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Baryons with b quarks
o Electroweak penguin decays normally leads to the thought of B meson

decays

- B+_)K+I+I-, BO_)K*OI-I-I-, BOS_)(p I+I-, pna resonance | my [Ge\?‘cz] | Y [Ge‘u?‘r:z | 2Jp Py B(A— NK)

0 0 0 A(1405) 1.405 0.051 T - 0.50

_ * A(1520) 1.519 0.016 3 - 0.45
B _)K Y’ B S_)(PY; A(1600) 1.600 0.200 1+  0.15-030
. " A(1670) 1.674 0.030 1 — 020 030
« LHCb has in addition a very large sample | suo | o0 om0 5 - 0w 0w
A(1800) 1.800 0.200 1~ 0.25-0.40
Of b baryons A(1810) 1.790 0.110 1+ 005 035
— This means that we get different angular | i | 1o o 5 . oo ou
structures in decay A(2110) 2.090 0.250 5  + 005025

— Unfortunately A, produced at the LHC are unpolarised at the percent level
— Past measurements of Ac—=Ap*u, Ae—pKp+u, Ay, A—pKy, ...
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New analysis of A,—pKp*u- decays

o Analysis based on full run 1 + run 2 dataset of 9 fb-’
« Branching fraction and angular moments measured in bins of
— 07 (squared mass of leptonic system) and N
~ mpe (squared mass of hadronic system) 3ot * FHich Prelminany
» Branching fractions normalised to t”zz
No—J/YPpK™ decay 2k
e 46 angular moments for unpolarised A, Z:
T f?ﬁ (@S costhcosty ) H TR A

JHEP 02 (2323) 189
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Selection of A,—pK -

« Hardware trigger from muons, subsequent selection based on kinematics
of tracks from displaced vertex and particle identification

» Veto on peaking backgrounds from mis-ID of hadrons (i.e. B’.—K'K )

« sPlot procedure with LB e AR
pKup mass usedas ¢ i .
<)

103 ~ 5 2000
% 0
d|Scr|m|nat0r between ST == E ?_éumn:—
signal and background we &N b N
o 5400 5600 5800 5400 5600 800 ¢
8 ; MoK [MeV /¢ My K [MeV /e
° S i g n al reg i O n S Ch Ose n 6 g " 175 < mpx < 2.2 GeV/é i 2.2 < mpy < 5.41 GeV /e
to avoid J/y and y(2S) i =
"I'| l'IJ - E S — Full Madel
. . . 3 ~ 7 — Ak
Contamlnatlon 2 -. ———— —— : - é 1000 { Combin 1
5400 5500 5600 5700 5800 k| [ [
Mpxuu [MeV/c?) T 5400 5600 S0 5100 ?QL P
| Mk [MeV /e] Myiup [MeV /e

Weak decays of beauty baryons at LHCDb Ulrik Egede



— Around 1000 signal candidates in total

mpK

—PK YU signal

Branching fraction determined in all bins, angular moments in bins with *
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A—pK ury- branching fraction

The signal yields from fit are converted to differential branching fractions
using efficiency map and normalisation channel

Units of 108 GeV+c8
Correlated normalisation dominates over other systematics

LHCb Preliminary

2 ek [1.4359, 1.59) 159, 1.75] [1.75,2.2] 2.2,5.41]

0.1,0.98] | 522 [T 21]Padpoy 822+£1.69+038+1.54 7.24£092£052£1.36 0.46%0.13 £ 0.14 % 0.09
1.1.2.0] | 3.05 £[rasfefo sl 57 627 £ 1714040+ 118 4244078 £0.16 £ 080 0.1620.09 % 0.02 % 0.03
2.0.4.0] | 456 £[0.90[=f0.261£ .86 450 £0.86 £ 0.21 £0.84 3.44+0.47 £0.08 £ 064 0.12+0.05+ 002+ 0.02
10,6.0] | 472 +j0.76jp 15 D89 429 +£0.73£0.20 £0.81 3.36 041 +0.07£0.63 0.11+0.03 % 0.02 £ 0.02
6.0.8.0] | 5.08 076} 120095 465 £0.79£0.34 £0.87 256+ 0.36 +0.05 £ 0.48  0.04 £ 0.02 % 0.01 £ 0.01
11,12.5] | 5.32 +0.86f+ .20} [L.00] 453 + 0.80+ 0.16 £0.85  1.67 + 0.28 £ 0.03 + 0.31 -
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[
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Ns—pK p#p- angular distributions o

« Using sPlot weighted data and applying efficiency corrections gives pure
weighted signal events w(@®) in the 3D angular distribution

« Moments determined from weighted sum over basis functions
N= Y w(@,) Ki= v 3 w(@)i@)

event n event n
& R U, S ; n T ’E r : —— |
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«—PKutu- hadronic interference

o Distribution in cos(6,) is flat if there is only a contribution from a single
hadronic resonance

— Strong asymmetry in 1.75 < my < 2.20 GeV/c? bins
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Ne—pK Uty hadronic interference

o Distribution in cos(6,) is flat if there is only a contribution from a single
hadronic resonance

— Strong asymmetry in 1.75 < my < 2.20 GeV/c? bins

« Implies interference of resonances AP = 3R, — YA, 4 VB
with different parity v

— < -1 2
resonance | my [GeV/e?2 ] Ty [GeV/icZ] 27y Py B(A— NK) LHCb 9 fb A 14359 <myx<1.59 GeVic
— — — Prellmlnary Y 1.5900 <mpg < 1.75 GeV/c?
A(1405) 1.405 0.051 1 — 0.50 i 1.7500 < myx <2.20 GeV/c?
A(1520) 1.519 0.016 3 — 0.45 : 1.4359 < mpx < 1.75 GeV/c?
A(1600) 1.600 0.200 1 + 0.15 - 0.30
A(1670) 1.674 0.030 1 — 0.20 - 0.30
A(1690) 1.690 0.070 3 — 0.20 - 0.30
A(1800) 1.800 0.200 1 — 0.25 — 0.40 ::4‘
A(1810) 1.790 0.110 1 + 0.05 - 0.35 .50 Y L 1
A(1820) 1.820 0.080 + 0.55 - 0.65 T [
A(1890) 1.890 0.120 3 + 0.24 - 0.36
A(2110) 2.090 0.250 5 + 0.05 - 0.25
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

q? [GeV?/c*]
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N—pK - leptonic Ars o

« Just as for B mesons, the forward-backward asymmetry of the leptons is
sensitive to interference between Wilson coefficients C; and Cq

o Due to convention, the sign is Ar - 3R,
flipped relative to Ars for mesons S
Predictions from JHEP 02 (2323) 189 .
% g4l <"

1.4359 <myg < 1.75 GeV/c?

|£ Pre”minary ¥ 1.5900 < myx < 1.75 GeVic
Standard Model 1 1.7500 < myx <2.20 GeV/c
Co = _CSM 0.2 - \ s B
Cio = —C' ‘ b —
cl = CsM By : IS
cio = i o

—0.2 4
global fit
—0.4 -
o IAs)  Y(28) A @ @= ===
2.5 5.0 7.5 10.0 12.5 0.0 2.5 5.0 75 10.0 12.5 15.0 17.5
q2 [Gevﬁ /04] q2 [GGVZ/C4]
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Hadronic interference

« While Ags is sensitive to New Physics, other observables are uniquely
sensitive to the hadronic interference
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Comparison of hadronic spectra

 The hadronic mass spectra can be compared between Ay—pK'y,
A—pK ', and Ai—d/ypK

— Differences qualitatively align to expectations from available phase
space
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Conclusion
 Inthe Ay—pK'p'y final state there is a very rich | jﬂgbﬂnfby%

1 1.7500 < myx <2.20 GeV/c?
1.4359 < mpx < 1.75 GeV/c?

structure with information in both the hadronic
and leptonic system

— A basis of 46 orthogonal moments for an
unpolarised sample

— Some moments sensitive to NP and some oo as S0 s 00 s ls0 s
to had ronIC SyStem PRL 131, 151801 (2023)
» Further work to provide a full angular analysis of ~ Z»- T W
the A,—A\(1520)u"y final state as well as a full Sob o oSme T

decomposition of hadronic spectra

1500 1600 1700 1800
m(pK ™) [MeV/c?]
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Orthogonal basis functions for moments
o Full list of eigenfunctions used for the TIE ]

o

1 L F(cost,) Pl(cost,) 20 4 /TPl(cos8,) Pl (cosb) coso
moments 2 F(cos#,) P (cos ) 25 . 3Pl (cost,)Pi(cosb,) cosq%v
3\ [3Rcost,) Plcost,) 26 2= Pl(cos,)Pl(cosb,) coso
4 Pcost,) F(cosd,) 27 \/%P} (cosB,) Py (cost,) cosg
« Pr(cos 6) are associated Legendre el B v
. 6 VBP] (cost, )Py (cos f,) 29 \/ETPll (cosB,) P} (cosf,)sing
p0|ynom |aIS 7 5 P (cosb,) PY(cos 6,,) 30 8P} (cos B,) P (cos B,,) sin &
8 VB P (cost,) P (cosf,) 31 7’-le (cos B,) Py (cos B,,) sing
9 7’?}:’? (cosB,)Py{cost,,) 32 2P} (cos8,) Pl {cos 8,) sing
10 \/ERcost,) P(cost,) |33 3/ EP(cost,) P(cost,)sino
11 J7F(cosb,)PY(cosh,) B /TP (cost,)Pl(cost,)sino
12 £ P (costl,) Py (cost,) 35 3P (cosB,) P (cos §,)sing
13 \/ng (cost,) P (cos ) 36 —:f Pl(cos B,) Pl cos 0, ) sing
14 3P}g (cosB,) PY(cos ) 37 4/ 2Pl (cosh,) Pl (cos,)sing
15 V15F(cosb,)PY(cosd,,) 38 ﬂ " (cos B,) Pl {cos B),) sing
16 f PY(cosh,)P(cosh,) 30 2z P3(cost,)P(cost,) cos20
17 VI1FY(cosb,)P(cosd,,) 40 54/ IP:(cosh,)P}(cosh,) cos20
18 \/T D cost, ) PY(cosd,) 4 aPileost)y)Pi(cost,) cos20
19 /2Pl cost,) P(cost) cos s | 42 5\ [H P2 (cost,) P(cosb,) cos20
20 \/;’ Hcos,)Plcosf,) cos ¢ | 43 2z P (cosB,) Pi(cos 6,) sin20
21 35Pj(cost,)Pi(cosf)cos g | 44 5 \/% 2 (cos 8,) PE(cos 8,) sin 20
22 2P} (cost,)Pl(cos 8,) cos b | 45 s i (cosB,) PY(cos B,) sin2¢
23 ﬁ 3 (costl,) Py (cosf,) cos ¢ | 46 <5y [ PE(cos B,)Pi(cos B,) sin 20
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PRL 131, 151801 (2023)

No — N(1520)ptyr

« As all other electroweak penguin analyses, the normalisation of the

branching fraction is done through the corresponding J/y decay mode
dB(A) — A(1520)u+;;_)] Timax B 1 B(A) — pK~J/W)B(Jpp — ptp™)
dg? g (e ) B(A(1520) — pK~)

Npas20yuty-  Epk-J/y

b
Nyk- Jjp  EA(B20)put

& - —————
2 LHCb J =
= 12000 . =
¢ o 1 2
=, 10000 41 =
i —+ Data o2
Ef 8000 Combinatorial _: ';
% 6000 —A-rkuy 4 2
= = Total . =
=2 4000 41 =
S 2000 -
0 M M N N 1 L M L 1 a M L
5550 5600 5650 5700 5600 5700 5800 5900
m(pK Ut 1) [MeV/e?) m(pK Ut ) [MeVi/e?)
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No — A(1520)u+pr

3 T T T T l"l-\ 200 T T T T E
20F 180 30eq760 Geviyer LHCD 3

/(8 MeV/e

200F

Candidates / (8 MeV/c?)

o Fits of pKup mass distribution
made in regions of g* outside
the J/y and g(2S) resonances

Candidates

5600 5700 5800 5900 5600 5700 5800 5900
m(pK ") [MeV/c?]

« Very clear signal in all regions

« sWeights are then derived from
this distribution to get the signal
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No — N(1520)ptyr
. The A(1520), A(1405), A(1600),

and A(1800) resonances all TSOF T o Lhch
included in fit > 70 ol o fh-!
C e : . = 60 + oA 1.1<g?<6.0 GeV*/ ¢*

« Relativistic Breit-Wigner S 50 i
lineshapes used z 40p 1 AT

. Mass resolution so good thatit &
only matters for A(1520)

. Uncertainty in resonance TS0 te0 100 1800
parameters and interference mipk) [MeVic’]

treated as systematics
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No — A(1520)u+pr

o Fits in all regions show:
— Clear A(1520) peak
— Not as isolated as the K* in
Bo_,K*owu-
— Still promising for angular
analysis

)
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s LHCb
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E 30

T

Do S e o W S
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No — N(1520)ptyr

« Branching fraction
measurement at the end is

dominated by statistical : 107 —2 'LHCb -
uncertainty 3 g 4. Ob
« Comparison to theoretical E R l: =g
predictions are all over the place 5107 oo i
. Some consolidation required on 5 | L Ezi00s0 |
theory side to be conclusive 3 O Xiv220.08937

g% [GeV?/ ¢4

Weak decays of beauty baryons at LHCDb Ulrik Egede


https://arxiv.org/abs/2210.04640
https://arxiv.org/abs/1903.00448
https://arxiv.org/abs/2107.13140
https://arxiv.org/abs/2208.08937

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

