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Heavy Quark Baryons at the LHC

The crop (so far) of Run | and Il of the LHC
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N, States in Ayt o™
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A good example of how collecting more data leads to further discoveries
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¥, and X} in Adx*

LHCD [PRL122(2019)012001]

CDF discovery [PRL99(2007)202001]

5L r
[ P

""" Background

L |e Dat E
b |—Total Fit E @ A
[ |-~ Background E
60_ “““““ s rou 3
40; z_ fh . Agn, Abﬂ-

Candidates per 5 MeVi/c?

N

o
—
pu

% 50 100 150 200
0 Q[Mev]
8o 2200
' 3 2000
i S 180F
60 1800F
[ S 1600F-
[ @ 1400F-
o  1200F
, 5 1000F- N
201y T 800F 5 A A
¥ O sk e
i R b
% 50 100 150 200 Ay Background
Q =m(Aln) - m(Ag) -m, (MeVic) % 50 100 150 200
Q[MeV]
4

Triplet incomplete. Neutral state still missing. /\gwo experimentally challenging.



A new X, excitation
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Quantity Value [MeV]

m(X,(6097)”) 60980+ 1.7 + 0.5
m(£,(6097)") 60958+ 1.7 £+ 0.4
M(X,(6097)7) 289+ 42 + 09

( 310+ 55 + 0.7

in agreement with CDF

m(xp~) -
m(x;") - m(%y)

m(<;)  19.09 + 022+ 0.02
19.73+ 0.18 £ 0.01

A(X,(6097)) 22+ 24 + 03
A(Zf)  -5.09+ 018+ 0.01
A(ZF) 44540224001

- 5%, (1P) states expected in

heavy-quark limit
e. g [Nucl. Phys. A965(2017)57]

- ¥, (6097) might be a superposition

of several resonances




A doublet of strangely beautiful baryons: =,

Groundstate parameters (PDG) Evidence for a strangeness changing

State M [MQV/CZ] Mean life [10*12 S] decay EE — Abﬂ'— [PRL115(2015)241801]
E, 5797.0+0.9 1572+ 0.040
Ep  5791.940.5  1.47740.030
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New mass measurement from LHCb:

100~

m(Z,) = 5796.70 + 0.39 & 0.15 + 0.17 MeV/c?

[PRD99(2019)052006] /{4‘4
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. . . 100
in agreement with previous results M(ASTE)-M(AY)-M(TT) [MeV/c?]

Candidates / (4 MeV/c?)

- Lifetimes benchmark for HQET

- Good agreement with HQE
prediction

[Int.).Mod.Phys.A30(2015)1543005] in agreement with [PLB750(2015)653]

BE, - A1) =02---0.6%




=, excitation spectrum overview
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- 5 excited states known ¥ -
. = =, (5935 missing
- Isospin partner of the 1/2* 2, b (5999) )
excitation missing 5 =, (5955) =9 (5945)
- probably below =)=° threshold ? B, (6100) NEW
? =, (6227)
[JHEPO5(2016)161] [PRL114(2015)062004] [PRL121(2018)072002]
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The new =,(6100)~ at CMS

=,7 7~ with Xi, reconstructed at CMS in two modes [PRL126(2021)252003]
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m = 6100.3£0.24+ 0.1+ 0.6 MeV I <1.9MeV (95%CL)

Possible assignment: P-wave excitation J° = 3/2" (analog to =,(2815))



s: two new =, excitation own at PWA/ATHOS)

* Example of a resent search (arXiv this August) Paper in Preparation
* Use the very abundant samples of Ay, saved on disk LHCb-PAPER-2021-025
* Use both: AbO K— T
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* Two narrow peaks in the Ay K- 7+ mass spectrum are observed
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Q, are rare objects |bss), | =0,S = —2

: PRL

- Discovered at DO and CDS 9[ 99(2007)20200:1
§ | DO . a,

° Qb — J/wﬂ g“ 13fb I~ Data
B Fit

- For a long time only ground state known fof

¢ I

o

- Only two decay modes established
LHCb is reconstructing ©, in several final states

[arXiv:2107.03419] ﬁ ) Wﬁr
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Q, excitations at LHCb |bss), = 0,5 =

EEK* produced in pp collisions at the LHC. Full dataset corresponding to 9fb ™"

[PRL124(2020)082002]
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Double strange heavy baryons - comparison

[PRL118(2017)182001]
-_ [PRL124(2020)082002]
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m(Z:K ) [MeV]
- Most natural J° assignment would be 1/27,1/27,3/27,3/27,5/2"
- Quark di-quark model predicts 5 P-wave excitations, 5/2 €, state not seen?
[PRD102(2020)014027]
- Molecular model can explain 3 Q. and 4 Q, states =,K, =5K, =B/D, =B"
[PRD101(2020)054033] J° assignment would be 1/27,3/27,1/27,3/2" forQ,  ©



Charmed Baryons
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= states lcgs),S=—-1,1=1/2

—c
= [PRU 24(2020)222001] Peak of AM [MeV] Mass [MeV] T [McV]
— 3 | | S e
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— = 1500 +1 0
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[PRD94(2016)052011]



- Measure lifetime ratio
- HQE: lifetime hierarchy

TQ(C]
> T0> Too > fol =
TEZr TA? TES TQS c TD+

" Too considered smallest due to
constructive interference between
s-quark in ¢ — s transition and
spectator s

- Using semileptonic decays
Q, — Qp v,X and
B » DY o X

x10°
LHCb -+ Data

— Full fit
i —D-Knmr
‘ Comb.

[ LHCb —+Data

—Full fit

— Q0 pK K
Comb.

- HQE allows inverted hierarchy
depending on treatment of higher

20

Candidates / (2 MeV/c?)
Candidates / (0.5 MeV/c?)

- H 1, +r+
orders [hep-ph/9311331] g A bl S “
" T =69k 12 fs from small statistics, ‘ ) \
fixed target experiments, consistent A

pK K 71" mass [MeV/c3 K™ mass [MeV/c3]

with hierarchy
[PRL121(2018)092003] 15



Q. lifetime in semileptonic decays at LHCb

[PRL121(2018)092003]

Signal yield / 0.02 ps
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- new hierarchy:

- ~ 4 times larger than world average

= (PDG) —e—
A (PDG) -
=2 (PDG) —o—
& (PDG) —— —e— ¢ (LHCb, 2018)
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Q2 and = lifetime in prompt production at LHCb [2109.01334] subm. to SciBul

Both states reconstructed in pK~ K« t. Prompt contributions unfolded by simultaneous
fit of mass and separation between collision point and decay vertex. D® — KtK 77~

as control.
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Charmed Hadrons Lifetimes

PDG
2018

LHCb
Semileptonic
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Prompt

[2109.01334] subm. to SciBul
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Double-Heavy Baryons

_- =+
®=cc =t

* Well established in 2 different modes (as required by PDG)
* Lifetime measured as well
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Searches for double-heavy baryons

Search for the doubly charmed baryon 7, arXiv:2105.06841
Q> EXK

N . ; .
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Figure 2: Invariant mass m(Z; K~n+) distribution of selected 27 candidates from (black
points) selection A, with (blue solid line) the fit with the largest local significance at the mass of
3876 McV/c? superimposed.

Search for the doubly heavy baryons .Qgc and E‘gc decaying to A}z and Ef 7~ axiv2104.04758
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Summary - Heavy Baryons

- Rich crop from the LHC Run I and II, especially in beauty
sector.

- Rare modes need more statistics
= LHC Run 3 starts next year.

- In particular for spin-parity measurements.

- Belle data very valuable in Charm sector
- looking forward to Belle II.

- Searches for double-heavy baryons picking up speed.
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Backup

22



The (formerly) heaviest Baryon [PRL121(2018)072002]
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- Width: [(2,(6227)7) = 18.14 5.4 & 1.8 MeV//c’
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