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.. weak decay

What"

- Doubly strange six-quark state

+ Spinless and flavor-singlet

udsuds content ( like 2AY)

- LQCD & ALICE & NAGARA — Binding Energy < 7 MeV

Hexaquark/H—Dibaryon?
Stable Dibaryon (Kochelev)
proposed

H-Dibaryon (R.L. Jaffe) Sexaquark (Farrar)
proposed proposed

H-Dibaryon?

H-DIBARYON TIMELINE



Why*/

e Discoveries:

e X(3872) at Belle,
e [etraguarks at LHCD,

e Pentaquarks at LHCD,

* \Why not six-quark states”

e |nfluence on neutron star EoS

Neutron star

e Understand A — A interaction better

 New particle = Cool &




How? - High Luminosity Frontier

H— A pr~ ? ®

Requirement:

High density of quarks /

Good reconstruction of A and tracking of p &~ \ M4
7 GeV

> e+
Lots of data < high luminosity \
/ ' 4 GeV

Optimal having Y (1,2,395)

= B-Factories (eg. SuperKEKB + Belle ll) are optimal for such decay channels



Briefly: SuperkKEKB & Belle ||

Interaction
Region Belle Il detector

U e
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linear injector

positron damping ring

crab waist nano-beam scheme

x30 instant. luminosity
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Fit + Inference

Qg7
NRXSGE7
NN O

Neural Network
Fit + Inference

- 90% CL

Belle Il sim. 699.237 fb~!

How"? - Analysis Outline
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How"? - Analysis Outline
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How?

- SuperK

-K

B+

Selle

tuned to Y (4.5)

— Continuum

o(e+e- — Hadrons) [nb]
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How"? - Generation
From continuum
eteT > [H->Apr] + X

Replace ZY(1530) values with hypothesised
parameters for H in Pythia.

— Sensitive to strangeness
— Unlikely to be a daughter-particle

26 masses in region my € [2.19, 2.23] GeV

KKMC

Pythia

FviGen



N
c@o
How? - Reconstruction g

Selle Il = Bottom-Up & gyid lists with FS ——w__*

- Steering file
) _ Combine lists + vertex fit & —

Neural Network - selection

Best Candidate - selection



How? - Neural Network 17 Variables

SSS0L N

Deep Neural Network () y
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Hidden layer
Training + validation on BKG + every other signal
Mmass-point
Test on data the NN has not seen
— BKG + signal mass-point(s) not used
N training/validation Output 1



How? - Neural Network Evaluation

Test-set (not seen before)
BKG + 5000 artificial signals @ 2.200 GeV injected
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How? - Neural Network Evaluation

ROC
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How? - Neural Network Evaluation

- Threshold in flat area — Network Is stable
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How? - Neural Network Evaluation

1.2

1.0
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How? - Inference

—xtended Unbinned Maximum Likelihood

Keep It simple:

SGN — Breit-Wigner profile

BKG — 2"9 order polynomial

Fit on scaled BKG-only—MC

— No signal injected here

— Peak due to statistical fluctuation

— Account for Look Elsewhere Effect (LEE)
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Discovery significance —=——"
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Results on MC
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Conclusion and Outlook
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First search for a weakly decaying
H-Dibaryon from continuum ready
to unblind

Analysis-pipeline including
Neural Networks successful for
classification of this kind

UL of 1-10 fb with current dataset
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Results on MC
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Backup - Correlations

Z O —=X)0Q;— )
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Important when using NN and or fitting PDFs
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Backup - Correlations
- Important when using NN and or fitting PDFs

- Better: Uniform Distributions (flat)

- |f uncorrelated — uniformly distributed In

the 2D-plane — 7,0, = N/n* events



How? - Correlations
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Backup - Variables

0 "chiProb"
"DMO"

2 "|0_cosAlpha"

3 "lI0_flightSignificance"

4 "Lambda_|P_frac"
"p-pi_distance”

6 "|0-p_distance"
"[0-pi_distance"

8 "p_OmegaSignificance"

9 "|0_p_distance"

10 "(p-pi1)_dr"

11 "(10-pi1)_dr"

12 "p_dr"

13 "(I0-p)_dr"

14 "|0_pi_distance"

5 "deltaangle_(p_pi)_l0"

6 "cos_deltaangle_(p_pi)_I0"
"IsSignal"

£ Q | E} ||l|

chiProb
I0_cosAlpha
I0_flightSignificance

p dr

I0_p distance

DMO

0 pi M
scalarproduct mass _(lambda p) pi
scalarproduct mass (p _pi) 10
0 p M

p_pi_M
scalarproduct mass (lambda pi) p
I0_pi_distance

I0-pi_distance

p_ OmegaSignificance

0 _distance

(I0-p) dr

(p-pi)_dr

(10-pi) dr
cos_deltaangle (10 _p) pi

0 p dr
cos_deltaangle (10 pi) p
I0_angleBetweenDaughters
deltaangle (p pi) 10
deltaangle (10 p) pi
I0-p_distance
deltaangle (10 pi) p
cos_deltaangle (p pi) IO
Lambda _IP frac

thrustBm

pt sum

0 p ptCMS

m2Recoll
roeCharge_bocleanMask bc
deltak

roeDeltae bocleanMask bc
R2

KSFWVariables  bohso02 bc
KSFWVariables  bohoo0O bc
cosTBTO

Features

—
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=71.412472724914551
=7.3834228515625
=7/.007801055908203
=6.37403678894043
=6.323175430297852
=5.967916011810303
:5.904112815856934
+5.889357566833496

| —

Feature importance
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Backup - Systematics

Luminosity - 0.5% ole"e” — qq) -BF(qg > H+X) _
- BF(H — Apn)

Signal Efficiency - 10.0%
BF(A — pn) - 0.5%

NN efficiency - 1.0%

quadrature sum - 10.1%

Nsig

AR

€ .

BF(A — pr)



Raw-Fit
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lest statistics
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Sample from this

L 00Ok elsewhere eftect
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250 e fit result

Confidence Intervals - SGN loaded
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—p Bormio 3000

Conference End 7
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