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PRL 119 (2017) 112001

How It started ...

|&d Selected for a Viewpoint in Physics week ending
PRL 119, 112001 (2017) PHYSICAL REVIEW LETTERS 15 SEPTEMBER 2017
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Observation of the Doubly Charmed Baryon Z;*
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R. Aaij et al > - LHCb 13 TeV .
(LHCb Collaboration) o 160 E ]
(Received 6 July 2017; revised manuscript received 2 August 2017; published 11 September 2017) 2 = + Data ]
A highly significant structure is observed in the AT K~z z" mass spectrum, where the A baryon is 12 140 — Total -
reconstructed in the decay mode pK 7. The structure is consistent with originating from a weakly " — 10ta ]
decaying particle, identified as the doubly charmed baryon Z/". The difference between the masses of the S“ 120 e Slgnal =
E%F and A7 states is measured to be 1334.94 + 0.72(stat.) 4+ 0.27(syst.) MeV /c2, and the Z7F mass is ) u .
then determined to be 3621.40 & 0.72(stat.) & 0.27(syst.) £ 0.14(A7) MeV/¢?, where the last uncer- E 100 C Background
tainty is due to the limited knowledge of the A mass. The state is observed in a sample of proton-proton FQ 80 =
collision data collected by the LHCb experiment at a center-of-mass energy of 13 TeV, corresponding to an Fg =
integrated luminosity of 1.7 fb~!, and confirmed in an additional sample of data collected at 8 TeV. 8 60 e
DOI: 10.1103/PhysRevLett.119.112001

Summer 2017: 20
LHCb discovers =..*" in A¢K-1t'1t final state
Summer 2022:
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What's new since then? 5


https://doi.org/10.1103/PhysRevLett.119.112001

How It's going
* Other decay modes
— EC(‘)+T[+’ D+pK—T[+
Mass, lifetime & production rate measurements

Searches for double charm partners
—CC ’ QCC

Searches for other double heavies
- =pc™0, Qu [In back up, feel free to ask!]



The LHCb experiment

* Huge charm and beauty production cross-section in the forward direction in
pp collisions at LHC energies

- Essentially all hadrons produced

* Require superb detection capability to separate signal from potentially
overwhelming background
- LHCD strengths in vertexing, tracking and charged particle identification

- ldeal signature:

 displaced vertex Example:

- - * = > NASKTUTT
« all track final state (no neutral particles to reconstruct) ce ¢
* containing at least some protons and/or kaons * A pKTT

— Capability for online selection (trigger) also crucial * (=) ~ O(ps)



The LHCDb detector

(2011-18 edition)
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:CC++ N EC(‘)+T[+

PRL 121 (2018) 162002
JHEP 05 (2022) 038

* =" - =¢'T1" appears as partially reconstructed peak in m(=c"1t*) spectrum
— missing photon from =.* - =¢"y decay

* Reconstruct =." - pK-1t* decay
— Cabibbo-suppressed but good efficiency (3 tracks)

Separate hardware

trigger decision samples

* on signal (TOS)

* independent of signal
(TIS)
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https://doi.org/10.1103/PhysRevLett.121.162002
https://inspirehep.net/record/2031673

CC++ N EC(‘)+T[+

PRL 121 (2018) 162002
JHEP 05 (2022) 038

BEIT—EZn")xB(EF - pK—7nT)

B( =+

—CC

— AT K-—7tnt) x B(AF — pK—7)

= 0.035 £ 0.009 (stat) £ 0.003 (syst).

Separate hardware

trigger decision samples

* on signal (TOS)

* independent of signal
(TIS)
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https://doi.org/10.1103/PhysRevLett.121.162002
https://inspirehep.net/record/2031673

y — (Yt PRL 121 (2018) 162002
S =TT JHEP 05 (2022) 038

—CC

B(Ett = = g)
B(Zt+ — Zhqgt)

= 1.41 £0.17 = 0.10.

Theory predictions range from 0.4 — 7 depending on relative contributions of two amplitudes

u | _+
W da "
J_C —> > S
St | c
Separate hardware Y | o b ]

trigger decision samples

e on signal (TOS)

* independent of signal
(TIS)

o
= 200H"

Candidates /

S @

] o
Candidates / (10

n
=

3500 3600 3700 8
M(E:r*) (MeV/c?) M(E7*) (MeV/c2)

id N 1

O.l. al PN PR PP T 0.|.
3400 3500 3600 3700 3400


https://doi.org/10.1103/PhysRevLett.121.162002
https://inspirehep.net/record/2031673

JHEP 10 (2019) 124
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https://doi.org/10.1007/JHEP10(2019)124

Lifetime measurement

PRL 121 (2018) 052002
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https://doi.org/10.1103/PhysRevLett.121.052002

Candidates / (5 MeV/c?)

Mass measurement & productlon rate
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https://doi.org/10.1007/JHEP02(2020)049
https://doi.org/10.1088/1674-1137/44/2/022001

Searches for ="

SCPMA 63 (2020) 221062
JHEP 12 (2021) 107

3
5 2110. — | — 2 ~5000 — . . 1 2
= SE +RS LHCb B ;ﬁ C LHCb i
B ] B _ 4
< |E VS (s=7.8,13TeV ] 4000 541" ; JRgpEeetis. 2t
4F : 4 = - etapedTH OO0 i
U g +++f W * J’"“t'w "?"O +"“"+ = K %*ﬁ : i
u,., Mw - o o oty X L ++ +d = : -
5 b : Aakais WY T 3000 pagesestes o 3
e 3 : 1 < B ]
o F E ] & . : )
s oF E 1 =2000F £
:-9 - : a "9 - Tt + ]
—g B : a —g - + LA TT i
= 1B ; 3 S1000F -
O 1 © N + Etrrm .
0 : S " T ‘ ------ - i . : ........ | L 1" T BT :
3400 3500 3600 37003800 $i0o 3500 3600 3700 3800
m(AZK=7EYY [Me V2. 1 m(Eim mE) [MeVie?]

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

Mass Of SELEX claim Mass Of _CC+ §


https://doi.org/10.1007/s11433-019-1471-8
https://doi.org/10.1007/JHEP12(2021)107
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Looks suggestive, but with look-elsewhere-effect [in 3.5-3.7 GeV/c?]
global significance is 2.9 o
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https://doi.org/10.1007/s11433-019-1471-8
https://doi.org/10.1007/JHEP12(2021)107

Search for Q.."

SCPMA 64 (2021) 101062

w0 LHCb  wDaa IE ..... ....... | ....... - ...... . 31

-1 — Total
s4t Signal -

O
2
S _
L0 g T
#z7 Background a, 10 E ﬁ:
§ E E i S i
Q
—

1073 - _2'30

- LHCb i
E 54! E

Candidates / (5 MeV/c?)

107

000 9300 T 300 3800 3900 2000

m(ETK " +) [MeV/c?] m(Z K 7m*) [MeV/c?]

With look-elsewhere-effect [in 3.6—-4.0 GeV/c?]
global significance is 1.8 o
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https://doi.org/10.1007/s11433-021-1742-7
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e Strong dependence on assumed lifetime
* Little sensitivity for low lifetimes
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https://doi.org/10.1007/s11433-019-1471-8
https://doi.org/10.1007/JHEP12(2021)107
https://doi.org/10.1007/s11433-021-1742-7

To the future, and beyond!

* More yet to be learned from the Run 1+2 data sample

* But fundamental limits due to sample size and detector performance
— improve both in Runs 3 (2022-25) & 4 (2029-32)
— reasons to be optimistic for further doubly charmed hadron discovery

* No reason to think that should be the end of the road
— ambitious plans for LHCb Upgrade 2
— aim for the ultimate LHC flavour experiment
— reasons to be optimistic for further doubly heavy hadron discovery?

16



The LHCb detector

VELO pixels & thinned RF foil  (2022-32 edition)

— better vertex resolution /
All software trigger — better it
efficiency . Removed SPD/PS
; ; : s : Upgradecll muon Front-End
JHCAL i
Higher instantaneous 1 slectronics
luminosity — more data Magnet | Scifi . @ \
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New Pixel Y ANAN,

Software only trigger

Commissionin g ong oin g ‘ | T 30 MHz processing rate

right now




The LHCDb detector

CERN-LHCC-2017-003
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http://cdsweb.cern.ch/record/2244311?ln=en
http://cds.cern.ch/record/2776420

Summary

* We have learned a lot about double charm baryons since
the 2017 =..** discovery

— e.g. precision mass and lifetime measurements
e M(=c") =3621.55 £ 0.23 (stat) + 0.30 (syst) MeV/c?
e (=) = 0.256 10924 oy, (stat) £ 0.014 (syst) ps

* No 50 discovery of other double heavies yet, but ...

* Great prospects for further discoveries in the near future
— even more exciting prospects for Upgrade 2

QWG 2022 - The 15th International
Workshop on Heavy Quarkonium

26-30 September 2022 GSI| Darmstadt
Eurcpe/Berlin timezone
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Back it up
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LHCDb Run 1+2 Integrated luminosity
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a% 5 . 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b 201 8 201 2
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HL-LHC schedule
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Run 3 L Long Shutdown 3 (LS3)
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+5|_4HJ Run5 J

Last updated: January 2022

to be followed by LS5 (1-2 years) and Run 6
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