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Beauty baryons @ LHCb

+ Beauty baryons are produced copiously in LHCb,
opening up new avenues for study and improved
precision of their properties and decays.

+ Production

+ Mass

+ Lifetime

+ New decay modes
+ CP asymmetries

+ Other studies, for a future BEAUTY meeting...
+ Rare decays, e.g. A,2>Aptu-
+ 1 fb! result (PLB 725, 2013) being updated to 3 fb™l.
+ Probe CKM elements V_,, V,, in A,2>A_v and A, pév decays
+ Excited b-baryon states
+ bc-baryons



Detector & data sets

/ HCAL \
/ ECAL MS5 \
/ / SPD/PS M3 brit \\ %

U Precision vertex detector (c,,~ 20 um), tracking c,/p = 0.5%

[ Excellent particle identification, including hadron separation to ~100 GeV

1 High bandwidth trigger, ~2-5 kHz to tape, hadronic, EM and muonic final states.
1 Wide & flexible physics scope: b, ¢, quarkonia, W, Z’s, exotics, jets, etc.

1 Analyses based on:
1 2011,1fbl @ 7 TeV
1 2012,2 fb! @ 8 TeV
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Reconstructing hyperons from b decay

/ T3
/ P . T1 T2
..... TTi - < A— '. ‘ t\O(\

s s E o e
o
o
JAverage b-momentum in LHCb ~ 100 GeV

JdE.g. A,2J/yA, 30GeVA 2 y=30 2 <d>=2.5m




Reconstructing hyperons from b decay
/ K/ T3

ogato | = E
. s E B e #:53_5______.(

o
o
JAverage b-momentum in LHCb ~ 100 GeV

JdE.g. A,2J/yA, 30GeVA 2 y=30 2 <d>=2.5m

1 Hyperons reconstructed if they decay upstream of TT.




Reconstructing hyperons from b decay
/ T3
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i A— e?
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 Going beyond A, ..
d Example: E,2J/yE", 5 2An
d Get hit2X ... t(E)~164 ps, t(A)~260 ps



Production, BFs
Mass and
Lifetimes
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Ab 9 ACTC BF arXiv:1405.6842

submitted to JHEP
* State of affairs, pre-2014: B(A; > Az )= 577%5¢ x 10° 1fb?

— “Golden mode” for A, decays only known to = 70% precision!
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arXiv:1405.6842

A, 2 A BF

* State of affairs, pre-2014.:

— “Golden mode” for A, decays only known to = 70% precision!

 Use 45,000 fully reco’d A,j2> A rt*
and 106,000 B°> D nt* decays.

* Anatomy:

B(A) > Alz")= 57750 x 10°

LHCb-PAPER-2014-004
arXiv:1405.6842

submitted to JHEP
1fb1?
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A, 2 A BF
« State of affairs, pre-2014: B(A, > A;7z )= 57755 x 107

— “Golden mode” for A, decays only known to = 70% precision!

LHCb-PAPER-2014-004
arXiv:1405.6842

submitted to JHEP
1fb1?

(, 20.2 < pr(AY) < 40 GeV/e 20.2 < pr(BY) < 40 GeV/e
% 1m0 ‘ ‘ LHCD { L O ‘ " LHCD | E
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 Use 45,000 fully reco’d A,j2> A rt* o : LR
o pyiint E L R A
and 106,000 B°> D nt* decays. LRI T T KO mior
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decays semileptonic
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T[T T[T [T T T [T LA 7T

| 032008 (2012)

............

* B(A_,2pKn) common to both analyses = cancelation of large syst. error

B(A® s Atr—) = (4,30 +0.03 7012 + 0,26 + [::1_21) x 1073

BF measured to 8% precision! Huge leap forward in precision! |
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Candidates/ ( 8 MeV/c?2 )

Candidates/ ( 0.27 ps)
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2,~ and Q, "~ lifetimes

Reconstruct E,~ 2J/yE",
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LHCb-PAPER-2014-010
arXiv:1405.1543
submitted to PLB

3 fb?

2>An and Q" 2J/yQ-, QO >AK~, with A>pr.

7(2,) =1.5577 +0.03 ps

+0.05 ps

7(Q;) =1.54"0%

Source Z, = JE O = I
Trigger efficiency 9.9 6.5
Reconstruction and selection efficiency 29.0 45.0
Signal modelling 5.9 11.4
Combinatorial background modelling 3.0 3.0
Cross-feed background 0.1 11.1
Detector length scale 0.3 0.3
Total 314 48.3

10
Q, decay time [ps]

O Best precision to date.
J Consistent with the recent CDF results

CDF, PRD 89, 072014 (2014)
7(5,)=1.32+0.14+0.02 ps

7(Q,)=1.66 7 +0.02 ps

-0.40
(See talk by J. Rosner)
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Studies of the E,° baryon - 1

Until recently, little known about the =, ° baryon.
— Lifetime unmeasured
— Mass only known to ~2.5 MeV (A, mass known to ~0.3 MeV)
— Relative production rates ? Are prod. properties (p;, n) similar to A, ?

LHCb-PAPER-2014-021
arXiv:1405.7223
Accepted in PRL

3 fb!

14


arXiv:1405.7223

LHCb-PAPER-2014-021

Studies of the E,° baryon -1 e

Accepted in PRL
3 fb!

Until recently, little known about the =, ° baryon.
— Lifetime unmeasured
— Mass only known to ~2.5 MeV (A, mass known to ~0.3 MeV)
— Relative production rates ? Are prod. properties (p;, n) similar to A, ?
In E,, QQ, studies, decays with J/y+hyperons have been ‘the work horse’.

— Use CF decays, J/y for triggering, well-displaced vertices from hyperons with narrow
widths. Hadron ID helpful, but not crucial.

— In LHCb, large boosts, large ct leads to a reduction in total efficiency for hyperon reco.

15
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LHCb-PAPER-2014-021

Studies of the E,° baryon -1 e

Accepted in PRL
3 fb!

Until recently, little known about the =, ° baryon.
— Lifetime unmeasured
— Mass only known to ~2.5 MeV (A, mass known to ~0.3 MeV)
— Relative production rates ? Are prod. properties (p;, n) similar to A, ?
In E,, QO studies, decays with J/y+hyperons have been ‘the work horse’.

— Use CF decays, J/y for triggering, well-displaced vertices from hyperons with narrow
widths. Hadron ID helpful, but not crucial.

— In LHCb, large boosts, large ct leads to a reduction in total efficiency for hyperon reco.

To play into LHCb’s strengths, use Cabibbo-suppressed decays ... no hyperons!

[

Despite 3 X lower BF, still win big in total acceptance.

0 CFy =+
b%dcﬂ y

[1]
[1]

~ B(ZX = pK7")
+ G5 + ¢ ~0.34
¢ 7 pK 7 BE, >EZ 77" )BE > Az )B(A— pr) ]
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LHCb-PAPER-2014-021

Studies of the E,° baryon -1 e

Accepted in PRL
3 fb!

Until recently, little known about the =, ° baryon.
— Lifetime unmeasured
— Mass only known to ~2.5 MeV (A, mass known to ~0.3 MeV)
— Relative production rates ? Are prod. properties (p;, n) similar to A, ?
In E,, QO studies, decays with J/y+hyperons have been ‘the work horse’.

— Use CF decays, J/y for triggering, well-displaced vertices from hyperons with narrow
widths. Hadron ID helpful, but not crucial.

— In LHCb, large boosts, large ct leads to a reduction in total efficiency for hyperon reco.

To play into LHCb’s strengths, use Cabibbo-suppressed decays ... no hyperons!

[

Despite 3 X lower BF, still win big in total acceptance.

0 CFy =+
b%:acﬂ y

[1]
[1]

~ B(ZX = pK7")
+ G5 + ¢ ~0.34
¢ 7 pK 7 BE, >EZ 77" )BE > Az )B(A— pr) ]

Excellent normalization mode (identical final state): A,>A_, A 2 pKn!
— Most systematics cancel at 1% order in relative measurements.

— Small differences in momentum spectra and lifetime of E_vs A2 pKn
17
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LHCb-PAPER-2014-021

Studies of the Ebo baryon -2 arXiv:1405.7223

Accepted in PRL
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Studies of the E,° baryon - 2
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 Lifetime of E,° baryon measured relative to that of A,.

O A, lifetime now known to high precision (see talk by P. Gandini)
O Perform sim. fit in bins of decay time, correct by relative efficiency (from simulation)

C;I: o.ue.: o N, (E(b)) " eﬂt = i \
N ‘ N (AD) T,
= L * cor b AL
= 0.D2_—_§_§_§_ * { i T { 1 }
o T } ‘ 1%t measurement of E,? lifetime
ooil (&) /T =1. + 0. + 0.
z I (E°)/7(A%) =1.006+0.018+0.010
3 : i ; a, 7(E0) =1.477+0.026 + 0.014+0.013, ps
\ decay time [ps] /
O A, and E,? lifetimes equal to within 2%
U Consistent with expectations from HQE 19
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LHCb-PAPER-2014-021

o p— 0 _
Studies of the =, ° baryon - 3 ariv:1405.722:
Accepted in PRL
: : 3 ot
1 Can also study the relative production rate vs (p;, 1)
B . ,
2" o ; ; QS:_ - O Semileptonic
“goosk Steep p;depen EI.’ICE ~o7E } A, At scaled
= oob 4 of A,/B° production i
j']é ¢ % also in Ebol - 0af
= oot (see talk by Maria Zangoli) 37: e
e  — 3 5
P, [Gevid] 0" 10 20 30 20

(] Relative production rate, integrated.
fzo B(E) = Zirm) B(Ef —pK 1)
fao B(A} — Aym—)  B(Af — pK-—7t)

=1 =0.1

Consistent with f_, / f , ~ 0.2 with above assumptions

— (1.88 £ 0.04 + 0.03) x 1072,
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LHCb-PAPER-2014-021

[} p— .
Studies of the =, ° baryon - 3 (v 1405722
Accepted in PRL
. . 3 b
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1 We also have a VERY CLEAN sample of E_* decays
E&m_— LHCDb — Full it é L LHCb — Full fit
s —onx | 2
S | ff Wcemorsora) 2=t Er -mb‘"m' (Mass of E.* =4X more precise than WA )
gm ! K Pl g ﬁi AM (2 —A') =181.51+0.14+0.10 MeV
: M(Z!)=2467.97+0.14+0.10+£0.14 . MeV
c_ 1j,|,, | . \ (C) Ac /

2260 2280 2300 2320 2 4 2500
M{pk ) [MeVicT] M[ pK‘ *) [MeVic?] 21


arXiv:1405.7223

New decay
modes & CPV
studies




LHCh-PAPER-2013-056
A /'H' 0 9 DOphi arXiv:1311.4823
b/ b PRD 89, 032001 (2014)

1fb?

0 The A,~> DK decay can be used to measure the weak phase v, ala B > DK™,

Viia(Viis)

Usual trick..

* Both diagrams are O(\3)

* Exploit interference for final
states common to D° and D°.

-
Y

7
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A /E,° 2 D%h?

0 The A,~> DK decay can be used to measure the weak phase v, ala B > DK™,

Viia(Viis)
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u N t \
d g d P

[ Start with CF D°-> K= decay, to first observe these decays.
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LHCb-PAPER-2013-056

arXiv:1311.4823

PRD 89, 032001

Usual trick..

Both diagrams are O(A3)
Exploit interference for final

(2014)
1 b

states common to D° and D,
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A /E,° 2 D%h?

0 The A,~> DK decay can be used to measure the weak phase v, ala B > DK™,
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[ Start with CF D°-> K= decay, to first observe these decays.
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LHCb-PAPER-2013-056

arXiv:1311.4823

PRD 89, 032001 (2014)
1fb?

* Both diagrams are O(\3)
* Exploit interference for final
states common to D° and D°.

[ Several first observations in A, and E,° decays!

0.0806 + 0.0023 + 0.0035,
0.073 £ 0.008 13955
0.0731 + 0.0016 < 0.0016,
0.44 + 0.09 £ 0.08,

057+ 0.22+£0.21,

U Good prospects for y with larger data set
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A,2)/ypK and A 2 )/ypr

[ CP violation not yet observed in the baryon sector.

d The decay A,=2J/wpK recently observed by LHCb = most precise t(A,) (see P. Gandini talk).

U The CS decay, A,=2J/ypmn-, unobserved prior to this analysis, has 2 amplitudes, tree & penguin
with different weak phase = NP can enter in the penguin and give rise to direct CPV.

F b

SH

c
; Jh

A? u
)
d

c

/e

LHCb-PAPER-2014-020
arXiv:1406.0755|
Submitted to JHEP

3 fb?!

1
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A,2)/ypK and A 2 )/ypr ot ors)

3 fb!

[ CP violation not yet observed in the baryon sector.

d The decay A,=2J/wpK recently observed by LHCb = most precise t(A,) (see P. Gandini talk).

U The CS decay, A,=2J/ypmn-, unobserved prior to this analysis, has 2 amplitudes, tree & penguin
with different weak phase = NP can enter in the penguin and give rise to direct CPV.

b < c
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d
u u N
d d
(a)
L L O First observation of A,2>J/ypn-
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Charmless: Search for A, /E,° = K,ph*

* Prior to this analysis, no 3-body charmless decays of b-baryons had been observed.

LHCb-PAPER-2013-061

arXiv:1402.0770

JHEP 04 (2014) 087
1fb?

Like B decays, 3-body charmless b-baryon decays contains penguin contributions—=> NP can enter.
e Opens up an interesting window to explore CPV in the b-baryon sector across the Dalitz plot.

* BFs normalized to the kinematically similar BO>K.nt*n~ decay.
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* Prior to this analysis, no 3-body charmless decays of b-baryons had been observed.
Like B decays, 3-body charmless b-baryon decays contains penguin contributions—=> NP can enter.

e Opens up an interesting window to explore CPV in the b-baryon sector across the Dalitz plot.
* BFs normalized to the kinematically similar BO>K.nt*n~ decay.
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B(A) = Klpz)
B(B* - K{z'7")
B(A) = KIpK")
B(B0 — K07r )

=0.25+0.04+0.02+ O.OZfAb,fd

<0.07 @90% CL

Iy B(E, > Kgpr')

=b

f, B(B > Kz'x")

= B(E; - KgpK')
f B(B* - K{z'7")

<0.03 @90% CL

<0.02 @90% CL

See paper for additional A, BFs

[ Measure direct CPV relative to CF mode
A, A (pK)T (penguins should be negligible)

Mg = A(A, » KIpr ) - A(Ay = A (Kp)z)
=0.22+0.13+0.03

Consistent with zero.
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PRL 112, 202001 (2014)

. . . . 3 fb?
[ First observation of b-baryons decaying to double-charm final states
Ay DOAD,S Ay DAD-
T [Ge 7§ Ceon 1% e g 1 13 A0 VRO s AT
Ewoo'LHCb E:E:E\DD 2 100—LHCb ;“:_’A:D_ N ‘B{Ab — ‘1:D )X‘B{ﬂb — A;—Ds )
o— TR B A D7+ 5D . .
i| Yield~4,600 B el 3| Yield~260 ||| Do ] = 0.042 £ 0.003 (stat) % 0.003 (syst)
% 001 [ Combinatorial ] g 50 [ combinatorial
S [ 8 Consistent with expected Cabibbo suppression
5400 5600 5800 59100 5500 5600 5700 5800 5900
AL D, Mass [MeV/c?] A} D Mass [MeV/c?]

Bonus: Get most precise A, mass measurement from measured mass difference M(A, )— M(B°):

M(AY) = 5619.30 4 0.34 MeV/ 2,
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. . . . 3 fb
[ First observation of b-baryons decaying to double-charm final states
A, DAD A,PA D
S [ e 1 % fme T 1 13040 “V/B(AD _s A+ -
E1°°°'LHCb E:E:E\DD 2 100—LHCb ;“:_"‘:D_ N ‘B{Ab — ‘1:_D )X‘B{ﬂb — flr-:I_Ds )
o S \g_, Ai : ] 2 AD = AID¥ + 5D - . .
i| Yield~4,600 B el 3| Yield~260 ||| Do ] = 0.042 £ 0.003 (stat) % 0.003 (syst)
% 001 [ Combinatorial ] g 50 [ combinatorial
S 8 Consistent with expected Cabibbo suppression
i
5400 5600 5800 5%00 5500 5600 5700 5800 5900
AL D, Mass [MeV/c?] A} D Mass [MeV/c?]

Bonus: Get most precise A, mass measurement from measured mass difference M(A, )— M(B°):

M(AY) = 5619.30 4 0.34 MeV/ 2,

3 B(A,2AD,): Normalize to B(B°>D"D.*), but relative yield strong function of p;.
[ Measure double ratio, same p; dependence, which cancels in ratio.
E.:;, 1 T T 0 Y
o, LHCP .+. % ’ Several world best BF measurements |
o ) :
Z 0 A A B(A} - ATD,) = (1.1+0.1) x 1072,
by B 5Dz 0 atpY (47 : 4
2 o B(A) - AXD7) = (4.7+06) x 1074,
¥ | BB - D'D;) = (27+05) x 107%,
u | | | B(B" — AYA]) < 1.6 x107°[95%C.L.],
’ e e . BB AfA7) < 80x107° [95'?9:«::.14.].)

B(A) - AF DY) 1 / lﬁmg — AFaT)

B(BY — D+Dy) BB =D r) 0.96 £ 0.02 (stat) = 0.06 (syst),
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Summary

* b-baryon rate at LHCb very large, 1 A, for every 2 B°!

* Production, decays, b-baryon properties and CPV are
beginning to be probed.

— Lifetime of £,° went from unmeasured = 2% precision (t(A,) known to ~1%)
— Mass of Z,° went from +2.5 MeV = ~0.4 MeV, almost on par with A,!

e Other high yield modes of b-baryons are also being explored that
exploit the excellent PID in LHCb.

* Expect more on rare decays, V, V,,
excited baryonic states soon..

The future is bright for
b-baryon studies @ LHCb.

*HRNK*

I shall play you ong of my peo



