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What!?

What do we want?
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Sexaquark (S)

e Six quarks: uuddss
e Strangeness S=-2

« SU(3).x SU(3);x SU(2), singlet = deeply bound
* Flavourless: in m;, = m; = mg limit & no pion cloud - compact

» Colourless: rghrgb

. NeutraI:Q=2*§—4*§

« Spinlessscalar:uTuldTd!lsTsl
« Symmetric spatial wavefunction - small charge radius
« Stable?
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Mass & stability

1875.1 MeV=mp —m, <mg <mp + m, = 1876.1 MeV D — SX (S stable)

For N = p,n, possible mg are:
Theory predicts 1.2 - 2.23 GeV

Look for:
1875.1 < mg < 2055 MeV

Wouter Morren | Sexaquarks

CERN
\\
S

8 November 2024

2my—-mg 2my my+m, 2my
Unstable Unstable NN—>SX S->NAX
nuclei & nuclei (_ _)
neutron Doubly—-weak Singly—weak
stars
SSNNX Resonance
NN->SK Unbound
Ruled out > (=Y
e. Doubly—weak
Singly—weak /IN->8X
e.
S cosm. Strong
- N | - S stable < | stable |=>S unstgble |
1200 1400 1600 1800 2000 2200 2400
ms [MeV]

[&)]



Sexaquark the saviour?

UUDDSS DIBARYON

(HUITD)

It could: SEISTABLE

« (Partially) explain DM

* Resolve the muon g-2 anomaly (if it still is one) COULDBE

« Mean low mass Neutron stars have S core or layer DARKIMATTER

Many unknowns (detectability & abundacy): o ﬁ

°* My 4 R 1} gaNLy-a | Bold

. a(pp > §/5X) production B e e s SO

« (5§ - X) & a(S/Sb - b'X) annihilation W S

- o(Sn) scattering from polarisation P B e

e 1= A+ bA,, = 0.2 — 0.3 fm charge radius | el

« g interaction strength to hadrons s Teory (=0 S
0|
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Other exotic hadrons

Sexaquark €: Hexaquark Molecule Diquark dominated

« hexaquark (6-quark state)
* hyperons (baryon 21s) @ @

Found EZ_ 23 n]ew ex;tic haclirons alt the LIHC : Eigg%) : z;g; W ctagq
« Deuteron: uud udd (spin-1, stable)
« D*(2380): uuuddd (spin-3) 701
6.5 e
 AH: uud udd uds 60
('\35.5-
- Many exotic tetra- and pentaquarks at LHCb 3.
ION W R
- TK(.?:BTS)‘* X(3960)
Not found (yet): 2o G e
« AA molecule: uds uds ]

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
patrick.koppenburg@cern.ch 2024-09-25 Date of arXiv submission
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How?

How are we going to do
it?
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Method 1: Interaction with detector material

 Stable = S from QGP annihilating in LHCb detector A
« TriggeronB=—-1&S =42 _ T+ X
e Sp-o>AK* & Sn - AKY & We are here K+
« Sp-oEtX & Sn - EX
« Sp->KYK*X & Sn - KtK*X
« Sp - AAX & Sn - AAX

« Collect extra particles X from same vertex
« Background: = interacting with material
« Goal: production + annihilation cross section
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S_END_VRHO_SIGN_X {mm)

Annihilation vertices

Side View ECAL HCAL

Showing simulated Sp annihilation vertices Mt S, WD
Even the vacuum RF box can be used 74 A

- Add material selection

Verte:

Vertex Locator (VELO) & RF box:
100 i ‘Z:f‘ 5 N ; g zzzz: “‘ i 3

o] &,mwmuwé% .;L.WLA Jd Y z :ﬂ §§§

e R g !
-100 0 100 200 S_Ez% _VZ‘:?r?m) 500 600 700 800 ,Eoia;il 7-;‘! - 710 n B 20 o) 0 2000 4000 ngﬁg_vz?;?rc‘)} 10000 12000 14000

S_END_VX (mm)
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First data

Started taking data with trigger line since late August

Found mass peak Q* — AK*(555 - uds + us)

|IIII|IIII|IIII|IIII
| I
—
_|_
_'—|_
|

Useful for refining cuts

I A A 1 L 1
. 1650 55 1660 65 1670 1675 1680 1685 1690 1700
To be continued...
200

E

E

x, 100
—_ Z #
z G i e B e R e R e B
£ v 0 o By BB R e i s sl e e i S DR
a' T i : * A
= o
ﬁ' >

o —100

=

L

U'll

—200 A
T T T T T T T T
—100 0 100 200 300 400 500 600 700 800

S_END_VZ (mm)

END_VX (mm)

<C\ERN§§? Wouter Morren | Sexaquarks 8 November 2024 11
X



Method 2: Missing momentum

Reconstruct mass of missing particle from all other particles:

- Ep) - SpK*,where E;~ - Epn~ or B, - Epn~ € We are here

« A} - SpK*t, where £, - A)m™
« BT > SpK*, where B;,(5840) » BTm~

Background:
e E) - AAPKT
=) - EOnpKT
Charge conjugate included
Goal: Rate E) —» SpK™* & mg

dP/dS M [GeV]

N e - =
(=2 ST . N N SO RN N
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Preliminary results
§5000
‘§0000—
MSc Alex Doheny (finished): C
- Mass shape not understood, hard to assess if there is signal i
« Background source unknown and background search not fruitful yet T LI

mg [GeV]

(b) Data background, fitted with an exponential func-

tion.
Niels Odijk: —~ 10 B i |
‘o — 2024 (13.6 TeV): 9.56 fb" ol 134
. = — 2023 (13.6 TeV): 0.37 fb™" [ | — Backgroun § 54
* Run 3: more data! 2 gl —2022(136Tev): 0.82 b e _%g"?'popd >
§ — 2018 (13 TeV): 2.19 fb™' 1200f =
I = = 2017 (13 TeV): 1.71 fo' E
* Looser SeleCtlon cuts E —2016213T:v;:1.67fb-‘ 2 1000]
; 6 —oon (8 TeV): 2.08 fb™" g k
- . _q = r
« Better understand background g 2011 (7 TeV): 111
— [} :
g 4 @ 600
@ )
o B
- 400F
2 2
© 200
o
40:—:2 | 0 | b .m
= 0 1 1.2 1.4 16 18 2 2.2
Mar May Jul Sep Nov mg [GeV]

Month of the year
(b) Optimal cut, Punzi-cut
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Method 3: Why not both?

WHY NOT
BOTH?

Advantages:

« No need for Z,” or £, tagging

* Clean sample

Goal: cross section of S with matter & mg
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Summary

To do: What do we want? Sexaquarks!
* Find $

© Mg

* o(pp = SX)

* o(SN - X) 2

« DM?

| How are we going fo do Using detector interactions

@;b and missing momentum!
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Mass

For N = p,n, possible mg are:

* mg > 2my —mg = 1382 MeV, else NN — SK - unstable nuclei & neutron stars

* 1382 MeV < mg < 2my unlikely, else NN - SX - unstable nuclei (S fully stable)

« 1875.1 = mp —m, < mg < mp + m, = 1876.1 MeV (S stable)

1876 = 2my <mg < 2my + my = 2055 MeV =S - NNX possible (S cosm. stable)
o« 2my +my <mg<2my 2> S - NAX and AA — SX possible (unstable)

* mg > 2mp—~> S unbound broad resonance 2y - 2my my#my 2my
NN->SX S->NAX
a9 P
9 LOOk for 1875-1 < mS < 2055 Mev NN->SK i Unbound
Ruled zx_ti }D_otbly—wea N
Singly-weak AN->8X
<«

1200 1400 1600 1800 2000 2200 2400

ms [MeV]
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