537 4 0.009 systematic uncertainty
mo~11 o =~ 8.5-8.
L 1115.871 £ 0.002  1.185 % 0.002 LL 9 < opi,pp ~ 8.5-8.6
A DL 1115.885 £ 0.011  8.508 % 0.009 (about 7x better) = role of the
DD 1115.884 + 0.012 8.618 £ 0.010 VELO.

14/17



Results
0®0

Results: Lifetime of A/A

A lifetime A° lifetime A° lifetime
o _aw
H L) i A°(DL) 7 AD)
i 1,=0.0255 +0.0001 ns| S s 1,= 02404 +0.0005 ns| 1,= 02415 +0.0005 ns|
w . @ ERT I
“ El = £ B
“ [ > i e i i

L L L L T TV TN L , TN, L
0o ow " omor ool o B0 eI o g e T e e S B30I o s e T e e S

T0 (ns) " A° lifetime
Track A A g sﬂ; QO(:II;?%QO +0.0005 ns|
LL 0.0255 £ 0.0001 0.0259 + 0.0001 fuf

5

DL 0.2404 +0.0005  0.2522 £ 0.0005  «f.-
DD 0.2415 4 0.0005  0.2508 + 0.0006 .

All tracks  0.2690 + 0.0005  0.2772 £ 0.0005 “%
PDG 0.2617 4 0.0010

LR R X A

Events /(001 ns)

5

I | | | I L
01 02 03 04 05 06 07 08 09

t(ns)
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Results: Transverse Polarization of A/A

Polarization wrt x. Polarization wrt p_
o N a 0. C
01— LHCbpp V= 7Tev. = Luchpp (5= 7Tev
[ E E R
L 0. 1j
—+ -— r
005? C )—E—(
L Fi—:% 005
L { C —
o "E“% { L i:{%
[ o
s Foor
005 -0.051—
— L L L L L PR L o1l
o 0 0}01 0.1)2 0.1)3 0.1)4 0.1)5 0'1‘ 1000 2000 3000 4000 5000 6000 7000 8000
X p, (MeVic)
Polarization vs. xr Polarization vs. pr

Over the full kinematic range (n € [2;4.9], pr € [150; 8000] MeV,
xr € [0;0.05]):
P,(A) = —0.009 £ 0.004,  P,(A) = +0.036 - 0.004.

m Small magnitude, consistent with LHCb's very low xr range.
m Negative sign for A, qualitatively consistent with most other experiments.

m A is more significantly positive than A — requires further verification.
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